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Jlisi MUHEpanoroB, TE€OXMMMKOB, CIELUATUCTOB IO TEHETUYECKOl MUHEPAJOTuu;
OyleT MHTEepecHa IIMPOKOMY Kpyry Jo0OuTesieil KaMHS.

Tabn. 7, wi. 267, cnucok auT.— 276 Ha3B.

Peuenszent: E. 4. Kuesrenko, n-p reon.-munep, Hayk (LleHTpkBaplcaMoiiBeThl)

1904020000—411

© MWsnarennctBo «Henpa», 1987
043(01)—87



NMPEAUCIIOBUE

IMponenanHas paborta M M3ydyeHUE OOUIMPHOrO JIUTEPATYypHOrO MaTepuala
MO3BOJIWUIM OOHAPYXHUTh HEM3BECTHbIE paHee NeTalud CTPOEHUs araToB, MOHSThb
psAl MOMEHTOB B MX OOpa30BaHWMU, M BBISSBUTb HESICHbIE CTOPOHBI 3THX
MpOoLECCoB, Tpedylomre cOopa MOMOJHUTEIbHBIX (PAKTOB, HUX OCMBICIMBAHMUSI.
DTo mes0 He TOJbKO OYyAylIMX HCCieloBaTeleii-MUHEPaJIoroB, HO W MHOTO-
YUCJACHHBIX JIIOOUTENeil KaMHsI, KOJUIEKIIMOHEPOB, KOTOpble HaWayT B JaHHOMU
KHHAT€ MHOTO HOBBIX (haKTOB, OOJeryalomuyx IOHMMaHWe KaMHsS, cGop
HEOOXOAMMBIX JTOMOJHUTEIbHBIX HAHHBIX O HeM. OIHOBpPeMEHHO OHHU ITO3Ha-
KOMSTCS C pe3yJbTaTaMUd HEKOTOPBIX IMPOCTEUIINX TMPUEMOB M3YYECHMUS
00pa3lioB, TakKWX, KaK TpaBlieHWE COJISTHOW KUCJIOTOW, OKpallWBaHUE IOBEpX-
HOCTM aHWIMHOBBIMU KPacCHUTEISIMU, TMO3BOJSIONIMX TMOJYYUTh BechbMa WHTEpecC-
HYI0O M BaXHyI0 HH(OpPMaIMiO O B3aMMOOTHOILIEHUM Pa3JUYHBIX MUHEPAJOB.
Bce 3T0, HECOMHEHHO, MOBBICUT IIEHHOCTb COOMpPAEeMbIX KOJUIEKIIUA U JOCTABUT
MHOTO DPagOCTHBIX MOMEHTOB WX BJjajiesibllaM, MOBBICUT MX WHTEpPeC K Hay4yHOU
00paboTKe CcOOpOB, MpUBEAET, KaK Mbl HajeeMcsi, K TOIOJHEHUIO pPsA0B
MWHEPAJIOroB aKTUBHBIMU HUCCJIENIOBATEISIMUA, OTHOCSIIIMUMUCSI C OOJBIIUM
WHTEPEeCOM U JI000BbI0O K KaMHIO.

BMmecte ¢ TeM WU3JI0XEHHBIA MaTepuad MOJXEH OBbITh WHTEPECEeH U IS
IUPOKOrO0 Kpyra TreojioroB, MHUHepajaoroB, merporpadoB, CcHELUaTUCTOB
CMEXHBIX MIUCLMIUIMH, TMOCKOJbKY B HEM BIIEpBble C TaKO#l MOJHOTON pac-
CMaTPUBAIOTCSI MHOTME 4YepThl CTPOEHUsI aratoB, B3aMMOOTHOIIEHUS pa3jind-
HBIX MHUHEpPaJoB, HAXOMSIIUXCS B araTOBBIX BBIAEJICHUSAX, psAd  OOIIMX
BOIMPOCOB 0O0pa3oBaHMS MHUHEPAJOB M WX arperatoB, TeHe3uca BYJIKAHUTOB
OCHOBHOTO M KUCJIOTO COCTaBa.

Marepuaibl sl KMCCIEAOBAHUS TOJYYeHbI TIpU TMOJEBBIX cOOpax Ha
AltHaOynakckoM, Asary3ckom u IlaBmomapckoM Mectopoxaenusix B KazCCP,
Tynmynckom, TapGanpmxeiickoM, MypyHAMHCKOM M MynuHoii rope — B Boc-
TouHoM 3abaiikanbe, CepreeBckoM — B [IpuMopbe, MeCTOPOXIEHUSX arata
B paiioHe moc. [lamana Ha Kamuatke, okpecTHOCTSIX ropoaoB Kwipakane
u MomuunioBrpagza B boarapuu, araTomposiBI€HUsIX B BOCTOYHOW 4YacTu
xp. Apu-bormo um B paitone [Jdaman-Typy B Monromuu. Kpome Toro, Obumm
HUCIIONIb30BaHbl ~MaTepuajbl, wuMelolmuecs B ¢GoHIaXx MUHepaJIorHyecKoro
my3es uMm. A. E. ®epcmana AH CCCP, mepemaHHble MHOTMMM HCCIeIOBa-
TeJSIMU W JIIOOUTEJISIMU KaMHSI, Cpeaud KOTOPBIX 0CO00 Haao OTMETHUTh
obpasupl, mnomydeHHeie ot JI. B. Aradonoma *, A. W. AnxbMyxaMenosa,
E. B. ApriomkoBa, T. JI. bapanoBoii *, . A. benuukoro *, b. A. boObuieBa,
I'. B. bykuna *, H. B. Bmameikuna *, B. 0. 3a6pomuna, B. B. u K. b. Keme-
xuHckac *, A. H. Kopob6kosa, H. ®. KpacoBa, H. A. Kpsurosa *,
M. ManeeBa, b. I Henamesa *, b. M. Ilonsuuena *, H. A. IIpyceBuu *,
B. B. Psa6osa, K. M. Camgunenko *, B. U. Crenanosa *, T. M. TenomeHKo *,
0. I'. Tommeruna, C. Il. TpumwunHa *, B. 1. ®unbko *, KO. A. UynbxkaHoBa *.

* [loMedyeHbI 3Be3MOYKON (haMWIMK JIKIl, Ge3BO3ME3IHO IMEePeNaBIIMX CBOM OOpa3Libl
B 1984 . B MuHepanormueckuii myseit um. A. E. ®@epcmana AH CCCP, uto B Gosblioit
Mepe CIMOCOOCTBOBAIO TMOJIHOTE OTKPBITOM B HEM DKCIO3UIIMU <«AraThl U UX TapareHe3uc».
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Hapsiny ¢ 3TuM ObLIM TPOCMOTpPEHBI OOpa3lbl araToB, MMeOIIMXcS B (HoHIAX
MMHEPaJOTUYeCKUX My3eeB JIECHMHTPaJCKOTO TOPHOTO WHCTUTYyTa MM. [linexaHo-
Ba, MOCKOBCKOTO Treosioropa3BengoyHoro uHctutyra um. C. OpakKOHUKHUI3E,
LleHTpaAbHOTO TEOJIOTMYECKOT0 MYy3€sl MHCTUTYTa T€OJOTUM U Treodusuku
M. 60-netuss CCCP CO AH CCCP, psan KoOUIEKUMIA MUHEpPaloroB-I00uTe-
neir — E. B. AptiomkoBa, }). A. Bopsakosckoro, b. 3. Kantopa, A. H. Ko-
pookoBa, K. M. CaguiieHKO, KOTOPBIM aBTOPHI MCKpeHHE OJiaromapHHI.

B xome wmccnemoBaHus ObLIM M3ydeHBI arathl Oosee 100 MecTOpoOXIeHWUI,
CIeNIaHO HECKOJbKO TBICSY MX MPUILIM(GOBOK, OOJBIIOE YHCIO MPO3pavHbIX
HUTM(hOB, BBHITIOJHEHBI HEKOTOPbIE 3KCIEPUMEHTalbHbIe PaGOTHI.

Ipu mnoaroroBke paGOTbl BecbMa IOJE3HBIMU OBUIM OOCYXIEHUS BO3HU-
KaBmux BompocoB ¢ JI. B. bynmrakom, B. B. u K. b. Kenmexunckac, H. II. Ko-
BaneBeiM, H. A. Kynuk, B. B. Hacenkunubim, B. Y. CtenanoBeiM, B. Y. ®uHbBKO,
M. E. SxoBieBoil, 4TO B 3HAYMUTEJbHOW Mepe CIOCOOCTBOBAIO HAMMCAHUIO
otoit kHuru; [. II. BapcanoB m M. E. SIkoBineBa mnpemocCTaBWJIM aBTOpaM
MukpodoTorpaduu, 1aB K HUM HMCYepIbIBalOlIMe KOMMeHTapuu. B moaroroske
KHUTH TIPUHUMAIM y4yacTUe COTPYIHUKUM MMUHEpAIoTMuyeckKoro My3es WM.
A. E. ®epcmana AH CCCP JI. B. bymrak, A. H. IlerpomaBioBckas,
C. K. Poszen, M. A. CwmumpnoBa, B. M. CremanoB, M. A. TepeHTbeB u
M. Bb. Yucrsakosa.

OcHoBHasg Macca ¢ortorpadpuit B kHure BbimoidHeHa C. . MOTOpUHEIM,
MM XK€ BBINIOJIHEHBI W BCe IBETHBbIe CJHaiabl pasmMepoM 6X9 cwm; craimsl
6X6 cm cmemansl B JAD®OKHM AH CCCP, a mukpodororpaduu — B (poro-
nmabopatopuu UTEM AH CCCP.

OO6pa3ipl araToB, OINMMWCAHHBIE B O3TOW KHWTIe, TepenaHbl B MwuHepaioru-
gyeckuii Mmyseii uM. A. E. ®epcmana AH CCCP wu mociyXwid OCHOBOM
CMEUalbHOW BJKCMO3ULIMKA araTtoB. BOJBIIMHCTBO UX NyOJMKATOB HaXOIMUTCS
B LentpanbHoM reomormuyeckom wmyszee MIulT CO AH CCCP, rme opraHum-
30BaHa aHaJOTMYHasl BbICTaBKa.

OOpa3nbl, XxpaHdmuecss B MuHepajgorudeckom mysee um. A. E. ®@epcmaHa
AH CCCP BbimeneHBI TeM, YTO IJIs HUX IpHBeIeHBI (B KOHIIE MOAPUCYHOUHBIX
MOANMCe) MHBEHTapHbIe HOMepa.



BBEAEHUE

AraT omuchIBajcs eme B apeBHoctH (372—287 TIr. mo H. 3.), BIEPBBE B
TpakTtate «O KaMmHsix» Teodpacrta, cBsI3bIBalOIIEro ero Ha3BaHUe C p. AraTec
(coBp. Jdupmmio) Ha o. Cunmuminus [231]. IlepBoHayaJlbHO 3TO Ha3BaHUE
JAaBaJIOCh TBEPIAbIM, JIETKO MPUHUMAIOIIMM IOJUPOBKY PUTMUYHO OKpallleHHBIM
MOAEJOYHBIM KaMHsIM, OCHOBY KOTOPBIX COCTaBisieT XxajiuenoH. Ilo oaroi
MpUYMHE BO MHOTHUX paboTax IO MHUHEPAJOTUM, TeOJOTMYeCKUX CIOBapsIX
M CIpaBOYHMKAX araT OIpeneasieTcss KaK PUTMUYHOOKpAIleHHasi pPa3HOBMI-
HOCTh xaniuenoHa. OmHAaKO B COCTaBe 3TOTO JIEKOPATUBHOTO KaMHS OOBIYHBI
HEe TOJIbKO MWHepaJlbl ceMeiicTBa KpeMHe3eMa — KBapll, KBapIlMH, OIal,
HU3KOTEeMIIepaTypHble KPUCTOOAJIUT M TPUAMMHUT, HO U Jpyrue MUHEpabl,
cpeau KOTOPBIX HauOOJBIIYI0O pOJb UrpaloT KapOOHAThl, TETUT, WHOTAA IICOJIU-
Thl, ceJamoHuT, Guooput u T. A. Hapsamy ¢ »TuM K arataM OTHOCSIT
pPa3HOBUOHOCTM  XaJlllleloHa, CojAepXKallhe JAeKOPaTUBHBIE  BKIIOYEHUS —
MOXOBbI€, CAT€HMTOBBIE U [IP.

Takum o00Opa3oM, araToM CcleoyeT Ha3blBaTh PUTMHUYHO-30HAIbHbBIE
(30HATPHO-KOHIIEHTPUUECKHUE U TapajjieJIbHO-CJIONCThIe) CpacTaHUsl pas3inud-
HBIX MMHEpajJoB ceMeWCcTBa KpeMHe3eMa, Cpead KOTOphIX IpeolJamaer
XaJllleqoOH, C 30HAMM U BKJIIOYEHWSIMU JAPYTMX MUHepasoB (KapOOHATOB,
rérura, LEOJUTOB, CeJaJOHUTA W Op.), a TakKXke IMpo3padyHbie, MOJYNPO3pavyHbie
M OKpalleHHble pPa3HOBUAHOCTM  XalllleloHa, coaepXallhe MOXOBUIHBIE,
WrojibYaThle WM WHBbIE BKJIOYEHUS XapakKTepHO (GoOpMbI, MMOJIy4YMBIINE 10
HMM Ha3BaHUE MOXOBBIX, CAreHUTOBBIX, ACHIPUTHBIX araToB U T. M. [loaTOoMy
TEpPMUH «araT» B CTPOTOM CMBICJIE OTHOCHUTCSI He K KaKOMY-TO OINpeneeHHOMY
MHWHEPaJIbHOMY BHIY, a K HOBEJIMPHO-TIOAEIOYHOMY KAMHIO M HMMEET TOProBO-
0BeJIMpHOe (TreMMOJIOTUYEeCKOe) 3HauyeHue.

AraTbl, C OIHOI CTOPOHBI, OTJAMYAIOTCS OT XajlleoHa — MOHOMUHEpPaIb-
HBIX HE30HAJbHBIX CKOIJIEHWI 3TOTO MHWHepaja, B TOM YMCIe U €ro OKpalleH-
HBIX PAa3HOBUIHOCTEH, a ¢ JAPYyrol — OT TUIPOTEpPMAJbHBIX SIIM, WHOIAA
HaxXOMSIIMXCS B TECHOW accollMallMM ¢ araTaM, TeHETHMYEeCKH CBSI3aHHBIMH
C OCHOBHBIMU M CpPEIHUMM BYyJKAaHUTAMM, IPEICTABISIOIIMX COOOM Xajle-
MIOHOBBIE 00pa3oBaHWsI, coAepxXaliue KBapll, KBaplUH W pa3IUYHbIE MeXa-
HUYECKUE TPUMECU — TETUT, TeMaTHUT, CEJaJOHUT, XJOPUT M JApyrue, COmep-
kaHue KOTopbix nocturaeT 20—30%, OTIWYAOIIUXCS HETPO3PAYHOCTHIO
Jnaxe B TOHKUX ockosikax *. [logoOHbIe sIIMBI MOTYT cJiaraThb OTIeJIbHbIE
YacTM AaraToBbIX MHUHAAJUH (OOBIYHO MTOHHBIE) WM OOpPa30BBIBATH IPOCIOU

* TlomoGHbIe SIIMBI, B OTJIMYME OT BYJIKAHOTEHHO-OCATOYHBIX U MeTaMOP(OreHHBIX,
VHOIJA HA3bIBAIOT sImMouaaMu |[51].
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(30HBI) B arare, BIUIOTh IO MHOTOKPATHBIX,— IMOMOOHBIN IMOAEIOYHBI KaMeHb
Ha3bIBAETCs SIIIM-aratom *.

CJIOXHOCTh COCTaBa M HEMOBTOPUMOCTb PUCYHKA KaXIOrO W3 OTAE]bHBIX
00pa3loB arata Jajiud TIOBOA OOJBIIOMY 3HAaTOKY IOBEJIUPHOIO M TMONETOYHOTO
kaMHs1 JI. KBUKY mucaTh: 4TO «B TO BpeMsl KakK COTHsI carndupoB cpeaun
COTHM JpPYTUX WMEET TOYHO TaKOW K€ BUJA, COTHS aratoB IPEICTaBISECT
co00ll COTHIO pPa3HOBMIHOCTEH (GOopM BbIIEIEHUSI, OKPACKM WJIM TOTO U APYroro
onHoBpeMeHHO. HeT nmaxe nByX ONMHAKOBBIX araTtoB, M 3TO TO HECXOICTBO,
KOTOpOEe JejaeT araTbl OCOOEHHO XeJaHHBIMU».

XaunienoH, sIBASIOMMIACS OCHOBOW arata, OTHOCHTCS K CKPBITO-KpHUCTa-
JIMYECKUM TIPEJICTABUTENISIM CeMECTBa KpeMHe3eMa, HaCUMTBIBAIOLIEr0 6O0Jb-
1I0€ YKUCJIO0 MHUHEPaJbHBIX BUAOB M DPA3HOBUAHOCTEH, OTIMYAIOIIMXCS CTPYKTY-
POl M CTEIMEeHbI0 KPUCTAUIMYHOCTU, 3HAKOM OINTUYECKOTO YymiuHeHus (puc. 1,
Tabn. 1).

PazHooGpa3sue popM BblIeIeHUS araTa, OKpacKu, JeKOPaTUBHOCTU PUCYHKA,
BKJIIOUCHUI JPYyruX MHUHEPaJoB TMPUBEJIO K BbIAEJEHHUIO OOJBIIOrO 4YHCiIa
pa3sHOBUIHOCTEW XaiuienoHa U arara (Tabi. 2), WMEWIIUX HE CTOJbKO
MUHEPAJIOro-reHeTUYeCKOe, CKOJBKO JeKOpPaTUBHOE M IOBEJUPHO-XYA0XECTBEH-
HOEe 3HAYeHMHeE.

XaJleqoH M araT BCTPEYAlOTCSI B Pa3MUYHBIX MUHEPAJbHBIX acCOLMALIUIX,
oOpa3yoluxcsi TJIaBHBIM 00pa3oM Ha TO3MHUX 3TanaxXx BYJIKaHUYECKUX
MPOILECCOB, CBSI3AHHBIX C W3JUSHUEM JIABOBBIX IIOTOKOB, B TOM 4HCJeE
MOABOMHBIX, OTJOXEHWN Teruia. B MEHBIIMX KOJWYeCTBaX OHM M3BECTHBI
B HMU3KOTEMIIEPATYPHBIX TUAPOTEPMAaJIbHBIX XMJIaX M acCOIMalMsIX, BO3ZHUKAIO-
MUX B TIOBEPXHOCTHBIX YCIOBMSIX (B KOpaX BBIBETPUBAHUS, OCAJIOYHBIX
rnopojax, OCOOEHHO KapOOHATHBIX M TIJIMHUCTO-KapOOHaTHBIX). Bce 370
MPUBOIUT K Pa3sHOOOpasWio reoJIoOro-MUHEpPaJoTMuyeckoil OOCTAaHOBKHU, B
KOTOpoii BcTpeuaeTrcs araT (tabia. 3), 3aTpydHseT BBISICHEHUE OOIIMX U
YACTHBIX YCJIOBUM ero oGpa3oBaHUsl, B TOM 4YKCJie B BHIEC KPYIHBIX CKOTUICHHIA.
Ipu cucreMaTuvyecKoM ONMMCAHUM MUHEPAJTOTMYSCKUX OCOOCHHOCTEH arata
9TO BBI3BIBAET OCJOXHEHUS.

B To ke BpeMsi OCHOBHAasi Macca IPOMBIILIEHHBIX MeCTOPOXIEHUI ararta
CBsI3aHa C BYJIKAHOTGHHBIMU KOMILJIEKCAaMM: B OOJIbIlIeil CTereHu ¢ GasalbTaMH,
B MeHblIel — ¢ aHae3utamMu [51, 81]. 3a pybGexXoM WHM3BECTHBI TaKXe MHO-
TOYUCJIEHHbIE KPYIHbIE araTOMpOsIBJIEHUs] B PUOJMUTOBBIX MOKPOBaX; Ha TeppHU-
topun CCCP oHM MeHee 3HAYUTEJNbHBI, XOTSI BCTPEYalOTCS BO MHOIMX paiio-
HaXx. MeHblllee 3HAYeHME UMEIOT araThl, CBsI3aHHBIE C OCAJOYHBIMU IMOPOAAMU.

* T'paHMIly MeXIy aratoM W SIIMOI MHOIIA TIPOBECTM BeChbMa TPYMHO, HA YTO
obpaman BHUMaHMe uccienosareneir eme A. E. @epcman [115, c. 211], mmcaBimii,
YTO <«BHEILHee OTIMYME SIIMbI OT araTa W XaJlleloHa JAEHCTBUTENBHO 3aTPYIHEHO.
C MUHEpaJOrMyecKoil TOYKU 3peHUs] OHO 3aKJII0oYaeTcsl B MpeoOiagaHuy B sIIIME KBap-
LIEBOTO MaTepuaia, a He .. Pa3sHOBMIHOCTEM KpeMHe3eMa THIa XalleloHa M KBaplLiMHa
(Ha camoM Jnene 3To He Tak M, comtacHo I. Il. BapcanoBy, M. E. Skommesoii [10],
TUIMUYHBIE TUTACTOBBIE SIIIIMBI MOTYT COMEPXKaTh XaJlleNOH, B TOM Yuclie M B MpeoOsana-
IOIMX KoJnyecTBax — Aem.). [lpakTnyecky pasnuyue OObIMHO CKa3bIBaeTCs B CTEMEHU
MPO3PavyHOCTH TIO KPasiM: SIIIMbI COBEPILIEHHO HEMpO3payHbl WM CJab0 MPOCBEYMBAIOT
B OCKOJIKax; 0oJjiee CWIbHOE ITPOCBEYMBAHME IIPUBOAMT K TEM PpA3HOCTSIM, KOTOpPbIE
MOJyYWIM Ha3BaHUE SIIMOBOTO araTa..., M, HAKOHELl, HACTOSIIIME araTbl POCBEYMBAIOT
CIUIOLIb>.
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MIPOJOJIKEHUE TABJI. 1

HaszBanue XapaxTepucTuka
Mopdonorus
it BbLICIECHUI
Munepanbibii Pa3HOBMIHOCTH A onTHYECcKas CTPYKTYpHas
BUJ
Ksapu * Xamnuenon Coheponutsl u chepoauToBbie TOHKOBOJIOKHUCTHIN, 4YacTo re-CTpyKTypa a-kKBapua HH3KOU
a) TOHKOBOJIOKHMCTBHII ~ KOPKH JIMKOUAANbHO 3aKPYYEHHBI OO CTENMEHU KPUCTAJUIMYHOCTU C
TOHKOTMJIACTMHYATOTO, aHU30T- PasynopsfgoueHueM
POMHBIN, YAJIUHEHHUE OTpULIA-
TenbHoe mo [1120], pexe 1o
[10TO]
0) [nmuHOMOMOOHBIN IMnoTHbIe MEJKOKpUCTaTNYe- AHU3OTPOTNHBIN 10 omnTtudecku CTpyKTypa a-KBaplla HU3KOU
CKHe TIPOCIONKHM [0 yJIbTpa- U30TPOMHOTO CTETIeHU KPUCTAITTUYHOCTHI

MEJIKOKPHUCTATITUIECCKUX

KBapuwn Coheponutst

KOpKHU

* 31ech M lanee CIOBO «KBaply O3HAYaeT HM3KOTEMIEPaTYpHbIA a-KBapil.

u cheponutoBbie TOHKOBOJTOKHUCTBIH,

(pa3Mep KpUCTaIJIUKOB OT | —
5 mo 10—20 MKM); ymJIMHEHUE
XaJILleIOHOBOE

aHu3or- CTpyKTypa a-KBapla HU3KOU
POMHBI €  TOJOXHUTENIbHBIM CTETIEHU KPUCTAIJIUYHOCTU
ynnuHenuem 1o [0001]



- KBapy,

Puc. 1. B3anMocBsI3b pa3IMyHbIX MOOU(UKAIINIT KpeMHe3eMa, YCTOMUMBBIX TP OOBIMHOM
nmaenenuu, o [.-I. [mwuriy [247], ¢ momomHeHUsIMA aBTOPOB.

DTUM O0ObBsICHSIETCS OOWIMe KaMeHHOTO MaTepuana B pas3sIMYHBIX MYy3esx
U JIUTepaTypbl MO arataM 0a3ajJbTOB M aHAE3UTOB, pPE3KOe COKpalleHHe HC-
C/eIOBaHWII araToB KHUCJBIX BYJKaHUTOB M TeM 0o0jiee OCagOYHbIX MOPO,
XOTSl JUJISL BBISICHEHHUSI OOIIMX OCOOEHHOCTEW CTpOeHMsT W TeHe3uca arata
HEOOXOOMM aHajJiu3 BCEeX WU3BECTHBIX THUIIOB ero mposiBieHus. [lombITKY Ta-
KOTO TIOAXOjJa K MCCJAeNOBAaHUIO arata MpeacTaBisieT naHHas KHura. [locieno-
BaTEeJIbHOCTb OIMCAHUS araToB OTBeYaeT IOCAEIOBATEIbHOCTH TEePEUYMCIECHUS
OCHOBHBIX THUITOB HMX MECTOPOXIEHMi, MPUHSTOU B Tadm. 3.

Jast Kaxaoro TeHeTUYeCKOro THUIla araToINpOsIBIEHUI TIpexae BCero pac-
CMaTPUBAIOTCS YCJIOBUsS 0Opa30BaHWsI pa3JWYHBIX IOJOCTE, 3amOJHSIEeMbIX
araToM, C OCOOBbIM BHUMaHMEM K WX MOP(®OJOTMM WMJIM MHUHEpaJbHBIX arpera-
TOB, 3aMellaeMbiX aratoMm. [locjie 3TOro OmMUCHIBAIOTCS CreluGUIeCKUe OCO-
OCHHOCTM araToB KaXIOTo THUIa. B 3akiioueHue paccMaTpUBAIOTCsS OOLIME s
araToB BCeX THUIIOB 4YepThl, IO3BOJSIOIIME CYIUTh O NPUYMHAX ero o0pa3o-
BaHWUsI, 30HAJIBHOW OKpacke, TUMOMOP(HBIX, T. €. CBONUCTBEHHBIX OTAEIbHBIM
THIIAM acCOUMAUMU M OTHEJbHBIM MECTOPOXIACHUSIM, OCOOEHHOCTSIX.

ITo yka3aHHOUW BbIlIE MPUYMHE B HAlIeM pPacHOPsSXEHUM OKa3aloCh TaKXe
3HAYMUTEJbHO OOJIbIIE MaTepuajoB IO OCHOBHBIM 3(dy3uBam, 4yem IO Cpei-
HUM, KMCJIBIM BYyJKaHUTaM U TeM OoJiee ocamoyHbiM mopomaMm. CkazaHHOeE
HEOOXOAMMO YUYMTHIBAThb TIPU COMOCTABICHUM HU3JIOXEHHBIX PpE3yJbTaTOB M

11



TABJIMLIA 2

OcCHOBHbIE PA3HOBHIHOCTH XaJIE€AOHA W arara '

HaszBanue

BorpoupanbHblii arat

«I'poMoBbIe  stiiLa» °

XKeonoseiit arat

3Be3nyaTblii arar

Kapasait

MuHpanuHbI

Tpy6o0o6pasHblii arat ’

Fenuorpon

Wpusupytomuii (pa-
OyXHBI) arat; Upuc —
araT

Kapneon

MyapoBblii araT

OO6ayHBI  XaJILIEIOH
(arar)
OHukc

[Tna3ma

[nameHHbIN (TJTAMEBUI-
HBIII) araT (XaJlenoH)
CandupuH '

Capnep

CuHuii arat (xajienoH)

®dapdoposuk

KpaTKOC OmnmucaHue

I. Mo dbopmMe BBIOAECIECHUS

Arat, mo ¢dopMe HAMOMUHAOIWI
Ipo3b BUHOTPaAa, COCTOSILIYI0 U3
HEeOONMbIINX CcAUMImuxcs chep
Jlutopusel ¢ aratoM B UEHTpaIb-
HOI 4acTu

Munnanuasl B 3¢ dy3uBax uim
CTSIKEHUSI B OCafO4YHBIX MOpoOAax,
3aMlOJIHEHHBIE XallleJOHOM, WHOTIa
MoJibie BHYTPU (OOBIYHO CO MIETKOM
KPHUCTAJIOB KBaplia WIM aMeTHCTa)
AraT 3Be3m000pa3HOTO oYepTa-
HUSI — CEYEeHMUsI, LIEHTPaJbHOE
3aMOJTHEHUE HEKOTOPBIX <«TPOMO-
BBIX SIULD»

VYmomeHHble MUHIAIMHBI, Haro-

MuHapomue 1o d¢opme Kapasail
(nermenky)
MuHepaau3oBaHHbIE Ta30Bble Ty-

3pipr B 3P Py3UBHBIX MOPOAAX

(bazanbTax, aHme3uTax U T. IL.)
apOBUIHOIM, 0anIo0HO0Opa3HOI,
TPyIIEBUAHONW ¥ Apyroir dopmbl

XanuenoHoBble (araToBbie) TpPyOO-
oOpa3Hble MWHIQJIMHBI, WHOTIA
BETBAILUECS

II. Mo okpacke

JIykoBo- 10 Tps3HO-3€JEHOTO LiBe-
Ta C KPacHbIMU MSITHAMM XaslllelOH
Arar, OTJIMBAlOWIMUI paxyXHBIMU
LIBETAMU HPU3ALUU TPU CKBO3HOM
OCBELIEHUU TOHKMX IUIACTUHOK
Msico-KpacHblil XalaueaoH
ToHkononocyaTelii araT ¢ KOHT-
pacTHOM OKpackKoi MmoJjoc, ¢ Mya-
pOBOIl KAapTUHOW TIpU M3MEHEHUU
MOJIOKEHUS MOJUPOBAHHOW MO-
BEPXHOCTH

XannemnoH (araT) ¢ pacIUIbIB-
YaTbIMU MSITHAMU
[MapannenpHO-CAOUCTHI arat

TpaBsiHO-3€JIEHBIN XaleI0H

Arar (xanuenoH) ¢ IJIaMEBUAHBIMU
y4acTKaMHu KpacHOU OKpacKu
lony6oit no cuHero XxajleaoH
KopuuHeBbIii 10 KpacHOBAaTOro
XaJlel0H

CuHuii, GpuoneToBo-CMHUI araT
(xanienoH)

MaroBo-0eblii, MHOrma cepoBaThli,
HeNpo3pavyHblii  XajuueqoH  (arar)

Mpumepsr (dhoto)

138

108

110/)

63; 110, r
17

30; 31; 32,8; 33; 39;
119; 121

IS



TIIPOJOJIKEHUE TABJI. 2

HaszBanue

XpusokoJia-arat

Xpu3zornpas

Lep-arat

Amm-arar

KpaTKoe OmnmucaHue

XanuemnoH roiyboBaTo- 10 SIPKO-
3€JICHOTO I[BeTa M3-3a BKIIOYCHUIT
CUJIMKATOB MeAu

S6mouHO- [0  TpPaBsIHO-3EJIEHOTO
1BeTa XajleloH, OKpAUIeHHBI MU-
HepajiaMu HUKEJIs

CBeT0-XeNThIil  (30JI0TUCTO-XKEJ-
TBHIII) arat

Hemnpo3pauHeiii WHTEHCWBHO (4ac-
TO HEPAaBHOMEPHO) OKpalICeHHBIN
xanuenoH, ¢apdopoBUIHBI B U3-
JoMe, C OOJBIIUM  KOJIMYECTBOM
npuMeceil (reMaTUT, CEIaJOHUT U

ap.)

III. TTo ocobeHHOCTIM pucyHka (CcTpoO

Bactuonnsbiit araT5

BpekurpoBaHHBIN araT

JlangmadTHeIl arat
Mos3zanuHsiii arar

OukoBbIft (TJTa34aThHIif)
arat

[nuHTOMAOHBIA araT

IMonocuateit arat’  (cM.
TakXe OHMKC)
PyunnbIit arat

Cdepuyeckuit arat

Todeuynbrii arat

DopTuduKaunoOHHBII
arat

Iv.

JleHIpUTHBIA arat (MOK-
CKUIi KaMeHb, MOKaM)

Arat ¢ 30HaJbHO-KOHLEHTpHUYEC-
KUM CTPOCHHEM

Arat, pa3OuThlii Ha OOJIOMKM (4ac-
TO pPa3HOOPUEHTUPOBAHHbIE), Clie-
MEHTHPOBAHHBIC XallleAOHOM (ara-
TOM) WIN KBaplem

Arar ¢ naHAMAa@THBIM PUCYHKOM
Arar, 3amOJIHSIOIIMI TOJTUTOHAIb-
Hble YYaCTKM MeEXIy IUIaCTUHAMU
nmanuplunara WiM mncesgoMopdosa-
MM KBaplia IO MamupuInary, pas-
JINYAIOIIMECs LBETOM M CTPOCHUEM
Aratr ¢ KOHLEHTPUYECKHU-30HAIb-
HBIM CTPOCHMEM W TEMHBIM LEHT-
paJIbHBIM KPYroM — pe3yJbTar
MOTIEPEYHOTO CEUYEHMSI TICeBIOCTA-
JIaKTUTOB

Arar c OTHEJbHBIMM 30HaMM, pas-
NEJTeHHBIMM Ha «KUPITUYUKI»

Arar rapaJuleJbHO-CJIIOMCTOTO CTPO-
EHUS

AraT ¢ pUCYHKOM, HalOMHUHAaIOUINM
pYUHBI; OOBIYHO OpPEeKYMPOBAHHBIN
0acTUOHHBIN arat
KoHIleHTpUYeCKN-30HaNbHBIA  arat
(¢ obOmexawomieil  30HaJbHOCTHIO,
upymein napajjielbHO  CTeHKaM
MMUHIAINHBI); CHHOHUM 0acTMOHHO-
ro arara

C TOYEYHBIM PUCYHKOM

CHHOHUM OacTMOHHOTO arata

IMpumepsr (doto)

eHUusd) ararTa

102;

77

124

21

127,

140

128

30; 31; 32B; 33; 119; 121

ITo Mmopdonorum BKIWYEHUN

Arar (XaJqUuenoH) ¢ APEBOBUIHBIMU
BKJIIOUEHUSIMU  (pa3BomaMu)

66

13



NPOJOKEHME TABJL. 2
Hazanue Kpatkoe omnucanue Mpumepst (boTo)

KonexsoctHblit  (Kreis- Arar (xajueIoH) ¢ WHOPOAHBIMM 69
achat, HeM.) arat (xajl- MeTeIbYaTbIMM BKIIOUEHUSIMU

LIE/IOH)

MoxoBblit arar (MOXo- Arar (XaJlLemoH) ¢ MoOXOoBuAHbIMH 68; 77; 78

BUK) WHOPOAHBIMU BKJIIOUEHUSIMU 3eJie-
HOTO, KOPUYHEBOTO, YEPHOTrO M Jp.
LBeTa

OouTOBBIN arar Aratr ¢ HeOOJBIIMMU OKPYIJIBIMH —
BKJIIOYEHUSIMM,  HAallOMUHAIOUIMMKI
OOJIUTBI, COCTOSAIIME U3 MEJIKHMX
CLIEMEHTUPOBAHHBIX 3€PHBILIEK
KaJIbLIUTA

CareHUTOBBIN araT Arar (xaJleIoOH) C TOHKOWMroibya- 69
TBIMU HMHOPOJHBIMU  BKJIIOUEHUSIMU

TpyOuatsliii arat Arat c TpyOuaTbiMu WHOpOAHBIMU 138
BKJIIOUEHUSIMU

Lenn-arar Arar ¢ BKJIIOYEHUSIMH OKaMeHeB- —

1IUX paKOBUH MOJUIIOCKOB

V. MlceBanomopdo3b xandmemoHa (ararta) no pas3JMYHBIM
OpraHMYECKHUM OCTaTKaM

JlepeBSIHHBII (npeBec- IlceBmomopdoza xanuemona (ara- 143; 144

HBIN) arat Ta) MO NEepeBy

KopamioBsliii arat IMceBnoMmopdo3a xanuemnona (ara- 149—151
Ta) IO HMCKOMaeMbIM KopajiaM

Lemn-arar IlceBnomopdo3a arata mno HUCKO- —
MaeMbIM MOJUIIOCKaM  (CM. TakXe
pazgen 1V)

Mpumeuanusi: 1. DBoablioe YMCIO MECTHBIX M TOPrOBBIX PAa3HOBUIHOCTEH XailienoHa,
arata U KBapua MoxHo Haiti y JI. Ksuka [231); 2. Bonee nmoapo6Ho Mopdoornyeckie ocodbeH-
HOCTU <«TPOMOBBIX SIMIl> PACCMOTPEHBI TPU OIKMCAHWKM araToB B puosutax; 3. TpyGooGpasHbIit
araT MHOITA HEBEPHO HAa3bIBAIOT TpyOuaThiM aratoM (cMm. pasmen IV aroit TabGiuueb); 4. Camn-
GbupuH 3mech He MyTaTh ¢ MUHepaioM carndupuHoM; 5. BacTHMOHHBINA araT HA3BIBAIOT araToM
Opa3WJIbCKOTO THIIA, XOTS B MECTOPOXAEHWSIX DBpa3wimu M3BeCTHBI TakXe araThl Tapajuieib-
HO-CJIONCTOTO CTpOeHMst; 6. TepMUH MO3aMYHBIA araT MHOTOA HCIIOJB3YIOT KaK CHMHOHMM OpeK-
YMPOBAaHHOTO arata; 7. 3a TIOJOCYaThIM araToM YacTo COXPaHSIOT Ha3BaHME YPYyrBaiiCKOro
araTa, XOTs Ha MECTOPOXICHHUSIX YpyrBasi He BCe araThl MMEIOT MapauiebHO-CJIOMCTOe (OHMK-
COBOE) CTpOEHHUE.

aHaJIu3€ BBIBOAOB, KOTOPBIEC MOTYT OBITH B HajbHEWIIEeM OOMOJHEHBI, OYCBUIHO,
npexXae BCEro 3a CYET YBCIUWYCHHUA BHUMaHUA HWMEHHO K MCHEE€ WU3BCCTHBIM
araTOMpoOABICHUAM.

Cnez[yeT ckazaTh W emie o0 OmHOI NMPpUYUHE HCEIMOJTHOTHI MTaHHBIX IIO TE€-
HE3UCY W MaparéHETUYCCKUM accoOoumamuagM araTtoB. I[CJ'IO B TOM, 4YTO T€OJIOTH,
3aHUMAaKmuecda HpOMLI]l[J'ICHHOﬁ OLIEHKOM aI‘aTOl’[pOHBJ’IeHI/Iﬁ u Tem Ooisee pas3-
pa60TK017[ MeCTOpO)KI[CHPIﬁ, a TakxXe Jn00uUTenu KaMH/, cocpenoroymBarmT
BHUMAaHUEC HWMCEHHO Ha araTtax, COBCpPIICHHO YyInyCcKad U3 BUIAa OCTaJIbHBIC
MUHEPAJbHBIC TPOABICHUA — BBIACICHUA KaJabOuTa, HEOJIUTOB, AIIM, TCHECTU-
YECKMU TECHO CBA3aHHBIE C nmpoueccamMu OGpaSOBaHI/IH arara. B JIyqgumem
ciary4yae HWX YIOMHHAKOT B NTEPEYHE MHHEpPAJIOB, HO UX B3aUMOOTHOIICHUA
C BMCIIaOIMUMU TOpoJaMU MW aratToM OINHUCBIBAIOT YaCTO BE€CbMa @parMeHTapHo.
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ATATOBBIE MUWHIAJINHDbI
N3 BASAJIBTOB U AHAE3UNTOB
®OPMA MHWHJIAJINH

®Doro 1. OKpYrIo-yiomeHHas: MHUHIAJIMHA C XaJIeJIOHOBOW OTOPOYKOW M KpPYMHOI
MOJIOCTbIO, CTEHKM KOTOPOil BbiCTiIaHbl amerucToM. Mymuna Topa, YUutuHCcKas 00.1.
9,0X5,5 cm. Ne 3251.

Poro 2. Okpyriasi MHHIAJIMHA C YIUIOLIEHHBIM [HOM, BBINOJHEHHAs 30HAJIBHO-KOH-
EHTPUYECKUM XAJIIEOH-KBAPUEBbIM araToM; TOHKOJIYYHCTbie CheposuTsl y CTEHKH —
mopaennt. Umkesan, ApMmCCP, 13X10 cm. Ne 83059.

15



®oto 3. Okpyrjias MUHAAJIMHA C YIUIOIIEHHBIM [HOM, BBIMIOJHEHHass B OCHOBHOM TIia-
paJUieIbHO-30HaIbHBIM (OHUKCOBBIM) araToM. CHM3Yy BHIHA MOIIHAs 30Ha C MHOTOYMC-
JIEHHBIMU «MUKPOMHUHIAJMHAMKU», OOPa30BaBIIMMUCS B IIPOMEXYTKAaX MEXIy MHUKpoche-
poJIMTAaMK  XajleoHa. 3aTeM WIyT TOPU3OHTAJIbHBIE CJIOU, YIUpAIOIIUECs B TOHKYIO
30HAJbHO-KOHIIEHTPUYECKYIO 30HY, JBa TOPU3OHTAJbHBIX CJIOSI, MEPEXOASIIMX B 30-
HaJbHO-KOHLIEHTPUYECKYIO 30HY, M CHOBa MapajuleJbHO-CIOUCTBIA arar, ymuparouiuiics
B oOJjeKalollylo 30HY; Oejasg 30Ha B €ro OCHOBaHMU WMeEeT BOJHMCTbIE IOBEPXHOCTh
M CTpOeHWe. AraT NHMTMEHTHPOBaH OKCUAAMW W THIPOKCHMAAMM Xeje3a. MeKcuka.
5,5X5,0 cm. M3 komr. E. B. ApTiomnikoBa.
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@oto 4. BeprHKAILHO BBITAHYTAS OBAJIbHAS MHHIAJIMHA C MNAPAJUIEIbHO-CIOMCTHIM
(OHMKCOBBIM) araToM, CJIOM KOTOPOro YNHMPAKIOTCA B XAaJIeJOHOBYI0 KOPKY CHHM3Y W,
HAYMHASI C MOCJIEIHETO BEPXHEro 0eJiIoro CJosi, NePexXoAsT B 30HAIbHO-KOHIEHTPUYECKMIA
(o0sieKaomMii) XaJleIo0H; MOJOCTh BBEpXY 3aloJHEHA KPYNHOKPHUCTALUIMYECKMM KBap-

neM. Ha HMXKHMX TOPHM30HTAJIBHBIX CJIOSIX OHHMKCA — MHOTOYMCJIEHHbIE OTYET/IMBbIE
cieapl nepekpucraumdanua. Apu-borno, Mounrommsa. 12,5X7,5 cm. Bea. Ne 83053.
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®oto 5. bBamnoHooOpa3Has MHUHIaJIMHA C TpeMs
CJIOMCTOTO araTa M CJIOSMM,

1ef1oHa, OOJEKAIoUIero CTEHKM MUHAAIWHBI,
TPETbUM  «IIOKOJICHUEM» TlapaJJI€JIbHO-CIOUCTOro

KOHLIEHTPUYECKUI XaJLleJJOH; BBEPXY JIEBOM CTEHKM BUIHO COEAMHEHME BHYTPEHHEH 4YacTu

«IMOKOJIEHUAMU»  TapaJje]IbHO-
yYIOUpammMMHUCAa B CJIOM 30HAJTbHO-KOHLUEHTPHUYECCKOIO Xall-

pas3sac€HHbIE ABYMJA M 3aKaHYMBarIIUECSH
arata, TIEpeEXonsdlIero B 30HAJbHO-

MUHIQJIUHBI ¥ TIOBEPXHOCTH C IOMOLIbIO
W3 xomn. E. B. Aptiomikosa.

18

«ImUTapInero» KaHajma. Mekcuka. 7,0X5,0 cm.




®oto 6. prmeBHz[Has[ MUHIOAJINHA C INUPOKUM <«IIUTAIOIIUM» KaHalloM, CHU3Y 3alloji-

HCHHBIM XaJILICAOHOBBIM OHHUKCOM; BBIIIC — prHHOBepHI’[CTHfI KBapi. XOpOI_LIO BUIHO
BBIKJIMHUBAaHUE OTIEIbHBIX 30H XajlleloHa, OO0JIeKalolmero CTeHKM MUHIAJIUHBI U 3a-

TOJIHSIIOIIET0 BEPXHIOI €€ 4YacTh 10 Mepe uX mnpubnuxeHus kK mnepudepun. Pocceinu
mo p. 3est, Amypckast o6i1. 6,5X4,0 cm.

19
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®oto 7. YmuoueHHass HEpaBHOMEPHO-TPEYrojbHass MUHIAIMHA C 30HAJbHO-KOHLIEHTPU-
YecKMM araToM, B LeHTpe — ametuct. lopHas Kyna, paiton Kpymosrpaga, bora-

pust. JouHa 10 cm. Ne 84763.
20




®oto 8. Tpybuarass MUHIAIWHA, 3aMOJHEHHAs 30HaJbHO-KOHIIEHTPMYECKUM aratoM u
ameTtuctoM. Mpic. TeBu, Kamuarka. 1,5X6,0 cm. No 82992.

21
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IIPOJOJKEHUE TABJI. 3

AratoHocHasi TeoJoTU- Tun mopon
yeckas dopmanus

Bmemaromue OpOabl

XapakTep araTOHOCHOW MHu- TIpHMepEl MeCTOpoXIeHHil

HEpanu3anuu

b. Dk3orennbie MEeCTOPOKIACHUS

I. MecTtopoXaeHUss B OCaJAOYHBIX mMopoaxax (AuMareHeTUHYeCKHUE)

OcanouHble  KOMILJIEKCHI KapboHaTtHble ¥ TiaMHU- M3BECTHSIKM, Mepreau ¢

H:HNHGOUE N TCOCHUHKIN- OHO|WNU®OEN.—.EEO ITOpO- XaTuCIOHOBBIMU

Abl

OJoBUaNbHBIE M JIeNI0- PBIXJIbIE OTIOXEHUs
BHUAJIbBHBIC POCCHIITNA

AJTioBUaNbHble pocchiM  PeIxjible OTIOXEHUS

BbinosHeHWe KaBepH BbIlLEe- H,c.:%‘—,w::n-ncm u OH%—.—S—.—QAQ?

(KpeMHU- JlauuBaHus B cuiauiudunu- MockoBckas 00I.

CTBIMM) TPOCJIOSIMU M KeO- POBaHHBIX KapGoHaTax

nTaMu

IMceBnomopdo3bl MO KOH- Kadurmemckoe, TCCP; WAP,
kpeuussmM aHrugputa u np. CaymoBckas  Apasusi;  LleHt-
MHUHEpaJioB, TJaBHBIM 00pa- pajibHas dacth CIIA

30M B Mepresix

II. PoccbhimHbleE MECTOPOXAEHMUS

Imunaucteie mopoasl kop Bbl- OcrtatouHble MuHAanuHbsl B IlaBmomapckoe, Ka3zCCP; Mar-

BETpUBaAHUA

AJTIOBUATTBHBIE  OTIOXEHUS

KOpax BBIBETpUBAHUS (IOY- HHTOTOPCKOE, YensiouHckas
BaxX) MO araToOHOCHBIM 3¢ - 00i.; Apu-Bormo, danan-Typy,
dy3uBam Vnyreii-Xun, MHP u np.

laneunukoBbie, mecuyanbie, Tyamynckoe, Bypsitckas ACCP;
BaJIyHHO-TaJIleYHUKOBBIE OT- 3eiickoe 1 BypyHnauHckoe,
JIOXEHUSI KOC U Teppac AMypckas o6i.; YykoTckuii
Hall. OKpyr; pocchinu wrt. [ya-
xapat (Munus); GacceilH
p. YpyrBait u np.

NMpumevanue: KUpHbIM WPUGDTOM BHIAETCHB MECTOPOXACHMS, 00pa3lbl KOTOPBIX MCIOJb30BaHbI B paboTe



Eme xyxe meno oOGCTOUT C HMCCIEAOBAHUEM POCCHITIE, B KOTOPBIX COOUPAIOT,
Kak TIpaBUJIO, TOJIBKO araThl, M B OOJBIIMHCTBE Hamboyiee OeKOpaTUBHBIE.

Ha Bpems BbimeslieHUSI araToB CYIIECTBYIOT pa3JMYHBIE TOYKW 3pECHUS.
W3 waubojee o6meil M, KaK OyZeT NHOKa3aHO HM3JIOKEHHBIM HUXE MaTepua-
JIoM, HauboJiee MPaBOOIMONOOHON ciienyeT NMPU3HATh OTJIOXEHUE araToB B yXe
TOTOBBIX ITyCTOTaX — Ta30BBIX TMYy3BIPSIX 0a3aJbTOB W aHAE3UTOB, MEXIIapo-
BBIX TIPOCTPAHCTBAaX WIAPOBBIX JIaB, MYyCTOTax JUTOMU3 B PUOIUTAX, TPEIIU-
HaX M THe3[axX Pa3JINYHOTO TPOUCXOXIEHUsI, TMOJOCTE OT BBITOPAHUSI PACTU-
TEJILHBIX OCTAaTKOB, IMYCTOTAaX BHINIEJAYMBAHUS OCANOYHBIX MMOPOJA WIA METaco-
MaTUYEeCKUM TIyTeM, T. €. TMyTeM 3aMellleHWs Ha IMO3IHMX 3Tarax MUHEepaso-
obpa3oBaHus Oosiee paHHUX MuHepanoB. [losTomy BHemrHsSs dopma araToBBIX
o0pa3oBaHMif, a TakXe WX TEKCTYpbl, PUCYHOK araTa, IapareHe3uc MWHepa-
JIOB B OOJBIION Mepe 3aBUCSIT OT YCIOBUM o0Opa30oBaHUSI TMOJOCTEW B pas-
JIMYHBIX araTocoIepXaliux Tmopomax, Mx wmopdomaoruu ot MopdoJioTuu 3a-
MENIEHHBIX XaJlleIOHOM MUHEpPaJIbHBIX 00pa3oBaHUU W WX cocTaBa. B cBoio
oyepenb B3TU BOMPOCHI HEJb3s paccMaTpUBaTh, HE YIIYOISAsICh B BOIPOCH
TeHe3uca COOTBETCTBYIOIIMX TIOPON, IIyTeil 00pa3oBaHUS B HUX IOJOCTEH
WM MWHEPaJIbHBIX arperaTtoB, 3aloOJIHAIOIMMUXCS WIA 3aMellaeMbIX araToM.
Bonee Toro, okazamoch, 4YTO B psAe ciy4aeB wuccieaoBaHue Mopdoaoruu
araToOBBIX BBIIEJIEHUI TO3BOJSET MMO-HOBOMY OCBETHTH BOTIPOCHI T'e€HE3MCa BMe-
MANUX WX TOPON, YacTO MAUCKYCCUOHHBIE, YTO pacliupsieT 3HAYEeHUE BbI-
TMOJITHEHHBIX PaboT.

YuuThiBasi cKa3zaHHOE, HUXE IS KaXIOoro TEeHETUYEeCKOro THIlla arato-
MPOSIBJICHUI, TpeXIe BCEero, paccMaTpUBAIOTCS YCIOBUS OOpa3oBaHUS pas3iny-
HBIX TIOJIOCTEU, 3amoJHSIEMBIX araToM, C OCOOBIM BHMUMaHWEM K HUX Mopdo-
JIOTUM WJIM CTPOCHUWI0O MUWHEpPAJbHBIX arperaTtoB, 3aMellaeMbIX MWHepajiaMu
ceMmeiicTBa KpeMmHe3ema. [locie 3TOro OMUCHIBAIOTCS OCOOEHHOCTM aratoB
Kaxnoro Tuma. B 3akioueHWe paccMaTpuBalOTCS OOIIMe MAJjis araToB BceX
TUIIOB 4YEPThI, IMO3BOJSONINE CYIWTh O TNPUYMHAX OOpa3oBaHUs araTta, €ro
30HAJIBHOW OKpPAacKW, TUMOMOP(HBIX, T. €. CBOWUCTBEHHBIX OTIEIbHBIM THUIIAM
accouMaluii U OTAETbHBIM MECTOPOXIEHUSIM OCOOEHHOCTSX.

Bcem mepeducieHHBIM BOIMpOcaM TIOCBSIeHAa TEKCTOBash 4YacTb pabOTHI,
WUIIOCTPUPOBAHHAS  YEpPHO-OEJIBIMUM  PUCYHKAMW W  IBETHBIMU  oTOTpa-
buamu *.

* Jlnst ynoOCTBa CCHUIKM Ha 3TW PUCYHKM OHM BbIIEJeHbI Kak (hoTo, Torma Kak
4yepHO-Oejible  PUCYHKHM, TIOMeIllaeMble B TEeKCTe, O0O03HayaloTcst <«puc» Ilociemosa-
TEJILHOCTh B 1IBETHBIX (hoTorpadusix He OTBeYaeT M3JIOXEHMIO Marepuaia B TeKCTe,
a COOTBETCTBYeT IIEpeXOdy OT aratoB 0a3aJbTOB W aHIE3UTOB K arataM pHOJIUTOB
M 3aTeM K araTtaM, CBSI3aHHBIM C OCAJOYHBIMK TIOpOIaMM (CM. OIJIaBJIEHWE I[BETHBIX
WUTIOCTPALIMIA), 4YTO, 10 MHEHHIO aBTOPOB, JAeT BO3MOXHOCTb 0ojiee HEMOCPENCTBEHHO
KOHTPOJIMPOBAaTh TUMOMOP(MOU3M  KaXKIbIX.
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MOP®DOJIOTMYECKUE
OCOBEHHOCTHU
ArATOB

PA3HbIX
T’EHETUHECKUX
TUMNOB



ATATBI, CBA3AHHBIE C BA3BAJIBTAMMU
N AHAE3UTAMHA

B GasanbpTax M aHAe3MTaxX araThl, C OIHOW CTOPOHBI, BBIMOJHSIOT pa3jUYHbIE
3aMKHYTBIE TOJOCTH, oOpa3oBaBinuecss B 3ddy3nBax, ¢ APYrod — TEKTOHUYE-
CKMe TpeUIMHbl M THe3[a, TPEUIMHBI OTAEJbHOCTH, MEXIIAapOBbIe IMPOCTPaHCTBA
B ILIAPOBBIX MWLIOY-JaBax M T. I. He wucki1ioyeHo M MeTacomaTHyeckKoe 00-
pa3oBaHMe MX IO paHee BBIAEIMBIIMMCS MUHepajaM.

ATATOBbIE MUHJAJIMHBI B BA3AJIBTAX WU AHAE3UTAX

MuHepaiu30BaHHbIE Ta30Bble Iy3bIpW, Ha3blBaeMble MUHIAJIUHAMHU, W3BECTHBI
BO MHOTMX 0a3aJbTOBBIX M aHIE3UTOBBIX IMOTOKAaX M IMOKpoBax. B psme cuy-
4yaeB OHU WIPAIOT CYIIECTBEHHYIO POJIb B CTPOEHUM TIOPOJ, MOJYYUBIIUX CIe-
LMaJbHOE Ha3BaHWE MUHIAJEKaMEHHBIX TOpOA, WIM MaHIEJAbIITEWHOB *
(puc. 2).

®dopMa MUHIAIUH HEOMTHOKPATHO IMpHUBJeKalla BHUMaHUE HCCleaoBaTesei.
JocTaTOYHO pa3HOCTOPOHHE OJTOT Bompoc ObUT 3arpoHyr M. @D. Xemmiem
[190, c. 58—59], koropwiit eme B 1901 1. mucam: «popma my3bipeil mapa
ornpenesisieTcsl KOJWYECTBOM JIETYYMX WJIM BSI3KOCTHIO M3JIUBAIOIMIMXCS TMOPOI,
B TIpenejiax KOTOPBIX OHM IOJHMMAIOTCSI, a TaKXe COCTOSIHUEM IOTOKa —
ero TeyeHWeM WM ToKoeM. Eciu OH He NBMXETCS WIM IBUXETCS MeIJeHHO
M HMEeT BBICOKYI0O MOABMXHOCTb, Iy3bIpH, OCOOEHHO MEJKUE, OKa3bIBAIOTCS
KpyribiMu.  Eciiu  BSI3KOCTH J1aBbl OblJJa HACTOJbKO BBICOKOM, 4YTO TY3bIpU
MOAHMMAJIUCh C TPyIOM, a caMa JiaBa JBMTajach, My3bIpM MpeBpaliainch
B 0oJiee MM MeHee CTepXHEeMmonoOHble (GOpPMBI M 4YacTO 3ajieraloT TOPU30H-
TaJlbHO — 0oJiee OKpyrjiasi UX 4YacTh yKa3blBaeT HallpaBlieHUWe TedeHus. Eciu
NBUXEHME JIaBbl MeEIJEHHOE W OHa OTHOCHUTEJbHO TOIBUXHA, TO TY3bIPH
nmpuobpertator ¢GopMmy TpylmIM WId Bo3AyimrHOro imapa (6amrona). [Ipu ompe-
NeJIEHHOW CKOPOCTU TEYEHHUs] M OTHOCUTEIbHOW MOABMXHOCTU TMOTOKA Iy3bIpH
0Ka3bIBAIOTCS KIMHOBUAHBIMM. [IpM BBICOKOW CKOPOCTM TeYEeHUsS M OTHOCH-
TEeJbHOW TMOJABMXHOCTM  paciulaBa OHM  OKa3bIBAlOTCS JIAHLIETOBUIHBIMU.
Y odeHb KPYMHBIX My3bIpeil B LEHTPE MX OCHOBAaHUS 4YacTO HAOJIOJAeTCs TOMI-
HSTHE, HAmogoOue TOro, KOTOpOe MMEETCs B BOTHYTOM [HE OYTBUIKM. ATraThbl
C TUIOCKMM OCHOBAHMEM TOYTH BCerla OHMKC-araTbhl. Takoe YIJIOIIEHHE MOXET
OBITh pE3yJbTaTOM 3aTBEpAEeBaHMUS Ha TMOCTOSIHHOM YOAJeHWM OT IMOJCTUIIAI0-
meil oxjaxaamolieid TOBEpXHOCTH». MHTEepeCHO OTMETUTh 3aKOHOMEpPHOE
n3MeHeHue (QOpPMBI Ta30BBIX My3bIpeil B jaBomagax (puc. 3), BIUSIONIUX Ha
PUCYHOK WX BBIITOJHEHMSI.

* Or HeMeukux cjoB Mandel — MuHmamMHa U Stein — KaMeHb.
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Puc. 2. MunpanekaMeHHBIN
0a3ajbT C Ta30BBIMU MY3BIPSIMU,
YacTUYHO 3aTOJTHEHHBIMU
XaJIe0HOM (araTom), KaibIu-
ToM u smmoi. l'opa MypyHna,
YutuHckass o6x1. Har. Ben.,
Ne 83035.

Puc. 3. U3menenue popMbl MUH-
JNaJMH U WX 3alojiHeHusl B Ga-
3anbTOBOM JaBomange |178].




HACTBIJIBHBIE JJABOBBIE COCYJIbKU,
JOHHBIE JABOBBIE HACTBUIM MU OPYI'ME
OBPA3OBAHUMA B A'ATOBbBIX MUHIAJINHAX

®oto 9. HacTbuibHbIE JIaBOBbIE COCYJIbKHM, CBELIMBAIOIIMECS C BEPXHEH 4YacTH araToBOU
MMHIAIMHBI, CJyXalllieé OCHOBAaHMEM MHOTOYMCICHHBIX TCEBIOCTAJaKTUTOB XalllefoHa, U
MepBOHAYalIbHO MOPHUCTasl AOHHAs JIaBOBash HACTbUIb (B HMXHEI 4acTW Ta30BOTO My3bIPS
B 0a3zanbTe), MyCTOTHl KOTOPOW 3amoiHeHbl xaniemnoHoM (aratom). CesB. Tuman. 11,0X
X8,0 cm. Ne 83895.
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®oto 10. MoxoBblit araT, 00pa30BaBIIMIICS B pe3yJbTaTe 3aMOJHEHUS XalleIOHOM YI-
JIMHEHHOTO Ta30BOTO MY3bIPSI C GOJBIIMM YHCIOM HACTBUIBHBIX COCYJIEK, MO33Ke THUAPOJIH-
30BaHHBIX; B MPaBOil HMXHEW YaCTU BHIAEH yJacCTOK HEeOOJBIIOTO OHUKCOBOTO arata. My-
quHa Topa, YutuHckas o6a. 17,0X10,5 cm  (moepHyt x30°) Ne 83069.
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®oto 11. MoxXOBbIii arar, BO3HMKIIWI B pe3yJabTaTe 3aIllOJHEHHUS XallleIOHOM H30MET-
PUYHOTO Ta30BOTO My3bIPsi C OOJBIIMM YKUCIOM TOHKMX HACTBUIBHBIX COCYJIEK, CBEIIM-
BaBIIMXCSI C €ro KpPOBJIM, IMO3X€ TUAPOJIM30BAHHBIX, M [OOHHOW HACTBUIBIO BHU3Y; B
mpaBoit yacth — kajapuut. WMaxesaH, ApmMCCP. 12,0X11,0 cm. No 74036.
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6

®oTo 12. BbiBeTpenble HACTbIIbHBIE COCYNbKM (?) M MCEBAOCTANaKkTUTbl  xanuenoHa
Ha HUX:

a — npoponbHas 1 6 — nonepeyHas NPUNOAMpoBKa ogHoro obpasua. Apu-borpo, Mowronus.
7,0X5,0 cm. N° 84773.
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®@orto 13. JlaBoBble TepeXUMBI, OOpPOCIIME CIOSMHU XajdlleloHa, HWMEION[Ue B Cpe3e
CXONCTBO C TceBAocTasakTuTamMu. Mynuna Topa, YwutmHckas o6a. 11,0X6,0 cwm.
Ne 83757.

®oto 14. JlaBoBbIii cTepXeHb (MMOKa3aHO CevyeHUE), pa3neUBIINI Ta30BBbIA My3bIph Ha
IBE KaMepbl, TO3Xe 3allOJHEHHBIE OHUKCOM C 30HAJbHO-KOHIIEHTPUUYECKUM aratom cC
MOCJIEI0BATEIbHOCTBIO OTJIOXKEHUSI: KapHeoi— >KBapi—>xaiienoH. P. Cenenwna, SKyTckas
ACCP. 8,0X5,0 cm. Ne 83737.
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®oto 15. AraToBas MHUHIAIMHA C MHOXECTBOM XaJlEJOHOBBIX ICEBIOCTAIAKTUTOB,
VMEIOIINX IEHTpPaJbHOE OTBEPCTHUE, BEPOSTHO, paHee BBIMOJIHSIBIIEECS TOHYANIIUMU
HaCTBUIBHBIMU COCYJIBKaMU:

a — BUA C TIOBEPXHOCTU, O—ronepedyHoe cedeHue. Apu-borno, Monromus. 10,0X7,0 cwm.
Ne 83741, 84477.
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YcnoBrst 06pa30BaHMs Ta30BBIX MY3bIPEl M IPYTHX
3aMKHYTBIX TOJIOCTe B 0a3ajbTaX M aHIE3UTax

B mHacrosiimee Bpemsi Bce pa3HOOOpas3ue YCIOBUI 00pa3oBaHUs 3aMKHYTBIX
mojiocTeid B 0a3anbTaXx U aHOE3UTaX MOXHO CBECTHM K CIEIYIOIIUM BaxX-
HEUIIUM ciydyasim.

1. TMosiBieHWe Ta30BBIX Ty3bIpeil TMpU CHUXEHUU pPACTBOPUMOCTU Tasa,
HaxosIIEerocss B WM3JIUBIIEMCS CWIMKATHOM paclijiaBe, BCJIEACTBUE CHUXEHUS
naBieHusl npu ero manusHuum [209, 254].

2. MosBneHue Ta30BBIX My3bIpEil BCJIEACTBUE YACTUYHON KPUCTAJLIU3ALUU
W3JIMBIIETOCS CUJIMKATHOTO paclijiaBa (peTporpagHoe BCKUIAHWE), TMOCKOIBKY
B TBepnoil ¢a3e pacTBOpsieTCS 3HAYUTEJNbHO MEHbIIE Ta3a, YeM B XUIKOU
[146, 228, 276].

3. Ta3oBble My3bIpU M «TPYObI» * TOSIBASIOTCS TPU MU3JTUSIHUU JIaBbl Ha
nuccouuupylomue (kapOoHaTHBIE, TJIMHUCTBIE W T. N.) WX OOBOZHEHHBIE TIO-
poner  [208].

4. TazoBble My3bIpU U «TPYObl» TOSIBJISIOTCS Ha MecCTe 3axBayeHHBIX
JIaBO#l pacCTUTEIbHBIX OCTATKOB IPHM WX IMUPOJM3e W BhIropaHum [133].

5. TazoBble TPyObI BO3HMKAIOT MPU MCTEYEHUW JIaBbl M3 YACTUYHO 3aTBEp-
neBmiero 3d@ysuBHoro tema [208].

llepeuyncIeHHBIMU YCIOBUSIMU, a TaKXe TUIOM W3JIUSHUS — TOABOIHOTO
Wi cyb0aspaJibHOTO, C OJHOW CTOPOHBI, OTIpeAesIsIeTCs] COCTaB Tra3oB, oOpa-
3yIOIIMX MOJOCTh, M Ipexie Bcero oTHoueHue napos H,O, yriexkucnorsl u
YIJIEBOLOPOJOB B HUX, C Jpyroii — (opma mnosnocTeil, MX B3aMMOOTHOLIEHUS
IpYyr ¢ APYroM, Ha 4YeM CJeAyeT OCTaHOBUThCA ToapoOHee. [lpu 3TOM Kakmbrit
W3 YKa3aHHBIX CJIy4aeB SIBJISIETCS KpPallHUM UM PENKO JIUIIb OH ONWH TPOSIBISET-
cs B MPUPOMAE, XOTS 4YacTo TpeobjaJaHWe OJHOTO M3 HUX — pelratolilee B OI-
peneneHun (GopM TOIOCTE, ycinoBWii uUx 3aneraHusi B 3hdY3MBHOM Tele.

OOpa3zoBaHMEe Ta30BbIX IIy3bIpeil TIPM CHUXEHUM PAacTBOPUMOCTH Trasa
BCJIEICTBME CHUXEHWsS MABJICHUS TIPU WU3JIUSHUM CUIMKATHOW MarMbl Ha TIO-
BEPXHOCTh HamboJsiee TOAPOOHO pacCMOTPEHO, B TOM YHUCIE TEOPETUYECKH,
P. C. Ox. CmapkcoMm [254]. OH moka3saj, 4TO yKa3aHHBIM IPOLIECC BHI3HIBAET
3apoXIeHUe MeTbYailllinX Ta30BBIX TMY3bIpeld Ha HEKOTOPOW TIyOWMHE OT TIOo-
BEPXHOCTHU, OTIpeAessdolelics COCTaBOM MarmMbl, KOHIEHTpalueid B Hel Je-
Ty4yux, €€ TeMIepaTypoil W BeJWYMHOUW W3HAYaJIbHOTO mAaBieHus. Jamee 1o
HaIpaBJIEHUI0O K TIOBEPXHOCTH OTHU IIy3bIpM pa3pacTaroTcs KakK 3a cu4eT aud-
¢y3un JeTyynx KOMIIOHEHTOB paciljlaBa IO HaMpaBJIeHWI0 K 3apojblliam
My3bIpeil, TaK M 3a CYEeT WX KOoaJecCleHIWU. Bce 3TO MPUBOAUT K YBEJIMYECHUIO
pa3mepa my3bipeidi W pocTy naBieHuss B HuX [106], 4TO BBI3BIBAET B3PHIB
MOCTaTOYHO KPYIMHBIX Ty3bIpeil, 0o0pa3oBaHWE OTKPBITHIX KaBepH Ha IOBEpX-
HOCTHU JiaBbl. Takum o6pa3om, s Ta30BBIX My3bIpeil, BOSHUKIINX B Pe3yIbTaTe
BCKUTIAHUSI TIPU CHUXEHWW [aBJICHUsS, XapaKTEepHBI CJeAylollnue OCOOEHHOCTH.

1. MpuypouyeHHOCTh K BepxHell (BHelIHel) moBepXHOCTU 3¢hdYy3UBHOTO
Tena.

2. OTpaHUYEHHOCTh WX pACIpPOCTPaHEHWs Ha NIyOWUHY HEKOTOpOW orpe-
NEeJIEHHOW TTOBEPXHOCTHIO.

* (Tpybamu» 31MeCh Ha3bIBAIOTCS  3aMKHYTbIE TIOJIOCTH, CWIBHO — BBITSIHYTBIE
B ONHOM HATpaBIeHUU C OBAJIbHBIM WIM KPYIJIbIM IOINEPEYHBIM CEYECHUEM.
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3. YBenuueHue pasMepa IMy3bIpell K HapyXHOW YacTM OT 3TOM TOBEpX-
HOCTH.

4. KaBepHO3Hass IOBEPXHOCTh 3G (PYy3MBHOTO Tejla — pe3yjabTaT B3pHIBa
HauboJjiee KPYIMHBIX TMy3bIpeil MpPU BBIXOAE WX HAa MOBEPXHOCTD.

5. Mopdoaorust my3bipeil, yBeIMYMBAIOIIUX pa3Mepbl B pe3ylbTaTe TU-
¢y3uu raza u3 pacriaBa, [IOJDKHAa OBITh B CIHOKOWHOM paciijlaBe IIIapOBUJI-
HOW; Ty3bIpW, BO3HUKAIOIIME TPU KOAJNECUEHIIMM MEJIKUX MY3bIPbKOB, TOJIKHBI
WMETh TIOBEPXHOCTb, OTBEYAIOIIYI0 CYMMAapHOI TIOBEPXHOCTH CJIMBAIOIIUXCS
My3bIpeii-1IapoB, T. €. C IIAPOBUIHBIMU BBICTyNIaMU B pPa3HBIX YyYacTKaX BO3-
HUKawIlero Oojiee KPymMHOTO <«OopomaByaToro» Imapa. JIBUXXeHUe pacrijiaBa
MpUBENET K OTKJIOHEHUIO (OpPMBI OZWHOYHBIX Ty3bIpeil OT MIapooOpa3Hoii;
COOTBETCTBEHHBIE M3MEHEHUS TMPOSABITCI M Ha (GopMax KoaJeCIeHIIUH.

WHuas kaptuHa, Hambojee TOJTHO W3yYyeHHas Ha JIaBOBbIX o3epax o. [a-
paiim  [228, 276]|, HabaomaeTrcs MpH pPeTPOTrpagjHOM BCKUIIAHUM paciljiaBa.
B oTOoM ciiyuae HapyXHasi TOBEPXHOCTh 0a3ajJbTOBOTO Tejia TMPEICTABISET
co00il KOpKY 3aKajKu, TOJIIMHA KOTOPOU OTpeuessieTCss COCTaBOM, TeMIIe-
patypoii U MOIIHOCTBHIO 3D (y3UBHOTO Teyia, YCIOBUSIMU €Tr0 IOBEPXHOCTHOTO
oxnaxaeHusi. ['a30Bble Ty3bIpU 37eCh 3apOXMAIOTCA y HUXHEW TpaHULBI STOU
KOPKM ¥ YBEJIMYUBAIOTCS MO Mepe TPOABUXEHUS BHYTPb TeJla IO OTpelesieH-
HOI TpaHUYHOW TMOBEPXHOCTH, HUXE KOTOPOW Tra30Bble ITy3bIpM YMEHBIIAIOTCS
B pa3Mepe, a 3aTeM MCUYe3al0T, W KOTopasl OIpeAesisieTCs YCIOBUSIMU OXJIax-
neHust ocHoBaHUs 3¢ dy3uBHOro Tejaa. Takum oO6pa3oM, My3bIpU B 3TOM cCiiydae
KOHIICHTPUPYIOTCA B cpeaHeil dactu 3P dy3uBHOTO Tena, Opmxe K €ro Tmo-
BEPXHOCTH.

BaxHoiT 0COOEHHOCTHIO, BBISIBJIEHHOW TIpU WU3YYEHUM OXJIAXIACHUS TaKUX
TeJl, SBJSIETCS WX BCIIyYMBAaHUWE Ha OTNpeIesieHHOM JTame. DTo HabiawomaeTcs
Ha JIaBOBBIX o3epax o. [aBaiim mpu Ttemmeparype okono 1000°C m mpoucxo-
OUT TpU MaKCHMaJbHOM pa3BUTUU Ta30BBIX Ty3bIpeil. 3aTeM HadyuHaETCs
cokpainieHue obbema 3(pdy3uBHOTO TeEjda, €ro cxaTue U PpacTPEeCKUBaHUE.

Takum o6pa3om, BaxHelmue Mopdojorudeckue OCOOEHHOCTU Ta30BBIX
my3bIpeif, 00pa3yIIuXcs B pe3yJbTaTe PEeTPOTPATHOTO BCKUIMAHUS, W PacCIio-
JIOXEHWE WX B MOTOKE OKa3bIBAIOTCS CIEHYIOIIUMU.

1. Ily3pipy TIpuypouYeHBI K 0OJIACTU TMOTOKA, HAXONSIIEWCS HUXE KOPKHU
3aKaJIKU W B IIEJIOM CMEIIEHHOW BBEPX OT CpenHEel ero JUHWU.

2. Pazmep my3bIpeili yBeIMYMBAETCS OT KOPKM 3aKaJlKu BHU3, a 3aTeM
CHOBa YMEHbIIIAeTCsl C TJIYOUHOMA.

3. TMoBepxHOCTh 0a3aNbTOBOTO TOTOKAa 0€3 KaBepH U €€ CTPOeHUEe OoTlpe-
NEJISTIOTCSI  OCOOEHHOCTSMM COCTaBa JIaBbl M YCJIOBUSAMM €€ OXJIaXIeHUS
(KaHATHBIC JIaBBI, JIaBbl TUTA @a WU T. 1.).

4. Mopdosorust my3sipeit, KaKk M B IPEABIAYIIEM Ccllydyae OTpeaessieTcs
OIUHAMUYECKUM PEXMMOM paclijiaBa.

YcioBusi TMOSIBIIEHUWsT Ta30BBIX My3bIpeid W 0Oojiee KPYMHBIX TOJOCTEH B
JIABOBBIX TOTOKAaX TMPU WX WU3IUSHUW Ha OUCCOUMUPYIOIIME WU OOBOIHEHHBIE
nopoibsl KpaTKo, HO O4YeHb 4eTKo omucaHbl I. Makmonampaom [208]. B atoMm
ciaydae (puc. 4). OT TOAONUIBBI TMOTOKA BBEPX MOJAHUMAKOTCS IEMOYEUYHbIE WU
cTONI0UaThle CKOIUIEHWSI Ta30BBIX Iy3bIpeil, TMPOTATUBAIONIMECS BBEpPX Ha
HECKOTbKO (yTOB. DTUM Xe MyTeM MOTYyT 00pa3oBaTbCs BEPTUKAIbHBIC Ta-
30Bble 3aMKHYTBIE «TpyOKW», OOBIYHO MeHee 1,3 cM B amamerpe, MOTHUMAIO-
mecst BBepx 10 60 ¢cM OT OCHOBaHHUs MOTOKA. DTO TaK Ha3blBaeMble «Tpybda-
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Puc 4. Cxematuueckuii momepevyHblii pa3pe3 JIaBOBOrO MOTOKA.

A — KpynHasi raszoBas MNOJOCTb — CIMpakyjla, KOTOpasi MpopBaja MOTOK W JOCTHUIJIA MOBEPX-
HOCTH, C HEKOTOPBIM KOJMUYECTBOM BBIOPOIIEHHOTO M3 MOJCTUJIAIOUIETO CJI0SI 0CaJOYHOTO MaTepu-
ana; b — rasoBasi MOJOCTb, Mepexoisiiias B LWIMHIPUYECKYIO TIPYIINYy Ta30BbIX MYCTOTOK;
B — uunauHapuyecKue TPYIIbl ra3oBbIX MYCTOTOK; I'— TpybGuaTtasi ra3oBasi MOJOCTb, MEPEXOAsi-
masi B HeOOJbUIYI0O LUAUHAPUYECKYIO TPYHIy ra3oBbIX MYCTOTOK; /[ — Liemb ra3oBbIX MYCTOTOK;
E — tpy6Guatas raszoBasi IOJIOCTb, Mepexoasiliasi B LeNb ra3oBbIX NYycTOTOK; K — TpyGuaThie
razoBble mosoctu. B — 2K u3zobpaxeHbl B Oojiee KpymHOM Macuitabe no cpaBHeHUio ¢ A u b.
Crpesika MOKa3blBaeT HaNpaBieHUE ABUXKEHMS IOTOKA.

ThIe Ta30Bble MOJOCTU», omucaHHbie eme B 1907 r. A. JI. Jio Toiitom. Ecau
HUXHSS TOBEPXHOCTh 3(hGy3uBHOTO MOTOKA yXe 3aTBepiaeia U IMpeacTaBisieT
co0Oif TPOYHYI0 KOPKY, TO BBIAEJSIIOIIMECS Ta3bl MOTYT BbI3BaTh B3PHIB C
o0pa3zoBaHUEM 3USIONINX HWIMHAPUIECKUX OTBEPCTUM, BHIXOISIIMX Ha IMOBEPX-
HOCTb,— TaK Ha3biBaeMbIX crmupakyn (puc. 4, A). B naBoBom mortoke [lemperan
Ha okpauHe T. MeXMKo M3BeCTHHI crmupakyabl 1o 30 M BeicoTel [208]. TeueHue
JIaBbl BBI3BIBACT OTKJIOHEHUE BEPXYIIKM OOJlaka ra3oBbIX IMy3bIpeil B CTOPOHY
TeYEeHUsI; B OTOM XK€ HAIMpaBJICHUU OTKJIOHSIOTCS M BEpPXHUE YaCTHU TIa30BBIX
Tpybok (cMm. puc. 4, E — X).

TakuMm o06pa3oM, OCHOBHBIMM OTJIMYMTE]bHBIMU 4YepTaMU Ta30BBIX Iy-
3pIpeil, 00pa3yloUIMXCs YKa3aHHBIM IyTeM, OyayT Cleayloliue.

1. IpuypoyeHHOCTh ITy3bIpeii M Ta30BEIX TPyO K momoiuBe 3G dy3UBHEIX
TeJl.

2. llermoyeyHoe BbIAEJIEHME Ta30BBIX My3bIpeil (KaXmoW LIEMOYKH OT CBOEiH
TOYKM TeHepalMu 3apojblllieil Ta30BbIX IMy3bipeil); oOpa3oBaHWE HUMHU BEPTU-
KaJbHBIX CTOJIOYATBIX CKOIUJIEHUN, OTKJIOHSIOIIMXCS B BEpXHEW YacTh Ipu
TeYEHWUU JIaBbl 110 HAMpPaBJIEHUIO IBUXEHWS IMOTOKA.

3. BepTukalibHble TOHKHUE Ta30Bble TPYOKM C 3aTHYTBIMU BEPXHUMHU KOH-
LlaMU, OPUEHTUPOBAHHBIMU B HAIpaBIEHUM TCUCHUS JIaBbI.

4. TlosiBneHWe TIpU KOAJECUEHIMM Ty3bipeil B BEPTUKAJIbHBIX CTOJOYATHIX
CKOIUIEHHUSIX, a TaKXe CMEXHBIX Ta30BbIX TPYOOK, KPYMHBIX BEPTUKAIbHBIX
ra3oBbIX Kamep ¢ ceyeHueM, mpubaumxaiommumcs K kpyry (y . MakmnoHanbaa
[208] omucaHBI KaMephbl, Kyga HoMellaeTcsl HEeCKOJIbKO YEIOBEK).

5. TlosiBIeHWe B HEKOTOPBIX M3 TAKMX IOTOKOB CIMpPAaKyJ, 3aXBaTbIBaio-
UX OOJOMKHM TONCTHJIAIONICH TMOYBBI U BBIHOCSIIIMX KX Ha IMOBEPXHOCTD.

Ipu 3axBaTe J1aBOW paCTUTEIbHBIX OCTaTKOB, OHU MOTYT pa3jaraTbCs
MyTeM TUPOJKM3a, U BBIFOpaTh C OOpa3soBaHMEM Ha HX MECTe IOJIOCTed, COX-
pPaHSIOIMX 4YacTO WMCXOmHYI0 ¢dopMmy. HaumGonblivii MHTEepec B 3TOM OTHOIIIE-
HUM TPEACTABJISIOT OOJOMKM JIepEBbEB.
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B cnaywae wx mnuponM3a W HEMOJHOTO BHITOPAHUSI BO3HUKAIOT OYEHbB
cBoeoOpa3Hble TYCTOTHI, €CIU 3TU JepPeBbs TMPEeIABAPUTEIbHO OBUIM TOBPEX-
NeHbl JApeBOTOYIaMU. TakuWe TOJOCTH TOJHOCThIO COXpaHST (QopMy COOT-
BETCTBYIOIIIMX XOIOB B JpEBECUHE, KOTOpbIE ITO3XE MOIYT, Kak W Ta30BbIe
My3bIpU, 3aMOJHSTHCS XalleOHOM U KambuutoMm (puc. 5). [lpu momHOM BBHI-
TOpaHUU NPEBECUHBI BO3HUKAIOT NPEBOBUIHBIE, WHOTAA BETBSIIIUECS TPyOUaThie
MOJIOCTA, B HEKOTOPBIX CiIydasx Naxe C peJUKTaMu npeBecHou Kopsl [133].
B ommuume OT Ta30BBIX TPYyO, BO3HUKAIOIIUX IO TMPEABIAYIIEMY MeXaHU3MY,
9TU «TPYObl» MOTYT UMETh KaK BEPTUKAJIbHYIO, TaK M TOPU3OHTAIbHYIO OpUEH-
TallMi0o B J1aBOBOM ToTokKe. OHM MOTYT HaXOAUThCS B JII0OOW ero dacTw,
XOTSI «TpyOBl», 00Opasylolluecs IpPW BBITOPAHUM ITHEW WJIM HECIOMaHHBIX Je-
peBbEB, pacrojiaraloTcsi B TofomiBe 3(P(y3nuBHOTO Tena M UMEIOT BEPTUKAIb-
HyIlO OPUEHTUPOBKY.

TakuMm o06Opa3oMm, TJIaBHEUIIUMH MOPGOIOTUYCCKUMHU OCOOCHHOCTIMU
mycror, obpasywomuxcsd B 3¢GGdY3UBHBIX TeJlaX B pe3yibTaTe NMHUPOJIU3a U BbI-
TOpaHMSI PACTUTEJbHBIX OCTAaTKOB, MOXHO CUMTATh CJEIYIOIINE.

1. [IpuypoYyeHHOCTh MOJOCTEM K 000N 4YacTH TIOTOKA; KaK MCKII0Ye-
HUE,— TIPUYPOUYEHHOCTh TYCTOT, OOpa3ymINMXCsS TPU BHITOPAHWUM ITHEH, K TO-
momBe 3(@y3uBHOro Tea.

2. PazsmMep myctoT M uX ¢opMa omIpenensoTcsa pe3MepoM U GopMoit
COOTBETCTBYIOIIMX PACTUTEIBHBIX OCTAaTKOB — 3TO CBOEOOpasHble OTpUIla-
TeJbHble (TI0JIble) TIceBIOMOPGO3bl, COXpPaHSIOIIUE JUIIL MOPGhOJOTUIECKIE
0COOEHHOCTH TOBEPXHOCTU (PUCYHOK KOPBI WM NPEBECUHBI IMOJ KOpPOil, BETB-
JleHue, cydku u T. 1.). OcoOblil ciay4yail TpencTaBSIOT IMYCTOTHI THUIA XOIOB
NIPEBOTOYIIEB, COXPAHSIIONIMXCS B HEKOTOPBIX APEBECHBIX OCTAaTKaX, IOABEPT-
IUXCS TUPOIU3Y.

3. TeyeHue MOTOKAa OPUEHTHUPYET COOTBETCTBYIOIIMM 00OpPa3oM BeCh pacTU-
TEJTbHBIII OCTAaTOK I[EJINKOM, a HE <«IOBOPAauYMBaeT» BIOJb TEYEHUS OTHEb-
Hble €ro vacTu (MCKJIOYEHWE MOTYT TPENCTaBJISITh IJIWHHBIE TPyObI, BO3HU-
Kalonme 1o THSAM U TOJOOHBIM OCTaTKaM, 3aKpeIUICHHBIM Y OCHOBAHUS B
TO/IONIBE TMOTOKA).

OTHOCUTEbHO TPYO, BO3HUKAIOIIUX TIPU HUCTEYEHUM JIaBbl U3 YACTUYHO
3aTtBepaeBmero 3d¢dys3uBHoro Ttena, [. Makmonanbm [208, c. 78] mnumer:
«B paitoHe pa3BUTHUS JIAaBOBBIX TOJI Ha ceBepo-BocToke KamudbopHuu takue
Memepsl CIYXUIn yOeXuIeM IJis KamnuTaHa Jkeka M ero MHAEWCKUX BOWHOB
BO BpeMsI MOJIOKCKUX BOWH. HekoTopsle 1aBOBbIE TPYyOKM TPOCIEXKUBAIOTCS
Ha paccTossHUU Oojiee MUWJIM. BOJBIIMHCTBO M3 HUX MMEET HECKOJbKO (yToB *
B OUaMeTpe, OJHAKO OMaMeTp HEKOTOPBIX TpybokK mocturaeT 15 m.» OcobeH-
HOCTBIO TaKMX TPYO SIBIsSIeTCS OJIM3KOE K FOPU30HTAIbHOMY 3ajieTaHUE, HEPOB-
Hble BHYTPEHHUE IMTOBEPXHOCTH — C INWIIAMW, BBICTYIIaMU, HAaTEKaMW JIaBHhI,
HACTBUIBHBIMU JIABOBBIMHM «COCYJIbKaMH». B Takux TpybKax Hepeako 3aro-
paloTCcsl YIJIEBOMOPOMHBIE Ta3bl, YTO TPUBOAUT K OIUIABJICHUIO TPYyO W3HYTpH,
00pa3oBaHNI0O B HEKOTOPHIX MECTaX HACTBUIBHBIX COCYJIEK.

* 1 ¢yr= 0,3 m (mpum. pen.).
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Puc. 5. XamuenoHoBoe ¥ KadbLUMTOBOE BBIMOJHEHNME XOIOB IPEBOTOYIIEB:
a — TonepeyHslii, 6 — mpononbHeli cpe3. Mbic Tesn, Kamuarka. Har. Bem: ; _ No 83046
0 >

6 — No 3482.
38



®opma MUHIAIMH

BHemHsisi ¢opMa araTOBbIX MMHAQJIMH M3 06a3aJbTOB M aHIE3UTOB IMPHUBIIE-
Kaja K cebe BHMMaHUe OOJIBIIOrO YMciaa wuccienoBateneil. M3 oreyecTBeH-
HBIX paboOT, TOCBSILIEHHBIX 3TOMY BOIPOCY, CJEAyeT BBIIEIUTh paboTy
I A. YepnoBa [128] 1o ceBepOTMMaHCKMM arataM, B KOTOpoil Hambojee
MoapoOHO pasbupaercss MOPGONTOTUS araToBbIX MUHIAJIUH MECTOPOXIEHU I
3TOrO0 peruoHa (puc. 6).

CormocTaBieHe TPUBENEHHOTO OMMUCAaHUS MUWHIOanwH, nanHoro [. A. Yep-
HOBEIM [128], ¢ M3I0XEHHBIMH paHee YCIOBUSAMU (HOPMUPOBAHUS Ta30BBIX
MOJIOCTe TOKa3bIBaeT, 4YTO Ha MectopoxneHusix CeepHoro TumaHa raso-
Bble Ty3bIpM 00pa30BajuMcCh B HIMPOKOM HHTepBaje I10 MOIIHOCTH JIABOBBIX
MOTOKOB — HayMHas OT WX OCHOBaHMU, Toe (HOPMUPOBAIUCH JIEMEINKO00-
pasHble W TpyO4yaTble TOJIOCTH, W jajee [0 HaMpaBJIeHWIO K IeHTpaJbHOMI
M BIUIOTh JO IMOBEPXHOCTHOW uyacTeil moToka. dopma MUHIAIUH CBUAETENb-
CTBYeT O TOM, YTO OHM OOpa30BBIBAJMCH IMPAKTUYECKU B 3aCTOWHBIX YCIO-
BUsX. JIaHIIETOBUAHBIX MWHIOAIWH OYEHb Majo, HE3HAYUTEJbHBI M OTKJIOHE-
HUS BEpXHMUX 4YacTeid MMHAAJIMH OT BepTHKaiu. JIMIIb B OCHOBAaHUMU IOTOKOB
I A. YepHoB oTMeyaeT MPUCYTCTBUE JIEMEUIKOOOPA3HbIX MUHAAJIMH, Ha
(GopMy KOTOpBIX, OYEBHIHO, BIWSJIO TedeHue JaBbl. Ocobo cieayeT OTMe-
TUTh HE3HAYUTEIbHOE YMCJIO CIUMIIMXCA MUHAAIAH, MPUYEM OTO CIHUIAaHUE
MPOUCXOAUT MO OOKOBOW CTEHKe, a He IO BepTUKAIM, KOTJa MOXHO JIOIMyC-
TUTb, 4YTO OTHAEJbHBIE My3bIPM MOANMpANM IpPYyr Ipyra, a 3aTeM M OO0beou-
HsuMch. TakuMm  o0Opa3oM, ¢GopMmMuUpoBaHUE Ta30BbIX IOJOCTEH B CEBEPO-
TUMaHCKUX MECTOPOXIEHUSIX TMPOUCXOIUIO0, OYEBMIHO, B pe3yjibTaTe Kak
M3JIUSIHUST JIaBbl Ha OUCCOLMUPYIOIIWE WM OOBOAHEHHBIE MOpPOABI cyOcTpara,
TaK M pPEeTPOrpajHOro BCKUIAHUS W BCKUIAHUS BCJICACTBUE TAJACHUS JaB-
JIEHUs] TIpU M3JNUSTHUM JaBbl. [lpuyeM Bce 3THU MpOLIECCHI MPOTEKald B CpaB-
HUTEJIBHO BSI3KOM pacIliaBe, HaXOMSIIEMCSI B CIIOKOWHOM COCTOSTHUU.

®opmbl MUHAATUH (CM. puc. 6) B TOW WMAM MHOW Mepe THUIUYHBI IS
IpYTMX MECTOPOXAEeHUI araToB, CBSI3aHHBIX C 0Oa3ajlbTaMU U aHIE3UTAMH
(poto 1-3; 7; 94; 100). Tak, nmus aratoB paiioHa moc. [lamana Ha Kawm-
yaTKe XapakTepHbl MUHAaIuHbB (cM. puc. 6, I, 2, 4, 5 puc. 7); Kpome
TOTO TaM W3BECTHBI M30METPUYHbIE, JEeMelIkooOpa3Hbie W TpyO4yaTble MUH-
namHbl - (poto 8). MuUHmanuWHBI, BCTpevyalolIMecss Ha MECTOPOXIEHUSIX
Axanuuxckoro paitiona B [pysum m MimxeBaHCKOTO pailoHa B ApMeHUHU, 4Yalle
BCEr0 CPaBHUTEJIbHO H30METPUYHBIE WIM 3JUIMIICOMAANIbHBIE B paspese,
kapaBaernonoOHbeie (doto 2), OGamroHooOpa3Hbie (doTo 97), pexe 3mech
BCTPEYAIOTCSI MMHAAJIMHBI KOHYCOBUAHBIE C BOTHYTBIM OHOM (cM. puc. 6,4);
orciona (Mectopoxaenue [lamau) wu3BeCTHBI M TpyOKOOOpasHbie MHUHIA-
JIMHBI, BBITIOJHSIONINE TYCTOTHI OT Pa3JIOXMBIIMXCS JIPEBECHBIX OCTATKOB
[133].

OKpyrjible MUHIAJIWHBI C HEPOBHOW IMOBEPXHOCTHIO (cM. puc. 6,5) wu3o-
MeTpUYHBIE, JIeMeuKooOpa3Hble, WHOTAA KOHYCOBUAHBIE MUWHIAIUHBI  (CM.
puc 6,4) Cc BOTHYTHIM JHOM M KapaBaeoOpa3Hble MWHIAJIUHBI C IUJIOCKUM
OTHOM (cM. puc. 6,1) XxapaKTepHBI HIJs POCCHIIIE B OKpeCcTHOCTIX Epas-
HuHCKUX o3ep (TynamyHckoe MectopoxneHue B bypsaruwm), IlaBromapa
(KasCCP), poccemeit mo p. 3ee m B XabapoBckoMm Kpae, Apu-bormo,
Hanan-Typy u npyrux paitoHos MHP.
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Puc. 7. KoHycoBumHasi xailenoHoBasi (aratoBasi) MUHNAIMHA C BAABICHHOU (opmMoit
nHa (OM3Kas K MUHOaIMHAM Tura 4 Ha puc. 6); cjaeBa — TIOMEpeYHbIii cpe3 MCeBIo-
CTATaKTUTA Ha HACTBUIbHOUM cocyiabke (?). Mpic Tesu, Kamuarka. 0,75 Hat. Beql.
Ne 82990.

MuHpanuHbl 6a3aabTOB MyIuMHONM Trophl M Topbl MypyHma B KianmukuH-
CKOM paiiloHe 4YacTO JIaHIIETOBUAHBIE C W3OMETPUYHBIM WU YIUIOIIEHHBIM
MOINEepPeYHbIM CeYeHHWEeM; y KpYIHBIX BePTUKAJIbHBIX MHUHIAJIWH B 3TUX Oa-
3aJIbTaX BEpPXHUE YaCTU CUJIbHO OTKJIOHEHB B CTOPOHY; 00a 3TH TMpHU3HaKa
roBOpAT O OOJBIIOM BJMSIHUM TeYeHMs] JaBbl Ha (OpPMY Tra30BBIX My3bIpeit
M BBIMOJHSIOIUX WX MHWHIAAWH, 4YeM OSTU MUWHIaJeKaMeHHble 0a3albThl
CyllecTBeHHO oTiauyaiotrcss ot mopoa CeepHoro Tumana, [lamaHbl, Axaninux-
ckoro u WMmaxeBaHckoro paiioHoB. B To Xe BpemMs B [Apyrux MecTax Ha
Mymunoit Tope m rope MypyHIoa, U3BECTHBI H30MEeTPUYHBIE (CM. puC. 2)
WM clerka yrvtoimeHusle (¢porto 1; 96) MUHOATUHBI, CBUIETEJ]bCTBYIOIINE
0 3HAYUTEJIbHO 0OJiee CIOKOWHOW TUAPOAMHAMMYECKON 0OGCTaHOBKE.

HM3oMeTpuYHBIMU M OJM3KMMU K HW30OMETPUYHBIM GopMaMKU XapakTe-
pU3YIOTCS 3HAMEHWTBIE INOTJIAaHACKME TaldbkKu (scotch pebbles), omucaHHBIC
K. ®. Xegmmem [190]. CunabHO YIUIOIIEHHBIE C JIAHIETOBUIHBIM CEYCHHEM
MHUHIAIMHBL U3BecTHBI B paiioHe PoraBei, YCCP (dorto 34). Kpome Toro,
B psjie MeCT WU3BECTHbI BepTUKaJbHbie BBITSHYTbie (doTo 4) M 06aLIOHO000-
pasHbie (dhoTO 5; 6) MUHIATUHBI.

PaccmatpuBasi ycioBusi o0pa3oBaHMSl pa3IMYHBIX, B TOM 4YHUCJIE ararto-
BbIX, MMHIAJMH B 0a3ajibTaX M aHAe3UTaX, HEOOXOAMMO 3aTPOHYTh U MOLI-
Hble BYJKaHOTCHHBIE ITOKPOBBI, cllarapinme TpamnmoBbie ¢dopmauuu. B CCCP
XOpOLIO M3BeCTHBI Tpanmbl CubuUpckoil rmiatGopMbl, MMOKPHIBAIOIIKE T[LI0-
mans 6,75X10° kM IIpM MOIIHOCTH B IIEHTpaldbHON wactu mo 2000 M, a
B KpaeBbix n* 100 M. Hambonee mompoOHO yclioBuUs 00pa3oBaHUSI Ta30BEIX
my3sipeit B cHOMpCKUX Tpammax paccmorpeHsl M. M. CumaHoBUYEM U
O. W. Kyapssuessim [97]. Wccnenyss OGosbmioir ¢akTtudyeckuit MaTtepuai
0 B3aMMOOTHOILIEHWU 0a3ajJbTOB pPa3JIUYHBIX TEKCTYPHBIX THMIIOB B Ipeaesax
TYHIyCcCKOM CMHEKJIM3bl, OHM MPULUIM K BBIBOLY, YTO MaHIEIbIITEUMHBI B 3TUX
TpamnmnoBbiX (GopManusax o0pa3yloTCs 3a CYeT BCKUIIAHUS BOM, IPOIMUTHIBAIO-
mux Tydsl, pasaensiomue OTAeJAbHbIe clon 3GEGY3UBHBIX IMOPOM, WIM HC-
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MmapeHusi BOA HeOOJbIIMX O03ep U 6OJIOT, 00pa3OBaBIIMXCA B IMOHUXKEHHBIX
yuacTkax rmaneopeibeda *. [lpy 3TOM y TOAOLIBBI IMOTOKA BO3HUKAIOT MeJ-
kue (OOBIYHO MeHee 2 CM) M30METPUYHbIE Ta30Bble IMy3bIPM B BUJAE KYIOJO-
00pa3HbIX CKOIUIEHWI, a WHOTAAa M Tra30Bble TPYyOKM OMAMETPOM 10 3 CM,
penko 10 cm. IlpoaBuxXeHHMe Ta30BbIX ITy3bIpeili BBEPX MeCTaMU 3aTPYIHSI-
JJochb BO3HMKaloulei rnepes (GPOHTOM ABUXYLIMXCS TMy3blpeil B pe3yjibTaTe
oxJaxIeHHWsl pacIjlaBa 30HBI 3aKajlku. B apyrmx Xe MecTax OHU MPOPHI-
BaJINCh CKBO3b BCIO TOJIIy paciuiaBa, o0pa3yss WHOTIAAa y TIOBEPXHOCTU BO-
pOHKOOOpa3Hble cKoTrieHus. [eomorndyeckre HabioaeHusi ¥ (Gopma Mmy3bipeit
MOKAa3bIBalOT, YTO OHW BO3HUKAJIW W MUTPUPOBAJIM B 3aCTOWHOI JaBe.

B WHmum Tpammbl IOKPHIBAIOT IUTOIAmb okKoso 5X10° M Ipu MOIIHOCTH
6osee 2000 M [236]. MoinHasi Kopa BBIBETpUBaHMSI, Pa3BUBIIASICS IO HUM,
MpuBeia K BO3HMKHOBEHUIO TOPU3OHTOB araTOBBIX KOHTJIOMEPATOB MUOILEHO-
BOrO BO3pacTa M OOJBIIOTO 4YHUCIA aJJIIOBUANBHBIX POCCHINENH, W3BECTHBIX
BO MHOTHX MecTax 3amamHoii Mumum [244].

Hekotopble U3 MeCTOpOXIEHMIA 3TOr0 TUIA W3BECTHbI C TIIIyOOKOW IPEBHOCTH;
Hanpumep, y [epomora (48 T. 10 H. 3.) ecCTh yKa3aHWe Ha TOCTYIUICHWE WHIUMCKUX
araToB Ha pbIHKA PuMckoit umnepun. bonee onpeneneHHO Ha 00pabOTKy arata B
Kypyne, BOonm3u [Dymbbapra ykaswsiBan Adanacuit Hukwrun (1468—1474). OmHo w3
KpYIHENIIMX ¥ Haubosiee W3BECTHBIX MECTOPOXIECHUI arata — Pamkmnuioia Haxo-
mutcss mpuMepHo B 250—300 kM K ceBepy or bombGest. MHTepecHO, YTO WHIWIICKVE
aratbl MMEIOT HEIOCTATOMHO SIPKYIO OKPacKy M MHIYCHI YK€ He OIHO CTOJIeTHE TIpH-
MEHSIIOT CIoco0 MX 00J1aropakMBaHUSI — JUTUTEJIbHOE SKCITOHMPOBAHME Ha BO3MyXe
¥ TIpoKaMBaHue [244].

OrpomMHy0 IJIOIIaAb 3aHUMAIOT CpedHe-HUXHEMEeJIOBble Tpammbl U B Gac-
ceiine p. I[lapana (Bbpasunus) —oxomno 1,2X105 KM Ipu cpemgHeil MOIIHOCTH
650 M, a mecramu Gomee 1500 M [166], moCIyXMUBIIME WCTOYHUKOM 6O-
raTeiilimx pocceineir aratoB bpasunuu u  YpyrBasi, M3 KOTOPBIX WU3BECTHBI
XKeombl 10 7 M B NOINEpPEeYHUKe **,

CoctaB raza B ra3oBbIX ITy3bIpAX

Hekotopble wuccienoBaTesNM T[oJiaraloT, 4TO OCHOBHAas Macca ra3a B Ta30BbIX
My3BIpsiX TpenctaBieHa mapamu H,0 u gemaoT TeopeTHuecKkue BBIBOIBI
ucxonsd u3 3Toro [254]. B To Xe BpeMsl HM3y4eHHE B IIOCJIeIHEE BpeMs
MULI0Yy-0a3aJbTOB IMOKa3ajao, YTO BO MHOTUX M3 HHUX OKoJo 95% MaccoBoii
nomu rasza coctaBasier CO,. BTo 0C0OEHHO XapaKTepHO sl 0a3aJbToB
ooapliux ryouH [209, 216], Torma Kak B MEJKOBOIHBIX 0a3anbTaX YBEJIM-

* PaHee CuuWTajM, 4TO, Ta30Bble IMy3bIPM MAaHICIIBINTEHOB B pailoHe TyHrycckoi
CUHEK/IM3bl BO3HMKIM B pe3ysibTaTe Jera3alyy JIaBbl NMpU ee M3ausHuu [61].

**  BbICOKYIO MPOMYKTUBHOCTh TparmioB WMumuu, Bpaswnmu u YpyrBas B OTHOIIEHUU
aratoB E. §. Kuepnenko (1986, ycTHoe cOOOILEHME) CBSI3BIBAET C M3IMSTHUEM WX
HETOCPEICTBEHHO Ha TIopoibl (yHIaMeHTa, Toria Kak CUOWUPCKWE Tparrbl W TPAIIbl
dopmatmn Kappy B KOxHoiT AdprKe M3IMBAINCh Ha OCAIOYHBIC TOPOABI C MOIIHBIMU
TOJIIAMYU KapOOHATOB M 3BAIOPUTOB, CYIIECTBEHHO BIMSIOIIMX HA COCTAB MUHEPAIO-
00pasylolMX TePMATbHBIX BOH, YTO, IO-BUIMMOMY, W TIpMBEJIO K OOpa3oBaHUIO CBO-
€00pa3HBIX IICOUT-KATBIUTOBBIX MUHEPATBbHBIX TPOBUHIMIA, OTHOCUTEIFHO OOETHEHHBIX
araToM.
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MWHEPAJTBI, CJIATAIOIIIME MUHIATVUHBI
MuHepanbl ceMmelicTBa KpeMHe3eMa

30HAILHO-KOHIIEHTPUYECKHE araTbl
XaymenoH

®oro 16. XanenoHOBBI KapHEOI-araT 30HaJbHO-KOHIIEHTPUIECKOTO CTpOeHHus. Pocchi-
nu no p. 3es1, AMypckast o6a. 4,5X3,0 cm. No 83910.
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®@oto 17. Cepblif xaldllefOHOBBI araT ¢ MyapoMm. IlomepeuHblit cpe3 MuHmaauHbl. CeB
Tuman. 4,5X4,0 cMm.

®oto 18. TemHO-canmbUPUHOBBIA XallleIOH C IIMPOKOW KaeMKoii kapHeona. Apii-Bormo,
Momnromus. 3,5X2,5 cMm.
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®oto 19. 30HANTbHO-KOHIEHTPUYECKUI XaleAOH B YIUIONICHHO-OKPYIJIOW MUHAAIUHE
C TIOJIOCTBIO B IIEHTPE; OKpacka MPEeATOCIeTHEeTO CJIO0S CBUACTEIbCTBYET O €ro CWIbHOU
TMepeKpUucTaIN3alul ¢ 00pa3oBaHUWEM OTAEIbHBIX «KUPMUYUKOB», WHTEHCUBHO BTOPUYHO
okpamieHHbIX. Apii-bormo, Mouronus. 8,0X4,5 cm. Ne 84759
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®oto 20. KBapii-xaaieIoHOBbI 30HaJbHO-KOHIEHTPUUYECKUI araT ¢ IBYMs MOKOJEHHUSIMU
(re”HepanusaMu?) XxaileaoHa; B J€BOM HUWXHEM YIIIy — 30HTUK KBapiiuHa. [lomepeuyHbrit
cpe3 muHganuHbel. CeB. Tuman. 6,0X5,5 cm. No 84744,




Ksapy

®oto 21. 30HANIBHO-KOHUEHTPUYECKUIA XallllelOH-KBapIl-XalledoHOBbI arar. I[lomeped-
Hblii cpe3 mMuHmanuHbl. CeB. Tuman. 6,5X5,5 cm. No 84746.

®oto 22. 30HANTBHO-KOHIEHTPUYECKUIT XallleOH-KBapLEBbIA araT CO CMEHOW CIOEB B
MOCJIeI0BATEIbHOCTU:  XaJlIeNOH->-KBapll->-XaIllefOH—>-KBapil. TYJIIYHCKOE MECTOPOX-
nenue, bypsarckas ACCP. 9,0X7,5 cwm.

48



®oto 23. 30HAIBHO-KOHLEHTPUYECKHUI XaJlleOH-KBapleBbId araT ¢ IIMPOKOW 6enoit 30-
HOIl MapauleIbHO-IIECTOBATOTO KBaplia U sAPOM M3 3€pHUCTOro KBapua. MimkesaH,
ApMCCP. 25X20 cm. Ne 83752.

®oto 24. 30HaNTbHO-KOHLIEHTPUYECKUN KapHEOJ-araT ¢ HEeOOJBbIIMM KBapLEBBIM SIIPOM;
B OIHOM M3 TNPOMEXYTOUHBIX XaJleJOHOBBIX CJOEB OTYETIMBO BHUIHBI CIEIbl MEPEKpPUC-
Taqu3anuu ¢ oOpa3oBaHMEM XapaKTepHbIX (Oemoe) SmUYHBIX 00o0cobieHuit. Poccwimu
no p. 3est, AMypckast 061. 9,0X3,5 cm.
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®oto 25. IlposBieHHEe CKOPIYHNOBATOH OTHEIBHOCTHM araToM IO ITOBEPXHOCTSIM KOH-
LIEHTPAalMM MeJTbYallllIuX 3epHBILIEK KBapla:

a — obmmii BUI; 6 — MUHAQIMHA C OTAeIMBLIelcs: BHyTpeHHeit dacTbio. CeB. Tuman. 6,0X
X5,0 cm. Ne 83761.
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Ipu MuHepanu3aluyd TMOMOOHBIX OOBEAMHEHHBIX IOJOCTEH Ha TMOBEPX-
HOCTM MUHAAJIUH COXPAHSIOTCS KOJIbLIEBble OOpPO3JKU, OTBEYalolMe MecTaM
BHEJPEHUsSI KOJIbLEBBIX IepeTsikeK B Ta30Bblid My3bipb. Ha momepeyHoM ce-
YeHUW TaKWe MUHIAJIUHBI OKa3bIBAIOTCs pa3iejeHHBIMU Ha HECKOJIbKO Kamep
JIABOBBIMM TIEPEropoikaMu, KOTOpble B CEUYEHUM HANOMMHAIOT OCHOBaHUE
MCEeBIOCTATAKTUTOB XajiuenoHa (dorto 13), 3a KOTOpble HMX 4YacTO TMPUHM-
MaloT; TOHKHE TMEepPeropojKd 3TOro THIAa WHOTAAa paccMaTpUBAIOT Kak MeMOpaH-
Hble TpPYOKMU.

Ipu KoamecueHUMU cpa3y HECKOJbKMX Ta30BbIX IMy3bIpeil MeXay HUMH
MOXET BO3HUKHYTH Ieperopoaka B BHUJE JABOBOTO CTEPXKHS, MPOTHIKAIOIIETO
00beNMHEHHBI Ta30BbIii MMy3bIpb. B ciydyae BbIBETpUBAHUSI TOJOOHOTO Jia-
BOBOTO CTEpXHsI, HANpUMep B POCCHIMAX, 00pa3yloTcsi CBOeoOpa3Hble MUHIA-
JIUHBI CO CKBO3HBIM OTBEPCTHEM, U3BECTHbIE Ha HEKOTOPBIX MECTOPOXICHUSIX
Monronuu. TojcTble CTEPXKHU TaKOTO MPOUCXOXIEHUS B Cpe3e MHUHIAJIUHBI
WHOTIA JeJIAT ee Ha [Be CaMOCTOsITeJbHbIe KaMepbl, KaXxaasi K3 KOTOPBIX
MOXET BBIMOJHATHCS XallleOHOM camocTosiTenpbHO (doto 14). B mpyrmx
clyyasix KoaJleCLUeHLIMsI Ta30BBbIX MYy3bIpeil COMPOBOXIAETCS  YIIOIIEHUEM
MOTrPaHUYHBIX TMOBEPXHOCTEH OOBEAUHSIIOMIMXCS Iy3bIpeid, BBI3BAHHBIM TIOMI-
MUpaHueM HUXHEro Mmy3bips (puc. 8), YTO MPUBOAUT K CYIIECTBEHHOMY MC-
KaXeHUI0 HapyxXHO# (GopMbl MHHIAJIWHBI, TMOSBJIECHUIO He IapooOpa3HOTO, a
MHOTOYTOJIbHO-OKPYTJIOTO €€ BhITIoJHeHust (puc. 9).

BaxHO OTMeTUTb, 4YTO araThl C KOJIbLIEBBIMU TMEPEeTSIKKAaMU TaKOro
reHesuca TUNOMOPGHBI IJsi BIIOJHE OTMpeIeeHHbBIX MECTOPOXIEHU U B TO
XK€ BpeMsi OHM M3BECTHBI B OIpPENEeICHHBIX Y4acTKaX pPa3HbIX MeCTOPOXIECHUI
arata (Ha MymuHoit Tlope B YuTuHCKO# o0ONacTH; B paiioHe Mbica TeBu
Ha Kawmuatke; B [lotnanmuu; Yayreit-Xun, MHP u np.).

Crnenyer MMeThb B BHAY M BO3MOXHOCTb OOpa3oBaHMWs IUIOCKOTO IHA
y razoBoro my3bipsi (puc. 10) BcieacTBue pacrpocTpaHeHUs (QpoHTa oxiax-
NeHus pacriaBa * (a cjemoBaTelbHO, €ro Jera3aluu), TMPOABUTAIOIIETOCS
napajjiejbHO TOPHU3OHTAJIbHBIM KpOBJe WM IOAOILIBE IMOTOKA, Ha BO3MOX-
HOCTb 4ero ykasdwiBan eme M. @. Xemmn [190].

O dopMe mosiocTeit, CBSI3aHHBIX C Ta30BBIMU TY3BIPSIMU, 3AIMOJHIEMBIMHA
MO3Xe XaJllelOHOM (araToMm), CieayeT cKa3aTh, 4TO OO 3allOJHEHUs HEKO-
TOpble M3 IMy3bIpedl MOTYT nehOpMUPOBATLCS, HAXOMISICh B TOJIIE KOHCOJM-
NMPOBABIIEWCST JIaBbl. B HEKOTOPBIX Cilydyasix MMO3AHWE TMOABUXKM B IOpOJE
MOTYT TIPUBECTM K CMELIEHUIO OTHEIbHBIX YacTeil ra3oBOTO IMy3bIPSI OTHOCH-
TeJbHO Apyr napyra (puc. 11,a), mpuuem Takoil nedOpMUPOBAHHBIN My3bIPh
MOJHOCTBIO 3alOJIHSETCS T03Xe XalllelOHOM (araToM) KakK eauHOe Ieloe
(puc. 11,6).

* B pocchIlsiX MHOTIA HAXOMSIT MUHIOATMHBI C TUIOCKAM JHOM, BO3HMKAIOLIMM
MpY OTCJIAMBAHUM TIO TUIOCKOCTM OHHUKC-araTa, He HMEIOIIMe HUYero OOILEero C OIMMCaH-
HbIMU. JIJIsI TIOCIIEIHUX XapaKTepHbI IJIOCKasi KOpKa 3aKajJKWd M LEIbHBIA, He HapylleH-
HBIIi PUCYHOK BHYTPEHHETO MMHEPAJIbHOTO 3arlOJTHEHMSI.
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Puc. 8. Cauniiuvecs: ra3oBbie My3bIPU C IMIHUPOKOW KOPKOM 3aKaIKH:

a — [Ba Ty3bIpsI, HIDKHUI M3 KOTOPHIX BCKPBIT — B HEM BHIOEH XallEIOHOBBIA OHHMKC, IO3-
BOJSIIONIMIA  OPUEHTHPOBaTh 00a TMy3bIps B TIPOCTPAHCTBE (BBEPXY — aMETHUCT); O—HECKOJb-
KO TIy3bIpeil C XapaKTepHBIMHM Balukamu nedopmainy KOPKM 3aKaJKh B MECTaX WX CIIUTAHUS.
BepxHue my3blpy Ha OOOMX CHUMKAX OTKJIOHEHBI BIOJb IBMXKEHWS JIABOBOTO MOTOKA. MynuHa
Topa, YnuTtuHckast o001, @ — Har. Bed., 6 — 0,5 Har. Bem; @ — Ne 83040, 6 — Ne 83039.

Puc. 9. ledbopmMupoBaHHBI CErMEHT M3 CEpUM CIAUMIIMXCS My3sipeil. MynuHa [opa,
YurtuHckas o6n. Hat. Ben. Ne 83038.
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Puc. 10. [IBa cAMIIIIMXCS Ta30BbIX ITy3bIPSI C XapaKTEPHOW KOJIBLIEBOM TMEPEeTSKKOM,
HIDKHUI U3 KOTOpBIX MMeeT Iuiockoe nHo. Meic TeBmn, Kamuatka. ¥ B. 15.

HactbuibHBIE JTaBOBbBIE COCYJIbKM M OOHHbLIC HaCTLLIN
B Ta30BbIX ITY3bIPAX

MexaHu4ecKrue HapylleHUs CIUIOMIHOCTU Ta30BOrO My3bIpsi, HaXOIsIIerocs
B CWJIMKAaTHOM paclllaBe, MOIYT BbI3BaTh BHeApeHHWE B Hero BMellalollei
JlaBbl. DTOMY B 3HAYMTEJbHOW Mepe JOJIKHO CIIOCOOCTBOBAThH IOBBIIIEHUE
BHYTPEHHEro HaBJIEHWsSI CUJIMKATHOTO pacIljlaBa B KYyJbMUHAIIMOHHBI MOMEHT
peTpoTpPagHOrO BCKUIAHUSI, TMPUBOASIIET0, B YaCTHOCTH, K BCIYYMBAHUIO
3¢ GY3UBHBIX Tel, KOTOpOe YXe OTMeuyaloch Bbilie. Kpome Toro, mpu 4vac-
TUYHOM KPMCTAJUIM3AlMKM paclljlaBa CO3JaeTcsl OMNpeaesieHHOe KpUCTainu3a-
LIMOHHOE JaBJieHWe Ha OCTATOYHBI pacIulaB, 3aloJHSIOUIMIA B pe3yibrare
3TOTO HEKOTOphIE MeJKHE ra3oBble IYCTOTHI Hauenao |[146, 148, 246].
BcienctBue HU3KOUM BSI3KOCTHM 0a3aJbTOBOrO pacijlaBa B cliydyae €ro
BHEJPEHUs] B Ta30Bblii My3bIpb BO3HUKAIOT 0Opa30BaHUS pa3HOU (POpPMBI.
Tak, 3TO MOTyT OBITb PA3JIUYHON TOJIIMHBI M JIMHBI HACTBUIbHBIE COCYJIbKH *

* Ha HacTbUIbHBIE COCYJBbKM, IMO3XE YacCTO 3aMEIIAIOIINecs] CeIalOHUTOM, OOpaTuiI
pauuMaHre ene @. M. Xemmn [190], mwmcaBmmii, 4to ecim 00OJTOYKA, OKPYXKAIOIIAS
ra30Bblii My3bIpb, 00JAHaeT HEOOBIMHOM TOJILIMHOM, TMOSIBJISIOTCS HUTH, CBELIMBAIOIIMECS
Cc BepxHeit uyactM TmioNocTA. [lomoOHBIE HUTM TOCHE€ BHEAPEHUS KPEMHE3EMMCTBIX
pacTBOPOB  OMpEENSIIOT  00pa30BaHUWE TaK Ha3bIBAEMbIX CTANAKTUTOB  (TIpaBUJIbHEE,
TICEBIOCTATIAKTUTOB.— Aém.), bopmupyst ux LeHTp. Korma oHM OKa3bIBaIOTCS B OOJBIIOM
KonmuecTBe, (opMHUpyeTcsl TlepeceKaloliasicss cerka Huteidl. Takue ceTkd —Tmocie
BHEJIPEHUSI PACTBOPOB KPEMHE3eMa OIpeNessiioT 00pa3oBaHME MOXOBbIX aratoB [190].
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Puc. 11. dedpopmanuss 1a3oBOro My3bIps CO CMEIICHWEM OJHOW €ro TOJOBWHBI OTHO-
CUTEJIBHO NPYroii B TOPU30HTAJIbHOM TMIOCKOCTH:

a — BUI C TIOBEPXHOCTU; 0 — CEYEHHE STOTO ITy3bIpsi, 3aMOJHEHHOTO IMOJIOCYAThIM XaJlle[o-
HoM (1o mepudepun) U KBapiieM (B 1eHTpe). MyiauHa Topa, YutuHckast o6a. VB, 3. No 84523,
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(poto 9—12). B HekoTOphIX ciy4assXx WX AUAMETP MeHbIle | MM W OHH
MOTYyT 00pa30BbIBaTh KaK CBOEOOpa3Hyl IIETKy Ha BepXHEeWl IOBEPXHOCTHU
my3bIpsi, Tak W OObeMHBIe 3aHaBecH. [lociegHue OCOOEHHO XapaKTePHBI
B TOM cCJIydyae, €CJii TPOHUKHOBEHUE JIaBbl TMPOMCXOMUT HE TOJBLKO IO Topam
MpOTUIaBJIeHUsI, HO W TI0 TpelMHaM, KOTna TMOSBISIOTCS TOHYAWIINE JIaBOBbIE
MPOBUCHI, COEAWHSIONINE OTAECIbHbIE HACTBUIbHBIE COCYJIbKUA JAPYT C JIPYTOM.
B nmanbHeiileM cocyJbKM U 3aHAaBECH TOKPHIBAIOTCS CHEPOTUTOBBIMU KOP-
KaMM XaJjllleloHa, CTAaHOBSICh WX OCHOBaHUsMM (puc. 12). Ecium HacTbUIbHBIE
COCYJIbKM CBHUCAIOT C IOTOJIKA 10 T0JIa Ta30BOTO TY3BIPSA U B TOCIEAYIOIIEM
3aTOJHSIOTCS  XalIleMOHOM, TO BO3HUKAIT BechbMa CBOeOOpa3HBbIE Xalle-
MOHOBBIE MWHIAJWHBI, OOJamaiomme OOJBIIMM YKUCJIOM TMapajlieIbHBIX CKBO3-
HBIX KaHaJoOB * M XapaKTepPHBIM KPAacUBBIM Y30POM C TIOMEPEYHBIM CeYeHUEM
XaJIIEeTOHOBBIX TICEBIOCTAJIAKTUTOB, TUIMMWYHBIE [UISI HEKOTOPBIX POCCHITIEH
Ha BocTtoke xp. Api-bormo (doto 195).

B HekoTOphIX cyyasix paciuiaB, NMPOHUKAWOIIMI B Ty3bIpb, KamaeT Ha
ero JAHO, 00pa3ys MOpUCThie NOHHBbIE HAcTbUIM. OCOOEHHO YEeTKO OHUW BUIHBI
BO MHOTUX CEBEpPOTUMAHCKUX MWHIAJIMHAX, B KOTOPBIX JOHHBIE HACTBUIU
COCTaBJISIOT 3HAYUTEJbHYIO YacThb oOO0beMa OTHEIbHBIX Iy3bipeit (puc. 13;
doro 9). WHorma marmMaTuyecKWii pacruiaB 3aMOJHSET Iy3bIpU HAIEJO.

loBopss O MOHHBIX HACTBUISIX, HANO OTMETUTH CJIeAyIOlIUe OCOOEHHOCTH.
I[lepBoe — 3TO BBICOKAs TOPUCTOCTh HEKOTOPHIX W3 HUX, €CIU CIUNAHUIO
OTHETbHBIX KalleJib paciulaBa MPEMsITCTBOBAJ COAEPXAIIUIICId B Iy3bIpe Tas.
IMocnenyromiee 3amoTHEHWE MHOTOUYMCIEHHBIX TYCTOT JOHHBIX HACThUIEH
XaJleNoOHOM TIPUBOAUT K TIOSIBJIEHUIO KapTUHBI, CTOJb XapaKTepHOUW s
ra3oBbIX MYCTOT C JIOHHBIMU HAacThUIsIMU B 0Oasanbrax CeBepHoro Tumana **
(cm. puc. 13; doto 9).

Bropasi 0coGeHHOCTH — BTO TOSIBJIEHUE B aNMUKaJIbHON YacTU W3HAYaNb-
HOTO KPYITHOTO MY3bIps 0ojiee MEJTKOW Ta30BOW TMOJOCTU C BOTHYTBIM THOM ***,
B OGonbIIMHCTBE OCTAaBIIMXCS aMWKaJbHBIX Ta30BBIX Ty3bIpeil BBICOTA He-
MHOTO YCTyIMaeT IMaMeTpy, HO WHOTJa OHa 3HAYMTEJbHO MEHbINE, YTO TIpu-
BOIUT K OOpa30BaHUI0 YIUIOMIEHHBIX BBIMTYKJIO-BOTHYTBIX ITy3bIpeil ceprio-
BUIOHBIX B IIOIIEPEYHOM pa3pe3e ****,

3amosHeHWe anuKajdbHOW YacTW Ta30BOTO MY3BIPST XaJllENOHOM TIPUBOIUT
K o0Opa3oBaHWIO arata OOBIYHO ¢ obJekarolleil 30HalIbHOCTBIO (cM. puc. 13),

* OOBbIMHO HACTBUIbHBIE COCYJIBKA CHJIBHO M3MEHSIFOTCS TMOCIIEAYIOUIMMI TPOLIEC-
caMM MMHepaoo0pa3oBaHMs, UX MaTepual CTAHOBUTCS PBIXIbIM U JIMOO HE COXPAHSIETCS
NPy BBIBETPMBAHUM, JTMOO COXPAHSIETCS JIMIIb YaCTUYHO B BUIE TIOPOIbI, OOOTralleHHOM
CeaTOHUTOM-IJIAyKOHUTOM, CMeKTUTaMHU. [1o BHEIIHel MOBEpXHOCTH TAaKUX 00pa30BaHU
YacTO Pa3BUBAIOTCS LICOJUTHI — B OCHOBHOM TIPENCTABUTEM POAA TeiIaHAUTA—KIMHO -
MTUJIOJNATA.

** (Ckopee BCEro, TIOPUCTbIE JOHHBIE HACTbUIM, 3allOJIHEHHbIE —XaILIENOHOM,
obvm mpuHATEL M. M. XpymmHckoit [125] 3a pesysibraT MeTacoMaTHMYecKoro 3ame-
eHNsT Oa3aIbTa XalleIOHOM, He OTMEUaBIIIErOCs WCC/ENOBaTeIIMU HU Ha OIHOM MeCTO-
POKIECHUN.

*** Ha 3Ty OCOOEHHOCTh MHOTMX araToBbIX MUHAAIMH yKasbiBal M. ®. Xemmn
[190].

**%% BhIyKIIO-BOTHYTYIO, CEPIIOBUIHYIO B pa3pe3e (opMy Tra3oBble Iy3bIpH TPHUOO-
peraloT ¥ B pe3y/ibTare 3apOXIEHWsI HA BepIIMHE OOJOMKOB KCEHOJUTOB WIM Yallle
aBTOJIMTOB, CTOJIb XapaKTePHBIX Ui BEpXHE M HWKHEH uacTedl paspe3a JIaBOBBIX
[IOTOKOB, B YaCTHOCTU aHIE3UTOB [86].
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Puc. 12. 30HaATBHOCTH TIOJIOCYATOTO XAIIENOHA, OOJIEKAIOIIET0 HACTHUIBHBIE COCYIBKUA
(TEMHOE B LICHTpE IICEBIOCTAIIAKTUTOB) U KPOBIIO MUHIAIMHEI, IOATBEPXKIAIOIIAS IICEB-
JIOCTAIAKTUTOBYIO TIPUPOLY STHX OOpa30BaHMIA; HapyXHas Kopka — KBapl. Kamuarka.
VB. 15. Ne 82991.

WHOTJIAa C TICeBOOCTAJTaKTUTAMU Ha HACTBUIBHBIX cocyibkax (doto 9). [lpu
3TOM HauboJiee WHTEPECHBI B IOBEJMPHOM OTHOIIEHWM DPUCYHOK arata Ipo-
SIBJISIETCSI HA TIOTepevYHbIX (TaHTEeHIIMaJIbHBIX), a He Ha MPOJOJbHBIX Cpe3ax
MOJOOHBIX aNMUKaJbHBIX MHUHIAJIWH, IOKa 3TH Cpe3bl He IOCTUIaloT MAOHHBIX
HactbUteil. MMeHHO Takue cpe3bl GUIypUpYIOT B OOJBLIMHCTBE padoT,
OMUCHIBAIOIINX ceBepoTuMaHckue aratbl [80, 93], xoTsd oHM mawT Hemoc-
TaTOYHO MaTepuaja [Jsg TMOHMMaHMUSI CTPOEHUS MUHIOAJWH U YCJIOBUH UX
o0pa3oBaHusi, TeM 0oJjiee YTO aBTOPbI HE yKa3bIBAalOT HarpaBlieHHWE cpe3a.

I'paHuia Mexmy xadleqoHOM (araTom), BBITIOJTHSIIOIIMM AMUKaJIbHBIMI
My3blpb, WM JTOHHOW JIABOBOW HACTBUIbIO oOciabieHHass. [103TOMy B pOCCHIMSIX
o0e 3TM 4YacTu OOBIYHO pasnmensiorcs. COOpPIIMKM araTta, «OXOTSIChb» JMIIb 3a
«MUHIAJIMHAMW», BO3HMKIIMMU TPU BBIMTOJHEHUM AalUKaJbHBIX TMy3bIpei, He
oOpaiialT, Kak IMpaBUJIO, BHUMaHUsS Ha OCTaJlibHble 4YacTM MCXOMHBIX MHUH-
JAJIMH, KaK MaJlo TPUTrOIAHbIE IJIs UCIOJIb30BaHMUS.

TakuM o00pa3oM, CcyauTb O (opMe HCXOAHBIX Ta30BBIX IMYCTOT TOJbKO
no ¢dopme araToBbIX MUHAAJIWH, M3BJIEYEHHBIX W3 POCCHINIEH, B psae Cly-
yaeB BeCbMa PUCKOBAaHHO.

B 3akiioueHue cieayeT OTMETHUTb, YTO, OIMMCHIBAsi JaBOBble TpPYObI, BO3-
HUKIIME B pe3yiabTaTe MCTeYeHUs JIaBbl U3 3ddy3uBHOro Tena, [. Maxkmo-
Hambn [208] oTmedaer o6pa3oBaHME B HEKOTOPHIX M3 HHMX HACTBUIBHBIX
cocynmek (puc. 14), HempaBWJIbHO Ha3biBasi UX CcTajlakTutaMu. [IpudyeM mo-
NOOHBIE JTaBOBbIe HACTBUJIbHBIE COCYJIbKM HMEIOT OYeHb XapakKTepHYylo (opmy,
HallOMUHAsi HACTBUIbHBIE COCYJbKM CEBEpOTMMaHCKMX aratoB (cM. ¢o-
T0 9).
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Puc. 13. Tlopucras moHHasi HACTBUIb, BBITIONHSONIAs Oosnee 3/4 oObeMa Tra30BOTO TIy-
3pIpSi C KOHYCOBMIHOM B CEYEHMM AaraTOBOW <«HAIUIENKON», WMEIOIIell BOTHYTOE JIHO;
IyCTOTHl B HACTHUIM 3allOJIHEHBI XammienoHoMm (aratoM). Ces. Tuman. YB. 1,5. No 84489.

Puc. 14. HacTbulbHbIE J1aBOBBIE COCYJIBKM, CITyCKAIOIIMECS C KPOBIM JIABOBOWM TPYOBI
B Kanmpmepe Kwmaysa, o. laaiim [208].

JOHHBLIE AIIMbI B ATATOBbBIX MUWHJAJIMHAX

Mopddosiorust coGOCTBEHHO araTOBBIX BblACJEHUI B MHUHIAJWHAX, OOpa3ylOIIMX-
Csl B Ta30BBIX IMY3bIPSIX OCHOBHBIX U cpeaHux 3bdy3UBOB, MOIYMHSIETCS
He TOJIbKO (OpMe ITUX My3bIpeil U TOHHBIX HACTBLIECH B HUX, HO U HMMEIOIINM-
csl B HEKOTOPbIX MHHIATWHAX CKOTUJIEHUSIM JOHHOW smMbl. SimMbl yarie
cepoBaTO-XeJThle, 3eJeHble, TEeMHO-KpacHble OTMeYaluCh IMPAKTUYECKH BO
BCEX MECTOPOXIeHUWsAX momobHbix aratoB [11, 51, 93, 114, 237]. Ouu
MOTYT IMOJHOCTbIO WJIM YaCTMYHO BBHIMOJHSITH MMHIAJIMHBI, a MeCTaMU 00pa3o-
BBIBATh CAMOCTOSITEJIbHBIE METAacOMATUYECKUE 3alleXu.

B ciyyae 4acTMYHOTO BBIMOJHEHUS MWUHAAJIMH [JISI TaKUX SIIOIM Xapak-
TepHO JOHHOE TMoJioXeHue. Eciv MUHZaJIMHBI TOJIble, TO BEPXHsSST TOBEpPX-
HOCTb JOHHBIX SIIIM TOPU3OHTaJbHAsT WIM TOYTHM TOpU3OHTaNbHasi. B cocen-
HUX TMOJBIX MHWHIAJIMHAX TOPU30HTAJbHOCTh IMOBEPXHOCTH SIIIMBI COXpaHSI-
ercsi. B ciyyae 3amojiHeHUsT MUHAQJIMHBI XaJleIOHOM, IOBEPXHOCTh pasieia
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gIIMa — XaJdledoH OOBIYHO OKa3bIBaeTCs JIMOO TIJIOCKOU, JIMOO TUIa BOTHYTOTO
JIHA OYTBLIKMU.

Hamu noHHBle s1mIMBl HabOgOmaduch B MaHAedbIITeiiHaAX MyJMUHON TOpBHI,
ropel MypyHna B 3abailikainbe (CM. puc. 2) W B araTolpOsIBIEHUSX BOCTOYHOI
yactu xp. Apu-bormo, Monronus. XapakTepHBIMU OCOOEHHOCTSIMU OITMCHI-
BaeMbIX SIIM SIBJIISIIOTCS WX MEJIKO3epHUCTOE (PaBHOMEPHO3EPHUCTOE) CTpOe-
HUE, TOPU30HTAJbHO-TUIMTYATASI OTACIBbHOCTh, OKpacka JubO paBHOMepHas,
6o muddy3uoHHO-TIATHUCTAs. Jig 3TUX SIIM XapaKTepHBI TOJUTOHAb-
Hble TPEIIMHBI Ha BEPXHEW TIOBEPXHOCTU, BHIKIWHUBAWOIIUECS C TIyOUHOMN.
Ilpyn 3amosHeHWM XalIleJJOHOM OCTaBIIEWCsS YacTU MWHIAJUHBI OH TIPOHU-
KaeT B TIOJUTOHaJIbHBIE TpemuHbl (cokpameHus?) (dporo 99), Omaromaps
yeMy TpU OTIOEJICHUM OT SIIIMBI HUXHSIS 4YacTh TaKOW XaJlleIOHOBON «MWH-
MAIUHB» WMEET CBOEOOpa3HYI0 TOHKOPEOPUCTYIO CKYJIBITYDY.

PaccmarpuBaeMble MOHHBIE SIIIMBI CKOpEe BCEro MeTacoMaTHM4ecKue u
MO0 COCTaBY W CBOWCTBAM aHAaJOTUYHBI IUIACTOBBIM SIIMaM, WMEIOIMUMCS B
objacTsIX pa3BUTUS 0a3aJbTOBOTO M aHAE3WUTOBOTO BylKaHu3ma [10, 237].
OnHako, Kakoil MaTepuaj CYUTATh WCXOMHBIM JUISI UX 0O0pa3oBaHUsI, TOJHOMI
scHocti HeT. OUYeBWAHO, UM WHOTAA MOTYT OBITh JOHHBIE JIAaBOBbIE HACTBUIN
(3TO TUTUYHO IS HEKOTOPBIX MOHHBIX SIIM CEBEPOTMMAHCKUX MECTOPOXK-
neHwuit). Jlomyckaercsi, 4YTO JOHHBIE SIIMBI MOTYT BO3HUWKAaTh W TIPU THUAPO-
TepMaJIbHON TepepaboTKe M cUIuUIU@UKAIUU KapOOHATOB, CKATUIMBAIOIIUXCS
Ha AHe Tmy3bipeil (momoOHbBIe smIMBI MHoTAAa BckumnawoT ot HCI1), meminoBoro
Marepuaia WIM TOW «Tpsi3v», KOTOpash 3aXxBaThIBAETCS Ta30BBIMM TY3BIPSIMU
Mpu WM3JIUSHUM JIaBbl Ha OOBOJAHEHHBIE TOPOIBI M OTCTAMBAETCS TMO3Xe Ha
mHe my3bIpeil *. K Takoil smMe OJIM3KM IO BHEUIHEMY BHUAY SIIMOIIOIOOHBIC
o0pa3oBaHMsI, BO3HUKAIOIIME B HEKOTOPBIX IIMPOKUX 30HAX TOPU3OHTAJIbHO-
CJIONCTOTO araTta, pa3ouTeix Oosiee mo3mHMUMU TpemunHamMu  (dboto 98).
B poccoeinsix, oaHako, MOHHBIE sIMBI (cM. puc. 2; ¢doto 96; 97) 0O6BIUHO
OTJEJISIIOTCST  OT XaJIleJIOHOBOW amnmWKaJdbHOW YacTW W3HAYaJbHBIX MUHIATUH
1Mo TOW Xe TpUYMHE, IO KOTOPOUl OTHENSIOTCS XalllleIOHOBbie 000COOIeHUS
OT JOHHBIX JIABOBBIX HACTBUICH, O 4YeM peuyb Iuia Bbeime. [loaTomMy Xe W pojb
SIIM B CTPOGHWM MWHIAJIWH YCKOJIb3aeT OT BHUMaHUSI MHOTHX WCCIIeloBa-
Teneil. B Tex ciywasx, korma ymaercs OOHapyXWTbh MWHIAJIUHY C JOHHOM
SJIIMOM, TIO TMOcCJeAHel MOXHO ©0e301lIMO00YHO OpUMEeHTUpPOBaTh oOpaszel B
MPOCTPAHCTBE B COOTBETCTBUM C €ro mojoxeHueM B 3¢GGdY3UBHOM Tele B
MOMEHT 00pa3oBaHMsI SIIMBI M arata (cM. puc. 2).

AT'ATBI, BBIITOJHAIOHIWE ITOJOCTHU MHOI'O TUIIA

Ecm MOp(bOJ'[OFI/IH MWUHAAJIMH, BBITIOJHSIONIMX Tra30Bble IOJOCTU B 0azajbTax
1 aHJAE3uTax, TpaJUuIIMOHHO MHTECpECOBajla IPAKTUYCCKHU BCEX MCCICAOBATC-
J'IefI, 3aHNUMaBHINXCA araTtoMm, MOpd)OJ'IOFI/IH MHBIX HOJ'IOCTeﬁ, TaK>X€ BBITIOJIHA-
CMbIX aratToM, M3Yy4€Ha 3HAUYUTCIBbHO XYXKC. CBs13aHO 3TO, OYCBUIAHO, IIPEXKIC

* A, X. XakumoB [122, c¢. 51] cumran, 4TO pacTBOpHI (TIO3MHME, THUIPOTEPMAb-
Hble.— ABT.) B TyTWU CJIIOBaHUSI OOOTAILAIMCh WMCTEPTHIM MATEPUATIOM BMEIIAIOIINX
ropon Y, TPOHWKas B Ta30Bble IyCTOTbI U IOAINPYXEHHbIC YYACTKU TpPEIIUH, T. €.
3aCTOIHBIE 30HBI, OJIArONMpPUSITHbIE [UIA SHIOTCHHOW CEIUMEHTAllMU  B3BEIIEHHBIX
YacTHLl, 0OPa30BBIBAIU SIIIIMY.
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BCErOo C TeM, YTO TaKOW araT pexe HMEeT 3aKOHYEHHBIN PUCYHOK, KOTOPBIi
ocobo 1eHUTca ItoBeaupamu. OTpenesieHHYI0 poJib 3IeCh JMOJXHBI UTpaTh
TakXe oOwine B TONOOHBIX IOJOCTSX APYTMX MUHEPAJIOB, OCOOEHHO Kajb-
IIUTa, MEHbIIAss YCTOWYMBOCTH ITUX BBITIOJHEHUIN B POCCHIMSAX IO CPaBHEHUIO
C MUHAAIMHAMU, MEHbIIAs MOIIHOCTh CIUIONIHBIX BBIIEJEHUN XaJleqoHa,
CHMXAIONIMX WX TEXHUUYECKYI IIeHHOCTb. BkpaTue paccMoTpum Mopdoaoru-
Yeckre OCOOEHHOCTHM araToB, BBIMOJHSIOIMX TOJAOOHBIE TMOJOCTH.

HauGonee mosHOe omucaHWEe XUJIBHOTO BbIMONHEHUsT B 0Oaszanprax Ce-
BepHoro Tumana maetrca [. A. UYepHoBeiM [128]. Bce BcTpeyeHHBIE IKMIIBI
OH JEJUT Ha TpU TUNA (KaTETOPUH).

XKunsl mepBOil KaTeropuud pPacTOJOXEHBl OOBIYHO BEPTUKAIbHO B Ka-
KOM-HUOYIb OTIpeJeICHHOM a3uMyTe HallpaBJeHWs, COXPAHSIIOT MOIIHOCTh
Ha 3HAYUTEIbHOM pACCTOSHUM, OOBIYHO OHM KBaplleBble JTUOO XaJlleTOHOBbIE
W TIaJIATOHUTOBBIE, a BHYTPU COJEpPXKaT KPUCTAUIBI KBaplia, aMeTUCTa u
penko kKanbiuta. KpucTamisl KanblMTa WHOTAA HAXOAATCS B CpeIHEN YacTu
KUJIbI W TSHYTCS BIOJb Hee Ha 3HAYUTEIbHOM pacctossHuu. B mepudepu-
YecKOil YacTu TaKWUX XWJ, KaK IM0Ka3ajJu MUKPOCKOMMYECKUE WCCIIeI0BaHUS,
KaJIbIIUTO-XaJIIIeIOHOBbIE BBITIOJIHEHWSI BKJIIOYAIOT YIJOBaThbie HEMpaBWIbHbBIE
00JIOMKM W3MEHEHHOro 0a3anbTa. DTa KaTeropus XWi OOBIYHO HE CBs3aHa
C OIHUM KaKUM-HUOyAb 0a3aJbTOBBIM TIOTOKOM, a TIpOpe3aeT MW PSIoOM
JeXalui.

XKunsl BTOpO#l KaTeropum He HMMEIOT OTpENeJICHHBIX HaIlpaBlieHWH, pe3Ko
MEHSIOTCS B TOJIIIMHE W CPAaBHUTEJIHHO HA HEOOJBIIOM TPOTSIXKEHUU COBCEM
BBIKJIMHUBAIOTCS.

Takue Xunabl BCTpeyalOTCs OOBIYHO B CpedHEN UM BepxHEil dvacTsax Io-
TOKa U COCTOSAT M3 KPUCTAUIOB KaJbIIMTA, OKPAIIEHHBIX B PO3OBBI U 3€JIEHO-
BaTBIl 1[BET; MOJIOUHO-OEJIble KPUCTALUIBI HEMpo3pavyHbl. B IeHTpanbHOI YacTu
KaJIbIIUTOBBIX JKWJI BCTPEYAIOTCSA IPY3bl KBaplia M XajleloHa.

XKunsl Tperheil KaTeropuu pa3BUTHl IO TpPEIIMHAM OTAEJbHOCTENW WU
BCTPEUYAIOTCS JOBOJIbBHO peako. XOpOUIMM TIPUMEPOM TaKUX KWUJI MOTYT
CIIyXUTh KBapleBble XWJIbl BOKPYr CTOJOYATOW OTIHEJIBHOCTM Ha Oepery
Mopsg K ceBepy OT ycThsli p. Yepnoii. TommmHa wux He mnpesBbimaer 0,5—
1 cM. bBoisee clloOXHOE CTpOEHUWE WMEIOT XWJIbl MEXIy INapoBOUW OTAENb-
HOCTBIO, BBITIOJTHEHHBIE KpUCTajJJaMU KajbllMTa, KBapua u ametrucra. Cpemmn
TaKWX XWJI YacTO BCTPEYAIOTCS KaJbIUTO-XaJIENOHOBBIE, CJIOXEHHBIE TOHKO
yepenyronMMucsd IBETHBIMM TOJIOCKAMM XajlleloHa W Kamabuuta» [128, c. 95—
99].

IMpoxunkoBass aratoBasi MUHeEpaJIuM3alUs OTMeueHa TMpPaKTUYEeCKW Ha
BCEX MECTOPOXIeHUsIX 3akaBkKadbsg [18, 120, 133]. XKunkum ¢ aratom
3nech OObIYHO MasomolnHbie (1 —10 cMm) u kKoporkue (2—6 M). Arar B
HUX TpPEUIMHOBATHIA. XaJlleJOHOBblE TIPOXWIKMA TMPOTSIXKEHHOCThIO 150—
160 M 1O IPOCTHUPAHUIO MOIIHOCTBIO OKOJO 12 cM wu3BecTHB B 3(h@y3uBax
Kapanmara [90].

Ha wmecTtopoxaeHusx AxalluMXcKoro pailoHa [py3um OTMedeHBI araToBbie
BBIIEJICHUS TIPUXOTIMBON (OpMBbI, BO3HUKAIOIIME Ha MECTe TepecedeHUs
TPEeIIMH WIM B PBIXJIOM IIeMeHTe TyhoOpeKuMil — TaK Ha3bIBaeMBbIU «y3JI0-
Boil» arat [5]. Ha mectopoxmenuu Opaliy OTMEYeHBI YETKOBUIHBIEC TIPOKIWII-
K#, obJsiexaroliue KpYyIMHbIe OOJIOMKM aHIe3uTa B TypoOpeKuuili W araToBble
XKeJaBaKM MeXAy TibibamMu B Hux |[5].

60



AraToBble BBIJCJICHUsS B BHIE BKpaIlJICHHUKOB HENMPaBUIbHOW (GOpPMBI
(rHe3m) B aHAe3uTaXx UM TyhoOpeKYUsiX ONMMCAaHbl Ha MECTOPOXICHUSIX
oTOoro xe paitona [py3um [18]. AratoBass MuUHepaau3alus IIPOXUIKOBOTO
(puc. 15) u rHe3moBoro (puc. 16) TumoB HaOMIOZadach HaMM B 00pasiax
n3 6asanbToB MbIca TeBu, Kamuartka, 0a3anbToB paiioHa r. Keipaxaie,
Bosrapusi. B To Xe BpeMsi OTMETMM, YTO, COITOCTaBJIsis IPOXMIKOBYIO ara-
TOBYI0O MUHEpPAJIU3ALMIO C TpellMHAMK OTAeJbHOCTH GaszanbroB, I. A. YepHOB
[128] momuepKuMBaeT WX CaMOCTOSTEJIbHOE 3HaYeHHWE; B TpPEIIMHAX OTIEIb-
HOCTM OH OTMedYaeT JIMIIb OYeHb MaJIOMOIIHbIE U KOPOTKHE KBaplieBbie
BeigeeHusi. bonee Toro, U. M. CumanoBuu wu [. WU. Kympsasues [97]
oOpalaloT BHUMaHUE HUccCienoBaTeeil Ha OTCYTCTBUE MUHepaau3alliu B Tpe-
IIMHAX OTAEJbHOCTU TpanmoB TYHIYCCKOW CUHEKJIU3bI.

AraToBble U XaJlleJOHOBBIE XEJIBaKU TMPUXOTIUBBIX OYEPTAHUN OTMe-
YeHbl B MEXIIApOBBIX MPOCTPAHCTBAX MOKPOBa nMaba30B Ha MECTOPOXIECHUSIX
Mycxu m PyctaBu B AxamumxckoM paitoHe ['pysmn. HempaBuibHOU (DOpMEI
BbIIEJICHUS] XajllleqoHa (B TOM YMCJIe M arata) YCTaHOBJEHBI B MeEXIIAapOBBIX
MPOCTPAHCTBAX MMWLIOY-JaB, LIMPOKO pa3BUTBIX B TYHTycCKOW CHHEKIU3E
[97].

BbimeneHusi xasiegoH-araTta, 3alOJIHSIOIIETO TOJOCTM OT BBIFOPEBIINX
NIepeBbeB, HEONHOKPATHO OTMevYaJuch Ha [laMaycKOM MECTOPOXIACHUU
Axanmmuxckoro paiiona [pysum [5, 18, 133] u Haumbosiee MOAPOOHO OMMCAHBI
b. U. IllaponoBeiM [133]. Oum nmocturator 5 M B miuHy u 0,3—0,5 M B
norepeyHuke. [lomoGHBINM TpybOOOpa3HbIii * araT 3ajeraer B BepXHeW 4YacTu
paspe3a TydoOpekunu 0e3 orpeaeeHHOH OPUEHTUPOBKM — TOPU3OHTAILHO
M HAKJIOHHO JieXalllMe araToBble Tejia CIUIIOCHYTBI M HMMEIOT BIIMITUYECKOe
ceueHue, BEPTUKAJIbHO CTOSIIME — KpyroBoe. BOmM3M KpymHbIX Tpyb6ooOpas-
HBIX TeJl «HabJogaeTcss Macca OeCMmopsiIOYHO OPUEHTHMPOBAHHBIX LMJIUHIPHU-
YECKMUX IOJIOCTEeN, TMaMeTPbl KOTOPBIX BapbUPYIOT OT HECKOJbKUX MUJIIUMET-
poB 10 3—4 cM, a JIMHBI JOCTUTAIOT TIEPBBIX JECATKOB CAHTUMETPOB»
[133, c. 284); mosBIeHUWEe HMX aBTOP CBSA3BIBAECT C BHITOpAHUEM MEJIKUX Cyd-
KOB M BeTOYEeK. PsimoM ¢ TakMM araTtoM OTMedYaluch TaKXe OTIeYaTKu
JMCcTheB [5].

Hakownel, kacasicb ¢opM BbIIeJIeHHUS] arata, BO3HUKIIUX TPU 3aMOJTHEHUU
MyCTOT, CBSI3AHHBIX C pACTUTEJbHBIMU OCTaTKAMHU, HEJb3sI HE YIOMSHYTh
eme pa3 O CBOeOOpasHbIX OOpa30BaHUSX, BO3HUKAIOIIUX TIPU 3aMOJTHEHUU
XaJlleJOHOM, KaJbLIMTOM W JPYTMMU MHUHEpaJaMU TOJOCTe, HUMEBIIUXCS
paHee B JApeBecUHe, HallpUMep XOIOB ApeBOTOYIEB (CM. puc. 5).

* HccnenoBaten 3akaBKa3CKMX MECTOPOXICHMII arata 3TOT araT HasbIBaloOT
TpyouateiM [5, 18, 133], 9ro Bpsim M OIpaBOAHO, ITOCKOJIBLKY ITOA TPyOUaThIM ITOHMMA-
eTcsl arar, comepXallyii TpyOdaTble BKIIOYEHMs, WHOrma Iojible |[231], wm arar,
3aMOJTHSIONIMI TPYOOOOpa3Hble Ta30Bble ITy3bIPH.
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Puc. 15. Tlpoxwunok ararta, OJIM3KOrOo K
CHUMMETPUYHOMY CTPOCHUIO, B 0a3zaibTe.
Mpic Teu, Kamuatka. Hat. Ben. Ne 83278.

Puc. 16. THe3moBas XajlemaoH-KBapiieBast
MuHepanusanus B 0Oazanbte. Mpic Tesu,
Kamuartka. 0,5 nHar. Bein. Ne 83277.




ATATBI B KN CJIBIX BYJIKAHUTAX

Kucnbsle ByaKaHUTHI, C KOTOPBIMM CBSI3aHBI araThl, TPEACTaBIeHbBl B OCHOB-
HOM DPHOJIUTAMU W DPUOHAIIUTAMMU.

«PuomutamMu  (OT Tpevyeckoro peo — peka, TeYeHHe) Ha3bIBalOT KHUCJIbIe
BYJIKAHUYECKUE TIOPONBI, [JIsI KOTOPBIX IIOCTOSHHO XapakKTepHa Tojocya-
TOCTb TedeHms» [67, c. 567], ornmuvarommuecst comepxanuem Si0,~73% mpu
cymmapHoM cogepxaHun Na,0+K,0 B mpenenax 7—8,1%. Ilopoxsl ¢ Gonee
HU3KUM coxepxaHueM Si0, (68—73%) oTHocsiTcs K puomanurtam, Goiee
BolcokuM cogepxaHueM Na,0+K,0 — k tpaxupuonuram. OpHako, u3-3a
TMOCTETIEHHBIX TEPEXOJ0B MEXAYy HUMM, PUOJUTAMU YacTO HA3bIBAIOT U TIO-
pompl ¢ HECKOJNBbKO Ooyiee HM3KUM conxepxaHueMm Si0,, yeM 73% wu HemHOro
6osee BbICOKMM, 4yeM 8,1%, comepXaHuUeM CYMMBI IIeJ0o4Yeil, KOTOpble, CTPO-
TO TOBOpsI, CJIENOBaJIO OBl paccMaTpUBaTh KaK PUOMALMTHI WU TPaXWPUOIUTHI
COOTBETCTBEHHO *. JI7IsI CBEXUX pHUOJUTOB W DPUOMALIMTOB XapaKTEepPHBI
THAJIMHOBAs, BUTpOGdUpOBas W TEPJUTOBass CTPYKTypbl. DTo cTekja (0o6cu-
IWaHbI, TEPIUTHI, MEXIITEHHBI), MeM3bI **,

AraThl, OIIHAKO, TPUYPOUYEHBI TJIIABHBIM 00pa3oM He K CBEXUM pPHUOJIUTaM,
a K WX JeBUTPUPUIMPOBAHHBIM, B TOM YHUCIE W TMAJEOTUIHBIM UX pPa3HO-
BUIOHOCTSIM,— ¢enb3uTaM, ¢eab3odupaM U T. 1. nopogaM. Denab3uTsl u
denp3ohupsl MPEACTaBASIOT CO00W PUOTUTHI M PUOAALIUTHI, IUIST KOTOPBIX
XapakTepHa TEepJUTOBasi, CKpBITOKpUCTa/IMdeckas (denb3utoBas), cdepo-
quroBasi, GUOpOAUTOBasl, MUWKPOJIUTOBAasi, KPUCTAJIJIUTOBAs, MUKPOIOWKU-
JIUTOBasi U T. T. CTPYKTypa OCHOBHOW MaccChl, B KOTOPOW YacTo OTMEYaloTcs
BKpAaIUICHHUKU paHHUX MUWHEPAJIOB, OPUEHTUPOBAHHBIE MO (QIIOUTATBHOCTH
u okpyriele (cdeposounHbie) o0Opa3oBaHUS, AOCTUTAlONIMEe WHOraa OoJjee
1 M B momepeuHuke, obianamouiue chepoJuTOBONM WU (HETb3UTOBOU CTPYK-
TYpO¥.

PuonurtoBbie pacmiaBbl, OOEINHEHHBIE JIETYyYMMM, WMEIOT OYEHb HU3KYIO
BSI3KOCTh — Ha HECKOJIbKO ITOPSAKOB HUXe, 4eM y 6a3ambToB [83]. [loatomy
Ui HUX, HapsAmy C JailkamMu, IOTOKAaMM W CWUIAMM, XapaKTepHBI KyToJa,
HEKKHM, BO3IbIMAIOIIMECS WHOTAA Ha HECKOJIbKo coTeH MeTpoB [78]. IloBbI-
IeHNe CONEpXaHUs JIETyYnX pe3KO CHUXAeT BS3KOCTh PHUOJUTOBOM MarMbl
[83], m B a3TOM ciydyae MOTYT BO3HMKATh KOPOTKHE JAaBOBbIE TOTOKU, OOBIYHO
OTJINYAIONIHECS] OTHOCHUTEJIBbHO OOJIBIION MOIIHOCTBIO M TYIBIM YTOJIIEHHBIM
OKOH4YaHUeM [78].

Hakonenr, Bo MHOTMX MecCTaX 3€MHOr0 Iapa W3BECTHBI PUOJUTOBbBIE
MOKPOBHl B BUIE IUIATO, JOCTUTAIOLIME AECATKOB TBHICAY KM’ TUIOMIAAX U MOLI-
HOCTU B COTHM MeTpoB [78, 112], oOpa3soBaHuMe KOTOpPBIX HAaXOIUTCSI B
SIBHOM TIPOTMBOPEYUU C BBICOKOW BI3KOCTHIO PHOJUTOBBIX PacIlIaBOB.

DT TPOTUBOPEYUsT TPEBOXAT TEOJIOTOB, 3aHUMAIONIUXCS UCCIeTOBaHUEM
pUONMUTOBBIX TIaTO yXe Oonee 100 mer, W B KayecTBe peEUIEHUS WX
B. ®. ®purxe u B. Pauce eme B 1868 1. BBICKasajiu, OYEBUIHO,

* B CCCP puomurel OO HEOABHETO BpPEeMEHM HA3bIBAIM JIMIIAPUTAMU; TEPMHH
«pVIQTIT>  PEKOMEHZIOBAaH TepMUHOJIOTMYECKON KOMUCCHEN TeTporpauyeckoro KOMMU-
Teta OITITH AH CCCP BMecTo CMHOHMMA <«IUIIAPUT».

** ObcumMaHbl, KaK W TIeM3bI, MOTYT MMEThb HE TOJbKO PHOJIUTOBBIN WIM pHUOIA-
LIMTOBBII COCTaB, HO W JALIMTOBBINA, 0A3aJIbTOBBI W TPaXWUTOBEII.
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Ksapuyn

®oto 26. KpynmHble 30HTMKM KBapuuHa (CHU3Y B JIEBOW M CpeIHEil 4acTu) B Xajle-

JMIOH-KBapUMUH-KBApIl (KPYMHOKPUCTAIINIECKHUI)-KBAPIIMHOBOM BBIMIOJHEHUM MUHIAIUHBL.
CeB. Tuman. 4,5X3,0 cm. No 84745,

®oto 27. TlomepeyHble ce4eHUsT KBapLUHOBBIX 30HTUKOB B KBaplMH-XaJlIlEeIOHOBOM
r1a3uatoMm arate. Pocceimu mo p. 3es. Amypcekast o6a. 5,0X3,0.
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®oto 28. 30HaTbHO-KOHLEHTPUYECKUN KBapLMH-XaJLEIOHOBBI araT ¢ MIMPOKUMHU Oe-
JBIMU  30HAMU KBapuuHa; B 1eHTpe — kBapil. [Janan-Typy, Monromusa. 7,0X5,0 cwm.
Ne 84755.

®orto 29. Ksapuumu (Genblii B ILIEHTpe M JIEBOM Kpae MHUHAAJIUHBI) C OTYETIUBBIMU
30HTUYHBIMUM BBICTYIIAMM B OCHOBAaHMM BBIJEJCHUS B KBapLMH-XaJLEIOHOBOM ararte c
MHOTOYMCIIEHHBIMM ~ BKJTIOUEHUSIMU ~ CEIaJOHUTU3MPOBAHHBIX DEIMKTOB JIABOBBIX Hac-
ThUIeH  (TEMHO-3€JIEHbIE), OKPYXEHHBIX MEJIKMMM [JIaCTUHOYKAMM  KJIWHONTUJIONHUTA
(kpacHo-kopuuHeBbie). WmxeBan, ApmCCP. 5,0X5,0 cm. Ne 83900.
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HuskoremniepaTypHbIii KpUCTOOQTUAT

®oto 30. IMupokas kaitma (Genast) a-kpucrobanuta, obiekatouias chepoauToBbie
KOPKM M «EXH» MOpPAEHUTA, KOTOPBIE OKaiMISIOT MapajejbHO-CIOUCTHII (OHMKCOBBIIT)
araT ¢ M3MCEHSIOUIMMCS HAaKJIOHOM OTHEJbHBIX CJIOEB, YMUPAIOLUIMXCS B XallleJOHOBBIN
cioit obsiekaloliell 30HaJbHOCTH CHU3Y M B 3HAYMTEIbHO 0ojiee MOIIHBINA XasllleJOHOBBIN
ciloif BBepXy, OOpa3oBaBUIMIICSI OO TMOBOPOTa MHUHIAJIMHBI (ITOCKOJBKY 3TOT CJOH TIO-
KpBIBaeT IMOCJEIHNI TOPU3OHTATbHBIN CIION HUXKHETO OHUKCA); BBepXy — IceBmomopdosa

obJyieKaHMsT XallleloHa BOKPYT KpymHoro KpucTamina kaiaeuuta. ypmo, I'pysCCP. 20X
X12 cm. Ne 84771.
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Ararbl ¢ IapajuleJIbHO-CIOMCTON (OHMKCOBOM) 30HAIBHOCTBIO

®oro 31. IlapannenbHO-CIOUCTBIN (OHUKCOBBIN) araT — JABa IOKOJICHUS, pa3lesieHHbIe
clloeM I1eCTOBAaTOrO KBaplia, Mepexonsiiero B 00JieKalollylo 30HY; HEKOTOpble W3 TOH-
KHX CJIOeB OHMKCa TaKXe IMepeXoAsiT B oO0JeKaloulylo 30HaJlbHOCTb. OHHUKC TEepBOTO
TIOKOJIGHUSI CUJIBHO PacKpHUCTAUIM30BaH, MPUYEM HEKOTOPBIC M3 CJIOEB MPUOOpETH SIINY-
HYIO TEKCTypYy, B APYIMX — €CTb Yy3KHMe TIOJOCTH BBIIEJAYMBaHUS (WIM COKpauleHus?).
OxkpectHoctu T. Kbipaxanu, Bosrapus. 11X8 cm. No 84195.
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®oto 32. B3auMOOTHOUIEHUS MapaiielbHO-CIOUCTHIX (OHMKCOBBIX) CJI0OEB C 00JEKAIOIMUMU:
a — yThIKaHME WX CIpaBa M TMepexoa B O0JieKaloliue C MPOTUBOMOJOXHONW cTOpoHbl. OKpecT-
Hoctu T. AktioouHcka, KasCCP. 6,5X3,5 cm; 6 — yThiKaHME HUXHHX OHUKCOBBIX 30H B
XaJueaoH C 30HAJIbHO-KOHUEHTPUYECCKUM oﬁnexammum CTPOCHUEM CHHU3Y U MOCTENEHHBbIM nepe-
XOI OT OAHOro K apyromy csepxy 8,5X5,0 cM; 6 — HECKOJIbKO MOKOJEHUII OHMKCOBOIrO arara,
YINUPAKIIErocsi CJO0SIMU B 30HaJbHO-KOHLEHTPUYECKUI XallleJOH, pa3leieHHBbIII 30HaMHu mepe-
XO/la OHMKCOBOW B 30HaJbHO-KOHILEHTPUYECKyl0 30HalbHOCTh 11,5X5,0 cm. Ne 84465; a — oxpa-
eH TUIPOKCUIAMU XKejle3a; 6 — OKpalleH B rojyboBaTo-uyepHBINl LBET 3a CYET TOHKOJAUCHEp-
CHOro MUPUTA, 6 — OKpalleH ruapokcuaamu xenesa. Ne 84458. 6, 6 — PoiBbieM, YyKOTCKUIl M-0B.
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®doro 33. OHUKCOBBIN arar C MU3MCHEHUEM  yIia HakKJIOHa CJIOEB U TocTe-
TIEHHBIM YBCIIMYCHUEM TOJIIWHBI OHHUKCOBBIX CJIIOEB, MEPEXOOAMINX B oﬁneKa}omy}o 30-
HAJIbHOCTh;, B IIHMPOKOM 0eJIOM HWXHEM OHUKCOBOM CliO€ Xopomo BHUIHa €ro Imepe-

KpUCTalIM3auusa ¢ o0pa3oBaHMEM SLIMYHBIX 3JEMEHTOB TEKCTypbl. MaragaHckas o0J.
6,0X3,5 cm. Ne 84749.




BIIEPBbIE TIPEAINOJIOXEHUE O TOM, UYTO PUOJMTOBBIE IUIATO TMPEACTABJISIOT CO-
00OI0 He YTO MHOe KaK cBapeHHble Tydbl. bojee omnpeneseHHO TaKylo Xe
TOYKY 3peHUsi Ha pUOJUTHI MemnoycTOHCKOro mapka TO3IHee W3JI0XKMII
Ax. I1. Upmuarc [193].

3HAYUTEIbHO 0ojiee TMPOYHYIO TIOYBY OTHU TMPEACTaBICHUST IMOJTY4UIU
nocie wucciaenoBanuii K. H. ®ennepa [174], moxasaBiiero, 4To Cpeaud OT-
JIOKEHUN TMaisiuuxX Tyd ByJkKaHa KaTmau, 3amojHUBIIMX MPUJIETAOIIYI0 K
HEMy pEYHYI0 HOJIMHY *, MMEIOTCSI CIEeKIIMeCs] PUOJUTOBbIE IOPOABI, BO3-
HMKIIME TIpU YIUIOTHEHWU OTJOXEHHUU BBICOKOTEMIIEpPAaTypHOrO as3po30Jis,
COCTOSIBIIIETO M3 TOpPSIYEro BYJIKAHMYECKOIro rasza, colepxXallero Mejbyaiiiue
YacTULBl paACIIaBJIeHHOM JIaBbl M 00JIafaBIIEro OYeHb HU3KOU BSI3KOCTHIO.

DT  mpencraBieHus gajee Obuid  pas3BuThl  [1. Mapmanmom  [211],
HCCIeNOBaBIIMM PUOJUTOBBIE TiaTo HoBoit 3emaHaAMM M TPEMTOXUBIIUM TSI
0003HaueHUs] TMOMAOOHBIX CIEKIIMXCSI UM CBapeHHbIX 0Opa3oBaHUN TEPMUH
UTHUMOpUT (OT JaT. ignis — oroHb W imber — nuBeHb). K Hacrosmemy
BPEMEHHM YCTAHOBJIEHO, YTO UTHUMOPUTBI MOTYT MMEThb HE TOJIBKO PUOJUTOBBIM
cocTaB, HO M OTHOCUTBCI K manurtaM [272], anme3sutam [221] u maxe
6asanpronmaM [273] WIM TpaXMPHOJIHWTAM M TpaXUTaM.

Huskast BsSI3KOCTb a3po030Jisi, 00pa3yloliero MrHUMOPUT, T. €. BbICOKas
€ro TMOABUXHOCTb, MPUBOAUT 4YacTO K (QIIOMIATBbHONU TEKCType OTJIOXEHUN,
aHAJIOTUYHOM TOM, KOTOpas MOXET BO3HUKHYTb MpPHM TEUYEHUU JIaBbl, B Pe3Yjib-
TaTe 4Yero WrHUMOPUTHI He BCeraa JIETKO OTJMYMTh OT 3acCThIBIIEH XHMIKOMK
JIaBbl, TEKYIIedl 1O TMOBEPXHOCTU B BHMIe OOBIYHOTO pacruiaBa. bosbiioe
3HAUYEeHME 3/eCh WMMEIOT MOMOJHUTEIbHbIE TNMPHU3HAKM KaK meTporpaduueckue,
Tak W obmereogornueckue. K rmerporpaduueckuM cieayeT OTHECTU IMpexie
BCEr0 XapakKTepPHOCTb IJis WUTHUMOPHUTOB TaK Ha3biBaeMbIX (GbIMMe — JMH30-
BUIHBIX WJIM YIUIOIIEHHBIX YacTMYEK BYJIKAHUYECKOrO CTeKJa HeNpaBUIbHOMN
(GopMbl, OOBIYHO BO3HMUKAIOMIMX 3a CYET YIJIOTHEHWSI OOJOMKOB TE€M3bI.
K reonmormyeckuMm mpu3HaKaM OTHOCHUTCSI HM3MEHEHME XapakTepa paspesa
WTHUMOPUTOB OT PBIXJIOro Ty(hOBOTO WIM IMEeM30BOTO MaTepuana y OCHOBaHWUS
K TUIOTHOMY JIaBOTIOAOOHOMY MaTepualy B HUXHEW — cpelHed dYacTu OT-
JIOKeHUI  (COOCTBEHHO CBapeHHble Tydbl, TMpeACTaBleHHbIe OOBIYHO BYJI-
KaHMYEeCKUM CTEKJIOM WiId deab3utaMu #u  (peab3odupamMu) U PHEIXIOMY
MaTepuaqy B BepXHed HMX 4YacTH, TNPOPbIBAEMON OOBIYHO MHOTOYMCIEHHBIMU
dbymaporamMu u reiizepamu.

IIpencraBnenust K. H. ®ennepa m II. Mapmania o TeHe3Wce WIHUM-
OpUTOB HalUIM JajibHeillee pa3BUTUE U TOATBEpXIeHWE 3a pybexom [92,
149, 192, 234, 253] u B CCCP [40, 41, 43, 112, 138].

Pa3paborka mnpoGieMbl WTHUMOPUTOB BBISIBUJIA 3HAYUTEJbHBIE €€ CI0XK-
Hoctu. OHM CBsI3aHBI KaK C TPYAHOCTAMHU OTHECEHUsI OIpeaeeHHbIX 3¢ dy-
3UBOB K CBapeHHBIM TyhaMm WIM UTHUMOpUTAM TaK M C Pa3HbIM TOJKOBAaHUEM
TepMUHA WMTHUMOPUT, M3-3a 4ero MHOTME aBTOPbI, MpexXae YeM ero MCIOJb-
30BaTh, BBIHYXIEHBI ObUTM naBaTh ero ompeneiaeHue [92]. Ocoboro BHUMaHUSA
3acinyxuBaeT pabora P. Ban bemmenena [17], B KoTopoii 0OOCHOBBIBAETCS
0COOBII TWUIT M3BEPXEHU, TPUBOISIIINX K 00pa30BaHUI0O UTHUMOPUTOB, CBSI3aH-
HBIi C M3JIUSHUSIMU TPEIIMHHOIO TUIMA TpM 00pa30BaHUM Kajblep IMpoce-

* TloMy4yuBIIyIO Ha3BaHWE [0 MHOTOYHMCIEHHBIM ¢ymaposaM Ha3BaHue J{OJTUHBI
Hecatn Teicay JIBIMOB.
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NaHWUsI B OIOXU OTHOCUTEJbHO OBICTPOrO TMOIHSATUS 3€MHOW IOBEPXHOCTHU
¢ obpa3oBaHMEeM TeOaHTHUKJIMWHAJEeW, KYIMOJIOB, XpeOTOB.

CyllecTBYIOT pa3jiMyHble TMpeacTaBieHUss O (GU3NIECKOM COCTOSTHUU
cpenbl, M3 KOTOPO# 00pa3oBaiuch HUTHUMODPUTHI,— OT TMETUIOBBIX MMaJSIIUX
Tyd M a’po30jieil, comepxKalluxX TBEepAble W KUIKHUE YaCTULBI, 10 BBICOKO-
MOJABMXHBIX, TMEPEMOJHEHHBIX JIETYYUMU U3JIUBAOUIMXCS JiaB, B TOM YHCIE
rnepeTeKkaoIMX 4Yepe3 Kpasi ByJKaHUYECKUX arlapaToB HamomoOue yoerawoo-
mero MoJjioka, Kak 3To Habmonamoch T. Bombdom mnpu wu3BepkeHUU B
1877 r. Bynkana Kartomaxu [274] u momyckKajoch IJsl reHe3nca WUTHUMOpPUTOB
A. Jlakpya [201]. Oco6o crnemyer oTMmeTuTh npenactaBienuss [. Tasuesa
[107] o TOM, 4YTO UTHUMOPUTOBBIE a’3pO30JIM MOTYT 00JIaZaTh BBICOKOM Te-
Ky4ecTblo, TMOMYMUHSISACH TpaBUTALlMUM TOJBKO B TOM CJllyyae, €CjlIM mpeobJaaa-
IOIIMM Ta3oM a’po3ois sBisieTcst Tsoxenblit CO,.

A. Craiinep [103] oO6paTwma BHMMaHHE Ha HPHUCYTCTBHME B HMIHHUMOpHUTAxX
IBYX Ppa3sHOBUIHOCTEH CTEKOJ, pa3jIM4yaloUIMXCcs IO I0Ka3aTealo MpeaoM-
JIeHUs1 M oOpasyloluxX Me30CTa3uc M MeJbYalllyl0o 3MYJIbCUOHHYIO BKpar-
JICHHOCTb B HeM. D10 siBieHue A. CraiiHep OOBSICHSI JUKBALMEHd KHUCIOTO
pacruiaBa cpasy IoOCJie ero M3JIUSHUSI Ha IMOBEPXHOCTh. DTa paboTa GhaKTu-
YeCKM TMOCHYyXWIa HMIYJIbCOM K TOSIBJEHUIO OOJBIIOrO0 KOJMYEeCTBa padorT,
ocobeHHO MHorouucieHHbix B CCCP, korma ¢ JMKBalMeidl cTalud CBSI3bIBATh
Jo0ble OKpyrjbie 00pa3oBaHUsl B KUCHbIX 3¢ dy3uBax, BKIwOUYas CHEepOTOUIbI
[84, 118].

He BnmaBasich ganee B JgeTaju IMPOUCXOXIEHMUS KHUCIIBIX BYJKAHUTOB,
clenyer 0co00 TMOAYEpKHYTh TUIIMYHOE [JIsi HUX pasHooOpas3ue CTPYKTYyp,
(ronganbHyl0 TEKCTYpy, 4YacToe CcoiepKaHue MeJKUX OOJOMKOB (eHOo-
KPUCTAJJIOB, BBICOKOE COAepXaHue JeTyuyux, npexae Bcero H,O u F *.
Jnsi pUOJUTOB XapakKTepHa TeHeTHYecKash CBsI3b C pa3jJUYHBIMU TeOJIOTH-
YeCKMMM TIpolleccaMu, MPUBOISAIIMMU K OOpa30BaHUIO HaeK, IITOKOB, JIAKKO-
JIUTOB, KYIOJIOB, OJAMHOYHBIX IMOTOKOB, MOKPOBOB OOJIBIION IIOIIAAX, WTHUM-
6putoB u T. 1. Oco60 cjleayeT OTMETHTb, YTO KUCJble BYJIKAHUTBHI YacTO
SIBJISIIOTCSL YJ€HAMHU €IUHBIX KHMCJIO-OCHOBHBIX CEpMil BYJKAHUTOB M 00pas3yioT
B 3TOM cCjIy4ae TIPOCJIOM B MOIIHBIX OTJIOXEHUSIX BYJIKAHUTOB, B TOM 4YHUCIE
B OCHOBAaHUM PUOJUT-IAIUT-0a3aIbTOBBIX CEPU.

ATATDBI, BBITTOJIHAIOIIWE MOJOCTHU TUTODKU3

.HI/ITO(I)I/BLI, T€OMETPUYCCKUEC OCOOEHHOCTH II0JIOCTE
B HUX M araTroBbIX CJIETIKOB 3TUX IIOJIOCTEN

TepmuH nutodusa 6sur npeaioxeH ®. Puxrtropenom [238] misa obGo3HaueHUs
MOJIBIX BHYTPU OKPYIJIBIX 00pa3oBaHMil, OOHApPYKEHHBIX UM B BEHTEPCKHUX DHO-
qutax (OT Tpedy. JIUTOe — KaMeHb U ¢Gu3a — my3sipb). OHM BCTpevyarTCS
BO MHOTHUX PHMOJIUTaX, OCOOEHHO MaJe€OTUITHBIX, MPUYEM IMMOJOCTH B HUX MOTYT
OBbITh MMYCTHIMM WJIM MHUHEPaIU30BaHHBIMU XaJleJOHOM (aratom), KBapleM,

* W3BeCTHbI PUOJUTBI, COAEpXAlllMe B KavyecTBe TUIIOMOPGMHBIX MUHEPAIOB
¢moopur [95], Tomaz m oboramieHHbIe (DTOPOM CIIOMIBI, TOCTETHUE TOMYYI Jaxke
ocoboe Ha3BaHME OHTOHWTOB [55]. Bbicokoe comepxkanme H,O (okonmo 10% B mexureii-
Hax) CBSI3aHO C IpPOLIECCAMM BTOPUYHOTO OOBOIHEHUS (TMApATALlMKM) KUCIIBIX BYJIKAHH-
yeckux crekon |[78].

72



KaJbIIUTOM W JPYTMMU MHUHepadamMu. TakuM ob6pa3om, JUTO(GU3BI MOXHO
B M3BECTHOW Mepe CTaBUTh B IMapajiesib C ra30BBIMU TOJIOCTSIMU B 0Ga3aibTax
U aHIe3uTax.

IlepBoe Haubosee 0OCTOATEIbHOE OMUCaHWE JTUTODU3 M BMELIAIOMIUX
WX KHUCIBIX BYJIKAHUYECKMX CTeKOJ MOXHO Haiitu y Jx. Wpmuurca [193],
JaBIIEro TakKXe MX IPEeBOCXOMHbIe 3apucOBKM. JIX. WamuHrc mokasan, 4YTO
JuTohU3bl MOTYT MMETh pa3judHOe BHYTpeHHee cTpoeHue (puc. 17, a). Tak,
BO MHOTMX K3 HUX BHYTPU HMeeTCs cepusi chepuvyecKUX IyCTOT, Yepeayio-
muUxcst co cepuyecKMMM TMeperopoikaMu M3 BYJKAaHUYECKOTO cTekia. Takue
JUTOMU3bl B CKOJIe HAMOMUHAIOT LBETKM PO3bI WIM JIYKOBULBI (puc. 17,6) *.
Hekoropbie u3 nauTOoGU3 XapaKTepusylTCs AaCHUMMETPUYHBIM CTPOEHUEM
(puc. 17,B), B Opyrux JuTo(pu3ax ¢ CHUMMETPUYHBIM CTPOCHUEM B IIEHTpE
0Ka3bIBalOTCSI KPYIHBIE OCTPOYTrOJbHbIE MYCTOTHI (puc. 17,T), B TOM uYucie
¥ uMeolIre OJM3KyI0 K IIapoBOoil cUMMeTpuio (puc. 17,T), 4TO MO3BOJUIO
Jx. WamuHrcy cpaBHMBaTh MX C TOJIOCTbIO B Iepe3peBiieM apOyse. Um xe
ObUTM OMUCAaHbl U JUTO(GU3BI C KPYMHBIMU alleHTPUYHBIMU TOJOCTSIMU B BUJE
BOTHYTOTO GJIMHA, UMEIOUIMMM XapakKTepHOe ceprnoBMIHOe ceueHue (puc. 18, a),
paccMOTPEHO B3aMMOOTHOIIEHUE TOJIOCTed B JauTOdU3aX C (GIIOUIATBHOCTHIO
(puc. 18, 6 — x).

Jlutopuser co cheponuToBOl BHelIHed Kopkoit ommcanbl @®. Paiitom
[275] u3 obcummanoB XpadHTUHHYXpUrryp, Mcnanmusa. Ocobo ero BHMMaHHE
MPUBJICKIA JUTOGU3B C TIOJOCTbIO B BHIE OTPULIATENBHOrO pebGepHOro Kyba
¢ pasMepoMm pebpa, mocTuramoiuM 2,5 cM, Mopdosornyecku HIAECHTUIHbIE
u3BecTHBIM B obcunmaHax Kapabaxckoro Haropbs (doto 103).

Kacasice nmeraneil TMOBEPXHOCTU OTAEJNbHBIX TIpaHedl OTPUIIATEIBHOTO pe-
o6epHoro kKyba, ®. Paiit [275, c. 270] oTmeuyaeT, 4YTO «OT BEPIIMHBI KaxXHIOu
M3 YEeThIPEXTPAHHBIX MUPAMUI K €ro CTOPOHaM HampaBjeHbl paauajibHble JH-
HUU; B JOTIOJIHEHME K HUM HaGJogaeTcsi BTOPUYHAsE CUCTeMa CTPYKTYPHBIX
JIMHUR, pebep M TpeLIWH..., TpeacTaBisiolnas coboil Kak Obl CUCTEMY BOJIH,
pacxomsiuxcsi OT LIEHTpa».

Hamee @®. Paiitr momuepkuBaeTr [275, c. 270—271]: «wmcclenys >TU Ky-
OMuyeckMe TrpaHuW 0oJiee TIIATENbHO, MOXHO OOHapyXHTb, 4YTO JIo0as He-
MPpaBUJIbLHOCTh HA OJHOM M3 TpaHedl OTpaxaeTcsi OTHOCUTEIbHO TOYHO B TOM
K€ MecTe Ha MOBEPXHOCTH, HEMOCPEACTBEHHO MPUMBIKAIOMIEH K Hei».

WUzyuast monoctu nutodus B puonutax buaHa-Byppa B ropax TamGopun
(FOro-Boctounsiit KBunciaennm, Asctpanus), B. X. Bbpaitan [159, c. 60—69]
OoTMeYaJl, YTO B 3TUX JUTO(GU3aX <«IOJOCTH BapbUPYIOT B pa3Mepe OT MeJTKUX
0 OTKPBITBIX KaBepH Moyt 90 cm B amamerpe. OHM TakXke BapbUpPYIOT B
pazMepe OTHOCHUTEJIbHO coaepXaliux ux Jutodus. B HekoTopbhix auTO(GM3aX
MOJIOCTh COCTaBJIsIET JIMIIb HEOONBIIYI0O YacTh BCero obGbeMa, Toraa KakK B
NpYTMX TBEPIOro Marepuaja HeMHOrMM 0oJjiee, yeM oOJsiekaiolnass Kopka. [Ipu-
MeyYareJibHO, 4YTO 4YeM OOoJibllle pOoJib KaBEepH IO OTHOUIEHWI0 K JuToduse,
TeM OoJiee OJIM3Ka IMOCJIEOHSISI K IpaBMJIbLHOU cdepe...

B 3HayuTenbHOM OOJIBIIMHCTBE CJIy4aeB IYCTOTbI 0OJiagaloT OoJjiee WK
MeHee TPaBUJIbHBIMU CEKYIIMMHU JIydaMHu, B pe3yjbTaTe 4yero 000joYka KaXIoi
JUTOGU3Bl IeIUTCS Ha HECKOJbKO paaMalIbHBIX CEKTOPOB, KaXIblii M3 KOTOPBIX

* KpymHble JUTODU3BI-TYKOBULIBI araMeTpoM okoio 30 cM omucansl M. I. Pyo

[95] m3 xucmbix BynkaHuToB [1prMoOpBs.
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Puc. 17. Jlutoduss B obcuauane
a — pa3Horo pasmepa u GOpMbI; 6 — CO CTPOEHMEM THIMA TOJOBKM JiykKa MJIM LBETKa PO3BI;
6 — C AaCUMMETPMUYHBIM CTPOEHHMEM; & — C MOJIOCThIO, HAaNOMMHAIOLIEl B CEYEHUU IBYTaBPO-
Bylo Oanky. O6cuaman Kiunudd, HWennoycronckuit HaumoHanpHblii napk, CIIA. Har. Ben.

[193].
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Puc. 18. Cxematuueckoe ceuyeHue TUTOGU3 B OMHOPOIHBIX JUTOUIHBIX Toponmax (a, 6)
1 B mopomax ¢ GAOUIATbHOCTHIO (B — X)

a — ¢ KpYIHOI aCHMMMETPUYHOI TMOJIOCTBIO, MMEIOIIEH CEPIIOBMIHOE CEYeHUe; O — THUIa To-
JIOBKM JiyKa (LBETKA PO3bI) C OOJBIIMM YMCIOM chepuyecKux TIMoJocTeil; 8, ¢ — CeKylecs
(monpanbHOCTBIO; d, e — pa3BUBAIOILIMECS MEXIy TpelmyHaMu (iounaibHocTH; X — aedop-
mupylone dmongaabHocTs [193].
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Y3KO#l 4YacThlo HampaBlieH BHYTPb JUTOOMU3B. YMCIO CEKTOPOB 3HAYUTEITHHO
KOJieOeTcsT M MOXET IOCTHTraTh OT YEeThIpeX M0 NBaAllaTU 4YeThipex. B oueHb
MHOTMX JUTOGMU3aX BUIACH LEHTPaJbHBIM My3bIpb. B HEKOTOPHIX cCiy4asix OH
OTIMYHO COXPaHSIETCs, TSATOTES K BHYTPEHHEMY KOHIy OZHOTO M3 CETrMEHTOB.
B nmpyrux ciydasx OH pa3opBaH M TMPEACTaBIEH IMPOMOIKAMIIMMUCS BOTHY-
TBIMU TOBEPXHOCTSIMA BHYTPEHHUX OKOHYAHW BCEX WIM HECKOJbKUX CErMEeH-
TOB.

[MpumeuaTenbHON 4YEpTON, KOTOPYID MOXHO OOHAapyXWTh BO MHOTUX IIO-
JIOCTSIX JUTO(DU3, SBISETCS CHUCTEMAa pPAAUAIBHBIX OOPO3MOK WU XKEJIOOKOB,
NEeKOPUPYIOINX IMOBEPXHOCTh ceKTopa. OHU, YYWUTBIBAsE WX TPUPOAY UM pPacIio-
JIOXXEHUWE, TOYHO OTBEUYAIOT paAMaJbHOMY paclpeesIeHUI0 BOJOKOH TI0JIEBOTO
mmara, XapakKTepu3yIOIIMX COOTBETCTBEHHO C(epoJMTOBYIO CTPYyKTypy. bomee
TIIATEJIbHOE WUCCIeq0BaHuEe OOHapyXWBaeT, OJHAKO, YTO 3TU NeTalu PHUCYHKa
JINIIb TIOBEPXHOCTHBI, Oyaydn OTPAaHWUYEHHBIMU JIWIIb MOBEPXHOCTHIO CETMEH-
TOB.

Takum o0Opa3zom, MO CBOEMY TNPOMCXOXIEHWI0O OHU HE CBsI3aHBI CO cdepo-
JINTaMU, a TPEJCTAaBISIOT KapTUHY TPEIIMHOBATOCTHU, BO3HUKAIOIIYIO TIPU pa3-
pbIBE MaTepualia C BBICOKOW BSI3KOCTHIO.

HeGonpioe uyncio o6pas3ioB OOHApPYXWBaeT, KPOME paaualbHBIX XeI00-
KOB, pacriojlaraloliuXcs TOA TIPaBUJIbHBIMKM YIJIaMU, WHYH KapTUHY, TIpel-
CTaBJICHHYIO Cepueil KOHIIEHTPUYECKUX IPEPHIBAIONIUXCS HEBBICOKUX CTYyIe-
HEK, TMOKPBIBAIONINX BCI0 TMOBEPXHOCTb CEKTOPOB». MHOXECTBO IMPEBOCXOIHBIX
MMyCTOTEJBIX JUTOGU3 C O0OO0JIOYKOI U3 CETrMEHTOB aHOPTOKJIa3-KBapIIEBBIX
cheponuTOB U3BECTHH B paitoHe Kypopra Mctucy B obcunumanax Kapabax-
ckoro Haropbsa (doro 103), mpuueM cpeny HHX MOXHO HAWTU JTUTO(PU3EI
CO BCEeMHU JeTalsIMM BHYTPEHHEW TIOBEPXHOCTH, TMOAPOOHO OMMCAHHBIMU
®. Paiitom u B. Bpaitanom. Ilpm BbpulymmBaHUKM JIUTOGU3 K3 oOCHUAMAHA
obpasylorcsd Onu3kue K chepudeckuM win ceposiongadbHBIM TOJOCTHA, Ha
MMOBEPXHOCTU KOTOPBIX BUIHBI OTHEYATKU CGHEPOTOUMHBIX TPEIINH, CO3MAI0IINX
KapTUHY TMaHIWPs Yeperaxu.

Jlutoduspl, TOTOCTP KOTOPHIX 3amloJHEHA XalleJOHOM (araToM) WiIu
pexe KaJbIIMTOM, XapaKTepHU3YIOTCS CBOEOOpa3HOIl BHEIIHEl TMOBEPXHOCTHIO.
OHa MOXeT OBITh TJIANKOW WJIM MOKPBITOW OOpomaBYATHIMM HapocTaMu Oojee
MenKux cdeponutoB (MHorma autoduis). Ha Heil yacTto MOSABISIIOTCS TUITAY-
HbIe XalleloHOBble (WIM KaJbIIUTOBbIE) BaJMKU — XPEOTUKH, COOTBETCT-
BYIOIIME CJieJ]aM BBbIXOJa Ha TOBEPXHOCTh JUTOGU3 KIWMHOBUIHBIX OKOHYAHUI
pebep ux moJiocTeit. Ecim mosoctyt MMEIOT BUA YEUYEBWIIBI, TO 3TO BCETO JIWIIb
XaJIEeNOHOBBIN TOSIC MO 3KBaTOpUaTbHOW dYactu jauTodussl. KapTtuHa yciox-
HsETCSI, KOrna BHYTPEHHSS TOJIOCTh MMEET BUJ pebepHOTo TeTpalsapa. B atom
cnyyae nauTodu3a ¢ TOBEPXHOCTU JMAeIUTCS pebpamMu TeTpasapa Ha 4YeTbipe
TpeyroyibHO-chepudeckux cermeHta (doro 108, a). Yumcmo momoOHBIX cerMeH-
TOB JOCTUTAET 6, €CId BHYTPEHHSS IIOJIOCTh — peOepHbIl KyO, 12 — pebGepHBIit
TMEHTATOHAOAEKA’AP M CTAHOBUTCS 3HAYUTENHHO OOJBIIUM TIPU TIOCTEIIEHHOM
OpUOIVKEHUM BHYTpeHHEl moiocTH K (opMe mapa. JIMTopussl ¢ MHOro-
YUCIIEHHBIMU XaJIlIEIOHOBBIMU pedpaMu Ha TMOBEPXHOCTU TMPUOOPETAIOT BUI
MaHIUPS Yepernaxu.

[pu 3amomHeHuMwW nauTOGMU3 XadlleNfOHOM (araToM) BO3HUKAWOT CBOE-
obpasubie mopoasl — denb3obupsl  (dporo 105; 106), mHOrma HEIPaBUILHO
OMUChIBaEMble KaK MaHAEbIITEHHBI, KOTNa 3a MWUHIAJIVNHY — MUHEpPaTU30BaH-
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HOE BBIMOJHEHWE Ta30BOr0 MNy3bIpsg — MPUHUMAIOT MHUHEpaIu30BaHHbBIE JIMTO-
U3

IMpu ynaneHuM BHeUIHEW KOPbI JUTOGMU3 — SIBIEHUM, M3BECTHOM B pOC-
CBHITISIX, OOHAaXaloTcsl cBOeoOpa3Hble XajledOHOBbie (araToBble) CJIENKH BHYT-
peHHUX TmosiocTel nutodus, objamaioliie BeCbMa XapakKTepHOW MopdoJorueii.

BrniepBble HauGoJiee TOJIHOE TMpeAcTaBieHue O (GopMe 3TUX CIENKOB aal
B. Bpaitan [157], mpuBenmmuii ux ¢dororpaduio, Ha KOTOPOH BHIHBI CJIEIKU
yeuyeBuIleoOpa3Hoit ¢dopmel  (puc. 19, la u 16), B Bume pebepHOro Kyba
(puc. 19, 3), pebepHoro terpasapa (puc. 19, 2) u ux Kom6uHammit (puc. 19, 4).
K. Pocc [242] omnucan cdopMy XanlemoHOBBIX (araToBbIX) CJIETIKOB ITyCTOT
B smtodusax u3 lleHtpanbHoro OperoHa B Bule peOEpHOro IMEHTArOHIO-
JeKasjpa.

YeueBuileoOpa3Hbie XallelOHOBbIE (araToBble) CJCNKM W CJAENKM B BHIC
pebepHbIx TeTpas’napoB (puc. 20), pebepHbIX Ky6oB (oto 109), Gonee crmox-
HbIX MHOTOTPaHHMKOB KYyOWYEeCKOW CHHTOHWHU, B TOM 4YKCie aAedhOPMUPOBAHHBIX,
M B BUIEe KOMOMWHALMU YyKa3aHHBIX (GOpM M3BECTHBI Ha MAarHUTOTOPCKOM
MECTOPOXIEHUU araToB, TMPUYPOYEHHOM K CWJIbHO apTHJJIMTU3UPOBAHHBIM
puonutam [31], u Ha MHoTMX MecTopoxaeHusx CeBepo-Bocroka CCCP. Hamu
OHM HaOIOIaauch B 00Opa3iax M3 AWHAOYIaKCKOTO MECTOPOXIEHUS.

l'oBopst 0 Mopdosornyeckux OCOOEHHOCTSIX XaJleAOHOBBIX CJIEMKOB ITyC-
TOT u3 JUTOMU3, HAZO0 0CO00 OTMETUTh OTYETIMBYIO CKYJIBINTYpPY Ha UX
MOBEPXHOCTU B BHUAE paaualbHBIX U cdepuueckux OOpPO3MOK, a Takxke IIapo-
BUJHbIE BCIydyMBaHMUS (WM BMSITUHBI) B LEHTPE HEKOTOPBIX M3 OTPULIATEIbHBIX
rpaneii (cm. puc. 19, la, 4; doro 103; 109).

I[MpuHumasi BO BHUMaHUEe TOMOOHYI0 (OpMY CJIENKOB, JIETKO TMOHSTh W
ocobeHHOCTH (OpM uX cedeHusi. Tak, HJIs YeuyeBUILIEOOPA3HBIX CJIENKOB OHM
oynyt nuH3oBunHbiMu (poto I1O, a, 6), nns ceyeHUit peGEepHOTO TeTpasapa
WIM TEepHeHIUKYIIPHBIX TPOMHOU ocH pebdepHOro Kyba — TpeyroJbHBIMH
(dboto 107; 108,6; I10,B), B TOM YKHCJIe HWHOrIA C BOTHYTHIMU CTOPOHAMU;
IUIL CeYeHWii, TapasuleibHBIX TIpaHsIM pebGepHoro Kyba, (opma yaiile Bcero
OyIeT COOTBETCTBOBAaTh KapTuHe «babouku» (doro I1O, T) uam AByTaBpO-
Boii Oankm (cp. ¢ (opmoit moioctu B nuToduile, omucaHHoit Jx. WpnwHr-
cOM — cM. puc. 17, T), MJIST MHOTUX CeYeHMI peOepHOro MeHTaroHAoAeKasapa
THIYHA ¢opMa cedyeHHUs B Bume IsATUIy4YeBoii 3Be3nnl (dorto I10, 0), mnsg
MmycToT B ¢opme Gojiee CIOXHBIX peGepHBIX MHOTOTPAHHMKOB CeYeHUe OKa3bl-
BaeTcsl TMOJUTOHaJNbHBIM. M3BecTHBI cCllydyad, KOrma HECKOJIbKO JUTO(GU3
cpacTaloTcsa ApYyr ¢ IpyroM, obbeamHss moioctu 1mo ase (doro 128; 136),
nmo Tpu U OGosee, mnpuobGperass BHellHe GOPMY CBOCOOPA3HBIX «TYCEHMID».
B npyrux ciydasix OHM TpYNIUPYIOTCS BIOJb OMNpPEAeIeHHBIX TJIOCKOCTel
(OOBIYHO TIOCKOCTEM (IIOMIaNbHOCTH), 00pa3ys cBoecoOpa3zHble MaKpOaKCHUO-
JIUTHI.

OcobeHHOCTH BHeIlIHel GOpMBI JIUTOMOU3 W MX BBHIMOJHEHWS CTOJb Xa-
pakTepHbl [JIsI HHUX, 4TO B psife cay4aeB JUTOGMU3BI M XallleJOHOBBIE CJIEeI-
KM HUX TOJOCTeil TMOJydyuau HapularelbHble Ha3BaHusA. Tak, JTUTOGU3BI, 3a-
NIOJIHEHHBIE XalUedoHOM (aratom) u apyrumu MuHepanamu, B CIIA um3BecTHBI
mon Has3BaHMEeM TpoMoBbeIX suu* (thunder eggs) [168—170, 250], a xan-

* DT0 Ha3BaHHME IIEPEBOMNAT B OTEUECTBEHHOI JMTepaType KaK IpaKOHOBBI WU
YepToBbI STHALIA.
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Puc. 19. @opMbl XalleJOHOBBIX CIENKOB U3 TUTOGU3 B PUOIUTAX B BUAE:
1—ueueBunsl (la — BUA cBepxy, [6—Bum cOOKy), 2—peOGepHOro Terpasapa, 3—pebGepHOro
Ky0a, 4— ux xomOuHanmii. bunna-byppa, roper Tam6opuH, KOro-Bocrounsiii Kucienn, Ascrpa-

Jd.
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Puc. 20. XanmemoHOBBIN CJIENOK TOJOCTA JTUTOGU3BI B BHUIe peOEpHOTO TeTpa’apa
C YeTKOil CKYJIBITYPONl MOBEPXHOCTU. MarHuToropckoe mecTopoxiaeHue, YensOuHckas
0071. ¥YB. 2. No 83242.

Puc. 21. XanuenoHoBble (araToBble) CJENKM BHYTPEHHUX NosocTeit nutodus B dopme
«KOCTOYEK nJisT c4eToB» (sorobandamaishi). Kamumakamanu, mnped. Hwurara, fAmnonus.
V. 19 [194].

79



LIEJOHOBbIE YEUYEBUILEMOAOOHBIE CJICNMKM BHYTPEHHMX TOJOCTeH JIUTOGU3 B
SAnoHUM Ha3BIBAIOTCS «KOCTOUKAMM JJis c4eToB» (puc. 21).

IleTporpaduyeckue 0COOEHHOCTU CTPOEHUS JTUTODU3
W WX TIOJIOKEHME BO BMEIIAIONIMX MOPOAAX

HaubGonee o06cTosATeNbHO IeTporpadudeckrue OCOOEHHOCTH JIUTO(PU3 U Te-
HETMYECKM TECHO CBSI3aHHBIX C HMMM WMHBIX chepuyecKux oOpa3oBaHUil pac-
cmotpensl B. bBpaitanom [159], koTopblii mompoOHO M3yYusa JUTOGMU3BI PUO-
JINTOBBIX MOKpoBOB bunHa-Byppa B ropax TamGopuH.

«Puonutel, Genb3uThl, MEPIUTHI, ¢ KOTOPBIMU CBSI3aHBI JUTO(GU3BI, 0Opa-
3YIOT 37eChb Ta4yKy KHUCJBIX BYJKAHUTOB CYMMapHOW MOIIHOCTH B HECKOJBKO
NeCSITKOB METPOB, HAaXONSIIYIOCS B OCHOBAHWW MOIIHBIX OTJOXEHWN, Tpe-
CTaBJICHHBIX MMPEUMYIIECTBEHHO 0a3ajbTaMW U aHAE3UTaMM U paccMmaTpuBae-
MBIX KaK IMO3AHME HEOTeH-IaJleOreHOBble, He I031Hee OJIMIOLIeHOBBIX. Byi-
KaHMYeCcKasl CepMsl cllaraeT psa IJIaTO, pas3feieHHbIX Y3KUMU YUICAbSIMU W
KaHbOHAMHU. PUOJIMTOBBIE TMOPOABI OOHAXalOTCS B OTBECHBIX yTecax, Ipel-
CTaBJSIIOIIMX TPEBOCXOMHBI MaTepual ISl WCCIeIOBaHUM.

B puonuTOBHIX MOpOAAaX BO MHOXECTBE BCTPEYalOTCs Majible MWHepasib-
Hble TeJla ¢ OJU3KOW K IIapOBUAHOW wWiIM cdepoumanbHOl TMOBEPXHOCTHIO,
BKJIIouasi chepouThl paaualibHO-JYYUCTOrO CTPOEHMSI, chepudyeckue o0Opa3o-
BaHUs ¢ (GeNb3UTOBOI CTPYKTypoW M JUTO(MHU3BI, KOTOPbIE MOTYT MMETh paau-
aJIbHO-JIYYMCTYI0O MU (Deb3UTOBYIO BHEIIHIOK YacThb. st 0GOo3HaueHUs TMo-
NOOHBIX MHHepadbHbIX Tel B. Bpaitan B 3Toil paGoTe MNpemIoOXUI TepPMUH
coheponounn (spheruloid) *.

B puonutax bunna-Byppa cdeponmonabl «uMeOT pa3Mep OT MeTbYallllnx
OycuH g0 TUraHTcKux cdep Oosee 90 cM B nmamerpe, OOHapyXuBas 3Ha-
yuTeJdbHbIE KOJeOaHuss B (GopMe arperalldi M BHYTpeHHeM CcTpoeHuu. Tem
He MeHee WHAMBMIbBI, TIpMHAIJIeXAallue OIHOMY IMOTOKY, 4dalle OJIM3KU K OIpe-
NEeJeHHOMY CTaHAapTy, TUIMHWYHOMY JUISI JAHHOTO IOTOKa»...

B xaxmom cdeposonsie OTYETIMBO BbIAEAseTCs Kopa  (CKopJymna),
OTJMYaloMmasicsi TEMHBIM LIBETOM M 0oJiee TOHKOW CTPYKTYpO#l OT 3akJtoueH-
HOro B Heil Marepuaja. ToyimuMHa KOpbl KoJieGjJeTcsi B INUPOKMX Mpeneax;
00BIYHO, XOTSI M He Bcerma, 4eM OoJblie cdeposiona, TeM TOoJIle Kopa...
B omumHOuHBIX cdeposiougax Kopa MMeeT MPaBUIbHYIO (GOPMY M TMOCTOSIHHYIO
TonmuHy, (puc. 22, A), HO B CJIOXHBIX cdeposioumax TOJIIMHA KOPBI MOXET
M3MEHATHCSI Jaxe B MpeleiaXx OAHOro obpa3lia B COOTBETCTBUM C YCIOBUSIMH
00pa3oBaHMUsI HECKOJBKO BBITIIYMBAIOLIIMXCS YYaCTKOB.

B Tex cayyasx, Korma IMy3bipyaTbie HapOCThl MOKPBIBAIOT 0GoJiee MeJKue
3aKOHYEHHBbIe C(heposionIbl paHHEW TreHepaluyd M YacTMYHO MX IMOMIOIIAIOT,
MOXHO BHUIETb Ha pPACKOJOTBIX 0Opa3sliax BBIMSYEHHbIE YYaCTKH, HMMEIOIINe

* [lepBoHauaJbHOE OIpeneicHre TepMUHA CHEpoNonI OTIMYaeTCsl OT JAHHOIO
B mocsienHeM umamanum I[lerporpadudeckoro ciaoBaps [85, ¢. 418], B KOTopoM OH elle
MMeeT U TeHETUYEeCKU CIOPHBIA CMBIC, TOCKOJBKY B HEM MbI HaXoOmuM, 4To <«cepo-
JIOWI, — IIapoBble 0Opa3oBaHMsI B KUC/IBIX JlaBaX, He OOJafalolive paquaibHO-TyUCTHIM
cTpoeHureM, (opMUpOBaHUE KOTOPBIX CBSI3aHO C JIMKBALMEd CHJIMKATHOTO —pacruiaBa
rnepen M3IMSHUEM JiaBbl». Hamo rmpemoctepedb M OT  OLIMOOYHOTO — OMpesIesieHUst
JuToGU3bl KaK CMHOHMMA CEKpeLMU, NaHHOTO B 9TOM Xe ClloBape.
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Puc. 22. Quarpamma, WUTIOCTPHMPYIOIIAsT POCT M KOAIECLIEHIMIO C(eposonIoB; ITOCie
00pa3oBaHsi KOPKM-KOpbI (YepHasi) najibHelilliee paciiMpeHue cdepoionaa Tpekpa-
maercst [159].

COOCTBEHHYIO 3aKOHUYEHHYIO KOpY, KOTOpasi MOXET YTOJIIAThCS B BbIIAMOIei-
cs 4YacTM BIIOXeHHOTro (paHHero) cdeposouna (puc. 22, Bbl). B npyrux
cydyasix HapoCT BBITJISIAMT KakK 4acThb cdeposjionaa TOW Xe reHepaluu, ¢ KOTO-
poii Tpowu3solia KoajeCleHUMsI J0 TOro, KakK BO3HUKJIA HapyxXHas KOpKa.
B cooTrBercTBMM C 3TMM, €ClIM BBICTyMalollasi 4acTh cdeposionaa IMOKphITa
Hapoclieil KOpKoi 0ojiee KpymHOro cdeposiouga, BHYTPEHHSII MX YacTh He
oOHapyxXuBaeT cyiemnoB Kopbl (cMm. puc. 22, b3). TpeTuii Tun HempaBWIbLHOCTEH
MPEACTaBISIOT HApOCTBl B CTPOTOM cMbicie ciioBa. OHM  TIpencTaBlIeHBI
HapocTaMu GoJiee MO3[AHEN reHepaluu, HAJTOXEHHBIMU Ha 0ojiee paHHUN KpPYIIi-
Hbelli  ceposonn. Takue HapOCTH TMOKPBITH ¢ Tepudepun coOGCTBEHHOM
OTHOCHUTEJIbHO TOHKOW KOPKOW M MOKOSTCS Ha 0oJiee TOJCTOW KOpe KPYITHBIX
chepomonngoB (cMm. puc. 22, B4)...

Bce Tpu omucaHHBIX clydyas MOTYT HabaiogaThbCs B OOHOM o6pas3siie,
o0pa3ysl HernpaBWIbHBIN CIOXHBIN cheposona ¢ 60pogaBYaTON WM COCLIEBUI-
HOU BHemrHe#t (opmoit (cMm. puc. 22).

B onHoM ocoGeHHO WHTepecHOM oOpasie cheposoua MOTHOCThIO TMOTJIO-
IeH TeMHOM cepoil KOPKOUW, KOoTopas 4YaCcTMYHO TaKXe IOrolleHa IpYyruM
chepoonaoM Takoro xe pasMepa, KOTOPbId B CBOIO O4epedb HAXOMAUTCS BHYT-
pU TOJICTOM KpacHOW Kopbl. B aTOM 00pa3siie, Kak ¥ BO BCEX IPYrHUX Ciaydasx
C TONOOHBIMM HETpaBUJIbHBIMU cdeposongaMu, (GIOUIaTbHOCT MPOCIeXKUBA-
eTcsl HerpepbiBHO uyepe3 oba cdeposouga, B TOM 4YUCIE yepe3 UX BBICTYIAIO-
11e YacTu M KOpPKU 06e3 pa3pbiBa W BETBJIECHMUS.

B HekoTOpBIX chydassXx Kopa HMeeT JJAOCTATOYHYIO TOJIIUHY, YTOOBI
cojliepxXaTh OBOMIAJIbHbIE BKJIOUEHUsI HeEONpeneJeHHOro Marepuaja, o0Jiagaio-
mero cheposouaHbIMU cBoiicTBaMu. YacTo Kopa oTaensieTcsi OT BHYTpPeHHeH
yactu cdeposionsa BHYTpeHHe TOHKOM MPOCIOKON (KOXMIE) OObIUHO MeHee
I MM TOJIIMHOW, OTJIUYAIOIICHCS LIBETOM U CTPYKTYypOW OT camMoro cdeposou-
na. JInH3el cHeposoMIHOrO MaTepuasa, BKJIIOUYEHHbIE B TOJCTOW BHEILIHEW Kope,
TakXe 00JlagaloT TMOZOOHBIM BHYTPEHHUM MEIIKOM. BHYTpeHHsII KoOXHIla
MOXeT OTHENSITbCA KaK OT KOpbI, TaK W OT cdepojionna TOHKUMU IJIEHKAMH
remaruta. KX BHYTpeHHsIsI 4acTh OYeHb IpaBWUJIbHAsi, a BHELIHSII — MEHee
MpaBUbHA W BKJIIOYaeT MeJKHWe HapacTaHWUs BHYTPEHHEH TIUIEHKH.

Crnenududeckas vepra, CBs3aHHass C OOHUM U3 KPYIMHBIX CGHEpPOJOUIOB
(mutodusoit), 3aciayxuBaeT O0ojee NOeTaTbHOTO pPACCMOTPEHWs. BDTO TIpU-
CyTcTBME B JuTodu3e, wuMmelomeidr okojgo 60 cM B AuaMeTrpe, HECKOJIbKUX
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00pa30oBaHUl, HAMOMUHAIOIIMUX <«CTAJarMHUTBl», KOTOPbIE BBICTYMAIOT BBEPX
M0 TMOBEPXHOCTH MUHUATIOPHOM TElIEephl.

Bosiee BHMMaTeIbHOE UCCIEeIOBaHME TOKAa3ajJ0, 4YTO OTU «CTATarMUTBI»
MPeACTaBISIOT CO00M MacChl PUOJMUTOBOM JaBbl C IPOMOJbHBIMU OOpPO3IKAMU
U XkenobaMu, KOTOpble BHEIPUJIMCH Yepe3 HelpaBWIbHbIE TPEIIMHBI B OCHOBa-
HUM JauTOoGuU3bl. B omucsiBaeMoMm o0pasiie jaBa Obljla TaKOW KOHCHCTEHIUH,
YTO OHAa COXpaHsla Ha MOBEPXHOCTU CJIEAbl MPONaBIWBAHUS 4epe3 TPEUIUHBI,
KOTOpbIE NEeMCTBOBAaIM B OCHOBHOM TaK Xe€, KaK IMPUCIOCOOJIeHUe IJIs BblIaB-
JIUBAHUs JIEHT KpeMa IpHU WM3TOTOBJIEHUU TMUPOKHBIX.

BsizkocTh BHeApuBILIEics JaBbl Oblla HEIOCTATOYHOM, YTOOBI yIepXKHBATh
WIEHTbl» B BEPTUKAJbHOM TOJIOXEHUU, U TI0O Mepe pOCTa OHM OCemalud IOI
COOCTBEHHOU TsXecThblo. HabGiiomeHUsi MOKa3bIBalOT, YTO, B TO BpeMs Kak
MOMepeyHoe CeYyeHUe JIAaBOBOW JIEHTHI TMOCTEMEHHO YBEJIMYUBACTCS OT BEPLIMHBI
K OCHOBAaHMIO, JIETaJu OTIEYaTKOB Ha MX MOBEPXHOCTU COXPAHSIOTCS HEU3MEH-
HBIMU. DTO TO3BOJISIET CHeJaThb IPEeAINoOoXeHUe, YTO TpellrHa, Yepe3 KOTOo-
pylo TPOMCXOAMWJIO BHEIPEHWE JIaBbl, IOCTENMEeHHO paciupsiach. OryacTn
3a3yOpeHHbIe Kpas JIaBOBBIX JIEHT SBJSAIOTCS clieacTBueM 3Sddekra Bbina-
XUBAHWSI, BO3HUKAIOIIETO MPU BBICOKOW BSI3KOCTH...

IMout Bo Bcex ciayyasx cHeposouabl 4eTKO OTIUYAIOTCS OT BMellaomiei
UX Macchl. Pa3iuuus MOryT BbIpaxaTbCsi B OKpackKe WJIM CTPYKType U SICHO
BUAMMBI Jaxe ecAu JUHUST (GIIOUAATBHOCTU IMPOCJEXUBAETCS 4epe3 BMellaio-
1yl mopoay u cdeposiona, a 3aTeM CHOBa 4epe3 BMellalollyilo mnoponay. Pa3z-
JIUYUS OCOOEHHO OTYETJIMBBI, KOTJAAa BMeEUIAOIIeil TOpPOMONW CIYXHUT CTEKJIO:
X0Ts1 chepojonabl OOHAPYXMBAIOT BapuallMd B CTPOEHWUM, OHU HUKOTIA He
COCTOSIT U3 CTeKJa.

HecmoTpst Ha 3Ha4yMTesNbHOE pas3iuyue B GopMe U ovepTaHUsAX, chepo-
JIOUIbl OOHApYXMBAIOT 3aMedyaTesIbHYI0 JIMTOJIOTMYECKYI0 OOIIHOCTh. Bo Bcex
clyyasiX, eCliM HCCJIeAyeTCsl cBeXasl MOBEPXHOCTb, OOHapyXMBAIOTCS CBeTJas
okpacka (po3oBasi, KpeMoBasi WU cepasi) U (eab3uToBasi CTPyKTypa. B aroii
denb3uTOBON BMemIawIeil Macce HaOIIOIAETCS OTHOCHUTENBHO OOJIBIIOE KOJU-
YeCTBO CBeXMX (DeHOKPUCTANJIOB KBaplla M I[IOJEBOro IImata OKoJo | MM
B auaMeTrpe u Oosiee MeJdKUX (EHOKPUCTAJIOB YEPHOIO Kejie30-MarHe3ualb-
HOrO MMHepasa.

daouaanbHOCTh TIPOSIBISIETCS BO BceX o0Opa3liax — M MHOTOA B BUIE
HeoTIpeeJIeHHBIX (HESICHBIX) IBETHBIX MOJOCOK WM XWJIOK B IMOPOJAE C OIHO-
TUITHOM  CTPYKTYpoil. DioMaanbHOCTh OTYETAMBO BJIUSIET Ha TOJOXEHUE
n GopMy GEHOKPUCTANIOB. B JIUTOMOHBIX chepoonaax JUHUM GIIOUIATb-
HOCTHM TMPOXOISAT Ionepek oOpasua, Oyaydd TOJHOCTBIO HE3aBUCHUMBIMU OT
WX O4YepTaHWii, HO B JUTODU3aXx OOHAPYXKMBAIOT BIUSHUE BHELIHEH GOPMBI,
XOTSI OHU U HeE TMOJHOCTbIO KOHLEHTPUYHBI C KpaeM JUTO(DU3, HO HAXOMSITCS
B OIpeAeIeHHOM COOTBETCTBMM ¢ HMM» [159, c. 52—56].

WUsyuas BHyTpeHHee cTpoeHHe cdepononmoB, B. bpaitaH ycrtaHoBui, 4rO
MHWHEPAJIOTUYecK KaXIblii cheposou sIBJISIETCS TeTEePOTreHHBIM arperarom
U OTAEJIbHbIe YepThl €ro CTPYKTYPbl MOTYT OBbITh HE3aBUCUMBI IPYr OT Apyra u
He corJIacHBI ¢ 00lIeil cTpykTypoil cdeposonna B 1enoM. boiee Toro, BHyTpeH-
HsIs1 4acThb cdeposionsa He SBJSIETCS Pe3yJbTaTOM OIHOBPEMEHHOW KpUCTaIM-
3allMd WJIM OIIpelNeJeHHON IOoCIenoBaTeIbHOCTU COOBITMH, HO BBINISIAUT Kak
pe3yibTaT WHTerpauuu W auddepeHIMaurMd MUHEpajaoB, U Ha pa3IUYHbBIX
CTafusIX CJIOXHOW uCTOpUU cdeposionsa pa3BUBAIOTCS pa3IUYHbIe TEKCTYDHI.
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C »3TOoil TOYKM 3peHUs] OTHEeJbHbIe KOMIIOHEHTbI CGHEepoTOUIO0B MOXHO
00BEIMHUTh B TPU YETKHME TPyMIbl — (eHOKPUCTAIbI (B OCHOBHOM CaHUIWH,
pexe KBapll, B TOM YKClie OMITUpaMUIATbHbBIA, OJUTOKIa3, OMOTUT), MUHEPAJbI,
Ha KOTOpble BO3AEWCTBYeT (IIOUAATBHOCTh (B OCHOBHOM OpTOKJa3), MUHE-
pajibl, He3aBMCUMBbIE OT (GJIOUAATBHOCTA (B OCHOBHOM poja (JIOTONHTA).

OO6cTosiTenibHOE TeTporpaduyeckoe omnucaHue chepoTougaoB M BMellaio-
mux ux mnopon, naHHoe B. Bpaitanom [159], mpakTtuyecku wucYeprbBIBAET
OCHOBHBIE OCOOEHHOCTHM WX CTPOCHUs, HaboaaBiIecss HaMu B oOpasiax
¢ AiiHaGynakckoro MecTopoxaeHusi B Kasaxcrane, Tap06amabaxkeiiCKOTO
B YumTtuHCKOI o6nactu, Mectopoxaenuit Cesepo-Boctoka CCCP um mompo6HO
omucanHele H. 4. BonsgHiokom [21] mns chepononmoB, TUTOGHU3 WM BMeIIaio-
mux mopon xp. Myxop-Tana, Bbypsrckas ACCP.

HaxkoHel, 0co60 Hamo MOAYEPKHYTh NMPUYPOYEHHOCTh CKOIJIEHUU chepoio-
WIOB M JUTOGMU3 K HampaBleHUSIM TJIOCKOCTeH (IIOUAATbHOCTU BMEIIAIOMIMX
mnopoxn, Kotopoe oTMmeudaeT B. BpaitaH m Ha 4uto oOpaman BHuMmanue @D. Paiit
[276, c. 263], mucaBmwuii, 4To CGhEPONUTHI U JTUTODU3BI «HE PaBHOMEPHO
pacripeniesieHbl B IOpOjAe, a MPUYPOUYMBAIOTCS K OINpeAesIeHHBIM JIeHTaM |
MpOCJIOKaM, CBUIETEJNbCTBYSI O TOM, UYTO KPUCTAJIM3alMUs B ITUX YydacTKax
MpoMcxoauia ObICTpee, 4YeM B JAPYTMX. B ciayyae TNposIBIEHUS OTYETIMBOM
cioucroctv  (aonmganbHOCTH) TOTOKAa CHEPOAUTHT W JUTOGMU3BI  CEKYT
dmonnanbHocTh. He Habmioganoch HM OMXHOTO ciydyass MX oOTeKaHus GbJou-
NAJTBHOCTBIO, UTO JOJIKHO OBUIO OBI OBITH, eciii Obl cheponuThl (M JTUTO(GU3HI)
ObUT OBl OoJiee paHHUMH, 4eM GIIOUAATbHOCTDY.

Yerkast MpUypOYEHHOCTh JUTOGU3, 3aMOJHEHHBIX XalleJOHOM (aratom),
K GaouganrbHOCTH — OTMedYalach MHOTMMHU — MccienoBaTensiMu. Hamu oHa
Habmonanach Ha AilfHaOynakckoM MectopoxaeHuu (doto 104). I[Mpu sTom
OTAe/IbHbIE JTUTOMDU3bI OKa3bIBAIOTCS KaK Obl HAHM3aHHBIMM Ha TOHKHE Xaulle-
JIOHOBBIE XWJIKU-TIPOBOAHUYKHU, pasBuBalomuecs mo daougaibHocTu. KWHTe-
pecHO OTMETUTb M TO, 4TO Gjaromapsi OMMHAKOBOW OPUEHTUPOBKE OHUKC-araTta
B TaKuX JUTOGU3AX, MapasuleJibHOM IJIOCKOCTSAM (IIOUIaTbHOCTU, Ha CKoJax
moposbl o0 GJIIOUAATBHOCTH Ha AHaOyJaKCKOM MECTOPOXICHUU OOHaXaloTCs
IJIOCKUE CJIOM OHMKC-araTa.

OCc00EHHOCTM XMMMWYECKOIO COoCTaBa C(hepoOUI0B

IlepBble uccaeAOBaHUSI XMMMYECKOTO COCTaBa C(HEpoJIOUA0OB U BMEIIAIONIEro
MX BYJIKAHMYECKOIO CTeKJja, BhImosHeHHBbIe K. Xaypom [188], mokasamu, 4To
MeXIy HUMU HET CYIIECTBEHHOW pa3HUIIbl. AHAJIOTMYHBbIE PE3YJbTAaThl MOJYYUIT
®. Paiitr [276], cpaBHUBaBLIMII XMMHYECKHUI COCTaB KOpBI JUTOGU3 U BMe-
matoomux ux obcuanaHoB 3 Hcmannuu (Kpadna m Xnurxapdssnna), Obcu-
mvan Koud, Mennoycronckuit napk, CIIA, Ieppo-ge-nac-Haaroc, Mekcuka,
omIoxeHnit ByakaHa Katmam Ha Anmsicke, Boe-Xabutanre, I'Bamenyma, Kopuno,
Hukaparya, u BynkaHa KaBa-Manoek, fBa. bolice mno3gHue XuUMHUYECKHE
uccinenoBanus [x. bamna [147] u B. bpaitana [159] oOGHapyxwuiu, omHako,
MeXIy HEKOTOpPbIMM cdepojioniaMu W BMEIIAONIMMU WX TMOPOAAMHU OIIpenae-
JIHHYI0 pasHuIly cocTtaBa. OHa ObUla TMOATBEpXIeHAa M MHOTHMM TIOCJEYIO-
mMMH  uccienoBanusamu  [13, 43, 53, 54, 173], B pe3yabTaTe 4Yero MOXHO
yTBepXKIaTh, YTO C(Heposouabl B PUOJUTAX MHOTAA HE OTIUYAIOTCS 1O COCTaBy
OT BMemlamleid moponsl (GeTb3UTOBOW WM TEPJIUTOBON CTPYKTYpHI, HO 4aile
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®orto 34. Cdeponutst

BbITFIHyTOﬁ (I)OprI; B 0aszanbTe BBCPXY XOpOImIO BUIHBI ABE€ KIWHOBUAHBIC TPCUIUHBI,

KajgpOouTa Ha CTEHKax II0JIOr0 Ta30BOT0 Iy3bIpd YIUIOMICHHO-

BBIXOMSILIME YCThMIIAMU B TMosocTh my3bipsd. PoraBa, UCCP. 11,0X7,0 cm. Ne 39401.

®oto 35. YmiomeHHass KapOOHATHasi MUHOAJIMHA C TMEPEXUMOM, BBITIOJHEHHAsT 30HAaJb-
HO-KOHIUEHTPUIECKUMU ChepoauTaMu KajbllUTa U PaBHOMEPHO3EPHHUCTBHIM KaJIbIUTOM.
Mynuna Topa, YutuHckass o6a. 5,0X2,0 cm. Ne 83041.
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®oro 36. 3amenieHue chepoTUTOBON KOPKM KaibluTa (KPacCHBIN), BBIAEIUBIICHCS Ha
CTEHKE Ta30BOTO MYy3bIPs, 30HAJIbHO-KOHLEHTPUYECKUM XaIleJOHOM:

a — ooumii Bum; 7,0X5,5 cM; 6 — meranb, IIOKa3bIBalolllash B3aMMOOTHOILIEHME XajlleoHa C
KaTblMTOBbIM chepomutoM, yB. 2. Mpeic TeBu, Kamuartka. [IpoTpaBieHO KHCIBIM pPacTBOPOM
anuzapuH-cynbdara-S. Ne 83744,
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®oto 37. 30HaNbHO-KOHIEHTpUYECKHE C(HEPONUTHI KalbliUTa, HAPOCHIME Ha CTEHKU

ra3oBOro My3bIps, 3allOJIHEHHOTO IO3X€ 30HaJbHBIM XanlegoHoM. Mbic Tesu, Kamuarka.
10,0X4,5 cm. Ne 83044.

®oro 38. TlogHOCTBIO 3aMelIeHHBIE XaaleAOHOM cGhepoNUThl KalbliuTa B mepudepu-
YecKOW 4YacTH XaJleJOHOBOW MHUHIAIWHBI, TEMHO-Oypoe — THUAPOKCHUIBI Xeje3a, BblIe-

nuBIIMECS Tpu rceBmomMopdusanmu Kaxbuura. 6,0X3,0 cm. Mpeic Tesu, Kamuarka.
Ne 82988.
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®oto 39. 30HaNbHO-KOHLEHTpUuYecKue cdeponutsl Kanbpuuta (?), HapacTaBlIMe Ha
CTEHKM Ta30BOTO MY3bIPS, 3aMEIIEHHbIE XaJLEAOHOM M KBapleM, 3allOJHEHHOTO MO03Xe
OHUKCOBBIM araToM; XOpOIIO BHUIHBI MEPEeKPUCTANIU3AlMUsI OeNbIX CIOEB OHHUKCA [0
KBapla ¢ o0pa3oBaHUEM MOJOCTed COKpalleHUs (BblleTaunMBaHuA?), SIUIUYHOE CTPOCHUE
HEKOTOPBIX CJIOEB, MX BOJIHMCTasi MOBEPXHOCTb M XapakKTep Mepexoia OT OHUKCOBOIL
30HAJBHOCTM K oOOJeKalolleil, BbIPaXalOMIMiICs B YTOHEHUM OOJIEKAIOIIMX CJIOEB IO
Mepe MX Tepexofia B OHUKCOBbIe (BOJM3M W TOA LIMPOKUM CJIOEM ILIECTOBAaTOro KBapla,
C/Iaraloliero rOpM30HTAIbHBINA CIOM M MEPEeXOonsliero B obJieKalouuii — BBepxy). Poccbinmu
no p. 3es1, AMypckas o6n. 4,0X2,5 cm. Ne 84767.
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®oto 40. Iupokas cUMMETpUYHAas 30HaJbHO-KOHLEHTpUYeckas cdeponutoBas
KaJbliUTa, MOKPBIBAIOIIAsi CTEHKUM MUHIAIUHBI;

6oBaTo-0eibiit). Mpeic Tesu, Kamuarka. 7,0X4,0 cm. Ne 83045.
88
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®oro 41. [Mupokass acuMMmeTpuuHass cheposuTOBasi Kopka chepoJTUTOBOTO KalblIUTa
B OCHOBaHMM MMHIAJIWHBI, 3alIOJTHEHHON 30HAJIbHO-KOHLEHTPUYECKUM XaJllEIOHOM, a 3a-

TEM aMETMCTOM, BBICTMJIAIOLIMM CTEHKM LEHTpajdbHO# monoctu. Meic Tesu, KamuaTka.
11,0X6,0 cm. Ne 83755.

®oto 42. KanbluT-XanlleloHOBasi MUHIAJIWHA C OTOPOYKOM cenagoHUTa (O4eHb TOHKAs)
W KajbliUTa 1O Tepudepuu W 30HATBHBIM KalbIUT (cepoe)-XaldllefoHOBBIM (Oenoe)
arperaroM, BO3HUKIIMM MpPU YaCTUYHOM 3aMeLleHUU CGHEpOoNUTOBOTrO KajlblLUTa MUHAA-
muHbl B 0aszanbre. P. Huxwusasa TyHrycka, OBenkuiickuii aBT. okpyr. 1,0X1,0 cwm.
Ne T-132 (u3 KepHa TpanmnoB ¢ rayouHsl 1153 m).
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X COCTaB XapaKTepusyercs CIeIyloWMMU Haubojee BaXHBIMM OTIUYUTENb-
HBIMM YepTamMu: a) Oosee BbICOKUM conepxaHueM Si,0O; 6) OTHOCUTEIBHBIM
nosbllleHMeM coxepxaHud Na,O, T. e. mosbimeHueM oTHouweHusa Na,O/K,O;
B) MOHMXEHHBIM coiepxkaHuem H,O".

YcnoBust 00pa3oBaHMs JIUTODU3

Cohepuueckass BHeIIHAs hopMa TUTOGU3, JOCTHUrAlOIIUX 6ojiee 1 M B moreped-
HUKe, cBoeoOpasue ux ceueHuit (cm. puc. 17, 18; doro 107, 108, 110—112,
114) u oOwine MX Ha HEKOTOPBIX ydyacTKaX 3eMHOW IOBEPXHOCTU B BUIE
MPOAYKTOB BBIBETPUBAHUSI KUCJIBIX BYJIKAaHUTOB (Hampumep, B Iutatax Operos,
Aivinaxo, lOTta u psne npyrux B CILIA) He Momim He mpuBiedYb K cebe BHUMA-
HUs JI0fei, TBITABIIMXCS TMOHSATH MX OoOpa3oBaHWUeE.

K camMbiM paHHMM U3 TaKUX IOMBITOK OTHOCSTCSI, OYEBUIHO, B3TJISABI
unpeiiues CIIA, 0O0BSCHSIOMMX TMOsIBIeHWE TPOMOBBIX siuIll. Tak, COIIacHO
Hx. CuHkaHkacy, uHAeiubl miaeMeHu [opsiuero ucrtouHuka u3 LleHTpanabHOro
OperoHa «Iojiaraju, 4To 3TU TBEpAble MOYTH KPYIJIble XalleAOHOBbIE KOHKPEIUU
SIBJISIIOTCSI METaTeJbHBIMU CHapsiiaMH, BbIOpAChIBaBIIMMUCS BBICIIMMHU GoramMu
ByJIKaHOB KackamgHbIX rop BCSKHUI pa3, KOrma 3TH HaJAMeHHbIe OO0XeCTBEHHBIE
co3maHMs BbIXommau u3 cebs» [250, t. 1 c. 309].

Bosnee BeposTHO, YTO Ha3BaHWE TPOMOBOE SMIIO CBSI3aHO CO CIIOBOM
rpomoBasg nrtuua (thunderbird), cymecTByolmeM B aHIJIUHACKOM  SI3BIKE
U OTHOCSIEMCS K MHUGDOJOTUUSCKONW TMTHIE HEKOTOPbIX CKa3aHUU CeBepo-
aMepUKaHCKUX WHACHIIEB — OTPOMHON TTHIIE, MOPOXIABIIEH TPOM, MOJHUIO U
noxab [268]. B srom ciaydae nutodu3bl — 3TO giilla TPOMOBOI IITHUIIBL.

IMepBoe HayyHOe OOBSICHEHUWE 00pa3oBaHUs MYyCTOT B JUTOGU3aX MpUHAI-
nexur, oueBumgHo, @®. Puxrtrodpeny [238], cBA3bIBaBUIIEMY WX IIOSIBJICHUE C
paciiMpeHreM Tras3a, pa3pbIBaloIIero Bs3KYIO JiaBy. Biau3kue B3TJIsAbI BbICKA3bl-
Bt u JAx. Wpmuurc [193]

B nanpHeiilieM uccienoBaTeNM BbICKA3bIBaJM CaMble pa3iMYHbie MHEHUS
0 TMPOMCXOXAEHUU JUTOGU3, B TOM 4YKHCIE W B3aUMOUCKIIOYAIOIIUE APYT
npyra. He kacasch Bcex HHMX, NpUBEIEeM JIHMIIb HEKOTOpble MO0 Haubosee
KUBYyYMe, TUOO «HOBEWIMe» W3 TpeacTaBIeHUN.

Tak, WM. Cumabo [258] cumran, 4YTO JIUTODU3BI — DTO IIepBas CTaaus
XUMHMYECKOT0 M MEXaHUYeCKOro M3MeHeHUss chepoJUTOB, TepsIOIMX CHavajia
Oyieck, a 3aTeM LeMeHT. [Ipy 3TOM OH CYUTal, YTO HEPACTBOPUMbIE YACTHUIIBI
yAQISIIMCh MEeXaHUYeCKUM TyTeM, a KpeMHe3eM KOHIEHTpUpOBaJicsi B 00pa3o-
BaBIIMXCs KaBepHaX B BUIE XajlleAoHa (arata).

Cpean aMepuUKaHCKMX UccliegoBaTesieil, MPeuMYIIECTBEHHO TeMMOJIOIOB,
MIMPOKO PACIpPOCTPaHEHbl MpPEACTaBIeHUSI O TOM, 4YTO JUTOMU3BI BO3HUKIU
B pe3ysibTaTe COKpallleHUs o0beMa IIMHUCTOrO MaTepuayia (Tpsi3u), 3aroJTHSIB-
1Iero IepBUYHBIE IMYCTOTHI B pUOJUTaX. B manbHeiilieM KpeMHecolepxKaliue
pacTBOpPbl CUIMLIUMUIIMPOBAIM 3TOT MaTepuay, OTJarajiu araT B 0oOpa30BaB-
muxcs mycrorax [267]

Hexoropble ucciieqoBaTen CKJIOHHBI TPAKTOBATh JUTOGMU3bI KaK BYJIKAHU-
yeckue OOMOBI, TpeacTaBisiolnMe CcO0OW BbIpBABIIMECS W3 BYJIKaHUYECKUX
XepJl CTYCTKM KHCJIOW MarMbl, TMOJYYUBINME KPymiyio ¢opMmMy U GIOUAATbHYIO
TEKCTYpYy B pe3yjibTaTe BpallleHUss B BO3AyXe, a IMOJOCTb — B pe3yJbTaTe
CXaTHUs TIPU OXJIaXAeHWU, YIMaBIIMe B MOTOKW KUCIOM JaBbl. DTU TMpeacTaBiie-
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HUsI BBICKA3HIBAIOTCSI B CPAaBHUTEJIbHO HeJaBHMX paborax [227] M NPOHMKAIOT
naxe Ha CTpPaHUIBI HEKOTOPHIX COBPEMEHHBIX YYEOHUKOB MO TeTporpacduu
[86].

OcobeHHO O0O0JbIIOEe YMCIO paboT IOCBAIIEHO OOBICHEHUIO OOpa3oBaHMS
cheposonioB, B TOM YHCiIe W JAUTOMU3, B PUOJIUTAX B pe3yJbTaTe KPUCTAJ-
JIN3aIMA  JBYX HECMEIIMBAIONIMXCS CWIMKATHBIX pacIjaBoB C 00pa3oBaHUEM
9MYJIbCUOHHOU BKPATIEHHOCTU OJHOTO CHJIMKATHOTO CTeKJIa B MaTpUIIe Apyroro *
[84, 118, 147, 259].

Jlutoussl, 3amoNHEHHBIE XalIleNOHOM (araToMm), WHOTIAa OOBSICHSIOTCS
Kak TIPOMYKTHI 3axBaTa pPUOJUTOBOW MarmMoil OOJOMKOB BMEIIAIOIIUX KpeM-
HUCTO-CJIAHLIEBBIX TTOPOJ, TepepabdaThiBAIOIIUXCS B SIIMY M JaXe pacllIaBIsiB-
muxcsad B Kamau SiO, (MHOro JeTyuyux), oOpasylollUX 3MYJIbCUIO B IIOpOIE
B pe3yJibTaTeé HECMECHMMOCTH M CTaBIIMX sapaMu autodus |[152] — rubpugHas
TUTIOTE3a CpenUd TUIOTEe3 3aXBaTa KCEHOJUTOB W JIMKBAIUU.

CylIiecTBYIOT TaKXe IMpeACcTaBleHUs O Cy0aKBaJlbHOM TreHe3uce cdeposion-
OB, OYEBUIHO BO3HUKINWE TI0 AaHAIOTUM C O0Opa3oBaHUEM  IAPOBBIX
(mogymieyHbix) 6OasanbToB. Hawmbosiee 4YeTKO 3Ty TOYKY 3pEHUs BBIPA3UIU
. M. BonosukoBa u O. Il. EnuceeBa [20], KoTopbie, paccMaTpuBasi YCIOBUS
¢dopMuUpOBaHUSA IIApOBBIX JIaB COCTaBa KBapleBoro mnopdupa, o0pas3yolmx
npocion B 1,5—2 M B KUCIBIX 3G @y3uBax BepxHero kKapboHa B KypaMuHCKOM
xpebTe, mucanu: «BepxHekapOOHOBBIE TPOCIOM MIAPOBHIX JiaB 00OpPa30BaNNCH,
cKkopee Bcero, B BOAHBIX OacceitHax. OO0 3TOM CBUIETEIbCTBYIOT YETKO CIIOUCTHIE
ropu3oHTEl TyhdOUTOB U TydONEecUYaHWKOB, KOTOPble TOJCTUIAIOT TPOCIOU
IIApPOBBIX JIaB.

IMotok Kwucyol JaBbl, HACHIIIEHHOW KCEHOJUTAaMHU, TIOMagas B BOIHYIO
cpemy, pacriajaeTcsl Ha «Ilapbl», KOTOpbIe jgajiee, IMepeKaThiBasCh IBUXEHUEM
MOTOKa BONBI, OTJIaraloTcsl Ha NHe OacceiiHa B 0Oojiee CIOKOWHBIX YydacTKax,
I1e 3aTBEPACBAIOT OKOHYATEJbHO.

«laper», oTmoxuBmivecss paHbile, AeGOPMUPYIOTCS M CIUTIOIUBAIOTCS OT
CTOJIKHOBEHMSI C TIOCIENyOIIUMU «IapamMu». ...Ilocienyoimumy BbIOpocaMu
MUPOKJIACTUYECKOTO MaTepuaja cocTaBa KBaplieBoro mopdupa (B AanbHeHiIeM
VIUIOTHEHHOTO ¥ PacKpHUCTAJUIM30BaHHOTO C oOpa3oBaHueM c(epoanToBOi
CTPYKTYphI) IIapbl OBLIM CIEeMEeHTUpOBaHb» [20, c. 262—263].

He yrny6nssce manee B 3TOT IMepedyeHb, OTMETUM TIpeXIe BCEro Haumboiee
BaXXHbBIE TeOJIOro-TieTporpacduyeckrue 0COOEHHOCTU JUTOMDU3 U YCIOBUN WX 3ajie-
raHusi, KOTOpble HEOOXONMMO YYMUTHIBATH TPU pPEUIEHUU BOIPOCA WX TeHe3Huca.

1. Jlutodussl mnpuypouyeHbl K KHCIBIM BYJIKaHUTAM pPUOJUT-JAIUTOBOTO
coctaBa, TMpuyeM JUTO(GU3BI, 3aMOJHEHHBIE XallleOHOM (araToMm), CBSI3aHBI
B OCHOBHOM C M3MEHEHHBIMU, B TOM YHUCJIe MAJEOTUITHBIMU TOpoxaMu — (esrb-
3uTtamMu, (penb3odupaMu M T. m. **,

* HecocTosATeIbHOCTh 3TUX TIpeacTaBieHmii paccmorpen H. S, Bomstmiok [21].

** Ha tepputopun CCCP Takme mnopombl Haumbojiee IIMPOKO pacpOCTPaHEHBI
B paiioHax IOxHoro m Iro-Bocrounoro Kazaxcrana (AitHaOymak, Mamait Capsl,
Apxapnbl, AnTeIH-DMenb, [toprac, Cemeii-Tay) m CeBepo-Boctoka CCCP (6acceiin
p. KombiMbr, YykoTckuii mOJMyoCTpoB), a Takke B 3abaiikaabe (Myxop-Tana,
Tap6anbmkeit), 3akaBkaszbe (Capuiox, Kewammar u nap.), [lpumopse (CepreeBka)
[20, 21, 46—49, 84].
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2. JIutopussl, Kak M cHEpOJOUABI, OOBIYHO PACIIOJATAIOTCs BOOJb JIMHUN
dronganbHOCTH MOPOABI, HAa 4TO oOpalnanu BHMMaHue mocie Jx. WMpmuurca
[193] mHoOrMe ucciemoBaTeNu, OMKCHIBAIOIIME YCJIOBUS 3ajieraHus JUTODU3 U
chepoIonmoB.

3. Tekctypa JauTohu3 TECHO CBsI3aHAa C TEKCTypOill BMEMIAIOIMUX UX
mopoa — B Mopoaax ¢ (GpamoumaibHON TeKCTypodl W JuTOuAHOUN ((peabp3uToBOit)
BHEIIHEW 000JI0YKOM NUTOGU3 (GIIOUIANTBHOCTh, KaK IMPaBUJIO, IMPOAOIKAETCS
B auTodu3ax, uHorma 0e3 M3MEHEHHUs HalpaBeHUs], a MHOTIA HEMHOTO W3rU-
6asicb BOKPYT BHYTPEHHEN IOJOCTH.

4. JIutTou3bl TUMUYHBI JJISI HEKOTOPBIX MPUPOMHBIX TOJII BYJKAaHUYECKOTO
cTeksja, B TOM 4YKCJIe O0pasylolIMX IMpPOCAOM B MIHUMOPHUTAX, HO OTCYTCTBYIOT
B MPOAYKTax NeBUTPUGUKAIMU TEXHUUECKOTO CTEKJa, B TOM 4Yucie B cdepo-
JIUTaX, CpeaM KOTOpbIX HeT cdepoautoB ¢ mnojoctamu (b. Bapiman, ycrtHoe
coobIeHue).

5. CocraB cdeponounoB (B ToM yucie JUTOoGU3) OJM30K K CYMMapHOMY
COCTaBy BMEINAIOUIMX IMOPOA, XOTS W OTJIMYAeTCsl MHOrIAa HEKOTOPHIMHU JeTa-
aamu  (yBennyeHue copepxaHusa SiO,, otHomeHus Na,0/K,0 u ymeHblnieHue
comepxanuss H,0"), aHaIOrMYHBIMU DA3IUUYMSIM MEXIY TEXHUUECKUM CTEKIOM
u ero cepoauTOBEIMU AeBUTpUduUKaTamu [13].

Bce 3TO 3acrtaBisgeTr mpuU3HATh oOpa3oBaHUe JIUTOGOU3 U CHEPOJIOUIOB
BOOOIIle KaK MPOAYKTOB CBOEOOPA3HON KpUCTANIM3alUK HEMOCPEACTBEHHO BO
BMellamolneid ux mopome. B 3Toit CBSI3M 0cOOOTO BHUMAaHMSI 3aCyXKMBaIOT
paborsr ®. Paiita [275], B. Bpaitana [157; 158; 159], Ox. X. @®eta u
Ox. B. Anutonu [175], K. C. Pocc u P. JI. Cmuta [94], B. B. Hacenkuna
[78], H. {. Bomstmioka [21], B. II. KoBanesa [53], B. Il. KoBameBa u
0. B. TukyHoBa [54], TIIaTelbHO U3YYUBIIMX CTPOCHUE CHEpoOSIOUIOB U
JuTodu3 M CBSA3b MX ¢ BMemlaomuMu nopogamu B Ucnanauu; mr. KBuHcieHe
(ABctpanust), mrt. Operone (CIIHA), 3akaBka3be, 3abaiikanbe, TyBUHCKON
ACCP, mHorux apyrux paiioHax.

PestoMupys cBou HabGIOAeHUS MO 3TOMy Bompocy, @. Paiit [275] nwumrer,
YTO Tra3, BBIACISIONIMICS MarMoil TNpM ee KpUCTa/UIM3aluu, ObUl aKTUBHBIM
¢akTOopoM B pa3BUTUM JUTOPH3 B obOcuamaHax XpadHTUHHYXpUrTyp. OH
BBI3bIBAET PEKPUCTANIM3ALIMIO M BHOCUT OCHOBHOWM BKJal B yBEJIUYCHHE
pasMepa KaBepH (My3bIpeil) IO Mepe pa3BUTHUs Ipollecca KpUCTAUIU3alUMU.
®. PaiiT TakXe CYMTaeT, 4YTO B obcuavaHax XpadHTUHHYXPUITYpP, BEPOSITHO,
KaKk 4 B OOJIbIIMHCTBE APYTUX OOCUIMAHOB, NaBJIeHUE Tra3a MOBBIIIAETCS MpPU
ero BBIJEJEHUU M3 MarMbl 3a CUeT KPUCTAJIM3alMU, a TaKXe MpPU YMEHbIIEHUU
TUAPOCTATUYECKOTO JaBJICHUS B pe3yJbTaTe YCaAKud LEHTPaJbHBIX dacTeil
MarMbl TpU €€ OXJaXIeHWHU, 4YTO SBJIAETCS BaXHeWIIUM (HaKTOpPOM pa3BUTHS
IUTOGU3.

O6paszoBanne autodpus, mo @D. PaiiTy, HpoMcXoAUIO B BBICOKOBSI3KOM
pacruiaBe, IIOCKOJIBKY TpHM BHEAPEHMM YEPHOro oOCuUAMaHa B JUTODU3HI,
HaOJII0IaBIIErOCsI B HECKOJBKMX CJydasix, OOCHOMaH U3-3a BBICOKOW BS3KOCTH
npuobpetaa B TMOJOCTH (OPMY sI3bIKa, COXpaHsSIsi B IOMEPEYHOM CEYEHUU
dopMy mosocTu, yepe3 KOTOPYIO OH BHeIpsieTCS, WM. MPOAOJbHBbIE OOPO3IKH,
BO3HHUKAIOLIME KaK OTMEYaTKM HEPOBHOCTEW €€ TMOBEPXHOCTH.

PaccmarpuBas yciaoBusi obpaszoBaHus cdeposounoB, B. Bbpaitan mmmier:
«Cheponounbl He SBISIOTCS Pe3yJIbTaTOM  6blGEMPUGAHUS W 3AMeUjeHuUs
WCTUHHBIX C(PEepOSMTOB, MOCKOJIbKY B MOAABJISIONIEM OOJBIIMHCTBE OHM COBEp-
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MIEHHO CBeXHe UM He OOHapyXWMBAIOT CJIEAOB paaMalbHOW CTPYKTYypbl. ToT
dakT, 4To Te Xe TUIOCKOCTH TeYeHHUs SIBISIOTCS OOMUMM st cHeposouaoB
M TIpUMBIKAIONIE BMeEIIAIONIEel MOPOAbI, KOTOPbIe MOTYT OBITh IPOCIEXEHBI
HEMpepbhIBHO KakK B cdepojionaax, Tak M BO BMelIAlOLIel IMOpojae, yKa3biBaeT
Ha TO, 4TO cdeposiouabl He MOTYT OBITb 3aHOAHEHUEM WNYCMOM, KCeHOAUMAMU
BHEIIHETO TMPOMCXOXACHUsT (TaKMMU, KaK OOMOBI OJIMXKAWIIMX KpaTepoB),
aemoaumamu, 3aTBEpPAEBIIMMHU Ha 0ojiee paHHEW CTaaMU U 3aXBaueHHBIMU
nmorokamMu JaBbl. Cdeposionabl He SBIAIOTCA wapukamu JTUKBUPOBAHHOTO
cTeKJa B OCHOBHOI Macce papyroro crekia. OHM He TMpeICTaBIsSIIOT Co0O0it
BKANUEHUI  OKPYXAIOUIETO  0egumMpU@PUUUPOBAHHO20  CMeKAQ, TIOCKOJbKY UMe-
eTCcsl M0Ka3aTeJbCTBO BSI3KOCTU JIaBbl, BHEAPUBILNEICS 4Yepe3 TPEIIMHBI B IO-
Jplii  cheposion, CBUAETENbCTBYIONIEE B IMMOJb3Y TOTO, 4YTO Cheposona ObLI
TBEpIbIM O TOTO KaK BMellalolasi JiaBa MpeBpaTUiIach B CTEKJIO.

OcraeTcss TOJBKO OJHA aAAbMEPHAMUBHAS BO3MONCHOCMb, YTO CGhEpPOTOUIBI
00pa30BauCh KakK KPUCTAUIMYECKHWE arperaTbl B TOM CaMOM MecCTe, Tle OHM
HaXoIsATCs 10 TOrO MOMEHTa, KOTAa MpOou30lijia BUTpUbUKALMs (3aCTEKIOBbI-
BaHMe) BMellaomei jgaBb» [159, c. 62].

Onnako BbiBon B. BbpailaHa OTHOCHTENBHO CTeKJia HEZOCTATOYHO OYEBU-
JIeH, TIOCKOJIbKY <«BHEIpEHUE SI3BIKOB JIaBbl» B JUTO(GM3bI, KOTOpbIE paccMar-
pUBAIOTCSI UM KaK OCHOBa JJIsI TMOJOOHOTO 3aKJIOYEeHMSI, MOTYT IMPOMCXOMUTH
M TOTIa, KOTraa jlaBa yXe 3acTeKJoBajach, HO elle Oblia JOCTATOYHO IMOIBUX-
HOW (HampuMep, MPU TeMIepaType HECKOJbKO HUXKe TeMIepaTypbl IMOJHOTO
IJIaBJeHWs]) WIM Tporpeiach NpU TepMoMeTamMopdu3Me 0 COOTBETCTBYIOLIEH
TEeMIIepaTyphbl.

K. Pocc u P. Cmur [94] oTMmeuawT, 4TO B TOM cjy4yae, KOTJa B TETUIOBBIX
MOTOKaX B TMpoOllecce CBapuUBaHUS COXPAHUJIOCH HEOOJbIIOE KOJUYECTBO
JIETyYMX, KOTOpble MOTYT CO31aTh JAaBJIcHME TMapa, MPOUCXOAUT OOpa3oBaHME
MyCTOT C MOSIBJIEHMEM TUIIMYHBIX MUHEpaloB JuTodu3. B HeKOTOpHIX paitoHax
HacrosimMe JUTO(GU3bl pPa3BUBAIOTCS B BecbMa 3HAYMTEIbHBIX KOJMUYECTBAX,
MpUYeM CcoJepXKaHUe HX MOXET OBbITb HACTOJIbKO OOJBIIUM, YTO MPOUCXOIUT
MOJIHOE WJIM TIOYTH TIOJHOE€ YHUUYTOXEHUE TMPU3HAKOB CBapeHHBIX Ty(dOB,
KOTOpbIE MOTYT HaOJII0AaTbCsl B IOJEBBIX YCIOBUSIX.

IMosBnenue cpeponutoB u autodpus B uraumobpurax K. Pocc m P. Cmur
CBSI3BIBAIOT C TIpolleccaMu JAeBUTPUGUKALIMM — OJHOW U3 Hambojee XapakTep-
HBIX, MO0 WX MHEHHI0, O0COOEHHOCTed Ty(OB MEIMmIOBOro MOTOKa, OTJIMYaloIle-
rocsi He TOJNBKO BBICOKMM copepxaHueM Si0,, HO ¥ OONBIIUM KOJIMYECTBOM
JIETyYuX, TOMYEpPKUBAsi, 4YTO OHM HauboJjee TOJHO pa3pyllaloT TMEePBUIHYIO
TyoByI0 TeKCTypy mopoabl. OtTmedas, 4yTto JUTO(GU3BI B CBapeHHBIX Tydax
MeHee OOBIYHBI, YeM B COOTBETCTBYIOLIMX 3KCTPYy3UBHBbIX mopoaax, K. Pocc u
P. CMuT momuyepKMBalOT, YTO BeCbMa OOWIbHbIE JUTOGMU30BbIE MYCTOTHI
0COOEHHO 3aMeTHBbI B OJHOM M3 OOIIMPHBIX MECTOPOXAEHWH CBapeHHOTO Tyda
Ha 0ro-BocTokKe Aiimaxo. OHU CYUMTAIOT, YTO 3THU IMYCTOTHI OOpa3ylOTCS MpU
BBIIEJICHUU JIETYyYUX B TIPOIlECCEe PACKPUCTAJUIM3ALUU; TIPEAIojaraeTcs, 4To
9TO OCOOBIA TMeIIOBbIi Ty(d, KOTOPBI COXpaHsIT HEOOBIYHO BBICOKOE KOJIHU-
YEeCTBO JIETYYMX, DPACTBOPEHHBIX B cTekie. K MoOmoOGHBIM ke 00pa3oBaHUSIM
OHM OTHOCSIT U TPOMOBBbIe siitiia U3 Operoxa.

Jas moHMMaHWS TpolieccoB GopMupoBaHus cheposOUAOB, B TOM 4YHUCIE
He UMemuX CcGhepoJuTOBOM CTPYKTYPhI, a TMpeacTaBIeHHbIX Gelb3UTOBOM
Maccoii, OoNbIIOKM WHTepec TIpeacTaBisiioT paborer B. II. KoBameBa wu
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0. B. TukyHoBa [54]. DTu aBTOpHl ONMHMpAIOTCS Ha MOCTATOYHO TIIATEJIbHBIC
MoJjieBble U meTporpaduveckre UCCIeAOBaHUS UM Ha OINpelnesieHue COAepXKaHMS
U u Th B uccienoBaHHbIX o6pa3zoBaHusx. KpuTHUKysl mipeacTaBlieHUs] O JIMKBa-
LIMOHHOM WJIM MeTacoMaTU4YeCKOM TeHe3nce chepoouioB, OHU 0C000 TOoMI-
YepKUBAJIM, YTO TUIIOTE3a JIMKBALIMU <«BCTYIIAET B IIPOTUBOPEYME C LIEJBIM
psmoM GakTOB: TaKWX, KaK BBICOKAs BSI3KOCTb KHCIBIX M YJIbTPAKUCIBIX
pacrjiaBoB, OJIM30CTh XMMHM3Ma IIAapOBBIX TeJ M pacIUlaBIeHHOW MaccChl,
HaJluuMe HECKOJIbKUX TeHepauuil cdepuyeckux oOpa3oBaHUi, OTCYTCTBUE
OJHOBPEMEHHO COCYIIECTBYIOIIMX Tap cTekjaoda3d B KaWHOTUITHBIX BYJKa-
HUTAaX, OTCYTCTBME 3MYJbTHPOBABIIMX JIaB Ha OEMCTBYIOIIMX BYJIKaHaX, IOSB-
JeHue CcGepoauToB B IKCIUIO3UBHBIX TMopomax». OHM Xe OTMedYaloT, 4To
«BBICOKAsI BSI3KOCThb CTeKJia HUXE JUHUM JUKBUAyca He TMO3BOJIUT (dase, 3a-
HUMawlIleil MeHbIINi 00beM, 00pa30BaTh JAOCTATOYHO KpYIHbIE IIapOBbIE
BeimeneHUs» [54, c¢. 112—113]. Kpome TOro, JIMKBAaIlMOHHON TUIMOTE3e
MPOTHUBOPEYUT OOpazoBaHue CHEPOJOUIOB B PUOJIUTOBBIX MUIHUMOpPHUTAX.

Kputukyss ~ MeTacoMaTMYeCKYIo rurnoTe3y  reHesuca cheponounnos,
B. II. KoBanes u lO. B. TukyHoB [54] oTMe4aioT, 4YTO C OTHUX IO3UIHI
TPYOIHO OOBSCHUTH PE3KYI TPaHUIy MeXIy BENIeCTBOM IIapoB W BMellalo-
meid Macchl, a TJaBHOe — TPYAHO BOOOpPa3UTh TaKyl LIMPKYJISLMIO pacTBopa,
KoTopasi oOecrieunBaia Obl chepuueckyo ¢GopMy BblAeleHUA. BoimonHeHHOE
umu onpeneneHue comepxanuss U u Th B ByJIKaHOTeHHBIX MOPOIAX, BKIIOYAIO-
mux cheposouaHbie puoauthi, u U B cdeposoumax, LHEeMEHTUPYIOUIEH HX
Macce, TOpoJe B LEJIOM M B Jpyrux 00pa3oBaHUAX NPUBOAUT aBTOPOB K
BBIBOLY, UYTO «CheposuTcoAepKallie IMOPOoAbl He HaKallIMBalu J100aBOYHBIX
KOJIMYEeCTB ypaHa, IOJOOHO M3MEHEHHBIM BYJKAHOTEHHBIM IOpOJaM, U He
Tepssau ero. PaBHoe TpemM Th-U orHomeHWe W aOCONIOTHBIE COIEPXKAHUS
U u Th B HuX GJIM3KM K TAKOBBIM B JIPYIMX CXOJHBIX MO COCTaBY BYJKaHUTaX
OBICKAPCKOW CepuM, U TOTOMY 3T OOpasoBaHMsI HUKOMM OOpa3oM HeJb3sl
rnapajiein3oBaTb ¢ TUAPOTepMaibHO-3bdY3UBHBIMU MopoaamMu». W  npanee,
OTMEYEeHHBbIC pa3jiMYusi B COAEpPXaHWM ypaHa B IIapax M LEMEHTE CBUIETEIbCT-
BYIOT O CBSI3M HaOJII0JlaeMOTO IepepacrpeaejeHusl 3JeMEHTOB C IPOIECCOM
o0pa3oBaHUs IIAPOBBIX 000COOJEHMI, a COOTBETCTBME CyMMapHBIX COjepxkKa-
HMII ypaHa W Topus B C(HEPOJUTOBBIX IOPOAAX CONEPXKAHUSIM TeX XKe
3JIEMEHTOB B OOBIKHOBEHHBIX ITOPOJAAX paiioHa JOKa3bIBaeT, YTO ITOT IIPOLECC
M30XMMUYEH U, TMO-BUAMMOMY, HE TOJBKO B OTHOLIEHWM OJHOTO ypaHa»
[54, c. 114—115].

M3 dakTuyeckux HaOMIOIeHUA, KOTOpbIe CYIIECTBEHHBI TMPH peIleHUU
Bormpoca 00 ychnoBUSIX o6Opa3zoBaHus cdeponounon, B. II. KoBamen wu
0. II. TukyHOoB 0c000 BBIAEHASIOT: 1) HaloXeHUEe cPepoTOUIOB Ha IEPBHU-
Hyl0 (QIIOUIATBHOCTD TOPOABI, 2) OOBIYHOCTb PEJMKTOB MEPIUTOBON OTIEI]b-
HOCTM B Macce, BMemawolueil cdeposonnbi, 3) orpaHuYeHHOE pacIpOCTpaHe-
HHMe cGheposIONIOB, TATOTEIONIMX K MaJOMOIIHBIM WMHTPY3MSIM, XepJjaM ByJKa-
HOB, DKCTPY3MBHBIM KYIIOJIaM.

OTcioma aBTOPBI JeJIaloT BBIBOM, YTO C(eposiouabl pa3BUBAIOTCS B TUApa-
THUPOBAHHBIX CTEKJaX WJIM CTEKJIOBATBIX IOpOAAaX IPU MX BTOPUYHOM pas3o-
rpeBe [54].

YrpoueHHO TipeoOpa3oBaHue THUAPATUPOBAHHOTO CTeKJa TPU MpPOrpeBe
OHU OMMUCHIBAIOT peaklMei: TUAPAaTUPOBAHHOE CTEKJIO0 — > «CyXoe CTeKJo»+
+ H,0. Dra peakuust TOpMO3UTCSI B 3aMKHYTOM 00BbeMe M JOJIXKHA MPUBOIUTH K
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BO3HMKHOBEHUIO BBIIEJICHUI CYXOro cTekJa B TMAPATUPOBAHHOM, TpPUYEM
cyxoe CTekJo, obOpasyiollee B JaHHOW CHCTeMe CaMOCTOsITeNIbHYI0 Gda3sy, Oyaer
MPUHUMATh KarUieBUAHYI0 (11apooOpa3Hylo) ¢GhOopMy, YTO U BbI3bIBAET IMOSIBJIE-
Hue (a30BBIX TpaHUIl pasjesia MeXIy IBYMs CTEKJIaMU.

IMockonbKy peakiiust 00pa3oBaHUsI CYXOTO CTeKJa 3K30TepMUYHA, TO €ro
CcBOOOAHAsE BHeprusi OymeT BbIlle, YeM Yy THUAPATUPOBAHHOrO. DTO, B CBOIO
ouepeib, OyldeT CHOCOOCTBOBATH €ro pacKpUCTaiu3aluud B CGHEpPOUT, UYTO
u HabmogaeTcss Bo MHOTUX (HO NMajneko He Bo Bcex!) cdeponmounax. Ob6paszosa-
HUe TMapoBoii (ra3oBoii) ¢a3bl MPU BTOM IMpOLIECCe MPUBOIUT K IMOSBICHUIO
rmoJsiocTeil B ceposionsiax U K pa3pbiBHBIM SIBJICHUSIM B HHUX, T. €. K o0pa3oBa-
HMIO U3 cdeposonna TUTOGU3HL.

Takum oO6pa3oM, MOABOASI WTOTM CKa3aHHOMY, CJIeAyeT 3aKJIIOYHUTh, YTO
chepomonabl U TUTOGU3BI BO3ZHUKAIOT KaK CBOEOOpa3Hble MPOAYKTHI KPHUCTAJ-
JIM3alUu TIpU AeBUTPUGUKALIMYM PUOJUTOB, UMEIOUIUX B 3TO BpeMsI COCTOSIHUE
OueHb BSI3KOM XMAKOCTU (CTeKJa HUXe TeMIepaTypbl IiaBieHus). K atomy
BBIBOIYy MPUXOAST KaK WCCIeN0oBaTed, MOCBATUBINNE M3Yy4eHUIO Chepoon-
HBIX PUONUTOB MHorue rombl [21, 53, 54, 94, 111, 142, 173], Tak u aBTODHI,
HCCIeN0BABIINEe TeoJIoro-nerporpadudyeckue OCOOEHHOCTH KUCIBIX BYJIKaHU-
ToB [78] W 3aHMMaBIIMECS COMOCTABJIIEHWEM OTHUX SBICHUN C SIBICHUSIMU
IeBUTPU(PUKALIMA TeXHUYeCKoro crekma |[13].

B kauectBe GaronpusiTHOro ¢akrTopa pa3BUTUsS JIeBUTPUGUKALUU
¢ oOpasoBaHueM cGhEepoJOUa0B U JUTOGU3 HEOOXOAMMO BBIAEIUTH IJIUTENb-
HOE TIpOrpeBaHUEe pPHUOJUTOBBIX OTJIOXEHUN C COXpaHEHMEM B UX TOJIIE
JICTYYUX KOMIIOHEHTOB. OTO MOXET JOCTUTAThCS Pa3IUYHBIMU  TYTSIMH.
HauGonee oueBumHo: 1) mepekpbiTUe OOBOIHEHHOrO BYJKAHMUYECKOTO CTEKJa
(mepuTa, MexXITeiHa), 3ajeralollero B HUXHEH 4acTh pa3pe3a UTHUMOPUTOB,
MOILIHBIMUA TOJIIAMM TOPSYUX OTJIOXEHUN TOrO XKe WIU TOCIEAYIOIIEero UTHUM-
OpUTOBOTO IOTOKA; 2) TMepeKpbiTUe OOBOAHEHHBIX PHOJUTOBBIX IMOPOJ MOIIl-
HBIMU TOJIIIAMKM BYJKAHUTOB 0a3ajbT-aHAE3UTOBOTO COCTaBa, KakK Halpumep,
B bunna-byppa; 3) TepmomeTraMopdu3M TUAPATUPOBAHHBIX PUOJUTOBEIX
MOpOA TOJ BAUSIHUEM 0oJjiee MO3AHUX MHTPY3MBHBIX TeJ B YCIOBUSX JUTOCTA-
TUYecKoUM Harpys3ku [53, 54, 111].

Ilpyu »>TOM 0CcOGO HaZO OTMETHTb 4YACTYI0 BBIACPXAHHOCTb CpPEIHETO
pasMmepa auTou3 B HekKoTOpbix mopomax (doro 105, 106), koTopyio mpoiie
BCEr0 OOBSCHUTH BEJIUYUHON JIMTOCTATUYECKOrO MaBJIeHUs, OTpeaeasioleit
BO3MOXHOCTM pacIIMpeHUsl (pa3pacTaHusi) Ta30BOTO Iy3bIps B IEHTpe
nutodus 10 ero B3phIBa.

MexanusM (popMupoBaHUS TIONOCTEN B JUTO(PU3AX

IMponykTsl cheporuToBOil AeBUTPUGUKAILIMM TEXHUUYECKUX CTEKOJ, XapaKTepu-
3YIOIIMXCSI OYeHb HU3KUM CofepXaHUeM JeTydnx u mpexnae Bcero H,O, ormm-
4aloTCsSI TeM, YTO BHYTPU TakKUX CHEpPOJTUTOB HMKOrIa He OBbIBAET OTKPBITBHIX
nojocteit (b. Bapmian, yctHoe coobmeHue). M3 aToro ciemyer, 4To coKpalle-
HUe oObeMma, COIMpOBOXIalilee NeBUTPUGUKAIIMIO CYXOTo CTeKjIa, HeI0CTaTo4-
HO Uit obGpa3oBaHMsl JUTO(MU3, BO3HUKHOBEHHE KOTOPBIX, TAKUM 00Opa3oMm,
MOXeT OBITh CBSI3aHO TOJIbKO C pacIIMPeHMEM Ta30BOTO Iy3bIpsi, TMOSBISIO-
merocsi B LeHTpe JauTodusbl (cheposnrta) Npu pacKpUCTaUIU3ALUU OOTATHIX
JICTYYUMU TIPUPOAHBIX CTEKOJI.
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IMomoGHBIE MpencTaBlieHUs O TeHe3uce JUTOMU3 MOSIBUIUCH Y TEPBBIX UX
uccinenosareneit [193, 238], mpuuem Hambosiblllee BHUMaHWE K cebe TIpUBIe-
Kajay TOJIOCTH B JUTO(MU3aX LEHTPAITBHOTO TUIA, KOTOPble OCOOEHHO WHTEPECHBI
C TOYKM 3pEHUS 3aMOJHEHUS WX XajleAoHOM (aratom), oOpa3ymolluM B 3TOM
cilydyae WX CJETIKM C XapakKTepHoW BHemrHedt ¢dopmoii (cMm. puc. 19 u 20),
ceueHueMm (doro [10) u ckynbnrypoit moBepxHocTu (cMm. puc. 19 u 20).

OnwuceiBast 31y cKyapnrypy, ®. Paiir [275] oOpaman BHMMaHHE, 4YTO
B Heil JIerko OOHapyXWUTh OTIMEYaTKW TMPONOJbHBIX (panvajibHbIE 3JIEMEHTHI
CKYJBNTYpPH) W cdepuyeckux («cucreMa BOJH, PACXONSIIUXCS OT LIEHTpa»)
BOJIH, BO3HUMKAIOIIMX B pe3yJbTaTe Pa3pbIBHBIX Ac(GopManuii, pa3BUBAIOIIUXCS
OT HEKOTOpOIl TOUKM (IIeHTpa).

IMonmo6ubIit B3rsim ®. Paiit moaTBepxXmaeT CKYJIBNTYpOil CKoJia oOcuauaHa
n3 XpaHTUHHYXPUITYD, BBISIBISIONICHCS MPU yAape Mo ero 0J0KaM MOJIOTKOM,
W TIOMYEPKUBACT <«3aBOPAXXUBAIOINIEE» TOCTOSTHCTBO CKYJBITYPBHl TOBEPXHOCTU
cKoJia, gocTuratolieid mHorma | M. AHaJIOTUYHYIO KapTUHY MOXHO HaOIIonaTth
Ha TOBEPXHOCTM CKOJia [IPYTrMX OIHOPOIHBIX TOPHBIX IOPOJ, Halpumep, Ha
MOBEPXHOCTU 0a3anbTOBOW OpycuaTku *. B nmomosHeHMe K CKa3aHHOMY OH
MUIIET, YTO JoOble HETNPaBWILHOCTA OMHOW W3 TpaHell OOHApyXWBAIOT CBOW
OTMEeYaTOK Ha TpUJIeTAIOINIell TpaHW U TMepecedyeHUM UMU pebep Kyba, MoKas3bl-
BalOT, TEpBOHAYaJIbHOE TPUMBIKAHUE ITUX TPaHEl M TOCTENEeHHOE WX pa3aBU-
raHue IO Mepe pa3BUTHUs Tpolecca Kpuctaumzanuu. ®. Paiit cumrtaer, 4ro
Ky0 MOXET paccMaTpUBaThCS COCTOSIIUM M3 Habopa WIECTU YEThIPeXTPaHHBIX
nupamun. Eciu Hauath ¢ HeGonbmioro cdepointa, BbI3BaTh €r0 CUMMETPUYHOE
pacTpecKMBaHWE BAOJb JIMHUN TMpaMua Kyba B pe3yJbTaTe BHYTPEHHETO
ra30BOTO NABJIEHUS U TO3BOJIUTH HEIMPEPBIBHO Pa3BUBATHCS TPOIECCY KPUCTAI-
JIN3AIUU  C COMYTCTBYIOIIUM BBIJICJICHUEM JIETYYUX KOMIIOHEHTOB, KOTOpbIE
OyIyT MpOOJIXKATh Najibllie pa3ABUTraTh TBEPIble CTEHKMU, MBI TOJIYYUM OITMCAH-
Hble dopMmBl (puc. 23).

B kauecTBe emie OXHOTO W3 N0KAa3aTeJNbCTB IMOCTENEHHOCTU PAa3BUTUS IIy-
croT B nuTtodusax or ueHrpa K nepudepun @. PaiiT nmpuBoAUT MU3MEHEHUE WX
3epHUCTOCTU; HAMOOJIbIIAs 3EPHUCTOCTh OTBEYAEeT WX LIEHTPY, TOrma Kak K
nepudepun CTPYKTypa IMOCTENIEHHO CTAHOBUTCS Bce Oojee M 0Oojiee MeJKO3ep-
HUCTOM.

[pu »TOM lLleHTpanbHAs KPYMHO3EpPHUCTasl 4acTh chepoinTa, B clydae ero
pa3pbiBa, COXpaHSeTcsI B BUOe HeOOJbIIOTO Imapwka (WJIM €ero cerMeHTa),
BBICTYITAIONIETO HA OJHOW W3 TIJIOCKOCTEW, MO KOTOPOW MPOUCXOIUT pPa3phIB,
Torna Kak Ha APYrod TIJIOCKOCTU COXPaHSIETCS TOYHO TakKas Xe cdepuyeckas
BbIEMKa. DTHU JeTajii BHYTPEHHUX TIOJOCTE JUTO(PU3 IIEHTPAIHHOTO THUIIA
OTYETJINBO BBICTYMAlOT Ha MHOTrMX o6pasmax (cMm. puc. 19, 3 u 4; ¢poro 103;
106, 6; 109), xoTsa u He 6bUTM MMOKa3aHbl B. BpaitaHom Ha cxemax ¢hOpMUPOBaHUS
MoJOOHBIX mosiocTel (puc. 24).

Hapsny ¢ nutoduszamu, BOZHUKAIIUMHU IO MEXaHU3MYy OJHOKPATHOTO
B3pbIBa, WM3BECTHH JTUTOGMU3BI, 000JI0OYKA KOTOPBIX [OOpACTaeT IO Mepe UuX

* [IpekpacHble CKOJBI C OTYCTIMBBEIMM TIPOMOIBHBIMA M CEepUICCKUMU OOPO3IKAMK
W BaIMKaM{ — CJIelaMU TIPOIOJIBHBIX U CEPUYECKMX BOJH, PACXOMSIIMXCS OT MecTa
yaapa, MOXHO BUIETh Ha 0a3aJbTOBOM OpycyaTKe, KOTOPOM TMMOKPHITA YacCThb IUIOMIAIN
vM. 0. Tarapuna B Mockse.
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Puc. 23. Cxema dhopMupOBaHUs IEHTPAIBHOM MOJOCTH B JUTOodU3e B (hopMe pebepHOTo Kybda
u oTkpeiTHs nutodussl Hapyxy (I) u B3auMooTHoleHUs 0Opasywolieiicss TUTOGDU3HI
¢ (monIatbHOCTBIO BMENIAIONIETO PUOJKMTA, BHEAPSIONIETOcsS B BHUAE S3bIKa B JIUTO-
¢uzy (II), mo B. X. Bpaitany, ¢ nomoJHeHUsIMU aBTOPOB

A — E — otenbHBle cTamuy TIpoliecca:

1 — cdmounanbHas naBa: 2 — jaBa, BHEIPEHHas B MOJIOCTU JUTOQU3BI B BUE SA3bIKa; 3 — (henb-
3UTOBBI Cheposionn; 4 — MEepIUTOBOE CTEKIIO.

pa3BuUTUsA. DTO 0COOEHHO SICHO BUIHO Ha JUTO(GM3ax co chepoJUTOBON CTPYK-
Typoit (cM. puc. 24, 06).

PaspriBHass mpupona oOpa3oBaHWs IEHTPAJIbHBIX IOJOCTE B JUTO(QU3aX
XOpOIIO OOBSACHSIET TMOSIBJIeHUE B HEKOTOPBIX W3 HUX [IOHHBIX OpeK4Yuii —
00JJ0MKOB ~ cdeposionaa, CIHEMEHTUPOBAHHBIX IMOJHOCTbIO WJIM  YaCTUYHO
xanienoHoMm (aratom). [lomoOHBIe MOHHBIE OpeKYMu HaMU HAOIIOZATUCH B
obpasmax u3 AfliHabymakckoro, Tapbanpaxeiickoro u CepreeBCKOro MeCTO-
poxneHuit (doro 116; 117).

Kpome nutodhus ¢ UeHTpaIbHBIMU IMOJOCTAMU U3BECTHBI JUTOGU3BI C
TOHKMMM CHEepUYEeCKUMU TIOJOCTAMU, YEePEeNyIOUIMMUCI C TOHKUMU chepu-
YeCKMMM TeperoponkaMu (TWIa TOJIOBKM JIyKa WJIM IIBeTKa pO3bI, CM. pUC.
17,a,6), o00BYHO C (ENB3UTOBON CTPYKTYpOl, U o0Opasyioliue COBMECTHO
HEYTO BpOJE MAaKpOTMEPIUTOBOU [0 TUTAHTONEPIUTOBOU TEKCTYp C pPasMepoM
OTHENbHBIX JUTOGMU3 — TEPJIOB B NECITKM caHTUMeTpoB [95]. VYcmoBusi wux
o0pa3oBaHMsl TOKa He SICHBI U CKOpee BCEero HX IIOSIBIeHHEe MOXeT OBbITh
CBSI3aHO CO chepuuecKM-PUTMUYHBIM OOpa3oBaHUEM MEJIKUX Ta30BbIX My3bIpeit
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Puc. 24. ®opmupoBaHue IuUTOGU3BI B pe3yiIbTaTe pa3pbiBa HAYaJIbHOTO CheposnuTa
(a) ¢ ToCTemylIIUM NOopocTaHueM ee cdeponutoBoit kopku (0), mo B. X. bpaiiany,
C IOTOJHEHUSIMU aBTOPOB.

ByKBEI 0603HAYAIOT ONpEIENeHHbIE TOYKM LEHTPATBHON TIOJOCTH JTUTO(GU3BI; 3aIITPUXOBAH IEp-
BUYHBIA  C(EPOITHT, coxg)aﬂmomnncn B HEKOTOPHIX JHTO(GU3aX B BHUIE IOIYCHEPHIECKOTO
BeicTyna (poto 103; 106,6; 109).

BMECTO pa3pacTaHUsl OJHOrO, KaK 3TO HalOogaeTcss B JUTOGU3aX LEHTPaIbHO-
ro tuna. HampaBiaeHus: pacTpecKMBaHMs TaKUX JUTOGMU3 MOTYT 3aKjadblBaTh-
cs1 mudPy3MOHHON 30HAIBHOCTBIO, IPOSBISIONICIiCS IIpU OOBOTHEHMU OOCH-
IuaHoOB ¢ oOpaszoBaHuWeM TmepautoB [78, 79].

I[TpomMeXyTouHOE MOJIOXEHWE MEXAY JUTO(PU3aMU IEHTPaJbHOTO THUMA W
THUIIA TOJOBKM JiyKa 3aHMMAIOT JUTOGU3Bl ¢ ALEHTPUYHOU IMOJIOCThIO, MMEIOIIE
ceprmoBugHoe cedeHue (doto 111). HakoHel, mM3BeCTHBI JTUTOMU3BI, XapaKTe-
pusyloniMecs KOMOUMHALMEN IMOJOCTel pa3IMYHOTO TUIA, HApUMeEp, LEHTPalb-
HOM TOJIOCTM U alUEeHTPUYHOU IOJOCTH C CEPIOBMIHBIM CEYeHUEM, MUHEpa-
30BaHHBIE pa3pe3bl KOTOPBIX TOJYYMIUM Ha3BaHME «Ija3a ¢ OpoBbio» (oro
112). WU3BecTHB U KOMOWMHAIuM B JuTOobU3ax chepuueckux (IyKOBUIIETIONOO-
HBIX) TIOJIOCTEW C TOJIOCTSIMU ILIEHTPAJbHOTO THIIA.

PaspbiBHBIE SIBJICHUS, MPUBOAMBIIME K OOpa3oBaHWI0O JUTO(GU3, HMHOIIA
npuobpeTaiu CcTaauiHbIi xapakTtep. Tak, Hampumep, Iocjie 00pa3oBaHUs
JIYKOBMIIETTOAO0OHOW JUTO(GU3bI MOIJIO TMPOMCXOAUTh OOpa3oBaHUE TOJOCTU
LIEHTPAJIbHOTO THUIIA C Pa3pbiBOM JIYKOBMIEMOAOOHOW CepALIeBUHBI Ha OTAE/b-
Hble yactTu (¢doto 114). M3BecTHH TakxXe cCilIydald OOpa3oBaHUSI «MeXKCTaaWii-
HOI» OpeK4YMH, KOTAAa OTPHIB YYaCTKOB MOPOABI TMPOMCXOAWJ TMOCTE OTIOXEHUS
MepBbIX CHEpPOTUTOBBIX KOPOK XajllefoHa M oOpa3oBaHMe araTta 3aBepllajoch
yXe Tocjie TMaaeHUs] TaKuxX OOJOMKOB Ha JOHHBIE YACTU IEHTPAJbHBIX IOJIOC-
teir (dboto 139).

BpekunpoBaHrue MOXET MPOUCXOOWTh W TOC/AE OTJIOXEHWS] OCHOBHOW YacTH arata.
M3-3a 31010 BCTpeyaroTcsi 00pasiibl, pa3duTbie Oojiee TO3MHMMKM TPEIIMHAMM, HMHOLIA
3aITOJTHCHHBIMU  XaJIIEOHOM MO3AHel reHepammu (poro 140), M KIMHONTWIOIATOM
(310 0COGEHHO XapaKTepHO JJIsi 00pa3lioB Asry3cKoro MectopoxineHusi B Kaszaxcrame),
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KamelMToM (AlfHaOy1akckoe mectopoxaeHue, KazaxcraH), KoTopble Kak MPaBWIO, CHU-
JKAIOT Ka4yecTBO arata, JMOO yXymdias ero pucyHOK (kKak Ha doto 140), 1160 BbI3bIBas
pacKabiBaHHe JTUTO(GU3 Ha MHOXECTBO HEINpPaBHUJIbHBIX OOJIOMKOB.

B ciydae ciusiHUSI HECKOJBKUX JUTO(GU3 UX TMOJOCTH MOTYT COCAUHATHCS
Opyr C IpYyroM W TOCJie MUHEepaJu3aluu [OaBaTh CJIOXHBIE, B TOM YHUCJE
ranrejaeBuanbie (dpoto 128; 136) M ryceHULENOMOOHbIE BBIAEICHUS C TMEPEeXU-
MaMH, OTBeYalolMMK MecTaM KoajecleHUuu Jutobus. B Tex xe ciydasx,
KOTrJa y CJIUIIIUXCS JUTO(GU3 IMOJOCTH HE OOBEAMHSIOTCS, OHU MOTYT MMETh
onuMHakoBbI (doto 113,a) wiu pasnuuHblii (dorto 113,6) TMI MMHepalIM3alUu.

AT'ATBI, BBIIMTOJHAIOIIHWE ITOJOCTHU MHOI'O TUIIA

Kpome nuTodu3HON MHUHepaliu3alMd B PUOJUTAX TMPOSIBIASIOTCS W WHbIE
dopMbl BbIIENEHUs XajillenoHa (ararta), KBaplia, KajbllUTa U JAPYTUX MUHepa-
JoB. OHM BBIMOJHSIOT HeOOJIbIINE TPEUIMHBI, pa3BUBAlOLIMeCs] MO GIOUIATb-
HOCTH, 00pa3syiolie WHOTJa MeCTHble JMH30BUAHBIE Pa3dyBbl. DTU Xe MUHepa-
JIBl MOTYT BBIAEJSITHCSI W B OoJjiee MO3AHUX TpPEIIMHAX, CEKYIIUX DPUOJUTHI
(poto 118), yTo 0COOEHHO XapakKTEepHO MIJsI MECTOPOXIEHUI, TPUYpPOUYEH-
HeIx K puoiutam CeBepo-Boctroka CCCP [123], o6pa3oBbIBaTb HHOIIA HE
TOJILKO TPOXWIKM, HO M JIMH3bI, THe3da BO BMelmawoluneir mopoae. I[1ogo6-
Hble (OPMBI BBbIIEJEHMS arata MPaKTUYECKU He OTJIMYAIOTCS MO0 MOpPGhOIOTHU
OT OOBIYHBIX >KUJIbHBIX M THE3I0BBIX BBIMOJHEHUI, PACCMOTPEHHBIX BBIIIE
B CBS3M C omnucaHueM MoOpGhOJOruM araToB B 0a3aibTax M aHAe3UTaxX, U 0Oojee
MoapoOHO paccMaTpUBaTh MX HeleJaecooOpas3Ho.

ATATHBI, PABBUBAIOHNIUECA 1O OPTAHUYECKUM
OCTATKAM WU B OCAJOYHLIX ITOPOJAX

OTHOCHUTENIBHO araToB, BO3HUKAIOLIMX IPU 3aMEIIEHUM PACTUTEJNbHBIX OCTAT-
KOB M CBSI3aHHBIX C OCaJOYHBIMU TOPOJAMM, M3BECTHO 3HAYMUTEJIBHO MEHbIIE,
yeM 00 aratax, CBSI3aHHBIX C ByJKaHuTaMu. [loaToMy HUXe HaeTCs JUIIb
camasi obmasi XxapakTepucTukKa nx MOpGhOJOTUYECKNX OCOOEHHOCTE#l, B TaKoil
rnocjenoBatebHOCTU: 1) TmceBmomMopdo3bl arata 1o nepeBy; 2) TCEBIOMOp-
(o3pl arata Mo KOHKpeUUsIM Ipyrux MuHepanoB; 3) mnceBroMmopdo3bl arara
mo ocrarkaM ¢dayHbel; 4) MopdOJIOTUS aratoB, BBIMOJTHSIONIAX IOJIOCTU
BBIIIEJAYMBAHUS B CUJIMIIUTAX.

[NCEBAOMOP®O3bl AT'ATA I10 JEPEBY

B pasiuuHBIX MecTax 3eMHOrO IIapa M3BECTHBI IMceBIOMOpdO3bl XajlleqoHa
(arata) M JOpYyrMX MUHEpaJIoB ceMelcTBa KpeMmHe3deMa 1o gepeBy. O6Gpaso-
BaHUe OOJIBIIMHCTBA U3 HUX B TOM WJIM WHOM BHJIE CBSI3aHO C BYJKaHUYECKOU
NesATeIbHOCThIO. M3 BaXXHEWIIMX TPUYMH TaKOi CBA3UM MOXHO Ha3BaTh:
a) MaccoByl0 TuOelb [IepeBbeB Ha 3HAYUTEIbHBIX IUJIOMIANAX Jieca, IMOKPbI-
BAaIOIIET0 CKJIOHBI BYJIKAHMYECKUX arlmapatoB; 0) BO3HMUKHOBEHME MOIIHBIX
IPSA3EBBIX, CEJEBBIX, ad3PO30JIbHBIX M TOJOOHBIX IMOTOKOB, CIOCOOHBIX BBI3bI-
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BaTh rubesib NEepeBbeB M CHOCUTh WX * B JOJWHBI, CO37aBasi TaM WHOIIA
KpYIHBIE CKOTIJIEHUS M3-3a PEe3KOW TOTepU CKOPOCTU NBUXKEHWs; B) OBICTpoe
3aXOpOHEHUWEe NIepeBbeB B BYJIKAHUYECKOM MaTepuasie, IpeaoTBpalniaioniee
WX MeIJIEHHOE€ THUEHHe, T) Oonbllylo GU3NKO-XMMUUYECKYI0 aKTUBHOCTb
Ty(pOoreHHOTO BYJIKAaHMYECKOTO MaTepuaja, CJaramonero OCHOBHYIO 4YacTb
IpsI3eBbIX, CEJEBBIX W JPYTrUX IOTOKOB, M3-3a €ro TOHKOJUCIIEPCHOIO COCTO-
SHUS, OOWIMS B HEM CTeKJa, TMOBBIIMIEHHOW TEeMIIepaTyphl, CIIOCOOCTBYIOIIMX
Pa3IOXEeHUI0O JPEBECUHBI W 3aMElIeHWI0 e€e KPEMHE3eMOM, OOJBIIONW aKTHB-
HOCTBHIO KOTOPOTO XapaKTepU3YIOTCSI TPYHTOBBIE (YacTO TepMajbHbIE) BOIbI,
HUPKYJIWPYIOIIMEe B MOMOOHBIX MHopomax **.

IMceBmoMopdo3bl KpeMHe3eMa IO JAepeBY M3BECTHBI MO3TOMY IPAKTUUYECKU
BO BceX OOJacTsIx majeo- W COBPEMEHHOro ByJkaHuU3Ma. Ha Teppuropun
CCCP oHu oOHapyxXeHb B Axannuxckom paiioHe ['pysCCP, B HxHoMm
I[Ipumopne, Ha KamuaTke.

M3 3apy0OexXHBIX KPYMHBIX CKOTUJIEHUI TceBIOMOP()O3 MUHEpPasoB KpeMHe-
3eMa 1o AepeBy HazoBeM OKaMeHENbIl Jlec B OKPECTHOCTsSX Yiyreii-Xuma Ha
fore mycThiHM [00M B MOHTONMMM M IMUPOKO W3BECTHBIM HanumoHanbHBIN Tapk
CIHA — OxameHensiii  jec  ApusoHsl (poro 141 —144). Ob6GpaszoBaHue
OKaMEHeJIbIX JIEPEeBbEB TOCJENHEero Hambojee TMOJHO u3ydyeHo. [loaTomy Hike
naeTcsd OMNUCaHWe YCIoBUU UX oOpazoBaHus 1o naHHeiM b. Bpoapuka u
. Cmur [156, 252], KOTOpOE€ MOXET B HU3BECTHOI CTEIEHM CIYXUTh IIPU-
MEPOM [JIS1 OMMUCAHMS APYTMX IPOSBICHUNA OKAaMEHEJOTo [epeBa.

OkameHenblii  Jiec ApHU30HBI HAXOAUTCS B  BOCTOK-CEBEPO-BOCTOUYHOI
yactTu 1T. ApuzoHa mpumMepHo B 90 KM K BOCTOKY OT MecCTa CIUSIHUS PeK
ITyspko n 3yHu m ob6paszoBaHust umu p. M. Kosopamo, T. e. B IOro-BOCTOYHOM
yacTu perumoHa, wusBectHoro kKak Kpacounas Ilycteias. HanmonanbHBIIT
IapK 3aHMMaeT Iutomans okono 1000 kM’, HO mceBIOMOP(O3Bl XallemoHa
MO0 JepeBy M3BECTHBI W B TpUJIETAIOIUX palloHaX.

OO6pa3zoBaHKMe CKOTUICHUWI AEpPEBbEB B 3TOM pailOHE OTHOCHUTCS K TPUACOBO-
My mepuody, Korma Oonbmas 4acTh CeBepo-BocTouHoii ApH30HBI ObLTa
IIUPOKOM 00JaCThl0 CHOCAa, HU3KOU, WIUCTOM M OojoTtucToii. CUmTaercsi, 4to
OCHOBHAasl Macca JepeBbeB Oblla MPUHECEHAa CI0Jla CO CKJIOHOB TOp U BBICOKO-
TOPHBIX ILIATO, HaXoOMBIIMXCSI B 75—150 kKM K 3amagy # Ioro-zamaay oT
coBpeMeHHOI Tepputopun HanmonanbHoro mapka. O TpaHCHIOPTUPOBKE e-
pEeBbEB CBUIETENBCTBYIOT: a) OTCYTCTBHME KOPBI, BETOK M KOpHEIl TMpu XOopoliei
COXPaHHOCTM OCTAaTKOB OOJOTHOW (opsl; 0) ciaeabl TIYOOKMX HapyKHBIX
MOBPEXICHUII; B) WHOW XapakKTep pPaCTUTEJbHOCTU OOJOTUCTHIX MECT WX
3aXOPOHEHUS, UISI KOTOPBIX OBLIM TUIWYHBI pa3UYHbIEC MATIOPOTHUKU, CAroBbie
MajJbMbl, KaMbIIIX W TPOCTHUKM, OCTATKM WX OOHApyXeHBl B mopomax cdhopma-

* LBetHylo (hoTOorpadmio TOMOOHOI HEATEIbHOCTA BYJIKAHOB MOXHO BWIECTH B
KHUTEe, TIOCBSIIEHHON omucaHuio u3BepxeHust BynkaHa Cenr-XeneHc B 1980 r. (G. S.
USA, Profess. Pap., 1981, N 1250).

** B cyyae 3aXOpOHEHMsI JEPEBbEB B TOJMIIE BYJIKAHUTOB HETOCPEACTBEHHO Ha
MecTe TIPOM3PacTaHusi OObIMHO TPOMCXOAWUT WX TUPOJIN3, HE COMPOBOXIAIOLIMIACS
riceBnoMopbu3alneil XaalenoHOM W T. II. MUHepajlaMd, KOTOpbIe, OIHAKO, MOIYT
oTJIaraThCsi, HampuMep, B XOIaxX JAPEBOTOYLIEB, MMOPA3MBIIMX 3TU JAEPEBbSl TPU KU3HU
(cM. puc. 5); M3BECTHBI M CJIydad, KOIZA BYJIKAHWTBI KaK Obl KOHCEPBUPYIOT JIeC, 4IO
OMNUCaHO, HAmpuMep, Ui pa3pe3a KUCIbIX BYIKaHUTOB KemnoyctoHckoro mapka [193].
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m YuHi, BMelIAOIIMX OKaMeHesbldl Jiec *. B To Xe BpeMs 3TH OCaIKu
colmepkaT MHOTO BYJKAHUYECKOTO MMUPOKJIACTUYECKOrO0 MaTepuana, B TOM
4yyucjae THIPOJM30BAHHOTO B OCHTOHUTOBBIE TJAWMHBI. CyuTaeTcs, 4YTO OTHU
OTJIOXEHUsSI CHOCWJIMCh PEeKaMM, BBIHECUIMMU JepeBbsi OKaMEHEJOoro Jjeca Ha
paBHUHY C TOpHBIX pailoHOB. OmHako 6ojiee BepPOSATHBIM TMPEACTABISIETCS
BBIHOC OTHUX [€peBbeB MOIIHBIMM BYJKAHOT€HHBIMM TIOTOKAMM THIIA ceJieit
M J1axap.

3axOpOHEHHWE [epeBbeB IMPOMCXOAMIO MHOTOKPATHO Ha pa3HbIX YPOBHIX
dopmanmu YuHi, oObirass MOUIHOCTh KOTOPO# cocTaBiseT okoyso 190 M.

MHOI"OKpaTHOC 3aXOPOHCHME JOCPECBLEB TaKXKE  CBUIACTCILCTBYET O  KaKUX-TO
TIOBTOPAIOIIMXCA KaTaKJIM3MaxXx, HO HE O CHOCC OTMEpIIMX JOEPEBLEB pPEKaMM, KakK
CYMTAIOT MHOI'MEC aMCPUKAaHCKHE TI'€OJIOTU. Takue KaTaKIM3MBI Hapsaay C BYJIKaHWMYCCKUM
MEeIIoM M OEHTOHWUTOM — TUITMYHBIMM KOMIIOHEHTAMM 3THUX OTIOXECHUA — Xopouio
COIIaCyloTCda C IMPEACTaBJICHUAMM O BBIHOCE ANCPEBLEB HE PCYHBLIMHU, a BYJIKAHOICHHBIMM
TIOTOKaMM.

B topckuii ¥ MeJOBO# TMepuoAbl TPOUCXOMMIO OINyCKaHWe OTOW YacTu
tepputopun  CIIIA, d9ro mpuBeno K o6paszoBanuio 1000-MeTpoBOil TOJIIN
OCaJIOUHBIX TOPOJ, TepeKpbiBalomUX dopmaiuio YuHi.

B konume mema (okoino 60 MIIH. JIeT Hasax) Hadajaoch (QOPMHUpPOBaHME
CKaJIUCTBIX TOp M OCaJO4YHble OTJIOXEHHUS Meja, IOpbl, a 3aTeM M TpHaca
CTald JeHyIMpoBaThcsi. B pe3ynabTare TMOYTHM TMOJHOCTbIO OblIa CMBITa
1100-meTpoBast ToJa IOPOI, IepeKphiBalomux dopmanuio YWHI, U OoHaA OKa-
3ajlach Ha TOBEPXHOCTU. Dpo3usi 3TON (opmanuu B YCIOBMSIX IMYCTBIHHOTO
KJIMMara TpuBela K 00pa3oBaHMIO KpPYThIX OBParoB, KaHbOHOB, W3 CTEHOK
KOTOpBIX TOpYaT CTBOJIBI OKaMeHeNbIX jaepeBbeB (¢poTo 142). Hx obromMku
M3-32 BBICOKOM TJIOTHOCTM HE YHOCHUJIMCH JOXIEBBIMU TMOTOKAMHU, a HaKarliu-
BAJIUCh HAa MeCTe, B pe3yjbTaTe BO3HUKIM YYaCTKU Ha BPOIUPOBAHHOU TIO-
BEPXHOCTU C OOJIBIIMM YHMCIOM OOJIOMKOB OKaMEHEJbIX CTBOJOB (HAMpuMep,
Ha JIHe OBparoB, BUAMMBIX Ha ¢GoTo 142) **; mo TOil Xe NMpPUYMHE OHU B OOJIb-
IIOM KOJIMYeCTBe CKOMUJIKUCh Ha JHE OBpParoB M KaHbOHOB. OTHebHbBIE «IO-
JIeHbsl» 37eChb MMEIT auaMeTp a0 1,5—2 M, a camble KpyIHBIE CTBOJIBI
IOCTUTAIOT B IIMHY 15—20 M.

INceBnoMopdusanust aepeBa ¢ 3aMellleHMEM €ro XajilleOHOM M KBaplem
MPOUCXOAWIA, OYEBUIHO, MyTeM MEIJEHHOIro MpocavyMBaHMUs 4epe3 CTBOJ AepeBa
pacTBOpPOB (BO3MOXHO, TepMaJbHBIX), OOOTalleHHBIX KpeMHe3eMoM (3a cueT
MUPOKJIACTUYECKOTO MaTepuaja, MpeBpaTUBIIEroCss B OEHTOHMT) TIPU OJHO-
BPEMEHHOM BBIHOCE WJIM TMHUPOJM3€ OpraHuYeckoro marepuaina. B pesyibrare
oOpa3oBaJiuCh  TceBOAOMOpPGO3bl  XalllefoHAa IO  JepeBy, COXpaHsSIoIIue
OCOOCHHOCTM €ro BHEIIHET0 M BHYTpPeHHero ctpoeHus (dorto 143; 144),

* BOJIOTUCTBIA XapaKTep 3TOM MECTHOCTM B TpHUace IMOATBEPXKIACTCS HaXOIKaMu
OCTATKOB PA3IMYHBIX TPUACOBBIX 3€MHOBOMHBIX, Harmpumep (UTO3aBpa — KPOKOIUIO-
TOIOOHOTO TIPECMBIKAOLIErocst pa3mepoM a0 10 M 1 Maccoit okomo 1 T, MaHIMPONox06-
HBIX.

** (Obpa3oBaHuEe OOJIOMKOB — <«ITOJICHBEB» — CBSI3BIBAIOT C Pa3pbIBOM CTBOJIOB,
3aK/IQbIBACMBIM  TIPU  3eMJIETPSICEHMSIX B pe3yJibTaTe IPOXOXIEHUS BIOJIb CTBOJIOB
ceficMMYeckKX BOJH. B janmbHeiilieM 1O 3TMM OCIA0JIEHHBIM 30HAM pa3BUBAIUCH
TPELLMHBI JTMOO TIOA JEMCTBUEM MacChl OOHAXKMBIIEHCS] €ro 4YacTd, JIMOO 3a CYET MHOIO-
KparHOro 3aMep3aHusi BOIbI B HAMETHBIIMXCS TPELIMHAX.
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BIUIOTh 10 OYepTaHWUI TOAUYHBIX KOJIell M OTHeJbHBIX KieTok. Creayer or-
METHUTb, YTO B HACTOSIIlee BpeMsl 3TOT XaJledOH OKpallleH B sIpKUe KpacHbIEe,
YepHblE W NIpyTHe I[BeTa, 4YTO JeJlaeT 3TH TceBIOMOPGhO3bl BeChbMa KPACUBBIMU
(dboto 143; 144) wu xpaiiHe MHTEPECHBIMM [JIsI KOJUJIEKI[MOHEpOB *. Mecramu
B TpelIMHAX M pa3JIUYHBIX IOJIOCTSIX B 3TUX TIceBaoMopdo3ax BCTpevyaroTcs
KpUCTAJNIMYEeCKUE IIETKU KBapua W ameTucrta. MMeHHO B pe3ysibTaTe XHIIl-
HUYECKUX IMOMCKOB aMeTHCTa B KOHIE MpPOIIJIOro — Havaje 3TOTO BeKa, elle
0 OpraHM3allMyd Ha 3TOW TeppuTopuu HalMoHaabHOTrO TMapka, ObLIO B30PBAHO
0OJIbIIIOE KOJMYECTBO KPYMHBIX CTBOJOB W TOJIEHbEB OKaMEHEJNoro Jeca,
YTO HapsAy ¢ XUIIHUYEeCKMMM padpaborkamu OKaMeHeJoro Jieca, MOIIO
Obl MPUBECTH K IMOJHOMY €Tr0 YHUYTOXEHMIO.

[NCEBAOMOP®O3bI AI'ATA 10 KOHKPELIUAM
APYI'MX MWHEPAJIOB

AraT, CBsI3aHHBI C TiceBIOMOpd03aMU MHHEpPAJNOB ceMelcTBa KpeMmHesema
MO0 KOHKPEUMSIM APYTUX MUHEpaJoB, U3BECTEH M3JaBHA BO MHOTUX OCATOYHBIX
Tonmax 3eMHoro mapa. B CCCP oH npuBiek K cebe BHUMaHHE WCCIENOBa-
TeJieil B TMocleaHee BpeMsl B CBSI3M C OOHapyXeHMEM IOBEJIMPHOro arara
9TOro THMIa B paiioHe Moc. AIpacMaH W O4YEeHb XapaKTepHBIX IceBIoMopdo3
pa3IMYHBIX MUHEPaJIOB ceMeiicTBa KpeMHe3eMma 10 KOHKpeIMsM, OOHapy-
KEHHBIX B BEPXHE-IOPCKUX IeCYaHMKaX M TJIMHAX C LIEJeCTUHOM, KaJbLIUTOM,
ruricoMm rop Tyapksip.

PaccmoTpeHue ux LesecooOpa3Hee HayaThb C MCeBIOMOPGHO3 TMOCTIEAHETO
TMINa, Kak Haumbojiee TMOJHO M3YYeHHBIX. BHelrHe Takue TmceBIoMopdu3oBaH-
Hble KOHKPEIMM MMEI0T OYeHb XapakTepHyio (Gopmy. OHM iubO 1IaponomoOHbIe
co CcBOeOoOpa3HOil «KypuaBOW» IMOBEPXHOCTbIO, Ha KOTOPON  BBHIACHSIOTCS
OT/IeJIbHbIE YIIyOJEeHHBbIE IEHTPBI, OT KOTOPBIX B CTOPOHBI OTXOMSIT Iyroo0-
pasHbie Banmuku (oto 145, a), mmbo pexe MMEIOT TPYHIEBUAHYIO, TPyOOOO-
pasHyl0 M HHYI0 GOPMY M CXOIHYIO TOBEPXHOCTh. 3a OKpPYIVIYIO KypyaByio
MOBEPXHOCTh TakKWMe KOHKPELUMUW B aMEPUKAHCKON JUTepaType TMOJIyYWIn Crie-
LMaJIbHOE, XOTS M HE COBCEM TOYHOE Ha3BaHUE <«IBETHOW KamycTbl» (cauli-
flower) . WM3BecTHBI ciyyam, KOrma O3TH KOHKPEUMU pas3OUTBl TpeIIMHAMM
paspbiBa ¢ o0pa3oBaHHMEM CeNTapuil, 0co00 XapaKTEepHBIM IS MECTOPOXIECHUI
CaymoBckoii ApaBum [212].

3a pyGexkoM 3HauMTeIbHbIE IIOIIAAM, MOKPBITHIE TAKUMU KOHKPEIUSIMH,
ycTaHOBIeHH Ha cesepe MAP, B zamamHoit (okpectHoct Tauusat Typasd)
u BocTouHOM 4Yactsax CaymoBckoir ApaBuu  (okpecTHocTH An-JlammanHa
n AOKyaiika) [212], B OKpeMHENIBIX [TOJOMHUTAX, IJOJIOMHUTH3UPOBAHHBIX
M3BECTHSIKAX M cilaHmax BapmaBckoit ¢opmanuu u dopmanun Keokyk, obHa-
XKAOIMXCsd BO MHOrMX Mecrax wmrtatroB WManunoiic m TennHeccu, dopmarmit
®opr-Ilaiitn u [leHHuHrTOH B INTaTaXx TeHHeccw, Ajnabama u JXopmKus,
dopmanuu TfopaeH Ha BocTokKe oT LmHnwmuHath, mrt. KeHTYKKHM, (dopMmamuu
Pamm-Kpuk B okpecTtHocTsx XappoacOypra, mT. MHawaHa, T. €. Ha IUIOLIAAMN
okosno 6500 xkM’. CTonb LIMPOKOE paclIpOCTpaHEHHE MOTOOHBIX KOHKpeLuUit
B ueHTpaibHbiXx mrtatax CIIA mnpuBieKsiio K HUM BHUMaHUE HcceqoBaresei

* TlecTpoTa M SIPKOCTb OKPACKM OKaMEHEJIOTo Jieca ApU30HBI MOCTYXWINA MPUIMHOMN
Uil ero HasBaHust «OKaMeHesasi pamayrar.
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o6omee 100 netr Hazam, KoTopoe He ocjiabeBaeT A0 HACTOSIIETr0 BpPEMEHH.
HMMeHHO 3TUM, OYEeBUAHO, U OOBSICHSAETCS OOJBIION TpOTpecc B MX HUCCeq0oBa-
HUU, MOCTUTHYTBHIA aMEepMKAHCKUMHU YYEHBIMU, DPAOOTBHI KOTOPBIX U KIJIaIyTCs
B OCHOBY OTIMCaHUSI paccMaTpuBaeMbIXx OOpa30BaHUIA.

INepBoHayanbHble TMpeacTaBieHUsi 00 MX TeHe3Uuce CBOIMIKMCH K TOMY,
YTO KOHKPELUMM CO CTOJb XapaKTepHOW IMOBEPXHOCTbIO SIBJISIOTCS CUIMLMGDU-
LMPOBAaHHBIMU OpTaHMU3MaMU, OOpa3ylLIMMU KOpaJUIONONOOHbIE TpyMHIbl. 3Ha-
yprteabHO mo3xe @. Ban Tawmn [263] mnpuimren K BBIBOAY, YTO OHU BO3HUKIH
npu cuauiudUuKanuy KapOOHATHBIX KOHKpeluii. DTa ToYyka 3peHus Oblia
MpUHSITA MHOTUMM wucciemnoBatensmMu [189], xorss Hapsgy ¢ HeElo MOSBUIKCH
u mipeactaBieHus [239] o6 oOpa3zoBaHWM TaKMX KOHKpEUUil TIpuU Jeruipa-
TallMd CUHTEHETUYECKUX CTYCTKOB Tejisi KpeMHe3eMa.

[MompobHoe u3ydyeHUMEe 3TUX OOpa3oBaHWii, BeIToJHeHHOe T. M. YayHcoMm
u Jx. E. Dnkuncom [163], mokasaso, 4TO OOJBIIMHCTBO M3 HHUX BO3HUKIIO
MpY 3aMeIeHUU KBapILMHOM, XaJllleJOHOM W KBapleM aHTUAPUTOBBIX KOHKpe-
Wi, 00pa3oBaBIIMXCSI B dBAllOpUTaX JaryHHBIX OacceiiHoB. K. JI. MwuiiukuH
[214] yctaHOBMJI OIS MONOOHBIX TceBOIOMOpP(O3 4 TIaBHBIX TUIA MUHEpaln-
3atu  (puc. 25).

Jloka3zaTebCcTBa OOpa30BaHMUS OCHOBHOWM 4YacTH KPEMHE3EMHUCTBIX KEOJ
Kak TceBIoMopdo3 MO aHTMIPUTOBBIM KOHKpeluusiM, npusBeaeHusie T. M. Ya-
yacom u k. E. DikuHcOM, OIHAKO, HE MCKIIOYAlOT, 4YTO YacCTh HUX MOXET
00pa3oBaThcss M TMpU TceBAOMOpGU3aluM KapOOHATHBIX KOHKPELMH, KaK 3TO
mokazan JIx. Bb. Xeiic [189]. O6 3ToM cBumerenabcTBYeT: 1) TpuUCYTCTBUE
HE3aMEIeHHBIX KapOOHATHBIX KOHKPEIWi B TeX Xe€ CJOodIX, YTO OTMedaeTcs
Ox. Xeiicom, T. YoyHncom u [Ix. E. DnakmHcOM, 2) IIOCTEIIEHHBIA IEPEXOH
KOHKpeILIMii KapOOHAaTHOTO psifa K KPEeMHE3eMMCTBIM XeolaM, OIMMCAHHBIN
x. Xeiicom, 3) HabmomeHWs o00pa3oBaHUS KaeMOK XaJllleJOHa BOKPYT
3epeH KaJbllUTa B Macce IMOpTJIaHILIEeMeHTa, OTBevalolleil Mo CocTaBy H0JIO-
MUTHU3UPOBAaHHBIM M3BecTHsIKaMm [150].

MuHepanbHEIE cocTaB Xeon BapmaBckoit dopmanum usygan P. Tpumnm
[262], ycTaHOBMBIIMIT B HHUX: KBapll, XaJLeJOH, KaJbLIUT, MOJOMUT, aHKEDPUT,
06apuT, aparoHUT, CMUTCOHUT, IHUPUT, MapKa3UT, XaJbKOMUPUT, cdaaepur,
CaMOpPOIIHYIO cepy, TETUT, TIeMaTHUT, IUPOJIO3UT, KAOJMHUT, MaJaxuT, THUIIC,
JIMMOHMUT.

B Caynmosckoii ApaBuu [212], KpoMme Xeon ¢ Kyp4aBoil MOBEPXHOCTbIO —
«IIBETHOM KaIyCTbl», OOHApyXeHbI: a) MHOTOYMCJIEHHBbIC cenTapuu, 0) TOoJ-
HOCTBIO SIIIMOBBIE KOHKPELUMHW C TIJIaaKOW BHENIHEW IMOBEPXHOCTbIO, pa3OUTOM
TOHYAMNIIMMU TpEeIMHKAMU, 4YTO MPUBOAUT K CErMEHTAPHOMY BBbUIYIIMBAHUIO
OTHENbHBIX Y4YacTKOB BHEIIHEW KOPbI TOJIIMHOW HECKOJIbKO MWUIMMETPOB
(TOYHO TakKuWe e SIIMOUIHBIE KOHKpPEIUM U3BECTHBI B Topax TyapKbip);
B) KOHKpPELHU <«CMEIIAHHOTO» CTPOEHUS — C SIIIMOMIHOW KOPKOW M 3amoJjiHe-
HUEM, aHAJOTMYHBIM TUITUYHOMY 111 KeOKYKCKUX XeOom; T) XKeOoAbl C aHTUAPU-
TOBBIM BBITIOJTHEHHUEM.

B CaynmoBckoii ApaBuu paccMaTpuBaeMble O0O0Opa30BaHUS IPHUYPOUYEHBI
K JIOJIOMUTaM, HOJOMUKpHTaM (C KpPUCTA/UIMKAMU JOJOMHUTA OT 5 10 25 MKM,
MHOTOUYUC/IEHHBIMU TéTUTOBBIMM HWIJIAMM M MEHBIIMM KOJHMYECTBOM KBaplia,
MOHTMOPWJUIOHUTA M TaJBITOPCKUTA), PaKyIIeYHUKOBBIM H3BECTHSIKAM U OK-
peMHeJIbIM TIOpoJiaM  30LIEHOBOTO U TMaljieolieHoBoro Bo3pacta. Okono 10%
xeon B paiioHe TaHusT-Typasix uMeOT Tpy0O MepUIMOHANbHBIA IMOSICOK
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WJIM KaHaBKy, IapajjieJibHble HarlacTOBaHUIO *, 4TO MOKa3biBaeT MX 00pa3o-
BaHMe Ha MecTe, 6e3 M3MEHEeHMs IOJOXEHUS.

3mech Xe M3BECTHBI XEOAbl C TIMOBEPXHOCTbIO THIIA I[BETHON KaIyCThbI,
MMOJTHOCTHIO SIMIMOUIHBIE KOHKPEIUUW W KaJbIIUTOBBIE KEOIBI.

B ornmume ot xeom CIIA, xeombi CaymoBcKoit ApaBuM OBIBAIOT JOO
MOJBIMU, JIMOO IOJHOCTHIO 3aMOJHEHHBIMU XaJUEeJOHOM (MOPUCTBIM, OEIbIM
WIM TOJy6oBaTO-0eabIM), KBaplieM, aHTUAPUTOM, BO BHYTPEHHEW 4YacTh UX
BCTpeYaloTcsl CBOOOJHBIE M CJerka CLUEeMEHTUPOBAaHHbBbIE [BYXKOHEUYHbIE KpH-
cTaJuIMKM KBapua (2—7 MM B TonepeyHuke W 5—17 MM B [UIMHY) U WX
ctheponutoBbie cpocTku (oT 3 mo 10 MM B momepeuHuke). BaxkHo Takxke oTMme-
TUTh, 4YTO BO BHEIIHEH KBaplUeBOW KOpKe HEKOTOPhIX U3 Xeox OoOHapy-
KMBAIOTCS PEIUKTBl aHTMAPWTA, a B JPYrMX — KajibluTa. TakuM o06pasoM,
rnceBaomMopdusanu MoABEPrajiuch aHTMIPUTOBBIE U KaJIbLIMTOBbIE KOHKDELWU.
OTMe4eHBl TakXe TMceBAOMOpP(O3bl XajleqoHa IO KaKOMY-TO KyOMYeCKOMY
MUHepaly, MPeaNnoJOXUTEIbHO TaJIuTy.

B mosocTax HEKOTOpBIX XeoJ OOHapyXeHbl KpUCTaJIuKu TEtuta (1o
1 MM), HapacTalolde Ha TIpyOOKPUCTAJNIMYECKMId IOpy30BBIM KBapl. B xai-
IeIOHE W MEJKO3epPHUCTOM KBaplie OOHapyXeHbl HeOOJbIlINe KOJIMYECTBA
0aszajllOMUHNUTA, XJIOpUTA, NOJOMUTA, TETUTA, TUICA, TreMaTWUTAa, WJIJIUTA, MOHT-
MOPUJIJIOHUTA W TaJBITOPCKUTA.

3akaHuuMBas KpaTKyl0 XapaKTepUCTUKY KpeMHe3eMUucThix xeox Caynos-
cKoll ApaBuu, cleayer eile pa3 OTMETUTh TUMUYHOCTH IJIsI HUX KOHKpEIUuii-
CeTTapuii ¢ TOBEPXHOCThIO TUTA MAHUUPS Yepernaxu, He OMUCAHHBIX HU OJHUM
aBTOPOM B TpHUAcOBHIX oOTHoxXeHusx llenTpambHoii wactm CIHA. Ilomo6HBIE
0COOEHHOCTH, OYEBMIHO, CBSI3aHBI C PAa3JIMUYUSIMU B COOTHOIIEHUSIX CKOPOCTEil
OTJIOXEHUWII MUWHEpaJoB KpeMHe3eMa M BBIHOCA aHTUIApUTA. B OTIOXEHUSIX
CIIA n1oBOJIBHO CKOpPO IOCjie KOPOTKOW ¢ha3bl 3aMEIIeHUsI C COXpaHEHUEM
o0beMa TPOUCXOAUIO WHTEHCUBHOE BHINIENaYMBAHUE AHTUAPUTA. ODTO TIpHU-
BEJIO K TOSBIEHUIO MHOTOUMCJIEHHBIX IIOJIBIX 3KEOHI JIUIIb C HeOOJbIIUMU
peJIMKTaMU aHTUAPUTA.

B Caynosckoii ApaBuu, HallpuMep, MU3BECTHO MHOIO 3XE€OJ, LEHTP KOTOPBIX
3aMOJIHEH aHTUMAPUTOM. B 3TOM ciyyae J1erko mpeacTaBUTh, YTO TMApaTallUs
TaKOTO aHTUAPUTA TOCjie Oo0pa3oBaHUS BOKPYI KOHKPELMU KOPKM MHMHEpaloB
ceMeiicTBa  KpeMHe3eMa,  COINpOBOXIAIOMIasicss  OOJBIIMM  YBeJIMYEHHEM
o0beMa, MOXET BbI3BaTh pacTpeCKMBaHHWE BHEIIHEW KOPKM — CKOPJIYIbI
u oOpa3oBaHMe CeNTApUM IO TOMY XE€ MeXaHM3My, 4YTO UM pacTpeCcKMBaHUE
cheposonaoB Tipu  GOPMUPOBAHMU JTUTOMGU3 € LEHTPAIbHOU TOJOCTHIO.
KocBeHHBIM TIOATBEpPXKAEHMEM TAaKOro MeXaHu3Ma sBIsIeTCS OOHapyxXeHue
B KoHkpeuusx CIIA xaTtakia3upoBaHHOIO KBaplia, B TOM YHWCJe M CO ClefaMu
AHTUAPUTOBBIX KPUCTAJUIOB B LieHTpe [214].

Cpenu TNpUYUH, CITOCOOHBIX MPUBECTH K OOpPa3oBaHUIO CENTapuu, He Clie-
JIyeT WUCKJII0YaTh OYeHb MPOCTOM MeXaHU3M MX (OPMHUPOBAHUS TPHU pPa3pbiBe
3a CcYeT yBeJWYEeHUs oObeMa BOABI, MPOMUTBHIBAIOIIEN KOHKpPELUMHU B Clydae
nmpoMep3aHusi BogoeMa [0 JHAa. PUTMUYHO TMOBTOpsIOleecs IpoMep3aHue,
CTOJIb XapakKTepHOe ISl TPUPOAHBIX YCIOBUH, MOXET MPUBECTH K paclliupe-
HUIO TepBOHAYaJIbHO HEOOJbIIMX BHYTPEHHUX TOJIOCTel M 0Opa30BaBIIMXCS

* HOBC]I)XHOCTIJ 2AKEOHd, BBIICAIIMNX HApPYyXy, IIpU 3SPpO3UM 3HAYUTCIBHO CIJIaXKMWBa-
€TCdA, a HMHOrga CTaHOBUTCA U COBCPLICHHO IJIAIKOM 1oz TOJIMPYIOIIUM BO3IIEHCTBIEM
BOBIYHIHBIX ITOTOKOB, HECYHIMX IICCOK.
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Puc. 25. Cxematudeckasl 3apMCOBKa CTPOEHMS IICEBIOMOPGO03 MUHEPAIOB KpeMHe3eMa

110 aHTUIPUTOBBIM KOHKPEIMSIM C Pa3MYHbIM TUTIoM MuHepamm3aumu (I—I1V):

1— BOJIOKHUCTBIA  pa3HOOPHEHTUPOBAHHEIA Myn<p01<fixlcmnmecm71 KBapl, 2— cdepomThl
KaTBIAT

KBApLIVHA, 3 — BKIIOYEHUSI aHTUAPUTA; 4 — 14].

TPEIIMH C OJHOBPEMEHHBIM YIJIOTHEHUEM CaMOW KOHKpeluu. OITO TIpe.-
cTaBisieTcsl TeM 0ojiee BEPOSTHBIM, UYTO BCE UCCIENOBAaTENM, W3ydyaBIIWEe KOH-
KpeureoOpa3oBaHue, CXOISITCS Ha TOM, YTO OHO TIPOMCXOOWT Ha CTaguu
OTJIOXKEHUSI OCaJKa WM paHHEro auareHe3a, KOTJa OCAaNOK TPOMUTAH KUJI-
kocThlo. YTO Xe KacaeTcs paccMaTpMBaeMbIX KOHKPEIWil, TO TpeIcTaBIeHUE
00 UX TIIpOMEep3aHUM XOpOIIO CcorjacyeTcss ¢ Majloii IIIyOMHOU O6acceiiHOB
JIATYHHOTO THUTIA, B KOTOPBIX OHUW BO3HUKJIM, XOTS TOBBIIMICHUE COJEHOCTH XKUJI-
KOCTW, TUIMUYHOE JJisi JIaTyHHBIX YCJIOBUU, [OJKHO TpeboBaTh 0co000
HU3KUX TeMreparyp [Jjs Tmpomep3aHusi. CKa3zaHHOE XOpOIIO CoOTrJacyercs
W C TeMIlepaTtypoil cuiInIu@UKAIUu KOHKpEIUil, KOTOopasi IO COAEpPXaHUIO
"' O ouenuBaercs KoJeOioIIeiics OT MOBEPXHOCTHOM UM JOCTUTAIOLIE He
6onee 40° C mpum 3aXOpOHEHUM KOHKpemuit [214].

ITonoGHbIi MeXaHW3M MOXKET OBbITh MPUYMHOM O0pa3oBaHUsI M JPYIMX CerNTapuu.
OH TIpefCTaB/IsIeTcsl 3HAYUTESIbHO 0OJiee BEPOSITHBIM, 4YeM OOLICTIPUHSTAsT KOHLETTLIUS
BO3HMKHOBEHMSI TPELIMH COKPAIEHUS] CENTapuM IpU CHHEpPEe3KMce T'MIIOTETUYECKOrO
reis.  PasBuBaeMble TTpeCTaBeHMsI TTOATBEPXKAAIOTCS M TeM (DAKTOM, 4YTO Cpeau
HEMHOIMX CeITapuy, HaXoMsIIMXcs B MuHepamormdeckoM Mysee uM. A. E. ®@epcmana
AH CCCP, umeercss KalblIMT-TIMHUCTas cenTapus c m-Ba Manremuiak (N 5737,
coop 1904 1.), B KOTOpOi HapyXHas TIOBEPXHOCTh KAJIBIUTOBOTO CJIEMKA TIOJIOCTU
HMMEET Ty Xe CKYJIBIITYPY, YTO W XaJleOHOBbIE CJEMKU IEHTPATbHBIX IMOJOCTEil JHMTO-
U3 — ¢ MponoNbHBIMK M C(heprUeCKUMHU BalMKaMU — CJIelaMU TIPOMOJBHBIX U Chepu-
YeCKMX BOJIH, BO3HMKAIOIIMX TP XPYNKOW JedopMaliid C pa3pbiBOM  OTHOPOTHOTO
Matepuaiia. B KauecTBe akTuMBaTopa 3TOro TMpolecca MOTYT BBICTYIATh Ipeodpa3o-
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®oto 43. KpymHblif KpUCTall KalblLKUTa NMPU3MATUYECKOTO raburyca ¢ TYMOpOMOO3ApU-
YeCKOi TOJIOBKOIl B MOJIOCTU XallleJOH-aMEeTHCTOBOI MHUHIanuHbl. bupkendenvn. Umap —
OGepmreitd, ®PT. 7,5X6,0 cm. Ne OTI-8860.
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®oto 44. SueucTwiii araT, o0Opa3oBaBLIMiiCS B BUIE MCeBAOMOP(}O3BI MO CPOCTKY
KPYITHBIX KPUCTAJUIOB KaJbLMTa (CleayeT oOpaTUTh BHMMaHWE HAa TOHYAWLINE aXypHbIe
TIePEeropoaKN MEXIy OTHEAbHBIMU sYeiiKaMu M3 MeMOpaHHbIX TpyOokK (?), pa3BUBIIMUXCS
1Mo TpaHWIaM KpPHUCTAJIOB KajlblMTa — cpaBHU ¢ (HOTO 85) B OCHOBAaHUU 30HAIBHO-
KOHLIEHTPUYECKOTO caplep-arata; KaJblUT OTJOXHUJICS TIociae o0pa3oBaHMUSI KailMbl TO-
Jy0oBaTO-CEpOro XailleoHa, NO 30HBI LIECTOBATOTO KBapla, obiekalouieil, KaKk U Kajlb-
1IWT, XaJleJOHOBYIO KaiiMmy («kopy»). Hamau-Typy, Mouronus. 7,7X5,5 cm.

®oto 45. Ksapi-xaniegoHoBasi mnceBgomopdo3a M0 paauaibHO-IIECTOBATOMY CPOCTKY
IJIMHHO-CKaJeHOIPUYECKUX KPUCTAUIOB KajbluTa (MponojbHBI cpe3). OKpecTHOCTHU
r. [MaBmogapa, KazCCP. 7,0X5,0 cm. Ne 83275.
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®oro 46. Kapu-xanuenoHoBasi mncesroMopdosa mo KaabUUTy (ITONEPEeYHBId Cpe3 Kpuc-
tannoB). OkpectHoctu T. [laBnomapa, Ka3zCCP.

®oto 47. MuHganMHa C araToM IBYX MOKOJEHUWI; araT MEepBOTO IOKOJEHUS 3aMeLIaeTCs
KaJlbIIUTOM (CBETJO-XEAThII OJOK B TpaBoil yacTu Qortorpacduu), 4TO XOpPOIUIO BUIHO
crpaBa CHU3Y, TI€ KalblLUT CPe3aeT 30HaJIbHOCTb 3TOTO arara; araT BTOPOTO MOKOJEHUS
HapacTaeT CBepXy Ha KaJbLUTOBBIX OJIOK (BBEpXy B LEHTPE); BUIHO HECKOJBKO <«IU-
TalOMIMX» KaHaJIOB, M3 KOTOPBIX JIEBbIi NOCTMraeT Hayajla arata MEepBOTO MOKOJICHHUS,
a BTOpOil (BBepxy) — BToporo mokojeHusi. Mpic Tesu, Kamuartka. 10,0X8,0 cwm.
Ne 84768.
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®oro 48. TlceBmomopdo3a xaiilefoHa MO CPOCTKY CTOJOYATBIX KPHUCTAUIOB aparoHUTa
(?) w3 TmoJNOCTM XaNleAOHOBOW MUHAATUHBI. Apii-bormo, Mouronus. §,0X5,0 cwm.
No 84511.
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JlosoMut

®orto 49. CdeponuroBas 30HA [TOJOMHUTA, OTHEJsAIONIAs 30HATbHO-KOHIEHTPUYECKUI
araT LEHTPaJbHOW YACTM MUHIAJIMHBI OT XallleJOHOBO# BHelrHed Kopku. Apiu-bormio,
Mowuronus. 13,0X10,0 cm. Ne 83052.

®oro 50. OtaenbHbie chEpPOTUTH JOJIOMUTA W WX CPOCTKM HapacTaloT Ha 6eryio
30HY 30HAJbHO-KOHIIEHTPUUECKOTO XallleJoHa M TOKPBITHl 30HOH I1ecTOBAaTOro KBapla;
B LIEHTPEe MMHIAJIMHBI — XaJLEeIOH M HEMHOTro KBaplia; XOPOLIO BHIHBI MHOTOYUCIIEHHbIE
«MUTAIOIME» KaHalbl, YLAyOJsSiolMecs B HapyXHYIO XallleIOHOBYIO 30HY WIM Iepece-
katomue ee. Api-bormo, Mouronus. 17,0X9,5 cm. Ne 83054.
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®oro 51. Chepoautsl mosoMuTa (CBETIO-XKEITOE) Ha CJIOE KAapHEOJIOBOTO XaslledoHa;
B JICBOM BEpXHEW IOJIOBMHE — IICEBAOCTAJAKTUTHI XaslleJoHa; LIEHTPaJbHas 4acTb MHUH-
JaJuHBl 3allOoJIHEHa KBaplieM U TO3IHUM XajlenoHoMm (0enoe); uYepHOe — IMOJIOCTh.
Hanan-Typy, Mowuronust. 7,5X4,5 cm. Ne 83055.

Cugepur

®orto 52. Cdeponutsl cumepuTa Ha MOBEPXHOCTH KPYIMHOTO Ta30BOTO My3bIps. IDpug-
OGaHbsi, Benrpus. 16,0X14,0 cm. No 77348.
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BaHMsI OcalKka Ha CTaIMu IuareHes3a, COIMPOBOXIAIOLIMECS MEePexXoIOM B TMapooOpasHoe
COCTOSIHME BOJIbI, TUIWYHOM ISl OCAIOYHBIX TOMII. B 3TOM ciiydae JOKEH TPOUCXO-
JUTh Pa3pblB KOHKPELUMM TIOA JEHCTBUEM pa3pacTalollerocsi B MX LIEHTPe ITy3bIpbKa
rapa, OOpa3ylolIerocsi Mpyd MporpeBe MOPOA Ha CaMoil paHHeW CTamuu MeTamopdu3Ma.

IMceBnomopdo3bl MUHEPAIOB ceMelicTBa KpEMHE3eMa IO IPYTUM KOHKpPEeI-
SIM W3yYeHBl 3HAYUTEJBHO XYyXe€, XOTSd C HUMM WHOTIAA CBS3aHBl CKOTUICHUS
oBesupHoro arata. B CCCP k TakuM o00pa3oBaHUSIM OTHOCSTCS arathl,
WHOT[a XaJlleIOHOBBIE, a WHOT/AA XalleloH-KBapuuHoBbie (¢doto 147) co
cheponuToBOil KOpKOoil KBapumHa no 1,5 cMm TommuHoit (dorto 148), oOHapy-
KeHHBIE B OKPECTHOCTSIX TOC. AIpacMaH, BBIMIOJHSIOUIAE TIOJOCTU B TICEBIO-
Mopdo3ax MO0 KOHKPEIHUSIM CKOpee BCEro KalbIUTa.

CBoeobpa3Hblie iceBnoMopd03bl, BOZHUKAIOIINE, BEPOSITHO, TIPU 3aMeIleHUN
MUHEpaJlaMi ceMelcTBa KpeMHe3eMa KaJbIIUTOBBIX KOHKpEIWil, U3BECTHH U B
okpectHocTu beiiHey (ceBepHass 4yacThb BO3BBHIIIEHHOCTH Tyapkbip). Hus Hux
XapaKTepHbl MeJKoOyropuaTtasi TMOBEPXHOCTb, XaJllleJOHOBAas OTOPOYKA W KpYII-
HBbIE TIOJIOCTM B IIEHTPE, MOKPHIThIE OOBIYHO KpUCTaJNIMKamMu KBapua. WHorma
Ha HHUX HapacTaloT KOpKa MeJKOKpUCTalandeckoro (pebpo MeHee 1 wmMm)
OecuBeTHOTO (JIoOpUTa M OTAEIbHBIE KPUCTAJUIBI TaKoTo Xe (uiooputa M ux
NBOWHUKM TipopacTtaHusi (pebpo 5 mMm). B mpyrux ciaydasx B MOJIOCTM OKa3bIBa-
I0OTCS KOPOTKOMPU3MATUUECKHNE WU CKaJICHO3IPUYECKUE KPUCTAJIBI KaJIbIUTa
6onee 1 cm B momepeuyHuke. M3BeCTHB KOHKpPEIWU, 3aMIOJTHEHHBIE MUHEpaJIaMu
MOJIHOCThIO. B 3TOM cilyuae B 1EHTpPaJbHOW WX 4YacTM MOTYT o0OKa3aThCs
KPYMTHO3EPHUCTHIE KaJbIIUT, KaJbIUT U Oaput, ueiectuH. Ocobo Hamo mom-
YEepKHYTh, YTO YyOaJoCh OOHApPYyXWUTh WHAYKIIMOHHBIE TpaHW TI0 TpaHUIIe
KBapua u 0OapwTa, JOKa3blBalolide Oojee IMO3MHEE 3aroJHEHUE KOHKPEeIUii
0apuToOM.

loBopsi 0 MeTacoMaTMYECKMX  XalleIOH-KBAPLUMH-KBAPLIEBBIX ~ KOHKPELMSIX ¢
KpUCTAUIAMM KBaplia M KaJbllMTa B LEHTPAIbHBIX TMOJIOCTSX, OOpa3yIOIMXCS TPy
3aMellIeHUH KaJIblIUTa, HEJb3sl He OCTAHOBUTBHCS XOTSI Obl KOPOTKO Ha IMOMOOHBIX OOpa-
30BaHUSIX, W3BECTHBIX B BepxHeM KapOoHe [lommockoBbst [99]. Ocoboro BHMMaHWS
3[eCh 3acNy>KMBaeT TEHAEHIMs pacriafga IUIOCKUX JIMH3 aT/IacHOro IraTra Ha OTIEIbHbIC
MPSIMOYTOJIbHBIE CETMEHTBI, BO3HMKAIOIIME TIPM COKpallleHUM o0beMa B pe3yJibTare
MepekpucTaAUIM3alMy aiacHoro mmara. [locnenyiolee 3amellieHre MO 3THM TpeIMHAM
M C TIOBEPXHOCTM JIMH3 aT/IaCHOTo IIfara TMPUBOAUT K (DOPMUPOBAHMIO CEPUM KEOI
C KBaplLEBOW WM KBapLIMH-XaILEIOHOBOW KOPKOW, OJIM3KUX K TEM, KOTOpbIE M3BECTHBHI B
nonoMurtax y gep. PycaBkunHo. ClrieyeT OTMETUTb M PACIPOCTPAHEHHOCTh B 3THUX
JKeoax JBYXTOJIOBBIX He TMPUKPEIUIEHHBIX KPUCTAIOB KBaplla U WX CPOCTKOB, 00Opa3o-
BaBILMXCSl TEPBOHAYATLHO METACOMATMYECKMM TyTeM B KaJbLIUTE, BbIOJIHSIBIIEM
LIEHTPATbHYIO YacTh 3aMeEIaeMOro O0beMa, W BHICBOOONMBIIMXCS M3 KaIbIMTA TIPU €T0
BBIIIEIAYMBAHMU. DTHM 3KEOObl TUIA PYCABKMHCKUX HAIMIOMUHAIOT METACOMATUUYECKUe
JKeo/Ibl, 00pa30BaBILUeECs] TI0 aHTUIPUTY, OIMMCaHHbIE Bbille. K coxaneHuto, ¢ TOIOOHBIMI
xeomamu B IlomMOCKOBbe He CBsi3aHA araTtoBasi MMHEPATU3ALMS M WX TPUXOINTCS
3aTparuBaTh JIMIIb B CBSI3M C OOpa30BaHMEM METACOMATUYECKUX KEOI B ILIEJIOM.

BecbMa WHTepecHBI MeTacoMaTHU4YeCKMEe KPEMHHU U XaJleJOHbl (araThl),
4acTo 3aMellalolire He TOJAbKO BMellaolnne KapOoHATHBIE MOPOIbI C COXPaHEHH-
€M UX TeKCTYpbl, HO MU KaJbLIMTOBbIE U I11eJIECTUHOBBIE KOHKPELIMU, OOHApYyKeH-
Heie C. K. CmupHoBoit [102] B 30Hax KpaeBoii pasrpy3ku CypxaHZapbUH-
ckoro HedTsaHoro OGacceiiHa. 3mech €0 OTMeYeHbl MHOTOYMCIEHHBIE BBIXOIBI
HedTU U HePTAHBIX XJOP-KaJbLMEBBIX BOMI, KOTOPbIE MOTJIM PAaCTBOPSTH KpeMHE-
3eM, IEePEeHOCUTh €ro M IepeoTjiaraTh IMPU CMEINeHUH C TOBEPXHOCTHBIMU
cynb®aTHBIMU BOJAMM; B TECHOW TE€HETUYECKOW CBSI3U C XayllleloHOM (opMmu-
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poBaiuch ckormuieHUst cepbl M ueiaectuHa. C. K. CmupnoBa [102] omucheiBaeT
KpacuMBO OKpallleHHble B ToJy0OoBaTO-cepble M MOJIOYHbIE TOHAa KOHKPEIUH
XaJlleoHa ToJ0OHOro reHe3uca M3 paitoHa Merumray, nocrturaiomue 0,5 M B
IMaMeTpe; TOPU30HT C KOHKPEUMSIMU €0 MpociexeH Ha 4 kM. [IpuypouyeHHOCTD
MoaO0GHOro XaJlleloHa K 30HaM pa3rpy3ku He(dTSHBIX Bom, HedTe- U OUTYMO-
MPOSIBJICHUSIM XOPOIIIO COTJacyeTcsl U C JTAHHBIMU O BBICOKOM COJAEPXaHUU
KpeMHe3eMa B HedTssx — okosno 14% SiO, B HedTsAX n3 HedTIHOTO Iecka
[22], oTKyma OH MOXET BBIOENATHCS MPU pPa3joXeHUU HedDTHU U OUTYMOB,
HarpuMmep, Mpu UX oKucieHWU. Ha 3To ke yka3biBaeT U INMPOKOE pacrmpocTpa-
HEHUE B OIMMCBIBAEMbIX pailOHAX YEPHBIX KPeMHEi, a TakKXe CaMOPOMHON Cephl.

OueBUAHO TaKOW Xe TeHe3MC MMeeT M KBaplWH, BBIACISIONIMICS B BUIE
KPYIMHBIX KOHKPEIMN B KapCTOBBIX KapMaHaX BepXHEW 4YacTu TMPOAYKTUBHOM
TofmM Pa3moiibCcKOTO CEPHOTO MECTOPOXIEHMS, XaJlledOH MHOTUX APYrux
mect [102].

[CEBJOMOP®O3bl AlATA 10 OCTATKAM ®AYHbI

B ocamouHbIX, TMpexae Bcero KapOOHATHBIX TOJIIAX OYEeHb HIMPOKO DPa3BUTHI
MPOLIECCHl METACOMAaTUYECKOTO 3aMelleHUsl KajJbllMuTa, pexe — IPYrux Kapbo-
HaTOB MUHepajaM{ CceMelcTBa KpeMHe3eMa, Cpelu KOTOPBhIX T[JIaBHYI0O pOJIb
urpatoT xanienoH u keapi [137, 195]. Ilpu aToM yacTo 0Opa3yloTcs TCEeBIO-
MOpGhO3bl, COXpaHSIONIME BCE TEKCTYPHbIE OCOOEHHOCTU MCXOMHBIX MOPOI, B TOM
yyciae W BHelIHMEe (OPMBI Pa3IUYHBIX YacTeil OPraHU3MOB, COCTOSIBIIMX U3
KaJblUTa WM aparoHuTa. B HEKOTOpBIX Ciydasix 3TU TMCeBIOMOPGO3bI Mpel-
CTaBJIeHBl XaJlleOHOM (araToM), OTJIUYAIOIIMMCS SIPKOW, pPEAKO YepHOU u
JIPYroi OKpackKaMu; M3-3a 3TOTO U crenuduueckux GopM Takue araTbl M3IaBHA
MpUBJIEKAIM BHUMaHUE JIOIEH.

Cpenn paccMaTpuBaeMbIX 0OO0pa3oBaHMi TIpexjae BCEro cjeayer Ha3BaTh
XaJIllefloHbl (araTel), CBs3aHHBIE C KopalaMu. 31eCh XajledoOH MOXET IOJi-
HOCTBIO 3aMelllaThb KOpaJibl, OT KOTOPBIX OCTaeTCs JHUINb PUCYHOK CTPOCHHUS
nx moctpoek (doto 149), o0Opa30BBIBATH TCEBIOCTATAKTUTH Ha Kopajax
(poto 150), m6O BBIIEISITHCS B YIIIYOJICHMSX KOPAUIOBBIX MOCTPOEK, YACTHIHO
nx 3amemasi (cdorto 151, 152). Ckopee Bcero 3TM SBJIEHUS TPOTEKAIU B
SMUTCHETHYECKYI0 CTanuio (GOPMUPOBAHUSI OCAAKOB, IPUYEM B HEKOTOPBIX
cly4asix, Kak, Hamlpumep, Npu oOpa3oBaHuM TiceBaoMopdo3 xajlenoHa IO
KopaiaM B paiione r. Keipmxkanu, HPb, aTomy B GoJibIoii Mepe GJIarompusT-
CTBOBaJia TOABONHASI BYyJKaHW4YecKasi AesTeJIbHOCTb. Takuhe ocalkd MHOrIa
MOIVIA JeHYIUPOBATLCS U JaBaTh MOBBIIIEHHbBIE KOHLIEHTPALMU COAEPXAIIUXCS B
HUX TICeBIOMOP(}03, B POCCHINAX, HaMpuMep, MPUOPEXKHO-MOPCKUX, KaK 3TO
n3BectHOo Ha bamnact-Iloitat, ®nopuma, CIIA, toe spoaupyoTcss CUIUIUGUIIT -
poBaHHbIe TIOponbl dopmanuu Tamra.

Cunuuudukanus KopauioB B 3Toil ¢hopMallMu CBSI3bIBAETCS ¢ BO3AEHCTBUEM
Ha OTH OTJIOXEHHUS TOBEPXHOCTHBIX W OJM3MOBEPXHOCTHBIX BOA, KOTOPOE
IIPOMCXOOUT M B Hacrosiiee Bpemsa |[165].

Oco0blif MHTEpPEC MPEeNCTaBASIOT MCeBAOMOPGDO3bI XalleJoHa M0 PaKOBUHAM
MPEeCHOBOIHBIX OpioxoHoTux Goniobasis, cyliecTBOBaBIIMX B 03. locuym, IIT.
Baiiomunr, CIIA, okomo 47 MJIH. JIeT Ha3al B DJOlleHEe, ITPUHUMABIIUXCS
paHee 3a nceBmoMopdo3bl Mo pakoBuHaMm Turitella [154]. Goniobasis obutanu B
o3epe, MMEBIIEM MaKCUMAaJbHYIO TIYOMHY OKOJIO 25 M, B YCJIOBHUSX BBICOKOTO
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Eh n monmxenHo#t coneHoctu. b. Bpeiitraynt [154] cuuTaer, 4TO 3aMelleHME
KapOOHATOB OTJOXEHUI TOHMOOACUCHOTO TOPM30HTA KPEMHE3eMOM ITPOUCXO-
IUJIO TION AEeHCTBMEM TPYHTOBBIX BOJ C OOpa3soBaHMEM IPEKPACHOTO TEMHO-
KOPMYHEBOTO 10 YepHOTo roHmobacucHoro arata. CKOIMJIEHUs MOAOOHOrO arata
BCTpevaloTcsl OOBIYHO B IMOPOJAAX, MOKPBIBAIOIIMX HEOOJbIINE XOJMBI Ha Tep-
pUTOPUM I0TO-BOCTOK BaitommnHra — cesepo-3aman Komopamo, CIIA.

ATATDBI, BBIMTOJIHAIOHNIWE [TOJOCTU BBIINEJIAYMBAHUA B CUIMLWUTAX

JlutepaTypHbIX MaHHBIX MO MOP(OJIOTMU araToB, BBIMOJHSIONIUX TOJOCTH B
CWJIMLMTAX, TpPaKTUYeCKU HEeT, XOTs oOpa3oBaHUe IMOAOOHBIX BbIIEICHMIA
KpeMHe3eMa oTMevajoch HeomHokpaTtHo [19, 99, 109].

N3 nmx B MunepanornueckoM Mmy3ee uM. A. E. ®epcmana AH CCCP
HauboJiee TIOJHO TpeacTaBieHbl araTbl [10AMOCKOBbSI M3 OKpecTHocTei r. ['o-
nytBuHa u nep. Crapas CHTHS.

Mopdosiornyecke 0COOGEHHOCTH TMOMOOHBIX araToB OIMPENEJSIIOTCS TMPEeXIe
Bcero Mopdosiorueit mojocrteit, B KOTOPBIX OHM OTJarapTcs. Tak, OHU MOTIyT
UMETh OJIM3KYI0 K U30METPUYHOM B cedeHUM (HOPMY M XapaKTepHYIO CTpyHYaTyio
CKyJNbNTYpy TOBepxHOocTH (oto 155), nubo uMeTh BecbMa TPUXOTIUBBIC
o4yepTaHUs C OOJBIIUM YMCIOM YIIyOJIeHU, pa3meeHHBIX MEJIKUMU OCTPOKO-
HEYHBIMU BajJIMKaMM C HEMpaBUJIbHBIMM TpaHuuamu (doto 156).

XapaKTepHbIif MPU3HAK TaAKUX araToB, BBISIBJISIOMMIACS HA UX TMOJIMPOBAHHOMN
MOBEPXHOCTU,— OOMJIME B HEKOTOPBIX M3 HHMX TOHKHUX TUIOCKUX U HIJIONOH00-
HBIX B CEYEHMM PEJIUKTOB BMelllalonieil mopoasl, 06pa3yooIIux MecTaMu CBOEOO-
pasHbie ckorieHust (dporo 158; 161).

IMceBmocTamakTUThl XajilenoHa (arata), HapacTalollMe Ha 3THU PEJIUKTHI,
CO3MAI0T XapaKTEPHYI0 W IOoA4Yac KpacUBYIO TEKCTYpY IOJAMOCKOBHOIO arara
(dboto 158; 161). B mosocTsiX BbIllleJauMBaHUS, COMEPKAIIUX JUIIb TCEBIO-
CTaJIaKTUTHI, JIETKO BUIETb, YTO MOCJIEIHHE MOTYT MPHOOpETaTh IMOJOXEHUE He
TOJbKO TOYTH TMOMYMHsIONeecs cuiaMm rpaButauuud (poro 162, a), HO u
CYIIECTBEHHO OTKJIOHsIOIIeecss oT Hux (doto 162, 6).

Jnast momoOGHBIX MOAMOCKOBHBIX araToB THMIIMYHBI CPAaBHUTEIbHO HEOOIb-
masi TOJIIMHA XallleAOHOBOTO cjos (0O0BIYHO B Tmpeaeidax 1—2 cMm, peako
5 m maxe 10 cMm) m OGoJsiblIoe YMCIIO HE3AMOJHEHHBIX XaJlIETOHOM ITOJIOCTEH
(boto 159; 161).

[Mo-BUaAMMOMY, C TyCTOTaMM BBIIIEJaYMBaHUS B CHJIMIUATAX CBSI3aHBI U
araTbl, BBITTOJHSIONIME TTOJOCTH B KOHKPELEMOAOOHBIX XeJBakaX B M3BECTHsSKaX
paiiona r. Kocob6a, llermnorpaackoit 06;1., Kazaxcrana, umelomuecss B GoHgax
Munepanoruyeckoro wmyses um. A. E. ®epcmana AH CCCP. [Iag atux
obpasoBanuii (poro 153; 160), mocturaromux 20 cM B MOIEPEYHUKE, TUIIMYHA
yIUIOIIeHHAass KOHKpeleomnono6Hass ¢opma. Mx mepudepuueckass yactb mpen-
CTaBJieHa CEepbIM CWJIMIIMTOM, BMEUIAIOIIUM MECTaMU OCTATKM KOPaJIOB W pa3-
JIMYHBIX MOJUTIOCKOB (doTo 160, 6) MolmHOCTBhIO OKOojo 1—2 cM. LleHTpanbHas
4acTh UX COMEPXKHUT IMOJIOCTh (MHOTIAA HECKOJbKO IOJOCTEl), OOBIYHO JIMIIb
YAaCTUYHO 3AMOJHEHHYI0O KOPKO U3 IJIOTHO MPUJIETAOIINX KPYITHBIX KPUCTALJIOB
KBaplia WIM SICHO IIOJOCYAThIM XaJleIOHOM C THUIWYHON TOYKOBUIHOW TIO-
BEPXHOCTBIO, 00pa3ylomuM KOpPKM TpuMepHO 1,5 cM TonmuHo#. B oTmenbHbIX
Xeonax oOHapyxkeHbl TceBIOMOpGhO3bl OOJIeKAHUs XajledoHa MO0 KpucTaiam
TeMHO-¢duoneroBoro dawoopura (dboro 160, B). B 3TOM Xe paitoHe M3BECTHBI
KBapll-XaJIeJOHOBbIE ¥ XaJlleJOHOBBIE (araToBbIe) KWJIOMONOOHBIE Teja B
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CUJIMLIUTAX W KBaplieBble, WHOTIA XaJlleJOH-KBaplieBble XEOIbl B PHIXJIBIX OYypPbIX
u3BectHsIkax (¢oro 153).

M3 aratoB I0BEJIMPHOTO KavyecTBA, Pa3BUBAIOIIMXCS B MOJOCTSIX B MeCUYaHU-
Kax, HeJib3sd He YIMOMSHYTb araTthl OacceiiHa p. Hema Ha ceBepe Wpkyrckoit
001, (okomo 400 kM k ceBepy oT 03. baiikam). [laBass uUX XapaKTepUCTUKY,
B. K. XnaHoB mucan: «AraTel TSTOTEIOT K HMXXHell 4acTu paspesa TylIaHCKOU
CBUTBI M TIPUYPOYEHBI K IMPOCIOSIM 3€JIeHOBATO-CEePhIX apTrUJUIUTOB, MOIIHOCTH
KoTopbiXx OoT 3 mo 30 cm. ...OOBIMHO CeKpelUMH MAaCCHBHBIE, peXe C OmHOM
WIM HECKOJbKUMU BHYTPEHHUMHU TMOJIOCTSIMU pa3nudHoi GopMmbl. CTeHKHU
MOJIOCTei TJanKue, JMOO TMOKPHITH IIETKaMW KajbliMTa, OapuTa, KBaplia, pexe
aMeTUCTa. B HEKOTOpBIX CeKpelusix INepeia 3aloJHEHUEM BHYTPEHHEW IMOJOCTH
KaJbLIUTOM  BBIKPUCTAJJIM30BAJICA TMUPUT B BUIAC CPOCTKOB KPUCTAJJIOB
KyOn4eckoil (hOpMHEIL.

®opMupoBaHMEe HENCKMUX aratoB TMPOUCXOAUJIO B IMYyCTOTaX, KOTOPbIE
00pa3oBauCh Cpeiu CIa00CIeMEHTUPOBAHHBIX MEJKO3ePHUCTHIX IMEeCYaHUKOB,
MPUYPOUYCHHBIX K TPOCI0AM GoJyiee TJIOTHBIX aprUUIMTOB paHHEKAMEHHOYTOJIb-
HOro Bo3pacta. B mycTorax o0pa3oBaJMCh THUIMYHBIE araThl. B nuH3ax
CJa00CLIEeMEHTUPOBAHHBIX TMECYAHUCTBIX IOPOA IPOUCXOAUI0 (HOpMUPOBaHUE
SIIIMOBUIHBIX araToB. 3/eCh XaJlEeIOH BBIMOJHII MHOTOYMCIEHHBIE MYCTOTHI
camMoii pa3HOOOpa3HO#l (OpMBI, BCIEACTBUE YEro MOJy4aauch MHOTOpUCYHYATHIE,
MeCTPO OKpallleHHbIe araThl C BKJIIOYEHHWEM B BHUIE DPEJMKTOB 3€JE€HOBATO-CEPBIX
MeCYaHWKOB M TMECYAHUCTBIX aJeBPOJUTOB.

HemnocpeacTBeHHOM CBSI3W ¢ U3BEPXEHHBIMM IOpOAaMU CHOMPCKUX Tpa-
MoB 31ech He HaOmwgaercsa. OmHAKO MapareHe3uc MUHEPaJOB M HalUdue
TPammoBbIX MHTPY3Uil B Tpeleiax pacnpoCTpaHeHWs] OTIOXEHHUU TylIaHCKOMi
CBUTHI MO3BOJISIIOT MpeArojaraTh TeHETUYECKYI0 CBSI3b araToB ¢ 3TUMHU MOpPOJa-
Mu. WHTeHCHMBHOE TIpOsIBIieHHWE pa3pbIBHOW TEKTOHUKM B pailoHe co3aaer
OJIAarONPUSTHBIE YCIOBUS s LUPKYISILUM BOIHBIX pacTBOpoB» [39, c. 292—
293].

3AKJIIOYEHUE

M3noxeHHBIE MaTepualn IOKa3blBaeT, YTO araToBasi MHWHepaau3alusi pas3-
BMBAeTCsl NIPAKTUYECKM B JIOOBIX MYCTOTAaX M TMOJOCTSAX BYJIKAHUTOB OCHOBHOTO,
CpelIHEr0o M KUCJIOTO COCTaBa — ra30BBIX MY3bIPsSX, JUTO(GU3aX, MOJOCTIX BbI-
ropaHusi JApPEBECHBIX OCTATKOB, TpPEUIMHAX W TOJOCTSIX, BO3HUKAIOIIUX B
MEXILIApPOBBIX MMPOCTpaHCTBAX IMWIIOY-JaB, B pe3yjbTaTe TEKTOHUYECKUX
HapylleHUil; B MEHbIIed Mepe OHU CBs3aHbl C TPEIIMHAMU OTAECIbHOCTU U
(onaanbHOCTH, TMOJOCTSIMUM, BO3HMKIIMMM [0 TE€M WJIM WMHBIM TPUYMHAM B
NIpeBecUHe, 3aXOPOHEHHOW B ByJKaHUTaX. Bce 3TO roBOpUT O CBsI3U araToBOi
MHUHepaJIM3alud ¢ MpoleccaMyd THAPOTEePMAIbHON NesITeIbHOCTH, TPOSIBIIS-
IOUIMMKCST TOCe WU3JIUSHUS ByJKAaHUYECKUX IOpPOA Ha Oojiee TO3IHEW WIK
3aKJIIOYMTEIBHOM CTaJuM MPOLIECCOB, Pa3BUBAIOIIUXCSA B 00JACTSAX aKTUBHOIO
BYJIKAHM3Ma.

B ocamoyHbIX MOpoxax araTbhl, C OJHON CTOPOHBI, 3AIMOJHSIOT IYCTOTHI
pasHOro THIA, HAMpUMeEp TMOJOCTH BbIIIEJaYMBAHUS CWJIMLIKUTOB, C APYroi
00pa3yioT 1nceBIOMOpGhO3bl M0 KOHKPELHUSIM APYruX MHHEpasoB (IMPeuMyIecT-
BEHHO KaJblUTa U aHTUAPUTA), MO Pa3JUYHBIM OPraHUYECKMM OCTaTKaM.
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Bce 3TO cBUIETENLCTBYET O OONBIION aKTMBHOCTH KpeMHe3eMa He TOJIbKO
B TUAPOTEPMAJbHBIX pacTBOpaX, BO3HUKAIOUIMX Ha TMO3AHMUX  CTaaUsIX
BYJIKAHMYECKHUX TPOLECCOB, HO M B IMpolieccax CeaMMEHTallMu, AuareHe3a u
naxe TpU COBPEMEHHOM MUHEpPasoo0pa30BaHUMU.

B 3akiioueHue repBoii yacTW paGOTHI 1ieJecOOO0pa3HO MPUBECTH CBOIHYIO
Tabuiy MopdosornuecKux 0cCo6GeHHOCTe araToB pas3HoOTo reHesuca (tabi. 4),
CHyXalllyl0 OCHOBO# ISl BBISIBIEHUSI UX MOPGOJOrnYecKUX TUMOMOPMHBIX
0CO0EHHOCTe!, OTMEeTUB Haumbojiee BaXKHbIe 4YEepPThl araToOB Pa3HOro THUIIA.

Aeambi, cés3aHHbIE ¢ OCHOGHbIMU W CPeOHUMU 6YyaKaHumamu (oaszarsmamu
U aHde3umamu)

1. lng paccMaTpuBaeMbIX araToB 4Ype3BBIYAHO XapaKTePHBI BbIICICHUS
B BHWJEC MUWHAAJIWH, 3alloJHSIOMMUX Ta3oBble my3eipu. Kacasce ycinoBuit
dopMuUpOBaHUS  KPYMHBIX Ta30BBIX  IIy3bIpeid, TIPEACTABISIOMMUX  COOOit
BMECTUJINIE Haubojiee WHTEPECHBIX B TPOMBIIIJIEHHOM OTHOIIEHUU araros,
cliefyeT OTMETUTh, YTO BechbMa BaXHBIM B WX (OPMUPOBAHUU SIBISETCS
U3JIUSTHUE JIaBbl Ha OOBOJHEHHBIE M AUCCOLMMpYIOIIKUE Mopoabl. [IpuBeneHHBIE
NaHHbIE TIOKa3bIBAIOT, 4YTO WMEHHO 3TU YCJIOBUSI Haubojiee OJIarONnpusITHBI
st hopMHUpPOBaHMWSA OOJIBIIOTO YKCIAa, B TOM UKCJIE KPYIMHBIX Ta30BBIX
my3bipeii W MaHuaenbimTeiiHOB. bBosee Toro, um3BecTHO [97], uyTO UBNMUSHUE
0azajnbTa Ha CyXoil cyOCTpar TPpUBOAUT K OOpa3oBaHUIO TUIOTHBIX IIOPOI,
MpakTUYeCKU HEe colepXalluX Ta30BbIX Iy3bIpeil.

2. TlpuuyuHBl BO3HUKHOBEHUS Ta30BBIX MYy3bIpell W pPa3JIUYHBIX TOJOCTEN
B 0a3zanbToMIax JOCTaTOYHO pa3zHooOpa3Hbl. B To Xe BpeMsi mo mopdoiaoru-
YEeCKUM OCOOEHHOCTSIM 3TUX TOJOCTeil, B3aMMOOTHOUIEHUSM WX APYT C IPYIOM,
mojoxeHuo B 3hAOYy3UBHOM Tejle OHM CYIIECTBEHHO OTJIMYAIOTCS JPYyr OT
Ipyra, 4YTO TIO3BOJISIET B psiiec CIy4aeB BBISIBUTh KOHKPETHBIE YCJIOBUS WX
o0pa3oBaHUs.

3. UzyueHue GopMbl araToBbIX MHWHIAJIWH, OCOOEHHOCTEHl CIWUMaHUS WX
Ipyr C JpyroM TIOMOTaeT TIOHMMaHUI (GU3UKO-XUMUYECKOTO COCTOSTHUS
W3JIMBIIETOCS paciulaBa, AWHAMUYECKUX YCIOBUI ero 3acTeiBaHus. [lepcrnek-
TUBHBIC YCJIOBUS JUIST OOpa3oBaHWS KPYMHBIX IMy3bIpeil, a CIeIoBaTeIbHO,
u Haubojiee 1EHHBIX B TMPUKJIATHOM OTHOIIEHWM araToBBIX MUHAAJIUH —
W3JIUSHUS JIaBbl Ha OOBONHEHHBIE TIOPOABI U CIIOKOMHOE €€ COCTOSHUE B
MEePUOJ BBINEJICHUS Ta30BBIX ITy3bIpeil.

®opma araToBbIX MUHAJIMH TUTOMOP(HA IS OTIENbHBIX MECTOPOXIE-
HUN WIM UX y4acTKOB.

4. B mocTMarMaTM4ecKyl0 CTaauio Ta30Bble IIOJOCTH B 3¢ GY3UBHBIX
Tejax, Kak M TIpoYMe IIOJIOCTM B HUX, BKJIIOYas TPEIIMHBI pa3pbiBa, YacTo
3aTOJIHAIOTCS PA3IMYHBIMU MUHEpallaMM, CPeId KOTOPBIX BO MHOTHUX CIydasx
mpeobyiamaloT xanmeaoH (arat), KBapil (B TOM 4YUCIE W aMETHUCT), KaJbIUT.

5. B raszoBeix Ty3bIpsAX B 0a3anbToOMIaX TpPH OIPENETEHHBIX YCIOBUSIX
MOTYT BO3HUKAaTh HACTBUIbHBIE JIABOBBIE COCYJIbKM, WHOrOa 0Opasylolue
«IIETKW» B TIOTOJIKE IIy3bIpsi, HACTbUIbHBIE 3aHaBECU U JIOHHBIE HACTBUIU,
Mo3Xe TUAPOIUIYIOINNECS B TUIPOCWIMKATHI, SBISIOIIUECS OCHOBHBIMU
KpacsAlMMU TMUTMEHTAMU MHOTHUX araTOBBIX MOXOBUKOB M simM. HacTwlibHbIE
JIaBOBBIE COCYJBbKM W JOHHBIE HACTBUIM TUIHUYHBI [UIS araToOBbIX MWHIATUH
B 0a3zanprougax W TIPENCTaBISIOT co00l TUTIOMOpP(HBIE 00pa30BaHUSA [IJIs
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TABJIMLIA 4

Mopdosnornueckne 0COOEHHOCTH araToB

MuHepaibHBIE Tesa ®opma BbIIETCHUI Tenetnyeckuii T
MuHpaIMHb (cnenku AraTsl OCHOBHBIX U
Ta30BbIX ITy3bIpeil) cpenHux 3¢ dy3uBos

a) OIMHOYHbBIC lapo-, gifie- u 6a/IOHONOLOOHbBIE

I'pyuieBunHbIC
Konnueckue
Tpybuatsie
JlaHueTOBUIHBIE
0) caumnmuecs TaHTeneBUIHBIE

M HOXeCTBEHHbIE:
a) OecrnopsOYHbIE
0) akcuaibHbIE (cnumniuecs BIOJTb
OINpElEJEHHOM, 4alle BEepPTUKAJIbHOM,
ocu)
B) 0ObeMHble
B) c saBoBbIMU Tepe- C JaBOBBIMU IepeXUMaMU
kuMamMu U BTéKamMu  C HaCTBUIBHBIMM COCYJIbKaMHU
C [OHHBIMM HaCTBUISIMU
I) ¢ JOHHON SIIMOI AraT, BBINOJHSIOUIMI amnuKajdbHbIE 4YacTH
MUHIAQJINH; MOBEPXHOCTh pasjiesna C IOH-
HOIl SIIIMOI 4acTO B BUAE BOTHYTOrO JHA
OyTBUIKU
Crnenku mosiocteit MHOro Cenky MOJOCTeil OT BBITOPEBUIMX pPacTH-

pona TEJIbHBIX OCTAaTKOB
Cienku XOIoB APEBOTOYIIEB
Jlutoduss
a) OJMHOYHBIC YeueBuileoOpa3Hble (KOCTOUYKM JJIsI cUe- AraTtbl PUOJIUTOB

TOB)
Cienku LEHTPaJIbHBIX IOJOCTEil, OTBe-
YalOIIUX OTPULIATEIbHBIM pPEeGEpPHBIM KpH-
cTajjgaM KyOu4eckoif CHHTOHMM (TpOMO-
BbIC SIIIA)
BeimonHnenue cdepuyeckux ImoaocTei Jy-
KOBUIIEMTOAOOHBIX JUTO(GU3
BbinmonHeHue aleHTPUYHBIX CEPHMOBUIHBIX
B CeUYeHUHU mosocTeil nutodus
Beimonnenne nauTodu3 ¢ KOMOMHUPOBaH-
HBIMU TIOJIOCTSIMU".
a) LEHTPaJbHOI IOJOCTM U aLEHTPUU-
HOU («TJ1a3 ¢ OpPOBBIO»);
0) cdepuyeckoil (JIyKOBUIIEITOTOOHOIT)
U LAPOBUIHOW LEHTPAJIbHON
0) coumnmuecs Be3 oObenmHeHUS TONIOCTEN:
a) TaHTeJeBUIHBIE;
0) akcualbHBbIE;
B) aKCHUOJUTOBbIE (ILIOCKOCTHBIE)
C o6beaMHEHUEM IOJOCTEI:
a) raHTeJeBUIHBIE
0) akcuaJbHbIC
B) aKCHOJIMTOBBIE
B) ¢ JaBOBbIMM «cTa- C JIaBOBBIMU BTEKAMU
JIaTMUTaMU»
r) ¢ poHHoW Opek- Kapkac moHHoli Gpekuuu
ymeit
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MPOJOJNIXKEHUE TABJ. 4

MuHepalbHbIe Tesa ®opMma BbIIETCHUIA lenetTnyeckuii v
Bpexunst mpobieHust KapkacHble (GopMbl IIeMeHTa OpeKIMK Aratbl  OCHOBHBIX,
CPeIHMX W  KHCIIBIX
3¢ dy3uBOB
MMpoxuiku B TpeumHax: [TpoXMIKM: Aratbl pa3HbIX IeHe-
a) KOHTpaKLIMU a) HaleJO BBIMOJHEHHBIC XAILEIOHOM TUYECKUX THTIOB
W IPYTMMU MUHepaiaMu,
0) TEKTOHMYECKMX 0) uMelolMe LEHTpPalIbHbIe —IOJIOCTH,
B) BBIIIIEIAYMBAHUS OTpaHWYECHHBIE TIOBEPXHOCTHIO Cheposu-
MeracoMaTuyecKue IMpo- TOBBIX KOPOK — XalleIOHa, IIETKaMK
KWJIKU KBapua (ameTucra) W T. 1.
l'uesna l'He3na B MeXIIApoOBBIX MPOCTPAHCTBaX AraThl OCHOBHBIX W
MUJUIOY-J1aB cpentu x 3¢ dy3uBoB
'Hesna B Mectax mepecedyeHMs NpPOXWI- AraThl 3a3HBIX TeHe-
KOB YeCKUX THUIOB
Cnenku monocteil Bbie- bamskue K M30METPUYHBIM Aratel  cununudu-
JaYMBaHUsS  CHJIMLUTOB [IpUYyIIMBO-UCKPUBICHHbBIE IIPOBA HHBIX oca-
TOYHBIX OO
[IceBnomMopdo3bI TI0: ATratbl  OCaIOYHBIX
a) MHMHepabHbIM KOH- [10 KypuaBbIM aHTMAPUTOBBIM KOHKpE- OO
KpeuusiM UM («IIBETHASI KaITyCTa»)
ITo KapGOHATHBIM KOHKPELIMSIM
0) OpraHMYECKUM Ilo:
ocraTkaM a) JepeBbsIM

0) Kopaiam
B) MOJUTIOCKAM

OTAENbHBIX MeCTOpOXAeHUU. TOYHO Tak Ke TUMOMOPOHBIMU JJISI OTAE]bHBIX
MECTOPOXIEHUM SIBISIIOTCS KOJbLEBbIE M IMOJYKOJbILEBbIE MEPEeXUMbl MUHIA-
JIMH, JJABOBbIE CTEPXHU, MPOTHIKAIOIIME HEKOTOPbIE W3 HUX.

6. W3noxeHHBIE MaTepuajl He MOATBEpXIaeT MpeACTaBIeHUI O TreHesuce
araTOBBIX MUHIAJWH B 0a3ajibTOMIaX JMKBALIMOHHBIM IyTeM, BBICKa3bIBaeMBbIX
OTHENbHBIMU HccliemoBarensmMu  [16]*. IlpotuB nMKBaLMMU, B YaCTHOCTH,
CBUJIETEJBCTBYIOT cieayionide (akThl: a) XaauedoH (KBapu X T. M.), KaJbLMUT
W Ipyrvue MUHEpadbl 3aIlOJHSIIOT OOBIYHO YacTh Ta30BBIX IYCTOT IOJHOCTHIO,
TOra KaK OCTaJbHble OKa3bIBAIOTCS YAaCTUYHO 3aTllOJTHEHHBIMU WM HE3aroJ-
HEHHBIMU BOBCe; 0) CBOOOIHAsI MOBEPXHOCTb YACTUYHO 3aIOJHEHHBIX WIK
He3aroJHEHHBIX BOBCE My3bIpeil OOBIYHO TIylankasi, OJiecTsiiasi, 4TO MCKII0YaeT
BBIIIE/IAYMBAHNE «JTMKBALIMOHHBIX Kalejb» Ha IMO3IHEM 3Tare; B) MPOHUKHOBE-
HUe JIaBbl B ra30Bble My3bIpU ¢ OOpa30BaHMEM HACTBUIBHBIX COCYJEK, JOHHBIX
HACTBbUJIEH WM C TIOJMHBIM WX 3arojiHeHueM; T) dopMbl agedopMauum u
KOAJIeCIICHIIMM Ta30BBIX IMy3bIpeil, OCOOEHHOCTM WX pacmpeneaeHuss B 3body-
3UBHBIX TeJax.

* QOcTosTeNTbHYI0 KpUTUKY paboTel I1. b. Baitnepmana u A. C. CMMpHOBOI mamm
H. B. ApkamseB u b. H. IllapoHos [6].
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Cka3zaHHOe He WCKJIIoYaeT JIMKBAlMIO W3HAayajJbHOW Marmbl, BbIpaxalo-
mylocsi B TOsABICHUU B 3(GGYy3MBHOM Tejle MHOPOAHBIX SMYJIbCHOHHBIX
Karejab, OOBIYHO MEJKHUX, CHJIMKATHOTO COCTaBa, 3aMelIalOUIUXCs IO3XKe
XJIOPUTOM W TMOAOOHBIMM MUHepamamu [86, 119], karuie (11apo) BUIHBIX
BKpaIUICHHUKOB cyiabdumoB [217], xapoonatoB [42, 240], B TOM 4wHcie
¥ 00pa3oBaBIIMXCS IPHM 3axBaTe MarMoil KapOoHaTHBIX Xuia [58], muddepen-
manvio 3G ¢Gy3uBHOTO paciuilaBa B pe3yJbTaTe YaCTUYHOUW KPUCTAIM3AUU
C «BIIPBICKMBAHMEM» OCTATOYHOIO pacijlaBa B ras3oBble Mmy3eipu [146, 148,
246], 4TO CO CBO€il CTOPOHBI MOTJIO OBITH ONHON M3 MPUYMH OOpa3oBaHUS
HACTBUIBbHBIX COCYJIeK M IOHHBIX HACTbUIE B HUX.

7. OCHOBHBIMM TOMCKOBBIMU KPHUTEPUSIMU Ha KOPEHHBIE araTOIpOSIBICHUS
B 0asajqbTaXx W aHIE3UTaX, OCHOBAHHBIMU Ha U3YYEHUM MECTOPOXACHU
3akaBkasbsts u CeBepHoro Tumana, b. H. IllaponoB, H. A. ApkamgbeB u
E. B. HacracueHKo cuuTamOT: «a) pacIoJIOXEHUEe MECTOPOXICHUII arara
B paiioHax TpPOSIBJIEHUS] OCHOBHOTO M CpPEIHEro BYJKaHW3Ma, TSATOTEIOIMIMX
K OIpenejeHHbBIM Te0JIor0-CTPYKTYPHBIM 30HaM. B ckiamyaThiX 001acTsIX
OHM HAaXOMSITCS B TMOABMXHBIX 30HaX B3BreOCUHKJIMHAJIBHOTO THIA Pa3BUTUS;
06) pa3MmellleHWe MECTOPOXIEHHUI arata B OJArONMPUSITHBIX TIeOJIOrO-CTPYKTYp-
HBbIX 30HaX KOHTPOJMPYETCsS Pa3pbIBHBIMM HApYIIEHUSIMU; B) MECTOPOXIEHMUS
arata SIBJISIIOTCS THIPOTEPMAaJbHBIMU HU3KOTEMIIEPATYPHBIMU TIPUITOBEPXHOCT-
HbIMM OOpa30BaHUSIMU, OTOPBAHHBIMU OT Tepuoaa GOPMUPOBAHUS BMeELIAIOIINX
MOpON 3HAYMTEJIbHBIM IMPOMEXYTKOM BpeMeHH. BDTOT (akTOp BecbMa BaXeH
JUIE OLICHKM TePCTIEKTUB MECTOPOXIEHMsI, TaK KaK OOWIbHBIA W JIMTENbHBIN
MOATOK pPAacTBOPOB M3 TJIYOMHHOrO oOdYara, HacbIlleHWE WX KpeMHe3eMOM 3a
cYeT BMEIIAIOIIMX TMOPOJ SBJSIOTCS HETPEeMEHHBIM YCJIOBHEM 00pa3oBaHUs
KPYMHBIX CKOIUIEHWI araTa; I) TEeKCTYPHO-CTPYKTYpHbIe 0COOeHHOCTH 3hdYy-
3UBHBIX TIOPOJ, TEKTOHMYEeCKasi MpopaboTKa M XUMHYECKUN COCTaB HX, a
TakXe TUIPOTepMaibHOEe HW3MEHEHHEe MOJIKHBI PaccMaTPMBATLCS KaK 4Ype3Bbl-
YaifHO BaxXHble (AKTOPbI KOHTPOJSI Hal pa3MellleHWeM araToBOil MHUHepasin3a-
MM B TMpefesax OJIATOMPUSITHBIX TeOJIOr0-CTPYKTYPHBIX TEKTOHUYECKMX 30H»
[135, c. 216].

Aeambt, CBA3dHHblE C puoasumamu

1. nsa paccMmaTpuBaeMbIX araToB Haubojee XapaKTepHO BbIICJICHUE
B BUIE BBIMTOJHEHUS] TOJOCTEeN NIUTO(PU3, MNPUYPOUYEHHBIX TOJBKO K CHJIBHO
OOBOJHEHHBIM pPUOJUTAM, M3 YEro clieayeT, 4To s oOpa3oBaHUs JIuTodDu3
TpeOyeTcss BOASIHOW Tap, KOTOPBIN JOJXKEH BO3HUKHYTH IPU IMPOTPEBE MOHM00-
HBIX TIOPOJ; CyXWe CTeKJia, KaK MPUPOIHbIE, TaK U TEXHUYECKHE, pacKpucTal-
JIN30BBIBAIOTCS € oOOpa3oBaHUeM CcGEpoJIMTOB, HE COJAepXaluX BHYTPEHHUX
MOJIOCTEN.

2. OTcyTcTBHE KpYIIHBIX TIOJIOCTel B cdepoanuTax, oOpa3yloInxcs B
CyXOM CTEKJie, CBUIETEJIbCTBYET O TOM, 4YTO MJsg 0O0pa3oBaHUS TOJOCTEeH
B JnuToduM3ax CoOKpallleHus] oObeMa TIpU Tepexole U3 CTEeKJI00Opa3HOTO
COCTOSTHUSI B KPUCTAJUIMYECKOE HEIOCTATOYHO.

3. Jlutopu3sl BO3HUKAIOT pPa3pbBIBHBIM IYyTEM IO Mepe KOHIEHTpaluu
raza (maBHbBIM o6pazoM napos H,O) Bo BHYTpeHHeil UX 4YacTU MpU IOTepe
WCXOIHBIM CTEKJIOM BOIBI W €ro AeBUTpUDUKAIUU. IDTOMY CIIOCOOCTBYET
JUTUTENIbHBIE ~ TIPOTPEB  CTEKJIOBATBIX OOBOJHEHHBIX PHUOJUTOB — TEPIUTOB,
MEeXIITEHHOB TIOA JEWCTBUEM TOPSYUX TOJI BYJIKAHUTOB, TEPEKPHIBAIOIINX
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Jpyrve MuyHepaiabl B ararax
LeonuTsl

®oro 53. Cdheponutsl KIMHONTWIONMTA (KpacHoe) M MopaeHuTa (Oeroe) B KpaeBoit
YacTM araTtoBOil MUHAQJIMHBI M Ha 0a3ajJbTOBBIX O0JOMKAaX; XOPOIIO BUIECH <«ITUTAIOLIUII»
KaHaj, TpoXonmsmuii mo 1eHTpa MuHmanuHel. Mpeic TeBu, Kamuarka. 8§8,0X5,5 cwm.
Ne 83072.
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®orto 54. Cdeponutsl MopaeHuTa (0e0€) HA HACTBUIBHBIX COCYJIbKaX M B KpaeBOW
YacTM MUHAAIWHBI; CHU3Y — OJIOK KPYMHOKPHUCTAJUIMYECKOTO KalbLIUTa, 3aMeIlaloliero
arat. Mpic TeBu, Kamuarka. 8,5X5,0 cm. Ne 83903.
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®orto 55. XanuemoHoBas MHUHAaNMHA C GeppbepuUT  (KOPUYHEBO-KPACHBIN) — MOp-

neHuT (Oenblif, cGhEpPONUTOBBIN) — a-KPUCTOOATUTOBBIM (TOJyOOBATO-CEPHIit)
nenueM. ypno, I'pysCCP. 7,5X7,0 cm. Ne 83738.

122

obpam-



®doTo 56. MNceegomopdo3a xanuenoHa MO TOHKONYYMCTOMY coheponuty mopaeHuta (?).
MynuHa Topa, YutuHckas obn. 6,0X5,0 cm. N2 84445,
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®moopur (iceBAoOMOpd O3Bl XajleAoHa II0 (DIIIOOPUTY)

6

®orto 57. Mcesanomopdoss xanuenoHa no GIOOPUTY:

a — nepudepuueckass 30Ha 3amelleHUs GIIOOPUTA XalLEJOHOM B CBET/IO-candUPUHOBOM Xal-
uenoH-kBapueBom arate. Okp. [danan-Typy, Mouronus. 4,0X3,0 cm. Ne 84753; 6 — mcesno-
Mopdo3a cBeTno-canduUpUHOBOrO XajlleioHAa IO KOPKEe KPHUCTANI0B (GIOPUTAa C XOPOLIO COX-
paHuBIIeiicss KyOuueckoi GHOpMOiIl KpPHCTAlIOB Ha MOBEPXHOCTU. XIOTTeHOepr, BeHrpus.
11,0X8,0 cm. Ne 3295.
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®orto 58. BoimeneHusi nuputa Mo mepudepun  XaaleIOHOBBIX MHWHIATUMH KaJlbLIKUT-
XaNenoHoBoro MaHnenablnTenHa. Mbic TeBu, KamuaTtka. Ne 83745.




®oto 59. HdenaputHeie o6pa3zoBaHMs MHUpPUTA, obOpociiMe araToM (B BepxHeil vacTu
oOpasell ceyeTcss TOHKMMHU 0ojiee MO3JHUMHU KBapLEBBIMU TMPOXWIKAMHU) W3 THIPOTEP-

MaJlbHO W3MEHEHHBIX 0a3anbTOBbIX Tydoa Axamumxckuit paiion [py3CCP. 13,0X10,0
cMm. Ne 84459.
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®oto 60. BblmeneHue MO3MHEr0 MNUPUTAa MO IJIOCKOCTSIM pasfesia OHUKCOBBIX 30H U
TpelIMHAM B OHMKCOBOM araTe; MUPUT 0Opa3yeT YepHble OKPYIJIble CKOIUIEHHS, TOHKO-
JIMH30BbIe BBIICJICHUS M TOHKOOMCIIEPCHYIO BKPAIUIEHHOCTb, MPUIAIOIIME araTy roiyooBa-
TO-uepHyl0 okpacky. Uykotka. Ne 84751.
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Okcuapl U TUAPOKCUIBI Kejie3a

®oro 61. Tlyuku urm réTura B KpUCTANIaX aMEeTUCTA, BBIMOJHSIOUIUX SIIPO XaJLETOH-
aMmeTucToBoit MuHpanuuel. I'pysCCP. 1,2X1,2 cm. Ne 83742.
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®oto 62. Térur, obOseKaOUINl TOHKYIO TOOPUPOBAHHYIO MeMOpaHHYIO IUIeHKY (?),
MeCTaMU CBEPHYTYI0O B TpPyOKM, 0Opa3oBaBLIYIOCS Ha CJIO€ XallleNoHa, 3aMEeCTHBLIETO
cdeponuToBylo Kopky cumeputa (?) (MecTaMu COXPAHSIOTCS PEIUKTBH CHEepoTUTOB,
Gyaronapsi HEIOJIHOM XaslleqoHM3aUuu Oojiee paHHEro omnaja — TOHKHE OOOpBaHHBIE
30HBI BO BHELIHEM XalleIOHOBOM CJIO€), 3aKJIIOYEHHYI0O B 0ojiee MO3THUN TMPO3pavyHbIN
xajiienon. Mouroaus. 7,0X4,0 cm. Ne 84463.

®oto 63. Capuep-araT ¢ KapHEOJOBBIMU TIPOCIOSIMU, OKpAIIEHHBIMM THIPOKCUAAMU
xenesa. Pocceimu mo p. 3es, AMypckas oos. 8,0X5,0 cm. No 84758.
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dorto 64. IlpokpamrmBaHMe XalllefOHAa M KBapUMHa TUIPOKCHUIAMHU Xeje3a; 3eJeHOoe —
y4acTKu, oOoOralieHHble CeJaglOHUTOM:

a — obumit Bug o6pasua, yB. 1,25; 6 — mertanb CTpOeHUs, Ha KOTOPOW OTYETIMBO BUIHO
30HaJIbHOE paclpelneieHue TeTUTOBbIX CKOMJIEHMH B 30HTMKAaxX KBapllMHA, TOrga KakK BMeELIalo-
LM MX XaJleloH ocTaeTcsi CBOOOAHBIM OT 3TuUX BkiawoueHuit. Janau-Typy, MoHronus.
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®oto 65. [JekopupoBaHue AUCHEPCHBIMM YacTUIIAMU THUIPOKCUAOB Xeje3a 30HaJbHOCTH
U BBITSHYTBIX KaHaJbHBIX TOp B XajleqoHe, oOpacraiouieM MeMOpaHHBIE (?) TpPyOKH
¢ oOpa3oBaHMEM IICEBIOCTAJaKTUTOB:

a — obuwmii Bux ob6pasua. 7,0X5,0 cm. Ne 84761; 6 — dparmeHT Toro xe obpasua. Apu-bormo,
Mouronusi.

131



OKCcuapl Maprasia

®oro 66. [leHaApuUTHBIE BbIAECJECHUS TOMOPOKUTA B MOJYMPO3PAYHOM  XaslleloHe:
a — JEHIPUTHI TOIOPOKHUTA BBIMONHSIOT 10 2/3 o0bema MuHmaIMHbI, 6,5X5,0 cMm; 84465 6, 6 —
«KYCTUCTBbIC» BBIIEJIEHUS] TOMOPOKWTA, Hapociiue Ha Oypyilo (OXeJe3HEHHYI0) KOpKYy; 60 — B

OTpakeHHOM, 6 — B mpoxofsiieM cBete. [epBent-Heputy, Mounromus, 6, ¢ — 5,0X7,0 cwm,
84464.
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®oto 67. YepHblil araT, MUTMEHTUPOBAHHBI TOHKOIUCIEPCHBIMU KPUCTANIMKAMK THPO-
mo3uta. OkpectHocTu r. MomumnoBrpana, boarapus. 9,5X5,0 cm. Ne 83060.

®oto 68. IeHAPUTHI OKCUIOB MapraHiia, pa3BUBLIMECS IO TPEIIMHAM B MOJOYHO-GEIOM
xajuenoHe. 3akaBkasbe. YacTh obpasua (obOpasen 7,0X5,0 cm). Ne 84772.
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PUOJIUTBI, WU TPU TepMoMeTaMop(u3Me PHUOJTUTOB TOJI ACHCTBMEM BHEIPUB-
IUXCS TOPOJA B YCJIOBUSIX JOCTATOYHO BBICOKOU JIMTOCTATUYECKOW HATrpy3KU.

4. B HUXHeHl 4YacTH HEKOTOPBIX araTtoB, BBIMOJHSIOUIUX TOJOCTU B
auTodursax, OTMEYalTCs JOHHBbIE OpeK4YMH, coiaepxkKallue OOJOMKHM BHYTpPEH-
HUX 4YacTeil JUTOGU3 U TOATBEPXKAAIOUIMe pa3pbIBHBIA (CKOpee B3pPLIBHOI)
MeXaHU3M HX OOpa3oBaHUs.

5. ®opmupoBaHue JIUTOGMU3 TMPOMCXOAUT B TBEPAON WIM OYEHb BI3KOU
cpeze, CrocoOHON MHOrAa o0pa3oBBIBATh SI3LIKOOOpPa3HbIe BTEKU B JUTOGMU3BI,
HO HE HACTBUIbHBIE COCYJBKM M JOHHBIE HACTBUIM, XapaKTepHbIe ISl Ta30BbIX
my3bipeil B 6a3anbrax. TUMUYHOCTD JJISI TUTODU3 TPUAMMHUTA U BBICOKOTEMIIE-
parypHoro Kpucrtobamuta [78] cBUOETEIBCTBYET O TeMmimepaType UX (GopMHpoO-
BaHus okoiso 600—800 °C, korma KMCXOQHOE CTEKJIO €elle He XHMIKOE, HO
B TO Xe BpeMsi JAOCTATOYHO IUIACTUYHOE.

6. BbicoKasi CHMMETPUYHOCTb LIEHTPAJbHBIX TMOJOCTEW CBUIETEILCTBYET
0 paBHOMEpPHOW Harpyske, BbI3BaBlleil oOpa3oBaHUe JUTOGU3BI, AeCTBOBAB-
meid M3 ee IeHTpa IO HAlpaBJeHUIO K Tepudepun BO Bce CTOPOoHbI. C 3TUM
Xe CBsI3aHBI M OCOOEHHOCTU CKYJBITYPbl IMOBEPXHOCTU MHOTUX JUTOMDU3,
HANOMUHAIOIIMX Yepernamuil MaHuMpb, T. €. 4Yepernamibd KaMHU WIM CeNTapuu
0CAJI0YHBIX TMOPOJI.

Jlutopu3bl MO BHELIHEMY BMOYy, a 4YacTO M IO CTPYKTYpe HACTOJBKO CXOIHBI C
CEeNnTapusiMM — OCAIOYHbIMU  KOHKPELIMSIMU,— XapaKTePU3YIOLIMMUCS — BBICOKOCUMMET-
PUYHBIMUA BHYTPEHHUMM IIOJIOCTIMHM pPa3pbiBa M BBIXOMSIIMMU Ha IIOBEPXHOCTH Tpe-
[MHAMA 3THX TOJIOCTel, OOBIMHO MUHEPATN30BaHHBIMK, YTO HEBOJIBHO HAIpaIlliBaeTCs
BbIBOI O OJIM3KOM MexaHu3Me uX oOpa3oBaHus. B 3Tom ciydyae cdepoiouasl B
pHMOJIUTAX TIPUXOIMTCS PacCMaTPUBaTh KaK BBICOKOTEMIIEpATYpHbIE KOHKpELIMH, 00pa3o-
BaBlIMecsl B ByJKaHuTax. [lojoctTv B JMTOGMM3aX W CENTapuUsX OCATOYHBIX TOPOI,
MMeEIOIIMe He TOJBKO OOIIMe BHEIIHWE 4YepTbl, HO W aHAJOTMYHYIO CKYJIBITYpY CBOEH
MOBEPXHOCTH, BO3HUKAIOT pa3pbiBHbIM TyTeM. OOHAaKO ecid sl JUTO(GHU3 3TO pas3pbiB
MoN JICCTBMEM pa3pacTalollerocsi B ILEHTPEe Ta30BOro Iy3bIpsi, TO OOpa3oBaHME
MOJIOCTEel B CEeNTapysiX OOBIMHO CBSI3bIBAIOT C YMEHBILIEHMEM OObeMa TpU pPacKpUCTa-
JIM3AIMM TeJis WM CUWTAIOT 3TU TIOJIOCTM U TPEIIUHBI YCAAOYHBIMU WM TPEIIMHAMU
cokpaieHuss  [137, 68]. Ocraercss He SICHBIM IIPY 3TOM, O KAKOM YHHMBEPCAIEHOM
«refie» WAET pedb, €CIM 3TU TOJOCTH M3BECTHBI B KOHKPELMSIX DPA3HOrO cocTaBa —
[IMHUCTBIX, (OCHOPUTOBBIX, KAJIBLIMTOBBIX, OAPUTOBBIX, A3YPUTOBBIX W Ip., TeM OoJee
YTO HU OIMH M3 MCCJIENOBaTeNield TaKOro rejisi OO0 CHX TOp HU pasy He OOHapyKWII.

IpencraBnsietcst, 4yto ¥ B ciydae (OPMUPOBAHUSI CENTApUM MOXKET IEeWCTBOBATH TOT
K€ MEXaHM3M, YTO W TMpU O0pa3oBaHUU JUTO(DU3.

7. lpuBemeHHBINI MaTepuay IMOKa3bIBaeT, 4YTO XaJlleNoHOBas (araToBas)
MUHEpaIu3alus B PUOJUTAX CBs3aHAa C TO3MHUMM TpOILlECCAMM OTJOXEHUS
MUWHEPAJIOB ¥ BBIMOJHSIET TIPaKTUYECKU JIOOBIE TIOJOCTM B PHUOJIUTAX —
MoJIOCTH JUTO(GU3, TPEUIMHBI, pa3BUBawIIKMecs MO GIOUIATBHOCTH TMOPOJ
W TEKTOHUYECKUM IyTeM. ODTU TPOIECChl MOTYT OBITh CIOXHBIMH, MHOTO-
CTAIUNHBIMU.

8. K tTumomopdpHBIM OCOOEHHOCTSIM aratoB B PUOJHTAX CJIEAYET OTHECTHU:
a) cdepuueckyo ¢opmy camux autodu3, o6JIAmAIUX TJIAAKOW Wi O6Opo-
NaBYaTON TMOBEPXHOCTHIO W JUTOUNHOU ((Ppesb3uTOBOI, WHOTIAA TEPIUTOBOIR)
i cpepoSIMTOBON BHEIIHE! KOpoi; 06) MPUCYTCTBUE HA IOBEPXHOCTHU JIUTO-
Gu3 MUHEpaNIM30BaHHBIX XpEOTUKOB, BO3HUKAIOIIUX TPU BBIMOJHEHUU I10-
Jocteit nMUTOMU3 XalledOHOM U IPYTMMU MUHEpajaMW U [EJSIIUX IMOBEpX-
HOCTh Ha paBHOBEJNMKHUE chepuyecKre CErMeHTHI, M3-3a Yero OHa HAIlOMUHAaeT
MaHIUph 4Yepemaxw; B) (GOPMY XalleJOHOBBIX BBITIOJHEHUN ITyCTOT B JIUTO-
¢duzax — yeueBuIleOOpa3Hylo, B BHUIe peOEpHBIX MHOTOTPAHHUKOB KyOWYecKOit
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CUHTOHUM M WX KOMOWMHALUUK, B BHIE <«CIUTIOINIEHHOTO OJWHA», CKYJBITYpY
MOBEPXHOCTH HUX IJIOCKOCTEH € paavajlbHBIMM, KOHIEHTPUYECKUMHU U chepu-
YEeCKUMM BBICTYIIamMu (yriyOjeHUsiMu); T) (HOpMy cedeHMsT XajlleIOHOBBIX
(araToBbIX) SiI€p, BBIMOJHSIOIMIMX TMYCTOTHl JUTOGU3 — JIMH30BUIHYIO, Tpe-
YyrojibHyl0, B BHUIe <«0abOuYKW», TSATWIYYeBOW 3Be3Abl W T. M., CEPIOBUAHYIO,
B BUIE «Ijla3a ¢ OPOBbBIO».

9. TeonormyecKMMM TpPU3HAKAMU, OJATOMPUSTHBIMU [JisI TEPCIIEKTUBHOMN
OLIEHKM pPHUOJIMTOBBIX TOJIII Ha araTbl, SBASIOTCS: 1) IIMPOKOE TUIOIIATHOE
pacrmpocTpaHeHHe U OoJiblIasi MOIIHOCTb PUOJUTOB WIHUMOPUTOBOTO THIIA
MpU TEPEKPHITUM WX MOUIHBIMM TOJINAMMU OJU3KUX IO BPEeMEHU 0Opa3oBaHUS
BYJKAHUTOB; 2) damougarbHas TEKCTypa PHOJUTOB; 3) AEeHUTpUGUIUPOBAHHAS
CTPYKTYpa BYJIKaHMYECKUX CTEKOJ; JJISI MHOTMX MECTOPOXACHWH XapaKTepHa
nHTeHcuBHasg apruwummTu3anus (B CCCP ocobeHHO CUJIBHO OHa pa3BHUTa
Ha MarHutoropckoM U CepreeBCKOM MECTOPOXIEHUSIX).

Aeambl, cés13aHHbIE ¢ OCAOOYHbLIMU NOpodamu

1. Paccmorpenne MopdhoOJOru4eckKux OCOOEHHOCTeH araToB, pa3BUBAlO-
MMUXCS MO OPTaHWYEeCKMM OCTaTKaM M B OCAJOYHBIX MOpPOJAxX, IOKa3bIBaeT,
4YTO KpeMHe3eM o06Jjagaer OOJbIION MOABMXHOCThIO KaK B TOPSYUX THUIPO-
TepMaJbHBIX pPacTBOpax, BO3HMKAIOIIMX B 0OJACTSIX aKTHMBHOTO BYJIKaHU3Ma,
TaK W B pacTBOpax, HaXOASIIUXCS BO B3aMMOACHCTBUM C OCATOYHBIMU
MopogaMM B YCJIOBUSX OTJIOXEHHUS OCauKoB, WX JjJuareHe3a M OIUreHe3a,
B TOM YKCJIe U B COBPEMEHHBIX TPYHTOBBIX M OJM3MOBEPXHOCTHBIX BOJAX.

2. Bbicokasi aKTUBHOCTb KpeMHe3eMa MPUBOAUT K PSAYy BaXHBIX IMOCHEI-
CTBUI, CpeAu KOTOPBHIX B MEPBYI0 o4yepeab HEOOXOAMMO Ha3BaTh: a) WHTEHCHUB-
HOe 3aMellleHue KpPeMHe3eMOM OpPTaHUYECKUX OCTATKOB, OCOOEHHO COCTOSIIINUX
M3 KajJbllMTAa WIA aparoHuMra; ©0) IIMPOKO pPacHpoOCTPAaHEHHYIO IICEBIOMOP-
bu3anuio MuUHepalaMu ceMeiicTBa KpeMHe3eMma KOHKpelWil KalbluTa |
aHTUAPUTA; B) BBIMOJHEHHWE KPEMHE3eMOM pa3JMYHBIX MOJIOCTel B OCaTOYHBIX
rnopojaax, oOpa3yoIIUXCsI, HalpuMep, MpPU pa3TOXEeHUU PaCTUTEIbHBIX OCTaT-
KOB, IOJIOCTEI KOPaJJIOBBIX MOCTPOEK, IMOJOCTEel, BOZHMKAIOIIMX IMPU BbIIIEIa-
YUBAHUM CHJIMLMTOB, MOJOCTEN B MeCYaHUKaX.

3. XanuenoHoBble (araToBbie) 0Opa30BaHMSI, CBSI3aHHBIE C OCATOYHBIMH
MopojaMu, XapaKTepU3YIOTCS pPsSIAOM TUIOMOPGHBIX OCOGEHHOCTE, Cpeaun
KOTODPBIX MpEXIe BCEero cleayeT OTMETHTb: a) COXpaHeHHe BHelHeill GOopMbI
M BHYTPEHHEro CTPOEHHUS 3aMelllaeMbiX KPEMHE3eMOM pAaCTUTEJIbHBIX U
JKMBOTHBIX OCTaTKOB; 0) cOXxpaHeHMWe BHeLIHed (GopMbl 3aMellaeMbIX KpeMHe-
3eMOM KOHKpeIUii; B) OOMJIMEe PEJUKTOB CUIUIMGUIMPOBAHHBIX KapOOHATOB
B KpaeBBIX 4YacTSAX BbIAEJACHUN KpycTUGUKALMOHHOIO XallenoHa (araTa),
OTJIAralomerocss B MOJOCTSIX BbIIEJaYMBAHUs CUJIUIIUTOB, MOCTOSTHHOE IMPUCYT-
CTBME B HMX IICEBIOCTAJAKTUTOB, T) 3HAYUTEJNbHYIO POJIb BO MHOTMX ararax,
pPa3BUBAIOIIMXCS MO KOHKPEUMSIM, U KPYCTU(DUKAUMOHHBIM IyTeM, HE TOJIbKO
XajlenoHa, HO W KBapuuHa (oTaejbHble CGhEPOJUTH BO BHEIIHEW KOpKE;
caMOCTOsITeIbHbIE 30HBI, HapacTalollde Ha XaJledoH), KaJlbluta (Yacto
B KpHUCTajjax), a TakKxXe B IceBmomMopdo3ax I10 KOHKpelusM 0Oapura,
LejecTuHa, rétura, a MHorma cdasnepuTa, XaJlbKOMMPUTA, NMUPUTA, MapKasuTa,
T. €. MHUHEpaJoB, TUIHUYHBIX JJISI THAPOTEPMAaJIbHBIX IapareHe3ucoB, a KpoMme
TOro, aHKepuTa, IO0JOMUTA, aparoHWTa, TUIICA, IMUPOJIO3UTA, KAOJIMHUTA W
HEKOTOPBIX APYIMX MUHEPAJOB.
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Yactb 2

MWHEPAJIOI' Y
N CTPOEHMUE
ArATOB



MUHEPAJIOTHUA ATATOB

HecmoTpsi Ha Oojblioe YKMCIO paboT, IOCBSIIEHHBIX HCCIEI0BAaHWIO araTos,
JIOCTATOYHO [ETaJbHOTO OMMCAHUS MX MUHEPAJIOTrMYeCKUX OCOOEHHOCTEH [0
CHMX TIOp TMpakTUyecku HeT. CBSI3aHO 3TO C TeM, YTO OTACJbHbIe MyOIUKALUKU
Mo arataM W3JaraloT B OCHOBHOM OOIIETe0JOTMYECKYI0 TMO3UIUI0 TeX WU
MHBIX araToOBBIX MECTOPOXAEHUI, OCOOCHHOCTU CTPYKTYp M TEKCTYp aratos;
MHOTrO paboOT MOCBSIIEHO HEMOCPEACTBEHHO XallleAOHY M APYTMM MUHepajiam
ceMeiicTBa KpeMHe3eMa, CXOACTBY M pas3lMuMsIM MeXAYy KBapleM, XalllelOHOM
M KBapLUMHOM, H3JIOXEHUIO pa3iUYHbIX TEOPUHA TPOUCXOXIEHUS] araToB;
M3BECTHO M MHOTO TIOMYJSIPHOW M HAyYHO-TOMYJISIPHOM JIUTEpaTypbl, B TOM
quclie MPEeKPacHO WJTIOCTPUPOBAHHBIX U3JAHUI «CAJOHHOTO» TUMA (HAmpumep,
[129]), Becbma manekux OT MHUHEPAJOTMYECKOW HayKM M TMPaKTUYECKU He
BHOCSIIMX HHUYEro HOBOTO B TOHUMaHME MMWHEPAJOTMM aratoB B LIEJIOM,
yClIoBMIA uX oOpa3oBaHMs. PaboTbl 1O MMHEpPaJOTUM araToB MCUUCISIOTCS
eAMHUIAMU U B OOJILIIMHCTBE CJIy4yaeB HEAOCTATOYHO TMOJIHBI 1O COAEPXKAHMIO.

Bce aT0 TpeOyeT 3HaAuuTENbHO MOAPOOHEE, YeM BTO OBUIO CAEJAaHO 0 CHUX
MOp, OCTAHOBUTBHCS Ha MUHEPAJIOTHMYECKUX OCOOEHHOCTSIX araToB, C OCOOBIM
BHUMaHMEM K HX CTPYKType M TEKCType, OCTaBJisisi BHE PAaCCMOTPEHMS, Kak
npaBuio, GuU3uYecKue, XMMUYECKHEe W T. M. OCOOCHHOCTU OTAEIbHBIX MHHEpa-
JIOB, YTO OOBIYHO COCTaBJsieT 00beM MMHepajdormyeckux omnucaHuii. I[locnennee
cleNaHO CO3HATEeJIbHO, MOCKOJbKY 3TH JaHHbIE JOCTATOYHO HIMPOKO M3BECTHBI
M MX MOXHO HAWTHU BO MHOTMX CIpaBOYHMKAxX, y4eOHUKax W [pPYrod aurepa-
Type 10 MuHepanoruu. I[loaTomMy HuUXe pgaercs o0Olias XapakTepuCTUKa
OT/ICJIbHBIX MUHEpPaJoOB, CjaralouiMx aratel. B TO Xe BpemMs ocoboe BHMMaHUE
ynensercss ¢opMaM WX BbIACJCHMS, B3aMMOOTHOILICHUSM JAPYr C JPYrom,
npoieccaMm 3aMelleHUss OJHUX MHUHEpaJoB IPYTMMHU, UYTO OCOOEHHO BaXHO
ISl TOHUMAaHUSI TeHETUYECKUX OCOOEHHOCTEel aratoB, pacuindpoOBKU OCHOBHBIX
(MHOTOAa MOKa JMIIb OTHEJIbHBIX) CTOPOH HX oOpaszoBaHus. IlociemoBaTesb-
HOCTb PAacCMOTPEHHUSI OTACJbHBIX MHUHEPAJOB OTBEYAET OTHOCHUTEJIbHOW MX
KOJIMYECTBEHHOM pOJM W 3HauyeHU0 B (GOpMUPOBAHUM aratoB. YUUTHIBAS
CKa3zaHHOEe, 9Ta I0CJeN0BaTeJbHOCTh CJeAylolllasi: MUHepalbl ceMelicTBa
KpeMHe3eMma, KapOoHaThl, CyJbdhaTbl, CUIMKATHI, GTOPUIBI, CYIbGUIAbI, THUIPOK-
CHUIbl U OKCHUIHI.

MMHEPAJIBI CEMEVICTBA KPEMHE3EMA

MuHepanbl ceMmeicTBA KpeMHe3eMmMa — [JIaBHble COCTaBHbIe 4YacTu arara. K3
HUX TIpexXjae BCEero MMEIOT 3HayeHWe XalllleJoH, KBapl, KBapiuH, A-, K- u
KT-omanm *. Poxb oCTalbHBIX MpEOCTaBUTENC HSTOro ceMeicTBa cpean
MWHEpAJIOB, BXOASIIMX B COCTaB araTta, 3HAYUTEJbHO HUXE.

MuHepanbl KpeMHe3ema, oOpasyiollile araThl, pacCMaTpUBaJIUCh B TOM
WIA WHON Mepe pa3InYHBIMU aBTOopamMu [223], 3aTparmBaloIIMMH MUHEpajo-

* byksamu A, K m KT o6o3HauyaroTcss amMopdHBINA, KPHUCTOOAIMTOBBIA M KPHUCTO-
OGaIUT-TPUAMMUTOBBI OMaTbl COOTBETCTBEHHO.
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TUI0 aratoB, a WHOTAA C OOJBIIOW NEeTAJIbHOCTHIO B OINMUCATEIbHOW MWHEpasio-
ruu. OpgHako B OOCTOSTENbHBIX paboTax TIOCIEOHEro THUIA, HAIlpUMep
Jx. Houa m ap. [37], MHoruMe BaxXHbIC IeTall CBOWCTB 3THUX MHUHEpPAJOB,
dopM BBIOENEHUS U B3aMMOOTHOIIEHUS OPYr ¢ OPYroM, HEOOXOAWMBbIe s
MMOHUMAaHUsI paccMaTPUBAEMBIX BOIPOCOB, HE HAIUIM JJOCTATOYHO TOJHOTO
oTrpaxkeHus. W3 paboT omnucHBAaOIUX MUHEpPAJNbl CceMeicTBa KpeMHe3ema,
HEIOCPEACTBEHHO CBSI3aHHBIX C araTaMu, OOCTOSITEJIbHOCTBIO TPUBJIEKAIOT
uccinegoBanusa I. II. bapcanmoBa m M. E. SkosaeBoit m ap. [11]. Brto
0CBOOOX/aeT HAC OT ONMMCAHUSI MHOTUX JeTajieil, pacCMOTPEHHBIX B yKa3aH-
HBIX paboTax, U TMO3BOJISIET CKOHILIEHTPUPOBATh BHMUMaHUE Ha IPYIMX acleKTax
MUHEpaJIOTUM MWHEPaJOB CeMeiicTBa KpeMHe3eMa, MCIOJb3ys B TO Xe Bpewms,
¢ mobe3noro cormacus I. II. bapcanoBa m M. E. SIkoBneBoii, MHOrume wu3
MOJIYYCHHBIX MMH MHKpodoTorpaduii.

Xanyedon. 1o cux mop XallenoH paccCMaTpuBalics KaK TOHKOBOJOKHUCTAS
unu  cheposuToBas Pa3sHOBUIHOCTh KBapla, XapakKTepusylolmasics OTpulla-
TeIbHBIM YIJWHEHUEM M BBITSIHYTOCTBIO BOJOKOH Bmoab [1120] wmmm [1100]
[37] *. OmHako OOCTOSITEIbHOE €ro MWCClIeJOBaHWE BBISIBMJIO B ITOCIEIHEE
BpeMs ** HEKOTOpBIE CYIIECTBEHHBbIE OTIMYMS XajilleloHa OT KBaplia, Jiexamiue
TeM He MeHee B TpaHWIAX pa3auvusl OTACTbHBIX pPAa3HOBUIHOCTEH, a He
MUHEPaJIbHBIX BUAOB. M3 HHMX BaXHEWIIMMU, OYEBUIHO, CJIEAYET CUUTAThH:
1) pa3nuyHylO0 CTeMeHb pa3yMopsiTOYeHHOCTH CTPYKTYphl KBaplla C Hapylie-
HUEM TPEXMEpHOIl CBI3U; 2) MUKPOKPUCTAIIUYHOCTb OTIEIbHBIX WHIWBU-
IIOB — WTOJbYATBHIX WIM TJIACTUHYATHIX; 3) OTpULaTeJbHOE YIJIWHEHUE WHAU-
BUIOB; 4) moBbmeHue coxepxaHuss H,0 (mHorma moutm mo 1,5% — dvacTmuHO
B Bume OH™ [179, 180]) wm npyrux mnpumeceii (moutu no 2%). CriencrBuem
3TOTO ABISIOTCA OoJiee HU3KUE TUJIOTHOCTh, TIOKa3aTejlu TIpeJIoOMIeHUs U
NBYIIPEJIOMJIEHUS XajllelloHa TI0 CPaBHEHWIO C KBaplieM

Kaapit XanenoH

d 2,65074%+0,0001 (nmpu 4 °C) 2,614—2.637

Ne 1,55336 1,548—1,526 (qamte 1,543—1,541)
No 1,54425 1,543—1,530 (wamre 1,538—1,534)
dN 0,009 0,002—0,006

Bce oTO0 mO3BOJISIET AMATHOCTUPOBATH XaJUENOH pa3IuYHBIMU (GU3HU-
yeckuMu (BKiIIouasi Mukpockomnuio, MK-cmekTpockonuio, peHTreHorpaduio)

* To, YTO XaJLIEAOH W KBapll OTHOCATCS K OTHOMY MUHEpPaIbHOMY BUIY, OTMEYas
eme I'. Pose [241], onmpaBiimiicss B 3TOM BbIBOAE Ha OJM30CTh MX (PM3UIECKUX CBOMCTB
(TUTOTHOCTB, TBEPIOCTh, ONTUYECKKE CBOMCTBA), cocTaBa U Ha pactBopumocts B HF, KOH,
KapOoHaTax Ileio4yeil. DTOT BbIBOM ObUT TMOATBEPXKIEH OTHOIICHWEM KBaplia M XajledoHa
K pacTtBopaM enkoil miemoun [204], OMMHAKOBOCTBIO TEIUIOT PACTBOPEHUST KBaplia M Xall-
nenoHa B HF, XoTs ckopocTh pacTBopeHMsl y XanmiemoHa Bbime [270], peHTreHOrpadu-
yecku [160, 167]. K BbBomy 00 WIEHTUYHOCTU XaJllIeNOHA, KBApLMHA M KBaplia Ha OC-
HOBAaHWM THIATEJIGHBIX ONTUYECKUX WccemoBaHuii mpunum Takxke [ Xaitn [191],
M. B. Tumodees [I10], B. Beruens [269].

** TlompoOHee pe3y/IbTaThl 3TUX MCCIeNOBaHWIT M3lMoXeHbl B pabore I'. I1. bapca-
Hoea 1 M. E. SIkomnesoii [11].
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U XUMHYECKHMM MeToJamH *. JIOCTaTOYHO ompejaesieHHbl M PAa3JUuMs MeEKIY
XajueloHOM M KBapueM B ¢opMax HX BblieJeHMs, HA 4YeM cJjeayeT OCTa-
HOBUTbCSI 0oJjiee MOAPOOHO, NOCKOJbKY HMMEHHO 3TH 4YepThl XaJledoHa BO
MHOIOM ONpeNeisIiOT OCHOBHble (hM3MyecKkHe CBOICTBA araTos.

Jlo HenaBHero BpeMEHM XAaJleJOH ONpenessicd KAK TOHKOBOJIOKHMCTAS
Pa3HOBHIHOCTb KBapla, BbIIEJSIONIAsCA B BUAE OTIEJbHbIX C(EPOTUTOB U
cepoUTOBLIX KOPOK **. OJHAKO NP MMKPOCKONHUYECKOM MX HCCJIeJOBAHMM
OYeHb YACTO OTMEYAJOCh BOJHHMCTOE YracaHue, CBS3bIBaeMO€ C TIeJMKOWJATb-
HOHl 3aKpPY4YEHHOCTBbIO BOJIOKOH (puc. 26). B To ke BpeMs HHOrza BbICKA-
3pIBAIMCh MPEJCTABJEHUs] O TOM, YTO 3TO He WroJibyaThle BOJIOKHA, a TOHKUE
IUTACTUHYATBIE KPHCTALIbI, CKpPYYeHHble BIOJIb OCH C, KaK 3TO ObLIO ONMCAHO
I'. Jlemmaeiinom [64, 65] A KPpUCTAJLIOB KBapua, TeM 0oJiee YTO CKpy4YeHHbIE
ero KpHCTA/LUIbI YAaCTO OKa3bIBAJUCh CIUIIOCHYTBIMM IO OJHOW M3 TrpaHei
npu3mbl ¢ ynauHeHuem L ¢ (T. e. mo oxHoi u3 ocei L,) ***.

Hapsizy co cdepoanToBbiM XajilelOHOM W3BECTEH MEJIKO3ePHUCTBII
(MHOTAA €ro Ha3bIBAIOT TOHKOYENIYYATHI) XaJEeIOH, OTAe/bHbIe HHIMBUIbBI
KOTOpPOro 00pa3yloT T€CHblEe CPACTAHHSA, MMEIOLINe CTPYKTYPY THIIA POTrOBHKO-
Boii (puc. 27).

I'. I1I. Bapcanos u M. E. SIkoBieBa BbIIEJSIOT 4€TBEPTYI0O MopdoJiormiec-
KyI0 PAa3HOBHIHOCTb XAJIENOHA, KOTOPYH) HA3BIBAIOT TIJIMHOMOIOOHBIM XaJI-
HeA0HOM ****, Takoil Xajueg0H XapaKTepu3yeTcsl Ype3BblYaifHO MeJIKO3epHUC-
TbIM CTPOEHHEM C OPHEHTHPOBAHHBIM PACIOJIOKEHHEM OTHENbHBIX 3€pPeH —
TMPU3HAKAMH, N0 KOTOPbIM OH CONMOCTABUM C IJIMHUCTBIMHU arperatamu. K Takum
arperataM IOJIHOCTBIO NMPUMEHHMMA XapakrepucTuka, aAanHas M. C. IlIBeno-
BbM [137] rmHMCTBIM MHUHepajaM NMOTXYEPKMBABIIEr0O B Hell 4Ype3BbIYAHO Me-
KO3€pPHHCTOE CTPOEHHE IJIMH, MPENMYIIECTBEHHYI0 OPHEHTHPOBKY OTIEIbHBIX
YACTHII, BBI3BIBAIONIYI) MOJ MHKPOCKOIIOM IIOYTH OJHOBPEMEHHOE YracaHue
BCEro MoJisi 3peHHUsI WM 3HAYUTEJBHBIX €ro YYacTKOB.

DJIEKTPOHHO-MUKPOCKONMYECKOEe W3yYeHHE T[JIMHONMOTO0OHOr0 XaJjleI0Ha
[257] nmoka3ano, 4TO OH COCTOUT M3 MeJbYAIMX KPUCTALUIMKOB (1—5 mMKm)
KBapua, NpH4YeM caMble MeJIKHE M3 HUX HMET NCEBIOKYOMYECKHil raduryc
3a CYET MPAKTUYECKOr0 OTCYTCTBHMS TpaHeil MPU3MbI W BTOPOro poMO031pa.

* PaHee, C MOMEHTA NosIBIeHns padotsl V1. Myxca [181], cymectsosam npen-
CTaB/IeHHs, YTO XAJIEJOH — CMeCh TOHKOBOJIOKHHCTOIO KBAaplia C TOHKOIMCIIEPC-
HbIM ONAJIOM, OCHOBAHHbIE NIABHBIM OOPAa30M HA PAa3HOMl CKOPOCTH TPABIEHUS OT-
JembHbix cioes xamuenoHa HF, KOH, Na,C0,. 3atem ObLI0 YCTAHOBJICHO, 4TO
pa3MuMsi B CKOPOCTM TpPaB/IeHMsl CBS3aHbI C pa3iMyMeM B CTPYKTYpPE OTIEIbHBbIX
XATIEAOHOBbIX 30H. IIpucyTcTBHE Onajia HMKAKMMHU JPYIVIMM METONAMM JIOKA3aHO He
obUl0. OHO, B YACTHOCTH, ONPOBEPraeTcs M Pe3yJbTATAMH PEHITEHOrpahuIeckoro
M3yYeHus1 XaienoHa mnocje npokamBanusa ero 10 800 °C, Korma oOHapyKMBaeTcst
TOJIBKO KBapil [257], B TO BpeMsi KAK B MPUCYTCTBHM OMNAIA B 3TUX YCJIOBHSIX JIOJDKHBI
ObUM Obl MOSIBUTBLCS JIMHMU KPUCTOOAMTA.

*% DM KOPKM Yallle BCEro HA3BIBAIOTCS KO/UIOMOP(MHBIME, MOCKOJIbKY MX 00pa3o-
BaHUE B TOM WM MHOW (popMe CBSIBBIBAIOT C KoulownaMu, xota yxke nasuo 1. Il. I'pu-
ropbeB [28] noka3aj, Yro HUKAKOIO OTHOLIEHMSI K KOJLUIOMIAM OHM HE MMEIOT.

**% Clemyer OTMETHTb, YTO MCCJIEIOBaHNE C(EePOIMTOBOIO XAMIEIOHA IO/ JJIeKT-
POHHBIM MMKPOCKOIIOM BO BCEX CJIyYasiX BbEIBISIET IUIACTUHYATOE WM YepenuHO-IUIAC-
THHYATOE CTPOEHHE €ro OTIeIbHbIX MHmBIAOB [11].

*%%% [JIMHOMONOOHBIA XAJMIENOH 32 PYOEKOM NOJyYT HA3BAHUE CJIAOOBBIPANKEH-
Horo (low grade) xaymienona.
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Puc. 26. <«TequkonaanbHasi 3aKPy4eHHOCTb BOJIOKOH» xajunenona. HWcaanausi. VB.
125( + ). S (3aech m najnee OykBoil «fI» 0003HayeHbl MUKpodoTorpadum, moJyyeH-
weie or M. E. SIkoBieBoii).

Puc. 27. BblnejieHne MeJIKO3€PHHUCTOrO (TOHKOYEHIYWYAaTOro) XaJeaoHA B OCHOBAHMM
TOHKOUTOJIbYATOM c(hepoIMTOBOM Xa e 0HOBO KOpKU. lanus. ¥V B. 40 (-(-). Ne 17841. 5.

Puc. 28. 3akpbiTble Nmopsl HAa TrpaHMIE IBYX XaJleAOHOBbIX mpocioeB. Kadwurmem,
TCCP. V8. 320 (||). Ne 4A. 1.

Puc. 29. 3oHaibHBI XaJEeA0H C YepPeAyIOIMMHCS MOJOCAMM C BBICOKMM (IIMPHHA 10
10 Mkm) ¥ HE3KMM (= 2 MKM) NOKA3aTeJsIMH NPEJIOMIIEHHS M PHUTMHUYHBIM BbIIeje-
HUeM MeJKUX 3aMKHYTbIX nop. Kadurmem, TCCP. Ne 3A. f1.
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B0 ycTaHOBJIEHO TakXe, YTO OAHU M3 CJIOEB TIJIIMHOMOZOOHOTO XalleqoHa
COCTOSAT W3 KPUCTAJUIMKOB KBapiia OJM3KOro pasMepa, a JApyrue coaepxkar
6osee kpymnHble Kpuctaumku (10-20 mxm B mmuHy U 5—10 MKM B nuameTtpe),
WHTEPCTUIIMM MEXIY KOTOPBIMM 3aIlOJTHEHBI MeTbYalllIMMU KBapIEBBIMU KPUC-
tasnmukamMu (1—3 mMxkm). KpoMe Toro monocyaTocTh Takoro XxajlieloHa WHOTOA
OIpe/iesIsieTCs TO0JIOCYAThIM PACIIOJIOXKEHUEM TIOp NMAaMETPOM OKOJIOo 1 MKM
[218].

Bce ckaszaHHOe MOKa3bIBAaeT, YTO IJIS XaJleNoHa XapaKTepHbl MO KpalHei
Mepe Tpu MOpGOJOTMYECKUX TUMa arperatoB: 1) cdepoauToBbie (KaK OTAEIb-
Hble cheposuThl, TaKk M COHEpOJTUTOBBIE KOPKM); 2) MeJKouellyiduaTbie;
3) CKpBITOKpUCTAJJMYECKHE OO0 TIJIMHOMOAOOHBIX, HO IUIOTHBIE, a HE MSTKHUE
WM pacchilaroliuecs, Kak 3TO CBOWUCTBEHHO TJMHaM.

B ararax Haubosiee pacnpocCTpaHEHBbl arperatbl MNepBOTO THMA, C pac-
CMOTpPEHUSI KOTOPbIX U cieayeT HadaTb. OQHAKO IO 3TOTO HEOOXOJMMO CKa3aTh,
YTO 30HAJIBHOCTb araToB, B KOTOpPOW Haubojee CYUIECTBEHHYIO pOJb UIpaeT
XalleA0oH, HEeOOXOOMMO MNOJApa3ieuTh Ha [Ba CYLIECTBEHHO Pa3JIMYHBIX TEKC-
TypHBIX THUMa: 1) KOHUEHTpUYeckyo win obnexkatoiyo (dpoto 7; 19—28;
49; 50; 87—94; 96—98; 101; 102; 107; 111; 115,a; 125; 131; 134; 145,6 B;
147; 148; 157—159; 161 wu ap.) u 2) mnapauiesbHO-CJIOUCTYI0O — JICHTOUHYIO
UM oHMKcoByI0O * (dorto 3; 14; 74; 78; 105; 108,6; 110,a,6; 113; 117; 119—121;
123—125; 127—130 u np.), mpuYyeM ecld H3BECTHBI araTbl TOJbKO C KOH-
LIEHTpUYECKU obJeKarollleif 30HaJlbHOCTbIO, TO araToB C OJHOW MapajielibHO-
CJIOMCTO 30HaJBHOCTBIO TPAKTUYECKUM HET U B HUX OOBIYHO MPUCYTCTBYIOT
ciou ¢ 06oMMHU TUIaMu 30HanbHOCTH (doto 4; 5; 6; 31; 32; 39; 76; 107; 108,6;
110,6; 119; 120; 125; 134; 135), xoTa MHOTAA MapajjelbHO-CIOUCTast 30HaJb-
HOCTh pe3KOo IpeoOjamaer.

B cTpoeHMM KOHIEHTPUUYECKU-30HAIBHBIX araTOB OCHOBHYIO DPOJIb WTPAOT
30HAJbHbIE M PUTMUYHO-30HAIbHBIC XaJIIIeAOHOBbIE KOPKW, MPUYUHBI 30HAJb-
HOTO CTPOCHHS KOTOPBIX MOTYT OBITh pa3audHbiMu (Tabn. 5). Tak, cpemu
TEKCTYPHBIX MPUYUH, BBI3BIBAIOIINX MOSIBJIeHUE OoOJieKawlleil 30HaJIbHOCTUA, OC-
HOBHBIMU SIBISIOTCS Pas3iiuuus MEXAY OTHEIbHBIMU 30HAMH, CBSI3aHHBIE C:
1) mpupomoii M KOHIEHTpalMWeil NUTMEeHTa; 2) KOHIEeHTpauueu, GopMoil u
OPUEHTUPOBKOW MMoOp; 3) pasnauuusiMU B TOKa3aTeNsIX MPEeTOMIICHUS.

IMepBasg W3 yka3aHHBIX MPUYUH JIETKO OOHAapyXWBAeTCs M CBSI3aHA C TeM,
YTO B TO BpeMs KaK YUCTHI XallleNOH SIBJSIETCS OECIBETHBIM M IPO3PAUYHBIM,
MpUMECH B HEM pa3JUYHBIX MWHEPaJIOB U BEIIECTB BHI3BIBAIOT TOSIBICHUE
TEMHO-XEJITOI, KpacHOBAaTO-KOPUYHEBOM, KpacHOM, TroJiy0oBaTO-4yepHOM, 4Yep-
HOW W Jp. OKpacokK, B 3aBUCHUMOCTH OT OKpacKM TIpUMeceil B OTAEIbHBIX
30Hax. [logpoOHee Ha 3TOM BOMpOCE 3/eCh OCTAHABJIMBATBHCI Hellejecoobpas-
HO M3-3a €ro OYEeBUIHOCTU (CM. MHOTOUYMCIEHHBbIE (OTO aratoB ¢ obJieKaro-
el 30HaJbHOCTHIO, Pa3IMYAIONIeiCs I[BETOM OTIEJIbHBIX 30H).

* Dm npa TUIA 30HAIBHOCTM Ha3bIBAIMCh paHee 30HATBLHOCTBIO Opa3MIbCKOrO
M YpYrBaiiCKoro THMIIOB COOTBETCTBEHHO, TTOCKOJIbKY TMEPBOHAYAIbHO IPENCTaBIISIOCh,
yro arathl bpaswimu u YpyrBas 4yeTKO pa3idyaroTcs 3TUM mNpu3HakoM. OmHaKoO aaib-
HeWIlMe WCCIENOBaHUS IOKasajli, 4YTo 00a paccMaTpUBaeMbIX THMA 30HAJTBHOCTH
M3BECTHbI HE TOJBKO B araTaXx M3 3TUX CTpaH W JOBOJBHO YacTO CTAM OOHapyXWBaTh
o0Opasibl cpady ¢ OOOMMM THUIAaMU 30HAJTbHOCTU. [lo3TOMY NpPOTMBOMOCTABISITH Opa-
3WIbBCKHE W YpYrBaWCKME araThl KakK araTbl, pa3iMYalollMecs TUIOM 30HAJIbHOCTU
(CJIOMCTOCTH), HELIEIECO00Pa3HO.
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TABJIMIA 5

TexkcTypHbIE M CTPYKTYpHbBIE OCOOEHHOCTM KOHIIEHTPMYECKO (00JeKaloleit)

30HAJIbHOCTU Xa/IlIEAOHOBBIX KOPOK

30HaNIBHOCTH

TEeKCTYpHas

CTPYKTYpHasi

1. YepenoBaHue 30H, pa3IMYAIOIIMXCS
MMUTMEHTOM WM €r0 KOHLIEHTpaLuei
2. YepenoBanue 30H, pa3IMYAIONINXCS
KOHILICHTpalLMeii Top:

a) 3aMKHYTBIX

0) OTKPBITHIX (KaHAJBbHBIX)
3. YepemoBaHre 30H, Pa3IAYAIOIIMXCS IIO-

1. PuTMUuHbBIE 30HBI C TTOBTOPSIIOIIVMUCS
LUKJIaMU — 3apOXKICHUE --> TeOMeTpUIec-
CKUi1 OTOOp --> TOHKOWTOJILYATHIN (WA TOH-
KOTUTACTMHYATBIN) XaTIENOH — WIA OT/AC/b-
HBIMM WX YacTSIMH

2. YepenmoBaHHWe 30H XaJlleAOHA OIMHAKOBO-
IO WIM OJM3KOTO CTPOEHMS, HO Pa3HOM TOJ-

KaszaTelsiMM TpesioMyieHust. Bce 9t Tekc-  LIMHBL
Typbl MOTYT TIPOSIBJISITHCSL B XaJILIEIOHE: 3. YepemoBaHue 30H XajllieJOHa pa3HOU
a) cheponuToBoM CTPYKTYpBI, HanpuMep, TOHKOBOJIOKHUCTBIX

6) MeJIKOoYelIyif9aToM ¢ TpyOOIIIeCTOBATHIMU

B pesyabrate ucciemoBaHMs XajaleaoHa (O0COOEHHO MpU OOJBIIMX YBEIM-
YeHMSIX) B HeM OOHapyXMBaeTCcs TO WM MHOE KOJMYECTBO IOp, 4allle BCEero
chepruueckux, 3aKpbIThIX. TakuWe MOpbl MHOTAA MPUYPOUEHBI K TpaHULIe CJIOEB
XaJllleloHa ¢ pa3HoOW CTpyKTypoil (puc. 28), a B IOpyrux ciydasix oOpa3yioT
pPUTMHUYHO-Yepenymluecs 30Hb (puc. 29), 3a cyYeT KOTOPBIX CO3AAETCS 30-
HaJbHO-PUTMUYHOE CTPOEHHME Aaxe MeJKouelryiiuatoro xanmenoHa (puc. 30)*.
TMpuueM, Takass 30HAJIbHOCTb MOXET HAOJIOAATbCA W MaKpPOCKOMHUYECKHU, IMO-
CKOJIBKY OTAeJbHbIE 30HBI, OOOTallleHHble MOpaMM, MPUOOPETAIOT MaToBO-Oe-
JIBIi 10 6Gesoro LBET M3-3a BHYTPEHHEro OTPaXeHWs M pacceuBaHUs CBeTa
MOBEPXHOCTBIO TIOP.

KpoMme 3akpbIThIX cepuyeckKux Mop B XalllelOHaX MHOrIa HaOJI0mamTCs
TOHYAWIIMEe OTKPBIThIE KaHaJbHbIE MOPbI, OT KOTOPbIX TakXe 3aBUCUT OeJblii
LBET MOA0OHBIX 30H (puc. 31). MHTepecHO OTMETUTb, YTO Ha MPUBOIMMOM
pUCYHKE TOHYalllMe KaHajJbHble TOPbl OJIM3KOW MJIMHBI TOYTU MapayjeabHbl
JpyT APYTy U Pe3KO OKAHUYMBAIOTCS Ha IPaHULIE «MOJIOYHOU TMOJOCHI» (CpemHsis
yacTh puc. 31,a), XOTSd HpU CKpeUleHHbIX HUKOJAsSX (puc. 31,6) 3Ta rpaHuLa
He ¢uKcUpyeTcsl TpaHULIAMK 3epeH XajledoHa, W TOopucCTasi 30Ha B 3TOM
o0paslie MPOXOAUT HE3aBUCUMO OT CTPYKTYpbl XajledoHa, T. €. TaK Xe, KakK
9TO OBLJIO TOKAa3aHO Uil 30H 3aKPBITHIX chepuvyecKux MOop Ha MpeablaylieM
pucyHke (cM. puc. 30).

HakoHel, cieayeT OTMETUTb, YTO BO MHOTUX C(EPOTUTOBBIX KOPKaX MOX-
HO OOHApyXWUTb PUTMMYHO-30HAJIBHOE CTPOCHME, CBSI3aHHOE C YepeaoBaHUEM
MOoJIOC, pasjiMyalolIuXcs IokKaszaTejeM MpejoMyeHus (puc. 32).

Ilpu Gosiee BBICOKOW paspelaloiieii CMOCOOHOCTM MUKPOCKOMa TaKhe
30Hbl OKa3bIBAIOTCSI MOCTPOCHHBIMU KYJMCHO M3 MPUMEPHO PaBHBIX IO JJIHWHE

* Hapsimy c mnopamu, OMNpeneNsIolMMU PUTMUYHO-30HAIBHYIO TEKCTYpY MHOTHX
araTtoB, M3BECTHBI BETBHCTBIE OTKPBITBIE TMOpbI, CIMBAIOLIMECS APYr C IPYTOM B CIIOXHYIO
nopuctyio cucteMy (10], He MMeIOITYyI0, OMHAKO, CBSI3U C pacCMaTpUBAaEMbIMU SIBICHUSIMU
PUTMUYHOM 30HAJIbHOCTU.
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Puc. 30. 30HaNBbHOCTD, CBA3aHHAS C XapaKTePOM pacnpezesieHusi MeJKux (0Koao 50 Mkm)
3akpbIThiX nmop B arare. Yauupin Hoc, Ces. Tuman. ¥ B. 40 ( + ). .

Puc. 31. «MousioyHasi mojioca» B XaJue/IoOHe, 00J1aJa0masi NOBbIIIEHHOWH MOPHCTOCTHIO 32
cuer o0WwIMs rpyGonapauieNbHbiX TpyGuaTeix mop. Ve. 40: a — (||), 6— (+). S
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YYACTKOB, PACHOJIATAIOMIUXCA BAOJb C(hepoMTOBOii KOPKM M PUTMHUYHO CMe-
HSIOIMX JPYr ApYra B NEPNeHIMKYJISPHOM HANPABJIECHUU.

Takum o00pa3oM, PUTMHYHO-30HAJIbHbIE TEKCTYPbl 30HAJIbHO-KOHLIEHTPH-
yecKux (00J1eKalommx) BbIAEJEHU XaJled0HA, BbIsSBJIsAEMble NMOJ MHKPOCKO-
noM 0e3 aHajauM3aTopa W HaO/I0JaeMble B araTaXx BO MHOIMX CJy4asiX BH-
3yaJIbHO, CBSI3aHbI C TpPeMsl BAaXKHEHIIMMHU NPUYMHAMM: a) 4YepedOBAHHEM 30H
Pa3HOro MO COCTABY NHUIMEHTA, €ro KOHIEHTpauuu; 0) 4yepeaoBaHUEM 30H,
Pa3IMYAIONMXCS KOHLIEHTpPAlMeid NMOpP — 3aMKHYTBIX WM OTKPbITBIX KAaHAJIb-
HbIX; B) 4YepelOBAHUEM 30H, MMEIOIIMX Pa3JIMYHbIi MOKa3aTejb NMPeJOMJIEHHUs.

B otrnenpHbIX 00pa3nax BO3MOXKHBI TEKCTYPHble 30HBI PAa3HOrO THNA,
HHOTJA HAKJIAABIBAIOIIMECHA JAPYr Ha Jpyra,— HanmpuMmep, 30HBI PAa3JIMYHOMR
OKPacKd MOTyT B TO 3Ke BpeMs COOTBETCTBOBATH 30HAM PAa3HOW MOPUCTOCTH.
T'oBopsi 0 MOOOHBIX 30HAX, OTMETHUM, YTO, HAPSAAY C MUKPOUUKIAMU TAKOIO
THNA, KOTOpble MOKa3aHbl Ha puc. 32,6, 30HBI MOryT OO0OBEIMHATHCA B OoJiee
KpYNHble «MAKPOPUTMbI», KOTJA NMPOMCXOJIUT NMOBTOPHOE 3aKOHOMEpPHOE H3Me-
HEHHE PACCTOAHMS MEXKIY «MHKPO3OHAMH» (XOpOouIO BHAHO Ha puc. 32).

WccnenoBanue 30HAJbHO-KOHIEHTPUYECKHX (00JIEKAIOMIMX) XaJIIEI0OHOB
B CKpEIIEHHbIX HHMKOJSAX BBIABISIET OCOOEHHOCTHM HMX PUTMHYHO-30HAJIBHOM
CTPYKTYpPbI, KOTOpPbI€ MOTYT OBITh CBSI3aHBI TAKXKE C PA3JIMYHBIMM NPUIAHAMH
(cm. Tada. 5).

Tak, pPUTMHUYHO-30HAJIbHOE CTPOeHHEe C(EPOUTOBBIX KOPOK XaJleJoHa
MOKHO OOBSICHUTh YepeJOBAHHEM OTIEJbHBIX 30H C MOBTOPSIONIEHCA B KaXK-
0l M3 HUX CMEHOI pa3Mepa BOJIOKOH XAJEJOHA, BbI3BAHHOM SIBJIECHUSIMHU
3apOXKIEHHs --> reOMEeTPHYECKOro oTOopa --> pocTa CyOMHIMBHMIOB IIECTOBA-
Toil Kopku (puc. 33). B apyrux ciy4yasx 30HAJBHOCTb C(epPOJMTOBBIX KOPOK
MOKeT ObITh CBSI3aHA C 4YepeJOBAHHEM 30H OJIM3KOrO CTPOEHHsl, HO PA3HOM
TomuHbI (puc. 34) WM 30HBI Pa3/IMYHOrO cTpoeHusa (puc. 35).

Bo Bcex pacCMOTPEHHBIX CJOy4yasix M s OOJbIIMHCTBA ChepoJuTOBBIX
KOPOK XaJIe0HA U3 00JIeKalolleil 30HAJIBHOCTH TPAHMIbI MEXKY OTIEJIbHBIMH
30HAMM JOCTATOYHO pe3Kue U dYeTkue. Hapsay ¢ 3TMM M3BecTHbI 0OoJjiee
penKue cjyyau ¢ pacCIUIbIBYATBIMM HESICHBIMH IpaHMIIAMU MeKay 3oHamu [11].

Takum 00pa3oM, CTPYKTYpPHBbIE Pa3jau4MsA OTHEJbHBIX 30H 30HAJIBHO-KOH-
LEHTPUYECKOro (00JIeKAIOIIEro) Xajled0Ha CBS3aHbI C: 4) PUTMHUYHBIM MOBTO-
peHueM 30H, B mpeaesiaX KaxI0il M3 KOTOPbIX MPOMCXOIUT CMEHA CYOMHIMBU-
JIOB B COOTBETCTBHHM C MNEPEXO0JOM OT CTAAMM 3apPOXKIEHUSA Yepe3 CTATUI0
reOMeTPUYECKOro 0T00Pa K CTaIUd MapaUIebHO-IIECTOBATOr0 pocTa; 0) 4Yepe-
J0BaHMEM 30H OJIM3KOr0 WJIM OJAWHAKOBOIO CTPOEHMS, HO PA3HOIN TOJIIMHDI;
B) 4YepelIoBaHMEM 30H XaJIEI0HA C Pa3HOM CTPYKTYPOii.

Caenyer uMeTb B BMIY, YTO NpPUBEJAEHHbIE CJIy4au SIBISAIOTCA KpaiHUMU
U B OTIEJbHBIX 00pa3nax MOKeT HAOMI0AATbCS KAK MX COBOKYNMHOCTb, TaK U
NMOCTEeNEHHbIE MepPexobl MeXAy MepeyncJeHHbIMM THNAMHU CTPYKTYp cdepoym-
TOBbIX KOpPOK XxaiuenoHa. Kpome Toro, peajibHble OCOOEHHOCTH 3O0HAJIBHO-
KOHIIEHTPHYECKOrO XaJIeI0OHA O0ObIYHO K TOMY K€ ONpenesioTCs HAJOXKeHUeM
JIPYT HA ApYra 30H, CBA3AHHBIX C TEKCTYPHbIMH OCOOEHHOCTSMM XAJEIOHA U
30H, CBSI3AHHBIX C MX JETAJSIMM CTPYKTYpPbl, KOTOpble MHOrAa CYUIEeCTBEHHO
pamusbl (cp. puc. 30, 31 u 35).

Hakonen, cjeayeTr OTMETHUTb, YTO B3aUMOJEHCTBUE OTIEJbHBIX c(eposn-
TOB XaJIIE€OHA HA TpPaHUIE MX ApYr ¢ apyrom (cMm. puc. 34; puc. 36) yeTKOo
COOTBETCTBYET ONMUCAaHHOMY 1Jjisi 9Toro caydyas JI. Il. I'puropseBbim [28].
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Puc. 32. PurMuuHO-30HAJIbHOE cTpPOeHHe cepoIMTOBBIX KOPOK XaJIle/IOHA, CBSI3aHHOE C
Pa3iMyMsMH B MOKA3aTeJSAX NPEJOMJIEHHs OTAEJIbHBIX 30H; MAYKH 30H C Pa3HbIMHU IOKa-
3aTe/IsIMM NPEJIOMJIEHHs] 00pPa3yl0T <«MHKPOPUTMbI» C 3aKOHOMEPHO YMEHbIIAKIIUMMCS
NMPOMEKYTKAMM MEKIY 30HAMM ¢ (oJiee BLICOKMM MOKa3saTejeM npejomienus, ys. 500 (||);
Kadurmem, TCCP. Ne 5a u 12A, 4.

Puc. 33. 3ona xamuenoHa B c(epoIMTOBOIi XaJIeIOHOBOI KOPKe, OTBEYaIouiasi 3aKOHO-
MEpPHOIi CMeHe pa3Mepa WHIMBHIAOB B CBSI3M C PA3BMTHEM BOJIOKOH XAJIEAOHA B CTAIUM:
3apoxkaeHue --> reoMeTPHIECKHii 0TOOP --> 00pa3oBaHHe NAPAILIETbHO-IIECTOBATON KOPKH
KPYNHbIX <«BOJIOKOH» xajnenoHa. Yauupin Hoc. Ces. Tuman. VB. 40 ( + ). Ne 1280. A1.
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Puc. 34. PuTMMYHO-30HAJIbHOE cTpOoeHHEe c(epoTMTOBOI KOPKH XAJIIEN0HA, COCTOAIIEH U3
30H OJM3KOW CTPYKTYpPbI, HO PA3HOIl TOMIMHBI; XOPOIIO BHIHO, YTO OJAHM M Te K€ 3O0HBI
NPOJOJIKAIOTCH B 000ux cocennux chepoanrax. Unap — O6Gepureitn, @PT. V. 35 ( + ).
No 48280. SI.

Puc. 35. YepenoBanue BOJOKHHCTBIX M YeLIYHYaThIX 30H XajleaoHa B C(epoauToBOi
XaJeA0HOBOH Kopke. Mounromms. V8. 80: a — (||), 6— (+) e Ne 15. 4.
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TABJIMUIIA 6

TekCTypHbIE W CTPYKTYPHbIE OCOOEHHOCTH XAJMIEOHOBBIX MPOCIOEK
B arate ¢ NapauiebHO-CJIOUCTOI (JIEHTOYHO#) 30HAJILHOCTHIO

30HAJILHOCTB

TEeKCTypHast CTPYKTypHasA

1. YepenoBanrie mnpocioeB, pazmMao- 1. YepenopaHue <«dellyeBUIHOIO» M <«IJIAHO-
OWXCHA TPUPONOI TNHMIMEHTA WM €ro M0JOOHOI0» XAJIENIOHA

KOHIIEHTpaLuei

2. Yepenopanue cjoeB ¢ pazmuHbivi 2. YepenoBaHue 30H <«UelllyeBUIHOIO» XaJlie-
KOJIMYECTBAMM  <«MUKPOXKEOI»> JI0HA C Pa3HOil CTeNeHbI0 3epPHUCTOCTH

3. Yepenosanne mpocjioeB ¢ KaBepHo3- 3. UepenoBaHue <«JelyeBHIHOIO» W <IJIIHO-
HOl M MACCHMBHOI TEKCTypoOi MOJOOHOIO» XAJNIEZIOHA CO CepOTUTOBBIMUA

CJIOSIMA  XaAJIIEIOHA

WHbIMH TEKCTYPHBIMM M CTPYKTYPHBIMH OCOOEHHOCTSIMH XapaKTepu3yeTcs
napaJjie/ibHO-CJIOUCThI (JIEHTOYHBIN) Xajmenon (Tada. 6).

TekcTypHBIE 0COOEHHOCTH TAKOTO XAJIIEIOHA ONPENeISTIOTCA:

1) pa3HbIM coaep:KaHHEM M COCTABOM NHUIMEHTA OTAEJIbHBIX 30H;

2) pa3sIMYHOl CTPYKTYPOii OTIEJbHBIX 30H, YTO BbI3bIBAET PA3M4YUs B MX
(pusnyecknx cBoiicTBax (0JIeCK OT BOCKOBOIO M IJIMHOMOJAOOHOrO XaJjieIoHa
0 CTEKJSHHOTO y CJIoeB ¢ 0ojiee KPYNHO3EPHUCTBIM CTPOEHHEM; IBET OT
0€eJIoro 10 CBETJIO-CEpPOro; MHOIAA XaJedoH OecIBEeTeH);

3) uepenoBaHHeM 30H C Pa3IMYHBIM COAEPKAHMEM  XAaJIEIOHOBBIX
«MMKPOKeOo1».

ITocaenuue (¢oro 3, puc. 37) HaGMOAATCA IJIABHBIM OOpasoM B MpH-
MOJIMPOBKAX, a B HUIM(axX MX MOKHO BUIETHh JMIIb NPU KOCOM OCBEIIEHWH.
B mnpoxoasimeM cBeTe OHM COBCEM HEBUIAMMBI; B CKPELIEHHBIX HHUKOJIAX HX
BEChbMa TPYIHO OOHapyxkuTh. VcciaenoBanue o0pasloOB C <«MHKPOXKeOAAMM»
NMoKa3ajo, YTO BO BCeX 0e3 MCKIIOYEHHs CJIY4asiX OHU BbINOJHSIOT HENPaBWIb-
HOil ()OpMBI MPOCTPAHCTBA MEXKIAY MHUKpochepoanTaMu XajueIoHa.

HUccaenoBanue CTPYKTYpPbl NAPAJIJIEIbHO-CIOUCTBIX (OHUKCOBBIX) araToB MO-
Ka3bIBA€T, YTO JJIsi HUX MeHee XapaKTepHbl C(hepoIMTOBbIE KOPKH XaJled0HA U,
HANPOTUB, 00Jiee OObIMHBI MPOCJIOH <«MEJIKOYENIYiYaToro» M <«IrJIMHONOJ00HOro»
XaJjuenaoHa, onpeneisiiomyue OCHOBHbIE CTPYKTYPHble U TEKCTYpHble MX OCOOEH-
HOCTH.

Ilpn 3TOM oOTHENbHbIE XAJIEIOHOBbIE CJIOHM, CJAralolye NapajuiesibHO-
CJIOUCTDbIH (JICHTOYHBIA) arar, OObIYHO MMEIOT HEOGOJIBIIYI0 MOIIHOCTb, MO3TO-
MY B JAHHOM CJIy4yae TPYIHO XapaKTepu30BaTh KAXKIblii U3 HUX B OTAEJbHOCTH
U ropasio OOJbIIUii CMBIC]I MMeeT MX COBMECTHOE ONMUCAHHUE.

B KavecTBe THNHMYHOIO CJIy4ash MOXKHO PAacCMOTPETh CTPOEHHE NapajLiesib-
HO-CJIONCTOr0 XajmeaoHa M3 AHaOyJaKkcKoro mectopoxiaeHus (puc. 38).
B HeM Ha CpPaBHMTEBLHO HEOOJILIIOM YYACTKE OOHAPYKHMBAIOTCS 30HBI TJIMHO-
MOAOOHOT0, MEJKO3EPHHCTOr0, NEPUCTOr0 W HECOBEPIIEHHO-C(HEPOIUTOBOTO
cloxkeHusA. 31ech 0CO00 HAJAO OOPATHTh BHMMAHHME HA 4YPE3BBIYAWHO TOHKO-
JMCNEPCHOEe CTPOEHHEe 30Hbl TJIMHOMOJOOHOrO XAaJEeA0HA, KOTOpPbIii HMeeT
0o mocreneHnsie (puc. 38, a), 160 YeTkue rpanunbl (puc. 38, 6) ¢ HIKHUM
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Puc. 36. Xapakrep rpaHuig
Mexay cdepoauramu xaJsie-
JI0HA, POCIIMMH HABCTpedYy
JpYr Apyry:

a — Mexnay  cdepoauTamMu
TOHKOBOJIOKHMCTOIO  XaJie-
noua, yB. 30 ( +). CeB. Tuman.
Ne 17 a. AI; 6 — mexknay cdepo-
JTAMA Tpy0OLIECTOBATOrO
xaymenona, ys. 40 ( + ). Un-
xesaH, ApMmCCCP. Ne 34377.
S

Puc. 37. «Mukpoxeonbi»
XaJIEIOHA B HIDKHEH YacTh
XaJea0HoBOro oHukca. Poc-
ceimi Mo p. 3ess, Amypckas
00a. ¥YB. 10, Kocoii cBerT.
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CJI0EM <«IIEPUCTOrO» CTPOCHMsSI M TOCTENEHHO MNEepPeXOAUT B CJIOW «dyelryidua-
TO» CTPYKTYPHI.

B 3o0He «uemryituaToro» XxajaledoHa OTAEJAbHbIE WHIMBUABI TMOCJIEIHETO
HallOMUHAOT cpe3bl AedopMupoBaHHBIX cdepoauToB. OmAHAKO UX TpPaHUIIbI
Ipyr ¢ JAPYrOM He pPOBHBIE, KaK 3TO ObUIO C TrpaHMLAMU COBMECTHOrO pocCTa
cheposUTOB B KOPKaX 30HaJbHO-KOHLEHTPUYECKOTro XajleaoHa (cMm. puc. 34 u
36), a B3aMMONPOHMKAIOIIME MUI000pa3HbIe C MHOTOYUCIEHHBIMU 3a3yOpu-
HaMu W 3aJMBaMu, [eJalolIMMHU €€ TMOAOOHOM TIpaHMIlaM MeXIy 3epHaMU
B POroBMKOBBIX arperatax (puc. 38, g). KpoMe 30H ¢ B3aMMONMPOHUKAIOLIMMU
rpaHULlaMU OTHAEJIbHBIX MEJKUX C(HEpOoTUTOB IJsI OHUKCOBBIX araToB OMUCAHbBI
[104] npocnou, cocrosiniue U3 OAMHAKOBO Pa3BUTHIX CGHEPOTUTOB, UMEIOIIUX
pOBHBbIE TpPAaHULIBI [OPYr C JPYroM, 4YTO JOCTUraeTcsi HM3MeHeHueM (GOopMbl
chepoanuToB 10 KyOOUAHOIA.

WHTepecHO TakXe M TO, YTO XaJlEeIOHOBash 30HA «4elIyiA4yaToil» CTPYKTY-
pbl MOXET TMEePeXOAUTh TOCTEMEHHO B 30HY HECOBEPIIEHHO-CHEPOIUTOBOIO
cTpoeHus (3oHa 5 Ha puc. 38, a).

Ocoboro BHMMAaHHs 3aclIyXHBaeT M <«IIEPUCTasl» 30HA, IpeACTaBlIeHHas
napajjieJJbHbIMU CPacTaHUSAMM KBaplMH-XaJLUEeIOHOBBIX CGhEpOUIOIUTOB (30HA
2, cMm. Ha puc. 38, a). OHU MOTyT pe3KO OTHENSTHCS APYT OT Apyra WU IOCTe-
IIEHHO IIepeXOIUTh Opyr B Apyra (puc. 38, 6), BBI3bIBasi BOJHMCTOE IIOTacaHUeE.
DTH 30HBI IMOCTENIEHHO pa3pacTalOTCS U3 30H C «4elIyAYaTbhIM» XaslleIOHOM,
HO 3aKaHYUBATHCSI OHU MOTYT JMOO IOCTEeIeHHO, Tu60 pe3ko (cM. puc. 38, 6),
CMeHsIsSICh 30HOW TJIMHOMOAOOHOTO XajlenoHa.

KpoMme omucaHHBIX, B TapajjielbHO-CIOUCTOM (OHUKCOBOM) arate BCTpe-
YalTcs 30HB OTYETIMBO chepoauToBOoTOo cTpoeHus (puc. 39), He oTaMYalO-
mMecs TMpPaKTUYECKU OT 30HAJIbHO-KOHIEHTPUYECKUX (0OJeKalouInux) 30H,
MHOTAAa HEIMOCPEACTBEHHO IMepexXOoasuiuX B CJIOU, clarapinue chepoauToBbie
KOPKU KOHIIEHTPUUYECKM-30HAIbHOTO cTpoeHusi (puc. 39, 6).

Takum o6Gpa3oMm, MO TEKCTYPHBIM, M B TEPBYIO OuYepeab MO CTPYKTYPHBIM
MpU3HAaKaM XaJdleAOHbl KOHIEHTPUYECKU-30HAJIBHOTO M TapasjieibHO-CIOUCTO-
o araToB CYIIECTBEHHO pasiuuaiorcsi. Ocoboro BHUMaHUsS B CBSI3U C OTUM
3aCIyXHUBAIOT <«IJIMHOMOMOOHBIE», «4YellyiuaTble» C POTOBMKOBOW CTPYKTYpPOM
U chepougaoJUTOBbIE KBapLMH-XaNIeJOHOBbIE CJIOU, OTCYTCTBYIOIIME B KOH-
LIEHTPUYECKU-30HAJNbHBIX aratax M TUIHWYHBIE JJISI TMapajleibHO-CIOUCTHIX.
HanpoTtuB, nas nociaeaHUX MeHee OOBIYHBI  MapajuleibHO-1IeCTOBaThIe
cheponnToBBIE XaTlLEIOHOBBIE MPOCIOU, CTOJb XapaKTepHbIE AJISi KOHLIEHTPHU-
YeCKM-30HATbHbBIX araToB.

B TO Xe BpeMsi BaXXHO OTMETUTb, UYTO MPAKTHUUYECKU BCE araThl 0a3ajbTOBBIX
MUHAAINH, a TaKXe BBIMOJHSOIINE MOJOCTH JUTOGU3, UMEIOT Mo nepudepun
00JIeKaIoUIYl0 KOPKY XajledoHa pa3JM4YHOW TOJUIMHBI, YacTO OYeHb YeTKO
BBIIEJSIIOIIYIOCS 110 CTPYKType uiau okpacke (doro 44; 49; 50, 73; I10 a, 6, 0,
115, a; 119—121; 124; 125; 129—132; 135; 139).

Cka3aHHBIM HE€ OrpaHMYMBAETCS BCce pa3HooOpa3ue TEKCTYp U CTPYKTYP
XaJLelOHOBBIX 00pa3oBaHUii, HO OHO BKJIIOYaeT Haubojee TUMUYHbIE U3 HUX.
DTO MO3BOJISIET OTPAHUYUTL TMPUBEACHHBIMU AAHHBIMM PAacCMOTPEHMUE Xajle-
JIOHa Kak TakoBOro. B pmanbHeliliem OymyT u3jaaratbCsl Ipyrue TUIUYHBIC s
HETO0 TEKCTYypHbIE U CTPYKTYpHbIE OCOOEHHOCTH, CBSI3aHHBIE, OAHAKO, C APYTUMU
9JIEeMEHTAaMM CTPOEHMSI aratoB — ICEBAOCTaJaKTUTaAMM, <«IHUTAOIMMU» KaHa-
Jlamu, TnceBgoMopdo3zamMu Mo APYyruM MUHepajaM U T. I.
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Puc. 38. Crpykrypa XajeJOHOBBIX 30H
B NapajliejIbHO-CJIOMCTOM (1eHToY-
HOM) arare:

a—30Ha  MeJIKO3epHHUcTOoro  xaiuenona (1)
(BHM3Y) CMEHseTCsl 30HaMU: MEPUCTOTO CTpoe-
Hust  (2), TaAMHOMOLOOHOTO XanuemxoHa (3),
¢ TUNMUAMOMOP(HO3EPHUCTON CTPYKTYpou (4)
HecoBeplUIeHHOCHEPOJIUTOBOTO CcioXeHust (5),
MeJKoyYellyifyatoro xaiuenoHa, yB. 40 (+);
0 — neTalb CTPOEHUS 30HBI IJIMHOIOJOOHOTO
xanuenoHa (J), wuMmelomeid pe3Kyo TpaHUILY
C IEPUCTOl 30HON U MOCTENEHHO Nepexosulei
B 30HY MEJKO3EPHUCTOIrO XajlleJlOHa TUMUIAUO-
MopdHOU cTpyKTyphl, YB. 60 (+); ¢ — meraiab
CTPYKTYPBl M B3aMMOOTHOIIEHUS WHIMBUIOB
XaJlegoHa W3 BepXHeil dYacTu 30HB (4) ¢
runuauoMopdHoi CcTpyKTypoil; yB. 160(+);
XOpOIIO BHUAHBI MEJKHE 3aMKHYTble TIOpHI.
Aitnaoymnak, KaszCCP. NeNe 1278, 1179. 4.
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Puc. 39. TonkKomecrToBaTbie CJIOM B Napajule/IbHO-CJIOMCTOM arare, 4Yepeaylolimecs co
CJIOSAIMM MEJIKO3€PHUCTOr0 M TJIMHONOJO0HOro (4YepHoe) XaJjueaoHa:

a — BCe TMapajuleJbHble CJIOM ynupaloTcs B cHEpOJUTOBYIO KOPKY XalleLOHa 30HAlIbHO-
KOHIIEHTPUUECKOTO arata; 0 — TOHKOLIECTOBaThie CJIOU Mapajjle]bHO-CIOUCTOrO arata mepe-
XOISIT B JIEHTBI, cJjaraloniye KOHLEHTPUUECKU-30HAJbHBIA XalllelOH; 3TOT Iepexo] Moauep-
KMBaeTcsi 0o0pa3oBaHMEM CTYMEHYAaTOro M3J0Ma Ha IOBEPXHOCTH 30HAJIbHO-KOHLEHTPUUYECKOTO
xanuenona. Mynuna [opa, YutuHckas o6a. YB. 40( + ).
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Keapuy * saBiasiercsi ciaeaylomuM Nocje XajileJoHA MO 3HAYMMOCTH B
CTPOEHMM araToB MHMHEPAJIOM cemeiicTBa KpemHe3dema. HauGoJiee 00bIMHO
NMOJIOXKEHHE KBapua — B BUJE KPYNHOKPHUCTAUIMYECKMX IIETOK M  saep,
3aBepIUIAIOIINX AraToBble 00pa3oBaHusA B MuHaajauHax (doro 2; 4; 6; 7; 23;
28; 36; 53; 76; 77; 88), murodpmuszax (doro IIO, B; 119; 131; 134) wm
ocanouHbix mopoaax (goro 157, 159) B BuAe rHe3l B OKaAMEHEJIbIX J€PEBbAX
WM CIUIOIIHBIX 3€PHUCTBIX MACC B IEHTPe araTtoBbix oOpa3oBanmii. Takoe
XKe moJioxkeHue 3aHumaetr ametruct (doro 1; 8; 41).

Hapsany ¢ 3TuM KBapi B BUJE OTAEJbHBIX 30H BbIIEJISIETCS HEMOCPEICTBEH-
HO B KOHIIEHTPUYECKH-30HAIBHOM (00jekaomem) (doro 20; 21; 22; 25; 44;
50; 76; 88; 98; 134; 147) um mnapajuiesibHO-CJIOUCTOM (JIEHTOYHOM) arare
(dboto 31), sBAsAsICh MHOTAA CYIIECTBEHHOM WX COCTABHOI YacCTbiO, ompeje-
JSIOIIel TEKCTYpY arata, HEKOTOpble BaXkHble ero (u3nyecKue CBOWCTBA.
HiMeHHo Ha CTPYKTYpe 30H TAKOro KBapla, B3aMMOOTHOLIEHHUSX €ro C xaljue-
JIOHOM HEOO0XOJUMO OCTAHOBHUTLCSI MOJAPOOHee.

Takue 30HbI, COCTOSANIME M3 3€PHbINIEK KBapHa, Pa3AejsiomMX XaJeno-
HOBble 30HbI CO CTPYKTYPO#, BBI3BAHHOM CTAIMAHBIM Pa3BUTHEM IPOLIECCOB
KPUCTAUIM3AIMN XAJEJI0HA MO CXeMe: 3apoXKIeHHe --> reoMeTpuYecKHii
oT0Op --> TOHKOLIECTOBATASI KOPKA, OYEHb XapPaKTEePHbI /Jisi CEBEPOTH-
maHcKkux aratoB (puc. 40, a).

WUccnenoBanue 3TUX 00pa3snoB npu 0o0Jiee BBICOKOM YBEJIMYEHUHM MOKAa-
3pIBA€T, 4YTO OTAejbHblE KBapueBble 30HbI HMMEIOT pa3/iIMYHOe CTPOEHHe.
Tak, oquu U3 HUX (HUKHSAS 30HA HaA puc. 40, 6) cocTOUT U3 cyOnmapasIeTbHbIX
3epeH KBaplua KOHHYecKOii ¢opMbl, 00pa3ylmmxX OOuIIYI0 YEeTKYI0 TpPaHUILY
pasgena co CJeIyIOIIUM XaJllueIOHOBbIM cJjioeM. Takas KoHuYyecKas WU
«30HTHYHAS» (hopMa 3epeH KBapua MOXKET ObITh CBS3aHA C 3apOKIEHUEM
KBapIa HA LIECTOBATOM arperare XaJllleIOHA, KOrJAa MOCJeIHUN 3aKAHYMBAJI, HO
elle He 3aKOHYMWJ CBOM POCT, M Jajiee HEKOTOpOe BpeMsl XaJledOH, BeH-
yaumiicss pa3pacTallMMHUCS 3epHAMM KBapua, poc BMecCTe C KBapleMm.
Caenyoumii cJioii XajneIoHAa HAYMHAJ PACTH MOCJE MOJHOro IpeKpaueHus
pocTa 3epeH Ksapua.

JIpyrue xkBapueBble 30HbI (B BepxHeil yactu puc. 40, 6) cocroAT U3
Pa3HOOPHEHTHPOBAHHBIX OBAJIBHBIX B cpe3e 3epeH KBapua. OHM Xapakrepusy-
IOTCSI MeHee 4YeTKOW TrpaHuIeil C XajllueJOHOM KAK MNOJACTWIAIoIEeH, Tak H
nepeKkpbIBaoLIeil  XaJeIOHOBBIX mnpocjoek. IIpu 3TOM BO MHOrMX cCiaydasix
MOXKHO HaO0JII0aTh pacllenyieHue rpaHeil OTIeJIbHBIX KPHUCTAUIOB KBapua u
NMOCTEeNEHHbIH NMepexo/] OT HUX K XallueAoHoBOMY cJio (puc. 40, 8).

Takum o0Opa3oM, N0 CTPYKType M NPUPOAE 30HbI KBapua pa3jIM4HbI.
OmaM M3 HUX 3apoXKAAlTCd B KOHIEe (opMMPOBaHMS COOTBETCTBYIOULIEH
XaJe/IOHOBOIi 30HbI, M HOBasi 30HA HAYMHAETCsA Pe3KO, MNocjie OKOHYAHMS
pocta KBapua, Apyrue — MMET TIPAaHUIbl MOCTENEHHOro Nepexona Ksapn —
Xa/IeJ0H, CBUIETEJIbCTBYIOIIME O TNOCTENEHHOCTH W3MEHEHMs1 YCJIOBMIA,
NPUBOIAIIMX K KPUCTAJUIM3AIMM KBapua WM XaJueJaoHa.

B HekoTOpbIX 00pa3max 30HbI KBapua OKa3bIBAIOTCS OY€Hb TOHKHUMH
(puc. 41), BIWIOTH 10 BOJIOCOBHIHBIX, KOIJa OHM OOHAPYXKMBAIOTCS JHOO B

* Bce, 4r0 Kacaercsl OOIIEi XAPAKTEPUCTHKM KBaplia, B PaBHO Mepe OTHOCHTCS
M K pPEIKUM €ro Pa3HOBWIHOCTSM — AMETHCTY, PayXTonasy, SIBEHOIMMHCST OOBIMHO
HaMOO/iee MO3HUMHM 10 BPEMEHM 00pA30BAHMSIMU.

153



INCEBJOMOP®O3bI ITO HEN3BECTHBIM
MUWHEPAJIIAM

®Porto 69. CareHuroBblii arat ¢ ncepaomopdo3amm XajlueJoHa MO HroJib4aToMy MUHE-
pajly, HAXONSIUUMMCS B OCHOBAHMM IICEBIOCTANAKTHTOB. Apu-Borno. Mouromms..
8,0X8,0 cm. Ne 83056.
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IICEBAOCTAJTAKTUTDBI XAJIINEAOHA
B ATATOBBIX MUHIAJINHAX

IlceBnocTaylakTUTEI HA TOHKUX
HUTSIHBIX OCHOBAHUIX HEICHOIO IeHe3unca

®oro 70. ToHKHME XallleJOHOBBIE TIICEBAOCTANAKTUTHI, HMEIOIIME MapauleIbHO-CTPYii-
YaTyi0 OPUEHTUPOBKY M3 OTKPBITON Tonoctu MuHmanuubl. lypmno, I'pysCCP. 3,0X3,0 cwm.
Ne 81816.

®oto 71. TlceBmOCTANaKTUTHI XajlllefOHA BOKPYT TOHKWUX HUTSIHBIX OCHOBaHWM, CBEIIM-
BAIOIIUXCSI C KPOBJIM MHWHIAJWHBI; BHU3Y THUIHMYHOE CpacTaHUE — <«IIPOBUC», OT KOTOPOTO
OTXOASIT MEJKUE OCHOBAHUS ICEeBAOCTANaKTUTOB. Apii-Bormo, Mouroaus. 10,5X6,0 cwm.
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®oro 72. Menkue XaileIOHOBBIE ICEBIOCTATAKTUTBI HA TOHKHMX B3aWMOIapaeTbHbBIX
OCHOBaHMSIX, 00pPa3yIOIIUX CBOEOOpa3HbIe MIETKHM, CBEUINBAIOIIMECS C KPOBIM MHHAAIMHBI
¥ BBIXOASIIIIME Ha €e MOBEPXHOCTh (B pa3pe3e OHM WMEIOT BUA 0axXpOMBI):

a — TIoCJIenoBaTeIbHble Cpe3bl OmHOW MuHOaIMHbL, Api-bormo, Monromus, 6,5X3,5 cwm.
No 84752; 6 — Gaxpoma IICEBIOCTAIAKTUTOB B MHHIAIMHE C IIMPOKOI 3€J€HOH IJIayKOHWT-
CeNIaIOHUTOBOM Kaiimoli, okpecTHoctu T. [laBrnomapa, KazCCP. 10,0X3,5 cm. Ne 84492.
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®oro 73. ToHualilme XaaleJOHOBBIE IMCEBIOCTATAKTUTHI B BUAE 0AXPOMBI — «CEeBEpHOE
CUsSIHMEe», HapacTalolleii Ha CHUCTEMY TOHKMX MapajieIbHbIX OCHOBaHWUN, aHaJOTUYHBIX
MmoKa3aHHbBIM Ha GOTO 72, @ u 6, HO HAYMHAIONMIMXCS HE OT MOBEPXHOCTU MUHAATUHBI,
a OT XaJllledOH ro obinekawmiero cios. Meic Tesu, Kamuarka. 16,0X8,0. Ne 83058.
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IIceBmocTamakTUThl XajlleoHa Ha I'PyObIX
HUTSIHBIX 00pa30BaHUSIX HESICHOTO IMPOMCXOXAECHUS

@oto 74. TlceBOOCTaNMaKTUTBI XajlleJOHAa Ha TPYObIX HUTSHBIX BETBSIIUXCST 00pa3oBa-
HUSX, CBEIIVBAIONINXCS C KPOBIM MUHIAJIWHBI, B araTOBOM OHUKce. Yiyreii-Xuna, MoH-
ronusi. 6,0X4,5 cm. CHsito B mpoxonsiiieM cBete. Ne 84756.
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®oto 75. TlceBmocTanakTUTBI XajlleJOHA Ha 3aHABECSX U3 TPYOBIX HUTSIHBIX 00pa3o-
BaHUIA, COCMMHEHHBIX XapaKTEePHBIMHM <«IIPOBUCAMU», CBEIIMBAIOIIMXCS C KPOBIM MHHAA-
JIMHBI; B HUXKHEW MpaBoil 4acTu obpasiia UMEIOTCs MCEeBAOCTANIaKTUTHI Ha Gojiee KOPOTKUX
OCHOBAHUSIX, CBEIIMBAIONIUXCS C KPOBIM WM BBIIEISIONIUXCS HEOOMBIIMMM BBICTyIaMU Ha
HE MUHIAJIWHBI, CTEPXHEBbIE OCHOBAHMS IMCEBIOCTATAKTHUTOB BBIXOAST Ha IMOBEPXHOCTH
MUHIQJIMHBL B BHIE YIIyOJeHWil; mo mepudepun HUTSHBIX 0Opa30BaHUU — TOHKOYEIIYMi-
YaThlii KJIWHONTUIONUT (TeMHO-KpacHbIi). VYmyreii-Xum, Monronus. §,0X4,5 cwm.
Ne 84468.

®oro 76. TlceBmocTamakTUTHl XallleOHa HAa TIPyOOM HUTAHOM OCHOBAHUM, CBEIIHWBAIO-
LIEMCHS C KPOBJIM MUHAAIUHBI, C XapaKTePHOW TMEPEMBIYKON — <«IIPOBMCOM», pa3jieuB-
1IMe TOJOCTh Ta30BOTO My3bIpsST Ha [BE KaMmepbl, B OIHOW u3 KOTOpHIX (TpaBoii)
OTJIOXEHUWE OHUKCOBOTO araTa 3aBepLINJIOCh 3HAYMTEJIbHO paHbIlle, YeM B ApYroii; B
CJI0SIX HUMKHEW OCHOBHOI 4YacTM araTOBOTO OHUKCA OTYETIMBO BMIHBI PE3YJbTaThl IEpe-
KpMCTAJUITM3allM1; KPAcCHBbI MEJKOUYENIyiiuyaThlii MWHEpaJl Ha CTeHKaX HHUTEed — KIHU-
HonTuaoauT. Yayrei-Xum, Mouronusi. 6,5X6,0 cm. Ne 83062.
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®oto 77. TlceBmOCTanakTUTHI XajlleloHA Ha CIOYTAHHBIX (MOYAJIKOBUIHBIX) IEperuie-
TEHUSIX TPYOBIX HUTSHBIX BBIACJICHUN, 0Opa3ylOLIMX OCHOBY TEMHO-KpPacHbBIX (3a cuer
KJIMHOTITUJIONINTA) araTOBbIX MOXOBUKOB; B HMXXHEW 4YacTW BUIHBI y4acTKUM C OHMKCOBOW
30HaJbHOCTbIO, MO3BOJISIOIINE OPUEHTUPOBATH araThl B IPOCTPAHCTBE:

a — OTpaxeHHbIl, 6—mpoxomsiuumii ceer. 7,5X7,0 cm. Vayreit-Xum, Monromumst. No 84467,
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®oro 78. CrieTeHHE TEMHBIX MCEBIOCTATaKTUTOB XallleOHa, 0Opa30BaBLIMXCS Ha Tpy-
ObIX HUTSHBIX OCHOBaHWMSX U oman (Oesblii)-XaaleqoHOBbI (YepHBINi) OHUKC U3
MOJIOCTel Cy0aKBaJbHOTO BbIlIETauMBaHUS TUNep6a3uToB. OKpecTHOCTH TI. MOMYMIOBrpa-
nma, Borrapusi. Oiuna 14,5 cm. Ne 84762.
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a — BUIO CBEpPXY, XOpOILIO BHUIHbI

doto 79. [lceBoocTranakTUThl XajlenoHa Ha OTACTbHBIX l'py6|>IX HUTAX M HUX 3aHaABECHAX!:
MCEBAOCTAIAKTUTOB,

OTHEbHBIE HUTHM M MX CpacTaHUs, HaXOAsLIMECs B LEHTpe
6 — BuUA CcOOKY; XOpOLIO BUIHbI MHOTOYMCIEHHBIE TMEPEMbIYKU — <«IIPO-
BUCBHI», COENUHSIONINE OTAENbHbIe MceBaocTanakTutel. TpémE, Papepckue ocrposa, Jdauus. 7,5X
X8,0 cm. Ne OII1-3426.
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@oto 80. T'posmeBUIHBIE TICEBIOCTANAKTUTHI XajledOHA, [AeKOPUPOBAHHBIE TEMHO-
KEITHIMU TUIPOKCUIAMM KeJie3a, HapacTaolide Ha OecmopsimoYHO-CIyTaHHbIE cpacTa-
HUS TPYObIX HUTEH, CBEIIMBAIOMIMXCS C KpPOBJAM M OOKOBOW CTEHKM MUHIATUHBI.
P. 3onoroit Kurar, KemepoBckass 061. 7,0X4,0 cm. Ne 84775.

®orto 81. IMomepeuHbld cpe3 XalUeAoH (cepo-roy0oii)-KBapleBbIX MCEBIOCTANTAKTUTOB
(00pa30BaBIIMXCSl HA TPYyOBIX HUTSAX), 3aKIIOYEHHBIX B IIECTOBATO-3€PHUCTBHIA KBapil,
BBIMOJIHSIOIIMI SIPO MUHIAJIWHBI, C TOHKOI XaJlleqOHOBOW KOpKoii mo mepudepun. Apiu-
borno, Mouroaus. 28X17,0 cm. Ne 83331.
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[IceBmocTanakTuThl HA HUTSHBIX BBILEICHUSIX
[JIOOYJIIPHOTO T€TWTA

®oto 82. TlceBmocTamakTHTBI XajlleOHA Ha BOJOKHHUCTBIX BBIAEICHUSX TJIOOYISIPHOTO
rérura (B BepXHEW 4YacTM MUHAAJIMHBI) C TOJCTON CHepoaUTOBOIl KOPKOW M OTHENb-
HbIMU cheponuTamu 1Mo mepudepun, MPeaACTaBISIOMUMUA MceBIoMOpd 03y XaiileqoHa Mo
chepoauToBOit KOpKe U chepoauTam XKejae3ucToro KapooHara (aHKEpUTa WIA CHAEPUTA),
MpU 3aMelleHUH KOTOPOro 00pa30BaluCh HUTSHbBIC BBIACICHUS TIOOYISIPHOTO M XJIOMbE-
BUIHOTO TETUTA, MECTAMU TMepeliefiero B reMaTuT (KpacHBIii); BHYTPEHHSISI YacTh
MWHIAJIWHBI 3al0JIHEHA 30HAJbHO-KOHIIEHTPUYECKUM araToM, He COIAepXalluM TETUTO-
Boro u remarutoBoro nurmenra. ®PI. 8,0X6,5 cm. Obpasenr u3 Myses MTPU, Ne 2273,
ormucanubiii I1. T1. MMununenko [87].

®orto 83. ToncTele MCEBIOCTAJAKTUTHI XallleOHa, OOpa30BaBIIMECS Ha TOHKUX IJIO-
OyJIApHBIX BOJIOKHaX rétuta (cp. ¢ puc. 54 m 84), cBemwuBawuIUecs C KPOBIM MUHIA-
JIMHBI, BHU3Y CIIpaBa — TOMEPEYHBIil cpe3 TceBIOMOpdo3bl 00JeKaHUs XalleqoHa [0
JUIMHHOCKAJICHO3IPUYECKOMY KaJlbLIMTY; BHU3Y CJieBa — OHUKCOBBIII araT ¢ W3MEHSIO-
LIMMCS YIJIOM HaKJIOHa; CHU3y W CBEpXy II0 CTeHKaM MMHIAJIMHbl — KOPKM IICEBIO-
CTaJIaKTUTOB HU3KOTEMIIEPAaTYPHOTO KpUCTOOaIuTa Ha uriax mopaeHurta (cp. ¢ doro 30,
55). Wlypmo, I'pysCCP. 13,0X10,0 cm. Ne 84196.
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®oto 84. XanuemoH, oOpacTaionInii CryTaHHbIe (MOYAJIKOBUOHBIE) TMEpETUIETEHUsT HUTE
HESICHOTO TIPOMCXOXIEHUS, MOKPBIThIe (?) ceJaloHUTOM, 0Opasylolire OCHOBY MOXOBOTO
arata. Api-borno, Monronus. 0,75 nHat. Ben. Ne 84431.
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Puc. 40. 30HB pa3sHOOPMEHTHUPOBAHHBIX 3€PeH KBapla B PUTMMYHO-30HAJIbHON KBapl-

XallleJOHOBOU KOpKe:

a — obwuii Bug, y B. 35(+); 6 — 3epHa kBapua 1160 OKAHYMBAIOT XaJLEAOHOBbIE 30Hbl (KOHYCHbBIE
3epHa B HMXHEIl 4acTM CHMMKA) M TOrJa rpaHuLa cO Clelylolleil XajlledOHOBOil 30HOIi pe3Kas,
6o paslensiioT COCeAHME XallelOHOBbIE 30HbI MO HEPOBHBIM TIpaHULAM C 06euX CTOPOH, YB.
80(+), ¢ — pacuienjeHue OTAENbHBIX IpaHeil 3epeH KBapla, CMEHSIOIMXCS BOJOKHUCTBIM arpe-
ratoMm xanuenona, yB. 250(_L ). Yauusin Hoc, Ces. Tuman; a — Ne 79590. §; 6, 6 — No 1299. 4.
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BUAE TOHKHX O€JbIX IMOJOCOYEK B IMPOXOMSIIEM CBETe, JUOO — CBETJIBIX WU
YEepHBIX TOJIOCOYEK (B 3aBUCUMOCTM OT OPMEHTUPOBKM) TPU CKPELIEHHBIX
Hukoysix (puc. 42). CruemyeT OTMETUTb, UYTO He Bcerga TakKue TOHYaMIIue
30HKM DPE3KO IeJSIT 30Hbl XajlleqoHa, NOBOJbHO YacTo HabJomaeTcsi Mmepexon
OTHEJIbHBIX BOJIOKOH (MJIM TJIACTMH) XallleloHa 3a Mpejaesibl TAaKUX MOJIOCOYEK.
YuuTeiBasi cKa3aHHOE, NPUXOOMTCS MOOMYCTUTb, YTO €CJM 3TO TOHYaWIIWe
IUIEeHOYHbIE 30HBI KBapua, Kak cumtaroT I'. IlI. bapcanoB mu M. E. SlkoBieBa
[11], xanuenoH B HOBOW 30HE 3MUTAKCUAIbHO OPUEHTUPYETCS C COXPaHEHUEM
Mpeablaylieli OpueHTaluU.

CpaBHUTEJIBHO YacTO B KOHIICHTPMYECKU-30HAJbHBIX araTax BCTPEYaloTCs
PUTMHUYHO Yepeayloliuecss 30HBI XajlleoHAa W KBapla, JEerko pasjiuyuMbie
Makpockomnuuecku mo uBety (dorto 20—22; 98) u mTO pazIMYHOU CTPYKTY-
pe — TOHKOBOJIOKHUCTOW  (TOHKOIJACTMHYATON) y XaJlleIOHOBBIX 30H U
rpyboliiecToBaToil — y KBapleBbix. [IpM 3TOM 3epHa KBapla OpPUEHTHUPYIOTCS
JUIMHHBIMUA OCSIMU TEPIEHINKYJISIPHO CI0SAM XajledoHa, a OHU IepBOHAYAIbHO
MOBTOPSIIOT CPaBHUTEJIbLHO TOYHO OYEpPTAaHUS KPHMCTA/UIOB KBaplia, KOTOpbIE
MOCTETNICHHO CTJaXWBAIOTCS B CIEAYIOLIMX €ro CJIO0sIX M MOTYT COBCEM MCYe3-
HyTb, €CJU 00lias TOJIMHA CJOS XajledoHa DOCTATOYHO BeJIMKa.

MUKPOCKOTIMYECKHE UCCIEeNOBaHMSI TMOKa3bIBAlOT, UYTO CXOAHAas KapTUHA
HabJonaeTcss M1 Ha MUKPOYPOBHE, MPU 3TOM MOBEPXHOCThb OTACJbHBIX Xalleao-
HOBBIX WJIM KBaplLEBBIX 30H MOXET AEKOPUPOBATHCS MYTHBIMM ITOJOCOYKaAMU
(CKOIUIEeHU MeJb4yallimx 3aMKHYTBIX Top?) (puc. 43).

30HBI KBapua B TMapajieIbHO-CJIOUCTOM (JIEHTOYHOM) araTe 4acTo He
MMEIOT YETKOW BEepXHEeil TIpaHULIbl, KaK B Npenblayllux ciaydasx. bojee Toro,
3Ta IrpaHulla OOBIYHO CUJIbHO 3a3yopeHa. B To xe BpemMss HMXHSS TpaHHUIla
TaKMX 30H OYEHb pe3Kasi, MpPUYEeM OT Hee BBEpPX JIETKO BMUIETb IMOCTENEeHHOE
yBeJIMYeHUEe paszMepa OTHEIbHBIX KPUCTANIMKOB KBapla BCJIEACTBUE T€OMETpPU-
yeckoro otoopa (puc. 44).

OnucaHHble AETald CBUAECTEJbCTBYIOT O TOCJEA0BATEIbHOM 00pa3oBaHUU
OTIEJIbHBIX 30H MapajeJ]bHO-CIOUCTOTO (OHMKCOBOTO) araTta, NMpUYeM KBaplie-
Bas 30Ha TMpeACTaBisieT co0Oil MO TreHe3ucy 30HY HapacTaHuUs, XOTs ee
BEpPXHSII TMOBEPXHOCTb M3-3a crneuuduieckoid MopGdOJOruU OTIAEIbHBIX KPHUC-
TaJIOB KBapla KpaiiHe HepoBHas. [locienyiounime 30HBI [IMHOMOZOOHOTO
XaJleloHa TMepeKphiBaIu IIeTKYy KPMCTAJUIMKOB KBaplia, 3amloJiHss BCE HEpPOB-
HOCTU MeEXIy HUMM (OCOOEHHO XOpOIIO 3TO BUAHO Ha puc. 44, 6) @0 Tex
Mnop, MoKa He MpuoOpenu BHOBb POBHOW TOpM3OHTAJIbHOW ToOBepxHOocTH. Hamo
OTMETUTb, YTO M3BECTHbI M TaKHe Ciydyau, KOraa MOcCJedylollue TOpU30HTalb-
Hble CJIOM 3alOJIHAIOT JIMIIb YacTh TMPOCTPAHCTBA MeEXAYy KpucTaljJaMu
KBaplia, 3apacTasi CHOBa KBaplieM 0e3 o00pa3oBaHUS CIUIOUIHBIX TOPU30H-
TaJIbHBIX 30H.

Hakonen, B mapauieIbHO-CIOUCTHIX (JIEHTOYHBIX) aratax CpaBHUTEIbHO
OOBIYHBI KBaplieBble 30HBI C KaBEPHO3HOW TeKCTypoil. Jlns HUX XapaKTepHO
B3aMMOIIPOTUBOIOJOXHOE HapacTaHMe KPUCTA/UIOB KBapla Ha TIpaHUYHbIE
MOBEPXHOCTH 30HBI C OOpa3oBaHMEM MeEXAY HUMU MHOTOYMCIEHHBIX MYCTOT —
KaBepH HeNpaBUJIbHON ¢GopMbl (puc. 45).

Cynss 1o ONUCAaHHBIM MOP(OJOrHYeCKMM OCOOEHHOCTAM TaKUX 30H,
CKopee BCero ux 0Opa3oBaHME MOXHO OOBSICHUTb COOUpATENbHOW TMepeKpu-
cTajuiM3alieil CI0eB TJIMHOMOAOOHOTO XajllleJoHa WM oflaja C peaius3amnueit
coKpallleHusi o0beMa B BHIE MeJbyaillinx KaBepH. TakuM o0pa3om, KBapil
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Puc. 41. ToHKOPUTMHYHOE CTPOEHHE KBAPI-XAJIEIOHOBOI C(EPOIMTOBOI KOPKH M3 30H
BOJIOKHHCTOIO XAJNIENOHA (IIIMPOKHE 30HbI = 25 MKM) M TOHYAMIIMX 30HOK U3 3epeH

C MOCTENEHHO Bo3pacTaomieii TomimHoi (or ~ 1 mMkv BHM3Y 10 =~ 19 BBEpXy).
V8. 35( + ). Yammpm Hoc, CeB. Tuman, Ne 79587. 5.

Puc. 42. Crpoenue chepo/MTOBbIX KOPOK XAJMIENOH-AraTa, COCTOSIIMX W3 XAJEI0-
HOBbIX 30H OJIM3KOil CTPYKTYPbl M TNOYTM OJMHAKOBOI TOJIIMHBI, PA3JEJIEHHbIX TOH-
YaiMK 30HKAMH (YepHbie) Keapia (?); 30HbI KBApHA YETKO BbUIETISIOT 30HbI XAJMIe-
JIOHA, HO OTHEJbHbIE BOJIOKHA (IUIACTHHBI) TMOCJIEIHEr0 MPOIOJDKAIOTCA 3a MX Tpeleia-
vu. ¥YB. 80( + ). Yammwm Hoc. Ce. Tuman; Ne 25A.

9TUX 30H JO0JIKEH PacCMATPUBATHCSA KAK 0oJiee MO3JHUIl MO BpeMeHu o0pa3o-
BaHMs MO OTHOUIEHMI0O K HMJKHEH M BepXHeil 30HaM, NepeKpbIBAIOIIMM KBap-
1EBYI0 30HY C KaBE€PHO3HOM TEKCTYpPOil.

Keapuun. KapuyuHoM, Kak y>Ke rOBOPHJIOCH, HA3bIBAETCS TOHKOBOJIOKHHC-
Tasi Pa3HOBHUIHOCTb KBapua, OTJMYAIOIIASCA OT XaJIEJOHA MOJIOKHUTEJIbHBIM
YAJUHEHHeM, T. €. TAKMM JKe, KaK y KBapua. KBapuuH jilerko JUarHocTUpyeTcs
MoJ MMKPOCKOIIOM, NMOCKOJIbKY BBeJIeHHEe KOMIIEHCAIIMOHHOW IUIACTHHBI BbI3bIBA-
€T MOosIBJIeHHWe Y Hero spKoili KpacHoii uHTep(epeHUMOHHOH OKPACKH, YEeTKO
OTJIMYAIOLIEICS OT OKPacKu XajuneaoHa. OmnpenesieHHble Pa3inyvsi UMEIOTCS B
TBEPIOCTH XAaJIeJOHA U KBAapIMHA, UX MOKA3aTeJsX NpejoMieHus, OJaroaaps
YyeMy Npd HEOGOJIbIIOM ONbITe KBAPUMH MOXKHO JIETKO OTJIHYMTH OT XAaJIeI0HA
moJ MMKPOCKONoM B nummdgax 0e3 aHaiM3aTopa, a UHOTAA M B NPUINOJIMPOBKAX.

T'oBopsi 0 B3aMMOOTHOIIEHUAX XAJIEJOHA U KBApUMHA, CJelyeT OTMETHUTD,
4TO OHM He BCerJa MMEIOT pe3Kue IpaHuiibl, 1 B XaJLNeJOHAX C IeJMKONJAJIb-
HbIM 3aKPYYMBAHMEM BOJIOKOH TaK XK€, KAK MU B XaJIeJOH-KBAPIUHOBbIX
cepoiinoMTax, MOKeET HA0OIIOJATHCS NMOCTENEHHbIl Mepexo/ OT XaJUeA0HA K
kBapuuny [I10]

Makpo- U MHKPOCKONHMYECKHME HCCJIeJOBAHMS MOKA3aJM, YTO KBapuUMH B
KOHIEHTPUYECKU-30HAJIBHbIX ararax o0pa3yeT CYIIECTBEHHO HHbIe O CBOe€il
CTPYKTYpe ¥ MOP(OJOrM4ecCKUM OCOOEHHOCTSAM BbIJEJIECHHUs, YeM B MAPAJLIENb-
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Puc. 43. Yacts pUTMHYHO-30HATIGHOM KBapII-XaIIEIOHOBOH cthepomToBOii KOPKU KOH-
LIEHTPUYECKU-30HATIbHOIO  arata, B KOTOPOid IpaHMibl 30H XamuenoHa (X) M Ksapua
(KB) nexopupyioTcsi MyTHBIMA TIOJIOCOYKAMM, TIOBTOPSIIONIMMA QUYEPTAHMS XAJMIEOHOBBIX
cthepormroB (BHM3Y) M KpuctauioB Keapma. YB. 320(1I). Ne 79592. Yamem Hoc, Ces.
Tuman. 51.

HO-CJIONCTBIX, HATIOMUHASI B 3TOM OTHOIIEHMHM XajaueaoH W Ksapu. IlosTtomy
HIDKE PAacCMATPUBAETCS CHAYa/a KBAPUMH B KOHIIEHTPUYECKH-30HAJIbHBIX, a
3aTeM M B MapaJuIeJIbHO-CJIOUCTBIX ararax, T. €. B TOi 3Ke MOCJe0BATEJIbHOCTH,
Kakas ObUlIa NMPUHATA paHee NMPU ONMCAHUM XAJEJOHA W KBapua.

B cdepoauToBplx KOpKax XajleloHA 30HAJbHO-KOHLEHTPUYECKHUX araToB
HAauOojlee THUNMYHBI UISi KBADIMHA KOHMYECKHE OOPa30BaHUS — CETMEHTHI
ero cgepoauToB, UMeEIOIIME B WHAEAJIbHOM CJIydyae OKPYIVIYI0 BEPXHIOI IO-
BEPXHOCTh M HANOMHHAOIINE MAPALIOTHI WM «30HTHKH» (doTo 26; 27; 63).
W3yyenne ux B3aMOOTHOIIEHHUI C XaJleJOHOM MOKAa3bIBAET, YTO OHHU 3aPOXKIA-
I0TCAA B 3aK/IIOYUTEJIbHBII MEepUo] POCTa BOJOKOH XAaJileJOHA B JaHHOW 30He.
3arem pocT XaJieJOHA U CErMEHTOB C(epoMTOB KBapIMHA HEKOTOPOe BpeMs
NMPOMCXOIUT COBMECTHO C INOCTENEHHbIM Pa3pacTaHUeM KBAPUUHOBBIX 30HTH-
koB. Ha 3ToM pocT KBapuymHa MOXKeET NPEKpPaTHTbCA — WM KBapUMH Oyaer
BbUIEJISITGCSA B BUAE OTIEJbHBIX 30HTHMKOB, 3aBepPHIAIOIIUX XAJIEIOHOBYIO 30HY
(puc. 46). B npyrux ciaydyasix pocT KBapUMHA MOZKeT MNPOIOJIKATHCS MOCje
NMpeKpalleHdss PocTa XajueloHAa M TOraa OTIejbHble 30HTHMKM KBapUuHa
C/IMBAIOTCS B CIUIOIIHYIO KBapUUHOBYIO 30HY (puc. 47 u 48). V3BecTHbI Takxke
XaJIEeAOH-KBAPIMHOBbIE 30HbI, KOTOPblE MHOTOKPATHO MOBTOPSIOTCS B c(epo-
JIMTOBOM KOPKe KOHLIEHTPHYECKHU-30HAJILHOTO arata, npuYeM Kaxkaas Takas
30HA 3aKAHYMBAETCS TOHKO# MOJIOCOYKO# KBapua (0enoe Ha puc. 49), Hapac-
TAKOIIEr0 HA KBAapIUH. KBapmmonme 30HbI B KBAapIUH-XAJIEAOHOBOM ararte
HM3BECTHbI HE TOJIbKO B MHHIAJMHAX U3 0a3aabToB ((oto 28), HO M B ararax
ocanounsix mopon (¢goro 147; 157—159). B ux OCHOBaHHSX YACTO [HaxkKe
MAaKpPOCKONMYECKU BUIHBI OTIeJIbHble 30HTHKU KBaplUMHA, CJIMBAIOLIUECS 3aTeM
B CIUIOIIHYI0 KBAPLMHOBYIO 30HY.
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Puc. 44. Mopdosiorusi KBapueBoii 30HbI (B Cepe/IdHE)B MAPAJUIEJIBHO-CJIOUCTOM (JIEHTOY-
HOM) arare, mepexoisiieil B KBAPIEBYIO 30HY OOJIeKAIONIEd 30HAIbHOCTH

IPAaHMLBI 30HBI: @ — HUXKHSS BOJHUCTasI, ONMpPeAeasieMasi MOBEPXHOCTHIO MOLIEXKAIIETO CJI0SI [INHO-
Mofo6HOro XajleloHa;, 0 — HUXHSS pPOBHasi, BEPXHsisi — HEpPOBHas, ompexaeasemas ¢opmoii
U pa3MepaMy OTHENbHBIX KPUCTAJJI0B KBaplia, 4acThb KOTOPbIX (Haubojee KPYIHbIE) <«IIPOTHIKACT»
NepeKphIBalOIMe 30Hbl [NIMHOMOLOOHOIO XajledoHa; BBEPXY — YYaCTKM IMETKM KPUCTAIOB KBap-
1@, BBIMOJHSIOLIEr0 LEHTPAJIbHYIO MOJOCTh arata, p. 3onotoir Kwurar, Kemeposckas 06a. Vs.
15(+) —CcHUMKM TOYTH MaHOpaMHbie U3 JeBOW (a) u mpaBou (6) wacrteit maumcda. Ne 3k-7.
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Puc. 45. KsapueBbie 30HbI C KABEPHO3HOH TEKCTYPOil M POBHbIMM BEPXHUMH W HVIKHU-
MH TPAHMIAMH B MapaJLIeJbHO-CJIOUCTOM (JieHTOuHOM) ararte. Pocceimu mo p. 3es,
Awmypckasi 00a. YB. 9,6 (+). Ne 7/7.

Puc. 46. «30oHTMKHM» KBapIMHA, 3aBepuIAONIMEe OAHY U3 C(EpPOTMTOBBIX XAJIEIOHOBBIX
30H. Yammpm Hoc, CeB. Tuman. ¥YB. 30( + ). Ne 26a. 4.
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Hapsiny ¢ ONMCAHHBIMM CJIy4asiMM M3BECTHbI JIOCTATOYHO IIMPOKHE KBap-
I HOBbIE CJIOM, 3aBepLIAIOIIME B MUHAAJIMHAX C(EpPOIMTOBBIE KBApI| --> XaJlle-
JIOH --> KBADUMHOBbIE KOPKHM KOHIIEHTPHYECKH-30HAJbHOro arara (¢goro 29).
JIoCTATOYHO OObIYHBI OHM M JUISI araToB, CBA3AHHBIX C OCAJAOYHBIMH NOPOAAMM,
oOpa3sylomuMucs B ncepaomopdo3ax xaaneaoHa no anruapury (poro 145, ¢)
u kaasiuty (?) (doro 148) m B ararax, pasBUBAIIUXCA B MOJOCTAX
BbileIaYMBaHNA cUMIMTOB (oro 159), BmLIOTH 10 00pa3oBaHHsS KBapIMHO-
BbIX simep (doro 29).

OtaesibHble C()epoIUTH KBAPIMHA OTMEYEHbl BO BHEIIHMX 30HAX IICEB-
nomopd o3 kKpemMHedemMa mno aHruapury (cMm. puc. 25) u mncesaomopdo3
KpeMHe3eMa MO0 KAJbUMTOBbIM KOHKpeumsiv [99]. Ilpu 3TOoM BO BCex ykKa3zaH-
HBIX CJydasXx Ha c¢epojuThl KBAPUMHA HAPACTAET PAJUAILHO-IIECTOBATHIM
KBapil.

B pesyabraTe H3y4YeHHs KBADIMHA NPH OOJBIIMX YBEJIUMYEHHUSIX B HEM
o0Hapy>KeHbl 3aMKHYTbI€ MOpbI, pacnpeaejieHHble BI0Jb 30H POCTa.

Baxknasi omIMYMTENIbHASsT 4YepTa KBApUMHA — €ro JIerKoe BTOPUYHOE
npokpammBanue. Tak, ©npU NPOKPAIIUBAHMM TOJMPOBAHHON NOBEPXHOCTH
araToB YIJiepoJoM * OTIeJibHble 30HTHMKM M 30HbI KBAPIMHA JIETKO NPHOOpeTa-
IOT 4YepHblii LBET, TOrAa KaK BMeEINAIOIIMiI WX XaJleIOH MOXKET BOBCE He
NMPOKPAIMBATHCSA.

B npupone TakiKe NPOMCXOAUT HM30UpATEJbHOE NPOKPAIIMBAHNE 30HTHKOB
KBAPIMHA U €r0 CJIOEB, BhIPAKAIONIEECS MHOTAA B TOM, YTO CKOILUIEHHS OKCHJIOB
M THIPOKCHIIOB XKeJie3a MPUYPOYUBAIOTCS TOJLKO K KBapuUuHy, o0pa3ys B HeM
HMHOIIA HECKOJIbKO 30H, NPEpPbIBAIOMIMXCS HA IPAHULE 30HTUKOB C XaJIUEIOHOM
M OTCYTCTBYIOIIMX B mocJjenneMm (¢orto 64).

HUnble mopdosiornyeckue 0COOEHHOCTH XAPAKTEPHBI IS KBAPIMHA TAPaJi-
JIeJIbHO-CJIONCTOro arata. B 3ToM ciydyae a1 Hero oObMHBI cdepouaom-
TOBble  (XaJIEJOH — KBapl WIM XaJleJloH — JIIOTEIUHOBbIE)  arperatsbl,
caralmye WHOTAa caMoCcTosATe/bHble 30HbI (cM. puc. 38, a, 6) wm BblIesA-
0OIUecss COBMECTHO C KBapUMHOBbIMM cdepouTaMu B  MEJKO3€PHUCTHIX
XaJe0H-KBapUMHOBBIX 30HaxX (puc. 50).

Onaa — oaHa M3 BeCchbMa IIMPOKO PACHPOCTPAHEHHBIX NPUPOIHBIX ¢GopMm
kpemue3dema [37, 250]. OcHoBHBIE MACChI €r0 F€HETUYECKH CBS3aHbI C OMOreH-
HbIMA (OCOOEHHO KPEMHHMCTBIMH) OCAJO0YHBIMH MOPOJAAMHM, KOPAMM BbIBETPH-
BaHUA **, 30HAMM WHTEHCHMBHOTO KHCJIOTHOTO BbIIEJAYUBAHUS B 00J1aCTAX
AKTHUBHOIO BYJKAHM3MA M BOJIM3M TMIPOTEPMAJIbHBIX MECTOPOXKIEHHH M T. I
MeHblllee KOJIMYECTBO ONAJIA CBS3aHO C BYJKAHOTEHHBIMH OTJIOXKEHHSMH, K
KOTOPbIM TNpPUYPOYEHbl MHOTOYHCJIEHHbIE MECTOPOXKIEHHMS OKAMEHEJIOro Jieca,
BO MHOTMX U3 KOTOPBIX ONAJ MPEJICTABJISIET COOO0I IIABHBIII MHHEPAJI CEMEICTBA
KpemHe3ema. Onaji, B TOM 4uCje OJIarOpoaHbIid, M3BECTEH B MyCTOTAX JUTO(U3
M B Pa3jiMYHOrO PoJa MO3JAHUX TPEIIUHAX B PHOJMTAX; 3HAYMTEIHHO pexke

* JIns aroro oopasen Boyiepxkusaercs B 30—50%-noMm pactsope caxapa 2—3 He-
e, 3aTeM HArpeaercsl B KoHueHtpuposanHoiik H,SO,, Onaromaps uyemy caxap
pa3iaraercs 10 JIeMEHTAPHOIO YIjiepona.

** C KOpaMHd BbIBETPUBAHUSI CBSI3AHO 00pPa30BaHME KPYNHEMHIIMX B MUPE MECTOPOK-
JIeHMii OJIArOpOIHBIX ONAIOB ABCTPA/IMH, /IS KOTOPbIX, O/IHAKO, MAPAreHe3uc ¢ Xal-
[EJIOHOM (araToM) He XAPAKTepeH. AHAIOIVMHbIE MECTOPOXKIEHUSI, HO MEHBIIEro
macirada, wsectisl B Lowgypace [171].
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Puc. 47. Hapacranue cheposiMuTOoBOii KOPKH KBapuMHa (BBepxy M cmnpaBa) Ha cdepom-
TOBYI0 KOPKY XaJjexoHa (CHH3Yy M CJeBa); XOPOLIO BHIHbI <«30HTHMKH» KBapIMHA B
OCHOBAaHUM €ro KOPKM — CBHETEJbCTBO OJHOBPEMEHHOrO POCTA XAJIEJAOHA M KBApPLIUHA
B MOMEHT OKOHYaHMsI POCTA NEepPBOro U nosiieHusi Broporo. LosyrBuH, MocKoBcKas 00.1.
VB. 35(+). Ne 73514. 4.

Puc. 48. KsapumnoBas 30Ha (K) B KBapuumH-Xa/ineIoHOBOil c(epoMTOBOii KOpKe,
Hapacraomeil Ha kBapu. YamupiH Hoc, CesB. Tuman. VB. 40 (+).
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Puc. 49. 3oHa1bHO-PUTMHUYHBII arperaT ¢ HECKOJIbKMMM XaJIleI0H —> KBAPIMH -- > KBapue-
BbIMM (TOHKAsl BHELIHSISI NMOJIOCOYKA, MOKPHIBAIOIIASI MOBEPXHOCTb KBAPIMHOBBIX 30HTH-
KOB) 30HAMM; BHEIIHss IIMPOKasd KaiiMa MUHIAIMHBI COCTOMT M3 MeJKO3epPHUCTOro
kampuura. P. Humkasas Tywrycka, DBeHKMiicKMii aBT. Okp. ¥YB. 50(+); Ne T-
132/115, 1-2.

Puc. 50. Cheponnoaurbl u chepouTsl KBAPIHMHA B TOHKONMEPHCTOM XaleaoHe. YB.
63( + ). Ne 400, ITAK. .
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OH BCTpeyaeTcsi B 0a3ajbTax M aHae3uTax. VIMEHHO omnaj, HAXOASIIUIACS B
0asanbTax, aHAE3UTaX, PUHOJUTAX, YACTO OKA3bIBAETCA B ONpeJeJeHHOM
reHeTHYECKOM POACTBE C XAJIEJIOHOM (araToM), BCTPEYAIOIMMMCS B HHX.
ITo 5Toii nmpuYMHEe W OTHOCHUTEJbHOW PEIKOCTH TAKMX AaCCOUUANMIA mpea-
CTaBJsIeTCS HEOOXOJUMBIM CHENUAJIBHO OTMETUTh Haubojiee H3BECTHbIE W3
HUX, nonasmme B cBoaky JIxx. Cunkankaca [250]. *

1. O0bMHBIA 0OmAJI, YACTO B ACCONMAIMM C IEOJUTAMH, XAJIIEIOHOM M
KBapueMm, Obu1 o0OHapykeH B 0a3zaabrax Hamrumcar m Kyanepcyur Ha ioro-sa-
nagHoii okoHeyHocTH 0. /Iucko (I'pensanausi), B xKeoJax ¢ XajeI0OHOM M B
BHIE CAMOCTOATENbHbIX MUHAAIUH B Oa3zamprax Ilep-damc-Ckur, lomxasHh,
I'pennannus.

2. OaHo u3 HaudOoJIee U3BECTHBIX MECTOPOKAEHHI 0J1aropoIHOro onajia B
CIIA, cBsa3aHHOe ¢ 0a3ajJibTamMH, rAe B KOHIE MNPOLLIOr0 BeKa BCHBIXHYJIA
cTapaTesibCKasi JUXOPAaAKa, HAXOAUTCS BOJM3M r. MOCKBA Ha rpaHMie IITATOB
Aiinaxo u Bammnrron. Onan BbiaesisieTcs 3eCb B MUHIAJIMHAX U MPOXKUIKAX.

3. MuHna/mebl B 0a3ajibTe, BBINOJHEHHbIE ONAJIOM, MHOrAA OJIaropoIHbIM,
O4YeHb BBICOKOTO0 KayecTBa, a TAaKXKe XaJIleJOHOM, XAaJleJOHOM U ONajoM
(B TOM YHMClle KOHLIEHTPUYECKM-30HAJIbHBIMM XAaJIeJO0H-ONAJOBbIMH 00pa3oBa-
HUSIMH), YCTAHOBJIEHbI B 0a3ajbTax KaHboHa CkBoy-Kpuk, K 0ro-zamaay ot
r. Hamma (mr. Aiinaxo), CIIIA.

4. Onan, B TOM 4Kcje 0JIaropoaHbIid, HAPSAY C XaJleJ0HOM OOHAPYXKEH B
ra3oBbIX My3bIPsIX 0a3ajJbTOB ropbl XapT K ceBepo-BOCTOKY ot Ilnam (mr.
Operon), CIIIA.

P. JIuzeranr [205] orTMeyan HAXOAKM ONaja B IEHTPAIbHOH YacTH
HEKOTOPBbIX MHUHIAIMH H3 0a3aibToB bBpasmmmm. M3BecTeH OH COBMECTHO C
XaJIeJOHOM M araToM B MUHAaJMHAX 0a3anbTroB Mummm [171].

Hakonen, cJjiegyer cKa3aTb O BCEMHPHO W3BECTHOM MECTOPOKIECHUM
omaroponHoro onana Yepsenntna B CioBakum (paHee OHO OTHOCHIOCh K
Benrppi ¥ mo3TOMY 3TH ONAJNBI YACTO HA3BIBAIOT BEHTePCKMMH), TH€ OHM
NMPUYPOYEHbl K ra3oBbIM MY3bIPpSM B aHIE3UTaX. DTO MeCTOPOXKIeHUe pa3pa-
0aThIBAJIOCH €Ile BO BpPEMEHA [PEBHEPUMCKON HMMIIEPUM H K HACTOSIIEMY
BpeMeHH BbIpadoTaHo. B03MOXKHO camblii KpynmHbIi oOpa3en 0JIaropogHOro
onasa u3 Yepsenutn (okojo 10 cM B momepeyHuke) HaxoaurTcs B BeHckom
Mmysee [171].

Ham B mccieaoBaHHbIX 0a3ajibTaX W MHUHIAIMHAX M3 HUX HE YAAJIOCh
OOHAPYKWTH 3HAYMTEJIbHBIX KOJHYECTB omaja. OH ObLI YCTAHOBJIEH JIMIIb B
BUJE PEJIMKTOBBIX 30HOK B OJHOM H3 00pa3sumoB arata M3 OKPeCTHOCTeil
Mymryraii-Xynyka (IMOHrosusi) M mNO3JHMX 30HOK, HAPACTAIOMIMX HA KOPKHU
XaJIIEeA0HA B MYCTOTaX HEKOTOPBIX 00pa3noB 3akaBKa3bs. l3BecTeH onmaa u B
CJIOAAX HEKOTOPBIX araTtoBbIXx OHMKCOB (¢orto 32, 6).

Bosnee o0OblueH onaja AJs PUOJMTOB, INI€ OH BBINOJHAET MOJOCTH B JIMTO-
¢u3ax, caaras HWHOTIA SIAPA araToBbIX BBIIEJIEHHWII WIM BXOAA B COCTaB
oHuKkcoB (¢oro 121; 122; 124; 125); B HEKOTOPHIX U3 HAX ONAJI UTPAET BECHMA
CyllleCTBEHHYI0 pojb. Kpome TOro, omaj BbINOJHSAET MO3JAHHE TPOXKWIKA B
PUOJIMTAX, HENPaBWIbHOI (popMbl THe3na B HMX. V3 mccienoBaHHbIX 00pa3uoB

* CaeneHms, IABHLIM 00Pa30M MCTOPUYECKOIO XAPAKTepa, O Hanbdojee M3BECTHbIX
MECTOPOKIEHUSIX OJIArOPOIHOTO Onaia MOKHO Haitmu y P. BeGcerepa [267].
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HanOoJjiee pacnpocTpanen onai B gutopuszax Cepreesku, IIpumopse. 3nech oH
o0pa3yeT HEHTPAJbHbIE BBHINOJIHEHHS] B HUX (0K0JI0 20 cM B mMoOnepevyHHKE) WU
30HbI B OHMKCAX, JOCTHUralolmiue WHOIZIA HECKOJBKHX CAHTHMMETPOB MOIIHOCTH.
B Tpemmnax, ceKymmx puoJuThl Ha Tap0ajbIKelCKOM MeCTOPOKIEHHH
(YutnHcKasg 00J1.), cpeau OOBIYHOrO 0€JIoro omnajia ObLUIM OOHAPYZKEHBI OT-
ZieJIbHbIE MeEJIKHE BbIIeJeHUsl 0JArOpOIHOrO omaja.

Coraacao JAx. Cunkankacy [250], HanGoapmmii nHTEpPEC U3 3apy0eKHBIX
UMET CcJieayiolue MeCTOPOKAEeHHUs omnajga (B TOM 4YHCjIe OJaropomaHOro)
B PHMOJIMTAX.

1. Bypapn Panu, nmpumepHo 25 km K Iory or r. Ammaiin, mr. Texac,
CIIIA,— MeJIKHE BKJIIOYEHHS M MPOKHWIKM ONaJia, B TOM YHCJE 0JaropoaHoro,
B KPAaCHO-KOPHYHEBBIX [10 MYPHYPHBIX PHOJIMTAX.

2. DHrepnpaii3, okoyio 18 kM K wro-zanaay or r. Hamna, mr. Aiinaxo —
omaj, B TOM 4HCJie OJIArOpoAHbIA (KOTOpBIi pa3padaThIBAJICS), BbINOJHSIET
TOHKHE TMPOIUIACTKH, JKWIKA H 00pa3yeT OKpyIjible BbUIEJIEHHS B O0esbIX
pa3pylIeHHbIX PHOJIMTAX.

3. IIpuneii-Panu y r. Manpaca, mr. Operon, Jlen-Ilain-Cnpunre, Can-
Bepuapnuno, mr. KamndopHus,— npeBocXonHblii 0JIArOpOIHbIi omaj B BHIE
TOHKHX NPOIUIACTKOB, MPOXKWJKOB M sAnep (0OKOJO 2 cM B NoOnepeyHHKe) B
TPOMOBBIX AMLAX.

4. Pan mect B okpectHOocTsiX I. Keperapo B Mekcuke — mpeBOCXOIHbIH
0JIaropoJHbIii oOnaj, B TOM YHCJI€ 3HAMEHUTbI OrHEHHbIi MEKCHMKAHCKMIA,
W3BECTHBII e€Ille JPEeBHHM alTEeKaM, BMECTe C OOBMMHBIM ONAJIOM BBIIOJHSIOT
siapa auTo¢u3, HAXOAAMUXCSA B KPACHBIX PUOJMTAX, WM OHUKCOBbIE OTJIOXKe-
HUSI B UX JOHHOM 4YacCTH.

Onan oTiuyaeTcss OT PACCMOTPEHHBIX BbIllle MHHEPAJIOB ceMelcTBa
KpeMHe3eMa OOBbIYHO BOCKOBBIM 0JIECKOM, PAKOBHCTbIM H3JIOMOM M 4YacTo
CIIOCOOHOCTBHIO JHMNHYTh K s3bIKy. OH yamie Bcero Oejechlii, KeJTOBaTblii,
UHOrJAA Oypblil, KpACHBIA, 3eJIeHOBaThlii, 4YepHblii. /s OmaropomHoro omajia
XapaKTepHO paayKHoe H3MEeHeHHe OKPACKH B OTIEJIbHBIX OJIOKaX.

Ilpu onHOM aHanM3aTope CJIOM ONAJa BbIAEIAIOTCSA CHIbHOH TpeluHOBAa-
TOCTBIO, CBSI3AHHOW C COKpalleHHMeM ero oobeMa mpu ycbl xaHu u (puc. 51).

IToa MUKPOCKONOM OH AUATHOCTHPYETCS TAKXKe OYeHb JIETKO KaK onTuyec-
KH H30TPONHOE BeIeCTBO — eCJM 3T0 A-omajq — Ju00 KaK aHU30TPOMHOE
BellleCTBO, OT/AMYaIieecss TOHKO3ePHMCTBIM WM TOHKONEPHUCTbIM CTPOEHUEeM
U IIMPOKUM [MANa30HOM LBETOB HHTepdepeHUMH NPU BOJHUCTOM YracaHwuw,
CBA3AHHBIM C OOJBLIIMMM MEXAHMYECKUMH HANPSIKEHUSMH; — €CJIM  3TO
KT-onan (puc. 52).

I'osopss o KT-onane, cieayer OTMETUTb, YTO B HEKOTOPBIX €ro CJOSX
NOSABJISIIOTCS. MMKPOXKeOAbl KOHUEHTPHMYECKH-30HAJBbHOIO XaJlelOHAa, BbHIOJ-
HaomMe npocTpancTtBa Mexay cheposutamu KT-omana (puc. 53).

XapakTepu3ys B3aUMOOTHOIIEHHUS omajia u xaiauneaona, I'. I1. Bapcanos u
M. E. fikoBieBa NUIIYT: «IPAHMIBI ONAJOBBIX CJI0€B B OJHUX CIy4asx pe3Kue,
NMPSIMOJIMHEIHbIE, B JPYrMX NPSIMOJIMHEHHOCTh OTCYTCTBYET M oOpa3syercs
nepexoaHasi 30HA, COCTOSANIAS W3 ONaja M XaJjleJdoHa. Arperatbl MOCJIEIHETO
HMEIOT OKpyribie ¢opvbl U pa3mepnl 10 25 MKM (cMm. puc. 44, a). Unorna
onaji MPUCYTCTBYET B XAaJIe/IOHE B BUAe Pa3pO3HEHHBIX 3epeH (cm. puc. 44,
6 — HA ITOM PHUCYHKE MNOKA3aHbl YYACTKM HeNpaBWIbHOW ()OpPMBI, BbHIOJI-
HSIOLIME NMPOMEXYTKH MeXay c(epoMTaMH XaJlelOHA, 4 OTHIOb HE <«3epHa»
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onaia — Aem). Ob6a HAOMIONAEMBIX COHAXOXKIEHHS MOXKHO OOBACHHTh M KaK
3aMellleHHe Onajia XaJleJOHOM, U KaK OJHOBpPeMEHHoe o00pa3oBaHHe HX.
Ham npexacrasisiercsi 6ojiee BepHbIM BTOpPO€ OObsSCHEHHE, TAK KaK TYT IKe
NPUCYTCTBYIOT ONAJIOBBbIE JIEHThI C Pe3KMMM IPaHUIAMH, He CoAep:KaT Xajue-
nona» [11.c. 114].

C 9THUM MOKHO COIVIACUTBHCS JIMIIb CYMTAsi, YTO BCE€ CJIOM B TOPU3OH-
TAJIbHO-CJIOUCTOM arate NMPUMEPHO OJHOBPEMEHHbI, YTO CJIeyeT U3 COOTBETCT-
Bytoumx npencrasienuid I'. Il. BapcanoBa u M. E. SIkoBiaeBoii. OnHako ecim
yuyecTb OCOOEHHOCTH CTPYKTYPbl KBApUEBbIX CJO0€B W HUX B3aMMOOTHOLIEHMIl
CO CJIOSIMH TJIMHONOJOOHOIO XaJjllle/loHAa, ONUCAHHbIE BbIlle, CKOpee cJeayeT
CYMTATh, 4YTO CJIOM 3TH 00pa3oBajJUCh JAPYr 3a JPYroM, NpUYEM KA XKIbIid
CJIeYIONMIA CJIOH OTJArajicsi yxe Ha KOHCOJWIMPOBAHHOM NpeAbLIyIIeM.

Kpucmobaaum. VI3 npyx u3BecTHbIX MOAU(PUKALIMI KPUCTOOAIUTA B araTax
HEKOTOPBIX MECTOPOKIEeHHii OO0bIlMeH HU3KOTEeMIEepPATypPHbIii a-KpHUCTOOAIMT,
KOTOpbIii cJjiIaraer okKoji0 3/4 o0bemMa OTAENbHBIX MHUHIAJIMH, HANpUMeEp, Ha
NkeBaHCKOM MeCTOPOXKAEHHMHM B ApMEHMHM; JOCTATOYHO THIMYHBI KAaiMbI
a-KpUCTOOAIMTA W AJIsi araToB HeKoTopbix MecTopoxiaeHuii (IIlypmo) Axa-
muxckoro paiiona I'pyzCCP.

B 3tux cayyasx a-kpuctodasuT BblIedsieTcss B ¢opme Mesbyaiimmx
cepoMTOB M MX KOPOK, HAPACTAIONIMX HA WroJbYaThle arperaTtbl MOpJIeHM-
Ta — KaeMKd B mnepudepuyeckux vactsax mMuHgaaua [66, 101], oraesbHbie
cepomursl (puc. 54; ¢oro 30; 55; 83). Takue a-KpucTodAIUT-MOPIEHUTOBbIE
arperaTtbl, o0pa3yomyecs Mo KaeMKaM MOPJEHMTA, WHOTJA IUIOTHbIE CJIMBHbBIE,
C PpaKkoBHCTbIM M3JIOMOM, [0 BHEHIHEMY BHJIY O4Ye€Hb HANOMHMHAKOT OeJblie
onanoBble cjou. B ciyyae HapacTtaHusi c(epoJMTOB a-KpUCTOOAIMTA Ha
pacwieHEeHHble WINIbI MOP/JAEHHUTA OH BbUIEJSIeTCS B BUAE MNOJYNPO3PAYHBIX
NI00y/1, CAUBAIIMXCS B MNOJYNpo3payHble 4exyibl (puc. 54, 0), onucaHHble
JI. M. JlebeneBbiM [63] Kak meMOpaHHble TPYOKH, XOTsI MX MOXKHO OTHECTH
JMIIb K TCEBIOMEMOpPAHHBIM O0pPa30BAHMAM.

TOHKOBOJIOKHMCTDBIN A-KPUCTOOAJIUT HA3BIBAIOT TAKXKE WHOIIA JIOCCATUTOM
[37]. Oyenb YacTO JIIOCCATUT OKA3BIBAETCS KAK Obl «3aTPABKOii», HA KOTOPYIO
Hapactaer xajumeaoH [101].

ITomMumo r100ysApHBIX (hOPM BbIIE€HUsSI A-KPUCTOOAIUTA M ero odpa3oBa-
HUSA TPU PACKPUCTAUIM3ALMM onaja Kak coctaBHoii yactm KT-onmana, B
ra3oBbIX NOJIOCTAX B 0asaiabrax Baiitennopda, AsBcTpusi, ObLIM OOHAPYKEHBI
MeJibyaiiime BOASHO-TIPO3PAayHble KPUCTAJUIMKH, TMPeACTABJIEHHbIE TEeTParo-
HAJLHBIMM JUNUPAMHMIAMH B KOMOMHAIIMM C TETPAroHAJbHOW NpPU3MOI U
nuHakouaoM [266].

BbicoKoTemMnepaTypHblii KPUCTOOAIMT B BHJIE KPUCTAIMKOB KyOHYecKOro
WIM OKTAdJpPH 4YeC KOro raduryca u3BeCTeH HAa CTEHKaX Tra3oBbIX IHy3bIpeii
MHOTMX 0a3aJIbTOB U aH/IE3UTOB, B BU/J€ BKPAIUIECHHUKOB — B KHUCJbIX 3¢ dy3un-
BaX PUOJIMTOBOrO coctaBa. B o0cuaManax m3BeCTHbI C(PepoOIUTHI KPUCTOOAIMTA
JMAMETPOM B HECKOJIbKO caHTuMeTpoB [37]. IlonoOHblii KpUCTOOAIMT, HAPSLY
C TPUIMMHMTOM,— OObIYHbIi MHHEpPa] NPOAYKTOB JAeBUTPU(GUKAIMU KHUCJIBIX
BYJIKAHUYECKMX CTEKOJI, Ileé OH He TOJbLKO BXOJUT B cOCTaB c¢epouToB u
c(eponTOBbIX KOPOK JUTOGM3, HO M BbLIEJISETCS HHOIA B BHIE MeJKHX
KPUCTAJUIMKOB MO TpemuHKam [78].

Tpudumum. BpicOKoTeMnepaTypHblii TPUIUMUT B (opMe OTAEJIbHBIX
IVIACTUHYATBIX KPUCTAJUIMKOB M 3Be314aThIX CPOCTKOB M3BECTE€H B MOJIOCTIAX
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Puc. 51. 3oHbl A-onaja U3 NapajuIeJIbHO-CJIOMCTOr0 arata C SICHO BMIMMBIMH MHOIO-
YuCJieHHbIMH TpemmHavu cuHepe3uca. Ilypao, I'py3aCCP. VB. 30 (II)- Ne 45524. .

Puc. 52. TopusonranbHas 3oHa KT-onmajna, Hapacraomass Ha 30HAJbHO-KOHLEHTPH-
YeCKyI0 C()epPOIMTOBYIO KOPKY XaJIel0HA, XAPAKTEPU3YIOIASCS BOJHACTHIM MNOraCaHHEM
U OoJIBIUMM 4MCIOM KpymHbIX mycTor. CepreeBka, Ilpumopckuii kpaid. YB. 30(4-).
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Puc. 53. Muxkpoxeoap: xaiuneaona B cdepomutosom KT-onmame. Wmkesan, ApmCCP.
V. 80: a— (|), 6— (+). Ne 78898. 4.
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Puc. 54. OTOpoYkH a-KpPUCTOOAIMTA, HAPACTAIONIEr0 HA MIrOJIHYATYI0 KOPKY MOPIEHHMTA:

a — «IylHCThie» KOPOYKU; 6 — OTOPOYKH B BHjE nceBaoMemopannbix Tpyook. Ilypmo, T'pysCCP.
VB. 2 (cpaBhu ¢ ¢oto 83). Ne 84196.
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ra3oBbIX Hy3bIpeii, 0CO0EHHO B KHCJIbIX NOPOAAX — PUOJMUTAX, TPaxXuTax, a
TaKKe B TPEeIMHKAX, CeKYIIMX HeKOTopble cdeposonanl, B TOM 4HuCIe U
JuTodu3bl; BCTpeyeHbl OHU HA NMOBEPXHOCTH MOJIOCTEH HEKOTOPbIX JHUTOGdU3.
Kpome TOro, KpuUCTAUIMKH BBICOKOTEMIEPATYPHOIO TPUIMMHUTA, HApsily C
KpHCTallaMH [}-KBapua, M3BeCTHbI M B OCHOBHOiI Macce NepevrcCIeHHBIX MOPoJ,
[37].

TekcTypHble 0COOEHHOCTH

ITo TeKCTYpHbIM OCOOEHHOCTSAM AaraTbl MOXKHO Pa3fe/iMTh HA 30HAJIbHO-KOH-
neHTpuueckue (o0sekawumme) W TOPU3OHTAIBHO-CJIOUCTbIE (OHMKCOBBIE),
NpUYeM ecjM mnepBble MOrYyT MMETh CaAMOCTOATE/IbHOE 3HAYEHHE, TO OHUKCOBBIE
TEKCTYpbl BCEraa COYETATCA C 30HAJbHO-KOHUEHTPUYECKMMH, Oyaydyd Mo
BpeMeHH 00pa30BaHMs 0oJiee MO3THUMM XOTs Obl K OJHOMY NOKOJIEHHIO 30-
HAJIbHO-KOHLIIEHTPUYECKOTO araTa; MHOraa NOCJedHUil 0o0pa3yeT JMIIb TOHKYIO
KAEMKY, NpeIlIeCTBYIOUIYI0 BbIIEJIEHUI0O OHMKCOBOro arara. Jljiisi 30HAJbHO-
KOHIIEHTPUYECKMX KOPOK XAaJIeOHA XapPAKTEePHO COXPAHEHHME TOJIIMHbI HAa
BCEM HX NPOTsKeHMH. OHMKCOBBIE aratbl MMEKT OTYETJIHMBO IPABUTALMOHHYIO
npupoay *, 4To BbIPAXkKAaeTcs, B YACTHOCTH, B ¢opMe MOBEPXHOCTH HMX CJIOEB,
B3aMMOOTHOIIEHUSIX MX C MPOCJOMKAMH KPUCTAJUIMYECKOro KBapua, NpuypoYeH-
HOCTM OHMKCOBBIX CJIO€B K IUIOCKOCTSAM (hJIIOMAAIBHOCTH PUOJIMTOB.

OHHKCOBBIE araThl, KAK y’Ke 0TMEeYaJI0Ch, OTJINYAIOTCA OTHOCHUTEIBHO 0O0JIb-
e posbio onaja. Ilpu packpucranim3anuM cJIoM MOCJIeJHEro pacnagalTcs Ha
OTIeJIbHBIE TOJIMTOHAJIbHbIE YYACTKH, MMEIOIMe HA MPUILIM(OBKAX NPSIMOYTOJIb-
Hble WIM CKpPYIJIEHHbIE TPaHHMIbI, 0Opa3yolIde CBOeoOpa3Hbie HeOOIbIINE
JMH30BUIHBIE 000co0aenusa (doro 4; 30; 31; 32, B; 33; 39; 60; 76; 110, 65
119; 130). OnuceiBaemMbie 000C00I€HNSI MOTYT MMETh 1 MUKPOIIOJIOCTb B LIEHTPE,
OyIyun, 04€BHIHO, TEHETHYECKH CBSI3aHHBIMHU C MEPEKPUCTAIUIN3ANMEH ONATIOBBIX
CJI0OEB, CONPOBOXKIAIOWIEHcA ycaakoil WM BbllleJlayMBaHUEM MaTepuana (cMm.
puc. 45).

He HMCKII0Y€HO, YTO TAKOTO Ke MPOUCXOKIAEHHS TOJUTOHATM3UPOBAHHBIE
MPOCJIOHKA U B HEKOTOPBIX 30HAJIbHO-KOHUEHTPUYECKUX Aratax, XOTs ONaJoBbie
MPOCJIOU B HUX He yCTaHOBJIeHbI. KpaiiHe peKu moJMroHajbHble TPEeIUHbl, KOTO-
pble MOXKHO NMPUNKCATH COKPAIIEHUIO 00bEMa ONAJIOBBIX NMPOCJI0EK B KOHIEHTPU-
YyeCcKM-30HAJIbHOM arate. O0Opa3sell ¢ MOAOOHBIMU TpeluHaMu (pUC. 55), HO yKe
B XaJIIeIOHOBOM CJIO€ HAMM ObUI BCTPEYE€H BCEro OJMH CpPeau HEeCKOJbKHX
TBICAY MCCJIEAOBAHHBIX M MPOCMOTPEHHBIX MOJHPOBOK.

T'oBOps 0 MOIMIOHAJIBHBIX TPELIMHAX COKpAlIEeHUsI, HEOOXOAUMO OTMETUTh U
TO, YTO YeTKasi KAPTMHA 3TUX TPELIUH MOSBJISAETCS HMHOIIA NMOCJe MPOTPABJIM-
BAHUS NMOBEPXHOCTH XAJIEIOHA COIOBBIM pacTBopoM (puc. 56).

Takasi UX 0COOEHHOCTDb BCKPBIBAET ONpPeIeJI€HHYI0 HEOAHOPOIHOCTb MCXOIHO#
KOPKM, 3aneyaTjIeHHYI0 CBO€OOpa3HOii NaMATHI0O MMEIOLIErocsi B HacTosee
BpeMsi XaJIIEJOHOBOr0 CJIOSA, KOTOPasi MOXKET, OYE€BUIHO, MNPOSIBJIATbHCS NPH
NEePEeKPUCTATUIM3ANMH XAJIEA0HA U MOJMIOHU3AIMN OTIEeJbHbIX €ro cJoeB ¢ o0pa-

* IpaBUTAIMOHHBIE TEKCTYPbl ONMCAHbI TAKXKE B arperarax HacrtypaHa [34],
TIOJIMIOHAIbHBIE  TPABUTALMOHHbIE (DTIOOPUT-0APUTOBbIE OTCTOMHUKM (C 3€pHAMM KAJb-
Mra, Oapura, Keapua, (UUOOpUTA U NIMHMCTONO MATEPHAJIA) B TWIPOTEPMAIILHOM

dunoopuroBoii xwie (36], paz3myHbIe IPABUTALMOHHbIE TEKCTYPbl B CEPHOKOIYEIAHHBIX
MecTopoxnennsx [38].
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Puc. 55. Tpemwmnsl nHanpsokenusi (?) (cokpamieHus)), NPOSIBUBLIMECS B OJHOM M3
CJI0EB XAJNEJAOHA, YACTHUYHO BBIXOISNIEM HA MOBEPXHOCTH MOJHPOBKH, B pe3yiib-
TaTe ero NepekKpucTaLUIM3auun — o0pa3oBaHus sSMYHOM TekcTypsl. MmkeBan, ApmCCP.
VB. 8. O6pa3zen nepenan A. H. Kopookobim. Ne 83553.

Puc. 56. TpemmHbl COKpalleHMsi, BbISIBUBIIMECST HA NMOBEPXHOCTH XAaJIEIOHOBOTO CJIOSI
npu ero mnporpasimeannu pactsopom Na,CO0,; mMpokas BHeIIHssi 30HA NpeICTaBseT

c000ii ncepaoMopo3y XaJleAOHA MO KAJIBLUMTY, COXPAHMBUIYIO PEJMKTbI IMOCJIEIHErO.
IIypao, I'py3CCP. 0,5 nar. Bea. Ne 83760.
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30BAHMEM XAPAKTEPHBIX NMOJUTOHAJBHBIX M JIMH30BUAHBIX YYACTKOB, pa3/esieH-
HbIX YYACTKAMH C MHBIMH CTPYKTYPOid U LBETOM.

IlpencraBasier uHTEpeC TOT (PAKT, YTO B HEKOTOPHIX 30HAJIBLHO-KOHIEHTPU-
YeCKHX aratax OOHApyKUBAIOTCS JOCTATOYHO OTYETJIUBO HECKOJILKO (Yalle JiBe)
reHepanmii o6sekamomeii 3oHaabHocTH (hoTo 20; 47). HecKobKO reHepammii
MHOIIA YCTAHABJIMBAETCSA M /I OHMKCOBOIi 30HAIBbHOCTH (hoTo 5; 31; 32, 6; 39).
B HEKOTOpbIX OHHUKCOBBIX araTtax OTMEYaeTcsl NMOBOPOT B OTJIOXKEHHH CJIOeB
(doto 30; 33; 83; 129), cBA3aHHBII ¢ K3MEHEHHEM MOJIOKEHHS B MPOCTPAHCTBE
BMeLA0LIeii Mopoabl — M3MEHEHHEM €ee YIJIa HAKJIOHA.

JIo CHX MOP TEKCTYpa KOHIEHTPUYECKHU-30HAJIBHbIX U NMAPAJLIEIbHO-CIOUC-
TBIX araToB pacCMaTPUBAJIACH Pa3leJibHO, YTO NMPEICTABJISIO ONpeneIeHHbIA UH-
Tepec MJisl BbISIBJIEHUS] TUNOMOP(HBIX OCOOEHHOCTE KaXKI0ro M3 YKa3aHHBIX
TEKCTYPHBIX THIOB araToB. B TO 3Ke BpeMs AJis pelieHus1 reHeTHYEeCKUX BONPOCOB
onpe/ieieHHbIIl UHTEPEeC NMPEeACTABJISAET PACCMOTPEHNE B3aUMOOTHOLIEHUIT 000MX
TUNOB 30HAJBHOCTH, KOTOPOE€ MOXKHO CBECTH K CJEAYIOUIMM BAPUAHTAM:

a) 30HBI NMAPAJUIEJIbHO-CJIOMCTOrO araTta YNMUPAIOTCS B 30HbI KOHLEHTpPU-
YeCKH-30HAJIBHOTO arata (OCHOBHAs 4YacTh B3aMMOOTHOLIEHMIl PAa3HBIX THIIOB
30HAJIbHOCTEl Ha puc. 44; 45); 3TOT ciryyail HanboJiee OObIYEH M XapaKTepeH s
araToB BCeX FeHeTHYECKMX THUIOB, MMEIOIIMX NMAaPaJUIeJIbHO-CJIOUCThIe (OHMKCO-
Bbl€) 30HBI;

0) oTIeJibHbIE 30HBI MAPAJLIEJbHO-CJIOUCTOrO0 araTa MOCTOSIHHOW TOJIIIUHBI
nepexoAsAT B 30Hbl KOHIEHTPUYECKHU-30HAJIBHOIO araTta; 3TO YCTAHOBJIEHO IJisl
c(epoMTOBBIX 30H XajeaoHa (cM. puc. 39) u KBapueBbIX 30H (cM. puc. 44);
noAo0HOoe SIBJIEHHE MOXKET MOBTOPSTHCS HEOJHOKPATHO, YTO MPUBOJUT K MOSIBJIE-
HUIO HECKOJIbKMX reHepaunmii (cKopee NOKOJIEHMiII) NapauleJibHO-CJIOMCTOr0 M
30HAJILHO-KOHIIeHTprYeckoro arata (¢goro 5; 31; 32, ¢; 39);

B) OTIeJIbHbIE€ XAJEJOHOBbI€ 30HbI, U3MEHSSA CTPYKTYPY OT MeEJIKO3€pPHHUC-
Toii (cKOpee MenaKochepoJaMTOBOi) M NMapauieIbHO-IIECTOBATOH WM He u3Me-
HsIsl €e, eCJIM OHA Mapa/uie/IbHO-IIeCTOBATAs, MepexXoasT B C(hepouToBble KOH-
HIEHTPUYECKU-30HAJIbHbIE KOPKM XAaJIEeIOHA, YBEJUYMBASI NMOCTENEHHO TOJIIMHY
(MomHocTB) (pHC. 57).

JIBa mOCJEeJHUX THUNA B3aUMOOTHOIIEHUH (KOHIEHTPUYECKH-30HATIBLHOIO
M NAPaJLIeJIbHO-CJIOMCTOr0) AaraToB MOATBEPXKAAIOT MOCJIEI0BATEIbHOE OTJIO-
JKeHHe OHMKCOBBIX CJIOEB M He noareepxkaaiot npencrasiaenus I'. I1. Bapcanosa n
M. E. SkoBneBoii [11] o reHe3uce mpu paccjiauBaHuM reasa. B To ke Bpems
HEeSICHbI MPUYMHBI ONIMCAHHOTO BbIllle YBEJIMYEHHUsT TOJIIUHBI XaJIeIOHOBBIX CJI0eB
npy nepexojie UX OT FOPU3OHTAJIBHBIX B 00JIEKAIONINEe, XOTs 3TO sIBJeHHE Npe.-
CTaBJIsIETCA AOCTOMHBIM YNOMUHAHUS.

KpoMe paccMOTpeHHBIX TpPeX TUIOB B3aMMOAEHCTBUSA IOPU3OHTAJIBHO-CJIO-
HCTOr0 ¥ 30HAJIbHO-KOHIIEHTpUYecKoro xamenona, M. Cynarasau E. Oxra [257]
NpUBEIM YeTBEPThIil TUN. B 3TOM ciiyuae ropu3oHTAJILHO-CJIOUCTbIA (OHMKCOBBDIIA)
XaJIeA0H 3aBePIIAETCSA 30HOM NapaJLIe/IbHO-BOJOKHUCTOIO XaeA0Ha, KOoTopasi
NMOCTENEHHO YMEHbIIAETCS B MOIIHOCTH MO Mepe NPUOJMIKEHUs] K 30HAJBHO-
KOHIIEHTPUYECKHUM CJIOSIM; B CBOIO OYepeab Cpelu MOCJIeJIHUX UMeeTCs CJIoi Ta-
KO#l Ke CTPYKTYpbl, MOIIIHOCTh KOTOPOr0 YBEJUYMBAETCS MO Mepe mepexona ot
KOHTAKTA OHHUKCA C 30HAJBHO-KOHIEHTPHUYECKHM araToM B CBOOOIHBIH CJ0ii
ooOsekalomeii 30HaabHOCTH. IIpu 3TOM 00pa3yloTcs XapakrepHble KJIMHOBUIHbIE
CY>KEeHMs1 B MeCTe KOHTAKTA OHUKCA C o0JieKaommm xajauenonom. Cieayer orme-
TUTb TAKIKe, YTO B 00pa3ue oHukca, onucaniom U. Cynarasoii u E. OxToii, oTuer-
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Puc. 57. Tlepexonm 30H MEJNKO3EpHUCTOIO M IapasUle/IbHO-IIIECTOBATOro XaaledoHa Ia-
PaLIEIbHO-CJIONCTOTO arata B KOHLEHTPUYECKU-30HAIBbHYIO (O0JeKarollyio) cheponu-
TOBYIO KOPKY XaJIlIeIOHA C MOCTENEHHBIM MX paciuvpeHueM. [IpaBasi yacTb — COMNpsDKeHUe
napasuIeIbHO-CIOUCTOM 30HAIBHOCTH C 30HAJIbHO-KOHIIEHTPUYECKOIA, JIeBasi — pacIlpeHyie
30H Mapaule/IbHO-CIOMCTOro arata. MymuHa Iopa, Yutuhckas o6n. VB, 15(+). Ne 7/7.

JINBO BUIHO MCKPUBJEHWE TOPU3OHTAIbHBIX CJIOEB OHUKCA: GOJIBIIMHCTBO U3 HUX
“MeeT HeOOJIbIIYIO BBIMYKJIOCTh, MPUYEM Y HEKOTOPBIX U3 HMX OHA BechbMa OTYET-
JUBa, a ONMH CJIOW HMMEEeT YeTKO BOTHYTYIO BEPXHIOIO TpaHUILY.

IMonBoasi HEKOTOpble MTOTM TIPEACTABICHUSIM O TeHe3Uce TEeKCTyp araTos,
clefyeT TOAYEPKHYTh, YTO HMX pa3jddhe MOXET OBITh CBSI3aHO HE TOJBKO C
MnepeyrcieHHbIMU paHee (cM. TabGja. 5 U 6) NMpUYMHAMM, HO U CO CMEHOM 30H,
TMpeACTaBIEHHBIX pa3HBIMU MUHepaiaMu (Hampumep, ¢doto 49). Dra ke npuunHa
MOXEeT BbI3BaTh M3MeHeHMEe (PU3MUYECKMX CBOUWCTB B arate. M3 HUX BaXKHEWIIUM
SIBJISIETCSI OTHOCHUTEJIbHO JierkKasi CIIOCOOHOCTb araTOBBIX CJIOEB pa3faeisiThCs IO
KBaplleBbIM MPOCJIOKaM, B TOM YMCJIe TOHYAIIUM. DTO MPUBOAUT K TOSIBICHUIO
CKOpPJIYHOBaTOil oTHelibHOCTU ((poTo 25), cTONb XapaKTepHOM IJIsd CeBEpOTHUMAaH-
ckux aratoB [128], pe3ko CHUXalOMLIEl 0BEJMPHOE U TEXHUYECKOE KayecTBa ara-
ta. Kpome TOro, mpucyTcTBMEe KBapUMHOBBIX 30H B araTe OJAarompUsITHO IJISl €ro
MPOKpAaIIMBaHUSI, KOTOPOE MPOMCXOAUT B MPUPOIHBIX YCIOBMSIX WM CO3HAETCS
MCKYCCTBEHHO C LIEJIbI0 00JIaropaxxuBaHUSI I0BEJMPHO MaJIOLIEHHOTO CBETJI0-CEPO-
ro W ceporo arara.

PaccMoTpeHHBIE CTPYKTYpPHBIE M TEKCTYpHBbIE OCOOEHHOCTH MWHEPAJOB Ce-
MeiicTBa KpeMHe3eMa B OCHOBHOM KacajMCh araToB, oOpa3yloluxcs B 6a3ajibrax,
aHme3uTax M puoautax. OHM B 3HAYUTEIBHON Mepe COOTBETCTBYIOT (dopMam
BBIZICICHUS] MUHEpPaJoOB CeMelcTBa KpeMHe3eMa B aratax HWHOIO TeHe3uca,
XOTSI B psijie ClydaeB OTJIMYAIOTCS HEKOTOPHIMU CIelMbUIYECKUMU 4YepTaMM, Ha
KOTOPBIX HEOOXOAMMO XOTs Obl KPaTKO OCTaHOBUTHCS.

Tak, B mnceBmomopdo3ax MHUHEpPAJOB ceMelcTBa KpeMHe3eMa IO aHTM[I-
PUTOBBIM (M KaJbIIMTOBBIM) KOHKpEIL MM HauboJiee paclIpoCTPaHEHHBI MUHEpa
He XaJueaoH, a KBapl [262], oObIYHO MOJIOYHO-O€JbIid; M3BECTHBI €ro Mpo3-
pavyHble KPUCTAJIBI OKOJIO 2,5—4 cM B JUIMHY, MHOTAA C KOPUUYHEBBIMU MEPUCTHIMU
¢aHTOMaMu. Penko BcTpevyaloTcs KpUCTadlbl TEMHO-SIHTAapHOM oOKpacku. B
CWJIbHO BBIBETpPEJBIX XeoJaxX OKpacka KBaplia oYeHb pa3zHOoOpa3Has M3-3a OKHUC-
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JIeHUs Xeje3ocoAepxauux coenvMHeHuit. Coollianoch 0 HaxoJkax 37eChb aMe-
THCTa, HO OoJjiee NeTaJlbHOE MCCIeJOBaHUE MOKa3aao, YTO 3TO AbIMYaThlii KBapll.
Kpucrannael kBapua yallle TECHO CpacTalOTCs B IIETKM, OTPaHEHHBbIE JHUIIb KX
TOJIOBKaMU, OOBIYHO paclLUeNJIeHHBbIMHU, YellyiiuaTbiMu. B HEKOTOpBIX MECTOPOXK-
NEHUSIX BCTpPEYalOTCs IMpU3MaTUYECKUE, <«OMIMUpaMuadbHbIe» U IICEBIOKYOU-
YecKue KPUCTAJUIbl, @ TAKXE KEOJbl, 3alI0OJTHEHHbIE MHOTOUYUCIEHHBIMU MEJIKUMHU,
€axapomnofoOHBIMU CKOTUIEHUSIMU KBaplia. OTU KPUCTAIbl PEAKO YAJIUHEHBI U,
eClM YIJMHEHbI, TO OOBIYHO OO0pacTalOT KOPKOW XajlledoHa.

XasleqoH OTMEUYaeTCss BMECTE C KBaplieM, XOTSl pPeJKO OOHapyXeHbl XeO.bl,
MOJHOCTbIO 3aMoJIHEHHbIE CHEPOIUTOBBIMU KOPKAMHU XallleJJoHa C pa3MepamMu
cheponutoB a0 2,5 cM. [l Hero XxapakTepHbl 30HaJbHO-KOHIIEHTpHUYecKas
chepoauToBasi, moukoBuaHas (¢oto 145, 6), cocueBuaHasg TeKCTypbl. OOBIYHO
OH CBETJO0-TOJy0Oil 0 ToJy0oBaTO-CepOro, MHOTAA MOJOUYHO-O0eNblii (B XXeomax
0e3 MUpaMUAAJIbHOTO M TCEBAOKYOMUYECKOTo KBaplia); NMpU BbIBETPUBAHUM MPHU-
o0peTaeT OT XEJITOro N0 KOPUYHEBOrO OTTEHKM, M3-3a OKHUCIEHHUS CylbPUIOB
Keje3a, MHOTAa YepHble OT MPUCYTCTBUSI OKCHUIOB MapraHua.

M3 xanuenoHoBbIX 0O0pa3oBaHUIl B KOPaJIOBBIX MOCTPOMKaX, U3BECTHBIX BO
®nopune, CIIA, HauOONbIIWI HMHTEpeC Mg KOJJIEKIIMOHEPOB IPEACTaBISIOT
XaJllLIeIOHOBbIE (araToBble) CEKpEelUW, BO3HUKAOU[UE B MOJOCTIX KOPaJJOBBIX
noctpoek (doto 151, 152) *. OHU UMEIOT OOBIYHO OKPYTIJI0O-HEMpPaBUIbHYIO hOp-
My M BHEILIHIOIO XaJlleIOHOBYIO 000JI0UKY, BKJIIOYAIOUIYI0 CUIMLUUPUIMPOBAHHbBIE
KOpPaJUIOBbIE TTOCTPOMKU TOJIUIMHON OT J0JIEM MUJIJIMMETPA 10 HECKOJbKUX CAHTHU-
MeTpOB. BHyTpeHHssT yacThb Takux oOpa3oBaHUil — Iojasi M BbICTJaHa JUOO
MOYKOBUIHBIMU CJIOSIMU XajllleNoHa (arata), MHOTAA CO CliefaMU TO3JAHETO BbI-
lIeJayuBaHus, MO0 KPHUCTAIIUYECKOW KBapleBoli Kopkoi. BcTpeualoTcsi u
00pa3oBaHUsl C HECKOJbKMMM TMOJOCTSIMM, pa3ieJeHHBIMU Teperopoakoii. OauH
U3 TaKWX 0Opa3loB C ABYMS CMEXHBIMM IOJOCTSIMHU Obul omucaH E. JlyHaom
[207], oOpaTuBIIMM BHMMaHWE Ha TO, YTO €CJIM OJHA M3 ITOJOCTeil BBICTIaHa
XaJLEAOHOM, TO CTEHKHW APYroil MOKPBITHl KBapLEBOW KOPKOM.

Crnenyer TakxXe OTMETUTb, 4YTO JJIs aratoB, CBSI3aHHBIX C OCaIOYHBIMU
MopoJaMu, N0 CHUX TOp HE YCTAHOBJIEHBI OHUKCOBBIE TEKCTYPhl U BCE OHU
OTJIMYAIOTCSI 30HAJTbHO-KOHIEHTPUYECKUM CTPOEHUEM.

3akaHYMBas KpaTKyH XapaKTepUCTUKY KOPOK 30HATbHO-KOHIEHTPUYECKOU
TEKCTYpl M OHUKCOBBIX CJIO€B, CJIENyeT OTMETUTh, 4YTO B psle clydyaes
XaJIIEIOH W OmnajJ]l B HUX JIIOMUHECIIUPYIOT B 3KEJITO-3€J€HOBATBIX TOHAX IpU
00JIy4eHHM ITyYKOM CBeTa C JUIMHOUW BOJIHBI 365 u 256 HM. DTO cKOpee BCEro
CBSI3aHO C TMPUMECSIMU COEAWHEHUI ypaHa, B TOM YHUCJE pACIbUICHHBIX B
BUIe Menpyaiiimx BKioueHUil. [logoOHas daoopecueHnMs oTMedanach IUIS
BEPXHETO HEMPOAYKTUBHOTO C(HEPOTOUTHOTO, CJIOS B HEKOTOPBIX PHOJIUTAX
LentpanpHoro Operona [169] um nns xanuenoHa B rceBaoMopdo3ax MuHe-
paJioB ceMelicTBa KpeMHe3eMmMa I0 KoHKpeunusiM aHrunpurta CaymoBckoit
ApaBun.

* (QueBUIHO, TIEPBOE OIMCAHME STUX O0pa3oBaHMII ObUIO caelaHo emmie B 1842 T.
[207].
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@oto 85. Mo3anuHblii arat, sYeilKd KOTOPOro OTHEJeHbI APYr OT JApyra 3aHaBeCsAMHU
rpyobix HMTEl HesicHOro resesmca (cp. ¢ ¢oro 44). OkpecTHOCTH T.

IlaBnonapa,
Ka3CCP. 9,0X8,0 cm. Ne 83756.

®oto 86. IlceBnocTanakTurel (?) XajeJ0HA, MMEKLIME HA CpPe3e araTa B <IIIEHUY-
HbIX 3epeH». Okpecraoctu r. Ilasnomapa, KazCCP. 6,0X5,0 cm. Ne 83057.
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JTATAIOITIAE> KAHAJTBI
B ATATOBBIX MUHJIAJIMHAX

@oro 87. AraroBasi MMHAAJIMHA C KBapUeM M XaJIIeJOHOM B IEHTPE M IIMPOKMM
«UTAIOIMM» KAHAJIOM B HMXKHEi 4acTH, 3amoJiHeHHbIM KBapueM. OxpectHoctu r. Ilas-
gonapa, KazsCCP. 7,5X5,5 cm. Ne 84748.

®Doto 88. HeCKoJBKO CpPe30B <«IMHMTAIOUIMX» KAHAJOB, BbIIEJISIOUIMXCS YTOHEHHEM OT-
JIeJIbHBIX CJI0€B XaIeA0Ha (0COOEHHO HAIISIIHO 3TO BHAHO HA 0€JIOM cJIoe) B XaJINedOH-
KBapLEBOM araTe ¢ INMPOKOI BHeEIIHeil 30HOH BeTBAMXCS MeMOpaHHbIX (?) TpyOOK.
Apu-Borno, Monrosms. 9,0X6,0 cm. Ne 84434.
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®oto 89. OTyeTIMBOE YTOHEHHUE OTAEIbHBIX 30H arata y MpPOAOJBHOTO pa3pe3a «IUTaio-
mero» KaHajma (cmpaBa) M pasJIMYHbIE CEUYEHUS] «IUTAIOIIMX» KaHaJoOB (BBEpXy U
BHM3Y); clpaBa CHU3Y — OCTAaTOK NOHHO# Hactbuiu. CeB. Tuman. 7,5X6,0 cm. Ilome-
peuHblii cpe3 MuUHAaTuHBL. N 83908.
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®oto 90. MHOro4yuciIeHHbIE <«MUTAOIINE» KaHalbl (CIpaBa CHU3Y) B XallledOH-KBap-

LIEBOWi araToBOM MUHOAJIWHE, MOTOCTUTAKIIUE Pa3HBIX araToBbIX CJIIOEB C ACHBIM WX
YTOHCHUEM BOJIM3M KaHAJIOB:

a — obumii Bum, 0,75 HaT. Bel.; 6 — HeTadb CTPOCHMSI C OTYCTIIMBBIMM TOABOPOTAMM araTOBBIX
30H BOMM3M KaHaioB; 17,5X6,0 cM. Api-Bormo, Monronus. Ne 84757,
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®oto 91. MHOrOYUCIEHHBbIE TPYOUYATHIE OTKPBITBIE HA MOBEPXHOCTHU M IMOJIbIE «ITUTAOLINE»
KaHa/lbl (XOpOILIO BHAHBI B TpPaBOil BEpXHEN 4YacTW; LIMPOKWE KaHajbl IIPOCBEYHUBAIOT
CKBO3b XaJLlEIOH B CpeQHEll BepXHell YacTW) B araroBoil MuHganuHe. Api-bormo,
Mowuronus. 13,0X5,5 cm. Ne 84476.

®ot1o 92. HecKOJNbKO «IMUTAONIUX» KAHAIOB, KaXIblii U3 KOTOPBIX MPOHMKAET HAa Pa3HYIO
rIyOMHY KapHeoJ-arata C OTYETJIMBBIM YTOHEHUWEM OTIEIbHBIX araTOBBIX CJIOEB y KaHa-
snoB. Pocceimu mo p. 3est, AMypckast 0o61.; 6,0X5,0 cm. Ne 84747.
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@oto 93. MHOTOYMCIAEHHbBIE <«ITUTAIOIIMEe» KaHaJbl, NOCTUTAOIINEe pPa3HOW TIyOHHBI
30HAJbHO-KOHIIEHTPUYECKOTO araTa (HECKOJTbKO KaHaJOB [OCTUTAIOT OAHOW TIYyOWHBI).
CeB. Tuman. 6,0X4,0 cm. M3 xomr. E. B. Apriomkosa.

®oto 94. HecKolbKO «MUTAOLUIMX» KaHAJIOB, BCKPBITBIX Ha MPOJOJBHOM CEUEHUHU araro-
Boil MuHmanuHbl. Pocceimu mo p. 3es, Amypckoir ob6ma. 5,0X3,7 cm. U3 xomnekuwu
E. B. Apriomkosa.
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®oro 95. TlomepeuHoe cevyeHHE TIUIOCKOW KalbLMT-XAJIIEIOHOBOW MUHIAIUHBI C KOJb-
IEBBIM KaHAJIOM; KaJbLKUT o00pa3yeT KOpKy Mo mepudepun MUHIATUHDBI, BHYTPEHHSIS
MOJIOCTh KaHaja IOKpPbITAa TOHYANIIedl KOPOYKOW MEJNKUX KPHUCTaLIMKOB KBapiia. MbiC
Tesu, Kamuartka. 8,0X3,5 cm. Ne 83754.

JOHHBIE N JAECKBAMAIIMOHHBIE AIIIMbI
B ATATOBBIX MUHIAJIWHAX

®oto 96. SmMoBas NMH3a C BHIMYKJIBIM MEHMCKOM B HMXXHEW YacTH Ta30BOTO Iy3bIpsi
C XaJllelOH-araToM, 3alOJIHAIOLIMM TPOCTPAHCTBO BHILIE SILIMBI, CIpaBa U CBEPXY —
BMelaomuii 6asanst. [opa Mypynaa, Uutunckas o6n. 7,5X4,0 cm. Ne 84475.
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®oro 97. [loHHas sIIMa C BBIMYKJIOW TpaHuleil pasfena c¢ aratoM (B Buoe [Ha
BUHHOM OYTBUIKM), BBIMOJHSIONIMM BEPXHIOIO 4YacTb MUHAAIWHBI; OKpacka SIIMbI —
BTOpUYHO-11GGY3MOHHAsS M pa3BUBaeTCs OT Gojiee MO3OHUX TPEIIMH, CBSI3aHHBIX C ee
pactpeckuBanueMm. MmxesaH, ApmCCP. 14,0X11,5 cm. Ne 83636.
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®oto 98. loHHas XaaleqoHOBas sIIMa, MMeIOIlas TOPU3OHTAIbHYIO TpaHUILy pasiena
C KBapl-XaJleJOHOBbBIM 30HAJIbHO-KOHLIEHTPUYECKUM aratoM, BbIMIOJHSIOUIMM BEPXHIOIO
YacTh MUHIATMHBI; CHHEBATO-YePHOE MPOKPAIIMBAHUWE CBSI3aHO C MO3MHEH Cyabhumn-
3auueit (ob6pasoBaHueMm mnuputa). PwiBbiem, Yykorka. 10,5X6,5 cm. Ne 81607.

®oto 99. TpemwnHbl cokpaueHuss (cuHepes3uca?) B IOHHOW XaJllELOHOBOU sIIMe,
BBITIOJIHEHHBIE TO3MIHUM OypbIM XxaiuenoHoMm. Api-bormo, Monroaus. 11,0X3,5 cwm.
O6paszen nepenaH A. M. AnbmyxamenoBeiM. Ne 84509.
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®oto 100. JeckBamalMoHHas siMa, 00pa3oBaBHIAsSCS M3 CKOMMBIIUXCS Ha AHE THAPO-

JIM30BAHHBIX YCHIYEK CEJIagOHHTA,

NpeBpaTUBIIETOCA B HOHTPOHUT,
CTEHKM Ta30BOTr0 ITy3bIps:

OTCJIOUBIIUXCA OT

a, 0— TIpONOJbHBIN, 6 — TomnepeuHblii paspe3; a — 7,5X5,0 cm, 6— 16,0X23 cMm, ¢ — 9,0X
X5,0 cm. MyxatuitH-Xynyk, Mouronust, a — Ne 84482; 6 — No 83637; ¢ — No 84483,
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TPEIINHBI APOBJIEHUA
B ATATOBBIX MUWHIAJINHAX

®orto 101. TpemwnHbl, HapyHIMBIIME CIUIOMIHOCTh BHYTPEHHETO CJIOSI U YaCTUYHO CJIOs
capIepoBOro xaiieqoHa M Gosiee MO3IHHME paJMaJbHbIe TPELUIMHbI, HAYMHAIOUIMECS OT
TMOBEPXHOCTH XaJllle[OH-KBApLEBON MUWHAAJIWUHBI U CEKyIIMe cjIou XanuenoHa. HapyxHas
KOpKa XajuenoHa (CBeTsiasi CHHEBATO-KpacHasi) COAEPXKUT OOJIbIIOE YHUCIO MEIKUX
MeMOpaHHBIX TpyOoK. Api-Bormo. Monronus. 10,0X6,0 cm. No 84432,
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®oto 102. [Mo3gHUE TPEeIIMHBI B KapHEOJ-KBaplieBOil MUHAATWHE, BBIMOJHEHHbIE KapHEO-
JIOBBIM XaJlIeOHOM M KBaplieM (B LIEHTpe MIMPOKOW YACTH CaMOTO KPYITHOTO IMPOXMIIKA,
MMEIOLIEH CXOACTBO C «ITUTAOLIMM» KaHajloM), CMeIlalouiie CJIOM XaJllleloHa U KBapla.
Pocceinu mo p. 3est, Amypckas o6a. 7,5X7,0 cm. Ne 84769.
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KAPBOHATLI

M3 kapOboHATOB B aratax yCTAHOBJIEHBI KaJbLMT, aparoHUT, NOJOMUT, CHUIEPUT,
MnpuyeM HaMWOOJBIIMM paclpOCTPAaHEHUEM M 3HAaYeHMEM W3 HUX I[O0JIb3YyeTCs
KaJbIUT, HA KOTOPOM COCPEIOTOYMBAETCS B OCHOBHOM Hallle BHUMaHUE.

Kanvyum cpenu MuHepasoB, 3aMOJHSIOUIMX TOJOCTH, B KOTOPBIX BCTpeya-
IOTCSl araThl, SIBJISIETCS CTOJIb X€ CYHIECTBEHHBIM, a MHOrIa U Gojiee BaXKHBIM
MHUHEpaJoOM, YeM TMpeIcTaBUTEeIM ceMeiicTBa KpeMHe3eMa. Tak, B MaHIEJb-
mTeiiHaX, HapsIAy C XalleIOHOBBIMU (araTOBBIMM) MUHIAJTWMHAMU, OOBIYHO
MMeeTCsI TO WM MHOE YUCJIO KaJbIMTOBBIX MUHAAIWH (cM. puc. 2; dorto 34),
KOTOpbIE OTMEYaloTCs TMpakKTUYeCKM BO BCeX MaHAENbIITEeHAaX C aratamu,
M3BECTHBI CJIydyad, KOTJa MUHAAJIMHBI CIUIONIb MHUHEpPaJIM30BaHbl aparoHUTOM
(puc. 58). Takue MUHOAIMHBI OOBIYHO HE TIPUBIEKAIOT WCCIEqOBaTeNel U
nobuteneir aratoB. Yalle Bcero OHM He oOpallalOT BHUMaHUsS U Ha KapOo-
HaTHbIE MWHAQIWHBI, COCENCTBYIOIIME C araTOBBIMM B POCCHIISX, COCPENOTO-
YMBasiCh JIMIIb Ha TMOMCKAX araToB.

Crtonb Xe OOblYeH KaJlbLUMUT W JUISI MWHEpaJIu3aluM, BBIMOJHSIOMEH
autodussl. B HUX OH He TOJNBKO 4YacTO HabJI0gaeTCss BMECTE C XalledOHOM,
HO WHOTAA BBIMOJHSIET MOJOCTH JuTOGU3 Haueso. Takue oOpa3oBaHUS IO
TOJBKO 4YTO BBICKa3aHHBIM MpPUYMHAM He MPHUBJIEKAIOT K cede CIelualbHOro
BHUMaHUSI HCCIIeI0BaTENEH.

I[ToMrMO TOro B MHHIAIMHAX M JUTOGU3aX WM3BECTHO OOJBIIOE YHCIO
pasIM4YHBIX TceBAOMOPGhO3 MUHEpaJIoB CeMelcTBa KpeMHe3eMa I10 KaJbLUTY,
TpeOyIoImMnX 0CO00T0 PacCMOTPEHWUSI.

B arartax, cBSI3aHHBIX C OCAaJOYHBIMM IOPOJAMU, KaJIbIIUT, B TOM YHUC]IE B
BUIE€ KOHKpEIHMii, ¢ OXHON CTOPOHBI MHTEHCHBHO 3aMellaeTcsi KPeMHE3eMOM,
C Ipyroil — TpencTaBiseT co0Oil MUHepas BBHIMTOJHEHUS IOJOCTENM.

B MuHpanuHax M JUTOGMU3aX KaJbLUT BBIAEHSIETCS B BUAE WHIWBUIOB
paznuuHoit Mopdonoruu — cdeponutoB (poro 35; 37), chepoKpuCTaLIOB,
OTIEJbHEBIX 3epeH MEJIKO3epHUCTBIX arperatoB (¢oto 35; 112; 113, 6), cuibHO
pacuienJeHHbIX ¥ CKPYYEHHBIX OO CENJOBUIOHBIX KpuctauioB (puc. 59),
KPUCTAJJIOB  YIJIMHEHHOCKaJeHOo3apuieckoro (puc. 60), Tpu3MaTUYECKOro
(dboTto 43), mnactuHYaToro raburyca — manwupmmnara (¢poto 123). M3BecTHBH
cly4au, Korga B OXHOW M TOW Xe MUHAaIMHEe (IUTOodU3e WIM KOHKPELH)
BCTpeYaeTcsl KaJbLMUT HECKOJIbKHUX TaOUTYyCHBIX THUIIOB, Hampumep, cheposnu-
TOBBIM M MENKO3epHUCTHIH (doTo 35), MIMHHOCKaJIEHO3ApUIeCKMil, cdepo-
KPUCTAIJIMYECKUN M MEJKO3EepHUCTBI (puc. 61).

IpuBeneHHble HOaHHBIE TO3BOJSAIOT TMPOJAEMOHCTPUPOBAThL pa3HOOOpasue
dopM KkampuMTa B aratax M HaMETHTb IIOCJEJAOBATEJIbHYIO CMEHY WX Ipyr
IPYIrOM B psiax Tuma: a) cEepoNUTH --> MEJIKO3EPHUCTBII KajdbLUT, 0) CKa-
JIEHOBAPBI --> CHEepOKPUCTAIIIBI --> MEJKO3EPHUCTHIA KalbIUT, B) MEJIKO3ep-
HUCTBIA KaJbLUT --> MalUpIINAT, XOTsS 3TO He MCKIIOYAeT BBIAEICHUS KaXXIOi
u3 Mopdosorndyeckux GopM Kak B «4UCTOM» BMIE, TaK MU B MHOU MOpPGHOJO-
rMYEeCKON TMocaeaoBaTeIbHOCTU. B TO e BpeMsi OYEeBMIHO, YTO BBIACICHUE
KaJblMTa Pa3JIUYHbIX TaOUTYCHBIX (GOpPM, MPOUCXOIUIO, CKOpee BCero, He B
pe3yibTaTe OJHOKPATHOTO Tpoliecca, a HOCWJIO 0oJjiee CIOXHBIN XapakTep W
COMPOBOXAAIOCH U3MEHEHUEM (DU3MKO-XMUMUUYECKUX YCIOBUI KPUCTAIM3AIMH.

Bosnee Toro, B TeuyeHUe MOCTATOYHO MJIMTEIBLHOTO TMpollecca BBIMOJHEHUS
mojocTeid (ra3oBbIX TNy3bIpeil, JUTOGMU3, THE3d U T. A.) — UX MHHepaIusa-
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Puc. 58. AparoHuroBass MMHIAJIMHA C JIABOBBIM IIEPEXMMOM B CpeIHE 4acTH B 0a3allb-
te. Kucapuru, BepxoBbe p. Ypasenmu, [py3CCP. Ya 3. No 83050.

LIMM — WHOTHA TMPOUCXOAMJIO WM3MEHEHUE CTPYKTYpbl BBIACJUBIIUXCS (HOpM.
Tak, Hampumep, B psiie CIydyaeB OTMedaeTcsl MepeKpucTalau3auus cheposiu-
TOBOIO KajbLIUTa B KPYHHOOJOKOBBIA (puc. 62).

Kanpuur B rmnceBmoMopdo3ax MUHEpaJloB ceMeiicTBa KpeMHe3ema [0
AHTUIPUTOBBIM KOHKPEUUSIM OTJIWYaeTCsd OONbIIUM pazHooOpa3ueM KpucTam-
mnuecknx Gopm  [262]. Ha HeKOTOpBIX U3 MECTOPOXIEHHI OH o00Opa3syer
PO30BbIe CKAJEHODIPUYECKUE KPUCTAIIBI B KOMOMHAIIMM C TEMHO-KOPUYHEBBIMU
rpaHsiMu KyOOMIHOTo pomOo3apa pa3mMepoM a0 1,5—2 cM; caMmblii KpYMHBIA
KyOOUIHBIA KpHUCTAJJI MMeJ OKoJIo 2,5 cM B mornepeuHuke. Ha apyrux mecto-
POXICHMSX OH BBIAEJSIETCS B BUAE OECLUBETHBIX CKaJeHO3APOB C poMOO3IpHU-
YeCKMMHU TOJIOBKAMU U MMeeT oKoJio 10 ¢cM B MIMHY, B KpUCTajje OTMedyaroTcs
po3oBble cKaylieHodapuueckue ¢daHToMbl. CaMblili KPYMHBIA KpPUCTAT MMeN
7,5 ¢cM B UIMHY M CTOJIbKO e B ImomepeyHuke. YacTo KpucTalabl pasHOU
dopmMbl HapacTaloT Ipyr Ha JApyra, WIM CMeHa radurtyca dukcupyercs
(daHTOMaMM M3 TPUCBIMOK MapKa3uWTa, TMUPUTA WIM CBETIIO-KOPUYHEBOM
eJs10hbaHOoN00HOM TIJIEHKOW HEM3BEeCTHOTO cocTaBa. Ha HeKOTOPBIX MecTo-
POXIEHUSIX U3BECTHBI POMOOB3ApUYECKME KPUCTAJUIbI, B TOM YHUCIE U CKPy4YEH-
HBbIE.

HccnenoBanre MUHAAIWH, COAEPKAIIUX Hapsay C KaJlbLIUTOM MUHEpPaJbl
ceMeiicTBa KpeMHe3eMa, I10Ka3ajJo, YTO HUX BO3PAaCTHBbIE B3aMMOOTHOIICHUS
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Puc. 59. CkpyueHHbIe M pacUIeIUICHHbIE CEMJIOBUHHBIE KPUCTAJIbl Kalbl[MTa, HapacTawo-
mue Ha moiocTh B Oaszanbre. Mbic TeBu, Kamuatrka. YB 1,25. No 84453.

Puc. 60. JnMHHOCKaNeHO3IPUYECKUE KPUCTA/UIBI KalblUTa C TOJOBKAMM B BMAE TYIIBIX
poMOGO3pOB, MOKPBITBIE CHAPYXM TOHKOI XaJleNOHOBOW KOPOYKOW B TOJOCTH KPYMHOU
MuHganuHbel u3 aHpe3utoB. Llypmo, I'pysCCP. V. 1,25.
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Puc. 61. KanblUT HECKOJIbKUX MOKOJEHUN (CKaJeHOAPUIECKUIA, CHepOKpUCTATITNIECKUI
¥ PaBHOMEPHO3EPHUCTBI) B MHWHEPAIM30BAHHOW MHHIAJTMHE C XaJleIOHOBOW KOPKOM
mo mnepudepun; OTYETIUBO BUIHO YACTUYHOE 3aMeEIleHUE CKaJEeHO3APUUECKOrO KalbIUTa
XalIeoOHOM U KBapuem (MO0 30HaM pocTa, cmaiHocTu, obbeMHoe). Mpic Teu, Kam-
garka. 0,75 Hat. Bes. Ne 82986.

Puc. 62. Tlepekpucramiuzauusi cheposruToBOro KajablMTa, HApOCIIEr0 Ha JIABOBBIM Mepe-
KUM (4epHoe), B KPYMHOOJOKOBBIN arperar; TOHKas Kaiima mo nepudepuu MUHIAIUHB —
kanpuut. P. Huxusasg TyHrycka, DBeHKUiicKUiIT aBT. OKp. YB. 40(+):

a— (II); 6— (+). Ne T-132/68, 7—2.
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OBIBAIOT PA3JIMYHBIMM: KaJbIIUT MOXET BBIACISATHCS JO OTJIOXEHWS MUHEpAJIOB
ceMmeiicTBa KpeMHe3ema (Haubojiee IIMPOKO PACIpOCTPaHEHHOE SIBJIEHHUE), BO
BpeMsl UM TOCJIe HEro. YUYMUThbIBasi OCOObIi MHTepeC B3aMMOOTHOIICHUI KalblUTa
C yKa3aHHBIMM MHHepajaMu [Jisi TOHUMAaHUs YCJIOBUI 0Opa30BaHUS araTos,
Ha 3TOM BOIpOCE HEOOXOIMMO OCTAHOBUTHCS IMOAPOOHEE.

M3 mepeunciieHHBIX Bbillle (GOPM BbIAEJEHUS KajbliMTa Haubojee paHHUE
yalie Bcero c(hepoMToBbie WM pacilelIeHHO-KpUCTaInYecKue (CeITOBUIHBIC)
(GopMBbI; MHOTIAa B KauyeCTBe pPaHHETO BBIAEASIETCS MEJIKO3EPHUCTBIN KalbIUT.

CoheponnToBbIii KalbIUT, KaK U ero chepoKpUCTaljibl, OObIYHO HEIMoC-
pEACTBEHHO HapacTaeT Ha TOHKYIO XaJleIOHOBYI0 (MU CeJalOHUT-XaIlemao-
HOBYI0) OTOPOYKY MWHIAJIWHBI B BUIE OTHEIbHBIX MHAUBUIOB (dorto 34; 37,
38), nu6o B Buae ux Kopok (dorto 36; 40; 41; 95).

XanuenoH (arat), BBIMOJHSIOMIMNA OCHOBHYIO 4YacTh MHHAAJIWH, B CBOIO
ouepenb HapacTaeT JMOO Ha OTAeJIbHbIE cdepoguTsl Kambuuta (dorto 37),
JINO0 BBITIONHSET WEHTPAJbHYIO YacTh TOJOCTH, CTEHKU KOTOPOW TOKPHITHI
cheponuToBoit Kopkoit kambuuta (doto 40). MHTepecHO, 4YTO B TOCIEAHEM
clayyae IO TeKCType MUHAAJIMHA HAMOMUHAeT 30HaJbHO-KOHIIEHTPUYECKUI
araT, XOTs €€ 3HauyuTeJbHasi 4acTh BBHIMOJHEHA KaJlbIMUTOM, T. €. IOJIydaeTcs
CBOEOOpa3HbI XalleJOHOBO-KaJbIIUTOBBIA «araT».

Kpome Toro, ceponntoBbie KOPKM KajbIIMTa 00pa3ylOT CaMOCTOSITEJbHbBIE
30HBl B KaJIbIIUT-XATIEIOHOBBIX 30HAJIbHO-KOHIEHTPUYECKUX araTtax, IOf-
cTUaeMble M TepeKpbiBaeMble XasllleIOHOBbIMU 30Hamu (puc. 63).

Cdeponutsl KaabluTa OOBIYHO TIPM JajbHEWIIeM pa3BUTUM TIPOIIECCOB
MUHEpaJIM3alud MHUHIAJIWH 3aMellaloTcs dactTudHo (puc. 64; doro 36) wm
nojaHocThi0 (oTo 38) xammmemoHOM, COXpaHSISI OCOOEHHOCTU CTPYKTYpHI,
OTIMYAIOIIMEe WX OT BMENIAIOIIEr0o XallleloHa, KpOME TOro, OTIpeIeieHHbIC
pasnuuusl OOBIYHO TPOSIBJISIIOTCS B MX LBeTe. B pocchimsiX M TaHreHUHaJIbHBIX
cpe3ax TakKMe MUHIAJWHBI BBITJISIOST Tila3dyaTbiMU. B npyrux ciaydasx cdeposu-
TBl KaJbllUTa, OCOOEHHO €CJIM OHU He 3aMelleHbl KPEeMHE3eMOM, JIETKO
BBIIIEJIAYMBAIOTCS B POCCHIMSIX, SBJSISICH OAHOW W3 TMPUYMH XapaKTEPHOU st
MHOTHMX araTOBBIX TrajeK KaBEepHO3HON MOBEPXHOCTU * ¢ TOHKOIIACTUHYATOMU
WU TJ1a39aTOW CKYJBNTYPOil, OTBeyamolleil CKYJIbINTYype IOBEPXHOCTH BbILIE-
JIOYEHHBIX CHEepOTUTOB.

O6pa31oB, B KOTOPHIX OJAHOBPEMEHHO MPUCYTCTBOBAIW OBl CEITOBHIHBIN
KaJbLIUT M XaJleAOH, B JOCTATOYHOM KOJMYECTBE OOHAPYXMUTb HE YIAIOCh.
B Hamem pacmopskKeHHM HMMEIOTCS eIMHUYHbIe OOpa3libl, B KOTOPHIX Oojee
MO3AHUM XalllelOH OTYETIMBO HapacTaeT Ha KOPKU CEMIOBUAHBIX KPHUCTAJIIOB
KajapluTa. B TO Xe BpeMs BO MHOTHMX KDPYIHBIX POCCBHITSX araTa, CBSI3aHHOTO
¢ 6aszampraMu (Hampumep, B okpecTHocTsax TI. [laBmomapa, Ka3zCCP, mHormx
pocchimsix MHP), arar ¢ moBepXHOCTM MMeeT OTYETJIUBBIE OTIEYaTKH KOPOK
JNOBOJIbHO KPYMHBIX CEIJOBUIHBIX KPHUCTAJIOB, KOTOPbIE CKOpee BCEro ObUIM
MpeACTaBIeHbl  KaJbIUTOM  (BO3MOXHO, JOJOMHUTOM), BBIIIETOYNBIINMCS
B pocchinsax. Takum o6Gpa3oM, U 3TU JaHHbIE IMOATBEPXKIAalOT 0Oojiee paHHee

* Takasl TIOBEPXHOCTb TIOSIBJISIETCSI TakKXe B pe3y/ibTaTe BbllleIaunMBaHust chepo-
JIUTOB U ChEPOTMTOBBIX KOPOK CHAEpUTA, MHOLAA 3aHMMAIONIMX B MUHIAIMHAX OJIO-
JKeHMe, aHaJOTMYHOe KaJbLUuTOBbIM. Kpome TOro, obOpa3oBaHHEe OKpYIJIBIX KaBepH
MOXET OBbIThb CBSI3aHO M C pa3pylieHueM Cc(hepolIuTOB psiia CUJIMKATOB — LICOJIUTOB,
TYHTYCUTA U T. .
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Puc. 63. Purmuunas kanbuut(K)-kBapu(KB)-xanmenonosasi cdeposuToBasi Kopka,
Hapociiass Ha TICeBIOCTaJaKTUThI, OOpa3oBaBIIMECS BOKPYr MeMOpaHHBIX (?) TpyOOK.
CepreeBka, [lpumopckuii kpaii. ¥YB. 20(+).

Puc. 64. XanuemnoH-KBapUUH-KBapleBbii cHepoqUTOBBINA arperaT ¢ pelukramMu cbepo-
JIUTOBBIX 30H KaJblUTa (TEMHble, CEPHOBUAHBIE), HApPOCIIMN Ha KaJbLUT (TEMHOE);
KBapiMH 00pa3yeT «30HTUYHBIe» 30HBI (3) B cdeponurax, HapacTalollue Ha XaJledoH.
P. Huxwuas TyHrycka, DBeHkuiickuii aBT. okp. YB. 50(+). Ne 491/13—2.
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(1o obpa3oBaHMsI OCHOBHOW MacChl XajllenoHa) oOpa3oBaHUE CEIJTOBUIHOTO
KaJblIMUTa, XOTSI B OOJIBIIMHCTBE CJIyyaeB OH M HE COXpaHMJICS.

JIMHHOCKAJIEHOdIpUYEeCKUEe KPUCTAUIBl KaJblMTa HauboJjiee XapaKTEepHBI
Ui BHYTPEHHUX TIOJIOCTe B araToBbIX MUHAaaIuHaXx (cM. pwuc. 60), rme
OHM HapacTalOT Ha TOJCThbie cGhEepOJUTOBbIE KOPKU XajlleJoHa, XOTs caMu
WHOTIAa TaKXe IMOKPBIBAIOTCS TOHKUMM €ro KopkaMu. B apyrux ciydasix
OHM OKAa3bIBAlOTCSI 0OOjiee paHHUMM, TMpEANIeCTBYs oOpa3oBaHHIO chepokpuc-
TaJJINYECKOTO, a 3aTeM M MEJKO3epHUCTOro Kajibuura (cMm. puc. 61). HHTe-
pecHo, 4YTO B ToOCJIenHeM obpa3iie 0ojiee paHHUN MIMHHOCKAJIEHOBIPUUYECCKUI
KaJbLIUT TMOKPHIT TOHKOW KOPKOUW XajlenoHa (HayajlbHasi cTaausi oOpa3oBaHUs
nceBaomopdo3 obGaekaHus). XallleloH, KpPOMe TOro, 4YacTUYHO 3amMellaeT
9TOT KaJbIUT W TOKPbIBAET TOHKOW KOPOYKOW CHEepOKPUCTAIbl KaJlbIUTA.
CaMbIM TMO3IHMM MUHEpPaJoM B OTOW MHUHAAJIMHE OKa3ajcs IeCTOBATHII
KBapll, MOKPBIBAIOLIMI IeTKAMKM IOJOCTH, BO3HUKIINE MeXIy chepoKpucTai-
JlaMU  KaJblMTa, MEXAYy HUMU U 3€pHHUCTBIM KajbLUTOM. TakuM oGpa3oMm,
37eCh BBIMOJTHEHWE MUHAAIUMHBI (Tocie 0Opa30BaHMS TOHKOM XasleIOHOBOM
KOpPKM 1o repudepun) HauMHAIOCh CO CKaJeHOdIPUYECKOTO KaJblIUTa,
3aTeM OTJarajuch: XajaledoH --> C(PepoKpUCTANIbl KalbIUTA --> XaJlEeIOH -->
MEJIKO3epHUCTHI KalbIIUT —> KBapl. [Ipy 3TOM B MepUOI OTJIOXEHUS Xallle-
JIOHAa TPOMCXOIMJIO HE TOJbKO €ro BbIIEJeHUE B BHUAE KOPOYKHU, TOKPBIBAIOIIEH
CKaJIEeHOSIPbl KaJblIMUTa, HO M JOCTATOYHO MHTEHCUBHOE 3aMellleHUEe IMOCIeaHe-
ro.

Jnsi BBISICHEHUS JeTajieil MpOLECCOB 3aMelleHUs] KalblMTa XalleIOHOM
ObLIM OTOOpaHbl 00pa3lbl C KPYMHBIMU CKaJCHO3APUYECKUMU KpUCTALJIaMU
KaJblIUTa, BBIMOJHSIOIMIMMHA TIOJOCTh B KpPYMHOW MWMHIAJIWHE W3 aHAE3UTOB
M TOKPBITHIX TOHKOW KOpPOYKO#M XasilegioHa, T. €. MO BCEM IMpHU3HaKaM OYEeHb
01M3KKMX K M300paxeHHbIM Ha puc. 60. Cpe3 Takoro obpasiia MpoTpaBiuBayics
HCl1, Gnaromapss yemy Ha TpaBJeHHOW IOBEPXHOCTU MOXHO OBLIO BBISIBUTD
TOHYAWIIMe TEepPEernoHKU XajlleloHa, MPUYPOYEHHBbIE K OTpeaesieHHBIM KpUCTal-
JorpauUecKuM HalpaBIeHUSIM — poMOO3IpUUYECKON cmaiHocTu (puc. 65, a)
U 30Ham pocrta (puc. 65, 6, 8).

[cesnomopdo3bl xamuenoHa mo KaabuuTy omucanel P. bmomom [153]; oHu
ormeuamnch tTakke WM. Hoerreparom [222] m O. ®embrepom [264], mpudeM mociiemrHuin
MpUIaBal UM KITIOYeBOe 3HaYeHWe B TIOHMMAHUM YCJIOBMII OOpa30BaHUs arata B pe3yJibTa-
Te 3aMelleHus] KajblUTa XaJllelOHOM. B TO e BpeMs UX TeHETMYECKUH CMBICT
coBeplleHHO wWHade TpakToBajicss P. E. Jluzeranrom [205], cuuTaBOIMM, 4YTO 3T
riceBIoMopdo3bl 00pa30BATHCH TyTeM 3aTOJHEHUsT XAIEIOHOM ITYCTOT BbIIIEIaYNBAHMUST
KpUCTAUTOB KajibluTa. [lceBnomMopdo3bl KBaplia M XallleJOHA IO KAJIBLUTY C COXpa-
HEHMeM CIieoB craiiHoctu ommcadbl M. Cropuem [256].

TpaBieHue OOJBIIOTO YKCIAa BbIACJEHUNH KalblMUTa, CBSI3aHHBIX C Xaj-
egoHoM (araToM), TOKa3ajo, 4YTO IMOAOOHBIE 3aMeIleHUs OYeHb IIMPOKO
pacrnpoctpaHeHbl. [lpu 3TOM 3aMelleHMIO IMOABEPraeTcss He TOJbKO paHHUI
KaJbLUT, HANpumep, cHepoJUTOBBIN MIM CKaJeHOIAPUYECKUN, HO U TO3IHUIA,
BBIIEISIIONINIACSI, B YAaCTHOCTU, B BHUJAE <«IIPOOOK» B <«IMOABOASIIIMX» KaHajgax W
Kopoaupylonux Goyiee paHHuil arat (puc. 66).

Bbuto TakXke yCTaHOBJIEHO, 4YTO Ha pa3JUYHBIX MECTOPOXICHUSX BCTpe-
YalTCsl B TOM WIM HWHOM KOJUYECTBE IOJHbIE ICeBIOMOPGO3bl MHUHEPAIOB
KpeMHe3eMa 10 KaJblIUTy C COXpaHEHWEeM BHEIIHEW (OpMbI KPUCTAIIIOB
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Puc. 65. Hauanbuble cTaguu 3a-
MeLUIeHUsI KPYMHBIX CKaJeHODdMI-
pUYECKUX KPHUCTANJIOB KajJbLUTa
XalueloHOM:

a — 1o cnaitHocTu (¢ o6pa3oBaHU-
eM pombosapuueckoit ceTku); O,
6 — 110 CKaJ€HO3APUYECKUM U TYIO-
pomM06031pUUeCKUM (TOJTOBKU KPHUC-
TaJlIOB) 30HAaM pocTta: 6 — Mpo-
NOJNbHBINA; 6 — KOCOW, ONM3KHH K
MOIEePeYHOMY Cpe3; BBEpXy Ha pHU-
CYHKE 6 BHUJIEH Y4YaCTOK pa3BUTUS
(GpOoHTATBPHOIO 3aMeLIeHUs Kalb-
nuTa XaJlleIOHOM. Mlypno,
I'pysCCP. Ipotpasreno 10%-Hoii
HCI. VB. 1,25. Ne 84764
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Puc. 66. ToHKoIUIacTMHYATas POMOO-
SApUYecKas CeTKa, XallleloHa, pas-
BUBAIOLIASICA T10 CIAHOCTU KPYITHO-
KPUCTA/UIMYECKOTO KaJIbLIUTA, 3aKYIIO-
PMBAIOILIETO «TUTAIOLINI» KaHAaJ;, XOpOo-
IO BUIOHBI YTOHEHWE 4YacTU XajlLeno-
HOBBIX CJIOEB TIPU MX TOBOPOTE B KaHAT
W pe3opOLMsT YacTH  XaJILEIOHOBBIX
cy10eB KanblUuToM. Kanblur BhITpasieH
10% -noit HCI. Yauuem Hoc, Ces. Tu-
MaH. YB. 8.

(puc. 67, a; doro 44—46, 126) u pnerajneil uX BHYTPEHHETO CTPOEHUS —
craiiHOCTH M 30H pocta (puc. 68; doro 125).

OcoOblit MHTepec MpeAcTaBiAsiOT GOPMBbI pa3BUTHS MHHEPAJOB KpeMHe3e-
Ma, 3aMellalolnnX KaJbLUT He 1O CMalWHOCTH MM 30HAM pocTa, a (GPOHTAIBHO.
BaxHo, 4TO B 3TOM cJjy4ae, Hapsay ¢ KOHUYECKMMU OOpa3oBaHMSIMU Xall-
Lle0HA, pa3BUBAIOIIMMUCS TIO TpaHWIlEe pasfaesia ¢ KaJlblUTOM B BHUAE pPOM-
603ApUYeCKUX ovepTaHuil (puc. 69), TMOABASIOTCA CTANTaKTHUTOMOAOOHBIE
B CEYEHWHU BBIAEJECHUS XalleqoHa, MMelolnne cyOnapasjiebHyl0 OPUEHTUPOBKY
(puc. 69, 2), KoTOpble KaK Obl «BILUIABISIOTCS» B KaJbIIUT.

IIpu tpaBnennu HCI omHOil M3 MUHAAIWH, MepBOHAYaJIbHO IPUHATOM 3a
KanbuTOBYIO (puc. 70, a), ynamoch BCKPHITh OOJNbINOE YKMCIO TOHKHUX XaJlIeI0-
HOBBIX TE€PErOpoaOK, pa3BUBAIOLIMXCS IO CKaJeHO3APUYECKUM 30HaM pocTa
KaJblIUTa U B CTOPOHBI OT HuX (6enble Ha puc. 70, 6) *, mpuyeM B OCHOBaAaHUU
paccMaTpuBaeMbIX IEperopojoK oKasajachb pbixjas TceBiomopdo3a 1o
chepoSUTOBOI KOpKe KaibLUTa (BbIAEHsIETCS chepudecKMMHU 3JIeMEHTAMHU B
HUXHeil dactu puc. 70, 6).

HccnenoBaHue OTAENbHBIX YYaCTKOB XasllleIOHOBBIX IEPEropoaoK, pas-
BUBIIMXCS TIPU 3aMelIeHUU KaJbLUTa MO CKaJeHODIPUYECKUM 30HAM pOCTa, C
MOMOIIbIO PACTPOBOTO 3JEKTPOHHOTO MUKPOCKOIA IO3BOJUIO OOHAPYXUTb PSII
XapakTepHbIx gertaneit (puc. 71). Tak, okazamoch, UYTO XaJllIeJOHOBBIE Iiepe-
rOpoIKM B BepXHeil 4YacTh oOpasila COCTOST M3 TOHKUX IeperuieTarolInxcs
XaJIleIOHOBBIX HHUTEH; 3THU TMeperopoaku o0pas3yloT axypHY0 T'yOGKoOOGpasHyIo
MOCTpoiKy. BaxHO Takxke TO, 4YTO, Cylsl MO B3aMMOOTHOINEHWIO 3THX IEpero-
POIOK C XaJleAOHOBBIMM ICEBIOCTANAKTUTAMU, CBEIIMBAIOMIMMUCSA C KPOBIU
MHHIAIMHBI (CM. CHOCKY), TOCJeIHHUE IO BpeMeHM OOpa3oBaHUs MPEIIIeCTBO-

* TpaBieHre oOpa3lla BBISIBWIIO 0Oojice pellbe()HO INETKY MEJIKUX TICEBIOCTATAKTH-
TOB, CBELIMBAIOIIMXCS C KPOBIM MUHOAIMHBI WM YaCTMYHO BUIMMBIX Ha HETpaBIEHHOM
00pa3iie, KOTOpble pacCMaTpPUBAIOTCS TIPU OTMMCAHWM TICEBIOCTANTAKTUTOB (CM. puc. 95, a, 6).
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Puc. 67. IMonubie mnceBaoMopho3bl MHHEPalOB CeMEWCTBA KpeMHe3eMa MO0 KajlbLUTY:
a — 1o rpy6ourectoBaToMy chepoauTy n3 cKaJeHO3IPUUECKUX KPUCTAIOB, OKpecTHOCTH T. [laBio-
napa, Ka3CCP, wuar. Ben.; 6 — mnceBgoMopdo3a LIECTOBATOrO KBapua IO KOPKEe KPYIMHBIX
KPUCTAJUIOB KaJbLUTA C TYNOPOMOGO3APUYECKUMHU TOJOBKAMU (MapKUpPYIOTCs 0ol Mmosocoit),
HApacTAIOUMX HAa BHEIIHIO KOPKY XajiueioHa (TeMHOE) — Ha WX TIPaHMIE XOPOLIO BUAHBI
30HTUUHBIE (OPMBI HMXKHEil 4yacTu ObIBLIEHl KalbLUTOBONl KOPKHM, CBUAETENbCTBYIOLINE O HOP-
MaJbHOM HapacTaHuM KaibiuTa Ha XxanuemsoH. llypmo, Tpy3CCP. Hat Ben. Ne 84777.
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Puc. 68. TIlonHbie mceBaoMopdo3bl XajllefoHa IO KalbLMTy C COXPaHEHMEM pPHUCYHKa
pPOMOO3IPUYECKON CETKM TPEUIUH CIaWHOCTH:

a — obumit Bum, 0,75 Hat. Benm. (doro 125); 6 — nmeranb crpoeHus, yB. 5; Cepreeska, [lpu-
mopee. Ne 83250.
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Puc. 69. ®poHTasbHOEe 3aMelleHHE KalbIMTa XaJIEIOHOM:

a — ¢ obpa3oBaHMEM KOHMYECKUX BbIAEJICHUN XalledoHa, HMEIUIUX PpoMOO3IpuUYecKue Mo-
BEPXHOCTH pasgena ¢ KaabUMTOM (1) M TOHKMX cyOmapaajielbHBIX MCEBIOCTATaKTUTOB Xaj-
LeJOHA, BHEAPSIOMIMXCS B KalabUUT 1Mo GpoHTY 3amelueHuss (2) (BepxHsis 4acTb puc. 65, @)
lypno, I'pysCCP. V¥B. 10. IlporpaBaeHo 10%-noit HCIl; 6, 6 — ckajleHOdApUYECKHE IICEBLO-
Mopho3bl B BHMIAE TOHYAMIIMX 4exJI0B U3 CGHEPOJUTOBBIX KOPOK XallledoHa, Pa3BUBLIMXCS
npu  GpoOHTAaIbHOM 3aMELIEHMM KPEMHE3eMOM IJIOTHOTO arperata mnapajulelbHO-11eCTOBATOr0
Kanpuuta (6 — BUOHBI TaKXe IMJIacTHMHYaTble nceBIoMOpdO3bl XajllefoHa MO MIOCKOCTAM crhaii-
HOCTM KanbuuTa); okpectHoctu r. Kwipaxanu, Boarapusi, a — ys. 200. ¢ — 260 (POM).
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Puc. 70. [eranu 3aMelieHUs XaJlleIOHOM KaJblUTa, BCKPBITBIE TOCIe 00pabOTKU
obpasua 10%-noit HCI:
a — ucxonHblil 06pasell MO TpaBieHHs, YB. 15; 0 — TOT e o0Opasel mocle TPaBIeHNs; B

JICBOM HIDKHEM VI y4acToK JOoHHOW Opekumn. P. Bon. Ycemywan, Oxorckuii p-H, XabapoB-
ckuii kpaii. YB. 1,25. No 84766.

210



BaJld  3aIOJTHEHUI0O MUHAAJIMHBI  KaJIbIUTOM, TOCKOJBKY  XaJleJOHOBbIE
Meperopojku, pa3BUBABIIMECS IO KaJbLIUTY, HE IepeceKaloT TIceBIocTalak-
TUTBI, a JIMIIb YIUPAIOTCS B HUX.

Ha ¢poHTaibHOM CHUMKE OMUCBHIBAEMBIX MEPErOPOIOK XOPOIIO BHUIHO, YTO
OHM COCTOSIT U3 CIUICTEHUS] HUTEW pa3HOW TOJIIMHBI, C OTYETIMBOM TeKcaro-
HaJM3alueil OTOeNbHBIX siueek obOpasyiomeiicsa cetku (puc. 71, 6), 4To MOXeT
OBbITh OOBSICHEHO Pa3BUTHEM UX IO 30HAM pocTa (MOTEepeYHbId cpe3 Mpu3MaTu-
YeCKUX WJIM CKaJeHOAPMYECKUX KPUCTAIOB) WU IO MEXKPUCTaIbHBIM
TMOBEPXHOCTSIM.

[lpn yBenuuenwu B 1000 pa3 oOHapyXuUBaeTCs, YTO OTAEJIbHBIE HHUTU
B paccMaTpuMBaeMBbIX TMEPEropoakax MMEIOT OTYETIMBO IMOYKOBUIHYIO IMOBEpPX-
HOCTb, TMPEACTaBICHHYIO BBIXOJAaMU CETMEHTApHBIX IMOBEPXHOCTEN OTAEIbHBIX
chepomToB xanuenoHa (puc. 71, r). Ha 3Toii Xe d¢dorTorpacduum xopoiio
BUIHBI YYaCTKM IlepeceYeHusl HUTed, XapaKTepHu3yIOIIMecs, KaK IpaBuUio,
3aMETHBIMU YTOJIIEHUSIMU.

AnHajornyHeie 1Mo ¢dopme o00pa3oBaHMUSI M3BECTHBI U B 0oyiee KPYIHOM
Macuitabe (puc. 72), mpuyeM BO3MOXHO, YTO MMEHHO OHU BO MHOTHUX CIIydasix
SIBJIIIOTCSL OCHOBAHUSAMHK JUISL KPYIHBIX XaJlEIOHOBBIX TICEBIOCTANTaKTUTOB
C XapaKTepHbIMU TepeMblYKaMM — MPOBUCAMMU, W MHOTUMM aBTOpaMU TPUHU-
MaloTcsl 3a MeMOpaHHBIE TPYyOKWH.

Kpome mceBmomopdo3 ommcaHHOro tuma, Ha MynuHoii tope m Ceprees-
CKOM MECTOPOXIEHUM IIMPOKO PaclpOCTPaHEHBI IMCeBIOMOPGO3bl MUHEPATIOB
KpeMHe3eMa [0 MalupIlnary.

Manupimnar Ha MyJIuMHON rope HapacTaeT Ha 3epPHUCTBI U KPUBOTPAHHBIN
KaJIbLUT, BBIAEJSISCH B LIEHTPe MUHOAAWH. HekoTopble M3 MHUHAAIUH HallEIo
BBITIOJTHEHBI MAMUPIINAaTOM, O0pa3yollMM B3aMMHO TepeceKalolnnecss cpacTa-
HMs TapajljleibHbIX Tpymnn KpucrtayioB. B mceBmomopdo3zax MuHepaioB
ceMeiiCcTBa KpeMHe3eMa [0 MalupllrnaTy MPOCTPAHCTBO MeXAY IepeKpelinBa-
IOLIUMUCST KpUCTaJJIaMM TMaIMuplinaTa BBITIOJHSETCS KBapleM, HapacTalolluM
B BMIE MEJIKMX IIEeTOK Ha MJIOCKOCTH KPUCTAJJIOB Manuplinara, JUIlb YaCTUIHO.
Takum o6pa3oMm o006pa3yloTcsi CBOeoOpa3HbIe IOJble OCTPOYTOJIbHbIE «KOPO-
0OYKM» CO CTEHKaMM M3 IIETOK MEJKUX KpUCTauloB KBapua * (puc. 73).

IIpocTpaHcTBO MeXay IeTKaMM KBaplia, OcCTamolieecsi CBOOOIHBIM B OIMK-
CaHHOM cJiyyae, MOXeT 3aloJHIAThCS XallleOHOM (aratoM), M B clydae
BBIBETPUBAHUSI TAaKMX MUHIAJIUH OHM DPACMaAaloTCsl MO IJIOCKOCTSIM Mamuplima-
Ta ¢ 00pa30oBaHMEM «araToB C TeOMETPUYECKUMU KOHTYypaMM», MOKPBIBAIOIINX
WHOTIA 3HAYUTENbHBIE TUIOMIAAU 3€MHOI MoBepxHocTH [161].

IManupuimar MoOXeT 3aMellaTbCsl KBaplleM WJIM KBapUueM M XaJleIOHOM
CcOBMeCTHO. XaJlleAOH TMpU BTOM cjaraeT OObIYHO BHEIIHWE YacTH TaKMX
nceBqomMopdo3, a KBapll — BHYTPEHHUE W HapyXHbIe; B IeHTpe InceBaoMopdo3s
4acTO BO3HUKAIOT CKOTUICHUs IMYCTOTOK, OOpaMJIEHHBIX MEJKMMHU KpUCTaIaMu
KBapila, MPUYPOUYEHHBIX K ONHOW (LIEHTPaJIbHOW) MM HECKOJIbKUM TIJIOCKOCTSM,
MmapajuleJIbHBIM BHEIIHEW orpaHke mamupinmnara (puc. 74).

Ha CepreeBckoM MeCTOPOXIEHUM arata OIMUChIBaeMble TCEBIOMOPGHO3bI
pacnipocTpaHeHbl OYeHb IMPOKO. OHM MHOTIA SIBJISIOTCS OCHOBHOW MUHEpau-
3alMeil mojocTeil NUTOGU3, B OPYrUX CJydasix MPOCTPAHCTBO MeEXIAYy HUMM

* TOYHO TaKMe K€ <«KOPOOOYKM» IIMPOKO WU3BECTHbI Ha JlabHEropckoM OOpPHOM
MECTOPOXKICHUM, XOTsl TIalMpINIaT TaM B OCHOBHOM OCTAa€TCsI CBEXHM.
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Puc. 71. Jletanu CTpOEHMSI aXypHbIX IMePEIUIETAIOLUINXCS «3aHaBeceil» U3 TOHKUX MUKPO-
cheponUTOBBIX «HUTEH» XaillenoHa, OOpa30BaBLUIMXCS B HayalbHble CTaauU TICEBIO-
Mopdu3anuu KajabluTa:

a — oOLIMii BUI, B TPAaBOM BEPXHEM KBAIPAHTE BUIHBI ITICEBIOCTAIAKTUTBHI XalleaoHa, yB. 20;
6 — «3aHaBecH», 0Opa3ylolIMe T'eKCarOHAIbHYIO CeTKYy (IO 30HaM pocTa WIM MEXKPHUCTaTbHBIM
MpocTpaHcTBaM KanbluTta), yB. 1100; 6 — metamb CTpoeHUsT OOHOW U3 S4eeK CETKU, YB.

4000; e — cTpoeHMe M XapaKTep CpacTaHHsl OTHEAbHBIX «HUTel», yB. 10000 (P®M). Tor
Xe obpasell, uro Ha puc. 70.
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Puc. 72. ®opmbl xaiuenoHa, BO3HMKIIME NP (HPOHTAJIbHOM 3aMEIIEHUU UM KajlbLUTa:
a — KJIMHOBHMIHblE O00pa30BaHMs XajJlEeAOHA C MHOTOYMUCIEHHBIMM MEJKMMM IICEBAOCTANAK-
TUTAMU Ha HMX KOHIAX, CBS3aHHBIX BO MHOTMX MeECTaX BBIMYKJIBIMU MEPEMbIUYKaAMU — <«IIPO-
BUCAMU», 0, 6 — TPYNIMbl XaJlLEJOHOBBIX MCEBAOCTAJAKTUTOB C MHOTOYMCICHHBIMU IMEpPEMblYKaMK
B IOJIOCTH BbIlleJAaYMBaHUS [0 TPaHMIlE KaJbUUTa M XalueloHa; a, 6, 6 — Mbic Tesu, Kamuarka; a
u 6- ys. 10, 6 — yB. 20 (POM).
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yactuuHo (¢oto 122), nubo monxHocThio (doto 124; 125) 3amosHeHO mapai-
JIEIbHO-CJIOUCTHIM ~ araToM, 4YTO TIPUBOAUT K OOpa30BaHUIO CBOEOOPA3HBIX
MO3aWYHBIX araToB, KOTJa MPOCTPAHCTBO KaxXIOW M3 IMOJIOCTEH MeXIy OBIBIIM-
MU KpUCTaJUIaMU TMAMuplinaTa 3aloJIHEHO CBOEOOpa3HBIM TIO XapakTepy
30HAJTBHOCTH W oOKpacku aratom (dorto 124; 125).

o cux mop paccMaTpuBajcs B OCHOBHOM KaJbIIUT, MPEAIIECTBOBABIINIA
BBIIEJICHUIO TOTO WIM WHOTO KOJMYecTBa XanlenoHa. Hapsmy ¢ 3tum B
aratax UWMeEIOTCS UM OoJiee TO3JHUE II0 BpeMEeHU O0Opa3oBaHUs KaJbIIUTHI.
HaunbGonee GeccrmopHbl B 3TOM OTHOIIEHWHU BBINEJICHUS Kalbl[UTa, 3aKylMoOpU-
BalOIlIME <«IMMUTAWIIMe» KaHalbl, B KOTOPHIX MOXHO OOHApyXWUTh CJEIbI
KOpPpPO3WU KaJbIIUTOM OTAEIbHBIX Oo0Jiee paHHWX XaJlIeJOHOBBIX CJIOEB (CM.
puc. 66).

B 3akiioueHue, Kacasch OTNMCAHUS pPa3jIUYHOTO poja TceBaoMopdo3
10 KaJIBIIUTY, cJieqyeT oOpaTUTh BHUMaHUE Ha TO, YTO B JOHHOW YacTWM HEKOTO-
pBIX MUHAAIWH U3 0a3ajJbTOB M OCOOCEHHO MUWHEPATW30BAHHBIX TOJOCTEN B
IuTodu3ax BCTpevyaloTcsl cBoeoOpa3HBle oOpa3oBaHuUs, KoTopbie @. M. Xemmib
[190] Ha3piBasm TMIMHTOMAHBIM aratoM. DTO TMapajieIbHO-CIOUCTHIN arar,
OTHEeJIbHBIE 30HBI KOTOPOTO pa30UTHl BEPTUKAIBLHO Ha TIPSIMOYTOJbHBIE Y4aCTKU
M KakK OBl COCTOSIT U3 «KUPIUYETIOMOOHBIX TeJl», MPUMBIKAIOIIUX APYT K APYTY.
DTU Tejna MOTYT OBITH MOJBIMU, U UX CTEHKU COCTOSITh M3 HIETOK KPUCTAJUTMKOB
KBaplila, KaK OTMMCAaHHBIC BHIIIE «KOpOoOYaThie» 0O0pa3oBaHUsI, BOSHUKAIOIINE TIPU
cunuuuuKanuu MPOMEXYTKOB MeXAy KpUCTaljaMu Tamnupiimnara (CM. puc.
74), WA TaKWe TOJIOCTH 3aMOJHSIOTCS 30HAJTbHO-KOHILEHTPUUYECKUM XaJlIleno-
HOM (aratoM), o0Opa3yloIlIuM cBOoeoOpa3Hble MUKpoOXeoabl. [IMHTOMAHBIN arat
o1 onmucan @. XemmiemM U araToBbIX MWHIOaIMH u3 6a3ambtoB lllot-
mannuu. Hamu Takue oOpa3oBaHUS C MOJNBIMM «KUPIMUYUKAMU» OBUTM OOHApY-
XeHbl Ha Mynunoii [ope. BaxHo, 4TO B TOM M IpPYroM CJIy4yasiX OHM IIPUYPO-
YeHbl K IOHHOW YacTW TMapajie]bHO-CJIOMCTOTO araTa, OymIy4u OTHEJICHHBIMH OT
HEro CBEpXY POBHOW TOPU3OHTAIBHOU TLIOCKOCTHIO.

Eme OGojiee yeTKWMe IUIMHTOUIHBIE araThl OBUIM OOHApyXeHHI Ha AlfHaOy-
JIJAKCKOM MECTOPOXIEHUM. 31eCh OYeHb MHOTHUE TMapalyieJIbHO-CIOUCThIE ararhl,
BBITIOJHSIIOIIIME TIOJIOCTU B JUTO(MU3axX, B CBOEW HUXHEN YaCTU UMEIOT CpaB-
HUTEJIbHO MOIIHBIE IUIMHTOWAHEBIE 30HBI (dporto 108, 6; 120; 127; 1.28). Ux
OTJIIMYUTEIbHASI OCOOEHHOCTh — TOCTOSSHHOE TIPUCYTCTBUE KaJbIIUTa, CPaBHU-
TEJIbHO KPYMHO3EPHUCTOTO, WMEIIIET0 POBHYIO TOPU3OHTAIBHYIO IMOBEPXHOCTH
pasnmesiia ¢ BBIIIEJNEXAIUMU XaTleqOHOBBIMU CIIOSIMMU.

Mopdonorudyeckass 6JM30CTh OTHEIbHBIX «KUPIUYUKOB» Xeomia K KopoO-
YaThiM O00pa30BaHUSIM, TEHETMYECKU CBSI3aHHBIM C NaNUpIINaToM, B TUIMH-
TOUAHOM arate u3 AHaOyJIaKCKOTO MECTOPOXIEHUWsS W PEJUKThl KaabIIUTa
B O3THX YydYacTKaX 3acTaBJSIOT CUMTAaTh, YTO OHU BO3HUKIU IO KaJIbIUTY,
BBITIOJIHSIBIIEMY HUWXXHUE YacTU TIOJIOCTEN, B KOTOPBIX 0Opa3oBajics arar.
Ckopee Bcero 3TO OBUI OYEHb MEJKO3EPHUCTHI KaJbIIUT TUIA MUKPUTA,
0Ka3aBINWICS M3-3a BBICOKOW TJIOTHOCTM B HUWXHEUW (MOHHO#) vacTu JUTOGU-
36 (MUHIOAIWHBI) B BUAE OYEHb IUIOTHOTO TPAaBUTALIMOHHOTO (TOPU30HTAJIBHO-
ro) cjosi, MepeKpUCTAUIN3alUI KOTOPOTO BhI3Bajla PaBHOMEPHOE PACTpPECKUBa-
HUE 10 00beMy C JaJbHEWIIMM 3aMelleHueM KaJlbluTa (Ipexae Bcero Io
TpelIMHaM COKpallleHUsI) KBapIileM, COTMPOBOXIAIIIUMCS BHIIIeTaYMBaAHUECM
kampiuTa. YacTto Ha 3TOM TIpollecc TpeKpalmajcsi, B pe3yjabTaTe Yero BO3-
HUKaJl TUIMHTOWIHBIE araThl, COCTOSIIIME W3 TOJBIX KUPIMUIMKOB-KOPOOOUEK.
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Puc. 73. TlceBmomopdo3bl KBapiia MO MaNUPIINATy W KBapleBble <«KOpoOOuKM», 0o0pa-
30BaBIIMECSl TIPU HapacTaHUM KBapla Ha IUIOCKOCTM KpPHUCTAJJIOB Mamuplinara, us3
MUHIQJIMHbBI, UMEOLIeil XallelOHOBYI0O KaeMKy OKoio 5 MM. Mynuna Topa, YutuHcKas
o6s1. Har. Bern.

Puc. 74. TlceBmomopdo3bl xajilienoHa W KBaplia Mo manupiimnary (MepeKpeniuBaloninecs
MUIACTUHBI) C 00pa3oBaHMEM KaBEPHO3HBIX TEKCTYp BHYTPM OBIBUIMX KPUCTAJUIOB Mamup-
mmata U Mexnay HuMmu. Puonutsl B okpecTHOCcTsx o03. bamnxam. VYB. 30(+). Ne b-1.
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Apazonum nOCTOBEpPHO HE yHaloCh OOHAPYXUTb HU B OJHOM U3 U3YyYEHHBIX
00pas3ioB, XOTs, KaK yXe OTMe4ajoch, B 0a3albTax H3BECTHBI MUHIAJIUHBI,
HaIleJI0 CJIOXEeHHBIe aparoHHuToM (cM. puc. 58). B To ke BpeMs B HEKOTOPBIX
MUWHIQJIMHAX B 0a3ajibTaX M3BECTHBI JOCTATOYHO KPYIHbBIE IMOJHBIE ICEBIOMOP-
G o3bl MHUHeEpaTOB KpeMHe3eMa I10 CTOJ0YaThiM KpUCTajiaM, CpacTaBIIMMCS
B €1ab0 paauMalibHO pacxonsiiuecss My4KH, CeYeHHe KOTOPbIX M OCOOCHHOCTHU
ckyapnTypsl rpaneir (B. WM. CremaHoB, YyCTHOe cOOOIIeHMNE) IIO3BOJSIOT
CYMTaTh, YTO TMEPBOHAYAJIbHO OHU CKOpee BCEro ObLIM IMpEeACTaBIeHbl aparoHu-
ToM (doto 48). IlceBnoMopdo3bl MO PO3ETKOBUAHBIM CKOTIJIEHUSIM CTOJIOYA-
TBIX KPUCTAJJIOB aparoHuTa (?), XapaKTepU30BaBIIMXCS CIHAWHOCTbIO, TMEPIeH-
OUKYJISIPHOW K YIJIMHEHUIO, OYEeHb paclpOCTpaHEHbl M Ha HEKOTOPBIX MECTO-
POXIEHUSIX araTa, BBIMOJHSIOUIEr0 IMOJOCTU B JUTOGU3AX.

AparoHUT B BHUAe O€JbIX BOJHUCTBIX KOPOK WJIM IIECTOBATBIX TPYIIII
VIJIMHEHHBIX KPUCTAJUIOB W MACCUBHBIX BBIIEJEHUN  paauaibHO-JTYYUCTOU
CTPYKTYpPbl YCTAHOBJIEH B HEKOTOPBIX MceBAOMOpGdO3aX MHUHEPaJIOB ceMeicTBa
KpeMHe3eMa I10 aHTMIPUTOBBIM KOHKpenusiM [262].

Jloaomum 1OCTOBEPHO YCTaHOBJIEH HaM{ JIMIIb B MWHIAJWHAX arato-
MpOsSIBIEHU B BOCTOYHOW yacTu Xp. Apu-bormo. 3mech oH oGpa3yeT KOpPKH
CWJIbHO pacIllelIeHHbIX KPUCTA/UIOB OO0 TIACTUHYATHIX C(PEpPOTUTOB MOIIHOCTHIO
okoso 1,5 ¢cM u pomOo3npuUecKre KPHUCTAIBI OKOJO 1 CcM B IOINEpeYyHUKeE.
ITo BpeMeHM oO6pa3oBaHUsI MOJOMHUT B OCHOBHOM IMPEIIIECTBYET BBIACICHUIO
rJIaBHOM Macchl KpeMHe3eMa (KBaplia), HO HapacTaeT Ha TOHYAMIIYI0 OTOPOYKY
XaJlleJoHa, BBICTUJIAIONIYI0O MOBEPXHOCTh MUHAATUHBI (poTo 49).

Hapsiny ¢ 3TuM u3BecTHBI COEpOJUTHl JOJOMHUTA, HapacTalollue Ha OT-
nenbHbIe ciion xanuemnoHa (¢oto 50; 51), u MamomomHbIe (OKOJIO 5 MM) 30HBI
KPUCTAJJIMYECKOTO JOJIOMUTa B 30HAJbHO-KOHLEHTPUYECKOM arare, Korima
JNOJIOMUT BBIAEJSIIICS TMOCJe OTJIOXEHUs 4acTu XaslledoHa, Hapyllas HermpepbiB-
Hoe oTJoxeHue nocienHero (dorto 49).

B pocchinsgx Q0JOMUT OOOMX THUIIOB OTHOCUTEIBHO OBICTPO BBILIEIAYM-
BaeTcsl. BHyTpeHHsis 4acTh araTOBbIX MUHIAIUH (IO TpaHULE C JOJOMUTOM)
B 3TOM cJiydyae BBICBOOOXHAeTCs U OOBIYHO WMMEHHO OHa, YacTO OLIMOOYHO,
MPUHUMAETCS 3a araToByl0 MUHIAAUHY. OTJIMYME COCTOUT HE TOJBKO B OT-
CYTCTBUM HOpPMAaJbHOW CMEHBI MHHEpPaJoOB B MMHIAJIWHE, B 4YaCTHOCTU B
OTCYTCTBUM XaJIIIeOHOBOW WU CEJaJOHUTOBOW KOPOK, OOJIEKamIIUX BHYTPEH-
HIOIO TMOJIOCTb Ta30BOTO Ty3bIps, HO W B CBOEOOpPa3sHOW CKyJbIType
MOBEPXHOCTU TakuxX oOpasoBaHuil. C OAHONA CTOPOHBI OHAa KPYIMHOKaBepHO3Hasi
(oTmevyaTkKM OTAENbHBIX CGHEpPOJUTOB [TOJOMUTA), C JAPYroil — MMeeT MHO-
KE€CTBO OTIMEYaTKOB TOHYAWIIMX TIJIACTMHYATBIX KPMCTAUIOB, CJlaralolimx
chepoaUThl W BBICTYMAIOIMUX Ha TMOBEPXHOCTU B BUAE MEJIKUX XPEeOTHUKOB.

KpynmHoKpucTaqnyecKuii JTOJOMUT U3 BHEIIHUX OTOPOYEK araToBBIX
MUHIOAINH MecTopoxaeHusi Apu-bormo Obnur momBepruyt I'. A. OconogkuHOM
XMMHMUYECKOMY aHaiu3y, ycraHoBuBineii B Hem (%): CaO 29,74; MgO 20,00;
FeO 2,71, MnO 0,06; C0, 46,58; Si0, 0,27; A1,0, 0,27; H,0+0,15; Ti0, n
Fe,0, — He o6H., cymma 99,78%. DTOT aHaaM3 MOATBEpXAaeT MNMPUHAIIEXK-
HOCTb MUHEpaJia K JOJOMUTY M BBISIBJSIET OTHOCUTENbHO BBICOKOE COAECpXaHUe
B HeM FeO um mepecunteiBaeTca Ha (GopMmyny xeinesuctoro pomomuta Ca, ,,
(Mg0’96Feo‘oz)[C03]z.o4.

B rmnceBnoMopdo3ax MUHepaloB ceMedcTBa KpeMHe3eMa IO KOHKPELUsIM
aHTUIPUTA NOJOMUT [262] BcTpedyaeTcsi B BUIE CBETIO-PO30BBIX 1O PO30BATO-
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KPaCHBIX XEeMUYYXHBIX arperaToB CeITOBUIHBIX KpHUCTaaoB. MHorma ormedvaror-
¢ 4McTo Gesible poMOO3IpPbI pa3MepoM A0 2 MM, a CeIJOBUIHbIE KpPUCTAJJIbI
nocturaior 10 mm. [1pu BEIBETpUBAHUM XeEJIE3UCThIN TOJTOMUT OypeeT U, HAaKOHEI,
3aMelIaeTcs JUMOHUTOM, O00pa3yoINM TPEBOCXOIHBIE MCEBAOMOP(O3bI MO M0-
gomuty. TaM Xe OTMe4YeH aHKepum B BUJIE arperatoB OT CBETJIO- OO TEMHO-
KOPUYHEBBIX, CKPYYEHHBIX 10 CEUIOBUAHBIX KpHcTa/mioB. OH BcTpeyaeTcsl B Tec-
HOI accolMalnuu C TOJOMUTOM.

Cudepum. Cdepoxpuctannbl cugeputa (cdhepocuaepur) MUPOKO M3BECTHBI
B HEKOTOpbhIX 3 dy3uBax BeHrpuu, rie OHM MOKPHIBAIOT MOBEPXHOCTh Tra30BbIX
my3bipeit  (poTo 52).

B MuHmanuHax, B TOM 4YHCJe araToBbIX, CHAEPUT AOCTATOYHO XapaKTepeH
JUISI HEKOTOPBIX AaraTOMpOsIBJEHUI BOCTOYHOW uwactu Xxp. Api-bormo. 3mech
cuieputr o6pasyeT chepoJMTOBbIe KOPKM MOIIHOCThIO A0 1 cM, Hapacramooliue
HETOCPENCTBEHHO Ha TOHKYI0 OTOPOYKY XaJlleJOoHa, BBICTUJIAIOIIYIO IMOBEpPX-
HOCTb Ta30BbIX IMy3bipeit. C TOBEPXHOCTU Ha OTUX KOpKaX MOXHO BHIEThb
TUMUAYHBIE paclIelJIeHHble CHepoKpUCTAIbI pa3MepoM OKOJOo 5 MM. B oObIu-
HOW TMOCJIeIOBaTeIbHOCTU CMEHBI MHWHEpPaJioB B MUHAAJIMHAX Ha CUIEPUT
HapacTaeT XajleqoH (araT), MpuU4YeM CHUIEPUT YacTO 3aMellaeTcs XaJledOHOM.

3aMellleHMe CHAepUTa XaJllelOHOM TMpU OIlpeaeseHHOW BeauunHe Eh
COIMPOBOXIAETCS BbIACIEHUEM TUIAPOKCUIOB M OKCUIOB Xejae3a, OT KOTOPBIX
3aBUCUT pa3zHooOpasue OKpacok aratoB Apii-bormo, omimyamoumux ux, Hampu-
Mep, OT cBeTlo-cepblx aratoB CeBepHoro Tumana, Axanuuxckoro, Mmxe-
BaHCKOTO paioHOB, okpecTHocTeil r. [laBnomapa, paiioHa moc. [lamana (MbiC
Tesu Ha KamuaTke), B mapareHe3uce KOTOPBIX OTMedYaeTcsl KaJbLMT, TOrIa
KaK CHUIEPUT OTCYTCTBYET WJIM UrpaeT KpailHe OTpaHUYEHHYIO POJib (BO3MOXHO,
B aratax okpecTtHocteil r. [laBnomapa). C cumepuToMm, 3aMECTUBIIMMCSI T0O3XKe
XaJIleIOHOM, BO3MOXHO, CBSI3aHO pa3HooOpa3ume okpacok aratoB Yoiipckoro
paiioHa Monromuu (Jdaman-Typy M Opyrue MeCTOPOXIECHMUS).

Bo3MoXHO, 4YTO cuAEpUT ObLT paHHMM KapOOHAaTOM BO MHOTUX MUHIAIMHAX,
HAXOISIIMXCST B POCCBINSIX B OKpecTHOCTsIX T. IlaBiomapa. O6 3TOM TroOBOPSIT WHTEHCHB-
HOe «OXeJIe3HEHHe» MX C TIOBEPXHOCTH, OTJIOXKEHMe Ha Hell TUICHOK, KOpodueK U Gosee
KPYIHBIX CKOIUICHWII TéTMTa M CBOEOOpa3Hasi CKYJbITypa TMOBEPXHOCTM MHOTMX arato-
BbIX BBIIEJIEHUI, HA KOTOPOM BMECTO OTIEYaTKOB KPYITHOKPUCTAILTMYECKUX M CKPYYEHHBIX
KPUCTA/UIOB KAJIbIIMTA, XapaKTEePHBIX JUII MHOIMX araToB, TIOSIBJISTIOTCSI OTIEYaTKH
TOHKOIUIACTUHYATBIX CeponuToB auamerpoM 5—10 mM. KWIMeHHO TMomOOHBIE araThl
O3KeJIe3HEHbI ¢ TIOBEPXHOCTU B MaKCUMAaIbHOI Mepe.

Kpome Toro, cumepur, BO3MOXHO, B psijie CIydyaeB OKa3bIBaJCs U IMO3THUM
KapOOHATOM, «3arevyaTbiBAOIIMM» «IIMTAIONIMe» KaHajbl, IOCKOJbKY B HHUX
BCTPEYaAlOTCSI MHOTIAA OCTaTKM CHJBHO OXejJe3HeHHoro kapb6oHata (?).
P. bmom [153] omucan mceBOgoMopdo3bl JMMOHHTA IIO0 MEJIKUM KpPUCTAJUIU-
KaM TO3[HEro cujepuTa, HapacTaBIIMM Ha KPUCTAJIBI aMeTMCTa, BBICTHUJIAIO-
IIMe MOJIOCTh MUHAanWHbl u3 [anbren6epra y Mmapa, ®PT.

Manaxum BcTpedaeTcsl peIKO B BHUAE HE3HAYMTENbHBIX MPUMAa30K B CBS3U
C OKHUCJIEHHMEM XaJbKOTIMPUTA B aratax pas3jM4YHBIX IMapareHeTMYeCKUX acco-
LHMAlWi, HO MPEeUMYIIeCTBEHHO CBS3aHHBIX ¢ JUTODU3aMKU B puojuTax. TeMHO-
3eJieHble KOPOYKM MajlaxuTa, MOKPBhIBAoIINe KPUCTAIMKU XalbKOTUPUTA, €ro
CKPBITOBOJIOKHUCTbIE KOPOYKM M Mejibyaiiliine TMSATHBIIIKKA Ha KPUCTAUIMKAX
KBaplia ONUCaHbl B TMceBaoMopdo3ax MHUHepaloB ceMelcTBAa KpeMHe3eMa IIo
KOHKpeuusM aHrugpura u3 LlenrpansHoit wactu CIIHA [262].
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ATATOBOE BBITIOJITHEHUE ITOJOCTEN
B IUTOPU3AX

@®OPMA ITOJIOCTEI U MOP®OJIOTUA
ATATOBBIX BBIJIEJEHUM B JUTO®U3AX

®oto 103. Jlutoduss B uepHoMm obGcuamaHe:

a — obwuii BUA; 6 — TPU COCEAHUX CerMeHTa JOMHyBLIero cdepoanTa; XOpOLIO BHUIHA BO3-
MOXHOCTb COBMELIEHMS! OTAEJbHBIX CErMEHTOB, B TOM YMCIe M IpPU COBHNAAEHUU HUX TOHKOI
ckyabnTypsl. 20,0X13,0 cM; 6 — OTHeNbHbIE CEIrMEHTBl JOMHYBIIEro c@epoyuTa € 4YeTKO BUIM-
MbIM MOJIYHIAPOBBIM BBICTYNOM B LieHTpe onHoro u3 Hux. 4,0X3,0 cm. r. Keuanpar, Kapabax-
ckoe Haropbe, A3CCP. Ne 79333.
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®oto 104. Kpynnasi nutodusa ¢ XalleIOHOBBIM OHHMKCOM (6enoe) M OTKPBITOM IO-
JIOCTBIO B puonute ¢ GuonIaIbHON TEKCTYpOil; 1Mo (GioMIanbHOCTH Pa3BUBAIOTCS TOHKUE
MPOXWIKMA U JIMH3Bl XajllleJoHa M KBapua. BbIxombl pHUONIUTOB Ha AlHaOylIaKCKOM
mectopoxaeHuu, KazCCP. YMensbmeno B 40 pas.
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®oto 105. Denbzobup ¢ OOJBIUIUM YKUCIOM MEJIKUX JTUTO(DU3, TOJOCTH KOTOPBIX
3aloJIHEHbl araToM, a o000JIouKa HMeeT OTYETIUBYI cGEepoTUTOBYIO CTPYKTYpy. Bep-
XOBbe p. YxOupakuaH, npaBobGepexbe p. Koabimpr. Skyrckas ACCP. ~16,0X10,0 cwm.
Ne 83229.
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®oto 106. Denb3obup ¢ MHOTOYMCICHHBIMU MEJKUMHU JTUTOGU3aMH C OTYETIMBHIM
chepoTUTOBBIM CTpPOEHHMEM M TOHKON HapyxXHON o0osoukoil. LleHTpanpHBIE TMONOCTH
quTohU3 BBIMTOJHEHBl KBaplieM; BO MHOTMX JUTO(MU3aX OTYETIMBO BUIHBI PE3YJIbTaThl
pa3pbIBHOTO 00Opa30oBaHUsl LEHTPaJbHBIX MOJOCTEN — Kpast TaKUX IMOJOCTeH JIETKO COB-
MemjaloTcst mpu conmxeHuu. OcHOBHasi Macca oOpasna IpelacTaBieHa IOPONOi ¢ Tepau-
TOBOM CTPYKTYpOIi:

a — obumit Bum oOpasiia, 6 — oTmenbHas JUTOMU3a, WUTIOCTPUPYIOIIash MexaHu3M (hopmu-
POBaHUS! LIEHTPATBHON MONTOCTH CO cepudyecKM BBICTYIIOM Ha OIHOI ee CTOpOHEe M cdepuuecKkoit
BbleMKOW Ha mpyroit, a — 10,5X7,5 cm, 6 — ~ 12 cm. Cesepo-Bocrok CCCP.
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®oro 107. Penb3uToBas JUTO(DU3a C MOJOCTHIO TPEYrOJbHOTO CEUYEHHUSI B Cpe3e, BBIMOJ-
HEHHOW araToM ¢ oO0JeKamolleid U OHMKCOBOU 30HAJTBHOCTHIO, BO BMemlawlieM (eab3ute.
Aitnaoynak, KazCCP. 8,5X5,0 cm. No 84770.
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doto

108. Kpynuass nutodusa, BHICBOOOXAEHHAsT U3 TMOPOJBI:

a — BHewHsisi ¢dopMa C OTYETIMBBIMM XPeOTMKaMM — XaJLEIOHOBBIMM BBICTYNIaMM, 3aMOJHUB-
LIMMHU TPELIMHbI, pa3busiine cheponous Ha OTAeNbHBIE CETMEHTbI; 6 — pa3pe3 TOoil Xe JUTOGU3bL
C TpPEyrojbHOW TMOJOCThIO, 3AMOJHEHHOH XallleloHOM (araTom),
BBICTYMAIOIME Ha MOBEPXHOCTH JTUTOGU3BL

Ne 83225.
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xpebTuku. Ainabyrak, KaszCCP. 7,5X7,5 cm.



®orto 109. XanuenoHOBBIN (araToBBIif) CJIEMOK LEHTPAIbHOU MOJOCTU NUTODU3BI, UMEIO-
uieit popmy peGepHOro KyOa; XOpOILIO BUIHO, YTO OTHEJNbHBbIE T'paHM TaKOTO clelKa-Kyba
TIpeNCTaBICHbl OTPUIIATEbHBIMU KBaAPaTHBIMU NMHUPaMUIAMU C OTUYETIUBON CKYJIBNTYpPOI
MOBEPXHOCTM W TMOJIYIIAPOBBIM BBICTYIIOM B LEHTpe OAHOW u3 mupamun. OKpPecTHOCTH
r. Maruutoropcka, Yenssounckas ob6mx., 5,0X5,0 cm. Ne 83242,
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Cmumconum o4YeHb pedoKk u oOHapyxeH P. Tpummom [262]  TOJIBKO
B OOHOM o0pa3me mceBnoMopdo3bl MHWHEpaJOB ceMelicTBa KpemMHe3eMma II0
KOHKpEIIMM aHTUAPUTA B BUIE 3€JIEHOBATO-XEJITOW KPUCTAUNIMIECKOU KOPKU
TOJIIUHOW B cpegHeM okojo 0,8 MM, BbIcTUNAIONMIE!l BHYTPEHHIO YacTb
xeonbl. IlosiBleHMe CMMTCOHUTA CBSI3bIBAeTCSI C OKHUCIeHUeM cdanepura,
YCTAHOBJIEHHOTO B XeoJax BapmaBckoili (opMaiuum B 3HAYUTEIbHBIX KOJM-
YecTBax.

CYJIb®ATDI

M3 cynbdaTtoB B araToBbIX MMHIAJIWHAX, JUTOGU3aX, BHIIIOJIHEHHBIX AaraToM,
u 1ceBromopdo3ax MHUHEpPaJOB ceMeiicTBa KpeMHe3eMa IO aHTMIPUTOBBIM U
KaJbLIUTOBBIM KOHKpEILHUSIM ObIM OOHapyXeHbl OapuT, AHTUIAPUT, LIEIECTUH
U TUIIC, UTpAIOIIME AajeKO He ONMHAKOBYIO POJIb B HHX.

bapum wHamMu OOHapyXeH B BMIE IJACTMHYATBIX KPUCTA/UIOB pPa3MepoM
2X5X0,4 cM W paclleIUIEeHHBIX KPUCTaJIJIOB, OOpa3ylIIMX MeTeIbYaThIid arpe-
raT (4aCTUYHO 3aMEIIEHHBIX XaJleJOHOM) Ha IUIACTUHYATOM KpUCTaJlle B
HEKOTOPBIX BBIMOJHEHHbIX araToM wMuHaanuHax CesepHoro Tumana (puc.
75, a).

Kpucramisl 6aputa HEOTHOKPATHO YKa3bIBajlWCh B aCCOLMALIMUA C araTom
n3 MuHAanuH paitoHa WMpap — O6epmreitna, ®PI, JI. I'eprencom [182], a
3ateM M. 3eebaxom m P. B. I'épreir [248]. P. bmiom [153] omwmcan mceBmo-
Mop(}O3y MeJKUX KPUCTAJJIMKOB KBaplia MO KPUCTAJIy OapuTta JJIUHON OKOJIO
2,5 cM, HapocCIlyl0 Ha KpUCTaJlJIbl aMeTucra B MHUHOaiuHe u3 [ambreHGepra
y HWnpapa.

B monoctax nutodu3, o6bIYHO 3aMOTHEHHBIX XaJllelOHOM, a 3aTeM KaJblIM-
TOM, TakXe HWHoraa BcTpedaeTcss Gaputr. OH 1ubGO HapacTaeT B BHUIE OTHENb-
HBIX KPUCTaJUIOB Ha KanbUUT (puc. 75, 6), Tnb0O 4Yalle OKa3bIBaeTCs LEIUKOM
MOTJIOIIEHHBIM KaJIbIIUTOM, M3 KOTOPOTO OGapUT MOXHO M3BJIeYb PacTBOPEHUEM
kanpuuta B HCI. Ilpm 3TOM OCHOBHBIMM TaOUTYyCHBIMU ¢dopMaMu Oaputa
B araToBbIXx MUHmaiduHax ssisiorcs (001), (010 u (100), a B nuroduszax —
{001} u {110}.

Bonee tumuuyeH O6GapuT IS XKeond, OOpa3yloIIUXcs TNpu (HOPMUPOBAHUM
rnceBnomMopdo3 MHUHEPAJIOB ceMelcTBa KpeMHe3eMma IO aHTUIAPUTY U KaJbLIMTY.
Bapur B 3TOM ciyyae OOBIYHO HAXOAMTCS B IEHTPAJbHOW YacTU TaKUX
KeOH, BBIMOJHSA UX (MHOTHA BMECTe C KAaJbLIMTOM) TIOJHOCTBIO B BUIE
KPYMHO3EPHUCTBIX arperaToB. M3yyeHue B3aMMOOTHOILIEHUI IMOA00HOTO GapuTa
C KBapleMm, o0pas3ylolUuM KpUCTAIJIMYEeCKUE pPaaualbHO-TYYMCTbIE IIETOUYKU —
KaliMbl, Ha KOTOpbI€ HapacTaloT KaJbIUT M OapuT, IMMO3BOJUIO OOHAPYXWTDH
WHAYKIMOHHbIE TPaHMW, pa3BUBAIOLIMECS IO TpaHMIlEe KBapua W Gapura.

Takum o6pa3oM GapuT KakKoe-TO BpeMsl BHayajle pOC OJHOBPEMEHHO C
MO3MHUM KBapliieM, a 3aTeM CTaHOBUJICS OoJiee TMO3IHUM IO BPEMEHU BhIIe-
JIeHUS.

B nceBnoMopdo3ax MUHepaJioB ceMeiicTBa KpeMHe3eMa [0 aHTUAPUTOBBIM
KOHKpeluusM 1eHTpaibHoil wactu CIIHA [262] ©6apur OOGBIYHO XOpPOIIO
OKPUCTA/UIM30BaH M BCTpeYyaeTcss B BHUAE TOHKOIUIACTUHYATHIX KPUCTAJLIOB
M UX arperatoB, MHOTrIA PO3eTKOBUAHBIX. OOBIYHO OH MMeeT HeOeCHO-TONyOyIo
1o OeJioif OKpacKy, MpuyeM ToyyOble KPUCTAIBI 30HAJbHBI — B HUX YePeayroTCs
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Puc. 75. Bapurt:
3aMEIleHHBI}l XaJllefOHOM U KBapLUeM B araToBoOii

a — paclleIUVIEHHBII KPUCTALI, YaCTUUYHO
munganude. Yauusin Hoc, Ces. Tuman. VYB. 1,5, No 84450; 6 — kpucramn Gapurta B MOJOCTHU
muTo(GU3bl, YaCTMYHO 3aMOJHEHHOW XallEAOHOM U KaabuuToMm. AiiHaOynak, KazCCP. Har. Bex.



30HBI TOJYOOW M Oesioil OoKpacku. Penko BCTpedaloTcsl CBETJIO-3eJIeHble KPHUC-
Tamabl. B omHOW M3 Xeol OOHApyXeHbI CBETIO-XEJThle OYeHb CIIOXHBIE
no ¢dopMe KpHUCTAIBI OKOJIO 7,5 c¢cM B IolepeuHuke. Haumboyee KpymHBIA
KpUCTaJI Tonyboro Gaputa uMmeeT pa3mep 2,5 cM.

Llenecmun. VIMelOTCSI CBelJeHUsT O HaxoAKaX ILIeJIeCTUHA B araTOBBIX MUH-
JaqduHax Me3030iickux ©Oa3anbToB Ha lore Monromun (B. B. fApmoniok,
yCTHOE cOOOlleHue), B MeJIKUX MuHAanuHax CHOMPCKUX TpammoB, B 0Oa-
3anbpTax MoHTeuno Marruope, Bucena, Uramus (Ne 52776).

LlenectyH B KayecTBe OJIHOrO W3 CyJAbGaTHBIX MHWHEPAJOB OTMEYaeTcst
P. Tpunmom [262] B mceBmoMopdo3ax MHUHEPAIOB CeMeiicTBa KpeMHe3eMa II0
KOHKpeuusMm aHruaputa wu3 lleHtpansHoit wactu CIIA. Hamu uenectun
oOHapyXeH B aHaJOrMYHBbIX KOHKpelusx Tyapkbipa, Tie OH MHOTAA 3aroJHSET
MOJIHOCTBIO UX sIpa, a MHOrma oOpa3yeT MejiKue KPHUCTANIMKM Ha MMOBEPXHOCTH
LIEHTPAJbHOM IMOJOCTH.

Aneudpum HaMm TOKa He YAaloCh YCTAHOBUTb HM B OJHOM W3 WMEBIIMUXCS
B HallleM pacropsiXxeHuu o6pasioB. OmHAKO OH OMUCAH KaK OOBIYHBIN peluK-
TOBBIII MUHEpaJ, 3epHa KOTOPOro o0pa3yioT BKJIIOYEHUSI B KPUCTAIIMKAX KBapla
B KBaplLMH-KBapIl-XaJlleJOHOBBIX TceBAOMOpPGdO3axXx MO KOHKPEUMSIM aHTUAPUTA
B ueHTpanpHoi vactu CIIA [163, 214] um B ceBepHoii yactu CaygoBCKOIi
ApaBuu [212] (cm. puc. 25); Takoif Xe aHTUAPUT MOJKeH OBITh M B aHaJO-
TMYHBIX TceBagoMopdo3ax ¢ Tyapkbeipa. B momoOHbIX Xe kxeomax CaymoBCKOI
ApaBUM MEJIKO3epHMUCTHIA aHTMAPUT WMHOTIA BBIMOJHSAET MX LEHTPaJbHbIC
YacTU TMOJHOCTBIO.

B monoctax nutodus HekoTopbix MectopoxnaeHuit — B CCCP mpumepom
UX SIBIsieTCsT Asdry3ckoe MecTopoxnaeHue B KazaxcTtaHe — OOBIYHBI CBOe-
oGpa3Hble TceBIOMOP(}O3bl XajleqoHa WIM XajlleqoHa M KBaplia Mo KaKOMY-TO
IUIACTUHYATOMY MMUHepasly, BBbIIEJIUBIIEMYCsS B BHIEC paaMalbHbIX arperatoB
(dboto 132). Dt mceBamoMopdO3bl XapaKTepHU3YIOTCS B3aMMHOIIECPIICHIUKYIISP-
HOM PEJIMKTOBOM CMAWHOCThIO IMOMEpeK M BAOJb TJIACTHUH.

YuuTbiBasi CKa3aHHOE, MOXHO TMPEAINOJOXUTb, YTO 3TU TCEeBIOMOPGHO3bI
o0pa3oBajiiCh B pe3yJbTaTe 3aMeIleHWs paaualbHO-JYYUCTHIX CPOCTKOB
IUJIACTUHYATBIX KPUCTAJJIOB aHTUApPUTAa (MeHee BEpOSITHO OapuTa WM aparoHu-
Ta) MUHepaJlaMu ceMelicTBa KpeMHe3eMa. K coxalleHMIO, DPEJMKTOB HCXOMI-
HOro MWHepaja B HHMX II0Ka HallTU He yaajioch. DTU 00pa30oBaHUs BecbMa
CBOCOOpa3Hbl U TMPEACTABIASIIOT CO0OM TUMOMOP(HBIE MUHepadbl s As-
ry3ckoro B CCCP u a1 HeKOTOpBIX 3apyOeXHBIX MECTOPOXICHUI araTos,
CBSI3aHHBIX C JUTOGM3aMU B PUOJHUTAX.

Tunc onwuceiBaercas P. Ile6manom [226] xak OOBIYHBIA MHHEpaJ Ha
MHOTUX MECTOpOXAeHUsix ByikaHoreHHbix aratoB CIHA u Mekcuku. OH
XK€ OMUCBIBaeT TceBAOMOPGO3bl XailleJoHa MO KpUcTajljlaM THIICa WM CYUTAET,
YTO XaJlIeIOHOBbIE OHUKCHI TaKXe pe3yJbTaT 3aMelleHUs] XaJllleOHOM TIHuIica
BIOJIb HAaTpaBieHUs] CHAWHOCTH, (aKTUYEeCKU OTBepras MX TPaBUTALIMOHHYIO
MPUPO.Y.

B Bume mpu3MaTU4eCKMX KPHUCTAIJIOB OKOJIO 4 CM B JUIMHY, MHOTAA Tpybo
UCUITPUXOBAHHBIX M OOBIYHO XOPOIIO OTrPaHEHHBIX — OTAEAbHBIX, JUOO B BHIE
CTOJIOYATBIX CPOCTKOB — TUIIC OYEHb YaCTO BCTpedyaeTcss B IiceBIoMopdo3ax
MUHEpajJoB ceMeicTBa KpeMmMHe3eMmMa M0 KOHKpelusM aHruaputa LleHTpanbHOI
gactu CIIA [262]. OH oOHapyxXeH TakKXe B BUIE BPOCTKOB B XaJlleJOHE,
KpUcTalJlax KBapla, peako KaJibIIUTa.
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Hamu runc B KauecTBe TO3IHEro MHUHepana OOHapyXeH B araToBBIX
muHaanuHax Api-borno (MoHroaus) u mnceBgoMopdo3ax MUHEpaloB ce-
MeiicTBa KpeMHe3eMa MO0 KOHKpeUMsM aHruapura ¢ Tyapkbipa.

CUJIMKATEI

Cunmkatsl, BCTpeyalollluecss COBMECTHO C araToM, IOBOJBHO MHOTOYUCJIEHHBI.
OnHako B IaHHOW paboTe He CTaBMTCS 3amaya IMOAPOOHOro OMMCaHUsl KaXIoro
M3 HMUX M pacCMaTPUBAIOTCS JIMIIb T€, KOTOPbIE MIPalOT ONpEIeJeHHYI0 POJb
B (GOpMUPOBAHUM TEKCTYpHBIX OcoOeHHocTeil araToB. Ilo 2Toil ke NpuUYUHE
ONMUCAaHUE 3aTParMBaeMbIX CHUJIMKATOB IMPAaKTHUUYECKM OTPaHMUYMBAETCS yKa3aH-
HOIl CTOPOHOI BOIpoOca, TOTAAa KaK OOJBIIMHCTBO UX GU3UYECKUX U XUMHUUYECKUX
CBOMCTB HE paccMaTpMBaeTCs BOBCE.

Munepaavt pooa eaayxonuma-ceaadonuma. ViccienoBanue ocoOeHHOCTel
CTPOEHMSI araToBbIX MUHAAJIMH B 0asajbTax IMoKa3ajgo, 4YTO MPaKTUYECKH Bce
OHM MMEIOT BHEIIHIOI TEMHO-3eJIeHYI0 KaiiMy M3 MMHEpaJioB poja TJayKOHHWTa-
cemanmoHuta [93]. DT MUHepasbl yaile BCero oOpa3ylT cPeposUTOBBIE KOPKU
no nepudepun MuHmanuH (puc. 76; doro 42; 72,6), mocTUraoiire HHOTAA
MOIIHOCTH HECKOJIbKO MUJIJIUMETPOB.

MuHepaibl pofia TJIayKOHMTA-CENATOHNTA, CIAralolie BHEIIHUE OTOPOYKM B araro-
BbIX MHUHOAIMHAX WIA OCHOBy MOXOBHUKOB, OOBIMHO TWAPOJU3YIOTCA B CMEKTHTBHI.
CocTaB  CMEKTUTOBOTO MUHEpaJa CEBEPO-TUMAHCKUX araToB OKAa3alcsl OTBEYAIOLIMM
dopmyie:

[(Fey 14Mggg2) 200l (Alg 42513 58) 40001011+ (KgosNagge)g 14 (H,0)4 [93]; B MuHIamHax

6azabToB CHOMPCKOM IUIaTOpMbI B BUAE OTOPOYKM ObUT YCTAHOBJIEH CAmOHMUT [4];
TaM Xe OTMeYeH HOHTPOHMT.

OcoOblii MHTEepec ONMUChIBacMasi KopkKa MpeACTaBjseT IO ABYM IPUYUHAM.
Bo-mepBbix, 6Giaromapss TOMY YTO MUHepaJbl pojJa TIJlayKOHUTa-ceJagoHUTa
MSITKME M CPaBHUTEJIbHO JIETKO BbIBETpUBAIOTCS. PaspylieHue 3TOW KOPKU
MPUBOAUT K JIETKOMY BBICBOOOXIEHUWIO (BBUIYLHIMBAHUIO) MUHAAIUH U3 BMe-
AIoIIel MOPOIbl, JIETKOMY Iepexoay HMX B pocchimu. [IpM 3TOM TIJIayKOHUT-
celalOHUTOBAasT KOPKa COXpaHsIeTCs Ha MOBEPXHOCTM MUHIAIWH YaCTUYHO WIK
MOJHOCTBIO C Hee YAasseTcCs.

Bo-BTOpBIX, B HEKOTOPBIX MHUHAAJIMHAX, OYEBUIHO, IO HMX MUHEpaIU3aluu
XaJILIe[OHOM WM KaJbIMTOM, MPOUCXOAUT WMHOTIAa OYeHb CBOEOOpa3zHoe oOTcia-
MBaHUE CEJNIafOHUT-TJIAyKOHUTOBOM KOPKM * M HakalsIMBaHWe ee Ha JHe
razoBoro ny3bips. [lomoGHOe oTclaMBaHMEe MOXET WITU IMapajieibHO C 3a-
MMOJITHEHUEM Ta30BOTO TMY3bIPSI KaJIbLUTOM WIM XaJIleJOHOM, TPUYEM YellyHKu
9TOM KOPKM IepBOHaYyalbHO (DUKCUPYIOTCS Ha CTEHKE B YAaCTMYHO OTCIOCHHOM
COCTOSIHMM, a 3aTeM, OTACJIUBIINCH MOJHOCTHIO, CKAIJMBAIOTCS HAa JHE MHMHIA-
quH (puc. 77). Ha nHe HEKOTOPBIX MHUHOAIWH TaKUX YEIIyeK OKa3bIBaeTCs
O4YeHb MHOTO, U OHM, LIEMEHTHUPYSICh XalllefOHOM (araToMm), oOpa3yioT cBoOe-

* He uckimo4yeHo, 4To MOMOOHOE OTClIaMBaHWE — PE3YJbTaT TUIPOIM3a MUHEPAIOB
poia TIayKOHUTa—CeNaJOHUTa C O00pa3oBaHMEM HaOyXalolIMX IIMHUCTBIX MMHEPAJIOB,

oTClIaMBaloIMXCsl OT cTeHKW npu HaOyxanuu (B. WM. CremanoB, 1984, yctHoe cooGiiie-
HUE).
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Puc. 76. CrpoeHne THNUYHOI MMHIAIMHBI B 0a3ajbTax

l— ToHkas cdeposuToBas KopKa celagoOHWTAa, OTAedsIolas MUHAAIMHY OT Oas3aibra, 2—
cepoauToBass Kopka XajlleloHa, 3— SApPO M3 KPYNHOKpPHMCTaIMueckoro Kpapua. P. Hwuxuss
TyHrycka, DBeHKUiiCKMil aBT. oKp. YB. 40(+). Ne T-132/72-5-5.

Puc. 77. YemyilKu 4aCTMYHO OTCJIOEHHOM IJIAYKOHHUT-CEJIa/IOHUTOBOI KOPKM M €€ OCTaT-
KM HA CTE€HKAX KAJIBIMTOBBIX MUHAAJMH B 0azaiabre. Mbic Tesn, Kamuarka. VB. 5.
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oOpa3Hble TEeMHO-3eJieHble NOHHBIE MOXOBUKM, OJIM3KME TIO I[BETy U COCTaBy
HEKOTOPBIM JTOHHBIM SIIIMaM.

WHorna usMeHeHWe MUHEPATOB poja TJIayKOHUTA — CEJaJOHUTA HE TOJIbKO
MPOUCXOIUT C WX TUAPOJIU3OM., HO U COTPOBOXKIAETCS OKKMCIEHUEM COIepXKa-
werocst B nux Fe’' p Fedt. DTO, COBMECTHO C THUAPOJU3OM, TPUBOAUT
K 00pa3oBaHUIO 3a CYET TEMHO-3EJEHBIX HMCXOMHBIX MUHEPAJIOB XEJITOBATO-
KOPUYHEBOTO HOHTpoHUTA (?), YENIyHKM KOTOPOTO MOTYT TOYHO TaKUM Xe
CTIIoCOO0M OTCIaMBaThCS OT CTEHOK Ta30BOrO TY3BIpSI M CKalJIWBaThCcs Ha
ero nHe. B »sToM ciyyae oOpasyooTcs MAOHHBIE MOXOBHMKHU (SIIIMBI) CBETJIO-
KOPUYHEBOTO WJIM TPSI3HO-XKEJITOTO IBETAa, B KOTOPBIX, KAK M B OIMUCAHHBIX
BBIIIIE, COXpaHsSeTCsS CKopjymoBatass ¢opMa OTHEIbHBIX OTCIOUBIIUXCS
vemyek (¢oro 100).

[maykoHUT-ceafioHUTOBBIE KaliMbl 00pa3yloTcsl KaK Ha OTHOCUTEIbHO
[JIAMKWX CTEHKAaX Tra30oBbIX Iy3bIpeli, TaK M Ha HACTBUIbHBIX JIABOBBIX COCYJIb-
kax (¢poro 9—11; 29) wum meperoponkax, BO3HUKAIOIIUX TPU CIUTTAHUU
my3bipeit apyr ¢ apyrom. [Ipm 3ToM Ha cpe3ax TCeBIOCTAJaKTUTOB, OOpa3yio-
IMUXCSI Ha HACTBUIBHBIX JIABOBBIX COCYJbKaX W JIAaBOBBIX IEPETOPOJKAxX, TaKue
BBIICJICHUSI TJIAYyKOHUT-CENAJOHUTOBBIX MUHEPAJOB, MHOIJIA HAlleJlo 3aMellaro-
IUX TOMOOHBIE COCYJIBKM U TIEPEropoakKHu, OOBIYHO BOCTIPUHUMAIOTCS Kak
MeMOpaHHbIE TPYOKHU.

MuHepanbl poja TIayKOHUTA-CEJaJOHUTa — OOBIYHBIE MWHEpaJIbl M3MEHE-
HUSI HEKOTOpbIX 0a3ajbTOB B [JOHHBIX HACTBUISIX, C O0Opa3oBaHUMEM 3a HUX
CueT LOHHBIX SILIM — TeMHO-3eleHbix, a mpu ok uc1e Fe’' 1o Fe g
KEJNTHIX M KpPacHBIX.

Hapsiny ¢ onucanHbiMu (popMaMu U3BECTHBI aXYpPHO-CETYAThIe U KYCTUCTBIE
00pa3oBaHUs, BBHITIOJHEHHBIE CETAJOHUTOM WIM TMPONYKTaMM €ro W3MEHEHWUH,
HaIllOMUHAIONINEe pa3BeTBIeHHbIE MEMOpPaHHBIE TPYOKM, B TOM YMCJIe M BO3ZHUKAIO-
mue Tpu 3aMelleHWW KaJbIlUTa XaJleJOHOM, 3aKJIIOUeHHBbIE B XaJlleJdOH
(arat), co3maioliMe OCHOBY BETBUCTO-Y30PUaTOTO PUCYHKAa MHOTUX MOXOBHMKOB
(puc. 78; doto 84).

Xropum  yCTAaHOBJIEH B BUAE IUJIACTUHYATOTO WJIM MEJIKO3EPHUCTOTO
MUWHepaja, BBIMOJIHIIONIET0 MeJIKWe MWHIAJIWHBI B CEBEPOTUMAHCKUX 0a3ab-
tax. Ero cocraB orTBeyaeT KIMHOXIOpPY C  (dopmynoit (Mg,_‘nﬁFe{z,_c',sFeg;gg
Al 51)5.03 (OH) g [ (Aly 49 S155,)4040] [93]. Ckopee Bcero mnomoGHbBIA MHHEpa
BCTpeUYaeTcs B MEJKMX MWHIAJINHAaX, IMUPOKO PACIPOCTPAHEHHBIX BO MHOTHUX
npyrux Oa3aibTax.

Lleoaums. VI3 OGonbIIOTO YMCIA 1IEOJUTOB, TUMWYHBIX IS MWHIOAIUH B
aratax W claraloiuxXx WHOTAAa TaKuWe MUHAAJIWHBI Hallejlo, o0coboro BHUMAaHWUS
3acJIyXXrUBaeT MOpAEHUT. JIs1 Hero xapakTepHbl TOHKOWTOJbYAThIE C(HEpPOSUTHI,
WX arperatsl MU KOPKHU, OOBIYHO HapacTalollue HEeNOCPEeICTBEHHO Ha CTEHKU
ra3oBbIX TY3bIpeil TOCHE TJIAYKOHUT-CEJaJOHUTOBOM ¥ TOHKOUW XaJllleOHOBOU
otopouek (doro 2; 30; 53; 54; 56). Huorma oH obGpasyeT BaTONOAOOHBIE
CKOTIJIEHUsI, OCOOEHHO XapaKTepHBbIC [JIS1 BBIIOJHEHUS MEXIIapOBBIX TPOCT-
paHcTB B 06aszanbrax mo p. Hwuxusasa TyHrycka, m pa3pexeHHO-c(epoJnTOBbIE
CPOCTKM, B KOTOPBIX MEXAY OTHEJbHBIMU BOJOKHAMM MOpPIEHUTAa OCTaeTCs
MOCTaTOYHO OOJbIIOe CBOOOMHOE TPOCTPAHCTBO.

Kpome MopmeHmTa, KOTOpPBI OOBIYHO HMMeeT Oeiblid, XeJITOBATBI, pPEeIKO
KpacHOBATHI 1IBET, Ha CTEHKaX araTOBBIX MWHIAJIWH BCTPEYAlOTCS TOHKO-
racTuHYaThle cheposuThl  sIpKo-KpacHoro ¢deppwepura (dboto 55), TuUNO-
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Puc. 78. Bbinenenue cenanoHuta B XanuenoHe. MoxoBuk u3 Mummm (?). yp 8.
Ne 1504 TAK. .

MopdHBIe IJIsSI HEKOTOPBIX araToMmposiBIeHUN B AXaJUMXCKOM paitoHe. To4yHO
TakKoe Xe IMOJIOKEHHe B araTax MHOTAA 3aHMMAIOT MeJiKhue ChepOoJUThl KIMHO-
MTUWIOAUTa M CBETJIO3apMTa, BBIKpAIIMBAHME KOTOPBIX B POCCHIMSAX TPUBOIAUT
K BO3HUKHOBEHHWIO OCIEHHOW TMOBEPXHOCTM MHOTHMX AaraTOBBIX MUWHIAJIWH
y r.3Be3men (MomumnoBrpanckuii paiioH, Bonrapus).

Ecam niast araToBbIX MUHAQJIMH W3 0a3aJlbTOB THIOMOPGHBI BBICOKOKPEM-
HUEBbIE I[EOJIUTBI — MOPACHUT (Hambosee OoObIYEeH), (eppbepUT, CBETI03aPUT,
OTYACTU KJIWHOTITUJIOJUT, TO IJisi araToB, BBIMOJHSIOUIUX TIOJOCTH JUTODU3,
XapaKTepeH JIWIIb KIMHOMTUIOAUT. OIHAKO OH BBIAENSIETCS HE KaK MUHepa,
MpeIIeCTBOBABIINI OTJOXEHUI0O KpeMHe3ema, a KaK 3HayMTeslbHO OoJiee
MO3AHUI MUHepaj, OTjaralolMUics B TOHYAWIIMX CEKYIIMX TpelinHax. MMeHHO
9Ta MpPUYMHA pPEe3KO CHUXAaeT MOBEJIUPHOE KavyeCTBO araToB AifHa0OyJaKCKOTO
n Agrysckoro MectopoxaeHuii B Ka3CCP, mockolbKy OHU OYeHb JIETKO
packajblBalOTCS M pacrnamaloTcs BIOJb TAaKUX TPEUIMH, O 4YeM yXe pedb Iuia
BBILIE.

B ararax, CBdA3aHHBIX C OCagOYHbBIMM TIOpoJaMM, INICOJMUMTHI IIOKa HE
OTMCYAJIUCh.

OTOPHUJbI

W3 dropumoB B aratax yCTaHOBJIEH @aioopum — TUMUYHBIA BTOPOCTEIMEHHBIMH
MHUHepaj aratoB JuTodGu3, a TakxXe IceBIOMOP(dO3 MUHEpaIoB KpemMHe3deMa
M0 AHTUIPUTOBBIM W KaJbILIUTOBBIM KOHKpPELUSIM;, WU3BECTEH OH U B CBSI3U
C araTaMy, BO3HUKAIOIIMMKU B TYCTOTaX BbIIIEJaYMBAHUS CHUJIMIUTOBBIX KOH-
kpeuuii. Kpome TOro, ycTaHOBJI€HbI MHOTOYMCIIEHHBIE TCEBIOMOPGHO3bI Xallie-
IoHA 1O (GIIOOPUTY.
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Cpenu araToB, CBsSI3aHHBIX C OCHOBHBIMM ¥ cpegHuMHu 3ddy3uBamu,
¢maooput He O0OHAapyXeH, XOTS [IJIsi HEKOTOPBIX IMOJOOHBIX MECTOPOXICHUN
XapaKTepHBbI TceBAOMOpPdO3bl XalllefoHa, YAaCTUYHO KBapua, Mo ¢II0OPUTY.
M3 Hux mpexae BCero cieayeT Ha3BaThb POCCHINTHBIE araThl OKPECTHOCTEH
kypopta [aman-Typy B MoHronmuu. 3mech HU3BECTHO CKOTUJIEHUE YTIIOBAaTBIX
B CEUEHUM XaJleNOHOBBIX «MWHIAJIWH», OOJaaloNIMX XapaKTepHOW CBETION
cepoBaTo-rojiyboBaToii  (cBeTyo-canmUPUHOBOIW) * BHENIHEW  XaJllleAOHOBOU
KOpKOIi, TOrma Kak IeHTpajbHass 4YacTh TaKUX MUHAAJIWH BBITIOJTHEHA 30HAJb-
HbIM KBapueM (doro 57,a), wHOTHA 4YepeAyOIIMMCS C 30HaMU TOJIyOOBATOTO
xajuenoHa. B mpumonmpoBKax omuchIBa@MBIX 0O0Opa3i[OB YacTO MOXHO BUIETh
XapaKTepPHBI PUCYHOK TOBEPXHOCTH XalleJJOHOBOW KOpPKM, OTBEYAIOIIUi
CEUYCHUWI0 KOPKM KyOMYEeCKMX KPUCTAJUIMKOB, pa3MepoM HWHoraa 2—3 MM, Ha
KOTOPYI0O HapacTaloT IOCJIEeAYIONINe CJIOW KBaplia M XajlleJoHa.

Takum oOpa3oMm, paccMaTpuBaeMble CBETIO-Can(UPUHOBBIE MUWHIATUHBI
o0pa3oBaliCh TIO3XE OTJIOXEHWs KPUCTAUIMUYECKUX KOpPOK dawoopura, 3a-
MECTUBIIMXCS 3aTeM XaJlleJoOHOM. B cBsI3u ¢ 3TUM 0coOOro BHUMaHUS
3acilyXuBaeT oOOMJIMEe B YyKa3aHHOM palioHe TIpOSIBIeHUM  (DII0OPUTOBOM
MUWHEpaaiu3aluu, B TOM YUCJE MPOMBINUIEHHOW. YUYWUTBHIBas cBOoeoOpasue IBeTa
M TEKCTyphl arata, oOpa3oBaBIerocs Tpu T1ceBaoMopdusanuu ¢awoopura,
MOXHO TIPENMNOJOXUTh, YTO OH MOXET UCIOJIb30BaThCsS B KAa4eCTBE MOUCKOBOTO
Mpu3Haka Ha MeCTOpOXAeHUs duawoopura.

AHaJIOTUYHBIN araT W3BECTEH W3 HEKOTOPBIX paiioHoB PymbiHuUM. 3mech
YCTaHOBJIEHBI YIJIOBaTble MUHIATWHBI carndUPUHOTONOOHOTO arata ¢ IMOJIOCTHIO,
MpPEJCTaBICHHON KOPKOW KpymHBIX ( « 5 MM) KyOMYeCKUX KPUCTAUIOB, 3a-
MENIEHHBIX CBETJIO-TOJYOBIM XaJlleNOHOM, WM TUIOCKAE CPaBHUTEJIbHO TMPOTSI-
XEeHHbIE KOPKU C BHEIIHE Kybuueckoil orpaHkoii (¢oro 57,6); He HMCKIIOYEHO,
YTO B 3TOM cCJlyyae MOXHO OOHapyXWUTh CKOTJIEHWE HE3aMEIIeHHOTO XaJllemo-
HOM IIIoOpUTa, BO3MOXHO, JOCTATOYHO KPYIHBIE.

B arartax, BBIMOJHSIOIMMWX TOJIOCTU B Jutodusax, GIOOPUT U3BECTEH
B BUIE KyOMUYecKMX M KyOOOKTa’ApuUUeCKUX KpucTauioB duosetroBoro (doTo
129) wmm xentoro uBera (puc. 79; dorto 110, d). B HekoTOpbIX ciydyasx
KyOuueckne KpuCTaibl (iaooputa 00Opa3oBBIBaIM KOPKY Ha CHeposuTOBOI
KOpKe XajlleloHa M TepeKpPBhIBAINCh MOAOOHBIMU K€ XalTlelOHOBBIMU KOpPKaMM,
mepexonst B To xe Bpems: (?) B mceBgomopdossl xanmemoHa (doto 57; 130;
131) wmm kBapua (puc. 80) mo dmoopury. **

Kpome oTnenbHBIX KPUCTAIIOB, WX CPOCTKOB M KOPOK, (PJIOOPUT WHOTIA
obpa3yeT cdhepoiquThl 10 5 MM B TIONEpPeYHWKE, YacTh W3 KOTOPBIX WHOTAA
3aMelaeTcsl XaJled0HOM.

Kpucrannuueckuit ¢GI0OOpPUT B BUIE KOPOK KyOWUYECKMX KPUCTAIJIOB
oTMeueH B rceBaomMopdo3ax MUHEpaJoB KpeMHe3eMa Mo aHrunputy B LleH-
tpanbHoii yactu CIIA [262]. B Munepanornueckom mysee um. A. E. Depc-
maHa AH CCCP wuwmeloTcs IpeBOCXOAHBIE IIceBOIOMOP(O3BI 3TOro TUNA U3
MAP, B LEHTPaJBHBIX YaCTSIX KOTOPHIX HAXOMATCA KOPKH KPHCTAIIOB (DII00-
puta, mocruraioouiue 6ojee 1 cM B pedpe (dorto 146).

* HexoTtopble viccenoBaTesi Mo OKpacke HasbIBAIOT 3T araThl caripuprHaMM, XOTSI
OTTEHOK y TUIMYHBIX Car(pUpHHOB Oojiee TyCTOiM M Oojiee TEMHBIIA.

** 3aMenneHre (IIOOpUTA  XaILIENOHOM B KBapL-(IIOOPUT-0APUTOBOM  KUJIE
orucano I. I'. I'pymkunsiy 1 M. T. XeasBacom [30].
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Puc. 79. KpynHokpuctammyeckue BblIeeHus xentoro dumooputa (@), Hapacratoime
Ha TOHKYIO XaJlEJOHOBYIO KOPOYKY, OOJIEKAIOIIYI0 MUKPOCHEPOIUTOBYIO PUOIUTOBYIO
000JI04Ky JTUTOGMU3bI, W OOpOCIIME XaIleIOHOM; B LEHTPe OTYETIMBO BUIHBI TICEBIO-
CTaJIaKTUTBl XaJIIeJIOHA, HApoClIe Ha TOHYailMe HUTH (MeMOpaHHbIe TpYyOKu?),
CBELIMBAIOIIMECS] C TMOBEPXHOCTM O€JIOr0 XaslleIOHOBOTO CJIOSi W TOAHMMAIOIIMECS C
noBepxHocTH 1Mpokoro KT-omajgoBoro ciiosi arata ¢ Mapaule/bHO-CIOMCTBIM  CTpOe-
HueM. AitHabynak, KazCCP. VB. 2,5.

B 1eHTpanbHBIX MMOJIOCTSIX TMceBIOMOP(}O3 MHUHEpaIoB KpemMHe3ema I0
KOHKpEeUMSIM KajJlbllMTa TakXe WHOIIa YyCTaHaBiIuBaeTcss (QIIOOPUT B BUIE
KOpOYeK M3 KPHUCTANIOB OKOJIO 1 MM B pebGpe, MOKPBIBAIOLIMX IETKOBUIHbBIE
KOpPKM KpPUCTA/UIOB KBaplla, a TakXe B BUAE BOASHO-TPO3PAaYyHBIX KyOUKOB,
Ky0OOKTa3ApOB M TUMUYHBIX IS (IioopuTa NBOMHMKOB IPOpPAcTaHUS OKOJIO
5 MM B pebpe, HapacTaloOUIMX Ha KOPKU M3 MEJKUX (GJIIOOPUTOBBIX KPUCTAJIOB
(puc. 81).

IMpeBocxonHbie TMceBIOMOPGO3bl OOJeKaHWsI KOpKaMM XajledoHa Kyou-
YyecKMX KpuUCTaioB (Quooputa ObUIM OOGHApyXeHbI B IOJIOCTSIX araros,
BBITIOJIHSIOIIMX TIYCTOTHI BBHINIEJAYMBAHUS CUJIMIIUTOBBIX KOHKPEIWN B M3BECT-
HsgKax oTporoB ropsl Kocob6a. IlceBmomMopdo3bl 3TH gocTturaloT 1 cm B pedpe
(¢poto 160). Ha ux cpese MOXHO BHUAETh, YTO 3aKJIIOYEHHBIA B HUX (PIOOPUT
UMeeT TeMHO-(GMOJIETOBYI0 OKpacKy, MpUYeM TOJIINMHA XaJdledOHOBOW KOPKH,
obJsiekalolieid KpUCTaibl GJloopuTa, H0CTHUraeT 2—3 MM, a ero KpUCTaJUTUKU
MMEIOT BCEero JUIllb 3—5 MM B IOIMEpeYHHUKe.

CYJIbOUAbI

M3 cynbbumoB B aratax HauOOJBIIMM paclpoOCTpaHEHUEM IOJb3yeTCs IMUPUT,
3HAYMTEJbHO peXe BCTpPevaloTCsl MeJIKMe 3epHa XxalbKomuputa. B mceBmomop-
(do3ax MHUHepasoB KpeMHe3eMa M0 KOHKpelusM aHruaputa B LleHTpanbHOU
gactu CIIA Obutn oOHapyXeHB 3HAUYUTEJIbHBIE KOJMYeCcTBA cdajiepuTa
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Puc. 80. INceBmomopdo3a kBap-
ua no ¢dmooputy (BHU3Y obpac-
TaeT KBaplMHOM, a 3aTEM MEJKO-
TIEPUCTBIM XaTIeAOHOM). TpecuThs,
TpancunsBanusi, CPP. VB. 40
(+). Ne 3295. 4.

Puc. 81. KpymnHeie BomsiHO-
mpo3pavyHble KyOudeckue, Kybo-
OKTaspuyecKue KPUCTAJLTBI
dbmrooputa ¥ ABOMHUKM Tpopac-
TaHMS, HapacTalollUe Ha KOPKY
MEJIKOKPHUCTALIINYECKOro (0o~
pUTa, TOKPBIBAIOLIETO  LIETKU
KBaplia B TIOJIOCTH MCEBIOMOP-
$ho3sl  MuHepanoB KpeMHe3ema
mno KOHKpEeLUHU KaJbLUTA.
OkpectHocTn  bBeitHey,  ropsl
Tyapxsip, TCCP. Vs.

No 84535.

235



(MapMaTHTa), a TakKXe MapKa3uT U TajeHuT [262], HO HaMM 3TU MUHEPAIbBI
HM B OJHOM 0Opaslie BCTpeUYeHbl He ObUIM, HET O HUX CBEICHUI U y MHOTOYMUC-
JICHHBIX aBTOPOB, ONMUCBIBABIIMX araTbl, MO3TOMY HUXe WX OIMMUCAHUE IPHUBO-
auTcsa mo pabore P. Tpunma [262].

Iupum, BCTpevalolnuiicss B araTax, IO BpeMeHM OOpa30BaHUS HEJUTCS
B OOllleM BUIE Ha TPU TPYMIbl: a) paHHU, 00pa3oBaBLIMICS 10 XalledoHa
(arata); 6) CHHXPOHHBIM C araToM, HaXOMISIIWICS MEXIY araTOBBIMHU CIIOSIMU;
B) TMO3AHWI, BBIAEJSIIOMIUKACS B TOJOCTSIX XKEO..

B kauecTBe MpMMEpOB paHHEro MUPUTAa MOXHO TMPUBECTH IHPUT, BCTpe-
YAIOUIMIACS B BUAE OTAEJbHBIX IMCEBIOCTAJaKTUTOB M MX CPOCTKOB, HapacTalo-
IMKUX Ha CTEHKW TpelWH B Oa3anbrax B paiioHe Mbica TeBu. B cBow ouepens,
BOKPYT 9TUX 00Opa3oBaHUl MHUpUTA OTJarajiuch KBapll, XaJleJIOH, MeCTaMH
KaJblUT, 00pa30oBaBIIMe ICEBAOCTATAKTUTHI CO CTEPXHSIMHU U3 TCEBIOCTATaK-
TUTOB mnuputa (puc. 82), mnpuvYeM TICEBIOCTANAKTUTHI UMEIOT 30HAJbHO-
KOHIIEHTPUYECKOE CTPOEHHWE M CUJbHO TpellrHoBaThl. [loMUMO 3TOro Menakue
KPUCTAIJIMKA TMUPUTA U UX CPOCTKU OOHAPYXKEHBI B HUXHHUX YaCTAX HEKOTO-
pbIX U3 KaJbLUTOBBIX MUHAQJIMH KaJbLUT-XaJLUEJOHOBBIX MAaHJIEIbIITENHOB
9TOTO patioHa (doto 58).

IMuput B nceBnomMopdo3ax MUHEPAIOB ceMeicTBAa KpeMHe3eMa MO KOHKpe-
musaM  aHruapurta LlenrpansHoit wactu CIIHA [262] o06GBYHO BCTpedaercs B
BUIe KyOoB okosio 10 MM, a TakxXe KyGOOKTa»ApoB;, peXxe — B BHUIE IEeHTa-
roHA0AeKasApoB. B psime 00pa3iioB ycTaHOBIEHBbI IBOWHUKW CpacTaHUs, a B
KXeolaxX OJHOTO0 U3 MECTOPOXIEHUI OOHapyXeHbl KalWUISIPHBIE KPUCTAJUIbI
MUpuTa OKOJO 12 MM IJMHON, NMpUHMMABIIUECS OMMUOOYHO APYTMMM UCClie-
IoBaTeJIIMU 3a MUJIIEpUT. [IMPUT MOXET TakXke BpacTaTh B POMOO3ApUYECKUE
rpaHu KBaplia, JOJOMUTAa WIM aHKepUTa, HapacTaTb Ha XajlelOoH WM o0pa3o-
BBIBaTb BKJIIOYEHMS] B KalibllMTe B BuUIe (aHTOMOB, JaBaThb OPUEHTHPOBAHHBIE
CPOCTKM C KaNWJIJIAPHBIM MapKa3uTOM.

CKOTUIEHUSI KPUCTA/UIOB TMUPUTA — KyOOB, OKTa’ApOB U KyOOOKTa’ApOB
OblIM OOHApyXeHBbl B aratax, o0Opa30BaBIIMXCS IMPU 3alOJHEHUM XallLleJOHOM
MOJIOCTE! BbILIeTaYUBAHUSI CUIMIMTOB. [TUPUT MpM 3TOM HapacTaeT Ha TEMHBIM
KPacHOBATO-KOPUYHEBBII CJION XajlleloHa, a Ha HEro — IMpO3payHbiil CBETJIO-
cepblii xanuenon (puc. 83).

BropuyHblii TupuT, 00pa30BaBLIMIICSI, OYEBUIHO, 3a CYET THUAPOKCHIOB
Keje3a, OBIBIIMX B araTe, NMpu MX B3ammogeiictsuum ¢ H,S u3 Gomee mosmHux
TUAPOTEPMANIbHBIX PAacTBOPOB, IIMPOKO PAa3BUT B araTOBBIX POCCHIMAX IO
p. PoiBeieM, Yykorka. OH BbIgensieTcss MO0 B MecTaX HEOGOBIIMX pacIIMpeHUi
TOHYAWIIUX TPEIIWH, CEKYIMX araThl, JUOO TPOHWKAET IO TopaM B aratax,
o0pasysi, Hampumep, MeJKUe OJSIKM 0 TpaHMIle CJI0eB B MapaiejbHO-
caoucroMm arare (doto 60), BKIOYEHUS (10 CYOMUKPOCKOMMYECKUX) B OT-
NEeJTbHBIX araToOBBIX cJiosiX. MMEHHO ¢ 3TUM MUPUTOM CBsi3aHa 4YepPHO-TOIy6o-
BaTas OKpacKa MHOTMX aratoB M3 3TUX pocchbineit (dorto 32,6; 60; 98).

Maprazum onucan P. Tpunmom [262] cpenu MuHepaioB TMceBioMopdo3
KpeMHe3eMa 1Mo aHTUAPUTOPbIM KoHKpeuusiMm LlentpanbHoit yactu CLIA. 3nmech
OH B OCHOBHOM YCTAaHOBJIEH B BHIE KaNWJJISAPHBIX KPUCTAJUIOB OKOJO 25 MM
JUIMHOM ¥ OOBIYHO JIETKO 3aMellaeTcsi JUMOHUTOM; PEIKO OH BBIIEISETCS
B BHIE OJIOBIHHO-OEIbIX WIM UPU3UPYIOUIMX KPHUCTAIOB C SIDKMUM MeTaJlIu-
yeckuM OyieckoM. OOBIYHBI ABOMHMKU C YIJIOM cpacTtaHusi okojo 60 °. OcHoOB-
Hasi Macca MapKa3uTa HaXOIMTCS B OPMEHTHMPOBAHHBIX CPACTAHUSIX C MUPUTOM
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Puc. 82. [lupur-kBapii-xanie-
JOHOBBIC  TICEBIOCTAJAKTUTHI B
arare:

a — obumit Bum, yB. 10; 6 —
MOTIEPEYHBIA  Cpe3  OIHOTO W3
TICEBIOCTATAKTUTOB, YB. 40, MbIC
Tesu, Kamuatka. No 84454,
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Puc. 83. Kpuctammel mmpura (KyObl, OKTasOpbl M KyOOOKTasmphl) B arare. OKpecT-
Hocti nep. Crapast CutHst, MockoBckast 001, YB. 30 (oTpakeHHBI CBET).

WIM HapacTaeT B BMIE IO3JHUX oOpa3oBaHMiU Ha apyrue MuHepayubl. OOBIYHO
OH acCOUMMpPYeT C pPOMOOIAPUYECKUM KaJbLUTOM, TOJOMHUTOM, TOJYObIM
6aputoM U cdanrepuToM; Ha HEKOTOPBIX MECTOPOXIECHHUSIX OH YCTaHOBJIEH
B BUIE BKIIOYEHHII — (DaHTOMOB B KaJbLMTE, TMPOTHIKAOIIUX KPHUCTAJIIbI
KBaplia WM BPOCIIMX B XaJleIOH.

Xanvkonupum. Menkue 3epHBIIIKM XalbKONMUpUTAa B aratax [amxbeHOepra
y Wpapa, ®PI', ormeuanucey eme M. Komaunu [164], a 3atem U. Hoerrepa-
ToM [222]. P. JImzeraHr [205] oco60 mom4yepKHMBaJ, YTO KPHMCTAJUIMKU XaJIbKO-
MUpUTa B 3TUX araTax HaXOHsATCS B OTAEJbHBIX CJIOSAX XajlledoHa, He aedop-
MUDYSI MX PHMCYHKa.

P. Tpunm [262] omnwucan penkue KPHUCTAIJIMKUA XaJIbKOIMUPUTA pa3MEPOM
=2 MM B accolMallMd C KBaplem, OeabiM 0apuTOM, MUPUTOM, ITOJTOMUTOM
B 1niceBaoMopdo3ax MHUHEpaJoB ceMelWcTBA KpeMHe3eMa [0 aHTUIAPUTOBBIM
koHkpeuusMm B LlentpanbHoit yactu CIIA. 3mech Xe OH oTMedal OPUEHTHPO-
BaHHbIE CPOCTKM XaJbKOMMPUTAa C cdalepuToM, BPOCTKU XaJIbKOMUPUTA
B XaJLIEIOH.

Coarepum (MapMaTuT) B TceBaoMopdo3ax KpeMHe3eMa MO KOHKPEUUSIM
anrugpura B llenrtpanpHoii vactu CIIHA [262] o0Opa3yeT 3epHUCTBIE MAacChl
oKoJI0 7,5 cM B TIONEpeYHUKE, WHOTAA OKTadApuhuecKue U poMOOd0aeKadIpu-
YecKue KPUCTAUThl B acCCOIMAIMU C TOJMYObIM 0apuTOM, MOJOMHUTOM, KAOJIWHU-
TOM, KBaplieM, KaJbLIUTOM M MapkaszuToM. CdanepuT oOBIYHO HEMOCPEICTBEH-
HO BpacTaeT B KPHMCTa/UIbl KBaplla; WHOTAA COAEPXUT OPUEHTUPOBAHHBIC
BKJIIOYEHUST XaJIbKOMMpPUTA. PenKo YacTUYHO MOKPBIBAeTCS KOPKOM KpuUCTai-
JINKOB CaMOPOIHOM Cephl.
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T'MAPOKCHUBI 1 OKCHUJbI 2KEJIE3A

B ararax BcTpeuawTcs pa3iWyHbie THAPOKCUABI M OKCHUABI Xeje3a, pas3indaro-
muecsl CTETIeHbI0 OKUCJICHUS Xejie3a W CTeNeHblo rujpatanuu. VIMEHHO oHU
OTpEeNIeNIAIOT OKpacKy Iiepp-arata, capjaepa, KapHeoja, cepuojiika, T. €. BCIO
IIBETOBYIO TaMMY OT XEJITBIX M T'PSI3HOBATO-3€JI€HBIX MO KPAaCHBIX W KOpPUUYHE-
BBIX Pa3HBIX OTTEHKOB, OTPEHECNSIONINXCS CTEINEHbI0O OKHMCIJICHUS Xejle3a B MU-
Hepajie W CTemneHblo ux Tuapatauuu. Cpeam paccMaTpuBaeMbIX MHWHEPaIOB
Haubosiee pacrmpocTpaHeH TETUT, B MEHBIIUX KOJMYECTBAX M pexXe OTMeda-
eTcsl TeMaTur.

Témum. [Ing T€TUTAa TUNWUYHBI YETHIPE OCHOBHBIX MOP(MOJOTUYECKUX THUIIA
BbIeNieHU: 1) HUTSHBIE 00pa30BaHUS W3 TOHKOUTOJBYATHIX KPUCTAJIIUKOB;
2) KOpKM pa3HOl  KOHGWIypalluM U3  TOHKOWUTOJbYATHIX  KPUCTAJIOB;
3) xJIombeBUOHBIE BhIACICHUS; 4) OTHeJIbHbIE CPaBHUTEJIHLHO KPYIHBIE WUTOJb-
yaTble KPUCTAJUIMKM W WX MeETeIbyaThle CPOCTKH.

Hutsabsle oOpa3oBaHus TETUTA 4alle BCEro MPEACTaBISIOT cOOOW OCHOBa-
HUS JUIST TICEBIOCTAJIAKTUTOB XanuenoHa (puc. 84). I[IpuumHBI UX HOSBICHWUS,
BEpOSITHO, CBSI3aHBI C BBICBOOOXIeHWeM Fe mpu 3amMelnieHUM cuaepura Wiu
IPYIUX 3Xejae30CoAepXaluxXx KapOoHaToB xanienoHoM. Ha 3To BmepBbie o00pa-
T BHUMaHuMe wucciemoBateieit A. Ilpun3 [230], CBSA3BIBABIIMK TOSBICHUE
B aratax HHUTed M «MeMOpaHHBIX TpPYyOOK» TETUTA C WU3MEHEHUEM CHUAepHTa,
HaXOMSIIErocss B OCHOBAHWM araTOBBIX MUHIATWH.

IMpekpacHoii unnocTpamnueir mpouecca 3amelneHuss Fe-kapO6oHarta (ckopee
BCEr0 CUIEpPUTa) XaJlleJOHOM, B TOM uUKcCie ¢ OOpa3oBaHUEM HUTE TETUTA,
MOXET CJIyXuThb MuHAanuHa arata u3 OP[, Haxoxsmascs B KOJUIEKIIUUA
Munepanorndeckoro My3sest uM. B. M. BepHamckoro MOCKOBCKOro TIe0JIOTO-
pasBemouHoro wuHctutyta uMm. C. OpIXOHWKUI3E€ U TMpUBJIEKIIas K cebe
uuMmanue I1. I1. [uaunenko. Ilo ee mepudepun XopoIIo BUIHBI IICEBIOMOP-
¢o3bl  xanlenoHa MO CPaBHUTEIbHO KpYmHBIM cdeponrutam Fe-kapboHara
(TMo-BUIMMOMY, CHAEPUTA), OTIMYAIOIIMECS UHTEHCUBHOU okpackoit (dorto 82),
CBSI3aHHOUW C OOJBIIUM KOJUYECTBOM XJIOMbEBUIHOTO TETUTA, BBIACIUBIIETOCS
10 paguaibHBIM TPEeUIMHAM U 30HAJbHBIM KOHIIEHTpaM KapOOHaTHBIX cdepo-
JIUTOB TIPU WX TCeBAOMOpGU3ANUU U TPACCUPYIOUIETO paaraibHO-JTy4NCTOE
M 30HAJTBHO-KOHIEHTPUUYECKOE CTPOEHUE MCXOIHBIX C(HEeposMTOB.

B BepxHeil yacTM OMUCHIBAEMON MUHIAJIWHBI XOPOIIO BUIHBI TOHYAMIINeE
TéTUTOBBIE HUTU, CBEUIMBAIOIIMECS C TMCeBIOMOP(PU30BaHHBIX CGHEPOTUTOB
1 00pa3ylolne CUCTeMy M3 B3aMMHO MapajjiebHBIX (BePTUKATbHBIX) HUTSIHBIX
OCHOBAHUI XaJIIIeJOHOBBIX TICEBIOCTATAKTUTOR.

BaxHO OTMETWTH, 4YTO XaJIleJOH, BBIMOJHSIIOMWNA NEHTPAJIbHYIO YacTh
paccMaTpuBaeMoil MUHIAJIWHBI, KaK U TOT, KOTOPBIM oOpa3yeT TceBIOCTalaK-
TUTHI, HapacTalllre Ha TETUTOBBIE HUTU, OTJIMYAETCS TOJIYyOOBaTO-cepoil |
rojryboBato-0ejioii OKpacKoil M He CONEPXUT BKIIOUEHHI TETUTA.

Takum 06pa3oM, BTOPUYHOE MPOKpAlIMBaHUE OTMMCHIBAEMOTO araTa TUAPO-
KCUIaMM Xejie3a WUCKiIoJyaeTcs. bosiee TOro, MNPUypOYEeHHOCTHh TOCIEIHUX
K cheponuraMm CBUAETEIBCTBYET O TECHOW TEHETUYECKOUW CBS3U MEXIYy HUMMU.

Ipu Gonee MHTEHCUBHBIX Mpolieccax 3amenleHus Fe-kap6onarta (cumepu-
Ta), KOrJa B 3aMellleHWe BOBJIEKAIOTCS HE OTHeJbHbIe cheposuTsl, a Kapbo-
HaTHbIE CJIOM AOCTATOYHO OOJBLUION MOILHOCTU, BMECTO OTHEIbHBIX HUTSHBIX
BBIIEJICHUI TETUTa MOTYT BO3HUKATh NapauieIbHO-IIECTOBAThIE KOPKU U3
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Puc. 84. Ia KpyIHBIX Xaj-
LIJIOHOBBIX  TICEBIOCTANIAK-
TUTA B OOILEH XaJleOHO-
BOil pyballKe, KOHIBI KO-
TOPO YaCTUYHO YTOIUICHBI
B HIXHEM  XaJlIeIOHOBOM
cioe  (pybalika YacTMYHO
ero o0JyieKaer), ¢ TeMHBbIMU
HUTEBUIHBIMU BbIIETICHUSIMKI
rétura  (TMOpOréTuTa) B
LIEHTpE; BBEpXy — I1apo-
BUIHOE BhIIeIeHue (Gesoe)
TOHKUX TPYOOK-YEXJIOB HM3-
KOTeMITIEpaTypHOTO ~ KPHUCTO-
Ganuta Ha cdepoauTe Mop-
nenvta (?). Lypmo, [py3CCP.
VB. 2. Ne 84196.

TOHKOWTOJIbYATHIX KPUCTAJUIMKOB TETUTA, ITOKpBIBAlOIIMEe OBIBIIWII KapOOHAT-
HBIII CJIO, B TOM 4YWcClie B BUIE KOPOK C BechbMa NPUYYIINBONW KOHpUTypa-
LUCH.

IMpekpacHblii MpUMep TaKOW KOPKM BUAEH Ha OJHOM oOpasiie u3 MoHTO-
mun  (poro 62). 3mech TETUT o0O0pasyeT KOPKY M3 MEJIKUX IapajuleibHO-
WTOJbYATHIX KPUCTAJIJIUKOB, CMSATYI0O B TNPUYYMIUBBIE CKIAIKU, a MECTaMUu
CBEpPHYTYIO Naxe B TPyOKM, HaXOMSIIyIOCS Ha TOBEPXHOCTU TIOJYIIPO3PavyHOTO
cJIoSl  Xalllle[loHa, KOTOopash TakXe TOKPbhITA IMOJYNPO3PAaYHBIM XaJIEAOHOM,
obpa3ylouuM cleaylomuil  cioit  arata. boyjiee BHUMaTeabHOE U3YYEeHUE
3TOTO 00pasla MO3BOJMIO OOHAPYXUTh OCTAaTKM 30HAJIbHO-KOHIEHTPUYECKUX
cheponuToB KapOOHATOB B OCHOBAaHMM BHEIIHETO XaIIeJJOHOBOTO CJOsS =~ 5—
6 MM B IMaMeTpe M pPEeJIUMKTOBbIC CJIOM oOflajia B HeM, YaCTMYHO 3aMelIeHHOTO
XaJlelOHOM, COXPaHSIONIUM 30HAJbHO-KOHIIEHTPUYECKOE CTPOEHUE, COBMama-
[ollee 1O MECTy pAacCIOJIOXEHUs W paauycy KPUBU3HBI C KapOOHATHBIMU
cheponuraMu.

Bce ckazaHHOe TIO3BOJISIET TIPEATIONOXWUTh, 4YTO OINMWCAHHAs TETUTOBAS
Kopka cdopMmupoBanach Ha (MUIM B BUAE) TOHYalIeil MeMOpaHe, BO3HMKIIEH
mpu TceBaoMopdu3anmvy  XaJlleJOHOM, OOpa3oBaBIIMM HApPYXHYIO KOPKY
arata, c(epoIuTOBOIl KOPKM KaKOTO-TO XKeEJe3UCTOro KapboHaTta — cKopee
BCETO CUAEPUTa, IJISI KOTOPOTO XapaKTepHBI OTHEeNbHbIe CheposuTsl u chepo-
JINTOBBIE KOPKU, HapacTaolide HEMOCPEJACTBEHHO Ha CTEHKM MUHIAIUH
u oTmensooniMe o0pa30oBaBUIMIICS TIO3Xe aratr OT BMeEIAIIed MMOPOIbI
(cMm. onucanue cugepura). C 3TUX MO3UIUI MOHITHBI KaK 30HaJIbHO-KOHIIEHT-
pUyYecKoe, PeIMKTOBO-C(HEPOTUTOBOE CTPOCHUE, YCTAHOBIEHHOE IS Hapy>XHOM
KOPKM XajlleJoHa, TaK U TIOSIBJIeHWE OOJBIIOTO KOJWYecTBa TETUTA —
HACTOJIBKO OOJIBIIIOTO, YTO €TO IUIEHKA, MOKPbhIBaBlllas IMEepBOHAYAIBHO IOBEpX-
HOCTh TICeBIOMOP(U3yEeMOTO cHUIepuTa, YBEJIUYUBAsICh B pa3Mepe U Oymryun
MOJIyIPOHUIIaeMOl  (WJIM HaXOJsCh Ha TMOJYNpPOHUIlaeMOll MemOpaHe), Tpu
pa3pacTaHUM CMUWHAETCs B CKJIAIKM (ropupyercs) U CKpPydMBaeTcs B TPYOKH.
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C oOpa3oBaHueM TréTUTa KaK BTOPUYHOrO MPOAYKTa IceBIOMOpduU3anuu
culepuTa WIM JPYTUX XeJie3ocolepxkalux KapOOHATOB, OYEBUIHO, CBSI3aHBI
W JIpyre pa3HooOpa3Hble HUTSHBbIE M TUIEHOYHBIE €r0 BBIAEJEHUS] BO MHOTHUX
aratax. B KkayecTBe TmpuMepa MOXHO TPUBECTHM pPa3BETBJIEHHO-KYCTUCTBIE
«MeMOpaHHbIe TPYOKHU» TJIOOYJISIPHOTO TE€TUTA, MOKPBIThIE TOHYANUIIMMU TCEBIO-
CcTaJlaKTUTAMM XaJllleloHa, M3BECTHbIE Ha MHOTMX araTOBBIX MECTOPOXIEHUSX,
XapaKTepU3YIIIUXCSI BKIIOUEHUsSAMM TETUTa B arat (puc. 85).

XJonbeBUIHbIE BbIACJACHUS TETUTA TUIMMWYHBI TakXe JUJISI  XalllleloHa
(araTa), ¢ Oypoil 10 KOpUUYHEBO-KpacHOU okpackoit (puc. 86). B Hem ycraHas-
JIUBAIOTCS OTHeJIbHbIe TEéTUTOBBIE 000COOJEHUs], OOBIYHO MeHee | MM B IO-
MepeyHrke, W UX CKOIUIEHUs, OTJMYAlOlIMecs] WHOrAa TIeoMeTpHYEeCKHU
npaBUIbHBIMK  (opmMaMu. OHM MOTYT OBITh PaBHOMEPHO pacIpeaeeHbl
B TMPOCTPAHCTBE WJIM TIATOTeTh K OMNpPEAEJeHHBIM 3JeMEHTaM CTPYKTYpbI
(TEKCTYpBI) XaJlleJOHOBBIX oOpa3zoBaHMil. Tak, BbIIIE yXe OTMeYaluCh BbIIC-
JIeHUs TEéTUTa M0 paadalbHbIM M 30HaJbHO-KOHIIEHTPUYECKUM BJIeMEeHTaM
rnceBrOMOpGU3NPOBAHHBIX cUAepUTOBBIX (?) chepoautoB (dorto 62).

B npyrux ciayyasgx ormedaeTcss 0Oojiee paBHOMEpHOE paclipeiejieHue
FEéTUTOBBIX XJIOTBEB, BBI3BIBAIOIIUX PABHOMEPHYIO WM ILJIAMEBUIHYIO SIPKO-
KpacHyl0 OKpacKy XajlleloHa, CTOJb TUIUYHYIO IJIi MHOTUX aratoB U3
autodu3 B puoJuTax. bosiee neranrbHOe U3yYeHUE TMOAOOHOro XajleloHa
AitHaOyJIaKCKOTO MECTOPOXIEHUs IoKa3ajdo, 4YTO OTHeJbHbIe XJIONbEeBUIHbBIE
BbIIEJICHUSI TETUTAa B HEM MeCTaMHU OTYETJIMBO TPACCUPYIOT POMOO3ApUYECKHE
HamnpaBjieHus crnaiiHocTu (puc. 87), ykasbiBasi Ha ero oOpa3oBaHME TaKXe
Mnpu TceBAOMOPGHOM 3aMellleHUU KapOoHaTa XasleloHOM.

Oco00oro BHUMaHUs 3aCJYyXUBAIOT B3aMMOOTHOIICHUS XJIOMbEBUIHOTO
réTurta ¢ KBapuUMHOM. B 3ToM ciyyae TETUTOBBIE XJIOMbS MOTYT OTAEIATH
(MapKupoBaTh) 30HTUKM KBaplMHa OT BMEIIAIOIIeTro UX XajlleloHa, TPacCUpys
KOHILEHTPUYECKYIO 30HAJIBbHOCThL pocTa cdeponuToB KpapuuHa (dorto 64),
00pa30BBIBATh BbIIEJEHUs Ha IMOBEPXHOCTU OTUX 30HTUKOB, Ojaromaps
yeMy Ha MX TOINEpPeYHbIX cpe3ax MOXHO BHAETb KpPYIJble CKOTJICHUS
TUAPOKCUIOB Xejie3a — OAMHOYHBIE M TpynmnoBbie (puc. 88), mMomepeyHMK
KOTOPBIX 3aBUCHT OT MaKCHMaJbHOro pa3Mepa KBapLUUHOBBIX KOHYCOB
(30HTUKOB) M YPOBHSI UX CEUYCHUS.

I[Tomo6Hast TPUYPOUYEHHOCTb TUAPOKCHIOB Xeje3a K KBapUUHOBBIM
KOHycaM (30HTMKaM) M KBapUUHOBBIM IIPOCJIOSIM B araTax cKoOpee BCEro
CcBs3aHa C BO3HUMKHOBEHMEM KBapUMHa B KayecTBe TrceBIoMopdo3 1o
30HTMKAM M OTIEJbHBIM TIPOCJOSIM XeJIe3UCTOTO KapOoHaTa, XOTS HeJIb3s
HCKJIIOYaTh UX 00pa30oBaHUs B pe3yjbTaTe BTOPUYHOrO TPOKpAIIUBAHUS
KBapliMHa, 00Jafalonero 00Jblleil M0 CpaBHEHUIO C XalleJOHOM MOPHUCTOCTHIO,
0 YeM peyb IIja BBIIIIE.

OTaenbHble TOHKOIOJOCYATbIe KPUCTAUIBI TE€TUTA [JIWHOW HECKOJbKO
MWUIMMETPOB M WX MeTeJbyaTble CPOCTKM ObUIM OOHAapyKeHbl B HUXHEM
TEeMHO-KOPUYHEBOM CJIO€ OJHOIO M3 araTOBBIX OHMKCOB, MpPUYEeM Y BepXxHei
FOPU30HTAJIBLHON TPAHUIIBI TOW 30HBI UIJIbI U IMyYKU TETHTA OPUEHTUPOBAIUCH
BIoib Hee (puc. 89).

Bosnee oOblueH MOMOOHBIA TETUT JJISI 3aBepINAIOIIUX 3TAMOB araTooopaso-
BaHMSI, KOTrJa OH oO0pa3yeT BPOCTKM B KpHUCTa/laXx KBaplia M aMeTHCTa,
BBITOJHAIOIMUX sapa MuHgaauH (dporo 61). [lo3gHUMU SABISIOTCS TaKXe
MeJIKUE WTOJIOYKU TETHTa M MeTejbyaThle UX CPOCTKHU, JUOO OOHapyXHUBaeMbie
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Puc. 85. BeTBuCTO-T00YsIpHBIE BBIACICHUS THUAPOKCHUIOB Xeje3a, AeKOPUPYIONIUX MeM-
OpaHHBIE TPYOKM, TOKPHITHIE CGHEPOTUTOBBIMU KOPKaMM XallelOHOBBIX MCEBIOCTATAK-
TuTOB. TynayHekoe mectopoxneHue, bypsarckas ACCP. VB. 40(+). Ne Ep-1.

Puc. 86. PurmMuuHoe BbiesieHUE OJSLIEK TMIPOKCHIOB Keje3a, OMpPEAeSIOUINX Kpac-
HYI0 OKpPAacKy OTHEJbHBIX CJIOCB XaJlelOHa, Ha IOBEPXHOCTU HEKOTOPBIX cJoeB cdepo-
JIUTOBOM KOPKM XajlleqoHa; BBEpXy TEMHOE — PHOJWUT, TeMHas IIONepedyHas Iojoca B
LIEHTPEe CHUMKa — TEeMHO-TIMTMEHTUPOBAHHBII C(HepoNUTOBBIIl CI0I XallenoHa. YYacTOK
obJsiekaroleil 30HaJbHOCTU B TOJICTOM Tpemapare. AiHaOymak, KazsCCP. Vs. 15(1II).
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Puc. 87. Cerka MenKHUX Bble-
JNeHuil  (CBeTJioe) THUAPOKCHUAOB
KeJe3a, TpacCUpyounx poMGo-
SAPUYECKYI0 CMAWHOCTh B Xai-
LIeIOHe, MMEIoUIeM SIpKO-Kpac-
HyIO OKpacKy. AitHa0ynaxk,
Ka3zCCP. VB. 40 (oTpaxkeHHBIN
CBET).

Puc. 88. KonueHTpauus Bbiae-
JIEHW ruaporeTutra  (TEMHOE)
BOKPYI 30HTHMYHBIX 00pa3oBa-
HUWII KBapLuHa (MOMepeyHoe ce-
yeHue). AitHabynak, Ka3zCCP.
VB. 100(1I). MIxn. 17. .




Puc. 89. Ilyuku Oypeix urn rérura (?) B HWKHEM TEMHO-KOPUYHEBOM CJIO€ Tapai-
JIEJIbHO-CJIOUCTOTO  araTa; OTIAEIbHbIe IMydKM OPUEHTHPOBAHBI BIOJIb TOPM3OHTAIBHON
IPaHMILIBI 3TOTO CJIOSI; B BEpXHEW 4acTU — KBapll, BBHITOJHSIONIMI LIEHTPAIbHYIO TMOJIOCTh
muHaamHel. P. 3omoroit Kurar, Kemeposckast o6m. ¥YB. S0( + ). Ne 3K-3.

B BHIEC BPOCTKOB B IMO3JHEM KBaplle, BBIMOJHSIOUIEM sapa TMceBIoMopdo3
MHUHEpaJioB KpeMHe3eMa 10 KOHKpEeLUsIM aHTHIpUTa, JKUOO HapacTalollue Ha
meTKaxX KBaplia, BBICTWIAIIIMX WX BHYTPEHHIOW ToJiocTh (dorto 145, ).
Takoit TréTUT wu3BecTeH B TMnceBaoMopdo3ax KpeMHe3eMa IO KOHKPELUSIM
aHTHAPUTA TIpakKTH4YeCcKU BO Bcex MectopoxaeHusx (Kadpurmem, TCCP;
MAP; ces. uyacth Caynosckoit Apasuu; LlentpanpHas wacts CIIA). TIpu
9TOM TOsIBJIeHWE YKa3aHHOTO TEéTUTa cKopee Bcero cBszaHo ¢ Fe, BbICBOGO-
XIalIuMcs U3 0Oojiee paHHMX XeJie30coAepXalux KapOOHAaTOB, B TOM
yucjie KapOOHATOB BMEIIAIOIIUX TMOPOI *.

Kpome omnucaHHbIX BbIIEJICHUI TréTUTA, KOTOpPbie B OCHOBHOW Macce
CUHTEHETUYHBI C COAepXKallMM MX araToM (XajleJloHOM), HU3BECTHBI M BTO-
pUYHbIC BbIACICHMS] T€TUTA — B BUIC TOHKMX IUICHOYEK I10 TpellMHaM arara,
WHOTAA Ha ero IMOBEPXHOCTU (0COOEHHO Ha MUWHIAJWHAX W3 OKPEeCTHOCTEl
IMaBnomapa, KazCCP). M3BecTHH TakxXe cliydaud, Korga TETUT OKa3bIBaeTCs Ha
MecTe KapOOHATHBIX NPOOOK B «IMTAIONIMX» KaHajlaX; WHOIrIa OH obpa3syer

* B CBI3M C M3JIOXEHHBIM HEOOXOAMMO OTMETUTh IIOSIBJIEHHE CYpry4HO-KPAaCHOIO
KBaplia (KOMIIOCTEILCKOIO pyOMHA), IEPENOJHEHHOIO WINIAMUA TE€TWTA M KX MeTe/bya-
TBIMM CPOCTKAMM, a TaKXKe TECHO C HHM CBS3aHHBIX JPYIMX IBETHBIX KPUCTALIOB
KBaplla B SIpaxX BbIIICJIAUMBAHUS — CHIMIM(ULIMPOBAHHBIX KOHKPELWI CHUIEPUTa,
TUTIMYHBIX TSI MHOTMX MecT Ha m-oBe Manrbimuiak (KemkeHocop u np.). He uckmoue-
HO, YTO TAKOE Xe IPOMCXOXIEHIE MMEIOT KOMIIOCTEIbCKIE PYOMHBI MeIBEeXbEero OCTpoBa
Ha OHEXCKOM 03epe M MHOIMX JIPYTMX MECTOPOXKIEHMIA.
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caMmocTrosTelbHble cKomeHuss (1—1,5 ¢cM B momepeyHuKe) co cHepoauToBOM
TEKCTYypOil, HaXOASIIMECS B ILEHTPAJbHBIX IMOJOCTSAX MWHIAJIMH W HMMEIOIINe
CKOpee BCEero BTOPUYHOE TMPOMCXOXIeHHe (Takue TETUTBI HaMM BCTPEYEHBI
TakXe Cpeaud aratoB okpecTHocteil I[laBimomapa).

BropuuHble THIPOKCHUIBI Xeje3a pa3BMBAIOTCS YacTO B araTOBBIX pOC-
CBIMISIX TI0 TpelMHaAM B aratax M 10 TpaHMUIAM MeXIy OTICJbHBIMU MX
cinosimu. Ilpu 2TOM OKpacke MOABEpraloTcs JHIIb OTAeJ]bHbIe Haubojee MOpU-
CThle CJIOM XajlenoHa, a 6oJjiee IUIOTHBIE CJIOM MOTYT OCTAThCSl COBEPIIEHHO
He 3aTpoHyThIMU €0 [116].

Temamum BbIIEsIeTCS B BHUIE MeIbYalllliMX IUIACTUHOYEK, OO0JIanaloimmnx
MO MHUKPOCKOIIOM OTYETJMBBIMU BHYTPpeHHUMHU pediaekcamu. OH OTBETCTBEH
3a OKpPacKy MHOTHX SIDKO-KPAaCHBIX XaJlleJOHOB, B TOM 4YHCJIe W O0Opa3ylolInux
OTIEbHbIE 30HBI B HEKOTODPBIX araTax.

C TOHKOAMCIIEPCHBIMU BBIACICHUSIMU TeMaTUTa CBsi3aHa SPKO-KpacHas
OKpacka MHOTMX aratoB, 0co0eHHO u3 jauTodu3 B puonutax. C obpasoBaHUEM
remMaTuTa B OCHOBHOM 3a CYeT THIPOKCUIOB Xeje3a CBS3aHO TOSIBIEHUE
SIPKO# KpacHOM OKpacKM HEKOTOPbIX araToB IMpPW WX OKCIOHMPOBAHUM Ha
COJIHILIE, YTO M3JaBHA HCIOJbL3YIOT B MHOuM [ o0yaropaxvBaHWs araToB
(pe3Koe MOKpacHeHWe MHOTUX araToB MPU IMPOKaJIMBAHUM).

OKCHJIbI MAPTAHLIA

ITo MopdosornyeckuM OCOOEHHOCTSIM OKCHMIbI MapraHiia o0Opa3yioT B ararax
IBa pa3JUYHBIX THUIA BBIAEJICHUN — NEHAPUTHBIE, 4YacTO CHEepPOUTOTUTOBBIE
(TOMOPOKUT) U TOHKOAMCIIEPCHBIE, COCTOSIIME W3 OTAEJbHBIX MeJbUaiImx
KPUCTAJJIMKOB THUPOJIO3UTA.

Todopokum W3BeCTEH B BHIE YEPHBIX KYCTHCTBIX oOpa3oBaHuil (doto 66),
no ¢opme M TMOJOXEHWIO B aratax OJU3KUM K OXapaKTepU30BAaHHBIM BBIIIEC
CMSITBIM B CKJIaIKM M 3aKaTaHHBIM B TPYOKM MeMOpPaHHBIM BBIACICHUSIM
rérura. Y4uThiBas CKa3aHHOE, MOXHO TpeiarnojaraTb, 4YTO TOHOPOKHUT TIpei-
craBisieT Cco0OOM pe3yabTaT pas3jioXeHUs: KapOoOHAaTOB (B JaHHOM cliydyae
6oraThlX MapraHleM) TMpU MX ICeBIOMOPGU3ALUKA XaILEeI0OHOM.

TOHKOIMCIIEPCHBI MTOIbYaTO-KPUCTAIIMYECKUI  nupoao3um, OKpalliuBa-
IOl araT B pa3iWyHble OTTEHKM KOPHUYHEBOTO [0 YEepHOro IBeTa
(boto 67), reHeTMYECKU CBSI3aHHBIN C MpolleccaMM THAPOJIM3a TUIEepOa3UTOB
B pe3ysibTaTe Cy0aKBaJbHOrO BYJIKaHM3Ma, YCTAHOBJIEH B TEMHO-KOPUYHEBBIX
M YepHBIX araTtax M3 OKpecTHocTeil Mowmuuiosrpaga, boarapust (ManeeB M.,
YCTHOE COOOIIeHHUE).

[Mupono3uT — NOBOJBHO OOBIYHBI MHWHeEpad Xeox, O00pa30oBaBIIMXCS
B BuIe TmceBaoMop}ho3 MHUHepaloB ceMeiicTBa KpeMHe3eMa M0 KOHKPELUSIM
anruapura LlenrpansHoit wactu CIIIA [263]. OH BcTpeyaeTcs B CKPBITOKPU-
CTaJUIMYECKUX arperatax Ha KpUCTa/jlax KBapla WIA B BUae CYOMUKPOCKOIIH-
YECKUX NEHIPUTOB B POMOODIPUUYECKOM KaJbIIUTE.

M3BecTHB TakXe ciaydyan oOOpa3oBaHUs TOHYAWIIMX T[UJIEHOYHBIX JEH-
IPUTOB OKCUIOB MapraHlla, pa3BUBAIOIIMXCS B IO3MHUX TPEIIMHAX B XaJlie-
moHe (arate). OTUM TyTeM o00pa3yloTcs UWHOTIAAa BechbMa CBOeOOpa3HbIe
JNeKopaTuBHbIe MOXOBUKU ((doTo 68).
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MOXOBBIE ATATBI U1 ITPOBJEMA
MEMBPAHHBIX TPYBOK

MoOXOBBIMM araTaMu, WM TPOCTO MOXOBUKaMH, Ha3bIBAlOT aratbhl (4acto
XaJIleIOHbI) C MOXOBMIHBIMU BKJIIOUEHUSIMU 3€JIEHOr0, KOPUYHEBOrO, YEpHOIO
WM uHoro iBerta. [loHsTHMe MOXOBOW araT, WJIM MOXOBHUK, BOCXOAUT K TIpei-
CTaBJEHUSIM MHUHEPaAJIOroB TMPOILLIOTO O BKJIIOYEHMUM B XaJledoH (arat) Mxa
pacTUTEIbHOTO TpPOMCXOXIeHus. Hamo ckaszaTh, YTO OTH MpenCTaBIeHUsS] OKa-
3aJIUCh OOBOJBHO XuByunMH, M B XVIII B. MHorume ydeHble Bce ellle MpUIEp-
KMBAJUCh MOJAOOHONW TOYKU 3PEHUS.

IlepBbIM cepbe3HOW KPUTHKE TMOABEPT OTHU MPEACTaBICHHUS, OYEBUIHO,
M. Kommmau [164], oOpaTuBLINiI BHMUMaHKE HE TOJIBKO Ha MOP(OIOTHMYECKOE
paziuyue BKJIIOYEHHWI B MOXOBMKAax, HO WM Ha TO, YTO OHM CJIOXEHBI XeJe-
3MCTBIM  BEIIeCTBOM — [ocCje ApoOJieHWs] MOXOBHMKa 4YacTh €ro BellecTBa
MPUTATUBANaCb MarHUTOM. TeM He MeHee IMpeacTaBieHUss 00 OpraHUYeCKOM
MPOUCXOXICHUN BKJIIOYEHUI B MOXOBMKAX BBICKA3bIBAJUCh MHOTMMU YYEHBIMU
M BCTpeyYalUCh Ha CTpaHUIAX Y4eOHMKOB BILIOTH n0 cepeauHbl XIX B. Toxbko
mocjie Toro Kak Boinia pabora ®. Teprenca [183], mokaszaBuiero O6oJbIIOE
MopdoJIOTUYECKOEe CXOACTBO BKJIOYEHHI B MOXOBMKAX C TaK Ha3bIBAeMBIMU
«XUMUYECKUMM camaMu» («CUJIMKATHBIMU pacCTeHUSMU»), OOpa3yloIUMUCS
B pe3yjbTaTe peakLUid pasjd4YHBIX CoOJIeli ¢ pa30aBleHHBIMU pacTBOpaMU
pacTBOPMUMOIO CTeKjJa, C TMpeacTaBIeHUsIMU OO0 OpraHWYecKOW mpupoe
BKJIIOYEHHUIT B MOXOBHKAaxX OBbLIO OKOHYATEJbHO MOKOHYEHO.

Unen ®. T'eprenca 6vutm pa3Buthl A. [Ipumna3om [230], I'. KBunke [232,
233], P. D. Jluzeranrom [205], II. II. Mwuaunenko [87], ®. B. YyxpoBbM
[131], yTBepAMBLIMMM UX KaK pPYKOBOISIIME TIPU PACCMOTPEHUU TPUPOIB
MOXOBUKOB. B pe3ynbraTe Bce MOXOBUKM CTajd CYUTATh MPOAYKTAMHM o0Opa-
30BaHUsI B CTyIHE KpeMHe3dema MeMOpaHHBIX TpyOOK W UX cKoruieHuid. [lpu
9TOM Ha jAeTaju MOp(OJOTHUYECKUX OCOOEHHOCTE# BKIIOYEHUI B MOXOBHUKAX,
TakXe KaK W Ha TaKOBble CTPOEHUSI OCHOBHOM MacChl MeMOpaHHBIX TPYOOK,
NOJIXKHOTO BHMMAaHUsI, KaK MpaBWio, He oOpalianoch. B To e Bpems BKiIOYe-
HUsS B MOXOBHUKAX OKAa3bIBAIOTCSI Pa3HOPOAHBIMU IO CTPOEHUIO U YCIOBHUSIM
o0pa3oBaHMs, U JaJeKO HE BCE M3 HUX MOTYT OBITh COMOCTAaBJIEHBI C «CHUJIUKAT-
HBIMU PAaCTEHUSMU».

B KkauecTBe THUIMYHOTO MOXOBUKA, BKJIIOYEHUS B KOTOPOM OOBIYHO
TPaKTYIOTCSI KaK MeMOpaHHbIe TPYyOKU, MOXHO IpHUBECTH oOpasell, MOKa3aH-
HbIE Ha ¢oto 84. Bousbliasg ero 4yacTb OKpalleHa 3eJeHBIMU MOXOBMIHBIMU
BKJIIOUEHUSIMU, «TIPOTTUTAHHBIMU» U CIEMEHTUPOBAHHBIMU  30HAJbHO-
KOHIICHTPUYECKHUM XaylenoHOM (aratom). JlJasi HMX XapaKTEepHBI OTIE/IbHBIE
TOHKWE TPYOKM, WHOTIAA W3TUOAIOIMMEcs W BETBIIIMECS BO MHOTUX MeECTax,
1 UX KIy0KooOpaszHble (MOYaJTKOBUAHBIE) cpacTaHus (cMm. puc. 78).

HWuorga Takue o6Opa3oBaHUs BBITIAIIT Oojiee TIPYyOBIMU, YTO TO3BOJISET
OTYETJIMBO pa3o0paThbcsi B OCOOEHHOCTAX HUX CcTpoeHust u ¢GopMbl. B sTom
OTHOILIEHUM OOJBIION WHTEepeC TMPEeACTaBIsSIOT o0pa3lbl, IMOKa3aHHble Ha
¢oto 77, 80, 81, Ha KOTOPHIX 3HAYMUTEJIHHO JIy4llle BUIHBI OETald CTPOCHHUS
MOXOBUIHBIX BKJIIOYEHHUI W MX B3aMMOCOOTHOIIEHWH C XaJleIOHOM.

B mepBoM M3 TepedyMCICHHBIX O0pa3loB 0COOOr0 BHUMAaHUS 3acCiIyXUBAOT
YYaCTKM C IMapajjebHO-CAOUCTHIM (OHUKCOBBIM) CTPOCHHMEM, ITO3BOJISIIONIUM
OPUEHTUPOBATh MX B TMPOCTPAHCTBe. MOXOBble 000OCOOJIEHHMSI B HEM IIpEeICTaB-
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JIIOT COOOM MOYaJIKOBUAHBIE arperaTbl M3 TpyOuyaThIX OOpa3oBaHU MeHee
1 MM B mornepeyHHKe.

HccnenoBaHve #X TMOA MMKPOCKOMOM OOHApyXWBaeT, YTO OTH TPYOKH
MHOTOCJIOMHBIE. B WX LIeHTpaJbHOW YacTH HAXOIATCS TOHYalluMe TpyGYaTbie
00pa30BaHUsI TEMHO-3€JIEHOTO IBeTa. DTH TPYyOOUKM 3aKJIIOYeHBbl B CBOeOOpas-
Hble «yTIsIpbl» MPO3pAavyHOro XajiledoHa, HMeEIolMe MeJKOCHEepOoTUTOBYIO
nmoBepxHocTh. Ha HUX B CBOIO oYepeab HapacTaeT elle OAWH CJION CBETJIOTO
MPO3payHOro XajlllefoHa, nocTuraloimuii 2—3 MM  ToinmuHbl. [Ipu 3TOM
MOBEPXHOCTh BHEIIHEro  XajllleIOHOBOrO  «(yTiasipa» OKa3bIBaeTCs TakKXe
MeJKOC(EepOoanTOBOM, XOTS paauyC OTHEIbHBIX €€ CGhepoJUTOB 3HAYUTEIbHO
GoJiblile  pagumyca CHEpoIMTOB MEPBOro XajleJOHOBOTO «pymisipa», U UX
ouyepTaHMsl KakK Obl CTJIaXXHWBAIOT OYEPTAHUS IEPBBIX.

B HeKOTOpBIX Ciay4dasgx BHYTPEHHMI «(yTIsp», MOKPBHIBAMOIIUI TOHYAIINE
3e¢JIeHble HUTH, MMeeT HempaBWJIbHO-CHEPOJUTOBYIO MOBEPXHOCTb C OOJBIIUM
YUCIOM MEJIKUX TIUIOCKOCTEe, HAMOMUHAIOMMX TPaHU OTACIbHBIX MEJIKHUX
poMboaapuueckux (?) KpUCTAIUKOB.

XapakTepHass OCOOEHHOCTb TOHYAWINIMX 3€JIEHBIX HUTel (Tpybouek),
HaXOMSIIMXCS B OCHOBAHUU OIMUCAHHBIX 0Opa30BaHU,— PUTMUYHO-SIYCUCTOE
(4eTKOBUJHOE) HUX CTPOEHHME W OOJIbIIOE YUCIO Pa3BeTBACHUI, MPUBOISIINX
BO MHOTMX MeCTaX K BO3HMKHOBEHWIO CIYTAHHO-TPYOYAThIX CKOTUIEHUU WU
K 00pa30BaHUI0O MHOTOYMCIEHHBIX OOBEMHBIX 3aHaBeCEei.

I[ToMMMO OMUCAHHBIX MHOTOYMCIEHHBIX TPYOOK CPaBHUTEJIBHO IPOCTOrO
CTPOEHMSI B MOXOBBIX aratax MHOTAA BCTpPEYalOTCS 3HAYUTEJIbHO OoJiee
croxuble Tpyoku. Tak. II. Il. [IuiumeHKo oOMUCHIBaeT TPYOKU, COCTOSIINE
M3 WIeCTH TOCJIeN0BaTeIbHO HapacTalolluxX Apyr Ha japyra 4dexsoB. Kacasich
HUX CTpoeHusi, oH mnuimer: «Ha mnpomonbHOM pa3pe3e TPYyOKM BHUICH TOHKUI
cjerka W3THOAIOIUICSI CTepXeHb 3XEeJTOBAaTO-3eJeHOro I[BeTa THIAa BUPUIU-
Ta*, ciabo MeMCTBYIOIIMI Ha TMOJSIPU30BAHHBIN CBEeT. DTOT CTEpXeHb MOMEIIEH
B uyexjie U3 JYYUCTOTOo LEOJUTa C KPOMKOW CHJIbHEE MOJSPU3YIOLIEro Xailemao-
Ha, B CBOI0O oOuepelb OXBAaYeHHOM W3O0TPOMHON TPYyOKOM amMopdHOTro Oypo-
BaTOTO OIaJOBOrO BelIeCTBa, IMepexoiasiiero 06iu3 nepudeprun B TOHKYIO
30Hy OypoBATOTO XallllelOHa, Jajiee B LIMPOKYID 30HY COBEPIICHHO CBOGOIHOTO
OT BKJIIOUEHUI OECIIBETHOTO XasllefoHa WM, HAKOHEIl, B OJHY WIN HECKOJbKO
30H Ceporo xajleaoHa, 60raToro HemnpaBUJIbHO-OKPYIJIBIMU YelIyiiKaMy OIajo-
BOTO BeElIECTBA.

TakuM o06pa3oM, MpHU HUCCIEIOBAHUM B TMOJSIPU30BAHHOM CBETE MPOIOJIb-
HBIi pa3pe3 MOXOBUAHOW TpyOKM Bcerma pacrajaeTtcsi Ha J[Be TIJIaBHbIE
YaCTU: ULEHTPaJbHYIO, HM30TPOMHYIO WJIM IOYTH U3OTPOMHYIO («CTEPXEHb»),
U nepudepuveckylo, COCTOSIIYI0 M3 psiga KOHIEHTPUYECKMX KOJell Xalle-
JIOHa, TIepBOEe Cpead KOTOPBIX BcCerma OeCHBETHO W COCTOUT U3 YMCTBIX
JINCTOYKOB XaJledoHa...

IMlo nnvHe <«BUPUOUTOBBIN» CTEPXKEHb MaeT HEPEAKO HECKOJbKO OTBETBIIE-
HMII C TOW Xe CTPYKTYpO#l KOHILEHTPUYECKMX 30H; MHOTHA CTEPXKEHb IO JUINHE

* BemectBo, ommcbiBaemoe I1. I1. IMwimmeHKO Kak <«BUPUIUT», Cyds IO paboTe
I'. II. bapcanoBa u M. E. SIkoBneBoii [11],— BO3MOXHO, CEIaIOHUT, W3MEHEHHBIA
B HOHTpoHUT [93].
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pacrmamaeTrcs 4YeTKOOOpa3HO Ha OTAEIbHBIE TOYEYHBbIE 3BEHbS HEMPABWIHLHO
okpyrioit (opmbl. Ha HekoTopbIx mmudax CTepXHU BMECTE C OKPYXAmOIIUMHU
UX 30HAMU-TPYOKaMM MUMEIOT COBEPIIEHHO MPSIMOJUHEWHYI0 TO JIMHE DOpMy U
He HAIOT HMKaKUX OTBeTBIeHMil» [87, c. 290].

AXypHBIE 3aHaBeCH, COCTOsSIIME U3 TPyOYaThIXx OOpa3oBaHUil, WMEIOT
WHOTJAa OKpYIJIoe 3aBeplieHWe CHU3y M ToTda BCS CUCTeMa TpYyOOK TMpeBpa-
IAaeTcss B CBOEOOpa3HBI aXypHBIA «MeIIoK». I[lomoOHass KapTUHA XOPOILIO
BugHa Ha ¢doTo 75. 3mech MPOSBIEHB TPUYPOUYEHHOCTh CHCTEMBI TpPYyOOK
K KpOBJIE MUHAQIWHB (OPUEHTHUPYETCS 1O OHUKCY B INOHHOW 4YacTW) W JAeTaiu
CTpOeHUS TOA0OHOTO TpyboaxypHOro 3aHaBeca-Mellka (clepeaud CHU3Y OH
yacTuyHo couutnudonaH). OOpamaer Ha cebS BHUMAHUE TaKXe <IIOTPyXKe-
HHUEe» 3aHaBeca B CJIOW TIPO3payHOTO XalledoHa U OOpacTaHWe TIOCIEIHErO
HOBBIM C(EepOJIMTOBBIM CJIOEM, CTJIaXUBAIOIIETr0 OYEepTaHUS 3aHaBeca U Ha-
MEYalollero JeJieHWe  MUHAAIMHBI CHU3Y Ha JIBE  CaMOCTOSTEIbHBIX
YacTu, pasjuyalonurecss ypoBHEM TMapasijieIbHO-CJIOUCTOTO (OHUKCOBOTO) Xaj-
1eIoHa.

Eme Oonee oTYeT/IMBO JNelieHWE MUHIAJIVUHBI Ha [JBE CaMOCTOSTEIbHBIX
yactTu TpybOTpyOuYaTsiM 3aHaBEeCOM BUIHO B o0paslle, TMOKa3aHHOM Ha
doro 76. 3mech 3aHaBeC TaKXe CIYyCKAeTCs] C KPOBAM MUHAAJIMHBI U TPYOKH,
cllaralomue ero ¢ mnepudepun, MOKPHIBAIOTCS 30HAJbHBIM XaJllEeMOHOM, yBe-
JINYUBAIOIIMM TOJIIMHY W TPOTSIXEHHOCTh 3aHaBeca, OTHAEJbHbIE 30HBI KOTO-
pOrO TIOBTOPSIIOT, TIOCTENEHHO CIJIaXWBasi, IOBEPXHOCTb TPyOOoK. WMeHHO
TaKOW XaJIleJOHOBBII 3aHaBeC, B OCHOBE KOTOPOTO HAXOAUTCS CUCTEMa
TpyOuYaTBIX arperaToB, JMAEJIUT araT BBEpXy Ha JBE YacTH, paszjindaloliue-
csl BBICOTOM OHUKCOBBIX TIPOCJIOEK WM TPUCYTCTBMEM B OIHOW M3 4YacTel MIu-
pOKOI 30HBI KBaplia, BXOISIIEl B COCTaB 30HAJIbHO-KOHIIEHTPUYECKOTO BbI-
TOJIHEHUSI.

Kacasgcp ocobeHHOcTeli Mopdojorun TpyOYaTEIX O0Opa30BaHUIl 3TOrO
arata, TOMYEPKHEM, YTO OOJBIIMHCTBO W3 HHUX OTXOOUT BEPTUKATBHO WIA
MOYTU BEPTUKAJIBHO BHU3 OT TJIaBHOW OyrooOpasHoit TpyOKu, IpencTaBisioleit
Kak OBl OCHOBY 3aHaBeca.

OueHb cBOoeoOpa3HbIe TpyO4yaThie 0Opa3oBaHUS, MMEIOIIME CTPOTO BEPTU-
KaJlbHYyI0 OpPUEHTUPOBKY, CBEIIMBAIOIIMECS C KPOBIM MUHAAJIUHBI, ObUH
oOHapyXeHBl B o0paslle, IMOKa3aHHOM Ha ¢oto 74. 3mech OTHEIbHEIE TPYOKH
XapaKTepu3ylTCcs OOJbIION TOJIIMHOW W TEMH Xe€ OCOOEHHOCTSIMU TIOBEPX-
HOCTH, 4YTO OINUWCaHHBIE BHIIIe. B HUX, omHako, HeT 0ojee TOHKUX 3eJIEHBIX
TpyOUYaThIX OCHOBAaHWUUN, M WX CPEIHSAS YAaCTh BBIMIOJTHEHA 3€PHUCTBIM OIaJIo-
MONOOHBIM BEIIECTBOM, MPOKPAIIEHHBIM IO MEX3€PHOBBIM TPEIIMHKAM B KOpUY-
HEeBaTO-KpacHBIN 1BeT. [IpuMeyaTeslbHBIMU OCOOEHHOCTSIMU TPYOOK 3TOTO
obpasia SIBASIOTCS: a) HEMOCTOSIHHAs TOJIIMHA MHOTUX W3 HUX; 0) coenu-
HEHUE HEKOTOPBIX BEPTUKAIbHBIX TPYOOK IpPYr C OPYroM C TIOMOIIbIO OoJiee
TOHKMX TIpOBUcCAIOIIUX (Jajiee TaKWe Y4acTKM Ha3bIBAIOTCS TPOBUCAMMU);
B) CBellMBaHUe Oojiee MEJKUX TpyOuyaThix 00Opa3oBaHMil C 0aIOHOOOPA3HBIX
MECT pasnyBa 0OoJjiee KPYIMHBIX TpyOOK M C TPOBUCOB, COCHUHSIIONIUX HEKO-
TOpbIE W3 HUX.

[ToMuMO OMUCAHHBIX TOJCTOTPYOUYATHIX 3aHABeCEd WM3BECTHBI M TOHKO-
TpyOuaTble 3aHaBecu. [lpu WX wuccienoBaHUM OOHApPYXMBAIOTCSI TaKxke
PUTMUYHO-STYEHCTOE CTPOEHUE OTHEIbHBIX TPyOok (puc. 90) u xapakTepHOe
MeTJIEBUIHOE CTPOEHUE 3aHaBeca, B KOTOPOM O0oJjiee TOJICThIE TPYOKM COeIu-
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Puc. 90. 3anaBec U3 meMOpaH-
HeIX (?) TpyOOK B XalenoHe,
BO3HUKILIMIA TIpY (HPOHTATHBHOM
saMelieH  (?)  XaJIleMOHOM
KanblmTa (?); XOpOIIO BUITHBI
PUTMUYHO-SIYEUCTOE  CTPOCHME
TpyOOK M STYEMCTOE 3aHaBeca.
Apu-borno, Monroms. YB. 10.

HEHbl Opyr ¢ JApyroM 0oJjiee TOHKMUMH TpyOKaMH, OOpas3yloIMMU KJeTdaTbie
STYerKHU *.

Jlo cux mop pedb IIa O MOXOBHMKax B ararax, FeHeTMYEeCKH CBSI3aHHBIX
c GazajnbTaMM M aHae3uTamMu. [Ias araToB U3 JUTOGU3 B PUOJIUTAX MOXOBUKHU
MeHee XapaKTepHbI, XOTsI Hu3pelKa MoJo0Hble 00pa30BaHUS TOMAnalTCs U
3necy (dporo 136—138).

Co6GCTBEHHO MOXOBMKM HE M3BECTHBI B aratax, CBSI3aHHBIX C OCaJOYHBIMU
MopofaMu, XOTsI, HalpuUMep, B IMOJOCTSIX BbIIIEJaYMBaHUSI CUJIUIUTOB Ha-
psily ¢ arataMu HM3BECTHBI CBOecOOpa3Hbie TceBaocTalakTUThl (dhoro 162),
OCHOBaHUAMU i1 (GOPMUPOBAHMUSI KOTOPBIX IOCIHYXWJIM OTHeJIbHbIE TOHKHE
TpyOKM, aocTuraipounime uHorma 6ojee 20 ¢cM B JIHAHY.

PaccMmoTpeHHbIe TPyOKM OOBIYHO TPAKTYIOTCSI KaK MeMOpaHHBIe TPYyOKH,
win Tpyoku [epreHca — mo ¢dbaMMIMKM KCCIea0BaTeNsi, BIEPBbIC IOJYYUBIIETO
HMX DKCTIEPUMEHTAIbHO. YUUTHIBasi GOJIbIIOE paclpocTpaHeHue TPyOOK BO MHO-
MX aratax, Ha TpelCTaBJIeHUsIX 00 o0pa3oBaHUM MX KaK MeMOpaHHBIX TPY-
0OK clieflyeT OCTaHOBUTHCSI IMOApPOOHEe.

* Ha ¢dorto 70 mokazana vacth obpasma ¢ MecropoxaeHus Lllypno, ommdarorie-
TOCsl T€M, YTO TPYOKM B HEM HAXOASTCSI B OTKPBITOM MPOCTPAHCTBE (IOJIOCTH) U TIPHOO-
pei cBOeOOpa3Hyl0 OPUEHTUPOBKY, MOTOOHYIO BUXPEBOMY IOTOKY.
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®oto 110. ®opMbl ceuyeHMs] LEHTPAJbHBIX MOJOCTeNl AUTOGU3, BBHIMOJTHEHHbIX araTom
(cm. takxe c. 251, 252, 253):

a, 6 — IMH30BUIHAsl, 6 — TpeyrojibHas, e — B Bule <«0aboukum», 0 — B BUIE MATUIYYEBOI
3Be3bl (CBETNO-XEIThIi MUHEpPal B MPaBOM M BEPXHUX Jydax 3Be3abl — GI0OPUT); TUTODU3BI
Ha ¢oto a, 6, 6, ¢ umeloT Genb3UTOBYIO, a Ha (GOTO 0 — OTUETAUBYIO CHEPOTUTOBYIO CTPYK-
Typy BHeEIIHed dvacTu (CKOPJIYMbl, KOpbI); a, 6 — AiiHabGynakckoe wmectopoxaenue, KaszCCP,
6 — Asry3, KasCCP, ¢ — I'mayxay B okpectHoctu Dpaiibepra, 1P, 0 — Tapbanbaxeit, Yutuu-
ckast 06a. a — 7,5X7 cm; 6 — 14,0X 14,5 cm; 6 — 8,5X7,0 cm; e — 5,2X5,0 cm; 0 — 12X9 cwm.
a — Ne 83215; 6 — Ne 83219; 6 — Ne 83214; e — Ne 7230 IIAK; 0 — Ne 83230.
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®oto T10. OxkoHuyaHuUE
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®oto 111. AueHTpuyeckasi MOJOCTb C CEPIOBUAHBIM CEUYEHHEM B JUTO(U3E, BHITOJHEH-
Has aratom. Oite-Jlaryna panyo, Mekcuka. JuuHa 14,5 cm. Ne 6452 TIOK.

®oto 112. LleHTpaidbHasg M aLEHTPUYHAsI IOJOCTU, MHUHEPAIU30BAHHBIE XaIlEIOHOM U
KampuuToM  (0emoe) B Genb3UTOBOM nuTOGU3e — «TMa3 ¢ OpoBblo». AlfHaOynak,
Ka3zCCP. 12,0X11,0 cm. Ne 83266.
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]

®oto 113. MuHepanuzauusi MOJIOCTEH CMEXHBIX JTUTODU3:

a — KBa3MMICHTMYHOE BBINOIHEHHUE MOJIOCTE!l OHMKCOBBIM aratom; § — BBINOJHEHWE ONHOW TO-
JIOCTU OHUKCOBBIM araTtoM, Jpyroii — KBapieM U KadbuuToM. AiiHaOynak, Ka3CCP. a —
7,5X6,5 cM; 6 — 9X6 cM. a — Ne 84529; 6 — Ne 83220.
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®oro 114. Jlutodusa ¢ JIyKOBHIIETIOMOOHBIM CTPOEHMEM, IO3Xe pa3opBaHHas ¢ obpa-
30BaHUEM KPYMHOW LEHTPAJIbHON IMOJOCTHU:
a — obumii BuA oOpa3lia: 3aMETHBI YLEJEBIIMH YJacTOK JIYKOBHMLIETIONOOHOTO CTPOCHMS U
(parmMeHTbI, OTOpBaHHBIE OT MPEABIAYLIETO yYacTKa; 0, 6 — AeTalu CTPOCHHUS: 0 — YLENEBLINI
Y4acTOK JTyKOBULETIONOOHOTO CTPOEHUS; 8 — OAMH U3 OTTOPXKEHIIEB OT JIyKOBULENONOOHOM -
Toussr; a — 5,5X4,5 cm; Anrona. No 83762.
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®oro 115. Aratel U3 PHOJUTOK

a — Tapbanpmkeit, YutunHckas o061, 13,0X8,0 cwm.
10,5X6,5 cm. Ne 84760.
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Memb6paHoii Ha3bIBAlOT TIEPETOPONKY, HEMPOHWIAEMYIO XOTsS OBl s
OIHOTO BWIA TPUCYTCTBYIOIIUX B cuUcTeMe HOHOB [59]. MewmOpaHb MoOryT
BO3HUKATh TMpPU PA3TUYHBIX XUMUUYECKUX peakiusx, B TOM YHUCIE MEXIy
HEOPraHMYECKNMMM BelleCTBaAMM, TPUBOIS K BeChbMa WHTEPECHBIM TIOCIENCT-
BusiMm. Tak, B ombiTax @®. Teprenca [183], koTropbie OH IPOBOAMI elle IO
CO3/IaHUSI TIPENCTABJICHUN O TMOJYNPOHUIIAeMbIX MeMOpaHax, MeMOpaHBI BO3-
HUKaJIM, HApuUMep, B pe3yJbTaTe peaKkiMu KPUCTAJJIOB XKEJIe3HOro Kyrmopoca
¢ pactBopoM Na,SiO,. @. T'epreHc Tak ONUCBHIBAET pPe3yJbTaThl OIbITa IOCIE
MOTPYKeHUS KpUCTaj/la 3XEJe3HOTO Kyropoca B pa30aBJIEeHHBII pacTBOpP
Na,SiO,: «Kpucramn MrHoBeHHO monBeprajcs BosfeiicTBUIO (pacTBopa Na,
SiO, — Aém.) mo Bceil cBOeil MOBEPXHOCTU U IMOKPBLIBAJICA OYEHb TOHKOU 000-
JIOUKOI W3 3€JICHOBATO-KOPUYHEBOTO KPEMHEKMCIIOTO keje3a. DTa 000Ji0uKa
OKpyXaJla TBepABIN KpUCTaJl, Hamomobue my3bips. biaromaps sHmocmocy mox
Hee TIPOHUKAJNO Bce Oosbliee U OoJiblliee KOJTWYECTBO BOIBI M3 pacTBOpa
KUIKOTO CTEeKJa, TaK 4YTOo 000JiouKka, 3aIloJIHEHHas XUIKOCTbIO, CKpbLIa, Ha-
KOHeIl, KOHTYpBhl KpuCTajia. 3aTeM u30upaTesbHOE pacTBOpPEHHWE Kyropoca
Hayajo MpOPHIBaTh B OTHEJbHBIX MECTaxX 3alIUTHYIO OOOJIOUKY U YCTPEMIISITHCS
BBEpX B TSXeJNOoM XuaAkoMm cTekiie. C MOMEHTa TMpOphIBa CHOBAa TPOUCXOIMIO
B3aMMOJICICTBUE pacTBopa cysibdara Xejie3a U KPEMHEKHUCIOTH U TOAHUMA0-
masicsd KarJisl Tocje BbIXOJAa HapyXy TakKXe MOKpbLIach 000JIOYKON KpeMHe-
KUcioro xeje3a. biaromapss 3TomMy obpa3oBanach 3aKpbiTasi CBEpXYy KOpHWYHE-
Bas TpyOouka, KOTOpasi OBICTPO pocjia BBEPX IO BBIXOIA Ha MOBEPXHOCTh PacT-
BOpa XMAKOTO cTekjaa. Tpyboukw mmenu tommuuy 0,5—1,5 MM; U3 Kpucramia
BeIMYMHOW | CM B OAMH M TOT XE& MOMEHT BOCCTaBajio NMpPUMEPHO 5 U Ooiee
TpyOOUeK, TMOKa OT MecTa, I[e OH JiexaJ, He IMOJAHUMAJICS BBEpX ILEJNbIiA ITy-
YOK TPYyOO4YeK, MOCTUTAIONIUN TOBEpPXHOCTU Xuiakoctu». W manmee: «He Bcerma
pPOCT 3TUX HUTEW TPOUCXONWIT B omauMHaKoBou ¢dopme. OH 4YacTo OCTaHABIU-
Bajics. BepxHuWilI KOHEI HWTU HECKOJbKO Habyxajn, M B Haubojiee TOHKOM
MECTE €ro IMPOPBIBAJIO XWUAKOE COAEPXKMMOE, TOCJe Yero M3 HEero HauMHaIoCh
obpazoBaHME HOBOW, yalle Bcero 0ojiee TOHKOW TpyOOuKM... Onarogapsi 0o-
KOBBIM TPOPhIBAM WHOTIA BO3HUKAJIM BETBJICHUS... B MOMEHT BIUBaHUS B
pacTBOPUMOE CTEKJIO KOHIIEHTPUPOBAHHOIO pacTBOpa XEJIe3HOro Kyrmopoca
YacTO BO3HUKAET NYYOK CIIYyTAaHHBIX TIOJBIX YepBeOoOpa3HBIX HUTEH, BOKPYT
KOTOPBIX TIO3[HEE TPU WU3BECTHBIX OOCTOSTEIbCTBAX MOXET pacIoyiaraThCs
TBepaass KPEeMHEKUCIOTa B BuUjae omnajna. Ecim ¢ pacTBOPUMBIM CTEKJIOM B3a-
WMOJIECTBYIOT pa30aBJieHHbIE pPAcTBOPBI KYMoOpoca, TO 4Yalle BCEro BO3HU-
KaeT KJIyOOK TOHKHUX, HEIMPaBUJbHBIX TOJBIX HUTEH, MOXOXUIl Ha TyOKy st
BaHHBI» [183, c. 801].

3ammTHass 000I0YKa Pa3mMyBaeTCsl BCICACTBAE OCMOTUYECKOTO NAaBJIEHUs TIOf JEHCT-
BAEM MOJIEKYJI BOIbI, TPOHUKAIONIMX CKBO3b MEMOpaHy, HE TIPOITYCKAIOIIYI0 KPYITHBIX
TTOJIMMEPHBIX «MOJIEKYl> KPEMHEKHMCIIOTHL. YCTpeMJIeHEe BBEpPX pacTBOpa Coiv (B JAHHOM
ciyqae FeS0,) uccnenosarenu nocine @. I'eprenca cBa3plBaad € pasaiuM4yusIMU IUIOT-
HOCTM pacTBopa Kyropoca (IDUIOTHOCTb OoJjiee HU3Kas) W BMEIIAIOIIETO PacTBOpa CHU-
JINKATHOTO cTekyia (IUIOTHOCTh Oojiee BbICOKast). B TO ke BpeMsi B KayecTBE <«IIOIBEM-
HOI» CWJIBI, 3acTaBJSIIOLIE MeMOpaHHYIO TpPYOKY TSIHYThCSI BBEpPX, BO3MOXKHO Oosiee
CYIIIECTBEHHYIO POJIb UTPAET HEOOJIBIION BO3MYIIHBIA ITy3bIPEK, OOBIYHO OOpa3yHOIIUIiCs
y BepumHbl Tpyoku. Ha Hero obparmwn BHmMaHue eme A. Ilpumn3 [230]; B Hammx
ONbITaX BCe TPYOKW MMEJTM BBEPXY TAKOW ITy3bIpeK, BO3HUKAIOIIMII CKOpPEEe BCETO 3a CUET
BBIIIEJIEHUsT BO3IyXa U3 PacTBOpa TPW KPUCTALTM3AIIMM HepacTBopuMoii comu. [Ipencras-
JIAeTCSI, YTO POJIb 3TOTO TIy3bIpbKa B IBWOKEHWM MEMOpaHHOU TpPYOKM MOXKET ObITh
BecbMa CYIIECTBEHHOM, XOTS IO CUX TIOp HUKTO €My He TIpWaBajl MOJAOOHOTO 3HAYEHUSI.
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OnuceiBasi pe3yabTaThl MoBTOpeHUs omnbiToB @D. Teprenca, P. D. Jluze-
ranr [205] ormeuan, 4yro eciu OpaTh pa3baBiaeHHbI pacTBop Na,Si0,, MOXHO
MOJIyYUTh MHOTOKpATHOE TeperuieTeHue HutTeid. Kpome Toro oH mucain, 4to Te-
nepb (mociae oOpa3oBaHUSI MeMOpaHHOW TpyOKM) HacTymaeT AajbHEUIIMi
obMeH mniyTeM audby3un uepe3d CTeHKM HuUTel. biaaromaps 3ToMy BOKpyr
HMX OCaXJaeTcsl KpeMHEKHMCI0Ta. DTO MPUBOAUT K TOW KOHILIEHTPUYECKOM IMOC-
JleoBaTebHOCTU 060sI04eK, KoTopyio omucan ®. Ieprenc. OHa COOTBETCTBYET
obojsioukaM (mosicaM) B MOXOBBIX araTtax, OKpPYXalollMM BHayaje OTAeJbHbIe
HWTH, 3aTeM JBE U OOJIbIIEe UX YMCIO.

Janee ObLIM TOJydeHbl MeMOpaHHble TPYOKM TIPU B3aMMOACHCTBUU GOJIb-
LIOro 4ucia BellecTB, Hampumep, pactBopoB Na,Si0, u K,SiO3 c¢ kpucrasia-
MU cyibdaroB u ranmoreHuaoB Cu, Co, Ni, Mn, Fe u np. [232, 233]. Hapsny
C 9TUM OBLIM IIOJIydeHbl MeMOpaHHbIe TpPYyOKM M 0e3 NpUMEHEHUs CTyaHel
cunukatoB K u Na, nanpumep, tpyoku Cu,[Fe(CN),], obpasylouuecd B pe-
synbrate B3aumopmeiictsust K,[Fe(CN)6] u CuS0,-5H,0 [261], Fe,[Fe
(CN),] wu Ni,[Fe(CN),] — B pesyaprate B3aumoneiictsus K,[Fe(CN)6]
¢ FeCl, u NiCl, [232], Tpyoku CaCO3 — npu B3aUMOAEHCTBUU KYyCOUKOB COIbI
¢ pactopom CaCl, [233] u ap.

OcoOblif MHTEpec MpeacCTaBisieT peakius B3aMMOIEHCTBUS PacCTBOPUMOTO
crekia ¢ FeCl,, B pesyabrare KOTOpoil o00pa3yloTcs MeMOpaHHbIE TpPYOKMU
u3 KpemHekuciaorel. Kacasice atoii peakuuu, P. 3. Jluzeranr [205] nwuuer,
YTO OCOOEHHO OBICTPO M KpPAacUMBO BO3HMKAIOT KpPYIHbIE 4YepBeOoOpa3HbIe BbI-
NeJIeHUsI, eclii B KOHIEHTPUPOBAHHOE WJIM cJiabo pa3baBiieHHOE PacTBOPUMOE
CTEKJIO OpOCHUTh KyCOUeK XJIOpHOro xejesa. O0ojouka TMpPU 3TOM COCTOUT U3
KPEMHEKUCIOThl. BbiaenuBiiasics (TMAPOIUTUYECKM) U3 XJOpuAa Xeje3a Co-
JITHasi KUCJI0Ta TPOXOAUT 3Ty OOO0JIOYKY M HaKalJuWBaeTcs BHE KpeMHe3ema
(mpoponxass rugponusoBaTh Na,SiO, c¢ o6paszosanuem Si0, u NaCl). Bo
BHYTPEHHEIl 4acTM BO3HMKAeT TMAPOKCU[ XeJe3a.

Haxkone1r, Kacasgch MOp(hOJTOTMIECKUX OCOOEHHOCTE MeMOpaHHBIX TPYOOK,
HagO0 OTMETUThb eIle OAHY XapaKTepHYI0 MX YepTy — PUTMUYHOE YIJIMHEH-
HO-YETKOBMIHOE CTpPOEHHUE, CBSI3aHHOE C TNYJbCAlMOHHO-PUTMHYHBIM HX
pocToM. OTO 00CTOATENbCTBO 3apukcupoBaiu B pucyHkax A. Ilpunsz [230],
I Keunke [232, 233], C. Jlemox [203], u orpaxenHo ®. B. YyxposbsiM
[131]. IToaTBepxXIeHO OHO M HAIIMMHU OIBITAMM II0 IOJYYEeHHI0 MeMOpaHHBIX
TPYOOK 3ajMBaHUEM KPUCTANIMKOB XXEJE€3HOTO, HUKEJIEBOrO WIM MEIHOTOo Ky-
nopoca CHJMKATHBIM (KOHTOPCKHMM) KJeeM, NpPEeICTaBISIOUIMM B OCHOBHOM
BonHbI pactBop Na,Si0, (puc. 91). OZHOBPEMEHHO OTME€YalUChb TPYOKHU C
reJIMKOUAANIbHBIM 3aKpyYMBAaHUEM UM MECTHBIE YTOJIEHUs (pa3ayBbl) TpyOOK
C TIOCJIENYIOIIUM BBIXOJOM M3 HHUX HOBBIX 0o0jiee TOHKMX MEMOpaHHBIX Tpy-
Oouexk.

HccnenoBanue MopdosOTMYECKUX OCOOEHHOCTE CHMHTETMYECKUX MeMO-
paHHBIX TpyboueK IMoKa3ajao, OXHAKO, YTO I HUX HE XapaKTepPHBI TUITUYHBIC
MPUPOAHBIM TPyOKaM B3auMoliepeceKalolluecss BEeTBJCHUSI, 00pa3oBaHUsS TuUIa
SYEUCTBIX 3aHaBeceil M TMpoBUCH. Kpome TOro, Bo BceX OMbITaX C TBEPABIMU
BellleCTBAMU OHU POCIM BBEPX OT IMOCJIEIHUX, YTO COTJIAcyeTcs C IMpeacTaBie-
HUSMU 00 MX POCTE 3a CYeT Pa3HOCTU IJIOTHOCTEl pPacTBOPOB MO 00e CTO-
pPOHBI OT MeMOpaHbl WJIM 3a CYeT IMOAbEeMHOW CHUJIbI Ty3bIpbKa BO3ayXa, 00-
pasylomierocs BBepxy TpyOkw. JIumb B HekoTopbiXx ombiTax [. KBuuke [233]
MeMOpaHHbIe TPYOKM TMOJIydaauch MPU B3aUMOIEHCTBUM pacTBOpa, IMOCTYIai0-
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Puc. 91. MemOpaHHble TpyOKM CHUIMKATHOTO COEAMHEHUWS MeIM, MOTyYeHHbIe MpU B3au-
MOJIEWICTBUM MEIHOTO KyINOpoca C CWJIMKATHBIM KJIeeM

a — obwuit Bua TPYOOK, MNOAHMMAIOIIMXCS BBEPX OT KYCOUYKOB MEIHOTOo Kyrnopoca, yB. 5;
6 — petanb cTpoeHus: Tpyoku, yB. 40.

ero B CTyOeHb IO TpyOOuke, MpUYEM B 3TOM cJIydae OHU pOCIU BHU3 OT
TpyOOUYKU, XOTSI TMPUYUHBI ITOTO OCTAIOTCS HEMOHSTHBIMU.

I[loaBoast uTor omucaHuilo MOPGOJOTHYECKUX OCOOEHHOCTE MeMOpaHHBIX
TpyOOK, TMOJIydyaeMbIX OMNBITHBIM MYTEM, M COINOCTaBIsSISl UX C HAOJIOAEHUSIMU
Haja TpyOouaTbiIMuM OOpa30BaHUSIMU B MOXOBBIX aratax, MOXHO OTMETUThb Cle-
aylolee:

1. MckyccTBeHHBIE MeMOpaHHbIE TPYOKM CXOOHBI C MOXOBBIMM 0OOpa3oBa-
HUSIMU B araTax IO HECKOJbKMM NpU3HAKaAM:

a) pe3KoMy IMpeobyialaHu0 UIMHBI HaJ TOJIIMHOM;

0) coXpaHEHUIO JUaMeTpa Ha 3HAYUTEIbHBIX OTpe3Kax;

B) YIJIMHEHHO-YETKOBUAHOMY PUTMHYHOMY CTPOEHUIO — HaOJomaeTcss He
y BC€X NPUPOIHBIX TPYOOK;

r) 30HAJTbHO-KOHIEHTPUYECKOMY CTPOEHUIO TPYOOK B TIOTIEPEYHOM Cpe-
3€; B MCKYCCTBEHHBIX TpyOKax 3TO HaOJfomaeTcss He Bcerna, XOTs IJisl TPYOoK,
nonyyaeMblx u3 Na2SiO, u FeCl,, oHo Tunu4yHO (CM. BbILIE).

2. B Mecrax pa3pbeiBa MeMOpaHHBIX TPyOOK IOSIBISIOTCS 6a/sIoOHOOOpa3-
HBbIE BBIPOCTHI, CJIyXalldue OCHOBAaHUSIMU [JII HOBBIX TOHKHUX MeMOpaHHBIX
Tpybok (puc. 91, 6 u doro 74).

3. MeMmOpaHHBIe TPYOKM 00pa3yloT JUOO0 IapajljIelIbHYI0 CHUCTEMY TPYOOK,
MMOMUUHSIONIYIOCS 3aKOHaM TpaBUTALIMU, JTUOO CITyTAHHO-BOJOKHUCTBIE MOYal-
KOBUJIHbIE arperaTthl, YTO OIpeAesIsieTCs YCJIOBUSIMU UX 00Opa3oBaHWUS.

4. JInsa WCKYyCCTBEHHBIX MeMOpPaHHBIX TPYOOK WM3BECTHO BETBJICHME, HAIlO-
MUWHaloIllee BETBJIEHUE PACTEHUUN, TMPOXWIKOB Ha JIMCTHIX U T. I, TOTAA KakK
Ha WCKYCCTBEHHBIX TpyOKax HaMW TaKue Ccjydau He Ha0JIogaiuch, XoTs
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oHnn omnucanbel P. D. Jluzeranrom [205] m Moryr mpenamoJaratbCsi Ha He-
KOTOphIX (poTorpadpusax, npuBomuMbix . KBunke [232].

5. Insg MCKYCCTBEHHBIX MeMOpaHHBIX TPYyOOK HE OTMEUYEHBI COEIUHEHUS
B BUJIE TPOBUCOB, CTOJb TUTMUYHBIE IJISI MOXOBUKOB.

6. MeMmOpanHble TpyOKM 00pa3syloTcs B pa30aBIIeHHBIX pacTBOpax HU3KO-
MOJIEKYJISIDHBIX BEIECTB, MO3TOMY OHU HE MOTYT OBITh NMPU3HAKOM OOpa3oBa-
HMS B CTYAHSIX, W JUISI JOKa3aTeJlbCTBa CYIIECTBOBAHWS IOCIETHUX (CTyI-
Heil) HeoOXOMMMBI NOTMOJTHUTEIbHBIE NaHHBIE.

IMpencraBasieTcss, 4TO MHOTME W3 TEPEYUCIEHHBIX pas3auuuili B Mopdo-
JIOTUA CUHTETMYECKUX U MPUPOJHBIX MEMOPAHHBIX TPYOOK MOIYT HailTu 0OBsic-
HEHUE, €CIM MPEeANOoJOXUTh, YTO MOCJIEAHUE MOTYT BO3HUKATh NMpU (PpOHTab-
HOM 3aMElLleHUHU KajbllMTa MHHEpaJaMu CeMelcTBa KpeMHe3eMa WU Mpu
pPa3BUTUM MEMOpAHHBIX TPYOOK MO IJIOCKOCTSIM cHallHOCTU KajabuuTa. MMeHHO
B OTOM cJyyae IMOJy4yaloTcsl SYEUCTble 3aHaBecu M (POPMUPYIOTCS TUMUYHBIE
U1 HUX TpyOuaTble MpOBUCH (CcM. puc. 71; 72) cTOJb CXOAHBIE C 3aHaBecaMu
u3 MeMbOpaHHbIX (?) Tpy6ok (cMm. puc. 90). I[lpuHsaTHe MogoOHOro MexaHu3Ma
o0Opa3zoBaHMsI MeMOpaHHBIX TPYOOK MOXET OOBSICHUTh TakKXe CBelIMBaHUE
MOAOOHBIX 3aHaBecei € KPOBIAM MHUHAAIWH, OTKJIOHEHME HUX TOJOXEHUS OT
HarpaBJIeHUs] CUJI TpaBUTALUU.

M3yyeHre TOHKOBOJIOKHUCTBIX arperatoB B araTtax, CBSI3aHHBIX C pHO-
JIUTaMU, TOKa3bIBa€T HE TOJbKO MX MPUYPOYEHHOCTb K CHUJBbHO U3MEHEHHBIM
yyacTKaM TMOpOJAbl, HO U TO, YTO B HEIMOCPEICTBEHHON OJM30CTHM OT MON00-
HBIX CKOIUIEHMI mopona (oA MUKPOCKOTIOM) yXe He MpeacTaBseTcs MOHO-
JIUTHOH, HO COCTOUT U3 IUIOTHBIX HUTSHBIX CKOIUIEHUH, aHaJOTUYHBIX CBe-
IIMBAIOIIMMCSI C TTOBEPXHOCTU €€ 00J0oMKOB (dorto 137).

Bce aTO HaBOAUT HA MBICb, YTO BHIIIEIaYUBAHUE PUOJIMTA WHOTAA TIPOUC-
XOIUT BeChbMa CBOEOOPA3HO C TPOSIBJICHUEM CIYTaHHO-BOJOKHUCTHIX 00pazo-
BaHWI, KOTOpPbIe BO3MOXHO CIYXWJIM CBOErO0 polla KPEMHE3EMHUCTHIM KapKacom
B HEU3MEHEHHOM CcTekyie. Takue TIpelcTaBJIeHUS TeM O0ojiee BEPOSTHBI, UYTO
SKCIEpUMEHTAIBHO YAaBaJTOCh TOJTYYUTh BOJIOKHUCTBIN <«Telb» KpeMHe3eMa,
HampuMep, MPU KUCIOTHOUW 00paboTKe CEemuoJiuTa, MpuieM OTAETbHBbIE BOJOKHA
TaKoro KpeMmHe3ema mocturanu 1,5 MkM mimHbl. Ha ¢oTorpadum, moaydeHHOM
C TIOMOIIbIO CKaHWPYIOUIETO 3JEeKTPOHHOTO MUKPOCKOIA, WX CKOIUICHUS Ha-
IIOMUHAIOT CIUIETeHHE TOHYAMIIMX MeMOpaHHBIX Tpy6okK [185], m He HUCKIIO-
YeHO, YTO OHM MOTYT CJIYXWUTh OCHOBOW 00pa30BaHWii, NMPUHUMAEMBIX 3a Ta-
KOBBIE.

IpeacraBieHne O WIMPOKOM paclpocTpaHEHUU B aratax MeMOpaHHBIX
TpyOOK HACTOJBKO pPacCIpOCTPaHUIOCh, YTO 3a HUX YacTO MPUHUMAIOT WHbIE
oOpazoBaHMs. M3 BaxXHEWIIMX OIIMOOK 3TOTO pola CleayeT OTMETUTh OTOX-
NIeCTBJIEHWEe C MeMOpaHHBIMU TpPyOKaMMu:

a) HACTBUIBHBIX JIAaBOBBIX COCYJIEK, Hambojiee TOHKWUX M Y3JIOBATHIX;

0) TOHKMX, OCOOEHHO aXXypHBIX JIABOBBIX TMEPEXMMOB, BO3ZHUMKAIOIIUX TPU
KOQJIECIIEHIIMM COCENHUX Ta30BbIX My3bipeil (doTo 85);

B) TOHKOAEHAPUTHBIX BPOCTKOB pa3JIMUYHBIX MHUHEpaJoB (TJaBHbIM oOpa-
30M TUAPOKCHUAOB M OKCHUAOB MapraHua M Xejesa);

r) pasiauyHbiX (GOpM XalleAOHOBBIX 3aHaBeced, UMM WU T. M., BO3ZHMUKAIO-
IMX TpU 3aMEeLeHUM XallleAOHOM KapOoHaToB (cM. puc. 69, 71, 72);

) TOHKOC(EpPOJUTOBBIX YEXJIOB, HANpUMep, a-KpUcTobajiuTa, TOKpPHI-
BaIOIIUX WTOJbYAThle KPUCTAUITBI MOPACHUTA W T. 1. MUHEPAJOB;
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€) HUTSHBIX PEJMKTOB, BO3HUKAIOIIUX B IMOJOCTSX BbIIIEJAaUMBAHUS CUJIH-
LIUTOB.

TakuM o0Opa3oMm, OTHeceHME TeX UM HMHBbIX 00pa3oBaHUil K MeMOpaH-
HBIM TpyOKaM KaxIblii pa3 TpeOyeT CHelualbHOTO MX MCCAeIOBaHMSI.

B 3akiioyeHue cieayeT OTMETUTb, YTO MOXOBUKM, XapaKTEepHU3YIOLIMECs
obuirmeM «MeMOpaHHBIX» TpPyOOK, WM3BECTHBI HajJeKOo HEe Ha BCEX araToBbIX
MECTOpOXAeHUsAX. Tak, OHU IIMPOKO pPACIPOCTPAHEHBI BO MHOTHMX araTOBBIX
MECTOPOXIEHUSIX MoHroauu (BOCTOYHAasl yacTb Xp. Apii-bormo, paiioH Kypop-
ta anan-Typy, Yayreii-Xua v Ap.), CpaBHUTEJIbHO YacTO BCTpPEYAlOTCS Cpeau
WnxeBaHCKUX araToB B ApMeHMM, araToB TyJIyHCKOTO MecTopoxaeHusi B by-
psatTuu. HanpoTuB, oHU He XapaKTepHbl MJsi MecTopoxneHuidi CeBepHoro Tuma-
Ha, Axanmuxckoro paiioHa I'pysCCP, oxkpectHocteit I[laBmomapa u AKTIOOWMH-
cKa, pocceineir mo p.3ee K wory or r. CBobomHoro, Mbica Illmunra Ha Yy-
KOTKe M okpecTHocTell moc. Ilamana Ha Kamuartke. JIJig araToB M3 PUOJUTOB
MOXOBUKM B LIEJIOM HE XapaKTEepHBI, XOTS H3peAKa B HUX OOHapyXUBaroTcs
MeMOpaHHbIE TPYOKUM. MOXOBMKM ¢ MeMOpaHHBIMU TpyOKaMu He HaOaomaloTcs
B aratax Hu3 OCaJOYHBIX I[OPOJ, XOTSI B HEKOTOPBIX TMOMOOHBIX MECTO-
POXAEHUSIX M3BECTHBI MpPEeKpacHble ICEeBAOCTANaKTUThl Ha JIMHHBIX, WHOTIA
MMPUXOTJIMBO M3OTHYTHIX MeMOpaHHBIX (?) TpyOKax.

IToMMMO MOXOBUKOB, TJIaBHYIO OTJIMYUTEIbHYI0 OCOOEHHOCTh KOTOPBIX
COCTaBJISIIOT «MeMOpaHHbIe» TPYOKM, M3BECTHBI TaK Ha3blBacMble CAareHUTOBBIE
araThl, KOTOpble HWHOrIAa MPUHUMAIOT 3a MOXOBUKMU. OHU XapaKTepHU3YIOTCS
MPUCYTCTBUEM TOHKOUTOJbYATBIX, 4Yallle paauajbHO-JYYUCTBIX, HWHOTAA IOYTH
CIYyTaHHO-BOJOKHUCTBIX OOpa3oBaHUii. B HalleM pacrnopsiXeHUM ObUIO BCEro
JBa TaKWX CareHUTOBBIX arata ¢ Apu-bormo, Moxroauss (doto 69), Urojb-
YaThli MUHepaJl B KOTOPBIX IOJHOCTBbIO 3aMelleH xanuuemnoHoMm. P. [leGuen
[226] oTMeyaeT TUMUYHOCTH CATEHUTOB JJISi MHOTUX BYJKAHOTEHHBIX MECTO-
poxnenuit CIIA u Mexkcuku, yka3biBas B HHUX B KauyeCTBE OCHOBBI ITyCTO-
TeJible aparOHUTOBbIE HWIJIBI, a KaK BTOPUYHBIE MUHEpalbl — CUAEPUT, PYTHII,
rétut, rurnc u OGaput. K coxXanleHUio, HaIeXHOW AMArHOCTMKU aparoHuTa u
OPYIUX TIepevyuciIsieMblX MHUHEpaJoB OH He MNPUBOAMT. B To ke Bpems oOHa
BBI3bIBAET COMHEHUsI, W TMpPEXIe BCEro B OTHOIIEHWU pPYTWIa, 3a KOTOPBIi
MHOTHE aBTOPbl MPUHUMAIM WIJIBI TETUTA; TPEOYIOT IMOATBEPXIECHUS W ApYyrue
Ha3BaHHbIE UM MWHEpAJbl.

XAJTHOEJOHOBBIE U KBAPII-XAJTITEJOHOBBIE
IICEBJOCTAJAKTUTBI U1 HUX POJIb
B CTPOEHUU ATATOB

CrajakKTUTOMOAO0OHbBIE 00pa3oBaHUsl B ITOJOCTSIX araTOBbIX MHWHIAJIUH M He-
MMOCPEACTBEHHO B aratax OTMedYaJluch MHOTMMHU wuccienoBarenasmu [87, 190,
205]. Ilpm »ToM, Kak mpaBWIO, OoOpaljaJoch BHMUMaHUEe Ha CBoeoOpa3ne UuX
CTpOEHUsI, BbIpaxalileecsi B HaJUYMU B LIEHTPAJbHOM CTEPXHEBOM 3JIEMEHTE
MOJIOW TPYOKM WJIM HUTSHBIX BBIAEJEHUN IPYroro MUHepaja U OCOOEHHOCTSX
chepoIUTOBBIX KOPOK, KOTOpble HApacTalOT Ha 3TU CTEPXKHU, 3aKJII0YAIOIIUXCS
B OJMHAKOBOW MX TOJIIMHE M 30HAJIBHOCTM B CTAJIaKTUTOMOAOOHOM 00Opa3oBa-
HMM U Ha CTEHKE, K KOTOpOW OHO Tpukperuisiercs. [lomuepkuBasi MOCIEIHIO0
nx ocobeHHocth, ®. M. Xemmn [190] mnumcan, yro B ararax, comepxXKamiux
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CBEIIMBAOIINECS HUTH CeJlaloHuTa (MeMOpaHHBIE TPYOKMW), XaJlleNoH II0-
KPBIBAaET WX B BUAE CJIOs TOW Xe TOJIIUHBI, YTO M Ha TOBEPXHOCTU IOJOCTH;
TaK BO3HUKAIOT 00pa30BaHWs, HAallOMWHAIOIIME [0 BHEIIHEMY BUAY CTajaK-
TUTH. B ciyyae 3aBepuieHUs Tipoliecca 3allOJHEHWs TIOJOCTH XaJIeJOHOM
3TU «CTAJAKTUTBl» OKa3bIBAIOTCS BPOCIIMMHU BO BHOBbH OTJIOXUBIIUECS CJIOU
UHOU TEKCTYpBHI.

I1. I1. Mununenko [87] paccMaTpuBan 3TU 0O0pa3oBaHUs KaK CBOeoOpas-
Hble CTaJakKTUThI, OOJajalolivMe pSAOM CIeluPUuIecKuX OCOOEHHOCTeH, OTJIH-
yalolMX HUX OT Kiaaccuyeckux cramaktutoB. Tak, II. Il. IuauneHko nwucant:
«lleHTpasbHbBle YacTW CTaJaKTUTOB 3aHSATHl MOJBIMU TpyOKaMHu AUMAMETPOM
okosio 1/2 mMm. TpyOKM He AOCTUTAIOT BEPXYUIKM pocTa crajakTurta. Ha mo-
MEpEeYHOM pa3pe3e cTajJakTuTa TakKuxX Tpybok MmoxeT ObiThb MeHee 10. Ecam
MMEETCS HECKOJIbKO CTajJaKTUTOB PSIIOM JIPYr C APYTOM, TO BEPXHUE KOHIIbI
TpYOOK HEpeaKO COEIMHEHBbl MOoMepeyHOl TPYOKOI, BBITSIHYTOW MNPUOIU3UTENb-
HO TMapajjielbHO TOW TOBEPXHOCTU, Ha KOTOPOW BUCAT cTalakTUThl. Ecau
CTaJaKTUThl M30JMPOBAHBI, TO BEPXHME KOHILIBI TOJIBIX TPYOOK OTKPBIBAIOTCS
OKPYIJIBIMU YCTbMLIAMM Ha BHEUIHEH MOBEPXHOCTU ararta.

Ha monepeuHoM pa3pe3e TOA MUKPOCKONIOM CTaJaKTUTHI XaJlleJoHa
OOHapyXUWBAWOT SBHOE 30HAapHOE CTPOEHWE: B BEPXHEW YacTW CTallaKTUTa
nepudepust Mool TPYOKM CIIOXEHa TOHKOBOJOKHUCTBIM XaJllleOHOM Oyporo
1BeTa, Jgajee CJeAyIoT KOHIIEHTpUYECKass 30Ha COBEPIIEHHO OECIIBETHOTO
IJIMHHOJTYYUCTOTO XaJlleOHa, CBOOOMHOTO OT KaKMX-JIMOO MOCTOPOHHUX BKIIIO-
YeHUl, elle BUIHO HECKOJbKO TOSICOB TaKOTO Xe JJIMHHOJIYYUCTOTO XaJlle-
IOHA, HO COJEpXallero MacCy YIJIOBaTO-OKPYTJBIX W YIJUHEHHBIX YelIlyeK
OITaJI0BOTO BEIIECTBA.

Y BepxylIKM pocTa CTajJakKTUTa NOJOCTbh TPYOKM B LEHTpPE 3aHsTa 3ele-
HOBaTO-0ypbIM BELIECTBOM THUIAa BUPUAMUTA, Pa30pPBaHHBIM Ha HECKOJIbKO yYacTei
HE3aMoJHEHHBIMU TpEIIMHAMM; Jajiee cjeayeT 30Ha amopdHoro OypoBaTo-
3€JIEHOBATOTO BELIECTBa, MeEpPeXoasiiero k mnepudepuud B TOHKYIO OTOPOYKY
BUPUINTA; €€ pa3BUTa KOHLEHTpUYECKash 30Ha OECI[BETHOTO TOHKOJIYYHCTOTO
LIE0JIUTa, TEePEeXOoAsUIeTo Najee B yXe€ YMNOMSIHYTYIO BbIlIE 30HY TOHKOBOJOK-
HUCTOTO XajllejoHa Oyporo ILBeTa.

llpunumass BO BHUMaHHWE, YTO CTEPXEHb CTaJaKTUTa 3aHAT TPYOKOIA
WIA TIOJIOW, WJIW BBHITIOJITHEHHOUW B OOJIBIIEN CBOEW YacTU OTAaJTOBBIM BEIECTBOM,
HYXHO NyMaTh, YTO PacTBOPBI, MOCTyMNas Mo TPyOKe, BBIMOJHSIIU BCIO IOJOCTh
W [ajee TPOCAYMBAINCH K TMepudepuu CTajlakKTUTa, IOJb3YsICh BOJOCHBIMU
MMPOMEXYTKaMU MEXIy BOJIOKHAMU XaJlleloHa, IMPUYEM OIMajJoBOE BEIIECTBO,
OKpalleHHOoe OyphIMU OKHUCJIaMHU 3KeJjie3a, OTJarajoch Kak B camMoil TpyOke,
TaK W IO TYTU PAcTBOPOB K Tepudepuu CcTalakKTUTOB.

Takum o6pa3oM, cTaJakKTUTBl XajlleloHa CcJeoyeT paccMaTpuBaTh Kak
HaTeuyHble (DOPMBI pOCTa B BO3AYIIHOW cpene, oOpa3oBaBIIMEcs IMyTeM MPOHUK-
HOBEHUs MUTAIOIIUX PACTBOPOB, TIAaBHBIM 00pa3oM uYepe3 CTepXHEBbIE TPYOKWH,
M JaJbHEWIIEero «BBIIIOTEBAHWSI» PAacTBOPOB Ha mepudepun cramakturta» [87,
c. 289].

B »sToM omucanum ocoboro BHUMaHUS 3aciayxuBaeT BbiBox II. II. Ilu-
JIMTIEHKO O €AMHOM MexaHu3Me o0pa3oBaHMUS CTaJaKTUTOB M KJACCUYECKHUX
CTaJaKTUTOB-KAlMeJIbHUKOB, B KOTOPBIX PAacTBOP MPOXOAUT MO LIEHTPaJbHOMY
KaHally, BBIXOIMT B HUXHEW 4YacTU cTajaKTUTa HapyXy M, UcIapsch, obecrie-
yuBaeT pocT craidaktuta [130]. Bmecte ¢ Ttem mnpuBomumoe I1. I1. INwunu-
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MEHKO OObsSICHEHHMEe WX O00pa30BaHUS He NOATBEPKIAETCS OCOOEHHOCTAMH
CTPOEHHSI TAKMX <«CTAJAKTHTOB», MPEXKIE BCEr0 MOCTOSIHCTBOM TOJIIMHBI cde-
POJIMTOBOM KOPKM XaJlleJOHA MO BCeMy HUX Teldy ¥ M B KpPOBJ€ MUHIAMHDI,
K KOTOpoii onu mnpukpeniieHbl. Cienyer TakiKe OTMETHTb, YTO MO Mopgo.io-
TMYECKMM OCOOEHHOCTSIM W MuHepaim3amun omnuchiBaembie ®. M. Xemmiem
[190] u II. II. ITnnunenko [87] nmeHTpanbHBIE YACTU XAMEAOHOBBIX «CTATAK-
TUTOB» OJM3KH K MEMOPAaHHBIM TPyOKam.

P. JIuzeranr [205] nns onucaHus MOAOOHBIX O0pPa30BaHMIiI MCHOJIb30OBAJ,
OYEBHIHO BIEPBbIE, TEPMHUH NCEBAOCTAJAKTUTBI, XOTS W 00pamiaj BHUMAHHE Ha
HEKOTOPYI0 HEOMNpeIeJeHHOCTh NMPUCTABKH <«IceBAO». OH OTMETWI TaKkKe, YTO
NCEBIOCTAJIAKTUTHI HEe BCerJa MOAYMHSAIOTCS cuie TsikecTu. B ciayyae ux 00-
pPa3oBaHNUs BOKPYT MEMOPAHHBIX TPYOOK, TOCTATOYHO OTCTOSIIUX APYT OT APYyra
M HAXOIAIMXCS B NOJIOCTH, He NMOJHOCTHIO BBINOJHEHHOH XAaJleOHOM, JIETKO
HA0M0IaTh (0CO0EHHO HA JHE MOJIOCTH W €€ CTEHKAaX) pa3jinyusi B OpHEeH-
THPOBKE ICEBJOCTAJAKTUTOB, B OTKJOHEHMM WX HamnpaBjeHHii OT JAeiicTBUS
cuwibl TskecTd. Kpome Toro, oH ormMeTms, 4To eciaM INCEBAOCTAJIAKTHTBI CBe-
IMBAIOTCS C KPOBJIHM, TO MOJ HAMH HET CTAJIATMHTOBBIX OOpPa30BaHMIA.

TakuM 00pa3oM, K NCEBIOCTAJAKTHTAM CJieAyeT OTHECTH CTAJAKTHTOIO-
00Hble 00pa30BaHMsl, BO3HUKIIME B pe3yJbTaTe MOCHOHHOIO OTJIOXKEHHUS
c(epoJIMTOBBIX KOPOK XaJleloHa (MHOrAa XaJleloHAa U KBapua, 3aBepliaio-
[Iero HEKOTOpble MNCEeBAOCTAJAKTHTBI ¢ nepudepuy) WM IPYTHX MHUHEPAJIOB
HA OTIEJIbHBIX MeMOpPaHHBIX TPYOKax M HX CKOILUIeHMsAX (B BHIe 3aHaBeceii,
«Mo4YaJiok» W np.). IIpu 3TOoM mpocTpaHCTBEeHHasi OPUEHTHPOBKA IICEBIOCTA-
JIAKTUTOB MOXKET OBbITh Pa3JMYHOiH, XOTS CPABHUTEJBHO YAaCTO OHA MNOIYM-
HSeTCS HANPABJIEHUIO CHJIbI TAXKECTH.

Te 3Ke 0COOEHHOCTHM IOJIOKEHHS NCEBJOCTAJAKTUTOB B IPOCTPAHCTBE U
neramm ux crpoenusi otrmerun b. H. Illapono [132].

IlceBOOoCTANAKTHTBI HA OTAENbHBIX MEMOPAHHBIX TPYOKaX XapaKTepHBI
IUIsI MHOTMX araTtoB u3 0a3aabToB Xp. Apu-Borno (doto 51); oHn u3BecTHBI
B NMycTOTax KpynHbix auto¢mu3 B puoautax Cepreesku (puc. 92), rae yacro
BCTPEYAIOTCSI XApPaKTepPHble COEIMHEHUs] OTAEJbHBIX MCEBJOCTAJIAKTHUTOB JPYT
c apyrom B Buae mnpoBucoB (puc. 93). [Imuuuble (=~ 20 cM), 4acTO H30THY-
Tbie TCEBIOCTAJIAKTHTHI XAJINEIOHA HA OTHEJIbHBIX MEMOPAHHBIX TPYOKax W3-
BECTHbI B HEKOTOPBIX MOJIOCTSX BBIIIEJAYMBAHASA B CWIHOUTAX H OCOOEHHO
XapaKTepHbl IS MHUHEPAJIONPOSBIEHUsT B OKpecTHocTax aAep. Crapas Curnsa
(boTto 162); onucanbl OHM W3 TOJIOCTEH BBINEIAYNBAHUS CWIAIHATOB OK-
pectHocreii r. Bomogapcka na Bomsmn, YCCP [65, 96].

Ha Tex 3Ke araToBbIX MECTOPOKIEHUSX, CBA3AHHBIX C 0a3aIbTAMH M PHOJIH-
TaMH, HA KOTOPBIX OOHAPYKEHBI NCEBAOCTAJAKTHTHI HA OTIEJbHBIX MeMOpaH-
HbIX TPYOKaX, OObIMHO BCTPEYAKOTCS TNCEBIOCTAJIAKTATHI HA MeMOPAHHbBIX
TpyOKax C pasgyBaMM B OTHEJbHBIX MECTAX H OTXOASIUX OT HUX OoJiee
TOHKMX TPyOKax ((doro 71; 74), Ha rpo3aEeBUIAHBIX CKOILUIEHMSX MEMOPAHHBIX
Tpyook (cdoto 80, 81, 138) **, Ha 3aHaBecax U3 MeMOpannbix (?) TpyOOK
(doro 76, 79).

* B COOCTBEHHO NCEBIOCTAIAKTMTAX TETUTA 3TOT NPU3HAK YACTO HAPYIIAETCS
¥ OHM MMEIOT YUIMHEHHO-KOHMYecKoe crpoenue [98].

** Cnemyer 0oOpaTMTh BHUMAHHME HA TONEPEYHbIE CEYEHUSA TICEBIOCTAIAKTUTOB,
NMOKA3aHHBIX HA (oTo 81, NOCKOIBKY BHEIHSISI MX 30HA CJIOKEHA He XAJEIOHOM,
a paMAIBHO-JIYMCTEIM KBApIEM.
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Puc. 92. IlceBIOCTAIAKTUTHI XAMIENOHA B KPYMHOH mnosiocTy (hesib3UTOBOM JMTO(M3BI,
NOJIOXKEHUE HEKOTOPbIX M3 HMX OTKJIOHSAETCS OT BEePTUKAILHOIO; HA JIHE MNOJIOCTH —
BAUMKU XAJIIEJIOHOBBIX C(hepOIMTOBBIX KOPOK, BOSHMKIIME HAJ TOHKMMHU muraronmmvu (?)
TPellMHKAMU B 000JI0YKe JMTO(U3bI; B IIEHTPe CHUMKA BBEPXY — IUIACTMHYATAS TICEB-
nomopcdo3a KpemHesema no mammpumary. CepreeBka, IIpuvopse. Har. Ben

TakuM 00pa3oM, NMCEBIOCTAJIAKTHTBI, 00pa3ylomuecss B Pa3HbIX YCJIOBHAX,
HMEIT MHOro oommux 4depr. He Kacasch 0co0eHHOCTeill HX TpPyOUATBHIX
OCHOBAaHMIi, HA 4YTO OOpAIATIOCh IOCTATOYHO BHHUMAHHUS, LEJIEeCO00pPa3ZHO
OTMETUTh HEKOTOpbIe Ipyrue WX oOmue 4eprbl. Tak, IS NCEBIOCTAIAKTHTOB
BECbMA THUNWYHbI NMOYKOBHIHASI NMOBEPXHOCTb, XapaKTepHas Aus c¢hepoaMToBbIX
KOPOK, OTKJIOHEHHE HEKOTOPbIX M3 ICEBIOCTAJIAKTHTOB C TOHKHMH OCHOBAa-
HUSMH OT BEPTUKAJILHOIO MOJIOXKeHusi (cM., Hampumep, ¢oto 70 u 78).
Haxkonen, o4eHb CB0€OOpPa3HOili YEPTOil NCEBHOCTAJAKTHUTOB SIBJISIOTCS Tepe-
MBMKA — TPOBHCHI, BO3HHMKAIONIME MEXKIY COCEIHHMH IICEBIOCTAJAKTHTAMH.

B cedyeHuH NCEBAOCTAJAKTUTBI MMEKOT OTYETJIMBOE 30HAJbHO-KOHLEHTPH-
yecKoe CTpPOeHHe, NpUYeM OTIejbHble Hapy)KHble KOHLEHTPbI NpPH CJIUSHUU
NCEeBJOCTAIAKTUTOB CTaHOBATCA oO0ummmu. Cama Xe mnomepeyHas ¢opma
NCEeBIOCTAJIAKTUTOB OmNpeje/isgeTcs B MepByl0 odepenab (GopmMoii ceueHHsT OCHO-
BaHus. Tak, ecium TpyOKM OTHejbHble, CeyeHHE OKa3biBaeTCsl KPYIVIbIM, €cJu
9TO CKOIl/IeHHe MeMOPAHHBIX TPYOOK — OHO MOIKeT ObITb OBAJIbHBIM, HHOTAA
oyeHb CJIOXKHOI KoHdurypauuu. Ilpu 3TOM Aake HaA OJHOM MeCTOPOKIEHHU
MOrYT OBbITh CYLIECTBEHHO XAaJlle/IOHOBble M KBapll-XajleJOHOBble MCEeBIOCTA-
naktutbl (puc. 94).

Yuciao mnceBIOCTANAKTHTOB, OKA3bIBAIOMIMXCSA B MOMEPEYHOM cpe3e,
HATIPUMEP, araToOBOMl MHHIAMHBI, 3aBHCHT OT €ro pPACCTOSHHS OT MeCTa
MPUKpPEIUICHNs] OCHOBAHWII TCEBJAOCTAJAKTUTOB: HA 3HAYMTEJILHOM PACCTOSHUU
HX MOXKET He OBITh BOBCE, a OJM3KO K OCHOBAHHI0 WX YHCJIO MOXKET ObITh
oYeHb 00JbIIM. MOKHO MOJYYHTh CPe3bl, CIUIOMIb COCTOSIIHE W3 MOMePeYHbIX
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PUC. 93. IlepeMbldKa — «IPOBUC», COEIMHAIOIAS COCEIHHE XAJEIOHOBBIE TMCEBIO-
CTAJIAKTHTBI; B MOJIOCTH JIMTO(HU3bI IUIACTHHYATBIE OOpPa30BaHUS — MCEBAOMOP(DO3bI
MHUHEPAJIOB ceMeiicTBa KpeMHe3ema mno namupmmary. Cepreeska, IIpumopbe. VB, 3.
Ne 84526.

Puc. 94. IlonepeyHble ceyeHHs] CPOCTKOB TOHKUX MCEBJOCTAJAKTHTOB, 00Pa30BaBIIUXCS
HA MEMOpPAHHBIX TPYOKAX, BO3HMKIIMX NPU THAPOJUTHYECKOM PA3JI0KEHHH PHOIUTOBBIX
00JIOMKOB:

a — KBapu-xajalueIOHOBBIE TNMCEBAOCTAJIAKTHUTHI, 6 — TICEeBIOCTANaKTUThI CYIIECTBEHHO  XaJlle-
noHosoro coctaBa. Cepreeska, [Ipumopse. VYB. 40 (+).
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CEYEHUI TICEeBIOCTAaNaKTUTOB (BO3MOXHO, oOpasell, MoKa3aHHBI Ha ¢oto 15).
[MosToMy Takue TepMUHBI, KaK MOHOLMKIWYECKUN M TMOJULUKINISCKUNA arar,
npemioxeHnusie B. H. UYepusix m B. b. CemenoBsim [129], He wumelor
FeHETUYECKOrO0 CMbICJa. AraTbl, Ha TMOTIEPEYHOM Cpe3e KOTOPBIX OKa3bIBAIOTCS
paspe3bl JABYX KPYMHBIX TMCEBAOCTAJIAKTUTOB, Ha3bIBAIOTCS  IJIa34aTbIMU,
MpuYeM M3 CKA3aHHOTO SICHO, 4YTO O3TOT TEPMHMH TaKXe He HeCeT TeHeTU-
YecKOoil Harpysku, TeM 0ojiee 4YTO TIJIa34yaTbIMM TakxXe OyIyT araThl, Ha
MOBEPXHOCTH WM TOMEPEYHOM Cpe3e KOTOPBIX BCKPBIBAIOTCS OTHeIbHbIE
KapOoHaTHbIe C(HEPOSUTH WU TIceBAIOMOPGO3bl M0 HUM MHUHEpaJoB ceMelicTBa
KpeMHe3eMa.

Jlo cux mop paccMaTpUBAJMCh TOJBKO XalllIeOHOBbIe U KBapll-XaJlle-
JIOHOBBIE TICEBIOCTANaKTUTHI, Haubojiee XapaKTepHble s aratoB. Hapsay
C DOTMUM B aratax HW3BeCTHBI T[CEBIOCTANAKTUTBI, B KOTOPBIX OTAEJbHBIC
chepoauTOBbIE 30HBI TMpencTaBieHbl KapOoHatamu (cM. puc. 63), mceBmocra-
JIAKTUTBI, WMEIOIIMe B IEHTPaJbHOM YacTh rpy0ocheposuToBbie KOPKHU
MUPUTA, HEMOCPENCTBEHHO HapacTaloUulero Ha HUTSAHbIE OCHOBaHUS TETUTA
(cM. puc. 82).

IlceBnocTasakTUThl CBOMCTBEHHBI HE TOJBKO MMHepajlaM ceMelcTBa
KpeMHe3eMa, XOTsl JUIsl IPYTMX MUHEepajJoB OHM MeHee XapakTepHbl. ['€TUTOBbIE
MCEeBAOCTATAKTUTBl LIMPOKO pacmpoCTpaHeHbl Ha bBakajibCKOM MeECTOpPOXIACHUU
Ha lOxHom VYpane [98], mceBmocTamakTUTBl MUpPUTA M CUIEPUTA HA HUTIX
rétuta — Ha KMA, Manaxura — Ha MeCTOpoOXaeHUsiXx Ypamna [126]; u3BecT-
Hbl TICEBIOCTAJIAKTUTBHI XajlleloHAa Ha OTOEJbHBIX OMNaJOBbIX TpyOKax U
cuctembl u3 Hux [132].

KBapii-xaaiea0HoBble TCEBIOCTAJAKTUTH CPaBHUTEIbHO MIHUPOKO pacipo-
CTpaHEHBl B MECTOPOXIEHMSIX HcJAaHACKoro mmata Cubupckoil rmratGopMbl
[4]. BcTpeyeHbl OHM M B CPABHUTEJNBHO BBICOKOTEMIIEPATYPHBIX TUAPO-
TepMaJIbHbIX acCCOLMAIMSIX CKapHOBO-MAarHETUTOBBIX MECTOPOXIEHHUIN Iora
Cubupckoit minatdopmer [108].

CnenyeT OTMETUTb, 4YTO MOpPGOJOrUYecKU OYeHb OJIM3KMEe K TICeBIO-
CTaJlaKTUTaM 00pa3oBaHUs BO3HUKAIOT M B HEKOTOPBIX JAPYIrUX YCJIOBMSIX.
M3 Hux Haumbojiee MHTEPECHBI ClEAYIOUIHeE.

a. «[lceBmocTajakTUThl» IO TOHYAWIIMM HUTSIM HESICHOTO TeHe3uca,
CBEUIMBAIOIIMMCS C KpPOBJIM MUHAAJIWH, WHOTIAa B BHUIE ULIETKOMOMOOHOM
cuctembl (puc. 95; doro 72, a, 6) WM CBUCAOIIMX C TOBEPXHOCTH IIPO-
MEXYTOUYHBIX XaJlleNOHOBBIX cioeB (doro 73; cm. puc. 79).

6. «[lceBmocTanakTUTBI», pa3BUBAIOLIMECS B CBA3U C oOpacTaHUEM
chepoMTOBBIMM KOpPKAMM XajlleJOoHa Pa3JIUYHbIX 00pa3oBaHWil, BO3ZHUKAIOIIUX
Mpyu 3aMelleHWr Kaabuura xanmegoHoMm (cm. puc. 70, 71), XOTd CXOICTBO
3[1eCh 4acTO TPOSIBJISIETCS JIMIIb HAa MHMKDPOYpPOBHE.

CxofiHble € TMCeBIOCTAJIAKTUTaAMKU OOpa3oBaHUs KBaplla WIM XajlledoHa
BO3HUKAIOT U MpU 00pacTaHUM HUX CHEPOTUTOBBIMM KOPKAMHU ICEBIOCTANAKTH-
TOB JAPYTUX MHUHEpaJIoB, B 4acTHOCTH, Tréruta (puc. 96).

B nmomepeyHoM cevyeHMM arata Ha TCEBIOCTAaJakKTHThl MOTYT TOXOAUTD
Takxe obpacTaHus CHEpPOJUTOBBIMU XaJllleJOHOBBIMM KOpPKaMU:

a) JIaBOBBIX HACTBUIBHBIX COCYJIEK, OCOOEHHO THIPOJIU30BAHHBIX U BBILIE-
soueHHBIX (dboto 9—12; 29), Tem OGosee ToHKuUX (oto 15);

6) JaBOBBIX NMEPEXMMOB M CTEpXHel, BO3ZHUKAIOIIMX, B YACTHOCTH, IpU
CIIMMaHUM Ta30BbIX My3bipeir (doro 13, 14);
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Puc. 95. IIceBOOCTAJAKTUTHBI HA HUTAX HESCHOTO MPOMCXOXKIAEHHSI B MHUHIAJIMHAX M3
0a3aJbTOB:

a — TOHKHE TICEBJIOCTAJIAKTUTBI, CBEIIMBAIONIMECS C KPORM MMHIAIMHBI (BEPXHMId SPyC) M XAJI-
IIEIOHOBbIX  TEPEropoioK,  3aMEIAIIMX  KAJIBIMT (HKHMA ~ SpyC),  YB. 1,25;
6 — TCEeBAOCTAJIAKTUTHI, CIYCKAIOIMECS C KPoBM MuHIAMHBL, yB. 10 (a m 6 — dparveHTsI
00pa3ua, NoKa3aHHOro Ha puc. 70); 6 — TOHKHE NCEBIOCTAJIAKTUTBI, CBEIMBAIOIIMECS C KPOBIU
MMHIA/MHbI, C XAPAaKTepHbIMU C()ePOJIMTOBLIMU YTOJIMLIEHUSMHA U TEPeMbMKAMH  (<«IPOBUCAMMU»),
COEIMHSIIOLIMMM HEKOTOPble U3 ICEBAOCTAIAKTHTOB; TCEBIOCTAIAKTMTHI YACTUYHO YTOILIEHBI
B ONAJI-XA/NIENOHOBbII oHUKC. OkpectHoctu r. JlambHeropcka, Ilpumopse. VB. 2,5. Tlepenan
A. ®@. Tumoeesbm. Ne 84766.
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B) 3acCTBIBIIMX JIaBOBbIX HUTEH, 3aHaBeceil W T. I. oOpa3oBaHUil, BO3HU-
KaloluX Mpu pa3pbiBe BsI3KUX JUTOoGu3 (poto 133);

I) HUTEBUIHBIX DPEIUKTOB BBIIIETAUYMBAHUS CWIMIIMTOB M WX 3aHaBeceil
(¢poto 161);

) KOpajjaoBbIX mocTpoek (doro 149);

€) KPUCTAJNIOB IPYrMX MHUHEpaaoB, OCOOEHHO BBITSIHYTHIX, INMpU 06pa3o-
BaHUM IiceBIoMopdo3 objeKaHUs XanleaoHa mo HuM (¢oto 30).

«[IUTAIOIIMNE» (MIOABOAANINE) KAHAJIBI B ATATAX

Ilpu wu3yyeHuu arata B TOJIOCTSIX JUTO(MPU3, OTKPBITHIX TPEIIMHAX, THE3Aax
O0OBIYHO HE BO3HMKaeT BOIpoca O crocobe MOCTYIUIEHUS MHMHepalu30BaHHBIX
pacTBOPOB B TOJOCTb, MOCKOJbKY OHM JIETKO MOTYT MPOHMKAaTh KakK uepes3
TPEIIUHBI, TMOSBUBLIMECS MpU 0O0pa3oBaHUM JUTOGU3 U BHIXOILSIIME Ha
MOBEPXHOCTh, TaK U CBSI3aHHBIE C XWJaMM, THE3IaMU U T. M. MUHEPaJIbHBIMU
TeJaMHu.

WHoe neno aratoBele MUHAAIMHBI B 0a3anbrax. OHM HaXOAsSTCS WHOIIA
B JOBOJBHO IUIOTHBIX TMOpOJax, IO3TOMY Ha TMOMCKM KaKux-a1ubo myTei
MPOHUKHOBEHUS] araTooOpas3ylmoIllMX PacTBOPOB B Ta30Bble My3bIpu oOOpalanu
CBO€ BHUMaHME MPaKTUUYECKU Bce ucciegoBaTenu. Okas3ajgoch, YTO JOCTaTOYHO
KpyIHble TpEUIMHBI, CBSI3aHHBIE € MEXaHUYECKOM nmedopMmanmeid my3bIpei,
yepe3 KOTOpble MOTYT NMPOHUKATh MHUHepajlooOpasywliue pacTtBopel (puc. 97),
B HUX CPaBHUTEJIbHO peiku. B To ke Bpems mpu ucClIefOBaHUU AOCTATOYHOTO
yyclia araToBbIX MMHIQJIMH OOBIYHO Ha KaXJAOM M3 MECTOPOXAEHUIl ymaercs
OOHapyXUTh HEKOTOPOE KOJMYECTBO MHMHIAJIMH, COAEPXAUIMX OTKPBITBIE WIU
MUHEpaJIM30BaHHbIE KaHalbl, BBIXOASIIWE Ha MX MOBEPXHOCTb U CBSI3bIBAIOLIME
ee 1100 C MOJIOCThIO B LEHTPE MUHAAJIUHBI, JUOO C TEM WJIM MHBIM araTOBBIM
cioem (puc. 98; doto 5, 6, 50, 53, 87, 88—94). Takue KaHaabl TUIHUYHBI
HE TOJILKO [JIsi araToBbIX MUHIAIWH, HO M 0451 TiceBIOMOpPpGhO3 MHUHEpaaoB
ceMeiicTBa KpeMHe3eMa IO KOHKpeLMsM IpYyrux MUHepanoB (puc. 99), nus
araToB, BO3HUKAIOLUIMX B TMOJOCTSIX BbIlIeJauuBaHus cuauuutoB (doto 163),
rIe OHU JAOCTUralT Haubojiee KPYMHBIX pa3MepoB KakK B JUaMeTpe, Tak
U TO IJIMHE, OKAHYMBAsICh OOBIYHO IIMPOKUM YCTBUIIEM B OTKPBITOW MOJIOCTHU
arata, a TakXe [JJs BbIAEJIEHUI XajlleloHa, CBS3aHHBIX C KopajjaMu
(dpoto 152).

dopMa KaHaJIOB CPAaBHUTEJNbHO PEAKO TMPSIMOJMHENHO-KOHUYECKasT (CM.
puc. 98, 0), yalle OHM KpPUBOJMHEHHBI, a B TmceBIoMopdo3ax MHUHEPaJIOB
ceMeiicTBa KpeMHe3eMa [0 KOHKpPEUMsIM APYrMX MUHEpaJoB OHM ObIBAIOT
BeCbMa TMPUXOTIAMBHL (cM. puc. 99, a), NOCKOAbKY NOAOOHBII KaHal Tpen-
CTaBjJsieT B 3TOM cJlyyae TMPOCTPAHCTBO MeXIy HECPOCUIMMUCS CTEHKaMu
«[IPOKOJIOB» B C(eposuTOBBIX KOpKax xaiienoHa. [locienHee B HeMeHbLIEH
Mepe OTHOCUTCS K KaHajaM, OOHapyXeHHbIM B ararax, 3aloJHSIoUIUX
MOJIOCTU BBIIIETaYMBaAHUSI CUJTULUTOB.

Ilpu uccrenoBaHMM CTEHOK TaKUX KaHaioB (cM. puc. 99, 6, puc. 100)
oOHapyXuBaeTCsl BecbMa XapakTepHasl IUIsl HMX 30HajlbHas Tekctypa. [Ipuuem
KaXxJasi 30Ha MMEeT IOBEPXHOCTb, OrPAaHUYEHHYIO TMOBEPXHOCTSIMU cdepo-
JIUTOB pPa3HOro pasMmepa, B 3aBUCHUMOCTU OT CTPYKTYpbl TOTO WJIM HWHOTO
Cllosl ¢ TpaHULAMU COBMECTHOIO pPOCTa; B HEKOTOPBIX MecTaXx Ha MOIOOHOM
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Puc. 96. TE€ruToBBIE TCEBAOCTANTAKTUTHI, OOpPOCIINE TOHKOW KOPKOI MpPO3pavyHOro Xai-
LeIOHA; B HEKOTOPbIX MecTax (HampuMep, B TPaBOM BEPXHEM YIJY) XOPOLIO BUAHBI
MEPEMBIYKU — <«IIPOBUCHI», COCIUHSIONINE OTACIbHbIC IICEBAOCTANAKTUTHI; BHU3 C HHX
TMPOAOJXKAJIUA PAaCTU XajdleJOHOBbIe MceBaocTanmakTuTel. Ne 3314, OII.

Puc. 97. KanpuuroBasi MUHAATWHA C HECKOJIbKMMM TPEIIMHAMM, BBIXONSIIIUMU Ha e€e
MOBEPXHOCTDh, CIYXUBIIUMHU TYTSAMU TMPOHUKHOBEHHUSI MUTAIOIIMX PACTBOPOB B Ta30BbIit
my3eIpb, B 0a3zanbre. Mbic TeBu, Kamuatka. VB. 2,5.
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Puc. 98. «IluTaroummue» KaHalbl B araTOBbIX 0Opa3oBaHUIX:

a — B aratoBoil MHUHAaJMHE U3 0a3aJbTOB; XOPOIIO BMIHO YTOHEHME B30HAJIbHOCTU BOIM3U
BBIXOlAa KaHala M3 MUHAanuHbl (cHuU3y). OkpectHoctu r. [laBmomapa, Ka3CCP. Har. Ben.
No 83897; 6 — B xanuenoHoBOM cTsixeHuu B Mepreasix. P. Manka, Ces. Kaska3. Har. Ben.
Ne 83650.
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MOBEPXHOCTHU TMPOSIBJISIOTCS OTYETAMBO TIMOJUTOHAJNbHBIE YYaCTKU, OTBevaloliue
HaMeyvamoIIuMcsl ToJIOBKaM KPUCTAUIMKOB KBapla.

Jlnst Bcex paccMaTpuBaeMbIX KaHajJOB BeCbMa TMIIMYHO YTOHEHHE IO Mepe
MPUOJUXEHUsT K HUM YyYaCcTKOB 30HAJIbHOCTU araToB C <«IOABOPOTOM» €€
B Y3KMX 4YacCTsIX KaHajaoB. DTO OTYETIMBO BUAHO TOJ MUKDPOCKOIIOM, KOTIa
MeJIKMEe KaHaJbl, KaK Obl COCTOSIIIME M3 HECKOJbKUX BJIOXEHHBIX APYT B Apyra
TpyOUYaThIX 30H, <«IPOTHIKAIOT» B30HAJbHOCTH arata (puc. 101), B mimudax
u monupoBkax (cMm. puc. 98, a; puc. 102; doto 87; 88; 90—94).

HakoHelu, cienyer OTMETUTb, 4YTO paccMaTpuBaeMble KaHaJlbl WHOTIA
0OCTalOTCs 3USAIOMMMM, HO 4allle OHM 3amoJIHSIOTCS 0ojiee MO3AHUM KBaplem
(boto 87; 90) wnm kapOoHaTamMu, BBIMOJTHSIOIMMU WHOTIAA BHYTPEHHIOIO
4acTb MMHOAJIUHBI (CM. puc. 66).

Bce mnpuBenmeHHble Bbillle MOpdosoTMYeCKHe OCOOEHHOCTH KaHaJoB 4pe3-
BBIYAIHO XapaKTepHBI JJISI HUX, HE3aBUCUMO OT TOTO, B KAaKHUX TeOJIOTMYECKUX
YCIOBUSIX BO3HUKJIU COJEpXalllMe WX araThl, 4YTO TOBOPUT O EIMHOM MeXa-
Hu3Me ux GOpMHUpPOBaHUSI, a TakKXe oOpasoBajcs JM [OaHHBIA araT B BUJE
MUWHIAJIWHBI, TCeBAOMOPGO3bl MO KOHKPELUSIM JAPYrUX MHHEpaaoB, IyTeM
BBITIOJIHEHUST TIOJIOCTE BBINIETAUYMBAHUS CUJUIIUTOB, B TOJOCTSX KOPAJIJIOBBIX
MOCTPOEK WM KaKMM-IMOO WHBIM IyTeMm. Jlaxke B ararax, BbIITOJHSIOUINX
MOJOCTH B JuUTO(M3aX, WHOrma yaaeTcs OOHApPYXWUTb HeOOJbIIME KaHaJbl
(dboTo 128) Takoro xe CTpOeHWs, TMEPEeXOAANINE YTOHUYAIOIMMMUCSI KOHIIAMU
nubo B rpeOHM XajlleqoHa, 3alOJHSIONEro TPEUIMHbI B Kope JUTOohU3, J1ubo
B HeOoJIbIIME TPEUIMHKM, CEeKyllue MOAOOHYI0 KOpy.

OrnucaHHble BbIlIE OCOOEHHOCTHM KaHAalOB U CBsI3b, KOTOPYIO OHHU OCY-
MECTBISIIOT MEXAY BHYTPEHHMMHU 4YacCTSAMMU araToB U TOBEPXHOCTBIO UX
BBIZICJIEHUI, TIPUBEIM HCClenoBaTeleil K BBIBOAY 00 OINpeaeleHHON, a BO3-
MOXHO U pellaolneil MX poju B TeHe3MCe araTtoB, XOTs B3TJSIbl OTAETbHBIX
HucciaenoBaTe el CYIIECTBEHHO pa3jnyvaloTcs.

Tak, B. Xaiiguurep [187], a mo3gunee M. Xemmn [190] momaranm,
YTO OHU SIBJISIOTCA JPEHaXHBIMU TpPyOKaMH, IO KOTOPHIM OTpaGOTaHHBIN
rnmocjie KpUCTaJJIM3allM¥ MHWHEpPaJioB B MUHIOAJWHE pAaCTBOP BBIBOAUTCS U3
Hee. B. XaiiguHrep mnpu OSTOM CUUTal, YTO HUCXOIHBIA pPacTBOP TMpOCAYM-
BaeTCs B Ta30BBbIi My3bIpb MO KaNWUIsApaM, CYIIECTBYIOIIMM B OKpYXawoliei
nmopoge, a M. Xemmn — 4YTO Ta30BBI MMy3bIpb ITE€PBOHAYATBHO IEJUKOM
3aMOJIHSIETCS PACTBOPOM, KOTOPBIM BBITAJKMBAETCSI HApyXy BCJIEICTBUE COKpa-
mEeHUsT o0beMa Ty3bIpsl TMPU  OTJOXEHUM Ha ero CTeHKax XajilleloHa |
npyrux MuHepasoB. C 3THUM OH CBsI3bIBajJ 0oJiee LIMPOKOE YCThe KaHaja
B UEHTPaJbHON YacTW (MO HampaBJeHUI0O K IIEHTPY MHWHIAIWHBI) U YTOHEHUE
OTAEJIbHBIX CJIOEB XajlleloHa BIOJb CTEHOK KaHaja, MOCKOJbKY MX BbIIEJIEHUE
IIJI0 U3 MeHee KOHIEHTPMPOBAHHBIX pacTBOpoB. B cBsa3um ¢ atum M. Xemmn
[190] mumcanm, uTo pacmipeHUWEe KaHAJOB MO HAIMpPaBJIEHWIO K IIEHTPY HAIOMMU-
HaeT 3aToOp, BO3HMKAIOIIMN, KOrma ABMXYLIMICS TMOTOK JIOAeil caepXuBaeTcs
y3kuM Bbixomom [190].

M. Hoerrepar [222], uccienoBaBIIMil MpOKpallMBaHUE AaraTtoB pas3iuy-
HBIMU KPAaCUTEJISIMM, OTMETHJI HEMPOHMIAeMOCTb IJisi HUX OTIEJbHBIX CJIOEB.
DTO TpuBeJO0 ero K OTpullaHuio B3riasgoB B. XaiiauHrepa o mnpocayuBaHUU
pacTBOPOB uepe3 OTJIOXUBIINWECS CJIOM araTa M pPacCMOTPEHUIO OIMUCAHHBIX
KaHaJIOB B KauyecTBe MUTAIOUIMX KaHaJOB, MO KOTOPBIM MHUHEpasooOpasylolue
pacTBOpPHl TOCTYMaliM B Ta30Bble Ty3bipu. M. Hoerrepar 6BUT BBIHYXICH,
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Puc. 99. «Iluraloumme» kaHaabl B TceBioMopdo3ax MUHEpPaNoOB ceMeiicTBa KpeMHe3ema
MO KOHKPEUHUSIM aHTHAPUTA:

a — HEeCKOJIbKO OOBeIMHSIOMINXCSI KaHAJIOB, BCKPBITBIX MPU packoie mnceBroMopdoser, Ne 79750;
6 —0OKOBasi CTEHKa PaCIIMPSIOIIETOCs! YCThsl KaHajla Ha ero BXOZEe B IMOJIOCTh Xeonbl. Kadurmiem,
TCCP. Vs. 2.
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Puc. 100. CkynabpnTypa MOBEpXHOCTM 3MSIOLIETO «[IUTaloliero» kaHaina. [Jamau-Typy,
Yoiipckuit p-H, Monroaus. YB. 20, Kocoe OcCBellleHUE.

Puc. 101. B3aumooTHOIIeHWE CIOEB araTa ¢ MPOHUKAIOIIUMU <«IMUTAIONIMMW» KaHalaMU.
Pocceimu mo p. 3es, Amypckas oo6a. YB. 70(II).
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102. B3auMOOTHOIIEHUS] YyTOHYAIOUINXCS C(PEPOTUTOBBIX CIOEB XallleloHa, 00JIeKalo-

Puc.

BBITMTOJTHAIOIITUMUA

>

e 30HAaJbHOCTU C TOHKUMHU C(i)epOJ'[I/ITOBLIMI/I CJIOAMHU XaJIll€JOHa

«ITUTAIOLUI»

KaHaml:

Kamuarka.

, yB. 20(+). Mpic Tesu,

yB. 4(+); 6 — meTamb CTpOEHUS

a — o0ummii BuI,
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OJIHAKO, YaCTUYHO MPHUHATH B3mIsiabl B. XaiinuHrepa o ¢uibTpauuu dvepes
KanuJUISIpPHbIE KaHaJlbl, IOCKOJbKY OTYETIMBbIE <«IHUTAIOIIMEe» KaHaJbl yaaBa-
JIOCh OOHApPYXWUTh B MUHIAJIMHAX OTHOCUTEJIbHO PEIKO.

P. JIuzeraur [205] cuuran, uto WM. HoerrepaT He B IOJHOI Mepe yuel
BO3MOXHOCTh (UJIbTPAllMM PACTBOPOB 4Yepe3 IMOJYXMUIKHE ellle He OKOHYa-
TEJIbHO KOHCOJMIMPOBABIIMECSI CJIOM KpeMHe3eMa, KOTOpble JHIIb I03Xe
MOTJIM TIEPEXONUTh B HENPOHWUIAEMbIe [UISI PacTBOpPoB mpocioiiku. OH
HacTauBagl Ha IUOOY3MOHHOM TMPOUCXOXIEHUM PUCYHKA KaHaJOB, CUYUTas
WX CJIEICTBUEM IOMEX, BO3HUKAIIMX HA IMyTU pacmnpocTpaHeHUss Auddy3noH-
HBIX TIOTOKOB, OKpAalIMBAIOIIMX araT B pe3yJbTaTe PUTMUYHOTO OTJIOXEHMUS
MUIMeHTa.

1. II. INunumenko [87], TIIaTeJbHO IIPOAHAIM3MPOBAB COOTBETCTBHE
npencraBieHuit  P. JluseraHra peaJbHBIM B3aMMOOTHOIIEHUSIM MUHEPAIOB
B arataXx M OTIHEJbHBIX HUX CJIOEB, I[OKa3aj, 4YTo Teopuio auddy3uoHHOI
30HAJIbHOCTH a0COJIIOTHO HEBO3MOXHO TPUMEHUTh [JIsd WM3y4eHUs] TeHe3uca
aratoB. PaccmaTpuBasi 0COOEHHOCTU CTPOEHUSI KaHaJIOB-«pyKaBoB», [1. I1. Ilm-
JIUTIEHKO JajJ WM CJEeNyIoIIyI0 XapaKTepUCTUKY: «Bo-ImepBbIX, pykaBa MpPOXOMAST
B Teje arata, HO He B TeJie BKJIOYAIOLIE araT IOPOIbI; TeO0JOrMYECKU
ObIO Obl COBEPIICHHO HEMOHSATHO BO3HMKHOBEHME TAaKMX pYKaBOB, €CIU He
OOMYCTUTh MO HUM IUPKYJISIUMU BOAHBIX M Ta30BBIX PAacCTBOPOB.

Bo-BTOpBIX, M3y4YeHHE IMOA OWHOKYJISIDHBIM MUKPOCKOIIOM psifia TMPOI0Jib-
HBIX W TIOMEPEeYHBbIX pa3pe30B pPYKaBOB IMOKa3bIBAae€T, YTO pyKaBa CJIOXEHBI
U3 XaJleTOHOBBIX TPYOOK, KOHIIEHTPUYECKM BIIOXKEHHBIX OIHAa B JAPYIYIO;
MpUYEM BeIeCTBO BHYTPeHHed TPYOKM COOTBETCTBYET IO OKpackKe, CTPYKType
W COCTaBy BeIlleCTBa IIEHTpPaJbHON YacTu arata. [IpomonbHBIE CEYeHUs TaKUX
PYKaBOB HAIOT CUCTEMY CJIOE€B, MAYIIMX MapajleJibHO, a He MeprneHAUuKYISIpHO
JUITMHHOMY pa3Mepy pyKaBa, KakK CJIeIoBajJo Obl OXHUIaThb corjacHo aud-
¢y3noHHOU Teopum Jlu3eraHra.

B-TpeTbux, B Tex MecTax, TIIe CHCTeMa CJIOeB arata yIupaercss B
CTeHKM pyKaBa, COBEPIIEHHO SIBCTBEHHO HaOI0MaeTcsl BBIKJIMHUBAHUE CJIOEB
arata ¥ TPOPBIB UX BELIECTBOM pyKaBa.

OnucaHHble OCOOEHHOCTH CTPYKTYpPbl araToB COBEpPINEHHO HEOObSICHUMBI
¢ Touyku 3peHUsT AUbOY3UOHHO-KOJIbIIeBOW Teopuu Jluzeranra wu, HA0OOPOT,
HaxXoIsAT Jierkoe OOBsSICHEHWEe, MpH JAOMYUICHUU TMPOBOASILIMX KaHAJIOB, IO
KOTOPBIM LMPKYJIUPOBAJIM BOIHBIE pPAaCTBOPBI, YaCTUYHO pa3MbIBaBIIUE YXe
OTJIOXHUBIIMECS CJIIOM, YaCTUYHO oOTjaraBiive HoBble ciion. C 3TO TOYKHU
3peHUs] CTaHeT TMOHSTHOW mMapareHeTU4Yeckasi CBSI3b MeEXAy LUEHTpPaJIbHBIMU
YacTSIMU PYKAaBOB M LIEHTPAJIbHBIMM YaCTSIMM TJIABHOW TIOJOCTU ararta.

Takum o6Gpa3oM, B aratax NEMCTBUTEIbHO UMEIOTCS MPOBOMSIINME KaHAaJbl;
B HEKOTOPBIX Ccly4asX yHaeTcsi HaOJoaaTh OTKPBITbIE YCThsl TaKUX KaHAaJIOB,
BBIXOJSIIIME HA HapyXHBIX CTEHKaxX araTtoB;, B APYTHUX ClydyasX TaKue YyCThs
yXe HalleJo 3aloJHeHbl BEIIECTBOM arata W pasjiuduMMbl TOJbKO Ojaromapsi
XalllleAOHOBEIM OyropkaM cpead Macchl 3ddy3uBHO moponsl” [87, c. 281 —
282].

MMpu stom II. IlI. lMuaumeHko mmoKa3aJl, YTO B HEKOTOPHIX MUHAAIMHAX
WMeeTcsl Ccepusi TaKMX KaHalioB, KaXAblii U3 KOTOPBIX HOCTUTraeT JIMIIb
omnpeneneHHoit Tayounsl (doto 90—94), UTO OH OOBACHIT MHOTOCTATUM-
HOCTBIO TIpollecca oOpa30BaHUs araTa, CBSI3bIBasi KaXIylo U3 CTaauil ¢ COOCT-
BEHHBIM TUTAIOIIMM KaHAJIOM.
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KoMmmpoMuccHoe TipeAcTaBlieHMe O pOJM pacCMaTpUBaeMbIX KaHaJoOB
BbICKa3aj Mpu oOcyxkaeHuu ux 3HadyeHus: B. WM. CremaHoB, cChbUIAIOUINIACS
Ha HEKOTOpbIE MPOCTbIe 3KCIMEPUMEHTBI, KOTOPble OH Hejaj IJisi ee YSCHEHUs.
Cornmacio B. WM. CremaHoBy, omnucbiBaeMble KaHaJlbl OCYUIECTBISIOT cpa3y
NBOMHYI0O (DYHKIMI0O — MO MX LEHTPaJbHOW YaCTM KOHILIEHTPUPOBAHHBIE pacT-
BOpbl HAIPAaBJISIOTCS B TMOJOCTb, INe BO3HMKAIOT araThl, a 0 BHELIHeNH
(HapyXHO#) OTXOomsT oTpaboTaHHBbIe pacTBOpbl. K coxaleHWio, 3TO NpHUBIeKa-
TeJbHOE Ha TEPBBIA B3TIsAA OO0bsCHeHHMEe GYHKIUMM TMUTAOIIMX KaHajloB He
MOMOTaeT TMOHMMAHUIO POJIM KaHAJOB KaNMWJUISIPHON TOJIIMHBI, MPUCYTCTBUE
KOTOPBIX TMPUXOIUTCS TpearnojiaraTb BO MHOTUX CllydasX, KOrma MaKpOCKO-
NUYecKre KaHajbl OOHapyXuThb He ymaeTcs. bomee Toro, Il. Il. IMmununeHko
[87] cuumTam, uyTO NPM OTCYTCTBUM KaHAaJOB 3aloJHEHWE TOJOCTU Ta30BOTO
My3bIpsi TIPOUCXOJUJIO Yepe3 ero CTeHKHU, KOTOpble MCCIeIoBaTe]b CpaBHUBAI
¢ ToHuaimuMm cutoM. Kpome TOro, oHo TpedrnojaraeT TeYyeHHE pacTBoOpa,
TOrla Kak, HUXe OymeT IoKa3aHO, YTO araTooOpa3oBaHUE TPOUCXOAMT B
3aCTOMHBIX YCJIOBUSX.

loBopst 00 yciaoBusiX 00pa3oBaHMWs TUTAIOIIMX KaHAJOB, KOTOPbIE Kak
OyATO HU y KOTO He BBI3BIBAIOT COMHEHHMSI KaK IMPOBOAHUKM MUHEPaAIU3UPYIO-
IMX pacTBOPOB, CJeAyeT OOpaTUTh BHUMaHWE Ha e€Ile OIHY BO3MOXHOCTb
UX o0pa3oBaHMsI — B KauyeCcTBe 3aCTOWHBIX 30H MEXIY OTACIbHBIMU Cdeposu-
TaMM XaJilleoHa, HamomoOue TeX, KOTOPble BO3HUKAIOT Y KPUCTAIU3YIOLUIUXCS
IUIEHOK KapOoHaTHEIX KopaaautoB [100].

3acToiiHble 30HBI MeXay cdepoJuTaMu, BbI3BIBABIIME W3MEHEHUE UX
30HAJIbHOCTU — €€ YTOHeHHMEe K OCHOBaHMIO,— oTMeueHbl U 0. M. JIBIMKOBBIM
[34] mpm omumcaHuM MOP@OJOTUUYECKUX U aHATOMHYECKHMX OCOOEHHOCTEeH
cheponutoB HactypaHa. [lo ero MHEHHIO YMEHbIIEHUE TOJIIMHBI KOHIEHTPOB
chepoIUTOB B MPOMEXYTKAX MEXIYy OAMHOYHBIMU ChepoauTaMu MOXET OBbITh
BBI3BAHO KOHBEKIIMOHHBIM (TpaBUTAllMOHHBIM) TPalMeHTOM paclpeaeaeHus
yacTull, JubO TMepeceyeHreM <«IBOPUKOB KpHUCTAUIM3alUn» CcGHEepOJUTOB,
T. e. uMmeeT yucto auddy3noHHylo npupoay. OH Xe cuMTaeT, 4YTO pas3HHUIlA
B CKOPOCTSIX pOCTa OTHEJbHBIX YYacTKOB CGHEpOJUTOB — pe3Koe YBeJu-
YeHUe CKOPOCTH POCTa CJIOEB y BEPIUIMHBI U CHUXEHUE ee (BIUIOTH IO MpeKpa-
LEHWsI) Y OCHOBAHUs — OJHA M3 NMPUYMH TOSIBJIEHUS pacllelieHHbIX cdepou-
JOJINTOB.

CrenyeT MMeTb B BHMIOY TaKXe, 4YTO «IMTAIOIIME» KaHalbl CBONCTBEHHBI
He TOJbKO arataM, a W3BeCTHbI B Jpyrux cGepoJUTOBBIX arperarax, B
YACTHOCTM MAaJaXUTOBBIX, B YeM MOXHO yOeIMTbCs, HalpuMep, NpocMaTpuBas
o0pasibl MajaxuTa CO CTapbiX YpPaJlbCKMX MECTOPOXIEeHUI B MuHepaioru-
yeckoM My3ee uM. B. WM. BepHamckoro MOCKOBCKOTO TI€0JOropa3BeloyHOro
nHcTuTyTa UM. C. OpIXKOHMKHI3E.

B 3akiioueHue HeOOXOAMMO OTMETUTh, YTO MOMHUMO paaUalbHBIX <«TUTAI0-
MX» KaHAJIOB B araTOBBIX MMHIAJIMHAX WHOTAAa BCTPEYaloOTCsl OYeHb CBOEOO-
pasHble KOJbIeBble KaHalbl (poTto 95), mpoxonmsimme MO BceMy TepUMETPY
MHUHAaIMHBI. Takue KaHaJdbl HaMMU HEOAHOKPATHO BCTPEYaJIUCh B IJIOCKUX
MHUHAaIMHax ¢ Mbica TeBu, KamuyaTka, W HUX MPOUCXOXIEHUE CKOpee BCEro
CBSI3aHO CO «CXJIOMBIBAHMEM» B LIEHTPAJIbHOW YaCTU MUHIAIUHBI CHEpPOTUTO-
BbIX KOPOK, pa3BMBAIOIIMXCS IO KpOBJE€ M JOHHOW 4YacTU MUHIOAJIUHB U
MMEIOIIMX B CBOMX LIEHTPAJbHBIX YacTsX ropasno 06ojiee BBICOKYIO CKOPOCTh
pocta, uyem B mnepudepudyeckux. OIHAKO TPUYMHBI 3TOTO, KakK M JIeTalu
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JOHHBIE BPEKYMHN B JIUTO®U3AX
N MOCTCPEPOJIOUTHBIN XAJTIEIOH

®oro 116. [donHass puonutoBasi Opekuusi (B OOJOMKAX OTYETIMBO BUAHBI TEMHbBIE
dbrsIMMe), CIeMEHTHUpPOBaHHAs XallleAOHOM, U3 KpymHoil nutodussl. CepreeBka, [Ipu-
mopbe. 14,0X7,5 cm. No 81792.

®@oto 117. JoHHass Opekuusi B COEAMHMBIIMXCS IEHTPAJIbHBIX TOJOCTSIX ABYX JUTOMU3,
BBITIOJTHEHHBIX ~TApaJUIeIbHOCTOUCTHIM  (OHMKCOBBIM) aratoMm. AfiHabynak, Ka3CCP.
13,5X9,0 cm. Ne 84540.
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®oro 118. [dpobnenwiit denp3odup, comepxamuidi pa3apoOJeHHBIE IOJEBOLINAT-
KBapleBble cHEeponuTh, OOJIOMKM KOTOPBIX CLEMEHTUPOBAaHBI KBapll-XaJlleJIOHOBBIM
(kapHeosnoBbiM) aratoM. KansuwmbiBeem, Yykorka. 12,5X9,5 cm. Ne 83259.
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TEKCTYPHBIE OCOBEHHOCTHU ATATOB
B JIUTODPN3AX

®oto 119. AraT ¢ OHMKCOBOW M 00JeKaiolleil 30HAJIbHOCTHIO B LIEHTPAJIbHOW TMOJOCTU
dbenb3uToBOM TUTOGU3BI; XOPOIIO BUAHBI CJEAbl MEPEKPUCTAIIM3ALMM OHUKCOBBIX CIIOEB.
Aitnadynak, KazCCP. 22,0X14 cm. Ne 84528.
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®oto 120. Arar ¢ TUIMHTOUAHOW TEKCTypOil B HUXKHEW 4YacTW, CMEHsIOLIEWCs Mapai-
JIeJIbHO-CJIOUCTON  (OHUKCOBOM) TEKCTYpOW, TMepexoasiieil, HauuHas C KapHEeOoJOBOTO
CJI0si, B 30HaJbHO-KOHIIEHTPUYECKYIO TEKCTYpY; B sOpe — KBapll W KajabUUT. AliHaOynak,
Ka3sCCP. 14,0X10,0 cm. No 83218 (moBepHyT mpumepHo Ha 45°).
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®oto 121. XanuemnoH-OManoOBblii OHUKC CO CIOSIMM, YMUPAIOIUMUCS B 30HAJIbHO-KOH-
LEHTPUYECKUN XaJILIE[OH, MOKPBIBAIOLIMI BMEIIAIOIINE YyYaCTKH DPHOJUTOBOI JTUTO(GU3HL;
cnpaBa B puoiute (denb3uTe) BUAHO Hebonbmioe GbsiMMe (TeMHOE), pa3opBaHHOE
XaJlleqoHOBbIM MpoxunakoM. Cepreeska, [Ipumopse. 20,0X9,0 cM (ITOBepHYT NpUMEPHO
Ha 45°). Ne 84041.

MMHEPAJIBI ATATOB N3 PUOJINTOB
Kanmsour

®orto 122. TiceBmomopdo3sl (3aMellleHWs: W OOJeKaHMsI) KBaplla M XajileaoHa Io
pPa3HOOPMEHTUPOBAHHBIM IJIACTMHYATBIM KPHUCTalaM MaNuplinara ¢ T[POMEXYTKaMu
MEXIy HUMH, YaCTMYHO 3allOJHEHHBIMM OMNaj-XaJleIOHOBBIM OHUKCOM B MOJOCTU
kpynHoii denb3utoBoit nutodbussl. Cepreeska, [Ipumopbe, 24X10 cm. Ne 83255.
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®oto 123. Kpucramapl mamupiinata B IIapoBOi LEHTpadbHOU ToJgOCTH AuTodussr (?).
Yuxyaxya, Mekcuka. 9,0X8,0 cm. Ne 76979.
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®oro 124. Mo3auuHblif arat, MPeICTaBICHHBII araTOBbIM OHMKCOM, O0Opa30BaBIINMCSI
N0 BO3HMKHOBEHMSI Tamupiunara (cepblil XaaleloH B HMXHEW yacTu obGpasua) u Ooiee
MO3AHUM OMNaJ-XaJllelOHOBBIM OHHUKCOM, 3aIOJHSIOLIUM TPOMEXYTKM MEXIy IUIacTh-
HaMU TMamnuplimnara, 3aMellleHHbBIM KBapieMm u xaiuenoHom. Cepreeska, [lpumopne. 14,5X
X8,0 cm. Ne 84045.
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®oro 125. Mo3auuHblil arat, MpeACTAaBICHHBIA OMal-XaJleIOHOBBIM OHHUKCOM, BBIMOJ-
HSIOUIMM TPOCTPAHCTBO MEXAy IJIACTMHYATBIMU MceBaoMopdo3aMu KBaplia M XailledoHa
mo mamupmmary (B BepxHedl 4acTu ¢ororpadum) u aratoM c¢ obJekamoomieid 30Halb-
HOCTBIO (CHU3Y); B JIEBOM HMXHEM YIJIy B KapHEOJOBOM XaJlLlEIOHE OTYETIUBO BUIHBI
PEeUKTBl pOMOO3APUYECKOI craiHOCTH Kanbluuta (cpaBHu ¢ puc. 68). Cepreeska, Ilpu-
mopbe. 31,0X8,0 cm. Ne 83250.

®oto 126. TlceBnomopdo3a KBaplL-XallelOHOBOTO arata MO CKaJeHO3APUYECKUM KpUC-
Tajmnam Kaibuuta. CepreeBka, IIpumopbe.
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®oro 127. KBsapir-xajiieIoHOBBIii OHUKC C TUIMHTOMIHBIMM TceBIOMOpdo3aMu KBapiia

MO IIMPOKOW KaJbLUTOBOM 30HE (CHM3Y), MMeEKOLIeil TOPU3OHTAJIbHYIO MOBEPXHOCTh

M CJIOMCTO-TOPU3OHTANBHYIO TEKCTypy, TMapaljelbHyl0 CJIOSIM OHHKca. AilfHaOymak,
Ka3CCP. 7,5X7,0 cm.
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®orto 128. KBsapi-xajiieIOHOBBII OHUKC C IUIMHTOMIHBIMHU TceBaoMopdo3aMu KBapliia
Mo TpeM KaJbLMTOBBIM 30HaM (YacThb oOpas3la KHU3Y OT KpPacHOTO XalleJOHOBOTO
cllos), YepenyloIIMMUCS C XallleJOHOBBIMU clOSIMU (Oesbie), BBINOJTHSIOUIUN TMOJOCTH
IOByX cauBIIMXCS (enb3uTOBBIX JTUTOGU3; B BEpXHeW dYacTu obpasua BUIEH TOHKUU
«MUTAIOIIUI  KaHal», OTXONSIIMII OT TOHKOrO XalleJIOHOBOTO MPOXMUIKA, CEKyLIeTo
dbenb3utoBylo kopky nutodusbl. AitHaOynak, KazCCP. 12,0X8,0 cm. Ne 83222.

®mooput

®oto 129. Kpucrannasl ¢aoopurta (duonetoBbie) B KBapl-XajllelOHOBOM arate, BbI-
MOJIHSAIOWIEM TOJOCTh B (Geab3UTOBON JUTOGMU3E C OTYETIMBON CHEPOTUTOBON CTPYK-
Typoii. Tap6anbaxkeii, YutuHckas o6a. 9,0X5,0 cm. Ne 84049.
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®oto 130. TIiceBmomopdo3bl xaniemnoHa mo ¢urooputy (KpymHbie, KyOMYeCKOro rabu-
Tyca B HMXXHEW M JIEBOil BepxHedl dvacTsAx oOpasiia), BpoclIMe B KBapli-XaJlleIOHOBBII

araT ¢ OHMKCOBOM M 30HAaJbHO-KOHIIEHTpUYeckKoil TekcTypoii. Tap6anbmxkeit, YuTuHCcKas
o6s. 10,0X8,0 cm Ne 83241.
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®oro 131. TlceBazomopdo3a xanienoHa 1mo (GIOOPUTOBOMY CiIOl0 (roay0oBaThiil, yKa3aH
CTpelKaMu) B KBapl-XaJleJIOHOBOM 30HAJbHO-KOHLIEHTPUYECKOM araTe, BBIMOIHSIOIEM
nonoctb B denb3utoBoit autoduse. Cepreeska, Ilpumopbe. 14,0X12,0 cm. Ne 83253.

IIceBnoMopdo3bl MUHEPAJIOB KpeMHeE3EéMa
10 HEM3BECTHOMY MUHEpay

®oto 132. TlceBnomopdo3a xanienoHa M KBapla (HEMHOTO) IO CHOMOBUIHOMY CPOCTKY
TUIACTUHYATBIX KPUCTAUIOB aHTUApuTa (?) WM BO3MOXHOTO Oaputa (?), 3aMOJTHSIONIETO
LIeHTpaJbHYyI0 MonocTh AuTodu3snl. Asary3, KazCCP. 8,0X7,5 cm. Ne 84532.
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CTPOCHUA MOMOOHBIX KaHaJOB U WX B3aMMOOTHOIIEHUS C MUHEpaau3auuen,
HYXIawTCd B OOIIOJHUTCIBHBLIX MCCICIOBAHUAX.

N3MEHEHUA ATATOB

B TMOBEpPXHOCTHBIX YCJIOBHUSIX M, B 4YaCTHOCTH, B POCCHIMSX aratbl WHOrIA
3aMeTHO u3MeHsiioTcsi. C OZHOM CTOPOHBI, 3T WM3MEHEHUS TPOSBISIOTCS
B 00pa3oBaHMM Ha IOBEPXHOCTM arata OeJOW pBIXJON KOPKU KpeMHe3eMma,
TOJIIMHON WHOrAAa HECKOJbKo MumwuiuMeTpoB [88, 117, 205]. TonmunHa
ObIBaeT pas3jiMyHass M 3aBUCHT OT CTPOCHUs OTACIbHBIX araToBbIX CJIOE€B —
KOJIMYECTBA TOpP B HHUX, COXEpXaHUs mpumeceil, B yactHoctu H,O u 1. m,
M BbIpaxkeHa B pejibede IMOBEPXHOCTU KOPKHU, MMOIYEPKUBAIOLIEM TEKCTYPY
HMCXOMHOTO XaJjleaoHa.

C 1pyroifi CTOPOHBI, B IOBEPXHOCTHBIX YCJIOBMSIX TTPOUCXOAUT BbILIEA-
ypBaHME KapOOHATOB. DTO MPUBOIMT K BBUIYHIMBAHUIO BHYTPEHHUX XaJleno0-
HOBBIX 4YacTeil MWHIAJIWH, TMpPUOOpeTaloIMX B O5TOM Cilydyae XapaKTepHBIN
PUCYHOK, OTIpENesIIOIUIACS OTMeYyaTKaMy BBIIIEJOYEHHBIX KPUCTAJIOB U
KPUCTAJLIMYECKUX KOPOK KapOOHATOB.

Yactp KapOboHaTOB, 0co0eHHO Fe- m Mn-comepxXamux, B MOBEPXHOCTHBIX
YCIOBUSAX OKUCISIETCA. DTO MPUBOAUT K TOMY, YTO OHM MOKPBIBAIOTCSI KOPKAMM
ruapokcuaoB Mn u Fe wiu Haueno 3ameinalorcss uMu. [lo aToit Xe mpuynHe
BO3HUKAIOT pa3juuyHble coenvHeHussi Fe m Mn, mocTymaioouige B TPYHTOBBIE
BOIBI M CIIOCOOHBIE BTOPUYHO MPOKPAIIMBATh araThbl. DTO BbIpaxkaeTcsl OOBIYHO
B YCWJIEHUM KpPacHOW, KOPUYHEBOM M 4YEepHOW OKpacKM arara € TMOBEPXHOCTHU
M 1O OTIACJIbHBIM HauboJiee TMOPUCTBHIM 30HAM * 3a CYET MUTMEHTALlMU UX
coennHenusMu Fe m Mn [117]. HabGamomaeTrcs Takxke BTOPHMYHOE IPOKpAIIM-
BaHME IO TPEUIMHKAM C IMPEMMYIIECTBEHHON MPOKPACKOW OTHEJNbHBIX HauboJee
MOPUCTBIX 30H B arare, a WHOraa oOecIBeUMBaHWE TEPBUYHON OKpacKu
BIOJIb TPELIMH, CBA3aHHOE C BhIlIeIayMBaHMeM mnurmeHra [116, 117].

KpoMe Toro, M3aMeHeHHe OKpAacCKM arata TMPOUCXOAMT TaKXKe TOI IeucT-
BUEM COJIHEUHBIX Jydeil. [lpm >ToMm cilabooKpallleHHble WIM T'PSI3HOBATO-
3eJIeHOBaThle araTbl 3aMeTHO KpPacCHEIOT, BCJEACTBHME OKHUCIECHUS U Jeruapara-
LMK TUAPOKCUAOB XeJie3a, OKpallMBaloIIMX araT, M Iepexoja UX B TreMaTuT.
BcnenctBue 3TOro spKMe KpacHble, KpPacHO-KOPUYHEBbIE M T. II. ararhl,
HaxoAsuIrecss Ha TIOBEPXHOCTU POCCHITIEH, MOTYT OBICTPO CMEHSTBhCS CJIabo-
OKpallleHHBIMU (BIUIOTh OO TI'PSI3HOBATO-CEPBIX) araTaMu Ha TJIyOuHE.

* Ha crmocoOHOCTM pa3HbIX 30H arata I10-pa3HOMY IIOIJIOIATh pa3iM4Hble Be-
IIECTBA OCHOBaHbI ~MHOTOYMCJIEHHbIE METOObl MX WCKYCCTBEHHOTO —OKpAIMBAHMS
[32, 245], MHOrMe M3 KOTOPBIX MPUMEHSUIUCH ellle B IpeBHOCTH. Hambomee HOCTYITHBIM
SIBJISIETCSL METOJ TPOMMUTHIBAHMsI arata pacTBOPOM Mejla WIM caxapa C TOC/IeIyIonmM
OKMCJICHUEM OpraHUMYeCKMX COCNVUHEHWH KUISTYeHMEeM B CepHOil Kuciote. B stom
cilydae OECIIBETHBIA WIM CJieTKa CepoBaTbhlii araT TMPHOOpETaeT SIPKYI0 KOHTPACTHYIO
OKpacKy OT KOPWYHEBOM [0 4YepHOI; 30HbI, B KOTOpbIE PACTBOp HE MPOHUK H3-3a
HU3KOM TIOPUCTOCTH, OCTAlOTCSl CEephIMU WM OesibIMU. VICKyCcCTBEHHOE TMpOKpAllIMBaHUE
MOXKET HCIOJIb30BaThCsl TIPM  UCCJICNOBAHUM arata — Ui TIOBBILIEHUsST KOHTPACTHOCTH
ero 30H, 0oJiee YETKOTO BBISIBJIEHUSI €r0 TEKCTYPHI.
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SAKJIIOYEHUE

HccnenoBanue MUHEpaIOTMYECKUX OCOOEHHOCTEH araToB IO3BOJISIET clesaTh
CJIeIyIOIINe BBIBOMIBI:

1. Ipouecc oGpa3oBaHUs araToB OYeHb 4YacCTO JJIMTEJbHBIH M MHOTOCTA-
OUHBINA; B XOIe HEro MOTyT 0Opa30BBIBATHCS HE TOJbKO MUHEpasibl ceMeicTBa
KpEeMHe3eMa, HO W MHOIME [JpyrWe, 4YacTb M3 KOTOpPBIX oOpasdyeTcs [0
MOSIBJIEHUS] MUHEpPaJoOB ceMeiicTBa KpeMHe3ema, Ipyrue — COBMECTHO C HUMM
(HanmpuMmep, 30HTUKM KBapllMHa, 3aBeplIalolide HEKOTOpble XaJledOHOBBIE
c/ou) M, HaKOHell, TPeTbUM — Iocje HMX. TakuM o6Gpa3oMm, araThl, MoIanaio-
ye K MCCIeI0BaTe 0, OTpaXxaloT JUIIb KOHEYHBIA pe3yabTaT MHUHepasoobpa-
30BaHMsI, BOCCTAHOBJIEHHME IOCJIEI0BATEIbHOCTH KOTOPOro IOAYac JI0BOJBHO
CJIOXKHBI TIPOLIECC M MO HUM HeJb3sl JdeJaTh MOCIEIIHBIX BBIBOJOB O CIOCO0e
UX o0Opa3oBaHUs, YTO, K COXAJEHUIO, O CHUX IOp JAejaeTcss OOJbLIMHCTBOM
CMEeUMATUCTOB, U TeM 0oJjiee KOJUIEKIIMOHEPOB-JIIO0UTEIEH.

2. MuHepaJbHBIi COCTaB araToB pa3HOro0 TEeHETUYECKOTO THUIA OTIMYaeT-
csl ompelesieHHBIMM TUIOMOpGHBIMU ocobeHHOcTsiMu (Tabn. 7), Haubosee
BaXHBIMU M3 KOTOPBIX SIBJISAIOTCS: a) Haubosiee pasHooOpa3Has MUHepalu-
3allMsl XapaKTepHa [Jisi araToB MWHIAAWMH; 0) B aratax MHWHIAJIUH W3 BCEro
MepeyHss MUHEpPaJlbHbIX BHUIOB, IPHUBEACHHBIX B TabJ. 7, He YCTaHOBJIEHBI
JIUIIb TEeJNIeCTUH, AHTUAPUT (TUMUYHBI Ui aratoB B IiceBgomopdo3ax To
KOHKpEeIHMSIM aHTUAPUTA U KajdbluTa) U (QIIOOPUT, TUMOMOPGHBIN AJIsT araTtos,
BBITIOJIHSAIONIMX TIOJIOCTM B JUTOMU3aXx M YyCTAHOBJIEHHBI TakKXe B ararax
OCAJ0YHBIX TOPO/I.

B nomosHeHWe K NAHHBIM, MPUBEAEHHBIM B TaGJa. 7, JJISI araTOB MUHIAJIMH
yka3piBaloTcst [152] caMopomHBle MeAb M CBHHEL, XaJlbKOIMPHUT, TaJCHUT,
MapKa3uT, KYyIpWUT, MarHe3UT, aHKEepPUT, MaJaxuT, CTPOHIMAHUT, HATOJUT,
STUIOT, aBrUT, AKTUHOJUT, OKEHUT, MPEHUT, amoUIUT, TalabK, CEPIEHTUH,
XpU30KOJIJIa, aHaJbIIUM, HATPOJMUT, CKOJCUMT, ME30JUT, TOMCOHHUT, JIOMOHTHUT,
CTUJIBOUT, SMUCTWILOUT, OpIOCTepPUT, QUITUNCUT, OUTYMBI (achaabTUTHI);
IJIsl araToB MUHIAJIMH W TOJOCTedl B JuTO(dU3aX — rapMOTOM U IIa0a3uT;
IUIsl araToB B IMOJIOCTSAX JUTO(PU3 — KaoJuHHUT. CTONb CyIIEeCTBEHHOE pacliupe-
HHUe CIUCKAa MUHEPaJOB MHWHIAJIUH OOBSICHSETCS CKOpee BCEro BKIIOYEHHEM
B Hero [. JIx. ¢oH brankeHOyproM He TOJbKO MUHEPAJNOB, HAXOISIIMXCS
HEMOCPEeACTBEHHO B IMapareHe3uce ¢ aratoM (c¢ XaJleIOHOM, KBapleMm,
KBaplUMHOM), HO M MMHEpAJOB, XapaKTEPHBIX [JIsi MUHEpalu3allud MUHIAIUH
BOOGOIIe. DTO OTHOCUTCSI TMpEXIe BCEro K HU3KOKPEMHHUEBBIM IIEOJIUTAM —
TOMCOHUTY, HATPOJUTY W [Op., JUJISI KOTOPBIX IlapareHe3uc ¢ MUHepalaMu
ceMelicTBa KpeMHe3eMa peloK WIM pgaxe 3ampemeH [27], ¥, BO3MOXHO,
K MHOTMM U3 OCTaJlbHbIX MUHEpajoB, He MOMaBIIUM B Taba. 7.

HOns nceBgoMopdo3 MHUHEpaloB CeMeicTBa KpeMHe3eMa II0 KOHKpe-
LUAM aHTMOpUTAa U Kajapuuta (?), pacrnpocTpaHEeHHBIM B LEHTPaJbHOW YacTu
CIIA, P. B. Tpunn [262] npuBomsuT ropas3no 0Oojiee IIMPOKUI IepedyeHb
MUHEpaJIoB MO CPAaBHEHUIO C YCTAHOBJICHHBIM HAMU B MOJOOHBIX € 00pa30BaHUAX
n3 top TyapKblp M eIMHWYHBIX 06pasumoB m3 Ces. Memena. Tak, OH yKa3bl-
BaeT, KpoMe IMepedyrclieHHbIX B TabJl. 7, aHKepPUT, aparOHUT, CMUTCOHUT (OYeHb
penKo), MapKa3uT, XaJIbKOMUPUT, cpaseput (MapMaTUT) KaK OOBIYHBIE MUHE-
paibl 3TOro TapareHe3uca, Halollue CKOIUIEHUs «7,5 CM B TOMNEpeYHUKeE,
caMopoagHoe cepebpo (o cdaaepury), KaOJIWMHUT, MaJlaxuT.
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TABJIULA 7

OcobeHHOCTH MMHEPAJIBHOIO COCTaBa araToB OCHOBHBIX TI'€HETUYECKUX THUIIOB
(XaHL[CI[OH, KBapll, KaJblIMT — CKBO3HbIC MUWHEpaAJbl araToB BCEX TI/Il'IOB)

:JL:‘:‘I:;“B}?;‘@}'JHBHHK Aratsi OCafoYHBIX NOpoa
Kpteanp: Buinon ne
Mg | Buromne: oo Yomcpe. | e nonoc-
JaneTax M | Joctei QHAM aH- xeh netmie-
aupesutax | antodus rHapHTa ‘I,'awm""n
H KaibLMTa CHOHIHTOB
z Onan + + == —=
x Ksapumn 4 — 4 +
g Munepansl pona + + — —
g rAayKOHHTa-Cenano-
cy HUTA
|m T LlenecTun —_ —_ + —_
g ¢ MopaenuT £ == = =
P Kannontuaonur + =+ e —
- @eppbeput |+ - - —
5 = CeeTn03apur -+ — — —
& E Hoaomur - — (+) —_
E5 Cunepur +- + (n/mM?)| — -
g Bapur i i + ~
= 2 Munec -+ — —+ —
E _— AHHAPHT +(?) + (n/mM?)| + —
= E DA0opHT + (n/m) e + -
58 s Okcuabl M MTMAPOKCH- |+ . o +
ﬁ 52 nbl Kenesa (B oc-
@ = B HOBHOM TéTHT)
@ HouTpoHuT - B — —
= IMupnr - (-+) (=)
g Topopkut -+ — — —_
= [Mupoawosut -+ | — (-+) —
VYcnoBubie 3Haku: (m/mM?) — oOHApPyXeH TOJbKO B BUAE IMPEANMOTOXUTEIbHBIX TCEBIO-

Mopdo3; (+) —autepaTypHble NaHHBIE.

3. C1OXHOCTb U MHOTOCTaIMHUHOCTb Mpoliecca MUHEpaaIu3alUu MOJOCTE,
coJepXalllux araTbl, MPUBOJUT K BO3HUKHOBEHWIO OOJIBIIOTO 4YHUCIA TCEBAO-
mMopdo3 3amemeHus. Cpenu HUX BaXHEWIIyl0 pPOJb UIPAIOT IceBAOMOPGhO-
3bl 3aMElIEHUSI MUHEPAJOB ceMeiicTBa KpeMHe3eMa (TJlaBHBIM 00pa3oMm Xxai-
1le0oHa U KBaplia, B MEHbIIE Mepe KBaplMHa) MO KaJabLUTy (cheponauToBOMY,
3€PHUCTOMY, JJIMHHOCKAJIEHODIPUUECKOMY, MaMUpPIINAaTy); IOCTATOYHO ILIMPOKO
pacnpocTpaHeHbl Takxke MceBIOoMOpdo3bl 3aMelleHuss Mo (QIIOPUTY, ropasiao
MEHBIIYI0O POJb UTPAIOT IceBAOMOPGO3bl 3aMellleHUs: mo OapuTy. [locTaToyHO
IIUPOKO pachpocTpaHeHbl Takxke IMceBIOMOpPGO3bl 3aMelleHUs XalleloHa
(4acTUYHO KBaplia, ofaja) 1o AepeBy, KopalaM, aHTUAPUTOBBIM U KapOOHATHBIM
KOHKPELMSIM.

4. Hapsaay c¢ nceBgomopdo3aMu 3aMellleHUsT B HEKOTOPBIX CIydasX HOCTa-
TOYHO OOBIYHBI TIceBAOMOP(O3bl 00JieKaHUs MO KaJbLMUTY, pexe (roopury.
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W3BecTHBI ciiyyan, Korma mceBIoMOpdO3bl 3aMelleHUsT U O0JeKaHUS TPOSBIIS-
I0TCS OJHOBPEMEHHO (3TO TUNUYHO ST TIceBAOMOpP(O3 KBapua M XalieaoHa
mo manupiunary B Jutoduszax CepreeBckoro MectopoxneHus B [Ipumopse).

5. YuwuThiBasg B3aMMOOTHOIIEHWE pa3JIMYHBIX MUHEPAJOB OPYr C OPYrOM —
obpacTaHue, TNCeBAOMOpPGU3ALUI0 ONHMX M3 HHUX OPYTUMH W T. T., MOXHO
HaAMETUTh HECKOJbKO OOOOIIEHHBIX CXeM TOCJIeNOBATEIbHOCTA Pa3BUTHUS TPO-
LECCOB MUHEpaIU3alui, a UMEHHO:

a) KamblMT I —> XamienoH —> KBapii --> KaibuuT 11;

0) KaJbLIUT --> XaJILIEIOH --> KBapIr*--> XaJILIEOH;

B) CHUJIEPUT --> XaILIeAOH + I€TUT --> KBapilI;

I) KaJbLIUT --> XaILEAOH —> JOJIOMUT --> XaJILIeJOH;

II) XaJILIEIOH --> KBapLUH --> KBapIl --> XaJILIEIO0H. ..}

€) XaJLIeNOH --> KaJIbLIUT/XaJILIENOH --> KBapLIMH --> KBapiI;

X) KaJIBIIUT --> XaJIIIeIOH, KBAPIIMH --> KBaPII --> XAJILEOH --> 6apuT/XaJe0H;

3) XaJLenoH --> (hIIoOpUT/XaUenoH, KBapll --> KarbluuT 11 --> Gapurt;

M) KBApLVH --> KBapII -- > XaJLIEIOH --> (KBapLIH) -- > 0apuT, LIEJECTUH --> KATBLMT -->
KBaplI --> (IIOOPUT;

K) XaJILIe0H --> KBapLMH --> KBapIl --> XaJIEIOH --> ((hIIoopuT) --> XaIlenoH -->
KBapll.

I[lpu 3TOM cXeMBl «a — X» TUNWUYHBI Ui araTa MUHIAIWH, TPUYEM UM
MIpeNIIecTByeT OOBIYHO OOpa3oBaHUE Yallle TOHKOUW TIJIAYKOHUT-CEJIaTOHUTOBOM
KOPKM, BBICTWIAIOINIE! CTEHKU Iy3bIps, M TOHKOW KOPKHU XallledoHa, 00jieKaro-
el TpeabIayllyo, a TakXe B psle clyyaeB MOSBJICHUE IIEOJUTOB, HapacTalo-
IKUX HEMOCPENCTBEHHO Ha CTEHKM MUHAAJIVMHBI WIW Ha KOPKY paHHEro Xali-
menoHa. CxemMa «3» TUMNWYHA JUIS araToB, BBIMTOJHSIOMUX JUTOGU3BI, cXeMma
«» JJIsl aratoB, oOpasymouiuxcs B mceBaoMopdo3ax 1Mo KOHKPEUUSM aHTUIPU-
Ta WX KaJblWTa, «K» — [UJISI araToB, 3alOJHSIONIUX TOJOCTU BbIIIETaYUBaAHUS
cununutoB. KpoMe TOTro, Kaxmas M3 CXEM OCJIOXHSIETCS BO3MOXHOW TICEeBIO-
Mopduzanueit paHHUX MUHEpPaJoB 0OoJjiee MO3MHUMU, PUTMUYECKUMU TIOBTOpE-
HUSMM OTJIOXEHUS KaK OTIHEHbHBIX MHWHEPAJIOB, TaK W 3BEHbEB IMPUBEICHHBIX
cxeM (THWIa XajleloH —> KBapll—> XaJlledoH --> KBapIl... U T. 1.).

6. OmnpenelleHHbIM TUIIOMOPGU3MOM 00Jagal0T CTPYKTYPHbIE M TEKCTYp-
Hble OCOOEHHOCTM aratoB, XapaKTepHble MJs KaXAOro U3 MECTOPOXACHUMN.
Tak, OHUKCOBBIX araToB MpPakKTHUYECKUM HET Ha CEBEPOTUMAHCKHUX MECTOPOXAE-
HUSX, B MHUHIaJIMHAX M3 MeCTOpoxAeHuil paiioHa r. Axanuuxe [py3CCCP
(Ioypno, ITamay u np.), MaxeBaHCKOrO MECTOPOXAEHUS B ApPMEHHU, pPOC-
coineit okpectHocTeil [laBnmomapa Ka3zCCP. HampoTuB, oHM XapaKTepHBI s
MUHIAIUH MecTopoxneHusi PoiBbieM, UykoTka, AByX M Oojiee KaMepHBIX ara-
TOB VYayreii-Xuga, MOHrojaus; DOCTaTOYHO OOBIYHBI OHU JJIsI POCCHIIEH IO
p. 3es, Amypckasd o06j. OHUKC-araTbl OYe€Hb XapaKTePHBbI [Jis BBIMOJIHEHUM
mojocteit B nuTodulax AliHaOyrakckoro mectopoxneHus B KaszCCP, Tap-
Oanpaxeiickoro B YutuHcKoi 067., CepreeBku B Ilpumopse. Jlnast araTos,
CBSI3aHHBIX C OCAJOYHBIMU TMOPOJAMHU, OHU HE XapaKTEepPHBI.

7. B3zauMOOTHOIIEHUSI araToB Pa3HOro TEKCTYPHOTO TWUIA pa3IudHbI. Tax,
TOPU3OHTAJbHBIE CJIOM OHWKCOBOTO araTa MOTYT YIUpPaThCs B YYacCTKM arara C
30HAJbHO-KOHIIEHTPUYECKOW TEKCTypoil, NMOO TEepexXomauTh B CJIOU TOCHE-
Hell — pe3Ko 0e3 YTOJIIEHUS B MECTe Iepexoja, WIW C TOCTENEHHBIM YyBEIU-
YEeHUEM TOJIUUHBI CJO0s, Mepexoasuero B o0JeKalouylo 30HaJIbHOCTb.

8. CTpyKTypa aratoBbIX CJIOEB TOTO M JpPYyroro TUIOB pa3iauyHa. Tak,
ISl araToBbIX CJIOEB C 30HAJbHO-KOHLIEHTPUUYECKON TEKCTYpPOil XapakKTepHbI
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30HBl C TMapaJieJIbHOIIECTOBATONW CGhEpPOTUTOBON CTPYKTYpOU (KadbIIUTOBBIE,
XaJlleIOHOBbIE, KBApIIMHOBBIE, KBaplieBbie), peXe OHU UMEIOT 3EpPHUCTOE
cTpoeHue (30HKM 3epeH KBaplia B C(HEPOTUTOBBIX KBapIll-XaJlleJOHOBBIX
KOpKax).

[ns araToB ¢ MapaieIbHOCIOUCTOW (OHUKCOBOI) TEKCTypoil HamboJjee
TUMMUYHBl MEJIKO3EPHUCThIE, BIUIOTh JO TJIMHOMOMAOOHBIX, 30HBI, WHOTAA COC-
TosUlMe M3 IUIOTHO NpWIETaloUuX APYr K APYLy MeJKUX cHEepoUTOB XallleJo-
Ha, cheposuToB U cHEepOUTOIUTOB KBAapIMHA, B TOM YHUCIIEe U C B3aUMOIIPOHU-
KaloIUMKU TpaHULIAMKW, HANlOMWHAas B 3TOM CJIydae POTOBUKOBYIO CTPYKTYpY.
Onsgs sTtmx Xe aratoB xapakTepHbl A- m KT-omaxn. IlpyyeM WMEHHO 30HBI
OMMUCAHHOW CTPYKTYpBl MMEIOT YMUPAIOIINECsd KOHTAKTBI C 30HAJbHO-KOHLIEHT-
pudeckuM aratoM. Hapsay ¢ 3TUM B OHMKCax BCTPEYAlOTCS CJIOW Tapayiefib-
HONIIECTOBAaTOW C(hEPOTUTOBON CTPYKTYPHI, a TakXe IpyOoIllecToBaThie KBaplie-
Bble cjiou. MIMEHHO CJIoM IBYX yKa3aHHBIX TUIOB TIEPEXOASAT HEMOCPEACTBEHHO B
cJIod 30HAJbHO-KOHIIEHTpUYECKOro (objeKaloliero) arara.

WHoit TekcTypoil XapaKTepu3yIOTCs arathl, oOpasylolniuecs KaK IICEeBIO-
MOpGhO3bl MO KOHKPELUUWSIM aHTUAPUTA WIM KajlblUTa. B 3TOM ciyyae BHell-
HSS 30Ha 30HAJTbHO-KOHIIEHTPUYECKOTO arata Tpe[cTaBlieHa TOHKOUW KOpPKOU
XajlenoHa, Ha KOTOPBIM HApacTalOT W KOTOPHI MeCTaMHW IPOPaCTalOT OTIENb-
Hble MeJKue Cc@epoJuThl KBaplMHA. 3aTeM WUIAET 30Ha MEJKOIIeCTOBATOTO
KBaplia, najee — XajllelloHa, a B 3aBepUICHWM WHOINA KBapllMHA W KBapla.

9. TekcTypbl araToB 4YacTO OCJOXHSIOTCSI, a WHOTAA W ONpeleasiioTcs
OOUJIBHBIMM BKJIIOUEHUSMU MeMOpaHHBIX (?) TpyOOK, HUTEW HESICHOIrO TeHe3uca,
BHEIPEHUEM B TOJIOCTU JIaBOBBIX HACTBUIBHBIX COCYJIEK, JIABOBBIX TIEPEXKUMOB,
CTepXHEe!, UroJb4aThiIMU BPOCTKAMU MOPAEHUTAa U JAPYTUX MUHEpPaIoB, KapOo-
HATHBIX C(hEepoJIMTOB, XaJlleIOHOBBIMU TICEBAOCTAIAKTUTAMU, WHOTHA BeChbMa
MHOTOYUCIIEHHBIMM, OOpa3ylUIUMUCS Ha OCHOBAaHUSIX Ppa3IUYHOU TPUPOIBI.
B HexkoTopwhix aratax Ha (oOpMy puUCYHKa OOJIbIIIOE BIUSHUE OKa3bIBAIOT
TpyOuaThie Wi Oojiee CIOXHOOOpa30BaHHBIE <«IUTAKOIINE» («TOABOMASIIINE)
KaHaJbl.

10. Okpacka aratoB cCBsI3aHa C pa3JIUYHBIMU TPUYUHAMU, TIABHBIMU U3
KOTOPBIX SIBJISIIOTCSI: a) HEpPaBHOMEpHOE paclipejieieHWe TOop U pas3IudHas MX
¢dopmMa B OTHETBHBIX CJIOSX arata, NMpPUYEM YyBeJIUYEHUE IOPUCTOCTU C OIHON
CTOPOHBI BBI3BIBAET IMOSBIIEHWE MAaTOBOM, a 3aTeéM M MOJIOYHO-OEJI0i OKpacKw,
Cc [Ipyroii — obieryaer BTOPUYHOE IMPOKpAIIMBAHWE COOTBETCTBYIOIIMX 30H;
0) pa3HBIl MUHEpPaAJIbHBIN COCTaB OTAEIbHBIX 30H; B) TOHKOJUCIIEPCHBIE BKIIO-
YeHUsT SPKO-OKPAIIEHHBIX MUWHEPAJOB — TETUTA, TeMaTUTa, MWHEpPaJIOB poia
JIAyKOHUTA — CeJIaJOHUTa, HOHTPOHUTA, MUPOJIO3UTA, TOMLOPOKUTA, PEAKO Ma-
smaxuta. [Ipy 3TOM THAPOKCUABI Xeje3a B 3aBUCMMOCTHU OT CTETIEHU OKMCIICHUS
W TUApaTallUd MOTYT WM3MEHSITh OKpacKy arata OT 3KEJITOW MO0 TpsS3HO-Xel-
TOW WJIM TEMHO-KOPUYHEBOU, KPaCHOBAaTO-KOPUUYHEBOU; SIpPKO-KpacHas oKpacka
OOBIYHO OOYCJIIOBIUBAETCS TOHKOAMCIIEPCHBIM TEMaTUTOM.
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YcnoBus o06pa3oBaHUs araToB WHTEPECOBAJIM BCEX UcCCieaoBaTesieil, 3aHU-
MaBLUUXCHd HUMU, U TI0 ITOMY BOIPOCY CYLIECTBYIOT pa3jiU4YHbIE, B TOM YUCIE
HWCKJIIoYalonue apyr apyra mpeactaBieHus. ComocTaBieHUE HX MeXOy co0o0ii
W C U3JIOXEHHBIMU BbIIe (PakTaMu MO yCIOBUSIM 3ajieTaHUSI araToB, MX MOp-
dosorvu, TIaBHBIMM 4YepTaMW MUWHEPAJOTUU TIO3BOJISET HAapHUCOBaTh Haumboiiee
MpaBIONONO0OHYI0 KapTUHY YCJIOBUI oOpa3oBaHuMsi aratoB. B To e Bpems
MHOTHE BOTIPOCHI 00pa30BaHUS araToB 10 CHX MOP OCTAIOTCS HE BBISICHEHHBIMH,
B OCHOBHOM WU3-3a HeJgocTaTka B ¢dakTuyeckoM Matepuane. Ha Hux Takxke
1meaecoobpa3Ho 0O0paTUTh BHUMaHMUE YUTATENsI KaK Ha TpeaMeT HeOOXOIMMBIX
B OyayiieM ucCIeIOBaHUM.

BoisicHeHUe ycioBuit 0Opa3oBaHMsI araToB BKJIIOYAET PAacCMOTPEHUE IIEJIOr0
psiia B3aMMOCBSI3aHHBIX M WHOTAA TPYAHO pa3leuMbIX BormpocoB. M3 Hux
BaXHEUIIUMHU SIBJSIOTCS CJeAylolIue.

1. ®uU3NKO-XMMHUUYECKHNE YCIOBUS IPOLIECCOB araTooOpa3oBaHUS.

2. WcTouyHUMKM KpeMHe3eMa B aratooOpas3ymollux cucTeMax.

3. Xapaktep MuHepanoobOpasyolieil cpenbl — ObUIM JIU 3TO KOJUIOUIHBIE
pacTBOpHI, CTYAHU, MOHHBIE (MCTUHHBIE) pPacTBOPHl WM TBepHas cpena.

4. MexaHU3M OTJIOXEHWs MWHEpaJoB ceMelcTBa KpeMHe3eMa B araTtax
U crnoco® TPAaHCMOPTUPOBKU TUTATEJIBbHOrO BEIIECTBA K pPACTYLIMM MWHEpPaib-
HBIM arperaram.

5. MpuunHbl 006pa3zoBaHUs TUMUYHBIX [UISI araToB TIOJOCYATHIX TEKCTYP.

OU3UKO-XUMUNYECKHUE YCIOBHUA IIPOLIECCOB
ATATOOBPA3OBAHUA

OrnpeneneHre GU3NKO-XUMHYECKUX YCJIOBUN IMPOLIECCOB MUHEPaooOpa3oBaHUs
BKJIIOYAET TpeXIe BCEro BBIACHEHME TeMIlepaTypbl W JAaBJICHUs, NMPU KOTOPBIX
OHU TPOUCXOAUIN, KHUCIOTHO-IIEJOYHON XapaKTEePUCTUKU CPEIbl, OINpeaessio-
el ycaoBUSI BbiAeleHUs KpeMHe3ema. [l TOro 4YTOOBI OTBETUTb HaA 3TH
BOTIPOCHI MMEIOIIUXCS JaHHBIX TI0Ka HEJOCTaTOYHO, TIpUYeM HauWMeHbIee
KOJIMYECTBO CBEIEHUI OTHOCUTCS K OINpeAesieHUI0 OaBJIeHUsl MPOLECCOoB; He
COBCeM siCHa W BeaMuMHa pH HemocpeaCcTBEHHO MpPU MUHEPaTOoOOpa30BaHUU.

B oCHOBHOM BCe 3TW HaHHBIE TMOJY4YalOT JUOO TMPU MCCIEIOBAHUU Ta30BO-
KMAKUX BKJIIOYEHUH B MUHepanax, Ju0O TpH SKCIHEPUMEHTAIbHOM W3YyYeHUU
YCJIOBUI MX OOpa3oBaHMSI.

K Hacrosmemy BpeMeHUM NaHHBIX 10 OIpeNesIeHUI0 TeMmIiepaTyp obpa-
30BaHMsI arata B pas3lMYHBIX accoUMalMsIX Takxke KpaiiHe wmaino. [Ipu stom
BCE OHU OTHOCSITCSI HE CTOJIbKO K COOCTBEHHO XaJledOHY, CKOJbKO K HaXOJs-
KAMCs B IMapareHe3uce ¢ HHUM KBaplly, aMeTUCTY, KaJbIIUTY.

IMo-BuaAMMOMY, OZHMMHU U3 HauboJiee BBICOKOTEMIIEPATYPHBIX SIBISIOTCS
XaJlleOHbl (araThl) THAPOTEPMAJbHBIX accolualuii, obpasymolimecss B 3aKJIO-
YUTEJbHYIO CcTanuio (GOPMUPOBAHMSI HEKOTOPHIX XeJe30pPYAHBIX cKapHOB. Tak,
HampuMmep, TemIlepaTypa TOMOTEHM3allMU Ta30BO-XMIKUX BKIIOYEHUHA B
aMeTHUCTe M KBaplle, BBIIEJSIOIIMXCS IMO3Xe XaillleloHa, Ha psiae MeCTOPOX-
meHunii ora CumObupckoil TraTdopMbl oKa3damach paBHoil 375—385° C B ueHTpe
kpucrtamnoB, 380—400 u 400—420° C B mx ocHoBaHUsSX U TojoBkax [109].
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MuHepanbl ceMeiicTBa KpeMHe3eMa Ha 3TUX MECTOPOXIECHUSIX HaXOmsITCs
B accolMaluu C MarHeTUTOM, KaJIbLIUTOM, OapuUTOM, IEJIECTUHOM, THUPUTOM,
XaJIbKOMMUPUTOM, TaJeHUTOM, cdaaepuToM, KUHOBApbIO, OUTyMaMu, MOHTMO-
PUJUIOHUTOM, TETUTOM, JUMOHUTOM U Jp.

Jasi OUeHKM YCJIOBUiII OOpa3oBaHUsI XaJjlleloHa OOJBIION WHTEpec TMpea-
CTaBJISIIOT JaHHbIE WCCIEIOBAHMUSI CTAIUMHOCTA U OINpeaesieHus] TeMIepaTyp
FOMOTEHM3alMU Tra30BO-XUAKUX BKJIIOYEHUH B KBaple M cdajepute THIAPOTEp-
MaJbHBIX XMJI MamXkapoBcKoro pyaHoro y3ia B boarapum [155]. 3mech
KMJBI 3aJIeraloT B KHUCJBIX MPOMUINTU3MPOBAHHBIX TpaxuaHae3uTax, Tydax
n Tydhobpexuusx. [Aasg HUXHUX TOPU3OHTOB XapaKTepHa KBapll-CyabbuaHas
(XabKOTIUPUT-ChanepuT-raleHUTOBasl) MUHEpalu3alus C reMaTUTOM (CIeKy-
JISIPUTOM), a [JIsI BEPXHMX — IIMPOKO TMPOSIBJICHBI MHUHEpabl IMO3IHEH KBapil-
XaJleIOH-aMeTUCT-0apUTOBOM CTaauM MUHepaauM3anuu. B 3Ty cramuio otriara-
JIUCh TIOJIOCYATHIA XajueaoH (MecTaMM B BHUIE OTOPOYEK I10 TUIACTUHYATBIM
KpucTtauiam GapuTa), 3aTeM KBapll, aMeTUCT, MpUYeM OTJOXEHHUE XallleloHa,
KBaplia M aMeTHCTa MPOUCXOAMIO PUTMUYHO, OJlaromapsi 4YemMy >KUJbl HMEIOT
30HAJbHO-PUTMUYHOE, HMHOTAA TOHKOPUTMUYHOE U CUMMETPUYHOE CTPOECHUE
[89, 155].

OrnpenesnieHnue TeMIepaTyp TOMOTEHM3alUMM KBapua M cdaigepura Tmpen-
IIECTBOBABIIEe CTaAuM MUHepaIu3aluKd [ajo BEJUYMHBI B TMpenenax 245—
235° C, mpuyeM TemiepaTypa oOpa3oBaHMsS MHMHEpAaJOB KBapll-XajllleAOH-aMe-
TUCT-0APUTOBOI cTanuu MUWHepanu3amuu oneHuBaetcs Ha 10—15° C Huxe,
T. e. B 235—220° C [155]; mnst oTOol cTamuMyd NPHUBOASTCS TaKXe M TeMmIepa-
Typel oOpa3oBaHMsa B TIipemeiaax 225—<100°C [89].

T. T. I'pymkuan u M. I'. XenapBac [30] omumcanu XallemooH U3 KBapll-
(rroopUT-6apUTOBOI XMIJIBI CO ChajlepuTOM, TaIeHUTOM, KaJbLIMTOM, TeMIlepa-
Typa TOMOr€HHM3aluKu paHHEro ¢JopuUTa M3 KOTOpoi okaszamach 160—130° C;
OlleHKa TeMIlepaTypbl o00pa3oBaHMs KBaplla W ero pa3HOBUAHOCTEW maHa
B mpenenax 220—140° C.

OrpeneneHre TeMmIiepaTyp TOMOTEHM3allMM Ta30BO-XUAKUX BKJIIOYEHUN B
KBapue, (uoopurte, KalbliuTe, OGapuTe araToB M3 MUHIAJIUH B 0a3aibTax U
mutodus B puoiamrtax Kazaxcrana (mectopoxnmenuit Caprtmona, Kary-Tay,
AitHabynakckoro u IlaBmomapckoro) mokasano [143], 4yro oHM IS KBaplua u
dmooputa HaxonsaTcsa B mpenenax 450—90° C, kanpuura 200—90° C, G6aputa
130—50° C, 4TOo B LIEJIOM COIJAcyeTcsl C IOCIeAOBATeIbHOCThIO MX 0Opa3oBa-
HUST B arataXx. B To e BpeMs ObUI0O OOHApyXeHO, 4YTO MaKCHMaJbHBIMU
TeMmIepaTypaMyd TOMOT€HM3allMu JJIsSi CBETJIO- M TEMHO-IBIMYATOrO KBaplia
00J1aJal0T BKJIIOYEHHUs] BHeEIITHUX ero 30H (450—350° C), Torma Kak BKJIIOYCHHUS
BO BHYTPEHHHUX YacCTSIX KPUCTAJIJIOB TOMOTEHU3UPYIOTCA Tpu Oojiee HU3KOM
TeMmImepartype.

AHaJOTMYHbIE WCCIEIOBAHUS KBaplla araToBbIX MWHIAJIUH U TOJOCTEH
mutodus psga wMectopoxaeHuit [IP m @®PI pmanu TakXke CpaBHUTEIbHO
BBICOKME TeMmrepatypsl — B cpemHem 370° C (B mpemenax ot 325+9 1o
402+23) m aWImb B OXHOM cCiydyae OHa okasamach 170+22° C, a B mpyrom
275+7° C. OpHoBpeMeHHas oleHKa pnaBiaeHuss 21—34 MIla, a coneHOCTH
pactBopoB 0—4,3% B NaCl-skBuBanenre [260].

3HaYUTEbHO 0oJiee HU3KUE TeMIlepaTypbl FOMOT€HM3allMU Ta30BO-XHUIKUX
BKJIIOUEHMI OBbLIM TOJYYEeHBbI AJIs MCIAHACKOro Immata B Tpammnax CuOupckoit
mnatdopMmel [4, 50]. Pe3romupyss mcciaemoBaHUSI IO €T0 YCIOBUSIM 0Opa3oBa-

299



aHusg, E. 5. KueBnenko [50] mmcan, 4TO KpUCTaUIbl MCIAHACKOTO IIIaTa
pociv B TeYeHHe JIMTEIbHOIO BPEMEHU B CTAOMJIM3UPOBAHHOW TEPMOAMHAMMU-
yecKOoi 00CTaHOBKE M3 CJIa00 HACBHIIMIEHHBIX KMCJIBIX WJIM TMOYTH HEUTPaIbHBIX
pacTBOpPOB, MPAKTHMYECKU CTEPMJIbHBIX B OTHOINEHUM PYAHBIX U OOJBIIMHCTBA
MEeTPOTEHHBIX BJEeMEHTOB.

IMocTeneHHoe CHUXEHUE NOaBieHUs (OT HU3KOrO0 — HECKOJbKHUX EIUHUIL
MIla — 10 HOpPMaJIbHOTO) CIMTOCOOCTBOBAJNIO CIIOKOMHOMY yIaJeHUIO W3 PacTBO-
pa CO, ¥ TeM caMbIM CTUMYJIMpPOBAJO KpUCTaUIM3auWIo Kaapuurta. Mcmann-
CKMil mmar (GopMupoBasCcs TpPU HU3KUX TeMIlepaTypax, B cpelHeM KoJiebaB-
muxcsa oT 40 mo 150° C m Bpsn au mpesBbimaBmux 200° C.

Hcnanackuii mmat Ha MecTopoxneHusx Cubupckoir miaatGopMbl Mo Bpe-
MeHU oOpa3oBaHus 06ojiee TMO3IHUI IO CpPaBHEHMIO C XajleloHoOM. Takum
o0pa3oM, OpUEHTUPYSICh HA pe3yJibTaTbl TOMOT€HM3ALMN Ta30BO-XUIKUX BKIIO-
YEeHUN B HCIAHICKOM IIIMaTe, MPUXOAMTCS MOOIMyCKaTb, YTO XaJUEdOH 31eCh
obOpasoBalics Ipu TeMIleparypax He Huxe 40—150° C. H. M. AngpyceHko
[4] oueHWBaeT TeMIepaTypHble YCJIOBUS (a3bl EOJUTU3ALMU TPAIIoB,
Korga o0pa3oBajiMCh OCHOBHBIE MacChl I[€OJIUTOB, XajledoHa, MCIaHICKOTo
mmnara, B 250—50° C.

MuHepaoTepMOMeTpUYeCKUe HuccaenoBanuss aratroB Yykorku u Mara-
JNaHCKoM obsactu [123] mokasajau, 4TO TeMIepaTypbl TOMOTE€HU3AIUU s araToB
u3 6a3ajbTOB HECKOJbKO BBIIIE, YeM JJIsi araToB M3 pHUOJUTOB. Tak, s
nepBeIX OHU JiexaT B mpexenax 100—300° C (Oma u Apmannp 210—420,
Kemon 100—135, SIna u Jle6enmuas 90—120° C), a nnsg BTOpPBIX HE TOTHU-
matotca Bbime 200° C (KansumbeiBeem 180—200, Bamaranuuk 70—190, Jdxen-
el 100—130, Xora 100—120° C).

M. K. Kemrep [198] mna xanuemona u kBapua u3 xeon Ceeppa-Ilanbero,
Mekcuka, TPUBOIUT TeMIlepaTypy oOpa3oBaHWs B uHTepBaitax 48—59 u 69—
79° C COOTBETCTBEHHO.

Takum o0Opa3oM, cyasd IO TpUBEAEHHBIM NAaHHBIM, XallleloH (arat) B
MUHIAJMHAX W MEXIIapoBbIX IPOCTPAaHCTBaX B Oa3ajbTax, a TakXe B IyCTO-
Tax JUTO(GU3 B PUOJUTAX BO3HUKAET MPU OTHOCHUTENHHO BBICOKHUX TeMIIepary-
pax, HauumHass oH HagkpuThmdyeckux (Boime 400° C), Korma MHUHepalooOpa3yio-
masi cpeia TMpencrtaBieHa (GJIIOUIOM, OCHOBHBIM KOMIIOHEHTOM KOTOPOTO
saBastiorcss napsl H,0. Ero BwimeneHue mponoikaercs W IOCie KOHISHCAIMN
daouaa M3 TUAPOTEpPMaNbHBIX pPACTBOPOB, HAYWHAs OT BBICOKO- 10 HM3KO-
TeMmnepatypHbeix (> 40—50° C).

OG6 OTHOCHTEJNbHO BBICOKOTEMIIEPATYPHBIX YCIOBMUSIX OOpa30oBaHUS BYyJKa-
HOTEHHBIX MWHEpaJoOB CeMeWCcTBAa KpeMHe3eMa CBUICTEIbCTBYIOT HaGIIOAEeHUS
3a MX OTJOXEHUEM U3 TUIPOTePMAJbHBIX PACTBOPOB B 00JIACTAX COBPEMEH-
HOro ByJKaHM3Ma. Tak, 3HAYUTEJIbHBbIE OTJOXEHUs IOYKOBUAHOTO oOraja,
MepernoJHeHHbIe MEJKOBKpAIUIEHHBIMU CyibduaaMu, HaOIIOAaINCh B JpEeHaX-
HBIX TpyOKax ckBaxuH paitoHa ConatoH-Cu, KanudopHus. 3mech coBpeMeH-
Hble KOPKM 4YepHOTO ofaja o0pa30oBalUCh M3 pPacTBOPOB C TeMIlepaTypoii
130—220£30°C [251].

Ha KamuyaTtke o6Gpa3oBaHue XaJjllelOHa, oflaja, KBaplla B IOJOCTSX IMPO-
MUJIUTU3UPOBAHHBIX IMMOPOJ MPOUCXOAUT U3 PACTBOPOB C TeMIIepaTypoOil BBIXOJAA
Ha moBepxHocTh 90—100° C, a Ha miayomne 120—350 M wmx Temmeparypa
nocturaetr 170—180° C. OtinoxeHue Treii3epuTOB (B OCHOBHOM COCTOSIIIIUX U3
aMopdHOro KpeMHe3ema) M HeOOJBIIMX KOJMYECTB CTYyOHS KpeMmMHe3eMa Ipo-

300



Takum o06pa3omM, XajllleloH MOXET 00pa30BHIBATHCS W3 MUHepasioodpa-
3YIOIIMX Cpea, OoOJajalolux TeMmIepaTrypaMu OT TOBEPXHOCTHBIX 10 400—
420°C u paBiaeHMEM OT HecKoJbKux gecsaTkoB mo 0,1 MIla. IlepeHocy Kpewm-
He3eMa JOoJIXHa OJaronpusTCTBOBaThH IlIeJOYHasi Ccpefa, €ro BbIAEJIEHUI0 —
CMeHa ee Ha KHUCIYIo.

NCTOYHUKUN KPEMHE3EMA B ATATOOBPA3YIOHNINX
CUCTEMAX

Bompoc 06 ucTOYHMKaxXx KpeMHe3ema IpM aratoo0pa3oBaHUM OCOOEHHO WH-
TepecoBaj HccienoBaTelieil, paccMaTpUBABIIUMX TeHE3UC aratoB B 06a3ajbrax,
aHAe3UTaX M pUoJMUTaX. B 3Toil CBSI3M He pa3 BBICKA3BIBAIMUChH IMPEINOIOXKE-
HUsI O JMKBAalMOHHOM o0O0Opa3oBaHWM KalleJb KpeMHe3ema, 3axBaTe OOTaThIX
KPEeMHE3eMOM BMeEIIAIONIMX TOPOA U T. I., HECOCTOSITEJIbHOCTh YEro moka3aHa
Boiie. [IpUYMHBI TIOMCKOB CTOJb 3K30TUYECKUX HMCTOYHUKOB KpeMmMHe3eMa B
3TOM cCilydyae OOBIYHO OOBSICHSIJIMCH MOBEPXHOCTHOM OLIEHKON COCTOSTHUSI BMe-
MAIOIIMX araTbl MOPOJ KaK CBEXMUX, IUIOTHBIX, MaJOU3MeHEHHBbIX. B cBsi3u
C 3TUM YMECTHO IIPUBECTU BhICKa3biBaHug B. ®duinepa [176] oOTHOCHUTEIBLHO
MOAOOHBIX TOPOM: yXe€ TEeMHO-Cepble IO YEepHbIX, Ha B3TJIAL elle CBeXue
mopoasl obnactu Has (Mmap, ®PI) oOHapyXuBamT TOYTU IMOBCEMECTHOE
npeobpa3oBaHue OJMBUHA B CEPIEHTUH WIM TFeMaTUT, B HUX 4acCTO BCTpevYaeTcs
KaJblIUT, a CTEKJIO B OCHOBHOM IMpeoOpa30BaHO B 3eJIeHOBATbie TMPOMYKTHI
paspyiieHusi. B Tak Ha3blBaeMbIX CBEXHX IOpOAAaX aHaJIU3bl IMOKA3bIBAIOT
HACTOJIbKO 3HAYUTEJbHBbIE COMAEpPXaHWs BONbI W YIJIEKHUCIOTBHI, 4YTO HX eIBa
JU MOXHO paccMaTpuBaTh KakK TakoBble. OCHOBHOM OJIMBUHCOAEpPXAIIMI
aBTUTOBBIM TOPGUPUT U3 OKpecTHocTeit Beituponra comepxutr (B %) 3,21
H,0 u 2,36 CO, mpu 56,92 Si0,, GazanbToBBI Menaup M3 XeIE3HOLOPOXK-
HOI BBIEMKM Yy Karoamdeckoil uepksu O6epmreitna 2,60 H,0, 5,74 CO,,
0,14 SOs, menadup y Xele3HOZOPOXHOro Bok3ama Mpap-O6epiureitH 6,80
H,0, 2,35 CO0,, 0,21 SO, npu 49,47 u 50,81 Si0, cOOTBETCTBEHHO.

OH oTMeyaeT TakXe TUIPOTepMalibHOe TMpeoOpa3oBaHUE U OCBETIECHUE
BMelIAOMMUX 0a3aJqbTOB, XOPOIIO HaOJ0JaeMble BO MHOTUX OOHaXEHUSIX U
BeipaboTkax Mmapa, MecTaMu SIBHO YBEJIMYMBAIOUIMXCSI BOKPYT KPYMHBIX MHH-
naavH. Bmemalomime MUHAAJIWHBI TOPOABI WHOTAA TPOHM3AaHBI BKIOYEHUSIMU
KBaplia, KOTOPBI TakXe 3aloJiHsIeT 3yOuaTbie, 3Be31000pa3Hble KIWHBbS MEX-
NIy TIOBEPXHOCTSIMM JIAaBOBBIX ITOTOKOB, B HHX BCTPEYalOTCsl araThl, aMeTHCT,
KaJbLMT, LEOJUThI, 6apur, réTUT U OApyrue MUHepaabl. MectaMu Mopoja
HACTOJIbKO pa3pyliaeTcsi, YTO araToBble MUHAAJIWHBI M3BJIEKAIOTCS U3 Hee
CPaBHMUTEJIbHO JIETKO.

B. ®umep oTMevaeT, YTO W Ha JAPYrMX araToBBIX MECTOPOXICHUSIX,
CBSI3aHHBIX C MaHAEJbIITEHOBBIMU 0Oa3ajibTaMH, HEOMHOKPATHO OIMUCHIBAINCH
rUAPOTEPMalibHbIE W3MEHEHMWs BMEIIAOIIMX IMMOPOJ BIUIOTh MO IOJHOM UX
apTWUIMTU3AlMK, KaK 3TO yCTaHOBJIeHO Ha Puo-®opkeTnHO, Tae BMellarolve
MOpOAbl TpeBpalleHbl B HAKPUT.

Jlnst araToBbIX MecTopoxiaeHMir 3akaBkasbsg u CeBepHoro TumaHa TuApO-
TepMajibHble M3MEHEHUs BMEIIAIOMMX IMOPOJ HACTOJbKO IMOCTOSIHHBI, YTO OHHU
KUCIOJIB3YIOTCSI B KauyecTBe OJHOTO M3 CYLIECTBEHHBIX IMOMCKOBBIX IPU3HA-
koB [6, 44, 93, 135].
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Pacuer GanmaHca BellecTBa MMpPU TUAPOTEPMAIbHOM HU3MEHEHUM 06a3ajibTOB
[1, 134] B oOnactax aratooO6pa3oBaHHMsS IOKa3bIBaeT, YTO B Clydyae WUX
apruJIMTU3auuu  BbeicBoOoxaaeTcss okono 400 xr Si0, Ha 1 M  HOpPOABL
OnHoBpeMeHHO B pacTBop mepexoasat: Al,O3 (~ 120 kr/m’), CaO (~90 kr),
MgO (~17 xr), FeO (~60 xr), K,0 (~30 xr), Na,0 (~25 kr), T. e. oc-
HOBHbIE KOMIIOHEHTBI CHCTEM, M3 KOTOPBIX MOTYT BO3HUKHYTb HE TOJILKO Xall-
LIEJIOH, HO M BCe XapaKTepHbIe [Jisi araToB BTOPOCTENEHHbIE MUHEpPAJbl, B TOM
4yuclie Te, KOTOpble MHOTrJA MOTYT HAlleJI0 BBIMOJHSTh MUHIAJIUHBI — KapOoHa-
Thl (MpeXxIe BCero KalibLIUT), LEOJUTHl U Ip.

HccnenoBaHue ruapoTepMalbHO W3MEHEHHBIX 3()@y3uBHBIX cepuil Tpar-
nmoB CubOupcKoit rmiatrhopMbl MOKa3ano OJM3KUE K TMPUBEIAEHHBIM pe3yJbTaThl.
Tak, ObuT0 ycTaHOBJeHO [4], YTO TpPU 3TOM BBICBOOOXHaeTcs (BBIHOCUTCS)
350—405 xr/m’ Si0,, 35—73 kr/m’ Al,0,, 100—122 kr/M’ Na,0, 54—
130 xr/M’ CaO; Bce Fe’" oxucnsorcsa mo Fe'’; makammusarorca K,0 (19—
22 xr/m ') u Ti0,, torna xak cogepxaHuss MgO u MnO usMeHAIOTCS He3Ha-
YUTETBHO.

I'uapoTepMmaibHble W3MEHEHUS] TUIMWYHBI TakKxke [IJs PUOJUTOB, COIep-
Xalux JUTOGU3bI, BHIMOJHEHHbIE araToM. B Havame ruaporepMajibHble H3-
MEHEHUS B PUOJUTAX, COMEPXKAMUX JTUTOGMU3BI C araToM, BBIPAXAWTCS TakK
Xe, KaKk M B 0asajbTaX,— B WX OCBETJICHWHU, TOSBJICHUU OOJIBIIOTO YKCIA
MPOXUJIKOB XaJlllefloHa, KBaplia, KajJblMUTa IO IUIOCKOCTSIM GIIOUIaTbHOCTH,
B mepexofe obcuavaHa B IMepAUT WiIM TexiuTeiiH. [IpudyeM B 3TOM ciydyae OHU
MOTYT TIOCTaBUTb * DJIEMEHTHI JJIsI O0Opa3soBaHWMsI BCeX MUHEPAlOB, YCTAHOB-
JIEHHBIX B TapareHe3uce C XalllleloHOM (araToM), W OBITh TUAPOJU30BAHBI
no rauH. Tak, B MOHTMOPUJIJIOHUTOBBIC TJIMHBI MpeBpalleHbl PUOJUTHI, 3aKJIIO-
yaBiime autodussl ¢ aratom, Ha CepreeBckoM MectopoxaeHuu B I[lpumopbe.
ApPTUJUTUTH3ALMST YCTAHOBJEHA Ha TMOAOOHBIX € araTonposiBIeHHUSIX B 00-
mactu Howei-Kocyén, Huxuss Cunesusi, [THP. Ilpu stom pacuer OGanaHca
BellleCTBa B MpoOllecce apruUIMTU3allMM Ha 3TOM MECTOPOXAEHUM IMOKa3bIBaeT,
yro u3 1 Kkr puoaura obpasoBasoch 752 r rmuHel u 235 r Si0, [200].

PeanbHOCTh MpPOLIECCOB M3MEHEHUS] BYJKAHUTOB C MHTEHCUBHBIM BbILIE-
JlayuBaHUWEM U3 HHUX KpeMHe3eMma TOATBEpPXIAeTCSI MHOTOYMCICHHBIMU pe-
3yJbTaTaMU WCCJIENOBAaHUN TIPOIECCOB M3MEHEHWs TOPHBIX TOPOI W COcCTaBa
rOpsSiYNX MCTOYHHMKOB MPAaKTUYECKU BCeX 00JiacTeil COBPEMEHHOTO aKTMBHOTO
BYJIKAHU3Ma, 3HAYMTEJIbHBIX BBIOEICHUI Treiideputra U Ipyrux Gopm Kpem-
He3ema.

CienyeT uMeTh TakXe B BHIY, 4YTO BeCbMa WHTEHCHUBHbBIE WM3MEHEHMUS
BYJIKAHUTOB C BBICBOOOXIEHHWEM 3HAYMTEIbHBIX KOJMYECTB KpeMHe3eMa Ipo-
HCXONAT TIpM TMpolieccax MX TaJbMHUPOJIM3a — IMOABOIHOTO BBIBETPUBAHUS
[57], ¢ KOTOpBIM psA aBTOPOB CBSI3BIBAIOT BO3HMKHOBEHHE araToo0pa3ylolmx
pactBopoB [70].

HcxomHblii KpeMHe3eM araToB, CBSI3aHHBIX C OCaJOYHBIMM TMOPOJAMMU,
MMeeT pas3inuHoe mpoucxoxneHue. Tak, KpeMHe3eM, 3aMellalomIMil IpeBECUHY
B Tpollecce ee OKPEeMHEHMsS] B 00JIaCTSAX aKTMBHOTO BYJKaHU3Ma, TeHETUYECKU
CBsS3aH C BblenaynBaHueM Si0, TpM TUIPOTepMaNbHOU IepepaboTKe BMe-
MAIOMUX OTJIOXEHUN, UTHUMOPUTOB M T. M. BYJIKAHUTOB, T. €. MO CYLIECTBY
nucroyHuk Si0, 34ech MPUHLUMNHMAIBHO HE OTJIMYAETCSI OT €ro MCTOUYHMKA NpU
OTJIOKEHHMU araToB B Ta30BBIX My3bIPsX 0a3ajbTOB, MOJOCTAX B JUTOGH3AX U
JIOOBIX JIPYTMX TOJIOCTSIX B 3TUX TMOpPOIAX.
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3HauuTenabHble Macchl Si0, MOOGWJIM3YIOTCS TpU TOABOAHOM BYJIKaHU3ME,
BbI3bIBasl CUJIMLMGUKAIIMIO OCATOYHBIX MOPOMA, OOpa3zoBaHWEe pa3JIUYHBIX CH-
JIUIATOB BIUIOTH 10 M. C 3TUMM Xe MpolleccaMy WMHOTAAa CBSI3aHO U oOpa-
30BaHME araToB.

B mnosepxHocTHbIX ycinoBusax SiO,, mocTynalomuié B araToobpasyloniue
pacTBOpBI, TaKXe MOXET MMETh pa3iMuHOe MpOoucXoxXaeHue. MOXHO yKas3aTb
Mo KpaiiHeil Mepe Ha TPU BO3MOXHBIX MPUUUHBI YBEJIMYEHUS €T0 COAEPXKAHUS
B IMOBEPXHOCTHBIX, B TOM YMCJIe TPYHTOBBIX, Bomax. OgHa M3 HUX — TMEPexXo.
B pPacTBOpP OTHOCHUTENIBHO JIETKO pacTBopuMbIX (opm Si0, M3 KpeMHuiicomep-
XKalluX OPraHM3MOB — paauoispuiit m T. . Jpyras — BeicBoOoXmenue SKb
W3 CUJIMKATOB IIOH JAciicTBUeM KpeMHeOakTepuit [22]. TpeTbeil IpHIMHOMN
SIBJIsIeTCSI BbhICBOGOXmeHue Si0, mMpyM TMAPOTM3e Pa3NMYHBIX CHJINKATOB, B TOM
4ypcie TIMHUCTBIX MUHEPAJoB, B YaCTHOCTH, MOHTMOPUJIJIOHUTA TPU €0 BBHIBET-
puBaHuu |[145]. OGpasylomuiics B pe3yabTaTe 3THUX IIPOILIECCOB KpeMHe3eM
OKa3bIBaeTCsl aKTUBHBIM (AaKTOpOM cuIuMnUUKALWU, B YACTHOCTM KapOOHAT-
HBIX MOPOJ,— IMpollecca, YPe3BbIYAHO IMHUPOKO PACIpPOCTPAHEHHOTO B 3eMHOM
kope. B mycTorax BblleSayMBaHUS CUJIMLIMUTOB 3TU PACTBOPHI OTJAaraloT MHOTAA
KpeMmHe3eM B Buue araToB. OHM Xe NMPUBOAST K IceBIOMOpGU3alUU MUHepa-
JlaMu ceMelicTBa KpeMHe3eMa KOpajjioB, XWBOTHBIX OCTAaTKOB, KOHKpELMit
aHTUIPUTA, KaJbLUMUTAa U APYTMX MUHEPAJIOB.

K. Bb. Kpayckomnd [199] mokazan, yTo KpeMHe3eM B 3aMETHBIX KOJUYECT-
BaX MOXET HaXOAUThCSI B TIPECHOW M MOPCKOW BOAe B BHIE HWCTUHHBIX
pacTBOpOB * ; KpOMe TOro OH JOMycKaJl BO MHOTUX cliydyasix oOpa3oBaHue
30j1eii  KpeMHe3eMa. [lepeHocy  KpeMHe3ema TMOJOOHBIMM  pacTBOpaMu
K. b. Kpayckomn¢ npumaBal CTOJb 0OJbIIOE 3HAUYEHUE, YTO CUYMTAT BO3MOXK-
HBIM OOBSICHSITH UX NelicTBMEM 00Opa3oBaHUE KPEMHMCTBIX CJAHIIEB.

B psame ciyyaeB B TPYHTOBBIX (IMMOBEPXHOCTHBIX) BOJax JJOMYCKAeTCs
JNOCTaTOYHAsl KOHILIEHTPAalMsl KpeMHe3eMa ISl OTJIOXEHUS W3 HUX XajlleloHa
[207].

Takum o6Gpa3oM, KpeMHe3eM MOXET OBbITh JOCTATOYHO TMOIBUXHBIM KOM-
MOHEHTOM pa3IUYHbIX (PU3MKO-XUMHUUECKUX cucTeM. OcobGoro BHUMaHUS 3a-
CHYXMBAIOT TUAPOTEpMalibHbie CUCTeMbl 00JacTeil aKTUBHOTO BYJIKaHU3Ma
¥ BO3HUKAIOUIME TMPHU TalbMUPOJIU3e TOPHBIX Mopod. OTMedaeTcsi TMOBBIIIEHHOE
colepxXaHWe KpeMmMHe3eMa B BOJIaX, BO3HUKAWOIIMX B KOpaX BbIBETPUBAHUS
CUJIMKATHBIX Topol [26] M B HEKOTOPHIX I'PYHTOBBIX BOMaX.

XAPAKTEP MUHEPAJOOBPA3YIOIINEN CPEBI

XapakTepusyss MHHepasiooOpasylollyo cpeay, M3 KOTOPOW MPOUCXOAMIO ara-
ToOGpa3oBaHue, HEOOXOAMMO OTBETUTh Ha BOMPOC O TOM, YTO OHA COOOI
MpeacTapisijia, T. €. BBISICHUTb, ObUIa JM OHA W3HAYaJIbHO TBEPAOW, B BUIC
BBICOKOKPEMHE3eMHUCTOTO paciljiaBa, WU 3TO ObUIM PAacCTBOPBI, a €CJIM PacTBO-
pbl, TO KaKWe — KOJUIOWUAHBbIE, CTYIHM WJIM HOHHBbIe (UCTUHHBIE). OO0 3TOM
CYIIECTBYIOT pa3iWYHble MHEHUs, B OOJbIIEH WJIM MeHbIIed CTerneHu O0O0OCHO-

* CnemyeT MMeThb B BUIY, YTO B pEYHBIX M TPYHTOBBIX BOMAX KpPEMHEKMCIIOTa
HaXOOUTCSl He TOJLKO B MOHOMEpHOM cocTosiHuM, Kak mojaran K. Bb. Kpayckord, HO
U B BUNC DPa3IMYHOIO poia MOJMMEpHbIX KomiulekcoB tuma [Si0, (OH), |n [15].
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BbIBacMble (DAKTUYECKUM MaTepuajoM, KOTOpbIE 3acIyXHMBAaIOT CIEINaTbHOTO
paccMOTpeHUs.

lMpencraBieHusi o reHe3uWce XalienoHa (arata) B TBEpPOBIX Cpeaax TpHU-
HaiexaT pa3jiuyHbIM aBTopaMm. [Ipu 3TOM B KayecTBe MEpPBOHAYAILHBIX CpEI,
B KOTOPBIX pa3BUBAJCS XajlllelOH, paccMaTpUBaluWCh: 1) BBICOKOKpEMHe3e-
MUCTBIE CHJIMKATHBIE, BIUIOTH O KBapIleBbIX, CTeKJa; 2) KapOOHATHI.

MHueHune 00 o0Opa3oBaHWU XallleOHAa IO BBHICOKOKPEMHE3EMUCTHIM CUJIU-
KaTHbIM, U B YaCTHOCTHU, KBapLEBBIM CTeKjIaM, 0a3uMpyeTcss B OCHOBHOM Ha
pe3yJibTaTax 3KCIEePUMEHTAJIbHBIX WCCIENOBAaHUI TIO CUHTE3y XajlleJoHa TIpu
TUOpOTepMaIbHOM 00paboTKe KBapleBoro crtekia [220, 271].

IMpoBoast 06pabOTKy TUAPOTEpMATbHBIMU pacTBOpaMU CTEPXKHEW W3 KBap-
neBoro crekia, P. Hakken [220] mokasaa, 4To B 3THX YCJIOBHUSIX OT CTEHOK
CTEepXHsI BHYTPb WUIET IMpOIecCC 3aMelleHUs cTekya xamienoHoM. [Ipu 3towm,
ecliM TakKoe 3aMelleHWe IPOUCXOAUT HalleJlo, B IIEHTpe HOBOOOpa3oBaHUS
MOSBIISIETCS TIOJOCTh C TUAPOTEPMAJbHBIM pPACTBOPOM, BO3HUKAIOIIAs W3-3a
pasHMIBl B IUIOTHOCTU KBapleBOTO cTekyia M xanienoHa (fx10%). DTo mo3Bo-
mmwio P. HakkeHy cpaBHUBATh UX C IHTUAPOCAMU — TIPUPOJHBIMU XaTlLEIOHO-
BBIMU MWHIAJWUHAMU, ITOJOCTh KOTOPBIX COIEPXUT PAaCTBOP, U3BECTHBIMU U3
HEKOTOPBIX MECTOPOXIeHUUl YpyrBasi. B atux ke HoBooOpaszoBaHusx P. Haxk-
KEH OOHapyXWBaJ: a) KPUCTAJJIMKKA KBapua (okojdo | MM) ¢ rojoBkamu, Ha-
MpaBJIeHHBIMM K WX IEHTPY; 0) 30HAJTbHO-KOHIEHTPUYECKYIO TEKCTypy U
CTPYKTYpY, TUNUYHYIO AJIS XajllleoHa;, B) WH(WIbTpAllMOHHBIE KaHAJbl THUIIA
«TIATAIONIMX» KaHaJIOB, M3BECTHBIX BO MHOTMX aratax. M3MmeHsis cocTtaB pact-
Bopa, P. HakkeH BapbupoBaji pa3MepoM 3epeH, IMojiydas paBHOMEPHO3EPHUC-
ThIe arperaTbl, cpepoJUTOBBIE KOPKM, OojJee KpPYyNMHBbIE KPHUCTAJJIBI, B OOJbIIEit
WM MEHbIeil cTeneHU puTMudHble. [Ipy 3TOoM oOpaszoBaHUe XallleAOHA TPOUC-
XOMWJIO JIMIIh B WIEJIOYHBIX pacTBOpax, TOrAa KakK B KHCIBIX PacTBOpax OHO
HEe HaO0II01a10Ch.

Ax. Yaiir, Jx. KopBun [271] moiaydymium mpakKTHYeCKU aHAJIOTUYHBIE Dpe-
3yJIbTaThl, YCTAHOBMUB TP BTOM, YTO XaJIleJOH OKa3bIBAeTCS OIHUM U3 TIPO-
MEXYTOUYHBIX TMPOAYKTOB TMepexoda KBapIlleBOTO CTeKJIa B KBapll B PsNY: CTEK-
JIO ->-a-KpPHUCTOOAINT->-KUTUT—>-XaJIleJoH—>-KBapll. [lo MX ZaHHBIM, XaJlleIOoH
B OTUX YCJIOBUSIX ycToiumB jumb go 300° C.

I[lpuHuMass BO BHMMaHUE TIOJyYeHHbIE 3KCIEPUMEHTAJNbHBIC PE3YJIbTATHI,
a TaKkXe OYEeHb HM3KYI0 pacTBOpuMocTb Si0, B 4MCTOi BOAe Aaxe IPU BLICO-
kux Temmeparypax ¥, P. HakkeH cuurtan, 4TO CcKOpee BCEro XajilenoH (arar)
B Tipupome oOpa3yeTcsi MeTacoOMaTUYEeCKM TI0 KarJjsM KBapleBOTO CTeKJa,
000coOOMBIIMMCST B MarMaTM4eCcKOM paciulaBe B pe3yJbTaTe JIWKBALlUU WA
pacrjiaBJeHUsT KCEHOJMTOB KBapIUTa.

Hano, omnako, otmath mosxHoe P. HakkeHy, 4To Takue mpencTaBiIeHUS
0 TeHe3Wce XaJlleJJoHa B TIPUPONIE OH BBICKA3bIBaJ JIMIIb B BUIE TPEIIO-
JIOXEHUSI, OTMeyas, 4TO [0Ka3aTeJbCTBA TAaKOTO TIPOMCXOXIEHWS araToB B
MpUposiec OH TMPUBECTU €le He MOXeT. TeM He MeHee K TOMOOHBIM TEOPETH-
YEeCKMM TIpeNCTaBJICHUSIM O TeHe3uce XalllleoHa B 00JacTsIX aKTUBHOTO BYJI-

* Omnwmpasich Ha 3T maHHble, P. HakkeH cuwmran, 4ro mmst o6pa3oBaHMsl 1 KT Xaie-
nmoHa mipu 500 °C m 200—300 MIla HyxHO okoyio 400 Kr BOmBI, T. €., IO €f0 MHEHUIO,
IUIST 3TOro ToTpeboBayiach ObI Kamepa obbeMoM 400 1.
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IICEBAOCTAJTAKTUTBI 1 MEMBPAHHBIE TPYBKHU
B ATATAX N3 PNOJIUTOB

®oto 133. TlceBmocTalakTUTHI XailleloOHA BOKPYr HUTEW, OOPa30BABIIUXCS B PE3Yiib-
TaTe pa3pbiBa BSI3KOTO PHMOJIUTA; I[EHTPajJbHasi TMOJOCTh 3alOJHEHa XaJleAOH-OMaJOBBIM
oHukcoMm. Tapbanpaxeit, Yutunckas oo6na. 14,0X8,0 cwm.

®orto 134, BaxpoMa MEJKHUX XaJleJOHOBBIX TICEBAOCTAJAKTUTOB B KpPOBJIE TOJIOCTH
denb3uToBOIt NMUTO(GU3BI, BHIMOTHEHHONW OHUKCOBBIM (CHU3Y) U 30HAJbHO-KOHLEHTPU-
yeckuM (BBepxy) aratom. AitHabynak, Ka3zCCP. 5,0X5,0 cwm.
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®oto 135. XanuemoHOBBIH OHUKC C 30HAJIBHOCTBIO, YHHUpaAloOlIeiicss B OOJEKAIOIIYI0
30HaJIbHOCTh, B TOJOCTU KPYNHOI (Genb3uTOBOM JTUTOGMM3BI; ClipaBa BBepXy BHMIHA Oax-
poMa TICEeBIOCTANTaKTUTOB, CIYCKAIOIIMXCS OT KPACHOTO CJOsi OOJieKalolleld 30HaJbHOCTH;
crmpaBa BHM3Yy — 4acThb KpynHoro ¢bsamme (temuoe). CepreeBka, I[Ipumopne. 17,5X
X7,0 cm. Ne 83249.

®oro 136. MemOpanHbie (?) TpyOKM B OMaa-XajallelOHOBOM OHHUKCOBOM araTe, BBIMTOJ-
HSIIOIIEM TIOJIOCTH MBYX ciauBinuxcst autodus. Operon, CIHIA, 10,5X7,5 cm. Ne 72654.
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®oro 137. Menkue MembOpaHHbie TpyOKu (?), CBHCAIONIME C HWXHEH 4YacTU CHIBHO
TMIPOJIM30BAHHOTO OOJIOMKa pPHMOJIUTa B [JOHHOW OpEKYMHU, CLEMEHTHUPOBAHHOW Xasle-
noH-KT-onmajioBblM OHMKCOM; B HUXHEH 4YacTM MHMHIAJIMHBI BUIHB MHOTOYMCIICHHBIC
Gojiee MeslKue OOJIOMKM TaKOTO Xe€ PHUOJIUTA:

a — obmmit Bun. 23X7,0 cM.; 6, 6 — oTHeNbHBIE (PparMeHTH ¢ Hanbojee OTUYSTIIMBBIMU MEMOpaH-
HeiMU TpyOKamu. Cepreeska, [Tpumopbe. Ne 81793.
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®oro 138. TlceBmocTanakTUTHI XajllelOHAa BOKPYT MeMOpaHHbIX TpyOok (?) ¢ omajiom
B TOJOCTM JUTO(DU3bI, YAaCTUYHO 3alOJHEHHOI oOmMajoM U XajdleJoHOM (araToM) c
obsiekaloleil M TOPU3OHTAIbHON (OHUMKCOBOI) 3o0HambHOCThIO. Tapbanbpaxeit, UYuTuH-
ckast 06a. 15,0X7,0 cm. Ne 84526.
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JPOBJIEHUE ATATOB B PUOJINTAX

®orto 139. OGioMKM, OTOpBaBUIMECS OT CTEHKU TIOJOCTH B PHUOJIUTE, MOKPBITOW TMep-
BOHAYaJlbHO HECKOJBKUMHU TOHKMMHU CGHEPOTUTOBBIMU CIOSIMU XajleloHa (JIErKo TMpocie-
IUTh MO OenoMy XaJleOHOBOMY CJIOI0, OOpBIBaloLIeMycsl Tepea BbIEMKOIi, 006pa3oBaB-
mieiicss B pe3yJbTaTe OTpbIBA YacTM CTEHKM, YIaBlleil Ha IHO), a 3aTeM MOKPBITHIX
(CTEHKM TIOJIOCTM M TIOBEPXHOCTH OOJIOMKOB) TEMHBIM XaJlleMOHOBBIM CJIOEM, Mpel-
LIECTBOBABLUIMM O0pPa30BaHMIO OHMKCOBOTO arata, CO CJOSIMM, YIUPAIOMIMMUCS B TEMHbII
xanuenoHoBwl cnoit. Tap6anbaxeit, Yutunckas o6x., 7,0X7,0 cm. No 83758.
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®oto 140. XanieaOHOBBI araT-OHUKC, PACCEYCHHBIA MO3AHUMM TPEIIMHKAMU, BBITIOJHEH-
HBIMU  XaJILeOHOM, U3 mnoyoctu enb3utoBoit autodussl. CepreeBka, I[Ipumopsbe.
8,0X7,5 cM. Ne 84530.
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kaHu3Mma Obutm Onusku P. Mozebax [219], a mnosmuee J[dx. ®. Yaiitr u
Ox. ®. Kopsun [271].

B xauecTBe OMHOTO M3 NMPUHIUIIMAIBHBIX BO3pakeHUI TaKUM TIpeacTaBlie-
HusiMm P. HakkeH ykasplBaJl Ha OYeHb BBICOKYIO TeMIlepaTypy TJIaBJIeHUS
kBapua (1600° C); BecbMa TMpoGJIeMAaTMUYHBIM TIPEACTABISIETCS U €€ pe3Koe
cHuXeHue — BIUIOTh g0 400—420° C, nmomyckaeMoe HEKOTOPBIMH aBTOpaMu
KaK pe3yjabTaT BO3IECTBMUSA JIETYYMX KOMIIOHEHTOB [152, 260].

IMpencraBieHUsT 0 TeHE3UCE araToB MYTeM 3aMEIeHUsT MUHepajlaMu ceMeii-
CcTBa KpeMHe3eMa KapOOHaToB ObUIM BEICKazaHbl eme B 1854 r. O. ®ojb-
repoM [264], oOpaTuBIIMM BHMMaHWE Ha TO, YTO B pocchimsax Hery6epra
y MWnbdpenpma, @®PI, BcTpewyaloTcs Hapsay ¢ araToBbIMU KapOOHATHBIC
rajJbkv ¥ TajJbKu, B KOTOPBIX KapOOHAT YacTUYHO 3aMelleH XaJllleJOHOM
(araToMm).

3aMeleHUe MUHepajlaMu CeMelcTBa KpeMHe3eMa KapOOHATOB, KakK OBLIO
MOKa3aHO BBINIE, CPAaBHUTEJIbHO IIMPOKO PACIPOCTPAHEHO B araTax pa3HBIX
MecTtopoxaeHuii. OHO HEOOHOKPAaTHO OTMeYalioch IpyruMu aBTopamu [202,
256], mpuueM OBLIM BBICKa3aHbI MpEACTaBIEHUs, YTO B ciiyyae Mn-KajJblUTa
9TO 3aMellleHue obJsieryaercs OJM30CThI0O TapaMEeTPOB SYCUKU TIOCITIEIHETO
u kBapua [91].

IMceBnomopdusanus KapOOHATOB MHWHepajaMud ceMelcTBa KpeMHe3ema
MPUBOIUT K BEChbMa MHTEPECHBIM MOCIEACTBUSAM, U BO MHOTUX CJIydasX BIIUSIET
Ha OKpacKy aratoB Tuapokcumamu u okcumpamu Fe m Mn.

Ocob60 Hamo OTMETUTh CUIUMIMU(UKAINI0 KapOOHATHBIX TOJI, HAXOISIIUX-
cs B pa3pe3e OJM3KO K BYJKAHOTEHHBIM OTJIOXEHWSIM, IOJ NECTBUEM TIOCT-
BYJKaHWUYECKUX TPOIECCOB, TMPUBOMSIIUX WHOINAa K 00Opa30BaHUIO MPOIJIACTKOB
XajlenoHa, SMIM W T. 1.

Cuwmnnudukamnuss kKapoOOHATOB UYpPe3BBIYAWHO IMIUPOKO Pa3BUTA B OCAJTOUYHBIX
kapboHaTHBIX mopomax [19, 172, 195]. Takxke UIMUPOKO TPOSIBISIETCS 3TOT
mpolecc B KOpax BbIBeTpuBaHuUsi, rme ero passutue WM. W. TuH3Oypr u
U. A. PykaBuimiHukoBa [26] cBa3bIBalM C peakileii:

pacTBoOp TBEPIbI TBEPIbIi pacTBoOp
Si0;+C0y;+H:0 + CaCO; == S8i0; -+ Ca[HCOs]..

M. Illrtopu [256] Oounblnoe 3HaYeHHE MpPUAABAI B IPOIECCaX 3aMelIeHMS
KapOOHAaTOB MHUHepajJaMM CeMelcTBa KpeMHe3eMa INeJIOYHBIM pacTBOpaM KpeM-
He3eMa, TpeNCTaBisAsi MPOTeKaBIIMe MPU 3TOM IMPOLECCHl pPeakUUsSIMU THUIIA:

CaCO, -|- NagSi03—>- 1CaSi03+ N82C03

CaSiO3+2HgC03—LH28i03+Ca [HCO,] 2
C8C03+N823i03+2H2C03—lH28i03+ N32003+Ca [HCO;;] 2.

OH nomnyckan ocaxaeHue Si0, U3 1IeTOUYHBbIX pacTBOpoB noj aeiictsuem COr:

Nag5i03+ H:04COo— ,!.S i0:4+Hy0+4 NaCOs.

YuureiBast CKa3aHHOC, IIpeACTaBJIACTCA, YTO 3aMCUICHUC Kap60HaTOB
MUHEpajaMU CeMelCTBa KpPEeMHE3eMa MOXET SIBUThCS PEILIAIOLIAM IIPOLECCOM
npun O6p3.30BaHI/II/I araToB, CBA3aHHBIX C OCaJOYHBIMU IIOpOdaMHU, pPaA3JIMYHOTO
poma METaCOMATHMYCCKHUX CHJIMIUTOB, BO3HUKAIOIIHUX I10[J neicTBMEM MOCTMar-
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MaTUYeCKUX IPOLIECCOB B 00JacTsIX aKTUBHOrO BYJKAaHM3Ma, TOrga KakK poJib
ero mnpu o0pa30BaHWMM araTOBbIX MMHIAIWH B 0a3ajibTax W aHAE3UTax, TakK Xe
Kak W TPy araToOBOM BBIMIOJHEHUU JUTO(MGU3, OrpaHUYUBAETCA CKOpee BCEro
MosiBJieHWeM TiceBAOMOpP(}O3 MHUHEpaJoB ceMeWcTBa KpeMHe3eMa [0 KapOoHa-
TaM ¥ 0o0pa3oBaHMEM KpacsIilero MUIMEHTa araTtoB, €CJAu IceBIOMOopdu3alun
MOJABEPIJINCh XeJie30- WM MapraHelcoiepxainue kKapOoHaTel — Fe-KaabLuT;
Mn-kanpuut; Fe-, Mn-goJoMUT; CUIEPHUT.

IMpencraBaeHUss O KOJUIOMIHOM WJIM CTYAHEOOpPa3HOM COCTOSIHUU Cpeibl
araToo0pa3oBaHMsI 6a3UpPYIOTCS He CTOJBKO Ha (haKTUYECKHUX MOKa3aTelbCTBax,
CKOJIBKO Ha TMOTMBITKAX HKCIO0Jb30BaTh KOJUIOUABI IJsI OOBSCHEHUS creuubu-
YyeCcKMX 4vepT aratoB. [lJisi MOATBEPXIEHWUS POJU <«KOJJIOUIOB» B aratoobpa-
30BaHUU OOBIYHO TPUBOIATCS Ccleayloline (GakThl.

1. Ciayyam HaxXoOOK CTyIHs KpeMHe3eMa B MPUPOJIE, XOTS M MaJOYUCIEH-
Hbele [63, 255].

2. OGHapyXeHHMe B Ta30BO-XMIKUX BKJIOYEHUSX, HaXOAMMBIX B KBaplle,
B TOM 4YHCJe M3 araToBbIX MHUHIAJWH, ry04YaTbiX, OaxpoMyaTbiX M TJIOOYJISIp-
HBIX o0ocobimenmuii [121].

3. CpaBHUTeJIbHAs JIETKOCTb IMOJYYeHUs] CTYIHSI KpeMHe3eMa B jaGopaTop-
HBIX ycinoBusix [24, 183, 205].

4. OOHapykeHUe B aratrax MeMOpaHHBIX TpPYOOK, JIETKO IOJy4aeMbIX
SKCIIEPUMEHTAJILHO B pa30aBjeHHBIX CTyAHSIX KpeMmHe3ema [183, 205, 206, 230,
232. 233].

Jnast 3TUX Xe Lejeid B KauyecTBe KOCBEHHBIX MPU3HAKOB MCIOJbB3YIOT:

1. MoukoBuaHyo (KoutoMopdHYw) ¢GOpMYy TOBEPXHOCTH  araTOBBIX
KODPOK, CBSI3bIBAEMYIO C BJIMSIHUEM IOBEPXHOCTHOTO HATSIXeHUs Ha (GopMupo-
BaHUE IMOBEPXHOCTH <«KOJUIOMIHOTO» OCaIKa.

2. AMopbHBI XapakTep omnajia, OOHapy>XMBaeMOTo B araTraX, OTOXIECT-
BJISIEMBIA C €ro MPOUCXOXIEHUEM W3 KOJJIOUAOB, TMPEACTABASIONIMMCS TEM
6oJiee BEpOSITHBIM, YTO OTAEJbHbIE TJIOOYJbI, CllaraloliiMe OTMajbl, MO BeJIUYMHE
COOTBETCTBYIOT KOJUIOMIHBIM 4YacTUIIAM,

3. OGHapyXeHHe TpPEIIMH KOHTPaKLMHU, OCOOEHHO THUIIMYHBIX B oOmajax u
HEKOTOPBIX SIIIMaX, XOTS W He WM3BECTHBIX B XaJllEeIOHOBBIX KOpPKax.

IMpencraBieHusi o Beayllleil pOJU «KOUIOMAOB» TPU aratoo6pa3oBaHUU
MMIIOHUPOBAJIM aBTOpaM, OMMPAIOIIMMCS Ha HUX, €llle U TeM, YTO B 3HAYUTE]Ib-
HOW Mepe CHUMaJIM, KaK MM Ka3ajocCh, MpobjeMy HU3KOW pacTBOPUMOCTHU
KpeMHe3eMa, IMOCKOJIbKY CUMTAJIOCh, YTO «KOJUIOMIHBIE» PacTBOPBI KpeMHe3eMa
ropasao KOHLIEHTPUPOBAHHEEe WCTUHHBIX M TPU UCMOJb30BAHUM HX Kak
MUHEpasoo0pa3yolIux cpel He TpeboBaloCh IPOTEKAaHUs Yepe3 Ta30Bble
My3bIpU, TPELIMHBI, MEXIOAYyIIeYHble IMPOCTPAHCTBA CTOJb OOJBIIOTO 0O0beMa
KMIKOCTHU, KaK B cliydyae MPHM3HAHUS UCTUHHBIX PAacTBOPOB.

Ocoboe 3Ha4YeHUE <«KOJJIOWAHBbIE» pacTBOpbl uMmenu mias P. Jluseranra,
CTPOUBILEr0 TMpeNCTaBieHWs] O BO3HUKHOBEHUM XapaKTEPHBIX araTOBBIX
TeKCTyp Ha PUTMHUYHOM BBIMTAJEHUM Ocaaka B «reje» KpeMmHesema. [lo 3Toit
Xe TpUYMHE <«KOJUIOWAHAsl» TpUpoAa Cpeabl aratroobpazoBaHusi (B BUIE
«rejisi») TMpU3HaBajlach BceMu mocienoBateasmu P. Jluseraura.

IMpexme uyeM aHalIM3UMpPOBATh MMOAOOHBIE TMIpEACTaBICHUS O cpeae, U3
KOTOpPOW TPOUCXOAUIO0 OOpa3oBaHME araToB, HEOOXOAMMO OCTaHOBUTHCS Ha
YTOYHEHUU TIOHSITHUI, OTHOCSIIMXCA K KOJJIOUAHBIM CHCTEMaM U CTYIHSIM,
TeM 0oJiee YTO IO 3TOMY BOIPOCY OO CUX IOp HET HeOoOXOMMMOW SICHOCTH
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Jaxe B OOJBIIMHCTBE YYCOHUKOB M MOHOTpaduii Mo (U3NYECKOM M KOJJIOMI-
HOW XMMHM, TOCKOJbKY OYeHb 4YacTO CTaBUTCS 3HAaK paBeHCTBA MEXIY
CTYIHSIMU U TelAMHU * WIM, eCliM TMOAYEPKUBACTCS pasiuduMe MeXIy HUMHU, TO
JUIIb KaK uMelolllee BTOPOCTENMeHHOe 3HayeHue. Huxe paznmuuus Mexmy
MOHSATUAMU <«KOJUIOUIHBIE CUCTEMBbI» M «CTyIHU» OCHOBBIBAIOTCS Ha pe3yJib-
tatax pa6or B. A. Kapruha u ero mnocjemoBaresieii W JaHHBIX HMHU OIIpe-
neneHuir [45].

Konnounst, cormacuo II. A. Peounmepy [59, c. 420],— «mpeneiabHO BBI-
COKOIUCIIEPCHBIE MHMKDPOTETEPOreHHBbIE CUCTEMBI, IMPOMEXYTOUHBIE  MEXIY
WCTUHHBIMM pacTBOpaMU U TpYyOOIUCIEPCHBIMU CcUCTeMaMU (CYCIEH3USIMU,
aMynbcusiMmu). PasMmepbl yacTull aucrnepcHoir Gas3bl B KOJUIOMIAx JiexaT B
obmactu or 10° mo 10° cm (0,1—0,01 wmxm). K Komrommam oOTHOCST
O00BIYHBIE KOJUIOMIHBIE PACTBOPBI — 30JM U CTPYKTYPUPOBAHHBIE CUCTEMBI —
renv». [lpuMepbl IIMPOKO pPacHpOCTPAHEHHBIX MUWHEPAJIbHBIX KOJJIOUIAOB —
rUHB. B Buje TOHKMX B3Beceil B BOIHBIX pPAacTBOpax OHM IPEACTABISIOT
co0oil 30y, BBIMaBIIME W3 3THUX PACTBOPOB oOcaiku — reaud. [lpu sToM
reJii TJIMHUCTBHIX MUWHEpaJoB, B YaCTHOCTU MOHTMOPUJUIOHUTOBBIE, WHOTIAA
M3BEPraTCs HEMOCPEeACTBEHHO Ha MOBEPXHOCTb 3eMJIM, HAIpUMep, B 00JacTIX
pa3sBUTUsI TaK Ha3bIBAEMbIX TPSI3€BbIX BYJKAHOB, B TOM YHCJIe U B 00JacTIX
MOBBIIIEHHOW BYJKAHUYECKOW aKTUBHOCTHU, MPUYEM COAEpPXKaHUE MUHEPaTbHOTO
BemecTBa B HMX gocturaet 25% npu 75% Bomel [124].

YCTONYUBOCTh MOAOOHBIX KOJUIOUIHBIX PACTBOPOB — 30Jiei, OMpeaesieTcs
OHOMMEHHBIM BHEIIHUM 3apsiioM MeJlb4allliMX YacTUI[ TBepAOW (AUCIepcHOM)
a3l — muuena, Oiarogaps yeMy OHHU, OTTajJKWBasich APYr OT Jpyra, coxpa-
HSIIOTCSI BO B3BEIIEHHOM cOCTOsIHMM. HeidTpanusanus 3TuX 3apsigoB, B 4acT-
HOCTM BJIEKTPOJIUTAMHU, TMPUBOAUT K CIMINAHUIO OTAEJbHBIX MULENT IPYyr C
JIPYroM W BBIMAJAEHUIO UX B OCamoK — rejb. [IpM yChIXaHUM Tesisl MPOUCXOIUT
ero pacTpeckMBaHHMe C OOpa30BaHWEM TOJMIOHAJIbHBIX TPEIIMH YChIXaHUSI.

CoBeplIeHHO MHbIE CUCTEMBI IO CBOEI TPUPOAE MPEACTABIASIOT CTYIHU —
KOHIIEHTPUPOBAHHbBIE PACTBOPHI BBICOKOMOJIEKYJISIDHOTO BEIIECTBA B HU3KOMO-
JIeKYJNSIpHOU kuakocTu. OmXHO M3 ymayHbBIX Ha Hall B3[JISIA ONpeneeHuit
CTyIHEH, MoaYepKUBalollee HEKOTOpbIe BaXKHble OCOOEHHOCTU UX (GU3UYECKUX
cBoiictB, gaHo C. II. IlankoBbeIM [82], KOTOpPHIM CYMTAJ, YTO CTYOIHU — 3TO
MOJIMKOMITOHEHTHBIE CUCTEMBI, COCTOSIINE M3 BBICOKOMOJIEKYJSIPHOIO BEIIeCT-
Ba U HHU3KOMOJIEKYJISIDHOW >KMIAKOCTM C Tpeo0JiafaoliuM COAepXaHueM
MmocjeaHel W TPOSIBJIAIONIME CIIOCOOHOCTh K BBICOKOW oGpaTuMoii medopma-
LMK TPU TPAKTUUYECKOM OTCYTCTBMM TEKYUECTH.

C. II. IMankoB [82] BBImedsieT OBa TUMa cTymHeil. K mepBoMy OH OTHOCHUT
CTYAHU, TpeacTaBisdionine ogHoda3Hble CUCTEMBbI, BKJIIOYAIOIIMe HAOYXIIME XH-
MHWYECKU CIIUTbIE TOJUMEpbl C MOJIEKYJSIPHON TMPOCTPAHCTBEHHOW CETKOM.
B HamieM ciyyae 3TO yMepeHHO KOHIUEHTPUPOBAHHbBIE CTYJAHU KpeMHe3ema, MoJy-
yaeMble B JIaDOPATOPHBIX YCIOBUSIX 4Yallle BCETO MPU HEUTpalM3alMU IIETOYHBIX
pPacTBOPOB CUJIMKATOB HATPUSI (KOHTOPCKUIA MIM KAHUEJSIPCKUIA KIIei) WIN Kalus
M IIUPOKO MCIIOJb3yeMble NPHM BBIpAIIMBAHUK Pa3IMYHBIX KpHCTaiIoB |7, 24].

* B OONBIION Mepe 3TOMY CIIOCOOCTBYET EIMHOE TPOMCXOXICHUE CJIOB <«Keye»
u «elib» (gel — OT JaT. CTymeHb), a TakXke TO, YTO KOIJA-TO B KOJUIOWIHOW XMUMMU
CTYIHU DPACCMATPUBAINCH KaK JMOMUIbHBIE KOJUIOWIBI.
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Co BpeMeHeM B CTyaHE MPOUCXOOUT AajbHeilas CIIMBKAa TMOJUMEPHBIX
MOJIEKYJl 32 CYEeT MX aKTHUBHBIX TPYIIN, B Ka4eCTBE KOTOPBIX B CTyIHE KpeMHe3e-
Ma BeicTynaloT OH -uvoHBI. DTO ¢ OXHOM CTOPOHBI MPUBOAMT K YIPOUYHEHUIO
Kapkaca, a ¢ JpYyroi, B clydae CTYAHsS KpeMHe3eMa,— K BBICBOOOXIEHUIO
pactBoputens — H,0 mo peakuuu Ttumna:

?“ (ljn (I)H OH OH OH
| I |
—0—8i—0—8i—0—Si—0— —O0—Si—0—Si—0—Si—0—
| |
OH éH OH éH éH
- 0 +H:0
OH OH OH OH OH
| | l
—0—Si—0—Si—0—Si—0— —0—5| :'—()—-Si—()_5| i—O0—
| | | l
OH OH  OH OH OH OH

B pesynbrate 3TOrOo mpoliecca, M3BECTHOTO KaK CHUHEPE3NC, MPOUCXOIUT
YMEHbBIIIEHNE TEOMETPUUYECKOTO pa3Mepa CTYIHS WM paclaj €ro Ha OTIeJibHbIe
¢dparMeHTH ¢ 00pa30BaHWEM TOJUTOHAJIBHBIX TPEIIMH CUHEpe3uca C OIHOBpe-
MEHHBIM BBIIEJICHUEM pacBOpUTENs *.

Kapkac u3 clIMThIX MOJTUMEPHBIX MOJIEKYJ MPUAAET MEXaHUUECKYIO YCTOMYM-
BOCTb CTynHWO. [Ipn 3TOM y CTymHell KpeMHe3eMa ero MOXHO TOJIYYUTh HACTOJb-
KO TIpPOYHBIM, YTO OH HE pa3pyllaeTcs IMPU YAJICHWU BOIbBI, UCTIADEHUM €€ TIpu
HarpeBaHWM, HA YEM B MPOMBINIJIEHHOCTA OCHOBAaHO MOJYYeHME TaK Ha3bIBAEMOTO
cunukareiss — 00€3BOXEHHOTO CTYyIHSI KpeMHe3eMa, XapaKTepU3yIoIIerocs BbI-
COKMMU TTOPUCTOCTHIO ¥ TTOBEPXHOCTHOW aKTUBHOCTHIO, CITIOCOOHOCThIO 3aMellaTh
octaBmmecsd aktuBHble OH -umoHb Ha F - m C1 -MOHB M MHOTMMHU IPYTUMH
IIEHHBIMU CBOWCTBaMU.

HccnenoBanue CTymaHeidl pa3jiM4YHBIX MOJMMEpPHBIX BellecTB [46] mokasao,
YTO OTMMUCAHHBIE CTYJAHU BO3HUWKAIOT MPU CPABHUTEIBHO BBICOKOUW KOHIIEHTpAaIUU
TMOJIMMEPHBIX IIEMMOYEYHBIX MOJIEKYJ, MPU KOTOPOil BO3MOXHA WX CHIUBKA JAPYT
C JpyroMm, KOrma BO3HUKAaeT KapKac C IPOYHBIMU BHYTPUMOJEKYISIPHBIMU U
MeHee TPOYHBIMU MEXMOJEKYISIPHBIMU CBSI3SIMU.

Ipy HU3KOW KOHIEHTpALlMKM TOJMUMEpPA, KOTJAa HE MPOUCXOIUT MEXMOJIEKY-
JIIPHOTO B3aMMOMEWCTBUS, TPUBOISIIETO K CIIMBKE M OOpa3oBaHUIO KapKaca
CTYIHSI, CUCTEMa MOJMMEpPHbIE MOJIEKYJTbl — HU3KOMOJIEKYJISIPHBII pPaCTBOPUTEI b
10 MHOTUM CBOWCTBaM (OTajecleHIINU, T. €. ABJIeHUI0 TUHIANsA, HETIPOXOIMMOC-
TH 4Yepe3 MOJyIIpOHUIlaeMble MEMOpAHbBl U T. 11.) CTAHOBUTCS MOZOOHOI OOBIYHOM
KOJUTOUIHOU cucteme. IMEHHO B 3TOM NpUYMHA OMIMOOYHOTO OTHECEHUS CTyTHEN
K TelsiM, TIOCKOJIbKY TIpW YBEJIWYEHUM B CHUCTEME COAEpXaHWUS PacTBOPUTEIS
OOJIBIIMHCTBO CTyOHEN CIMOCOOHO K HaOyXaHWIO W K TEpPexXony B OTHOCUTEIbHO

* C  sIBJICHUSIMU CHUHEpE3ucCa IPUXOAUTCA HCOIHOKPATHO CTaJIKMBATbCA B 6I>1Ty,
Harpumep, IMpu MIMTCIIBHOM XpaHCHMM TIMIIEBBIX 2KCJIATUHOBBIX C’Iy[[HCﬁ (B pas3iny-
HOIro pozga 3aJIMBHBIX W T. IL 6JIIO,I[aX) IIPOUCXOOUT MX COKpallICHUC C BbIICICHUEM
BOIbI, a MHOrga € pacTpEeCKMBaAaHUCM.
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HU3KOKOHILIEHTPUPOBAHHBINM KOJUIOMAHBINA pacTBOp (30/1b) B pe3yjbTaTe MpOLec-
ca, U3BECTHOTO KaK IMeNTH3alus.

B nomoGHBIX pa3baBieHHBIX KOJUIOMIHBIX PacTBOpax ILIEMOYEeYHbIe MOJUMep-
HbI€ MOJIEKYJIbI MMOJ JeCTBUEM CUJI MOBEPXHOCTHOTO HATSIXKEHUS MOTYT CBEPThI-
BaTbCsl B MIOOYJIBI. [J100YJIsipHOE CTpOEHME XapaKTEepHO JJIsi paCTBOPOB MHOTHX
OpraHMYecKuX IMOJUMEPOB B HU3KOMOJIEKYJISIPHBIX XUIKOCTSIX. [J10Oynbl U3 Ta-
KHUX PacTBOPOB MOTYT OCaXIaTbCsl ¢ 0Opa3oBaHUEM IIOTHOYIMaKOBAHHBIX CTPYK-
Typ PaBHOBEJMKUX TJIOOYJ, XapaKTePHBIX IJISi KPUCTAIJIOB HEKOTOPBIX IMOJUME-
poB (3mecTMHA, BUpyca TabayHOW MO3auKH U 1p.).

M3 HeopraHMYeCKUX BEIECTB IIOOYJISIpHOE CTPOEHME TUIIMYHO JJIsSI HEKOTO-
pBIX pa30aBJIEHHBIX PACTBOPOB KpeMHe3eMa, B YaCTHOCTH, OOpa3yloluxcs Ipu
MOCTBYJKAHOTEHHBIX UM TOBEPXHOCTHBIX Ipoleccax. MIMEHHO U3 MOZOOHBIX
pacTBOPOB MPOUCXOAUT OCaXAeHHE IIOOYJ KpeMHe3eMa, IMPUBOJsIIEe MHOTAA K
o0pa3oBaHWIO 6JArOpOIHOrO OfMajia B BYJIKaHOTeHHBIX accouuanusx (Mekcuka,
YCCP) wm B Xopax BbIBeTpuBaHUSI (ABCTpanus), XapaKTepHU3YIOIIeTrocs
IUIOTHEMIIeil ymakoBKOW TIOOYJ paBHOTO JguMaMeTpa, XOTS KPUCTAJbl THUIIA
ITOOYJISIPHBIX KPUCTAJIJIOB OPraHMYEeCKMX BEIIeCTB B 3TOM clydyae He 00pasyioT-
co.

BaxHo mpu 3TOM OTMETUTh, YTO OMajJ TaKUM 0OpPa3oM BO3HMKAET U3 HU3KO-
KOHIIEHTPUPOBAHHBIX KOJUIOMIHBIX PAaCTBOPOB, a OTHIOAb HE M3 CTyIHEH, XOTs
3TOT akKT OOBIYHO YIyCKAeTCs U3 BUAA Ie0JioraMM, CYMTAIOIIMMHU MTPUCYTCTBUE B
aratax ofaja 10Ka3aTeJbCTBOM €ro o0pa3oBaHUs U3 BHICOKOKOHILIEHTPUPOBAH-
HBIX KOJUIOUIAHBIX PacTBOPOB *.

ITocine cka3aHHOrO MOXHO BEpPHYTbCSI K PacCMOTPEHUIO JT0Ka3aTesbCTB
KOJUIOMIHOTO WJIM CTYIHEBUIHOIO XapakTepa Cpeibl araTroo0pa3oBaHWs, MpPH-
BEIEHHBIX BBIIIE W MCIOJb3YEMbIX Pa3IMYHBIMU aBTOPAMMU.

IMpexae Bcero 3mech Hamo CKa3aThb, YTO (PaKThl HAXOXIEHUS CTYyIHSI KpeM-
He3eMa B MPUPOAHBIX YCIOBUSIX HE MOATBEPXIAAIOT HUYETO KPOME BO3MOXHOCTU
ero cyuiecTBoBaHUs B mpupoje. bojiee Toro, cmemaHHble A0 CUX IMOpP HAXOIKHU
OTHOCSITCS K acCOILIMAallMsIM, HEIMOCPEJACTBEHHO HE CBS3aHHBIM C araTaMu.

JormnylieHre CTYAHEOOpa3HOTO0 COCTOSIHMSI Cpeldbl araToo6pa3oBaHUs U3-3a
BBICOKOW BSI3KOCTH CTYAHEH TMPOTUBOPEYUT BO3MOXHOCTU: 1) duiabTpanuu
TaKUX PacTBOPOB Yepe3 MUKPOIMOPHI B CTEHKAX MOJIOCTEH, BBITIOJTHIEMBIX araToMm,
XOTS TaKylo (UIbTPAIIUIO BBIHYXIEHBI MPEAIOJaraTh MPakKTUYeCKN BCE HUCCIEnO0-
BaTeJIM araToB; 2) oOcCedaHUs MeJbYyaiiliuxX IJIo0yJ KpeMHe3eMma B BUIe omaja u
MeJIbYalIInX KPHUCTAUIMKOB KBaplla, CTOJb XapaKTePHBIX ISl CTpaTU(GULIUPO-
BaHHBIX araTOBBIX OHUKCOB**,

Haxonku ryOuaTeix, ¢peCTOHYATBHIX M T. M. BbIACJEHUI, MHOTIA OOHAPYXU-
BaeMbIX B Ta30BO-XMIKHMX BKIIOYeHHSIX B KBapue [121], BO3HHMKIINX
BO3MOXHO M3 CTYIHEBUIHBIX CTYCTKOB, TAKXe HE MOIYT OBITb 10Ka3aTeJbCTBOM
KpUCTA/UTM3allMM KBapla ¢ TaKMMM BKJIIOYEHUSAMU U3 CTydHEH (KOJJIOMIOB, IO
0. A. loaroBy u A. X. XakKMUMOBY), ITOCKOJBKY MOHOOHBIE BKIJIIOYEHUS MOTYT

* OueBUIHO OIpEIENICHHYIO POJIb 3[0eCh WIPaeT CMEIIeHWe TOHITHII aMophHOoe
BEIIeCTBO (OIajy) — KOJUIOMI.

*% P, JluzeraHr OBUI HACTOJNBLKO OIEPXKUM Teopueil Iu(pGhy3MOHHOIO TeHe3uca
aratoB, YTO MUMO €ro CO3HaHHMs TIPOIUIA TPaBMTALIMOHHAS TIPUPOJA OHUKCOB. ITO
B YAaCTHOCTM OTPa3WIOChb M Ha HEKOTOPBIX W3 TPUBOIMMBIX WM WUIIOCTPALIMiA, Ie
OHHUKC HaXOOWUTCA He CHU3y, a cBepxy [206].
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OBITh TaKXe B KBaplie, 00pa30oBaBIIeMCS M3 OOBIYHBIX THIPOTEPMAaJIbHBIX pPAcT-
BOPOB, KOTOpbIE COJEpPXAaT CTyIeHb KpeMHe3eMa B KayeCTBe BTOPOCTENMEHHOM
«TsKeoM» da3bl, KaK 3TO NO0Ka3bIBA€TCS HAJIUYMEM BKIIOYEHWN CTYIHS KpeM-
He3eMa B KpHCTa/ulaX KBaplia, BBIPAIlEHHBIX THAPOTepMajbHBIM myTem [162].

OGOHapyxeHue B aratax MeMOpaHHBIX TPYOOK — HEOJHO3HayHOe JoKas3a-
TEJIbCTBO CTYIHEOOPa3HOTO COCTOSIHUS CPelibl MpeXkae BCero moToMy, 4To Momao0-
Hble sSIBJIEHMSI HEOJHOKPATHO HEOJIOMaJNCh B MCTUHHBIX (MOHHBIX) pacTBOpax.

Takum o00pa3oM, B HauOoOJIbllleli Mepe YCJIOBUSIM aratoo6pa3oBaHUSs
OTBeYaloT pa3baBieHHbIE KOJUIOMIHBIE pacTBOPBI KpeMHe3eMma, majeKue Io
CBOEi BSI3KOCTU OT cTynHeil. [TomoGHOe COCTOsIHME pacTBOPOB XOPOIIO COTacy-
eTcsl U ¢ HOBEWINMMHU CXeMaMU MeXaHu3Ma pocTa c(HepoSMTOBBIX KOPOK XaJlle-
JIOHa U 00pa3oBaHUsI TPABUTALIMOHBIX OHMKCOBBIX TEKCTYp * He TOJBKO B aratax
[257], HO M B OYeHb OJU3KUX IIO0 CTPYKType U TEKCType K XaJlleAOHOBBIM
c(epoMTOBBIM KOpKaM U IpaBUTAIIMOHHBIM TeKCTypaM HacTypaHa [32—35], uto
6oJiee MOAPOOHO paccMaTpPUBAETCS HUXKE.

Yrto KacaeTcsl MOYKOBUIHON MOBEPXHOCTU C(HEPOSUTOBBIX KOPOK XallleJoHa,
paHee CBSI3BIBABIIMXCS C TOBEPXHOCTHBIM HATSAXEHUEM B TOHKOIMUCIEPCHBIX
KOJUIOUAHBIX CUCTeMax WU JaXxe CTyIHSIX, TO B HACTOsIIee BPeMs MOXHO CUM-
TaTh OKOHYATEIbHO JOKA3aHHBIM MX KpPUCTaJAM3allMoHHOe oOpa3zoBanue [28, 30,
32—35, 104].

B panme pa6or JI. M. Jlebemesa [62, 63] ommcaHbl TOHKOMUCIIEPCHBIE OTIOXEHMUS
Pa3IMYHBIX CYIHLGUIOB, BO3HUKAIOIIME B HACTOSIIEE BPEMSI M3 PA3IMYHBIX TOPSTYMX WC-
TOYHUKOB. OHM HACTOJIbKO TOHKOIMCIIEPCHBI, YTO, OYEBUIHO, MOTYT OBbITh MPUYUCIEHBI K
KOJUIOWIHBIM CUCTeMaM. BHEIIHsII TOBEPXHOCTb WX OOBIYHO IMOYKOBUIHASI, YacTO CO
clieflaMy  TeYeHUs] MUHEpAIoo0pasylolMX pacTBopoB, urto rmo3soisier JI. M. JleGeneBy
OTHOCUTb MX K HAaTeYHbIM OOpa30oBaHUSIM. B mornepeyHOM ceueHMM IMOJOOHbIE BbIIETCHUS
OObIMHO TOHKOPUTMUYHBIE, TIpudyeM B psime ciaydaeB JI. M. JleGemeBbIM OTMeueHa
MePeKPUCTAIN3ALMS  TTOIOOHBIX TOHKOIMCIIEPCHBIX OTJIOXEHUA B PamuaIbHOTYYHCThIC
arperatbl. K coxaleHWIO, OH He OIMUCBIBAET JIETATM B3aMMOOTHOILIICHUI OTIETbHBIX MUHE-
PabHBIX WMHIMBUAOB M CYOWMHAMBMIOB, 4TO 3aTPyIOHSIET MMOHMMaHWE MeXaHW3Ma 3TOro
mpolecca W He IIO3BOJISIET COMOCTaBJSATH €ro C pe3yjbTaTaMy  KPUCTaJUTU3AIIMK
c(hepOTMTOBBIX KOPOK.

He MoXxeT MCIoOab30BaThCsl B Ka4eCTBe NOKa3aTesbCTBA MEPBUYHOM CTyaHE-
BUIHOW TPUPOIBI KpeMHe3eMa, M3 KOTOPOro oOpa3oBaljicsi araT, pUTMUYHO-30-
HaJbHasi TEKCTypa araTta, OmMUOOYHO 0OBscHsaABIIasicss P. JluzeraHroM Kak pe-
3yaprar 1uddysuu B crygHgax [87, 176], 4To moapoOHO paccMaTpUBAaeTCs HUXKE
MpU OMUCAHUM araTOBOW PUTMUKHU.

IMonBonst UTOr cKa3aHHOMY, CleAyeT OTMETHUTh, YTO araToo0pasylolnue CHC-
TeMbl He MOTJIM MPEACTaBIsATh cO60i cTynHu. CKopee BCero 3To ObUIM pa3baBiieH-
Hble BOJIHbBIE PACTBOPBI PA3JIMYHBIX MOJUMEPOB KPEMHEKHUCIOTH (Cpear KOTOPBIX
MOIJIM TIpeo0JsiafaTh U MOHOMEpPHI), oOJiagalolire CBOMCTBAMU 30JIEH.

* Bplle ObUIO IMOKA3aHO, 4YTO CTPYKTYPHbIE OCOGEHHOCTM OTHENbHBIX 30H
B OHMKCaX, B YaCTHOCTM 30HBbI JIMHOMOMIOOHOIO XalelloHa W Oraja, ITOKa3bIBaIoT,
YTO OHM — Pe3yJbTaT IOC/IeIOBATEIbHOTO OTJIOXEHMs BEIlleCTBa, a OTHIONb HE paccia-
uBaHUe CTymHs KpeMHedema. C 9THM CBsI3aHbI, B YaCTHOCTH, Pa3M4usi B MUHEPATbHOM
COCTaBe OT/ENIbHBIX OHMKCOBBIX CJIOE€B, OTJIOXEHHWE OHUKCOBBIX CJIOEB MEXIy 3epHaMU
KPYITHOKPUCTAUTMYECKOTO ~ KBaplia, CllarajoliMMK  OTOEIbHbIE 30HBI B  HEKOTOPBIX
OHMKCaX, 00pa3oBaHME KaBEePHO3HBIX KBapLEBBIX IMPOCIOEK B pe3yJIbTaTe COKpAIIeHUs
obbeMa TIpY  TMepeKPUCTAIU3ALUY  [JIMHOMOIOOHOTO XaJlle/IoHa M orfaja, BO3HUKHO-
BeHUE TUTMHTOMIHBIX 30H IMpPU 3aMELIEHUM 30H MeEJKO3EPHUCTOrO KajiblUTa (MUKPHUTA)
MUHepaJaMi ceMeiicTBa KpeMHe3eMa.
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MEXAHU3M OTIOXEHUA MHUHEPAJTOB
CEMEVICTBA KPEMHE3EMA B ATATAX

Ipu paccMOTpeHHMM MeXaHM3Ma OTJIOXEHUS MUHEPaJIoB ceMeiicTBa KpemHe3ema
B ararax HeoOXOOMMO TMPUHSTH BO BHMMaHHe: 1) OCOOEHHOCTM TOHKOTO
CTPOEHMST 3TUX MUHEPAJIOB, OTIMYAIOUIMX UX APYr OT Ipyra; 2) YcCJIOBHsI obpa-
30BaHUs KPUCTAUIMYECKUX WHAUBUIOB C pa3indyHON Mopdoorueii; 3) TeopeTu-
yeckue MpeACTaBIeHUSI O MeXaHM3Me WX KPUCTaUTU3ALUH.

OCOBEHHOCTHU TOHKOI'O CTPOEHHWA MUHEPAJIOB
CEMENCTBA KPEMHE3EMA

MHorue 0COOEHHOCTM TOHKOTO CTPOCHHMsI MUHEpajJoB ceMeicTBa KpeMHe3eMa
paccMaTpUBaJIMCh BbIllE, OJHAKO 31eCh MX HEOOXOAMMO COMOCTAaBUTb, BBHISIBUB
Haunbosiee BaXHbIe JUISI MOHMMaHUS MeXaHM3Ma pOCTa OTAEJbHBIX MHUHEpPaJioB
MOMEHTHI.

XapakTepusysi 0COOEHHOCTH XajleA0oHa, KOTOpble HEOOXOAMMO Y4YUTHIBATH
MpU PacCMOTPEHMM MeXaHU3Ma pocTa ero WHAWBUIOB W arperaToB, TMpexie
BCEro clieyeT oOpaTUTh BHUMaHMe Ha TO, YTO OT KBaplia XajleJOH CYLIECTBEHHO
OTJIMYAETCS] 3HAYMTEJIbHO 00Jiee BBICOKMM COIEpXaHMEM pPa3IMYHBIX TpUMeceii.
Tak, comepxanue Si0, B HeM vamie Bcero cocrapiseT okono 96—98%, cHu-
xasich mHOTHA no 90; Hapsay ¢ 9TUM B XaJllleJOHAX YCTAHOBJIEHBI MPUMECH, NOC-
turaomue (B % ): ALO3 —3,1; Fe,0, —3,2; CaO —1; MgO —1,3; Na,0 -0,7 u
nocrosgHHoe conxepxanue H,0—2,5 [37].

HccnenoBaHue ocoGeHHOCTEH CTpoeHUs cHEepOJUTOBOrO XajilleAoHa OITH-
YeCKMMHU MeTolaMHM, BhImosHeHHoe B. M. TumodeeBbim [110], mpuBesio ero K
3aKJII0YEHUIO, YTO TEPMUH «BOJIOKHO» HYXXHO MOHMMAaTh HE KaK OIHO HeaenMoe,
a KaK CUCTeMYy OINTHUYECKU CBSI3aHHBIX 3epeH. [lanbHellre uccaea0oBaHUs BOJO-
KOH xajuenoHna [167, 229], B TOM uucjie HOBEUIIMMM 3JIEKTPOHOrpadUIeCKUMU
MeTOJaMM, MOATBEPAWIM MX OJIOYHOE CTPOEHHUE, NMPUYEM pa3Mep OTAEIbHBIX 0J10-
KOB oOKasajcsl paBHBIM 1—3 MKM, HO uHorma u MeHbme ==0,03 mMxm [11].
muHOMOMOOHBIN XaNleqOH TP JIeTaJTbHOM MCCIENOBAaHUM 0Ka3ajcs COCTOSIIUM
W3 3epHBIIIEK ¥ KPUCTAUIMKOB KBapia pasmepoMm ot 1—5 mo 10—20 mxm [257].

Brepsrie 06 3TOM BbIcKazasicsi, oueBunHo, K. [lenro [229], koropelii mwcan, 4to
XaJIlIeNOH COCTOMT M3 KPHUCTAUTUTOB KBAplia, HECKOJBKO Pa30pUEHTHMPOBAHHBIX, OOJIbIIE
OT BOJIOKHA K BOJIOKHY, YeM B TIpefesiax BOJOKOH. Pa3inuusi B OPUEHTHPOBKE OOBIMHO
COIVIACYIOTCSI TepeXONHOM CTpYKTypoil. [1oBEepXHOCTh BOJIOKHA BBIIE/SIETCS CKOIUICHUEM
JIVCITOKALIMIA WM OCTPOBKAMU HAPYILLIEHUIA U TTOPOXKIaeT 00JIaCTh 3IACTUYHBIX HAMPSIKEHUH,
PacrpOCTPaHSIIOIIYIOCS Ha HEKOTOPbIE PaCCTOSIHMSI OT TpaHUIbI (rmoBepxHocTr). C apyroit
CTOPOHBI, OOJIBILION Yo pPaccoriacoBaHUsI MEXIy TIPaHUIIAMM BOJOKOH M IMCIIOKALIU
MOTYT TaK TECHO TIPYNITMPOBAThCSl, YTO 3TO TMPUBEIET K OOPA30BAHUIO CTEKIOBUIHBIX
(aMOp(HBIX) TIPOCTIOEK.

MuKpOOJIOUHOE CTPOCHME XajleqoHa MPUBOAUT K AU(GOHY3HOMY PHUCYHKY
ero peHtrreHorpamMM u MK-crnekTpoB, MCIOIb30BAHUIO IJIsI OMMUCAHUsS XaJlleloHa
TAKOT0 ITOKa3aTessi CBOMCTB, KaK CTeIlleHb KpucTalaumyHoctu |[l11].
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BaxHo TakXe HANOMHUTb, YTO MHOTHUE XaJLEdOHbl XapaKTepU3YIOTCS TeIu-
KOUIAJIBHBIM 3aKpyYMBaHueM BoJokoH [11, 179] *. Kpome Toro, s xanienoHa
OTMEYaeTcs MPUCYTCTBME MUKPONOP (OTKPBITHIX U 3aKPBITHIX) JHAMETPOM
0,03—1 Mxm [11].

Takum o6Gpa3om, B LIEJOM ISl XajlleJoHa, B OTJIMYME OT KBaplia, XapaKTePHBI
MOBBILIEHHOE COJepKaHue MmpuMeceil, MUKPOOJIOUYHOE CTpOeHUE, GOIBIIOE YUCTIO
nedeKTOB YMaKOBKM KPUCTAINYECKON peIleTKH.

TI'oBopst 06 0COBGEHHOCTSIX cOCTaBa U CTPOEHUS Ofajia, BaXXHbIX JJIsI TTOHUMAa-
HUsS MexaHu3Ma ero oOpa3oBaHUsI, HEOOXOAMMO TIpeXae BCEro OTMETHUTH
3HauUMUTENbHO GoJiee BBICOKOe coxepxanme B Hem H,0— oxomo 9,5%, mpu
comepxanuu Si0, B mpemerax 86—96,5%; oman MoXeT OBITh CPaBHUTEIBHO
YUCTBIM IO OTHOIIEHUIO K JAPYTUM MPUMECSIM, WIK COAEPXKaTh UX IJIABHBIM obpa-
30M B BUJIe MEXaHMYECKUX 3arpsi3HeHUit, nocturaromux (8 % ): 3,2% Al,03; 1,85
Fe,0,; 15 MgO; 1 CaO; 0,75 K,0; 0,2 Na,0 [37]. [dna Hero TUIMYHO
TOHKOIJIOOYJISIpHOE CTpOeHUe ¢ aumamMeTpoMm Tinobyar ot 10—100 mo 250 HM,
YJIOKEHHBIX JIM00 B IUIOTHEHUIIYIO YITAKOBKY C TOYEYHBIMU M JUHEHHBIMU nedek-
TaMu — OJIaTOPOIHBINM oOmaja, Jubo 6e3 peryaspHOW YKJIaaAKh C KjlacTepaMu
a-TPUAMMHUTOBOM, a-KpPUCTOOAIUTOBOM U KBaplUEBOW CTPYKTYPbl — OOBIYHBIN
A-oman [72]. Ilpm packpuctauiM3aliud A-oIlajJl IIepBOHAYAJIbHO IEPEXOIUT B
KT-oman, cocrosmuii U3 MUKpOKpHUCTaLIoB a-Tpuaumura (10—100 HM) ¢ me-
¢deKkTaMM YIIAaKOBKM a-Kpuctobanuta [72].

Bona, comepxaimiasicss B XajlleqoOHe M oOlaje, MUMeeT pa3Hyl0 MPUPOAY U
YacTh €€ OKa3bIBaeTcsl XMMHUYEeCKM cBsizaHHOW B Buge OH -uoHOB, urpalommx
pOJib KOHILIEBBIX AKTHBHBIX TPYIN B TMOJMMEPHBIX accouMaTax KpeMHe3ema
1179, 180].

YCIOBUA OBPA3OBAHHA KPUCTAJUVIMYECKWX WHAWBWUIOB
PA3JIMYHOM MOP®OJIOTUU

Kacasice ycinoBuit dopMupoBaHUSI KPUCTAUIMYECKUX WHIMBUIOB pa3jUdHOMN
Mopdosiornu, mpexae Bcero HeoOXOIMMO OCTAHOBUTHLCS Ha YCIOBUSIX OOpa3oBa-
HUs chepoJUTOB, CTOJb XapaKTEPHBIX IJIs BblAeJeHUit XxanuenoHa. [Ipu aTom
3aCJyXXMBalOT BHUMaHMs JBa aclieKTa YKa3aHHOUW Mpo6JIeMbl — KMHETUYECKUI
W OHTOTEHMYECKUI.

l'oBopsi 0 KMHETUYeCKOM acrekre (GOopMUpPOBaHUS CHEPOTUTOB, B TEPBYIO
ouepeab HagO0 OOpPaTUTh BHUMAHME Ha TO, YTO MHOTHME MCCJedOBaTeNd OTMedaau
peuiaioiiee BAUsHUE Ha IMOsiBIeHUE C(HeposUTOB MepechillleHUsT pacTBopa (MIu
rnepeoxyaxaeHue pacljaBa), 4TO YCTAaHOBJIEHO IJsi chepoJMTOB KaK OpraHu-
yeckux |[46], Tak W HeOpraHMYECKMX coeguHeHuit [7, 224].

Cka3aHHOE JIETKO MOAKPEIUISIeTCS MPOCTEHIIMMU OTNBITAMU 1O KpUCTaIn3a-
LMK B CTyIHsIX **. Tak, eCliM NMPUTOTOBUTH CTYyIE€Hb KpeMHe3eMa, COAepXalluid

* TenMKOMOaTbHOE 3aKpydMBaHHWE SIBJISIETCSl OOIIMM  CBOMCTBOM  HUTEBUIHBIX
KPUCTA/UIOB, K KOTOPBIM TPWHALIEXAT OTIOENbHbIE BOJOKHA XajllefoHa, 4Yallle BCEro
9TO pe3ylbTaT TIPUCYTCTBMS B BOJIOKHAX OCEBBIX muciokauuii [14]. Bomee Toro,
OOBIMHBIE MEXaHU3M pOCTa HUTEBWIHBIX KPUCTAJUIOB — MX POCT 32 CYET OCEBBIX
BUHTOBBIX TUCIOKAIMii [69].

** CrymHM KpeMHe3eMa KaK cpefa KpHCTaUIM3aluy YOOOHBI B JAHHOM CiIydae
MOTOMY, YTO M3-3a MX BBICOKOI BSI3KOCTM M CITELM(PUYECKOTO CTPOEHUs] (0OBEeMHOro
JIOCTATOYHO TMPOYHOTO KapKaca U3 «CIUIMTBIX» TOJMMEPHBIX «MOJIEKYJI») B HUX TpaKTH4e-
CKM OTCYTCTBYIOT KOHBEKTUBHbBIE TITOTOKM M KPUCTAUTM3AlMsl BELIECTB YIPaBJISIETCS
TOJIbKO 3aKoHaMU muddy3nm [24].
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OIMH M3 KOMIIOHEHTOB TPYIHOPACTBOPUMOW COJM, U 3aJUTh €ro CBEpXy pacT-
BOpPOM, COJEepKalIKMM BTOPOW KOMITOHEHT TOU Xe COJiM, HabJomaeTcs ciaeaytomias
KapTuHa. BOiM3uM rpaHulibl pasgesia CTYAHsS M HAJUTOrO Ha HEro pacTBopa, rue
BO3HHMKAeT MaKCMMaJbHOE TMepechillleHne B OTHOIIEHUU OoOpasylolneiicsi TPYAHO-
pPacTBOPUMOI CONM, MOSIBISIIOTCSI CIOKHOBETBUCTbIE OObeMHBIE NEHAPUTHI, HUXE
B CTyAHe 00pa3yioTcsi chepouThl, a elle HUXe, TIe CTelNeHb MepeChIleHUs] MU-
HUMaJbHa,— OTHEeJIbHbIE IOJHOTpaHHble KpucTtamiabl (puc. 103). Btu omnbl-
Thl HATJISIIHO MOKAa3bIBAIOT, YTO C(HepONUTH BOZHUKAIOT B YCIOBUSIX 0OJiee BBICO-
KOTrO TMepechIlleHUs] MO0 CPaBHEHUI0O C O0pa3oBaHMEM OTIEIbHBIX KPUCTAJJIOB.

OHTOreHUYeCKUil acrekT hOpMUPOBAHUS OTIAEIbHBIX CHEpOJUTOB U chepo-
JIUTOBBIX KOPOK Hanbosiee 00CTOATEIbHO paccMoTpeH 0. M. JIBIMKOBBIM Ha TIpHU-
Mepe obpa3zoBaHUWs HactypaHa [32—35]. B pesynbraTe UM OOHO3HAYHO JOKa3a-
HO, 4TO chepoauThl U chepoIUTOBbIE KOPKM HACTypaHa BO3HUKAIOT INMPHU sIBJe-
HUSX HOPMAaJIbHOW 'KpUCTA/UITM3AIUM U HE SIBJISIOTCS DPE3YJbTAaTOM BHIMAJACHUS
reseit (cTyaHeil) M3 KOJUIOUAHBIX CUCTEM, NMPUOOPETAIOUIUX OKPYIIyio GopMy
MoJ AeHCTBUEM ITOBEPXHOCTHOTO HATSXEHWs C Tocienyolneil chepoJuToBOM
packpucTajlin3alueil TaKUX BbIICICHUI U UX pacTpeCKMBaHUEM ¢ 0Opa3oBaHUEM
TpelmuH ycaaku (cuHepesuca). O6 3TOM, B YaCTHOCTH, CBUIETEILCTBYIOT: 1) 3a-
ponbIlIeBble KPUCTAJIbI YpaHUHUTA B IleHTpe CGhepoJMTOB HacTypaHa; 2) cek-
TOpa paclIelIAIIMXCS BOJOKOH HacTypaHa, HayuUHAlOIIMe POCT OT TpaHei
KPUCTAJNIMKOB-3apOblllield HacTypaHa, 3) BO3HUKHOBEHHE TpEUIMH ycaaku B
pesynbrare cokpamieHus oobema (no 10%) mpu dha3oBBIX mepexomax B OKCUAAX
ypaHa, CBSI3aHHBIX C INPOIleCCAMM MX BOCCTAaHOBJIEHUs N0 HactypaHa — U0, ;
4) o6pa3oBaHMe TPEUIMH OTCAAMBAaHUS MMPU Pa3BUTUM KapOOHATOB MO cheposin-
TaM HacTypaHa.

IMpuBeneHHbIe BbIllie MOPGHOJOrMIeCKre 0COOEHHOCTU chepPOJTUTOBBIX KOPOK
XaJea0Ha TOJHOCTBIO COOTBETCTBYIOT TaKOBBIM HAacTypaHa (3a MCKIIOYEHUEM
TpeIIWH YCaJAKM M OTCJIauBaHUs) M 3aCTaBJIAIOT COMIACUTHCS C HEOJHOKPATHO
BBICKA3bIBABIIMMMUCS TPEACTABICHUSIMU 00 UX 00pa3oBaHMU B pe3yJbTaTe HOP-
MaJibHOU KpucTajanu3anuu [28, 30], a He KaK IMPOAYKTa pacKpUCTAIIN3alUN TEK-
CTYpPUPOBAHHOTO CTYAHSI, OOBIYHO HA3bIBAEMOIO TeJIeM.

O HEBO3MOXHOCTM 00pa30BaHUsi C(HEPOTUTOBBIX KOPOK M OTAEIBHBIX C(HepoauToB
XaJIl[eIoHa U3 TEeKCTYPUPOBAHHBIX CTYIHEW, CBUIETENbCTBYIOT TAakKXKe OTCYTCTBUE JOKa3a-
TEJIBCTB TIONOOHOTO TEKCTYpUPOBaHMsSI W KpaiiHe HU3KOe COIepXKaHue KpeMHe3eMa B
crymHsx. Tak, cormacHo ®. B. YyxpoBy [131], TONBKO CTyHIeHb, COMEPXKAIIMII OKOJIO
1% SiO, obmamaer TeKydecTblo, NPU KOTOPO MOXKHO [OIYCTUTb BO3MOXKHOCTb €ro
TEKCTYPHPOBAHUSI, XOTsI HUKEM U He ToKasaHHylo. [1pu conepxanmu 3, (3) % Si0, cumika-
TeNb CTAHOBUTCS anmacTiaHbM, nipu 11,(1)% SiO, — xpynkuM, a nipu 35,7% SiO, mnpen-
CTaBJISIET PACCHIMAIOIINIACS TIOPOIIIOK.

TEOPETUYECKHWE ITPEJCTABJIEHMA O MEXAHU3ME
KPUCTAJUIN3ALIMU COEPOJIMTOB

IMpeacraBieHuss 0 MeXaHM3Me KPUCTAIM3ALUMKM TIPU HU3KUX TEPECHIIEHUSX,
T. €. M3 pacTBOPOB, HaXOASIIMXCS OJU3KO K PaBHOBECHBIM COCTOSIHUSIM C
pacTymuM KpuUcTajioM, 0a3upyloTcsl Ha 3HepreTudeckoit reopun B. Koccens u
M. H. Crpanckoro [9, 127], omucwiBamuieil KpUCTAUIM3alMI0 KaK TIpolecc
ocaxIeHMs Ha 3aTpaBKy (LEHTp KPUCTAJUIU3ALMKM) 3JIEMEHTAPHBIX YacTUIl, Ha-
XOASIIIUXCS B pacTBope (pacruiaBe). DTU MPEACTABICHUS HACTOJIBKO MPOYHO
BOIIUIM B CO3HAHUE Y4YeHBbIX, 4YTo, Hanpumep, [. baknu [9] mpaktuyecku oTBeprai
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Puc. 103. ®opma Bwmenenust SrCr0,, o6pasoBaBuierocs mpu B3auMoneiictsuu 0,5 M
pactBopa Sr(NO,), ¢ 0,5 M pacrsopom K,Cr0, B 3%-uom crygue Si0,:
neHaputoBuiHble BblmeaeHus SrCrO, B BepxHell uyacTu cTonba CTyAHA (cieBa) U OTAEJIbHBbIE
kpuctawiel SrCrO, B HIXHe#l yactu cronba (cmpasa). YB. 1,5
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Ipyrue MeXaHWU3MbI, B TOM YHCJIe W MEXaHU3M OJIOYHOTO pPOCTa, K KOTOPOMY
MPUILIJIA MHOTWE PYCCKHME YYeHbIe ellle B Havaje 3Toro crtonetus. CoBeplieHHO
WCKIIIOYEeHBI OHM M3 paccMoTpeHus A. A. YepHoBeiM [127].

B »3T0it cBSI3M ocoboro BHMMaHMs 3aciayxuBaeT pabora E. C. ®demopona
[113], B KOTOpOil OH MOAYEPKMBAJ, YTO NETalbHOE HCCIEeHOBAaHKWE IMOBEPXHOCTH
rpaHeil TPUPOMHBIX KPUCTAJUIOB TIPAKTUYECKU BCEr/la MO3BOJISIET OOHAPYXUTH UX
0JI09HOE CTpOEHME, YTO HAILJIO OTPaXeHUE B BBEACHUU IJIs 0003HAYEHUS 3TOTO
SBJICHWS TEPMUHA TTOIU3puUs, mpeainoxeHHoro Ckakku. bazupysce Ha pe3ynbTa-
Tax ONMBITOB Maiiepca Mo TOHMOMETPUYECKOMY HAaOJIOJCHUI0 332 TMOBEPXHOCTHIO
TpaHM pacTyllero KpUcTajia, OOHApYXUBIIETO, YTO POCT UIET HE HETPEPHIBHO, a
cKaykaMM, M Ha cBoux HaOmomeHusx, E. C. ®emopoB mnucam: «O dYeM xKe
CBUIIETEILCTBYIOT TMPUBEACHHBINM ONMbBIT Mailiepca u apyrue HaoOmoneHUs?

Bo-miepBBIX, O TOJTHOW HEBO3MOXHOCTM IPEACTaBUTH cebe IMpolecc Kpuc-
TaJiM3aluu B BuUae 0Oojiee WM MEHee HENpPEePhIBHOTO BBICKAKUBAHUS U3
pacTBopa OTAEJbHBIX KPUCTAJIMUYECKUX YACTUUYECK W YKIAJABIBAHUS UX K CYIIECT-
BYIOIIEMY yX€ KPUCTAINIMYECKOMY CTPOEHWIO B CTPOTO TapaIeIbHOM TOJIOXE-
HUU.

Bo-BTOpBIX, MOXHO CUMTaTh JOKa3aHHBIM, 4YTO OT BPEMEHU IO BPEMEHU
HavaBlIasics KPUCTAIU3AlUSI OBICTPO CO3UIAET Liejible TUIACTUHKU M3 CTPOTO
mapajjieIbHO PacTOOKEeHHBIX YacTU4eK, MJIACTUHKU, cpa3y Xe JoXallluecs Ha
BCIO IpaHb WJIM 3HAYMTEJIbHBIC YaCTH €€ TJIOIAaN, U YTO 3TU TLIACTUHKU, KOHEYHO,
COCTOSIT HE U3 OJHOTO, a M3 OYeHb MHOIUX CJIoOeB dacTwuiek» [113, c. 1477].

I'. T. JJemmieitn |[64] mmokasaj, 4TO HEKOTOPbIE KPHUCTAUIBI B IIPUPOJIE
o0pa3ylTcsl B pe3yibTaTe CAumNaHus (cpacTaHUs) OTACIbHBIX OoJjiee MEJIKUX
nHauBUIOB. [lo3kXe BO3MOXHOCTBH 3TOTO Mpollecca 3KCIEepUMEHTAlbHO Oblia
moarBepxaeHa M. II. Illackonbckoit u A. B. ILly6HukoBeiM [136], HaOmo0-
NaBIIUMU OPUEHTUPOBaHHOE (B IBOWHUKOBOM TOJIOXEHUM) TMPUIUITAHUE MEJ-
KUX OKTal3JpOB KBAacCIlOB, CBHITIABIIMXCS B HACHIIIEHHOM pacTBOpe Ha TpaHU
0ojee KpPymHOTO KpucTajia.

B oTO0li cBS3M yMecTHO mpuBecTH mnpenctaBieHus A. B. lllybHukoBa
[140], KOTOpHI MHCall, YTO MBI IIpeAcTaBiasieM cebe CUIbHO ITepeChIeHHbII
JIaOUNBHBIM pPacTBOP, B KOTOPOM HA4ajoCh BbIJEJICHUE KPUCTAJJIOB, KaK COBO-
KYITHOCTb O€CIOpSITOYHO NBUXKYIIMXCS YacTUIl (MOJEKYJ, MOHOB) W KpUCTal-
JINYECKUX 3apoabilieil (CyOMUKPOHOB) B BHIE OJHOMEPHBIX, ABYMEPHBIX U
TPEXMEPHBIX KPUCTAIJIMKOB pa3HOW (GOpMBI UM BEJIMYUHBI, OJHU 3apPOIBIIIN
pacTyT, ApyTrHe pacTBOPSIOTCS, HO pocT mnpeobnamaer. [locmenHuit mpoumcxo-
IUT TIyTEM TPUCOCIVUHEHUS] K KPUCTAUTY OTHEIbHBIX <«MOJIEKYI» WU CIUTaHUS
3aponbllieii, TIaBHBIM 00pa3oM JBYMEPHBIX WM TUIACTUHYATBIX TPEXMEPHBIX,
00pa30BaBIINXCS W3 JIBYMEPHBIX.

AHanMM3UpysT CBOU OMBITHI MO OPUEHTUPOBAHHOMY TIPMPACTAHUIO MEJIKHUX
KPUCTAJUIMKOB KBAacIlOB K TpaHsIM Oosee KpymHoro kpucranina, A. B. Lly6-
HuUKOB [140] mnwmcan: «CrTemeHb COBEpIICHCTBA KpUCTAJIa OIpeaesseTcs] Bce-
1IeJI0 BEJIWYMHON TeX arperatoB MOJIEKYJ, W3 KOTOPBIX COCTOUT peabHBII
kpuctamia». OH cuuTal, IOCKOJbKY <«MOJIEKYJISIpDHbIE arperatbl», MPUIAIIAI0-
mue K rpaHu AB Moryr XxoTd Obl HE3HAYUTEIBHO OTJIMYATHCS IPYTr OT Ipyra
M0 CBOMM pa3MepaM, TO KaK Obl MJIOTHO HU CTPEMWJIMCHh OHU PACIOJIOXUTHCS
Ha rpaHu AB, coxpaHss mapajienbHOCTh APYT APYry, Bce Xe 0e3 MPOMEexXyT-
KOB MM HE€ yAacTcs TMOKPBITh IUIOCKOCTh AB maxe B mepBom cnoe. B cienyto-
MUX CJIOSIX MO TOW Xe MPUYUHE, KPOMe MyCTOT, OymeT HabJogaThcs Hermapan-
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NEeJbHOCTh PACIOJIOXKEHUs] arperaToB — OTClola TMOsIBJeHUe HeheKTOB U
BO3MOXHOCTb pacllelJIeHUs] KPUCTAJIOB TpM AajibHellieM pocTe, obpa3oBa-
HUS BUHTOBBIX U APYTUX AUCIOKAIUI.

B nmoapkperuienue cBoux npenctaBieHuit, A. B. ILlyGHUKOB MpPUBOIWI
TakXe CJenylollnue dKCIepuMeHTalbHble (GakThl: 1) eciau B JaOMIbHBIA pacT-
BOpP, B KOTOPOM BO3MOXHO CaMOIPOM3BOJIbHOE 3apOoXIeHHWe Kpucrajiga, Io-
MECTUTh OOJIbIIONW KPUCTAI, OH OyIeT pacTU TOYTHU HUCKIIOYUTEIbHO 3a CYeT
MPWIKIMAHUS K HEMY CaMOTIPOM3BOJIbHO BO3HMKAIOIIMX 3apoabliiieir (CyOMUK-
ponoB E. C. ®emopoBa); BBIpOCIIMN B 3ITUX YCIOBUSAX KpUCTAUT Oyner
MYTHBIM, TEPEMOTHEHHBIM BKIIOYEHUSIMM, C MaJloii MeXaHMYeCcKOil IMpOYHO-
CThIO; 2) OT pacTyllero KpHUCTajyla MOTYT OTPbIBaTbCS KYCOYKH, KOTOpPbBIE
B U3BECTHBIX YCJIOBHUSX BBIpACTalOT B OTHeJbHbIe KpucTauibl. A. B. I1ly6-
HUKOB BBICKA3bIBaeT IMPEIMOJOXEHUE, YTO ITO BCEraa MPOMCXOMMUT IPU POCTE
KpUCTajja; eCliu Xe OTOpBaBIIMEeCs KYCOYKM WHOTIAa W He BbIPAcTaloT B
CaMOCTOSITEeJIbHbIE KPUCTAJJIBI, TO 3TO IMPOUCXOAUT TOJbKO IMOTOMY, YTO OHH
BCKOpE IOCJe OTPbIBAHUS ONSITh MPUIMMAIOT K KPUCTAILIY.

Takum o0pa3oMm, Hapsily ¢ MEXaHU3MOM pPOCTa KPUCTAIJIOB MyTeM IIpu-
COEIMHEHUSI K €ro TMOBEPXHOCTHM DBJIEMEHTApHBIX 4YaCTHUIl, CJIEIyeT IOIMyCKaTb
M BO3MOXHOCTb pOCTa IyTeM IPUCOCAMHEHUS OoJiee KPYMHBIX YacTUL, TMpPe.-
CTABJISIIOIIUX IO CYIIECTBY MeJsbyaiiiiue (CyOMUKpOHHBIE), a WHOrma u Oojee
KPYIHbIE KPUCTAJNIMKU, 4YTO Haubojee BEPOSATHO B IEPECHIIICHHBIX JaOUIb-
HBIX pacTBoOpax.

PaszBuBasg »tu mpencraBieHus, lO. M. [JdsiMKoB [33] ymauyHO IIPUMIOKKI
UX K OOBICHEHUWI0O MexaHu3Ma pocTa cGhepoUTOB U CHEPOJUTOBBIX KOPOK
HacTypaHa, CUMTasi ero TMPOUCXOMSIIMM TyTeM TMpPUIUMaHusl (TpUpacTaHus)
MeJbYalIIuX CYyOMHMKDPOHOB, TOSIBJISIIOUIMXCS B MHUHEpaslooOpasylolleM pacTBO-
pe. 3acayroit HO. M. JIpIMKOBa SABsIETCS TaKXe ycTaHOBIeHUe (akKTa pac-
HEMJIEHUs] TOHYaWIIMX cGhepoJIMTOB HacTypaHa B Ipoliecce MX pocTa.

Bonbiioe BHUMaHUEe poOcTy CHEPOSUTOB YACHASJIOCh MpPH KCCIEIOBAHUU
Pa3IMYHBIX KPUCTANIMYECKUX TOJIMMEPOB, IJIsi KOTOPBIX TUMHYHBI CHEPOSTUTHI
[71]. TMonuepkuBasi pa3jindusi B YCAOBMSIX KPMCTAJIM3alUU BBHICOKO- M HU3KO-
monuMepHbix Bemects, B. A. Kaprun wu TI. JI. Cironumckuii [46] mnwucanu:
«NPUHUYUNUAAbHBIM  OMAUMUEM KPUCMAAAUZAUUU NOAUMEPOS OM  KPUCMAAAU3AUUU
HU3KOMOACKYAAPHLIX ~ COCOUHEHUU  SGAAEMCS MO, 4Mmo NO Mepe YEeAuYeHUus
pasmepa YnopsaO0OHeHHOU obaacmu 6 npouyecce CMPYKMYpooopaz’oeanusi npu-
HumMarm yuacmue 8ce Oonee U Oonee KpynHole eOUHUUbl CMPYKmMypsl (nauxu,
¢ubpunnvl, naacmuHsl, cghepoaumst), NOCMENeHHO 6 npoyecce CMPYKmMypooopa-
308AHUSL  4ACMUUbl MOACKYASAPHO20 paA3Mepa YCMYnarom Mecmo o00pasyrouumcs
nOCAC008AMENbHO  HACMUUAM — KOALOUOHO20, MUKDOCKONUHECK020 U 0ajce MakK-
PpOCKonuueckoeo pa3MepoB... MHBIMM cllOBaMH, OT SIBJICHUN MOJEKYISIPHBIX
MPOUCXOAUT TEepexXol K SIBJIEHUSM KOJUIOMIHBIM U JdaXe MaKpPOCKOMUYECKUM.
MMeHHO 5TUM TMpoLECcChl YMOPSIAOYEHUs] B KPUCTAJIM3YIOIIMXCS TOJIMMepax
MPUHLUITHAIBHO OTJIMYAIOTCSI OT pPOCTAa KPUCTANIOB HU3KOMOJEKYJISIPHBIX
BEILECTB, 20e 21eMeHMAapHblil aKm TIPUCOEIWHEHUs] MOJEKYJ WJIM WOHOB BeIlecT-
Ba K pacTylIeMy KPUCTAJIY OCMAemcs HEU3SMEHHbIM HA 6CeM NPOMANCCHUU Npo-
yecca KpUCMAAAU3AUUU U He 3A8UCUM  OM PA3Mepo8 pACmyujeco Kpucmania»
[46, c. 157].

31ech 0c000 HaA0 BBIACIUTh MpPEACTaBICHUS aBTOPOB O KPUCTAIIM3ALUU
MOJMMEPOB, TOCKOJbKY MHHEpalbl CeMeWCcTBa KpeMmMHe3eMa — TUIUYHBbIE Mpu-

323



AT'ATBI, PASBUBAIOIIINECA
I10 OPTAHUYECKHUM OCTATKAM,
N B OCAJOYHBIX ITOPOJAX

IICEBAOMOP®O3bI AI'ATA 11O JEPEBY

®@oto 141. CrBOBI OKaMeHENbIX AepeBbeB (mceBmoMopdo3bl XajlleoHa M KBapla o
nepeBy), pa30uUTble TMOMEpPEeYHbBIMU TPEIIMHKAMU Ha «IOJeHbsI», BCKPBITHIE 23PO3UEil
BYJKAHOT€HHO-OCAJIOYHbIX OTJOXEHMN M JieXaliue Ha IOBEPXHOCTH. HaluoHanbHbII
mapk «OkaMmeHesblil jsec», mrt. Apuszona, CLIA.

@oto 142. «IlomeHbsi» okaMeHenoro Jjeca (mceBmoMopdo3bsl KpemHe3emMa IO IepeBy),
CKOTIMBIINECS Ha MOBEPXHOCTM B PE3yJIbTaTe 3PO3UM COAEPXKABIIMX HX BYJIKAHOTEHHO-
ocamoyHblx mopon. HamuoHanpHbIN mapk «OkaMmeHenblil jsec», mT. Apuszona, CIIA.
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®oto 143. Tlomepeunslii cpe3 mceBgomMopdo3bl xanuenoHa (arata) mo nepeBy. Hauwuo-
HanbHBI mapk «OkaMeHenbld jec», wmrT. Apusona, CIIA. Juametrp 58 cm. Ne 2804,
nakK.

®oro 144. dparment mnceBmomopdo3bl xanilegoHa (arata) MO OAepeBY, COXpaHUBIICH
CTpYKTYpy nAepeBa. Hanmonanbubiii mapk «OkameHenblit Jsec», mT. Apuzona, CIIA.
13,0X8,0 cm. Ne 84056.
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IICEBAOMOP®0O3bl MUHEPAJIOB
CEMENCTBA KPEMHE3EMA 110 KOHKPEIIUAM
JAPYI'UX MWHEPAJIOB

IIceBnomopdo3bl MO KOHKpPEUUsIM AHTUIPUTA

®oto 145. Ilonble KBapUMH-KBapl-XajlllelOHOBbE (araToBbie) mnceBgoMopdo3bl Mo
AQHTUAPUTOBBIM KOHKpELUSIM:

a — HapyXHblii BMI WapoBUAHOW mnceBagoMopdo3bl (THMHA «UBETHOW KamycTbl») No 83653;
6 — ceueHMe WApOBUAHON mnceBOIOMOpPdO3bl € KBapUMH (OTAENbHBbIE CGHEPONUTHI)—>KBapl—>
--> xanienoHoBoW Kopkoit No 83654; 6 — ceyeHue HIAPOBUAHOW TMceBAOMOPGO3bl C KBapUUH
(otmenpHble chepoONUTHI) —>XalleNOH-->KBapLUuH (6ejass BHEIIHssl KaliMa)—>-KBaplieBOoil KOPKOI;
MeJKHe TeMHble uribl Ha nociaeaHeil — rérur, Ne 83740. Kadurwem, ropsr Tyapksip, TCCP.
5,0X5,0 cm.
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doro

XalllleloOHOBO! ~KOpKe, o6pa3oBaBuieiics TP  3aMelleHUN
kpemHesemMoMm. Bamum Kwunait. MAP. 17,5X15,0 cm. No 83646.
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146. Kopka KpymHBIX KyOMYECKHUX KPHUCTAIIOB (JII0OpUTAa Ha SYEUCTONM KBapil-

aHFHHpHTOBOﬁ KOHKpenunun



IlceBnomMopdo3bl 1O KapOOHATHBIM (?) KOHKpELMSIM

®oro 147. XanenoH—>-KBapil->-XaalleqoH—>-KBapiuH ([IMpokass 0Oejiasi 30Ha)-»-Xajle-
JIOHOBBII 30HAJNIBHO-KOHIIEHTpUUYECcKUit arat. AapacmaH, Y3CCP. 7,5X4,0 cm. No 84750.

®oro 148. XamenoH—>-KBapii—>-KBapIlMHOBbIA (IIMpPOKasi CpeaMHHAsT KaiiMa U3 OeJbIX
M XKEJNTHIX CJI0€B) 30HAJIbHO-KOHIIEHTPUYECKUIl araT M3 MOJOCTU B MceBroMopdo3e MUHe-
pajoB KpemMHe3eMa IO KapOoHaTHON (?) KOHKpEIWU; BCKPBIT HIMPOKUN <«ITUTAIOLINI»
KaHaa (OTXODUT OT KBapleBOTO CJIOSI), MPM TMOAXOAe K KOTOPOMY 30HaJIbHOCTH KBap-

LIMHOBBIX CJIOEB YTOHSIETCS M TOArMOaeTcss K HapyxHoil wactu. [loc. Ampacman, Y3CCP.
14,0X8,0 cm. Ne 84538.
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IICEBAOMOP®O3bI XAIIIIEJOHA (AT'ATA)
ITIO OCTATKAM ®AYHBbI

®oto 149. TlceBpomopdosza xanuenoHa mno kKopamnaM. Lupokoe Iloie, oKpecTHOCTH
r. Keipaxanu, Boarapus. 10,5X5,0 cm. Ne 84774,

®oto 150. TceBmocTanmakTUThl XajaleqoHa Ha Kopajitax. LIupokoe Ilosie, oKpecTHOCTH
r. Koipaxanu, Boarapusi. 6,0X5,0 cm. Ne 84776.
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®oro 151. XanuenoH, BHIMOMHAOIIMI yriyoieHue B KopautoBoit kosonuu. LT, Djo-
punma, CIIA. 11,5X8,0 cm. No 75349,

®oro 152. XanieaoH B MOJOCTU KOPAIJIOBOW KOJOHUU C XOPOIIO BUAUMBIM «ITMTAOIIMM»
KaHajioM (BbiaessieTcst Genoit okaimisiomnieir okpackoit). Ir. ®mopuma, CIHA. 11,0X
X9,0 cm. Ne 75348.
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Mepbl HEOpPraHWYECKUX TMOJIMMEPOB, TOTAAa KaK B TMPEACTABICHUSIX O MEXaHU3ME
pocTa KpPUCTAJUIOB HU3KOMOJeKYIapHBIX BemecTB B. A. Kaprun u I'. JI. Cio-
HUMCKWUU OKa3bIBAlOTCS Ha TeX Xe IMO3UIUSIX — PAaCCMOTPEHUS pPOCTa KpuUc-
TaJUIOB B PaBHOBECHBIX YCJIOBUSX, KOTOPbIe TUMUYHBI IJisI OOJBIIMHCTBA KpPUC-
TajuorpadoB, M yNyCKalT BO3MOXHOCTh WX OJIOYHOTO pOCTa.

Bonee mupoko K mpobGiaeme pocta cdepoautoB nomoman X. Kelt u
®. x. IMamnen [197], 3amoXuBIIMEe TEOpPETUUYECKUE OCHOBBHI PACCMOTPEHUS
mpoueccoB chepoIuTOBON KpUCTA/UITM3alMU paciuiaBa. KMcxomHolt Touykoil B
WX PpAacCMOTPEHWU SIBISETCS OOJBIIOE CXOICTBO B CTPOECHUM C(HEPOTUTOB
BBICOKO- M HU3KOMOJIEKYJSIPHBIX BEIIECTB OPraHWYECKOTO U HEOPTaHUUYECKOTO
TMTPOUCXOXKICHUS.

W13 dakropoB, cmocobcTByOImuUX obpa3zoBaHuio cdeponautoB, X. Keit u
®. [MagmeH 0co0O BBIIEISIOT:

1) MOBBIIIEHHYIO BS3KOCTh KPUCTAIIU3ALMOHHOW CpEelbl,

2) mepechlllleHUE pacTBOPOB (IepeoxsiaXaeHue pacIllaBOB);

3) IMOCTAaTOYHO BBICOKOE COJiepXKaHUE TpUMeceil.

IMepBolit U3 3TUX (HakTOPOB B CHUCTEMax, U3 KOTOPBIX obOpasyworcs cde-
poONMUTHl U Cc(EepoJMTOBBIE KOPKU XallleJoHa, KaK ObUIO TMOKa3aHO BHIIIE HE
peanu3yeTcs, XOTsS OH MMeEeT OuYeHb OOoJbllloe 3HauyeHUe B cdeposmToodpazo-
BaHWUU TIpU JeBUTPUDUKALIUKU BYJIKAHWMIECKUX CTEKOJ PUOJIUTOBOTO COCTaBa,
T. €. TIpy 0Opa3oBaHUM CHEPOJTOUAOB U JTUTODPU3.

[Ba pgpyrux ¢akTtopa oOKa3bIBalOTCS, OYEBUAHO, Haubosiee BaXHBIMU.
lMepechimeHe TPUBOAUT K TOSIBJICHUIO OOJBIIOTO YWCIA ILIEHTPOB HYyKJIeallNu
BIUIOTH O YAaCTWIl KOJUIOMIHOTO pa3Mepa, MUKTYIOIIUX Hajiee POCT cPepoIMTOB
mo OJOYHOMY MeXaHM3My. DTUM K€ IyTeM BO3HHMKAaeT TUIMHWYHOE IUIsT cdepo-
JIUTOB TEJMKOUIAIbHOE 3aKpyuyMBaHUE BOJOKOH, 4YeMy B OOJIbIIONW Mepe CIo-
CcOOCTBYeT ¥ pPOCT OTACIbHBIX BOJOKOH B HHUX TI0 MEXaHU3My BUHTOBBIX
NIUCIOKAIINM.

Bonburoe konumyecTBO TpuMeceil B MHUHepajooOpasyloiieil cpene, GuUKcH-
pyIOIIMXCSI, B YaCTHOCTHU, COCTABOM XaJllleJOHA, CIOCOOCTBYET TMepexoay OT
SYEUCTOTO pPOCTa KPUCTAJUIOB K OOpa3oBaHUIO CHavajla IyYKOB TOHYANIINX
HuTelr (bubpuia), a 3aTeM K UX HeKpucTtauiorpaduyeckomy (MaJoyrioBOMY)
pacuieruieHuo, T. €. B KOHEYHOM cueTe K obOpasoBaHuio cdeponuToB. BaxHo
M TO, YTO TaKyl 3Xe€ pOJb MOTYT WrpaTh MeJbyailllive KamejJbKu pacTBopa,
okasplBalolliuecsl B BUAE MMKpoIop B xanuenoHe, npudem H,O B 3ToM ciyuae,
KakK U B clyyae BXOXJIeHWs B cocTaB xaimienoHa B Bume OH -moHOB, Bemer
cebs1 KaK TUMUYHAs TPUMECH.

Ponp mpumeceit He orpaHWUYMBAETCS JIMIIb 3aXBAaTOM PACTYIIMM BOJOKHOM
W CTUMYJISIIIMEN MaJIOyTJIOBBIX pacIleTJieHui, HO B TEPECHIIEHHBIX pacTBOpax
OHM WTPAIOT POJIb IIEHTPOB arperanuy 3JeMEHTapHBIX YacTUIl ¢ O0Opa3oBaHUEM
KPUCTAJNINTOB (CYOMUKPOHOB), MPUBOASIINX B NajlbHEWIIEeM K OGIOYHOMY POCTY
cheponntoB. [lomoOHas Momenb KpUcTaIM3aluuW OblIa pa3paborana A. [mac-
HepoM ¢ kojuteramu |[184], MOTOXMBIIMMU B €€ OCHOBY OMNBITHI 1O KPUCTaI-
mm3anuu B BomHbIX pacTBopax KBr, NaCl m KCI1, koTropble M3 HarpeTtoro He-
NOCBHIIIEHHOTO COCTOSIHUSI TEePEeBONWINCH OXJaXJAEHUEM B TEPeChIeHHOe
coctosiHue. CorjlacHO 3TOW MOIENM TEePECHIIIEHHBIE PacTBOPHI SIBISIIOTCS HeE
WOHHBIMM, a COCTOSIIMMHU U3 3apoAbIlIeBLIX O0J0KOB pa3dmepoM n* 10 1o
100 HM, arperupoBaHWE KOTOPBIX W TPUBOAUT K POCTY KPUCTAIIOB — MOJIEIb
mocTpoeHuss AeeKTHOrO KpUcTaula W3 OTAEJIbHBIX <«KUPIUYUKOB», aHAJIOTHUY-

332



Hast omucaHHoM MHoro paHee M. II. Illackonbckoit m A. B. IlyGHMKOBBIM
[136, 140].

Onupasicb Ha ynoMsiHyTble paGoTel A. [acHepa M ero KoJujier, pe3yjbTa-
TBl UCCJIEOBAaHUSI HECKOJIbKMX 00pPa3ll0B MPUPOJHBIX araToB B IMPUITOJMPOBKAX
W T0oA 3JIEKTpOHHBIM MHKpockomoMm, M. CynaraBa m E. Oxrta [257] npunum
K BBIBOAY O MeXaHu3Me (opMupoBaHus CGHEPOJUTOBBIX KOPOK XajlledoHa,
MpakTUUEeCK UIACHTUYHOM omnucaHnHomy . M. [dAsiMmkoBeIM [33] masg cde-
poNUTOB U C(hEPOJUTOBBIX KOPOK HAacTypaHa.

B cBoux mpencraBieHusax M. CynaraBa m E. Oxta ¢ OOHOW CTOpPOHBI
OMUPAJIUCh Ha OJIOYHBI MeXaHW3M KPUCTAIIM3AlMU U3 TEePeChIIEeHHBIX pacT-
BOpPOB, OOTaThIX NPUMECSIMM, C IPYroil — MUCXONMJIU M3 TOro, YTO 30HAJIbHO-
KOHIIEeHTpUYecKre chepoJUTOBbIe KOPKM XalleloHa B MUHIAJIMHAX MPEIIIecT-
BYIOT B LIEJIOM KPUCTaJJIM3allM¥ KBaplia ¥ 00pa3oBaHUIO Mapayljie]bHO-CIOUCTO-
ro (oHUKCOBOTO) arata. B »3ToMm ciyyae Kpuctannuizauuio chepoTuToBBIX *
KOPOK OHHU CBSI3BIBAJIM C OCaXJIEeHUEM TOTOBBIX CYOMUKPOHHBIX OJOKOB U3
MepPeChIeHHBIX pPAacTBOPOB, CUMTas TMPUYMHOW WX BBIAEJICHUS HYyKJIealUIo
BOKPYT 4acTu4yek (MoHOB) mpumeceil. HeGosblume pa3mepbl ocemaroiiux 0J0-
KOB, C OJHOW CTOPOHBI, OOJieryajd MX B3aMMHYI0 OPHMEHTAlMI0O B BOJOKHA,
¢ Jpyroit — mopoxnaiau OoJblIoe 4uciIo NeGeKTOB YIMaKOBKH, YacTO BbI3bIBast
reJMKouaagbHoe 3akpydrnBaHue. CHUXEHUE IMEePEChIIeHUs] MPUBOAUIO K POCTY
KPYIHBIX KPHMCTAJJIOB KBaplia, WHOTAA 3aIOJHSIOMMX SAPO MWHIAIUHBI, JU6O
K MEIIEHHOMY OCeJaHUI0 MelbYyalllinX KPUCTAIJIMKOB KBapla WId T[JI00Yy
omajga ¢ o0pa3oBaHMEM MapajieIbHO-CIOUCTBIX (OHUKCOBBIX) TEKCTYP.

Mo cymectBy, K TakoMy e BbBOomy O (OJ0OYHOM, W3 CYOMUKDPOHOB)
MexaHu3Me GOPMUPOBAHUS MO3AaMYHBIX KPUCTAIJIOB U CHEPOJUTOB B IMOCIEI-
Hee Bpems mpuinen P. Puxkapr [243].

WU. Cynaraa u E. OxTta cyuTamoT, 4YTO OOJBIIMHCTBO NPUPOIHEIX pac-
CTBOPOB KpeMHe3eMma CojiepxKaT Mejbyaiiliine CyOMUKPOHBI, T. €. IO CYIIECTBY
SIBJISIIOTCSL KOJUTOMAHBIMU. [lpu 3TOM Xaslle[IOH TUMHUYEH JAJIST 3aCTOMHBIX YCJIO-
BMiIi 00Opa3oBaHUs, TOrga KakK B TPOTOYHBIX YCJIOBUSX WJIM TPU TypOYJIEHT-
HBIX 3aBUXPEHUSIX pacTBoOpa, HaOII0ZaeMbIX, HAMpuMep, B TUAPOTEPMabHBIX
KWJIaX, MCKII0YaeTCs OTJIOXeHHe OJIOKOB HyKJIeallMd M3-3a HMYTOXHOM HX
Macchl, W 00pa30BaBUIMECS 3apOJIBIIIM KPMCTA/NIOB J0PACTAalOT B TEKYIIEM
pacTBope 10 0ojiee KpPYIHBIX pa3MepoB, (GopMHUpPYs TpyOOKpUCTAIINYECKUI
KBapil.

Takum o6Gpa3oMm, pocT chepoauToB U CcHEpOJUTOBBIX KOPOK XalllleloHa
MPOUCXOAUJ IO OJIOYHOMY MEXaHM3MY U3 IepeChIIEHHBIX PacTBOPOB, HMMEIO-
KX TPUPOAY CJIaGOKOHIEHTPUPOBAHHBIX KOJUIOUAOB (30Jieii), M3 KOTOPBIX
TMMOCTETIEHHO OCaXJaJucCh YacTUIIBI NUCIEepCHOUW (a3l B BUIe OJIOKOB HyKIea-
uun  (CyOMMKPOHOB); Mpu 0OoJjiee HU3KOW KOHIEHTPAllMM PacTBOPOB POCIHU
KpUCTAJIbl KBaplia WU OTJarajuchb OHUKCOBBIE CJIOM TJIMHOMOMOOHOIO Xasile-
JOHAa W ormajia. YYUThIBasi, 4TO B pacTBOpax IMPOUCXOAMIO CBOOOIHOE IepeMe-
meHue OJIOKOB HyKieanuu (CyOMUKPOHOB), W TeM Oojiee WX OcCaXICHUE C

* Tlpm paccMOTpeHMM YCJIOBUi 0Opa3oBaHMsi C(HEPOIUTOBBIX KOPOK XaJllefoHa
HEOOXOIMMO TPUHKMMAaTh BO BHUMaHME TO, 4YTO MUHepajbl CEeMeiCTBa KpeMHe3eMma
XapaKTepU3yIOTCsl TIOJIMMEPHBIM  CTPOCHUEM; TOJIMMEPHBIE MOJIEKYJIbl  KPEMHEKUCIIOThI
XapaKTepHbl M JJISI €e BOMHBIX pacTBOPoB [15], 4To, yuWThiBas OOBIMHOCTH C(HEpOIUTOB
IUISL TIOJIMMEPOB, TOJDKHO O0JIerdath MX OOpa3oBaHMUe.
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o0pa3oBaHUEM TOPU3OHTAIbHO-CIOUCTBIX TEKCTYp, CJeAyeT MpU3HaTh, Kak U B
ciyyae ¢ HacTtypaHoM [33], 4To 3TH pacTBOPHI MOJKHBI ObUIM OOJIaZaTh HU3-
KO# BsI3KOCTbI0. C 3TMM Xe XOpOIIO corjiacyeTcsi 6JOKOBBI MeXaHW3M pocCTa
chepoMUTOBBIX KOPOK B HMXHEW M B BepxHeW YacTAX IMOJOCTU, B KOTOPBIX
oTJarajcs XaJlleaoH.

B 3akiioueHMe 3TOTO pasjgesia HeEOOXOAMMO OCTAaHOBUTHCSI Ha TOM, Kak
MocTymnaja MUTATeJbHBIM MaTepuas B TMOJOCTU, TIe MPOUCXOAUIA KPUCTAJIIM-
3auusi. [Ipym 3TOM BO3HUMKAET MLENbIid psAn MpoTuBOpeumit. Tak, HEOTHOKPATHO
(buKkcupoBasoch BHMMaHWE Ha HEOOXOAMMOCTU 3aCTOWHBIX YCIOBUU IMpu oOpa-
30BaHUM C(HEPOSTUTOBBIX KOPOK XajileoHa M TeM 0ojiee TOPU30HTAIbHO-CIOU-
CTBIX OHHMKCOB [65, 257]. Kpome Toro cumraioch 00sI3aT€JIbHBIM MHOTOKpaT-
HOe 3amojiHeHue oObema, rae o0pa3oBBIBAJCS arar, MUHEPaI000pa3yrIIUMKU
pacTBopaMu, [Js KOTOPBIX HaXOAWJIKWCh Jaxe MUTaolnuMe KaHaiael [87, 176],
XOTSI CWJIBI, KOTOpbIe MOIJM Obl MPUBECTH K IUPKYISLUKU pacTBOpa B 3aMKHY-
TOW TIOJIOCTH, W TeM Gojiee MeXaHM3M BTOro SIBJEHHUSI, HUKEM He paccMaTpHu-
BaJINCh, CKOpEe BCETro M3-3a TPYAHOCTEW OMMCAaHUSI TaKoro mpoiiecca. HakoHel,
HEOMHOKPATHO B JIMTEpAType BBICKA3bIBAJOCh HEJIOYMEHME, Kacalolleecs HH3-
KOl pacTBOPUMOCTU KpeMHe3eMa B Boje, TpeOylollei AJs OTIOXEHUs 3aMeT-
HBIX €r0 KOJMYECTB OIPOMHBIX MacC BOIAbI WJIM TPOMAIHBIX IMOJOCTEW, B KOTO-
pbIX MOr OBl HaxOOMTbCS TMOAOOHBIA pacTBop. [IpuMeuaresbHO, 4YTO TaKue
apryMeHTBl mpuBonsaTcs nmaxe P. Hakkenom [220], 3aHmMaBIIMMCS paspa-
0OTKOM METOI0B THAPOTEPMAJbHOTO BbIpAIMBAHUS KBaplLEBBIX KPUCTAILJIOB —
MPOLIECCOB, MPOUCXOASIINX B 3aMKHYTOM M OrpaHMYEHHOM OObeMe aBTOKJIaBa
3a CYeT MaccolepeHoca, BBI3BAHHOTO pa3HUIE B TeMmepaType B 30HaAX
pacTBOPEHUS] M KPUCTAJIM3ALUU.

IMpencraBisercs 4TO TMPU aHaIM3€ MaccolepeHoca KpeMHe3eMa K MecTam
oOpa3oBaHUs XaJlleloOHa, oOMaja, KBapla — OCHOBHBIX KOMIIOHEHTOB arara —
0 CUX TOp ymycKajicsi M3 BUAY TaKOW BaXKHBIM M TMOBCEMECTHO AENCTBYIOIIMI
dakTop, Kak nuddys3us. B aToM ciiydae HeT HYXOBI «IIpOKAuYMBaThb» 4epe3 I10-
JIOCTH, Trhe oOpa3yeTcsl araT, TOHHBI pacTBOpa, HET HYXIbl W B TMUTAIOIIKUX
KaHajaXx. MaccornepeHoC B TaKWUX YCJIOBUSX Jierde BCEro MpeacTaBUTh IPO-
HUCXOMSIIMM B €IWHON TUAPOTepMalbHOW CHCTeMe, HachIllalolleil Ha ompesie-
JICHHOW TIJyOMHEe IOpOoIbl, B KOTOPbIX OOpa3yeTcss araT. DTH pacTBOPHI IPO-
HUKAIOT B JIIOOBbIE MOJOCTU *, B TOM YHUCJIe MO MUKPOTpPEIIMHAM U MHUKpPOTIOpaM;
MpUYEM YacTh TaKUX MOJOCTEH, HAlpUMep, M3-3a MOBBIMIEHHOW IJIOTHOCTU OK-
pYXamIIuX MOPOJ, MOXET OCTaThCs He3amoJHEeHHO#. B 3Toil rumporepmaib-
HOW CHCTEMe MPOMCXOIMT TMAPOJHM3 OOBOIHEHHBIX MOPOI, BHIHOC M3 HUX KpPEM-
He3eMa U psiaa IPYyruX KOMIIOHEHTOB B PAcTBOp, KOTOPHIN CKOpee BCEero JOJ-
XeH o06jagaTh IIeJOYHOUM peakuueid. B MOTOCTAX, 3amMOTHEHHBIX 3TUMH Xe
rUApOTEPMAaMM, MO TOW WIM MHOW TPUYMHE HAYMHAETCS KPUCTaIU3alus

* [lepBONpPUYMHBI BCACBIBAHMSI PACTBOPOB B 3aMKHYThIE TOJIOCTM THUIIA Ta30BbIX
My3bIpeii MOTYT OBbITh CBSI3aHBI C YMEHBIIIEHWEM JaBJIE€HUSI B HUX BIUIOTH JIO TTOSIBJIEHMS
OTHOCHUTEJIbHOTO BaKyymMa W3-3a:

1) mommomenne vacth mapoB H,O— ITaBHOTO KOMITOHEHTAa BYJIKaHUYECKUX
ra3oB, MpU PeaKlMU TUAPATALMKA OKPYXAIOIIUX TTOPOL;

2) pactBOopeHue BomopacTBopuMbix razos — CO,, HCl, HF — B runporepmaibHbIX
pacTBopax;

3) koHzmeHcauuu napoB HO npu cHikeHuu Temmeparypbl OO KPUTHYECKOH
W HIXKeE.
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MHUHEpaJoB ceMelicTBa KpeMHe3eMma. BbI3bIBaTh 3Ty KPUCTAIM3ALMIO MOTYT,
HampuMep, KUCIble ByJKAaHUYECKHE ra3bl, COAepXKallMecss B ra3oBbIX IMYCTOTax
6a3aJbTOB WM TOJOCTSIX JUTOGU3, MOAKUCISIOUINE THUAPOTEpPMabHbIe PacTBO-
pbl M CIIOCOOCTBYIOIIME BBITIAACHUIO M3 HUX KpeMHe3ema. B ocamodyHbIX MOpo-
Jax MOXeT TPOUCXOAUTh B3aUMOIEUCTBHUE YTJIEKMUCIOTBI, cCoaepxauieiicss B
IPYHTOBBIX BOAaX, ¢ KapOOHATHBIMU CTEHKAMHU MOJIOCTEH, MPUBOASILEEe K BBIHO-
cy KapboHaTa M 3aMeIleHMIO ero KPeMHE3eMOM.

IMocne BbiAeAeHMs TIepBOHAYANbHBIX KPUCTAJJIOB MHHEpaJoB ceMelicTBa
KpeMHe3eMa BO BCell CUCTEeMe IOJIKeH YCTaHOBUTHCH NUMGY3UOHHBIA pPEXUM
rnepeHoca KpeMmMHe3ema, BBIIIEJaYuBAEMOr0 M3 BMEIIAIOUIMX IMOPOJd, K TOs-
BUBIIMMCS KPUCTA/UIMYECKUM 3apoJblliaM, a 3aTeM M K KpucTajljaM WId
cheponutaM. SICHO, 4YTO TpU TakKoil cxeMe He TpeOyeTcsl TUTaHTCKUX Macc
BOABI, B OTOM Cjydyae TMpEACTaBJISAIONIE JUIIb CpPely, B KOTOPOW IMPOUCXOIUT
nudby3MOHHBI MaccomepeHoc KpeMHe3eMa. bojiee Toro, ¥ BO MHOTMX APYruX
MPUPOIHBIX MHHeEpasooOpasylommux cucrteMax AUGOY3MOHHBIA MaccolepeHoc
NOJIKEeH HMETh TJIaBeHCTBYIOILlee 3HauyeHHWe. DTO OTHOCUTCS K MUHepanaoobpa-
3YIOIIMM CHCTEeMaM, HaxoIsAIIMMCs B JIIOOBIX COCTOSIHUSIX — B BHOE rasa,
KMIKOCTU WIM TBepAaoro Teja. MHULMMpOBATH Xe €ro MOIYyT pasjindyus B
KOHIIEHTPAllMd KOMIIOHEHTOB, HA4yajo KPUCTA/UIM3alMU OIHOTO W3 HHUX, HAMpU-
Mep B TOJIOCTH, Pa3HOCTb TeMIlepaTyp, JaBJeHWsST U MHOrue Ipyrue (pakTopbl
(hU3MKO-XUMUYIECKOTO PaBHOBECHSI.

OBPA3OBAHHUE ITOJOCYATBIX TEKCTYP

OpHa M3 XapakKTepHBIX OCOOCHHOCTE aratoB, IpHBJeKamollas BHUMaHUE
IOBEJIMPOB M JIIOOUTENIel KaMHS,— MX IMOJIOCYATOCTh, OTpeesionas pUCYHOK
KaMHSI, €ro JIeKOpPaTHBHYIO LEHHOCTb. DTOT MpPU3HAK HACTOJBKO BaXeH, 4YTO
MHOTUM Kaszajloch: IJIsI OObSICHEHMs TeHe3uca araTa JOCTaTOYHO OOBSICHUTH
YCJIOBUSI TIOSIBJIEHUSI €ro IMOJOCYATOCTU — PUTMUYHO-30HAJBbHOTO CTPOCHUS.
Ipu >TOM mMepBOHAYaIbHO JAEJaJMCh TMOMBITKM BBISICHUTH MEXaHU3M IMpoliecca,
MIPUBOAAINETO K (OPMHMPOBAHMIO CTPYKTYphl M TeKCTyphl arara [87, 176, 205,
206], a B mocieaHee BpeMsl B CBS3M C OTKPBHITUEM XMMHUKAaMU aBTOBOJIH U KO-
nebaTellbHBIX XMMUUYECKMX peakuuii [12, 56] Bce B Ooublieil Mepe CTalu
npeo6jagath AcKJapaTUBHbIE TEHACHLIMU TMPUYMCIEHUS 3THUX TMPOLECCOB K
aBTOBOJIHOBBIM, aBTOKoOJieOaTedbHBIM [25], camooOpasymomumcs [213], kak
OyATO 3TOTO MOCTATOYHO IJisi MOHUMAHWSI CYTH SIBJICHWMSI.

HccnenoBaHue TEKCTYPHBIX M CTPYKTYPHBIX OCOOEHHOCTEW ararta, W3J0-
KeHHO€ B 4acTM 2, MoKasajao, YTO IMPUYUHBI €T0 30HaJbHO-KOHIIEHTPUYECKOTO
CTPOEHUsI MOTYT OBbITh Pa3JMYHBI Jaxe TOrmaa, KOTAa pedyb MAET O MOHOMMHE-
paibHOM arate (cM. TabGj. 5 u 6); B MOJMMHUHEPaAJIbHBIX araTax K IepevyuclieH-
HBIM B Tabj. 5 U 6 TNpUYMHAM 30HAJIBHOCTU N00aBJseTCs elle 30HaJIbHOCTH
(PUTMUYHOCTBb) B CMEHE OTIAEJbHBIX MUHepasoB Apyr apyra. HauGosiee oOGbIYHO
rnmocjeaHee JJisl TMPOCAOEK XallleoHa M KBaplia, HauyMHash OT MUMKPOCKOIIM-
YecKMX KPUCTAJUIMKOB KBaplla, 3aBepUIAIOIINX OTAEJbHBIE KBapIl-XaJlleJ0HO-
Bble PUTMBI, 10 KPYITHOIIECTOBATBIX KOPOK KBaplia, 4epeayrouuxcs ¢ cdepo-
JIUTOBBIMM KOpPKaMM XaJleJoHa.

Pa3nuyHble THUMBI 30HAJIBHOCTU (PUTMUYHOCTH) XajleJOHa MOXHO O0b-
eIMHUTh B JBe Tpynmbl: 1) Makpockomuyeckass M 2) MUKPOCKOMUYECKAs.
IlepBBIii TUM JerKO BHIEH HEBOOPYXEHHBIM TJa30M, BTOPO — IMOJ MUKPOCKO-
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MOM, TpUYEM JUISI HaOJIOJEeHUs 3TOTO THUIA 30HAJbHOCTH WHOrIA TpedyloTcs
IOCTaTOYHO Oosbline yBenamueHuss — mo 500 pa3 um Golee.

K MHMKpOCKOMUYECKON PUTMUUYHOCTU TIpEeXAe BCEro OTHOCHUTCS TOHYAMIIAast
PUTMHUKA OTHEAbHBIX CHEpPOJUTOBBIX KOPOK XailleAoHa, TMPOSIBsIOIIascs,
HampuMmep, B YepelOBaHUM TOJOCOK XaslleoHa C pa3HbIM IOKasaTejem
MpeOMJIEHUST TIPU PACCTOSTHUU MexXxay Humu no 2—3 mkm [179], purmuka,
onpexaensironiasi 3¢ deKT MpU3alMU HEKOTOPBIX araToB, Korma B 1 MM Hacuu-
TBIBAETCSI 0 HECKOJbKHUX COTEH OTHEJbHBIX Tmosiocouek [11, 72, 196, 235],
SIBJICHUSI PUTMMYHOTO TeJMKOUAATbHOTO 3aKpyuyMBaHUS OTHECIbHBIX BOJOKOH
xanuenoHa c¢ marom or 20 mxkM go 300 cm  [179]. K atomy ke Ttumy
OTHOCHUTCS PUTMHKA B pacrpenesieHUM MHUKPOIOp, BbIAEIEHUN MUTMEHTAa, DUT-
MHUYECKO CMEHBI KOPOK XajlleOHa IOBTOPSIIOUIErOCsS CTPOCHMSI, HaIlpumep,
THUIIA TEOMETPUYECKUI OTOOP --> TOHKOLIECTOBATHIN XaJlLIENOH --> MapajiebHO-
IIEeCTOBAThI XaJllelOH, B TOM YMCJIe M KOPOK, 3aKaHYMBAIOIIUXCS Mejabyaii-
UMM BBIIEJIECHUSAMU 3€pHBIIIEK KBaplla WJIM 30HTUKOB KBapuuHa. Pexe B 3Ty
PUTMMKY BKJIIOYAIOTCS Jpyrue MHUHepajibl — KapOoHaThl, (II0OpUT, ciaraio-
mue, Kak MpaBWIO, JIMIIb OJWHOYHBIE 30HHBI.

MakpopuTMbl 10 CBOEMY CTPOEHHIO YacTO WIEHTUYHBI MHUKPOPUTMAM U
BBITJISAAST KakK Obl yBEJIMYEHHBIMM B MacliTabe MUKPOPUTMaMu. DTO OTHOCUTCS,
HampuMmep, K PUTMHUKE 4YepeloBaHUsI XaJllelOHOBBIX KOPOK, HauMHAIOIIUXCS C
reoOMEeTPUYECKOro oTbopa OTHEJbHBIX CGhEPOJUTOB M 3aKaHYMBAIOIIMXCS Ta-
paJUIeIbHO-1IECTOBATBIM XalllelOHOM. B Apyrux ciy4asix 5TU 30HBI 3aKaHYM-
BAalOTCSl KBaplieM, KBapLIMHOM WJIM 30HaMM JAPYTUX MUHepaaoB. MakpomaciiTa-
0OB JOCTUTAlOT 30HBI PA3HOW MOPMCTOCTU, C paA3JIMYHONW KOHUEHTpaluei
MUTMEHTA.

AHanu3upyss NMPUYUMHBI BO3HUKHOBEHUS PUTMUYHOTO (30HAJBHOTO) CTpOE-
HUsI araToB, HEOOXOAMMO IPUHATH BO BHMUMaHWE, YTO OHM MOTYT OBITH Kak
BHYTPEHHUMMU, CBSI3aHHBIMU, HAIIPUMeEpP, C OCOOEHHOCTSIMU Pa3BUTHUS TPOLIECCOB
KpUcCTauIu3anuu chepoauToB U oOpa3oBaHUs CHEPOTUTOBBIX KOPOK B OTpe-
NeJeHHON (U3UKO-XMMHUYECKOW cucTteme (BHYTPEHHUE PUTMBbI), TaK U BHEMI-
HUMU — CJICACTBHEM IMYJIbCALIMOHHOTO TITOCTYIUUICHUSI TUTATEJbHOTO BelleCcTBa
(BHEIIHWE PUTMHBI).

B TO e BpeMs 10 CHUX TIOp WUCCIAeAOBATEJIM aratoB KOHLEHTPUPOBA-
JIM BHUMaHMe, KaK MpaBUJIO, TOJHKO Ha Te€X WU Ha IPYTHUX, YTO, KOHEUYHO, MpH-
BOAWJIO K OIHOOOKOMY, YIPOIIEHHOMY, a T[OoA4ac W HeNpaBUJIbHOMY TOJKO-
BaHUIO TPOLECCOB U TMPUYMH 0Opa30BaHUSI PUTMUYHOCTH.

Tak, wanpumep, P. JIuzeraur [205, 206] oOpa3oBaHUe 30HAIBLHOCTU CBO-
ol K audp@y3noHHOMY TpoKpallMBaHUIO cTymHeill KpemHedema, [1. II. Ilu-
muneHko [87] m P. ®@umep [176] — K pUTMHYHO-IIYJILCALMOHHOMY IIOCTYII-
JICHUIO PacTBOPOB B MOJIOCTb U PUTMHUYHO-KPYCTU(DUKAMOHHOMY OTJIOXKEHUIO
MUHEpaJioB ceMeiicTBa KpeMHe3ema.

IpencraBnenuss P. JluzeraHra o reHe3uce PUTMMKMU araTa ObUIM TOIBEPr-
HYTHl Haub6ojiee obGctostenbHoit Kputmke II. Il. INumunenko [87], mokasas-
IIEro MX IMOJHYI0 HEMPUIOXMUMOCTb K OOBSICHEHWIO PUTMUYHOCTUA aratoB. Kpo-
Me Ttoro, P. JluzeraHr mpenmojaraj IMpeaBapuUTeIbHOE 3aloOJIHEHUE IMOJOCTEH,
rae TMPOUCXOIUT araroobpa3zoBaHUe, CTYIHEM KpeMHe3eMa, 4YTO MPOTUBOPEYUT
dakTaM, JexalmMM B OCHOBE COBPEMEHHBIX MpeACTaBIeHUNA O (PU3UKO-XMMH-
YEeCKOM COCTOSIHUM Cpejibl araToo0pa3oBaHUs KaK HU3KOKOHIIEHTPUPOBAHHOIO
3015
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lMpencraBieHuss o MyJIbCAallMOHHOM 3aMOJHEHUM IOJIOCTeN, rme obpaszo-
BaJics araT, HaxXOHISTCS B TPOTUBOPEYMU U C TOHYAUIIMMU MUKPOPUTMAMU
araTtoB, M3MepseMBbIMU HECKOJbKUMU COTHsIMU (Mo Thicsyu) Ha | mm. Kpome
TOTO, TPU3HAB WX, HEBO3MOXHO HAalTM MeXaHW3M, TPU KOTOPOM pPACTBOPHI
mocTynajau OBl ¢ MOJOOHOM YacTOTOW B 3aMKHYTHIe (!) MmoiocTH.

YuuThiBasi cKa3aHHOE W BCE W3JIOXEHHOE paHHEe TPEeNCTaBIsIeTCsI, YTO
PUTMUYHOCTh araToB MOXHO CBSI3aTh IO KpallHel Mepe ¢ ABYyMSI TpymIamu
MPUYNH — KPUCTAIIM3AUMOHHBIMUA U TUDDY3MOHHBIMU, HAXONSIIUMUCS B TeC-
HOW B3aMMOCBSI3U.

B xadecTBe KpUCTA/UTM3aIIMOHHBIX TPUYUH PUTMUYHOCTH OTHEJIbHBIX cde-
ponuToB U chEepoTUTOBBIX KOPOK MOXHO Ha3BaTh IO KpaliHeil Mepe aBe —
PUTMUYHOCTh TEIUIOOTAAYM U PUTMUYHOCTH B OTJIOXEHUM TIPUMECEIA.

PUTMUYHOCTH OTTOKAa TEIUIOTHI OT PACTyHIMX KPUCTAJIOB, B TOM YHUCIE
u cheposMTOoB, OOBACHSIETCS TEM, YTO €CJIM IepechlllleHne, BbI3BaBIIce Ha-
Yajgo KPUCTAJUIM3AIUK, CBSI3aHO C MOCTETIEHHBIM M PAaBHOMEPHBIM OTTOKOM TEII-
JIOTBI OT CHCTEMBI, TO Ha (OHE BTOTO PABHOMEPHOTO OXJaXIEeHUS BO3HUKAET
BOJIHA TIOBBIIIEHUSI TEMIIEPATyphl, CBsI3aHHAsI C BBIICJICHUEM TEIUIOTHI KPUCTAJ-
JU3anuu. DTO TOBBINICHWE TEMIIepaTypbl MOXeET JMOO 3aMelINTh, JIMOO BOBCE
MPEeKpaTUTh KPUCTAJUIM3AIUIO, 4YTO (UKcUpyeTcss B Kpucraiie (cheponute)
B BUIE 30HBI, MapauieJibHOW GPOHTY KpucTtaqauzauuu. JlamnbHelmias moTeps
TETUIOTHI B pe3yJibTaTe OOIIEro OXJaXIEeHUS CUCTEMBbl TPUBENET 4Yepe3 HeKO-
TOpOoe BpeMSI K CTOKY 3TOro WM30BITOYHOTO TelJja, HOBOMY IE€pEOXJIaxkICHUIO
W BO3HUKHOBEHUWIO OYEPENHOW BOJHBI KPUCTAUIM3AIMU, KOTOpask B CBOKIO OYe-
pelb BBI30BET TOSBJICHUE BOJHBI TOBBIIICHUS TEMIEpaTypbl 3a CUYET BbIIe-
JICHUS TEIUIOThl KpucTainuszanuu. [logoOHyl0 NPUYMHY PUTMUYHOU KpUCTAI-
mm3anuu ceponuTtoB ykaszamx A. A. bankoB [8] OIS pUTMUYHOM KpUCTAI-
JIN3AlUU METaJUIMYECKUX DBTEKTUK OHa Xe MpUHUMaeTCs W IJsi O00BbsICHe-
HUS PUTMHUYHOCTU BbIpallMBAaeMbIX MOHOKpHUCTa/IOB |[76].

PutMuydeckass KpuUCTAUIM3alUsl JIETKO HaOJIONAeTcss TP 3aTBEpIEBAHUM  TUIEHOK
PacCIIaBOB HEKOTOPBIX OPraHWMYECKMX BEIIECTB, HAXOMAIIMXCS Ha OXJIaXIAaeMOW IO-
JIOXKe. ABTOBOJHBI B 3TOM ciydae emre B 1906 r. JI. AnekceeB [3] cBsa3bIBal C u3Me-
HEHUEM TIOBEPXHOCTHOTO HATSKEHMsI pacIliaBa, OOBSICHSSI 3TO SIBJIEHUE CIIEAYIOIIM
00pa3oM: BbIIEJIEHNE CKPBITOM TEIUIOTHl NP OTBEPAEBAHUM YACTH KUIKOCTH, MPOU3BOIS
HarpeBaHWe, YMEHbBIIAeT MOBEPXHOCTHOE HATSDKEHME, TaK YTO HATsKeHME OJM3JIeXallnuxX
XOJIONHBIX CJI0eB (YK€ 3aKpUCTa/UTM30BABILMXCsI) TIOJNy4aeT IepeBec M YBJIEKAeT BCIO
KUIKOCTh (pacruiaB 3TaHTeTPakapOGOHOBOTO 3(hUpa) OT KOHLOB PACTYLIMX KPUCTALIOB,
MOJIO0HO TOMY KakK B M3BECTHOM OIIbITE BOJA PAacCTyIaeTcst OT Karu crupra. Ho oximaxk-
JIeHUEe JIyYeUCITyCKAHUEM U KOHBEKLIMel YpaBHUBAeT TEMIIEpaTypbl W TOBEPXHOCTHBIE
HATSDKEHUSI, M >KMAKOCTh TMPUHUMAET TpeXHee IOJoXeH!e. 3aTeM TO Ke sIBJIeHUe
noBropsieTcst. [1o Mepe MpOMOJIKAIOIIETOCs OXJIAXKISHHUsT TIEPUO CTAHOBUTCSI BCE MEHbILIE
M MEHbIe W, HAKOHeEll, TIePUOINYHOCTh CKAa3bIBAeTCs JIMIIb B €Ba YJIOBUMOM MUTaHWH,
C KOTOPBIM pacIpOCTpaHsSIETCSl 3acTbiBaHWe 3bupa. DTO OOBSCHEHHME TMEPUOTUIHOCTH
ObUTO 3aTeM TOJHOCThIO BocmpuHsTo A. B. IllyoHmkoBbiM [140] mis oObsSicCHEHMS
PUTMUYHOM KPUCTAJUTM3ALMK TUICHOK casiosa.

HWHoe o0ObsCHeHUME BO3HUKHOBEHWIO BHYTPEHHEW PUTMMYHOCTU  Jal
Bu. OctBanbn [225]. PaccmaTtpuBasg o6Gpa3oBaHMe PUTMHUYHOTO OcaigKa Xpo-
MaTa cepebpa B CTyaHe, MPOMMTAHHOM OMXPOMAaTOM aMMOHWUs, Npu AIudPy3un
B HEro HuUTpata cepeOpa M3 KalUlM, MOMEIIEHHONW Ha TOBEPXHOCTb CTYIHS,
Bu. OctBanba OTMETHJI, YTO BbIMajJeHUWE OcCagka XpomaTra cepebpa MPOUCXOIUT
MpU JOOCTUXEHUM B CTyAHE OIpeaesieHHOW CcTeneHU mepechimeHus. I[locie
BBIZIEJICHUST TIEPBBIX 3apobIlIeii XpoMmara cepedpa Ha HEKOTOPOM pPACCTOSHUU
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oT Mecta Havasa nuddy3um K HUM HauyuHaoOT AubdyHAUPOBATH KaK WOH
Ag' w3 Kamim pacTBopa HuUTparta cepebpa, Tak m Cr, O, -MOH W3 MpuUJIETalo-
WX YYacCTKOB CTymHs. B pesynbraTe BO3HMKaeT KOJIBIIO Xpomara cepebpa,
mepen KOTOPBIM CTYAEHb HACTOJBKO OOEmHSeTCS OUXpoMaT-WMOHOM, YTO TIpU
manpHelmedn auddy3un B Hero HMOHOB Ag+ oOpaszoBaHus XpoMmaTa cepebpa
He mpoucxonuT. [lepechileHne XpomaTtoMm cepebpa BO3HUKAET JWIIb B CJe-
OyIOUIeM KOJIblIe, OTOEJEHHOM OT TIepBOTO 30HOW «4YUCTOTO» CTYIAHSI, TOe U
oOpa3yeTcsl HOBOE KOJIBIIO OcajaKa xpomara cepebpa.

Bnuskoe K 3TOMY O0OBSICHEHUE OOBIYHO JAaeTCsl MPU PACCMOTPEHUU TPUYUH
BO3HUKHOBEHMS PUTMUYHOCTH paCTylIero Kpuctamia wi cdepoiauTa Ipu
KpUCTAJUIM3allMA B CHCTEME, COAepXalleil TOCTAaTOUHOE KOJMYECTBO TpuMeceit
[9, 140]. Tlpm TOM THpWHUMAaETCS, YTO COJAepXalluecs B CHUCTEME MpUMecH
OTTAJIKMBAIOTCS PacCTYIIMM KPUCTAUIOM JO TeX IOp, MoKa HUX KOHIEHTpaIus
nepen (GPOHTOM KPUCTAIM3AIUU HE NOCTUTHET IMEPECHIIEeHUs, NOCTaTOYHOTO
IJIST UX CaMOCTOSITEJIbHON KpUCTAUIM3aluu, (GUKCUPYIOIIEH COOTBETCTBYIOIIYIO
30Hy putMma. K BeigenuBmemMycss ocaiaky (KpucTalaM) IO TOW Xe cxeme,
Mo Kakoil wuaer oOpa3oBaHWE PUTMUYHBIX NU(PGY3MOHHBIX KOJIEIl B CTYAHE,
I GyHIMPYIOT KOMIIOHEHTHI TPUMECU U3 Ccpedbl (pacTBOpa), HaXONSIIeucs
nepen GPOHTOM KpUCTAJIM3AIUU, PE3KO CHUXAsi B 3TOW 30HE KOHIIEHTPALUIO
mpuUMecei, 3a CYeT Yero Ha 3TOM Yy4YyacTKe pacTeT UYMCTOE KPUCTAUIUIYIOIIeecs
BemecTBo. [lepen (ppoHTOM KpHUCTA/UIM3ALUU TPOUCXOAUT TTOBBIIIEHUE COAEP-
XXKaHWS TpUMECUW W TIpU JOCTUXEHUU TIepechIleHUus — oOpa3oBaHUE HOBOI
30HBl (pUTMa) TMpPUMECH.

B mpupomHbBIX yCIOBUSX 3HaYeHUE MPUMECEl MTOJKHO OBITh OTpenessiio-
UM B ciy4yae KpucTaaiuzauuu chepoiuToB U chepoIuTOBHX KOpok. MMeHHO
OHM BBI3BIBAIOT pacilellJieHue KPUCTAJIOB W SIBJISIIOTCS BaKHEWIIEW TPUIUHON
obpaszoBaHus cdeponutoB [197]. Kpome Toro, mpumecu B OOJbIION Mepe
OTBETCTBEHHBI 3a TMOSIBJICHUE BUHTOBBIX MAUCJIOKALMN OTAEIbHBIX BOJIOKOH, WX
reJuKouaadbHOe 3aKpyuyuMBaHUe. B CBS3M ¢ 3TUM yMECTHO TNPUBECTH BHICKA3bI-
Banue A. B. IllyonukoBa [140] o TOM, YTO IOCTOPOHHHE BeEIIeCTBA — OYEHb
BaxXHBIN (dakTop 00pa3oBaHUS 3aKpyYeHHBIX (GopM, M 3aKpyuyMBaHUE BceTaa
HauyMHAeTCsl C paclleTJIeHUs, SBISSICh YAaCTHBIM CJy4yaeM BCIKHMX JPYTUX
HECOBEPIICHCTB (POPMBI M CTPYKTYpPhl KPUCTAJUIOB, XOI BWHTA JISI OIHOTO
M TOTO Xe KpHCTajja TIOoJIydaeTcss pas3juYHbIM B 3aBUCUMOCTH OT YCJIOBUU
o0pa3oBaHUSI BOJIOKOH, M XOJ YBEJIMYUBACTCS C TMOBBIIIEHUEM CONEPXKaAHUS
TIPUMECH.

Ha pons mnpumeceit B (opMupoBaHuu chEPOIUTOB, TEINKOUIATBHOTO
3aKpyYMBaHUSI BOJIOKOH ¥ BHYTPEHHEWl pPUTMUYHOCTU 3Aech oOpamiaercs
ocoboe BHMMaHME, MOCKOJbKY, KaK yXe OTMedYaloCh, XalleNOH — BaXHeUIWit
KOMITOHEHT aratoB — OTJMYAaeTcs OT KBaplla CYHIECTBEHHBIM COJEpXaHUEeM
nmpumeceit, B Tom uucie OH -MOHOB W moOp, 3amMOJHEHHBIX PacTBOPOM WU
pacTBOpoM U ero mapoM. TakuM 00pa3oM, OCOOEHHOCTH CTPYKTYPBI XaJlleno-
HOBBIX KOPOK MOTYT OBITh CBSI3aHBI C BBICOKMM COJIEpXaHWEM TpUMeceil
B araroo0Opa3ylolIMx CHUCTeMaX, OCaXIaoIIMXCS COBMECTHO C XaJllleIOHOM,
a XaJlleNoOH-KBapleBble PUTMbI — C PUTMUYHBIM BBIJIEJIEHUEM TpuUMeceil B
0CalloKk T0 MeXaHUu3My, MnpemioxeHHoMmMy Bu. OctBaibgoMm.

loBopss 0 BHYTpeHHUX MPUYMHAX PUTMUYHOCTH, HE CJIEAyeT ymyckaTb W3
BU/Ia COBMECTHOTO JEWCTBUSI 00EUX M3 OMUCAHHBIX TPUYUH — PUTMUIHOCTU
B CTOKE TEIUIOTHl KPUCTAJJIM3AMM W PUTMUYHOCTA B OCAXKICHUM TIpUMECEil.
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MMeHHO ¢ 9TUX TMO3UIMIA OOBSACHSAIOT PUTMUYHOE OTJOXEHUE TMpuMecei
B BBIpalIuMBaeMbIX Kpuctautax kBapua I[. B. KmemeB um A. H. Bbpwizramos
[52], KoTopble NMINYT: «BOJWU3M TpaHeil KpucTajja B IIpoliecce MX pPOCTa
KOHIIEHTpAalus MPUMECHBIX aTOMOB WIM TPYIIN 3a CYET NMPUCYIIell Kpucramuiam
CaMOOYMCTKHU YBEJUUYMBAETCS, TOCTYIUIEHWE KpPUCTaloo0pasylollero BellecTBa
K TpaHsAM 3aTpPyIOHSIETCsS, CKOPOCTb MX pOCTa yMeHbIIaeTcsi. DTO B CBOIO
ouepelb TPUBOAMT K YMEHbBIIEHUIO KOJMYECTBA BBIAEISIONICHCS TEIJIOTHI
KpUCTAIMN3AIMK, a CJIeloBaTelbHO, M K IMOHMXEHHUIO TeMIlepaTypbl BOJIU3U
pacTylMX TpaHeil, 4TO BeleT K yBEJIMYEHUIO IMepeChIlleHUs] pacTBopa BOJIM3U
pacTymmx rpaHeid, K pe3KOMY BO3pacTaHMIO CKOPOCTM MX pOCTa W K 3axBary
CKOMUBIIUXCS BOJIM3M HUX TPUMECHBIX aTomoB. TakuM oGpa3oMm, IMpolecc
pocTa KpUCTA/UIOB MpHoOpeTaeT PUTMUYHBIA XapakTep, a KOJMUYECTBO 3aXBa-
THIBAEMBIX KPHUCTAJNIOM TpUMeceil Mepuoaruecku M3MeHsieTcsi. DTO U 00yClIOB-
JIUBAET CJIOUCTOE CTpoeHue KpucramioB» (52, c. 156].

YuuTbiBasi MOAOOHYI0O CXeMy BO3HMKHOBEHHUsI 30HaJIbHOCTHM C aKTUBHBIM
ydyacTeM B Heil TeIUioThl KPUCTAJUIM3AllMKU, KOTOPYIO MOXHO paccMaTpuBaTh
KakK 3arac CBOOOMHOI 3HEPruu KPUCTAJUITU3UPYIOUIEHCS CUCTEMBI, IMOCJIEIHION
MOXHO TPHUPABHATHL K pa3psay akTUBHBIX cpen [60], u Torma oOpa3oBaHuUe
PUTMUYHOM 30HAJBHOCTM MOXHO, OYEBUAHO, CYMTATh OAHOW M3 (HoOpM MpPOSIB-
JIEHUs aBTOBOJIHOBBIX IpoueccoB [12, 60].

B xauecTBe BHEUIHMX MPUYMH PUTMUYHOCTU MOXHO BBIAEJIHUTH JBE TPYIIIIbI:
1) sMucCCMOHHO-BOJHOBas mpupoaa nuddy3uu u 2) PUTMUYHBIE KojaeOaHUS
(GU3MKO-XUMUYECKUX TapaMeTpoB MHUHepaaoo0pa3yiolieid CUCTEMBI.

DMUCCUOHHO-BOJIHOBas Tipupoaa sBieHuil auddysum Obuta 000CHOBaHa
paboramu ®. M. lllemsakuna u I1. ®. Muxanesa [139]J. ABTOpbl TOKa3bIBa-
0T, YTO PUTMHUYHOCTb OTJOXEHMS OTAEJIbHBIX AUGGY3MOHHBIX KoJjiell (B BOI-
HBIX pacTBOpax, CTYAHSX, pacluiaBaX, ra3oBOi W TBepaod (asze) MOTYUHSETCS
3aKOHY: Av = const, rae A — paccTOssHUE MeXIy KOJbLlaMU, ¥ — CKOPOCThb TUd-
by3uun.

IIpy BBICOKOM 3HAYEHUM V, KOTOPOE XapaKTepHO U MOHHBIX PacTBOPOB, BEJMYMHA
K JOJKHA OBbITh OYEeHb MalOM, M TOIOa OTIOXEeHWe (KPUCTAJUTM3Allvs) —BEIIeCTBa
MPOUCXOMUT HerpepblBHO. HampotuB, B cucTeMax, Ie V yMEHBIIAeTcsl, A MOXET
YBEJIMYMBATHCS 10 BEJIMYMHBI, MPUBOISAILICH K MAaKPOCKOIMMYECKH PA3IMUMMbIM TUddy3u-
OoHHbIM puTMaM. CkopocTb auddy3ur MoXeT ObITh CHIDKEHa PasMYHBIMUA CIIOCOOAMMU.
Tak, OHa, HampuMep, pPe3KO CHMXKAeTcs B Cpellax C BBICOKOW BSI3KOCTbIO—OTCIOIA
XapaKTepPHOCTh PUTMMYHBIX OTJIOXEHMI Tipy auddy3nu B CTymHsX (Kombla JluseraHra),
30HAILHO-KOHLIEHTPUYECKKE C(HepOIUThl, BO3HUKAIOIIME TPU PACKPUCTAITM3ALMM (ICBU-
Tpudmkanmm) crekon (chepomonnsl u ymrtodussl B puonurtax). Kpome Toro ckopoctb
muddy3nn  CHIDKAeTCsl TIpY  YBEIMYEHMM MOJIEKYJSIPHOM Macchl  TU(PGhOYHINPYIOIINIX
gactvil |139], 4TO CcKOpee BCEro W ABISETCS OMNPENENSIONUM TpH (P Qy3HOHHOM
repeHoce  KpeMHe3eMa,  TMOCKOJNbKY  JIIsi  HEero  XapakTepHbl  TOJMMEPHbIE
«MOJIEKY/Ibl> CO 3HAYMTETBHON MOJICKY/ISIDHOM MacCcoi M Majiod TOIBXKHOCTBIO U GoJiee
KPYITHBIE WX arperartbl, KOTOpble MOTYT PacCMaTPUBATHCS KAaK MMLELIbI B KOJUIOMIHOM
pactBope (301€).

Takum o6pazom, cama nuddy3us Matepuana Iipu AUPGOY3UOHHOM €ro
TmepeHoce OT MecTa ¢ OoJjiee BBICOKOW KOHIEHTpAlMeil K MecTaM KpHCTainu3a-
LIMA TIPOMCXOAUT HE HENpPepbIBHO, a BOJHOOOPA3HO, YTO MOJXKHO (DUKCUPOBATH-
Ccsl pUTMaMU KPUCTAJIU3ALUH.

Ko BTOpoi#t rpymnme ¢hakTopoB BHEIIHEd PUTMUYHOCTH MOTYT OTHOCHUTBHCS
PUTMHMYHOE BbIMaZcHUEe aTMOC(OEPHBIX OCAIKOB W pPUTMUYHOE pa3baBieHUE
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ATATBI, BBITTIOJIHAIOIIMUE TTIOJTOCTH
BBIIIEJAYNBAHUA B CUJIUIINTAX

®dopMa CWIMLHUTOBBIX KOHKPELMI U IOJOCTEM

®oro 153. CuiMIUMTOBBIE KOHKPELWMHU, IMOJOCTH KOTOPBIX 3aMOJHEHBI XallleOHOM (ara-
TOM), B MeJKO3epHUCTOM u3BecTHsike. [opa Kocoba, Llenunorpaackas o6a. 10,0X5,0 cm.
Ne 83746.

®oro 154. TlomocTh BbINETAYMBAHUS B CHJIMIUATE, OOpa3oBaBIIEMCSl IO W3BECTHSKY.
OkpectHocTu T. TonyrBuHa, MockoBckas o6m. 13,0X13,0 cm. No 83663.
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®oto 155. BHemHMN BUI XaJleMOHOBOTO CJENKa IOJOCTH BhILENaYMBAHUS B CUJIMILINTE,
oOpa3zoBaBiieMcsi 1o u3BecTHsAKY. OkpectHoctu r. [omyrBuHa, MockoBckas o61. 15,0X
xI11,5 cm. Ne 83671.

®oTto 156. BHEWHWA BUI XalLEAOHOBBIX CJENKOB MPUYYLINBOA (HOPMBI U3 TOJOCTEN
BBIIIEJIAYNBAHUA B CWJIMIUTE, oOpa3oBaBiieMcs Mo u3BecTHAKY. Hep. Crapas CutHs,
MockoBckast 001. Hauna 9 cm. Ne 83673, 83672.— mnuna 13 cwm.
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MI/IHepa.TII)I araToB, BBLIIIOJHAIOIIMUX ITOJOCTU
B CHJIMIUTAX

XanuenoH, KBapl M KBapLVH

®orto 157. XanuenoH-->kBapuuH (TOHKas Oejasi KaiiMa)—>-KBapLEeBblii 30HAaJbHO-KOH-
LIEHTPUYECKMl araT B TOJOCTH CUJIMLUTOBON KOHKpeuuu (mo mepudepuu KaemMKa CHUIU-
uuta). T'opa Kocob6a, Llenunorpanckast o6a. 5,0X6,0 cm. Ne 83751.
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®oto 158. XanuemoH—>-kBapuuH (TOHKas Oejas Kaiima)-->XaJleJOHOBbIA 30HAIbHO-
KOHIIEHTPUYECKUNA TEMHO-KOPUYHEBBI araT M3 IMOJOCTH BbIIIEJauYNBAHUS B CHIUIIUTE C
OonbIIMM  4McIOM penukToB cununuta. [loc. Homonwsl, TamnxCCP. dnuuna 7,5 cwm.
Ne 6899, TIAK.

®oto 159. 30HATBHO-KOHIEHTPUYECKHUE XEOAbl XallleJOHOBOTO, XajllelOH—>-KBapIHHO-
BOrO ¥ XajllleNOH—>KBaplWH—>-KBAapleBOro arata (KBapluuH o0pa3yeT MOJOYHO-6erbie
30HBI) B TOJIOCTH BbIIIEJaYNBaHUsI CUJIUIMTA, 0Opa3oBaBIlerocss B u3BecTHsike. OKpecT-
Hoctu 1. lomyrBuHa, MockoBckas o6a., 11,0X10,0 cwm.
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TUAPOTEPMATbHBIX CUCTEM B 00JacTsIX AKTUBHOTO BYJKAHU3Ma; CIEACTBUEM
9TOTO HOJKHO OBITh PUTMUYHOE U3MEHEHWE WX TeMIepaTypbl U YPOBHS
B 3eMHOU kope [249]. Jpyrum ¢akTtopoM 3TOll Tpynmbl MOXET OBITh PUTMUY-
HOe M3MEHEeHHEe TeMIlepaTypbl BYJIKaHUYECKUX TOJII — IOTepsi Tella 3a CYeT
ero BbIJEJCHUSI BO BHEIIHIOI Cpely M BbIAeJICHHME B pe3ysibTaTe KpUCTaLIU3a-
LMK, MPOLECCOB IMAPOIN3a U T. H., YTO MPOSIBISIETCS, B YAaCTHOCTU, B PUTMHUY-
HOU (MyJIbCALlMOHHOW) MesTeIbHOCTU Teii3epoB, I'psI3eBbIX BYJIKAHOB, BYJKAHM-
YeCcKOW HesITeIbHOCTU B LIEJIOM.

TakuMm 00pa3oM, PUTMUYHOCTb XaJlleIOHOBBIX KOPOK M arata He Tpebyer
IJIsE OObSICHEHHWSI HU DPUTMUYHOTO OTJOXEHHUS OcCagka B CTydHE, HU MyJIbCalll-
OHHOTO TOCTYIJIEHUsI pPAacTBOPOB, a CBs3aHA C KPUCTANIM3ALMOHHOW (PUTMUY-
HOCTh MPOIECCOB KPUCTANIM3AIUU, OTTECHEHUS U KPUCTAUIU3ALUU TIPUMECE)
u IupGy3MOHHONM PUTMUYHOCTBHIO (PMHCCHOHHO-BOJHOBas mpupoma muddy-
3UM), PUTMUYHOCTHIO H3MEHEHMS TeMIlepaTypbl, KOHIEHTPALUKM U IPYTUX
dbakTOopoB  (DUBMKO-XMMHUUYECKOTO  paBHOBeCHsI B  MHUHepajgoobOpasyolieit
cucreme.

IMocnenHue MPUYMHBI MOTYT OBITH CBSI3aHBI MU C Gojiee OOLIMMM PUTMaMU,
pPEeryJIMpyOIIMMUA MHOXECTBO 3€MHBIX IMPOLECCOB, Ha YTO BHUMaHUE HCCIENO0-
Bareneit obpaman B. W. CremanoB [104].

3AKJITIOYEHHUE

1. ArarooGpa3oBaHue B BYJIKaHUTaX IPOUCXOAUT B IIMPOKOM HUHTepBase
TeMmmeparyp — ot cBepxkputuueckux (400—420° C) mo 50—70° C u masie-
HUSX OT HeckKoJbkux coTeH Ila mo armocdepHoro. Mmeromuecss maHHbIE
TaKXe YKa3blBalOT Ha CpPaBHUTENbHO BbicOKHMe Temmepatypel (250—50° C)
o0pa3oBaHUs arata, TeHETUYECKU CBSI3aHHOTO C OCAMOYHBIMU TMOPOAAMU, XOTS
UX TIOKa KpaiiHe MaJlo [Jisg OKOHYAaTeJIbHOTO CYXIEHHUS 10 3TOMY BOIPOCY.

2. KpeMHe3eM B aratooOpasyloliue cpeabl IMOCTylMaeT U3 BMEIIAloIIUX
rnopoja Jaub0 B pe3yjibTaTe TMAPOJM3a W BbILICIAYMBAHMUSI CUJIUKATOB (B obsac-
TSIX aKTUBHOTO BYJIKaHM3Ma, MpPU TMOABOJHOW BYJKAHUYECKOW AESTENbHOCTH, B
KOopax BBIBETpMBAHUs, TNpPM [OUareHe3e OCAJOYHBIX MOpoa M T. A.), JUOO 3a
CYeT pPacTBOPEHUs] OPTaHOTEHHOrO0 KpeMHe3eMa (CKeJeThl paauojspuil, CIUKY-
JIbI TYOOK M T. I.) WIM XHU3HEAesATeIbHOCTH KpeMHeOaKTepuid.

3. I'maporepmasibHble M Gojiee HU3KOTEMIIEpaTypHble PacTBOPbBI, M3 KOTO-
PBIX BBIIEJSIIMCH XaJUENOH M JIpyrue MHUHepasbl, cjaraloliue ararbl, NMpegcTaB-
JISIIM PacTBOPBI BBICOKOMOJIEKYJISIDHOW KPEMHEKHCIOTHI B HU3KOMOJIEKYJISIPHOM
KMIKOCTH, OTBeYalolMe MO0 MHOTMM CBOUM CBOWCTBAM 30JISIM C HU3KOU BSI3-
KOCTBIO, CYIIECTBEHHO OTJIMYaloIIuecss IO CBOMM CBOWCTBAM OT CTyIHEW
KpeMmHe3ema.

4. OOpa3oBaHMe arata TIPOUCXOAWUJIO B 3aCTOWHBIX YCIOBUSIX, KOIIa
pacTBOpbl KpeMHe3eMa IMpPOMHUTHIBAIIM OIlpeiesieHHble TOPU30HTHI BYJKAHUTOB
WU OCAJOYHBIX MOPOJI, 3alOJHsIsSI BCe BO3MOXHBIE TMOPbI U IMOJOCTU B HUX —
ra3oBble Iy3bIpU, TMOJOCTH JUTOGMU3, TIOJOCTU BbIIIEJaYMBAHUS CUJIUILIUTOB,
rHesjia, TPEIMHbI, MEXIIAapOBble MPOCTPAHCTBA MWILIOY-JIaB U T. II., JUOO MyTeM
KPUCTAJNIM3allMM MHUHEPAJOB B OTKPBITOM TMPOCTPAHCTBE, JUOO MeTacoMaTH-
YeCKM — MPEUMYILIECTBEHHO IyTeM 3aMellleHUsl KapOOHaTOB.

5. OTioXeHUe MUHEpPaJIOB CeMeicTBa KpeMHe3eMa IPOUCXOIMUIIO BCIENCT-
BUE CMeHBbl (M3UKO-XMMUYECKOTO COCTOSIHMSI MUHepasooOpasylolleil Cpesbl,
ckopee Bcero JuGO B pe3yabTaTe ee¢ IMOAKHUCIEHUS BYJIKAHUYSCKUMM Tra3aMu,
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HaXOIWBIIMMUCS B Ta30BBIX IY3BIPSAX, MOJOCTIX JUTOMDU3 U APYTMX IMOJTOCTIX
BYJIKAHUTOB, NUOO B pe3yjbTaTe pas3Tpy3kKm Ha KapOOHATHOM TE€OXUMUYECKOM
Oapbepe.

6. BbimeneHue MuHepajoB ceMeiicTBa KpeMHe3eMa IPOUCXOAUIIO TpHU
3HAYUTEJbHBIX TEPECHIEeHUsIX JUO0 B BUAEC CHEPOJUTOBBIX KOPOK, TMOKPBI-
BAIOIINX TOBEPXHOCTU TMOJIOCTel, AUOO B BUAE T'PAaBUTAIMOHHBIX OHUKCOB.
OOpa3oBaHUIO XallleNoHA OJAronpusTCTBOBAIM 3HAYUTEJbHOE KOJIUYECTBO
nmpuMeceid ¥ KPUCTAJUIM3AalMs W3 TIEPECHIIEHHBIX JaOWIbHBIX pPacTBOPOB,
MPUBOASIINX K POCTY CHEPOTUTOB MO OJOYHOMY MEXaHU3MY C OOJBIIUM KO-
JINYECTBOM Ne(heKTOB KPUCTATIUYECKON PEIIeTKH, MaJOyTJIOBBIX TPaHWUIl, BUH-
TOBBIX QUCJIOKAIIWii, MPUBOASIINX K oOpa3oBaHuio cheponutoB. [lapanienbpHo-
cJioucThie (OHMKCOBBIE) TEKCTYPhl BO3HUKAIU TOMA AEWCTBUEM TI'PAaBUTAIIMOHHBIX
CUJI Ha Mebyailillive KPUCTAUIMKKM KBapia, chepojUuThl XallenoHa, TIOOYITbI
KpeMHe3eMa, 3apoXIaBIIMecs B pacTBOpe M OcaxkAaBIIMECsS W3 HEro B BUIE
TOPU30HTAJIBHBIX TMPOCTOEK. B HEKOTOPBIX ciy4asX aHaJIOTHUYHBIE MPOCIOWKHU
COCTOSUTM W3 KPUCTAJUIMKOB KaJbIIUTa M IO CBOMM CBOWCTBaM ObLIA OJM3KU
K MUKpPUTY.

7. MaccomnepeHoc BellecTBAa K MECTy KpHUCTaUIM3auuu CGhepoTUTOBBIX
KOPOK WM OTJIOXEHUIO T'PAaBUTAIIMOHHBIX OHWKCOB OCYINECTBIISLICS 3a CUET
nuddy3nn, BCIENCTBUE PAa3HOCTHM XUMUYECKUX IMOTEHIIMAJIOB KpeMHe3ema
B MECTaX ero BhIIeJIauMBaHUS (pacTBOPEHUsI) U MECTaX OTJIOXEHWs, Oompese-
JISIOMIEeTOoCs pas3inuuueM B BeadwuuHax pH, TemmepaTypwl, maBieHUSI U JOPYTUX
GU3NKO-XUMHUIECKUX TMapamMeTpoB.

8. 30HanmpHOE CTpPOEHME arata CBSI3aHO C:

a) PUTMUYHOW TIPUPOAON TIpollecca KpUCTAUIM3alUU, OOBICHSIONIECS
aBTOBOJIHAMU, BO3HUKAWIIUMU 33 CUYET BBIAEICHWS TEIUIOTHl KPUCTAJIM3AUUN
Ha MOHOTOHHOM (OHE TMOoTepu TelJja JaHHOW CUCTEMOU, PUTMHUYHBIM BbIIE-
JIEHUEM TIpUMeceii;

0) 3MHUCHOHHO-BOJHOBOU Tpuponoil nuddOy3MOHHBIX MOTOKOB;

B) PUTMUYHOCTHIO W3MEHEHUSI (PUBUKO-XMMUUECKUX IMapaMeTpoOB CpeIbl
32 CYET PUTMUYHOCTH BBIMANEHUS aTMOC(EepHBIX O0CaaKoB, CMEHBI BpeMEH
rona, TETUIOBBIAETIEHUS B O0JIaCTSAX aKTUBHOTO BYJKaHW3Ma W T. II.

9. ToBopss o mpuuymHax oOpa3zoBaHUsS CcGhEPOTUTOBBIX KOPOK XajlleloHa,
clIaraloluX arar, clieAyeT OTMETUTh BO3MOXHOCTh MX OOpasoBaHWs U3 Tuie-
HOYHBIX PAaCTBOPOB, HAIMOAOOME TOTO KaK 3TO TPOUCXOAUT TMpuU 0Opa3oBaHUU
chepoTUTOBBIX KOPOK Kajbl[UTa WU aparoHWTa B Mellepax — B CTaJaKTUTaX,
KOpaJMTax, cTajarMurax M T. I, (OPMHUPOBABIIMXCS U3 TUICHOYHBIX pacT-
BOPOB, YTO OMPEAEIUIIO I HUX CTPYKTYPhl U TEKCTYPhI, OTIUYHBIE O MOP-
donmornyeckuM OCOOEHHOCTSIM OT KaJblIMTa W aparoHUTa WHOTO TeHe3uca, HO
BO MHOTOM OJIM3KMX K C(epoJUTOBBHIM KOpKaM XxajienoHa B aratax. OcoOeH-
HOCTU KPUCTAJUIM3ALMU M3 TUIEHOYHBIX PACTBOPOB MCCJIEAOBAaHBI, OMHAKO, Kpaii-
HE HEJIOCTaTOYHO, M OTU TMpPOIEcCh TpedylT K cebe Topa3mno OOJbIIero
BHUMaHUs HUCClenoBaTeseil. DTo omHa M3 WHTEPECHEWIUX 3amad OImKauirero
Oyny1iuero.

3akaHuuMBasg MOaHHYI pabory, cienyeT oco00 OTMETUTh TUTIOMOpP(HBIE
MpU3HAKMW, XapaKTepuUlylollue araThl pa3Horo reHe3uca. [Ipexne Bcero 3To
dopmMbl WX BbImENEHUI (cM. Ta6i. 4) W xapakTep MUHepanu3anuud (CM.
tabn. 7). Ilo aTuM mpu3HaKaM, KakK IpPaBWIO, MOXHO OINpPENeIUTh TEHETU-
YecKyl TMPUHAIEKHOCTh POCCBHITTHBIX araToB, YTO BaXXHO MJIs HaINpaBIeHHOTO
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nmoMcka o0JlacTeii UX CHoOca, TMePCIHeKTUBHOCTU TMPOMBIIUIEHHON OLIEHKU
KOPEHHBIX MecTopoXxaeHui. [lpu pelieHUU MOCAEAHEro BOIMpOCa JJisi TPOMBbIII-
JICHHOCTHM CJIeAyeT TpexXjae BCero MMeTh B BHUIY OOBIYHYIO HEpeHTaOeJIbHOCTh
pa3paGOTKM KOPEHHBIX MAaJOW3MEHEHHBIX MaHIEJbIITEHOB Ha araTbhl, IOC-
KOJIbKY OTH IOPOJbl XapaKTepPU3YIOTCSI BBICOKOW TMPOYHOCTBIO M HEBBICOKOU
KOHIIEHTpallMeil araToBbIXx MUHIaAWH. HampoTus, aratbl pPUOJUTOB MOTYT
WHOTAAa pa3pabaTeiBaThbCsd M B KOPEHHBIX MMOpPOJAX, IOCKOJbKY JUTODU3BI
MecTaMud O0Opa3yloT TMPOCIOUM C BBICOKOW KOHUeHTpauued (mo 90—95% ot
Macchl MOPOJBI).

Psn crieninduvyeckux CBOMCTB araToB MOXET MCITOJIb30BAaThCS U B KauyecTBe
IMOMCKOBOIrO IMpU3HAKa Ha JAPYyrue MeECTOPOXIECHWS.

Tak, cBeTJIO-TOyOble araToBble MHUHIAJIWHBI, B OOpPa30BaHUM KOTOPBIX
OOJIBILIYIO POJIb UTPaAIM MPOIECCHl 3aMelleHUsT (QII0opUTa MUHEpaJlaMU CeMEeMcT-
Ba KpeMHe3eMa, COXpPaHUBIIWE B YaCTHOCTU TCeBAOMOP(}O3bl 1O GIIOOPUTO-
BbIM KOpKaM, MOTYT WCIIOJIb30BaTbCs KaK IMOMCKOBBI TMpH3HAK Ha GJI0OpU-
TOBYIO MMHEpaJIU3aLMIO.

AraTbl, TpeXxae BCero OcCagOYHBIX IMOpon, obJsiamarouide crenuduyeckoi
JIIOMUHECILICHIINEH, SIBISIOTCS TMOMCKOBBIM TMPM3HAKOM Ha YpaHOBYIO MUHepa-
nu3auunio. TakuMm myteM ObUla oOHapyXeHa IMepBUYHAs ypaHOBasi MUHepaau3a-
ousi B HeKoTophix paifoHax CIIIA.

AraTbl, W3MEHUBIIME OKpacky ¢ Oypoil Ha CHU30-YEepHYIO BCIEICTBUE
rnepexona réTuTa — OCHOBHOIO IMHWIMeHTa OYpbIX araToB — B INUPUT M MapKa-
3UT, CYUTAIOT TMPU3HAKOM pa3BUTUs Oojiee TMO3AHUX T'MAPOTEPMATbHBIX
MPOLIECCOB C y4acTHeM OOraThiX CEPOBOAOPOIOM DPACTBOPOB, M3 KOTOPBIX MOTYT
BBIIEJSITHCSI pa3iMuHble CYJIb(GUAHBIE MUHEpaIbl U CAaMOPOAHOE 30JI0TO.

YuutsiBasi crneunuduueckue CopOLUMOHHBIE CBOMCTBa aratoB, MOAOOHbBIE
chepbl HCIONB30BaHMUS araToB B OyIylleM MOTYT pPaACIIUPSTBCSI U B 3TOM
OTHOIIEHWU OHU 3aClyXMBAalOT 0COOOro BHUMAaHWUSI.



BOMPOCHI, TPEBYIOLLUE .
OAJIBHEMWNUX UCCIIEAOBAHUU

HpOBC}ICHHaH pa60Ta 10 U3YYCHHIO araTta BbIABHUJIA MHOTO BOIIPOCOB, HYX-
NAUIUXCS B JaJbHEUIIEM MU3YUYCHUU. M3 Hux Hambojiee BaXHBIMHU SIBIISIIOTCS
ciaecayrmue.

s acamos, C6A3AHHBIX C OCHOBHbLIMU U CPeOHUMU nopodamu

1. IMoneBble uccleqOBaHUS CMEHBI TOJIBIX Ta30BbIX MY3bIpEil araTOBBIMU
MUWHIQJIMHAMU ¢ OCOObIM BHHMMaHHUEM K TEepPeXOJAHOM 30He, B KOTOPOW Ta30BbIe
My3bIPpU JOJIKHBI ObLTM OBl 3aMOJHSATHCS JUOO TMOJTHOCTBIO BOIHBIM (IiouIoM
(remmnepatypa 400—420 °C u BbIIe), JAUOO0 YAaCTUYHO TUAPOTEPMATbHBIM
pPacTBOPOM.

2. HccnenoBaHue 0oCOOEHHOCTEH BHYTPEHHEN IMOBEPXHOCTU Ta30BBIX ITy3bl-
peil B 0a3zanbTax W IIJJaKaX OCHOBHOTO COCTaBa.

3. JleTanbHoe M3ydeHHE OCOOEHHOCTEW pacrpejaesieHUs] MUHIAIUH Pa3sHOro
cocTaBa — araToBbIX, KapOOHATHBIX, SIIMOBBIX, CMEIIaHHBIX — B Mpeaeaax
reoJIOTMYeCKOro paspesa, MX B3aMMOOTHOUICHWH APYr C JPYroM.

4. TlomeBoe wucCClenOBaHWE CBSI3M araTOMpPOSIBICHUS C CUIMLUdUKaLmUeit
OTAEJBHBIX TOJII BYJKAHUTOB M APYIMX BMEIIAKOIIMX MOPON ¢ 0Opasylolu-
MUCSI MeCTaMU TMPOCJIOSAMHU XalllleloHa U SIIIM.

5. TmwarenbHOe HU3yYeHUE MUHEPAJbHOTO COCTaBa sIIIM, HaXOASIIIUXCS B
MWHIQJIMHAX, B3aMMOOTHOINEHHUU SIIIM C araTaMu, OCOOEHHOCTEW CTPYKTYpPBI
U TEKCTYpbl SIIM, YCJIOBUA MX 0Opa3oBaHWUsI.

,ZI/I}Z azamoe, CEA3dHHbIX ¢ puoaumamu

1. IMoneBble wHccCIenOBaHUS OCOOCHHOCTE! 3ajleraHusl araT-colaepXXallux
JTUTO(GU3 — TMPUYPOUEHHOCTH K OINpeIeeHHBIM TOPM30HTAM BYJKAHUTOB, TEK-
TOHMYECKUM pas3jioMaM, TpelnHaM QIIoUIaIbHOCTH, CBS3M C PUOJTUTAMU
OrnpeeIeHHBIX COCTaBa M CTPYKTYPBI.

2. BbIsicHEeHME TeoJJOTMYECKUX YCJAOBMI, MPU KOTOPHIX JUTODU3BI MUHEpa-
JIU3YIOTCSl araTOM WJIM OCTAlOTCSI TOJIBIMU.

3. UccrnenoBaHue o0coGeHHOCTe pacrnpeneieHuss JUTOGU3 ¢  pasHOU
MUHepaJlu3alMeii 1 UX B3aUMOOTHOINEHUI APYr ¢ APYroM.

s aeamos, C683aAHHBIX € 0CAOOHHBIMU NOPOOAMU

1. Bonee neranbHOoe wu3yyeHue GOPM BBIIEJNEHUs] araToB B 0OCAaTOYHBIX
Mopojaax, YCTAaHOBJIEHWE MeXaHM3Ma BbIlIeJauuBaHUS CUJIUIIMTOB M OoJjiee
JneTajbHOE ucclieqoBaHue MOPGOJOrMYeCKUX OCOOEHHOCTeN CcHIMIUdUKAIUU
AHTMIPUTOBBIX, KApOOHATHBIX M JIPYTMX KOHKPELMH.

2. JleTajbHOe U3y4yeHHEe MMHEpPaAJbHOTO COCTaBa araToB B OCaIOYHBIX
Mopojax, B3aMMOOTHOILIEHUM OTAENbHBIX MUHEPATOB APYr C IPYTOM.

3. BbisiBIeHME [OMOJHUTENbHBIX TEKCTYPHBIX W CTPYKTYPHBIX OCOOEH-
HOCTE# araToB OCaIOYHBIX TOPOJA, OTIMYAIONIMX HX OT araToB BYJIKaHUTOB.

4. B cBeTe M3JIOXEHHOTO MexaHM3Ma (pOpPMUPOBAHUS JUTO(GU3, BO3MOXHO
MIEHTMYHOTO C MeXaHM3MOM o0O0pa30BaHUs TOJBIX KOHKpPEUMH U cenrapuit
B OCaJOYHBIX IOpPOJax, OCOOOT0 BHMMAHUsS 3aCIyXHUBAaeT JeTallbHOe WCCie-
noBaHME MOP(MOJOrHYecCKUX M MHUHEPAJTOrMYecKUX OCOOEHHOCTe! MOoCIeqHuX
IUISI PACKPBITHSI MeXaHW3Ma MX BO3HUKHOBEHUSI.
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Js acamos 6 ueaom

1. Bonee mertanbHOEe M3ydyeHUE MPOLIECCOB 3aMelleHUs] KaJbLIUTa U IPYTHX
KapOOHAaTOB MHUHepajlaMyd KpeMHe3eMa ¢ MpOoKpalluBaHUEeM IMarHOCTUYCCKUMU
KpacuTeJdssMM, MPOTPAaBIMBAHUEM COJITHOM KUCJIOTOM, WUCMOJb30BAHUEM pacT-
pPOBO#l 3JIEKTPOHHOW MHUKPOCKOMUU C 1IeJIbl0 BBISICHEHUs JeTajieil reHe3uca,
Fe-, Mn-nurmenra arata, (opM ero BbIIEJEHUs, YCIOBUA TMOSBIEHMUS
Tpy64yaThiX OOpa3oBaHWiII W WX 3aHaBeceil, NPYrux jaerajieil mpolecca 3ame-
MeHUsT KapOOHATOB.

2. HeranbHoe wu3ydyeHue MOpPGOJIOTUM U BHYTPEHHEro CTPOEHUs TakK
Ha3bIBa€MbIX MEMOpaHHBIX TPYOOK, OCHOBaHU TCEBIOCTANIAKTUTOB HESICHOTO
reHe3uca ¥ TOMY MOAOOHBIX OOpa3oBaHMM.

3. CuHTe3 MeMOpaHHBIX TpPyOOK B pPa3JIUYHBIX Cpelax — CTYIHSIX U
WCTUHHBIX pPacTBOpax, B Pa3JMYHOM IOJOXEHUU IO OTHOIIEHUIO K TpaBHMTa-
LIMOHHBIM CHJIaM, JeTajJbHOe uccliefoBaHUe WX MOP(OOJOruM M BHYTPEHHETO
crpoenusi. CormocraBieHrue HMX € MOP(OJOTHYEeCKM CXOIHBIMU TPUPOIHBIMU
00pa3oBaHUSIMH.

4. CneuuajabHOe HCCIeIOBaHME JeTajledl CTPOEHHUS <«IMUTAIOIIMX KaHaJoB»,
TUMHUYHBIX JJISI HEKOTOPbIX MHUHIAJWH M aratoB, CBSI3aHHBIX C OCAJIOYHBIMU
rnopogaMu, ocobeHHOCTed uX GOpMBI M pa3MellleHUs [Jisi OJHO3HAYHOTO
pelIeHusl BOMpoca O TOM, SIBISIIOTCS JM OHU: APEHaXHBIMU TpyOKamu, MUTAIO-
MMM KaHajJaMH, IPEHaXHO-TMUTAOIMMU KaHalaMW WIM pe3yjJabTaToM o0pa-
30BaHUsI 3aCTOMHBIX 30H MeXay cdepoauTaMu XajleaoHa.

5. TwarenbHOe MCCIeAOBAaHUE TEKCTYPHBIX U CTPYKTYPHBIX OCOOEHHOCTEM
FOPU30HTATbHO-CJIOUCTOr0 (OHMKCOBOTO) arata, B3aMMOOTHOIIEHUI OTIEIbHBIX
30H Jpyr € JpyroM, HUX IMepexoja B 30HaJbHO-KOHUEHTpuueckue (obsexalo-
mue) CJOou.

6. lletanbHOe WMCCJIeJOBaHME B3aMMOOTHOIIEHUI KBaplUHA C JOPYTMMU
MUHepaJlaMu ceMelicTBa KpeMHe3eMa M BO3MOXHOCTM OOpa3oBaHUs KBapliM-
HOBBIX <«30HTHKOB» M TIPOCJIOEK KakK TMceBIoMopdo3 Mo KapOOHATHBIM WJIH
IPYTMM MUHepaliaM.

7. WccrnemoBaHue TpoOIleCCOB Tepexoma (pacKpucTaaau3anuu) A-omaioB
B K- u KT-omanbl M MX MepeKpuCTaJIM3aluKd B XaJdledOH M KBapil.

8. M3yyeHue NpPUYMH OKPACKM araToB — CTEMEeHW OKMCJICHWSI M TUapara-
uuu ¢ npuMeHeHreM MK-CHeKTpOCKONMUM U PacTPOBOTO 3JIEKTPOHHOTO MUKPO-
CKoTla, XMMHUYECKUX aHAJW30B U APYIMX METOIOB MCCIeHOBaHUS.

9. W3yueHue nerajseil pacrmpelnesieHUs OKPACKM B araTax; UCKYCCTBEHHOE
MpOKpalMBaHUEe araToB ¢ OCOOBIM BHMMaHMEM K HEOIHOPOIHOMY OTHOIIEHUIO
K HEMy OTHeJbHbIX 30H aratoB, OTJIMYAIOLIMUXCS DPa3HbIM COCTAaBOM (XaslleloH,
KBaplLWH, OMaj), pa3HOW MOPHMCTOCTbIO U T. II.

10. HUccnemoBaHue ra30BO-XUAKUX BKJIIOYEHU — WX COCTaBa, IepBOHa-
YaJbHOTO JaBJEHUs, TeMIlepaTyp TOMOTeHU3alUU — Pa3IUYHBIX MUHEpPaJoB
araToB KakK U3 BYJIKAaHUTOB, TaK WU M3 OCAJOYHBIX IMMOPOJ.

11. DkcrnepuMeHTalbHbIe MCCAEAOBAHUS MO CUHTE3y ChEpOJUTOBBIX KOPOK
XaJlieaoHa:

a) u3 30jieil KpemHe3ema;

6) myTeM 3aMelleHUs] MUHepajlaMHu ceMeilcTBa KpeMHe3ema KapOOHAaTOB —
B TEPBYIO ouepelb KajlbllUTa U CHIEPHUTA.

12. MonenupoBaHue Ta30BbIX IMy3bIpeii:

a) mpu TmpoayBaHMM Ta3a (BO3ayxa) depe3 BOAy, HaOIOIeHUE U3MEHEHUS
(GopMbl Ty3bIpeii WM UX KoOaJeCLEeHIMHU, TO Xe, B Oojiee BA3KUX Cpeaax;
COMPOBOXIEHNE KMHOCHEMKOI;

6) mpu 3aMep3aHUM BOIbI W BBIACJACHUS IMy3bIpeidl PacTBOPEHHOTO B Hell
BO3/yXa — MCIOJIb30BaHUE KPUOCTAaTa C KUHOKaMEpOW.
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®mooput

(7]

®oto 160. TIceBmomopdo3a obJeKaHUs XaldlleAOHA MO KyOMYecKUM Kpucrtamiam ¢iaoo-
pUTa B JOHHOIl YacTW XallelOHOBOrO (araToBOTO) BBITIOJHEHUsI MOJOCTH BbIlleNaunBa-
HUST KoHKpeuuu cuiaunuta. ['opa Koco6a, LlenuHorpanackas o6a., 6,0X6,0 cm. Ne 83750
(cM. Takxe c. 350):

a — oOUMit BUI; BHEIIHSS LIMPOKasi Toy0oBaTO-cepasi KaiiMa — CHWJIMLMT, KOTOPbIA pa3BUIICS
MO0 M3BECTHSKY, B TOM 4HMCie IO octatkaM ayHbl (KOHMYECKMI BBICTYI BHM3Y — KOpaJI),
17,0X18,0 cMm; 6 — cunuduuMpoBaHHBIE OCTaTKM (ayHbl Ha TIOBEPXHOCTM KPEMHEBOW KOH-
KpeLMH, HaT. Bel.
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@doro 160. OxkoHuaHMe:

6 — XxaJleJoHOBble TMnceBAOMOpP(O3bl o0OJNekaHus KyOuueckux KpucrtamioB ¢awopurta. [opa
Koco6a, Uenunorpaackast 061a., 6,0X6,0 cm. Ne 83750.
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IIceBnocTanakTUThl XalllleAOHA U Jpyrue 06p330BaHI/I$I
B arartax, BbIIIOJHAIOIIMX ITOJOCTHU BbILIC/Ia4YMBaHUA

®orto 161. KBapu-xanueioHOBBIl araT ¢ OOJBIIMM YHMCIOM XalleJOHOBBIX MCEBIOCTA-
JIaKTUTOB Ha OCTaTKax BBIIEJTaYMBaHMUS TOPOJbI, B TMOJIOCTHU BbIIIETAUMBAHUS CUJIULIUTA,
oOpa3zoBaBirerocsi Mo u3BecTHSKY. OkpectHocTu r. [omyTBuHa, MockoBckas o6a. 24,0X
x 12,0 cm. Ne 83679.

®oto 162. TlceBmOCTaNaKTUTHI XaJlleAOHAa U3 IOJOCTEH BbIIIETAYNBAHUS B CUJIUIUTAX,
obpazoBaBmmxcsi 1o wu3BecTHsAKY. Jep. Crapas CutHs, MockoBckas 00J. (CM. Takxe
c. 352):

a — otaenbHble TiceBmocTanakTuThl, 19,0X13,0 cm. Ne 83675.
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®oto 162. OkoHuaHUE:
6 — obuwii BuA mosoctu, 13,0X6,5 cm. No 73488
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«IIuTaromye» KaHajibl B XaJlleJOHOBBIX (araTOBBIX)
XxKeomax

®oTo 163. BbixoAbl «MUTAKOLWMUX» KAHANOB, MPOXOAAWMX MexAy KPYymHbeIMU cbheponuTa-
MW XanuenoHa, Ha MOBEPXHOCTb TONCTON CdeponnMToBON XanuenoHoBOW Kopku. Moc-
KoBckas o6n. (?). 14,0X9,0 cm. N2 3413, Of.
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LBETHbIX WINIOCTPALUN
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HactbuibHble J1aBOBbIE COCYJIbKU, JOHHBIE JaBOBbIE HACTBUIM U ApYyrue oOpa3zoBaHUs

B araTtoBbIX MHWHIAJIWHAX
MI/IHepaJ'[bI, cjaralimmne MUHIAJINHBL

MuHepanbl ceMeiicTBa KpeMHe3ema
30HaIbHO-KOHLIEHTPUYECKHUE araThblL
XanuenoH
KBapir
KBapuun .
HI/I3KOT6MHepaTyprII/I KpI/ICTO6aJ'[HT
Aratbl ¢ mapajuleibHO-CJIOUCTOH (OHUKCOBOIL)
30HaJIBHOCTBIO,
Kap6oHaTbl
Kanpuut
JIonoMHUT
Cunepur .
Jpyrue MuHepasibl B araTax
LeonunTor
Dooputr (ncesaomop(bmm XajleaoHa Io (bmoopuTy)
Muput
OKCHUABl U TUAPOKCUABI XKeje3a
Okcuapl MapraHua
[MceBnoMopdo3bl IO HEM3BECTHBIM MUHEpasaM. .
IMceBaocTaakTUTHL XajlleOHA B araTOBbIX MUWHIATUHAX
IMceBaoCTaTaKTUTBl HAa TOHKUX HUTSIHBIX OCHOBaHMSIX
HESICHOTO reHesuca . . .
IMceBAOCTANIAKTUTBI HA HUTSHBIX BBIACICHUSIX TJIOOYJISIpHOTO TréTuTa
[lceBmocTamakTUTHl XajleJoHa Ha TIPyObIX HUTSIHBIX O0Opa30BaHUIX
MPOUCXOKIACHHUSL .
«[Turatomme» KaHajdbl B araTOBBIX MHUHIAJIMHAX
JIoHHBIE M JeCKBaMallMOHHBIC SIIIMbI B araTOBBIX
MUWHIAJTUHAX . . . . .
TpeliuHbl APOGJCHUSI B araToBbIX MHHAAJIMHAX

ATATOBOE BBITIOJIHEHUE TIOJIOCTENM B JUTO®U3AX

®Dopma mnosocteit 1 MOpGhOJIOrUsl araTOBbIX BbIAEIEHUI B TUTODU3AX
JloHHBIE OpeKYMHd B JUTOGU3aX M TMOCTCHEpOTOUIHBIN
XaJIeI0H.

TekcTypHble OCOOEHHOCTH araToB B JIMTO(MH3ax

MuHepasbl araToB U3 PUOJUTOB

Kanpuut

DaoopuT . . . . .
TMceBnoMOpdh03bl MUHEPAJIOB KPEMHE3EMA 10 HEM3BECTHOMY MUHEpay.
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IMceBmocTamakTUThl ¥ MeMOpaHHBIE TPyOKM B araTax
U3 DPUOJUTOB.
JIpobieHue araToB B pUOJIMTaX

ATATBI, PA3BUBAIOUIUECA o OPIrAHMYECKHUM

N B OCAJOYHLIX MMOPOJAX

IceBroMopdo3bl arara o JIepesny.
IIceBnoMopdo3bl MO KOHKpPELUSIM aHTUAPUTA
INceBnomopdo3bl Mo KapOoHATHEIM (?) KOHKpPELUSIM
INceBnomopdo3bl MUHEPAIOB CeMENCTBa KpeMHe3eMma
110 KOHKPEUUAM JPYTUX MUHEPAJIOB. .
IMceBnoMopdo3bl xanienoHa (arata) Mo ocTaTkam Q)ayHLI
AraTbl, BBIMOJHSIOLIME TOJOCTH BbIIIETAYUBAHUS B
CHJIMLIUTAX .
®opMa CHJIMLUTOBBIX KOHKPELMiA U MOJOCTEM
MuHepaabl araTos, BBIIOJHAIOIIUX MOJOCTU B CHIIMIIUTAX
XasuenoH, KBapl ¥ KBapLuH,
dooput

IMceBmocTanakTUTH XaileaoHa | apyrue O6pa3OBaHI/I9[ B ararax,

BBITMTOJTHAKIIUX TTIOJOCTHU BbIHNICTaYNBAHUS

«[Tutaroniue» KaHadbl B XaJTleJOHOBBIX (araTOBLIX) XKeomax

OCTATKAM

306
310
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324
326
329

326
330

340
340
342

342

349

351

353



COAEP>XAHUE

IIpenucioBue.

Benenue

Yacts 1

MOP®OJIOTNTYECKUE OCOBEHHOCTU AI'ATOB PA3HBIX
TFEHETMYECKUX THUIIOB.

Aratel, CBsi3aHHbIE C 0a3ajdbTaMH W aHIE3UTaAMH
AratoBble MWHIATMHBI B 0a3anbTaX W aHIe3WTax .
YcinoBusi 00pa3oBaHMSl Ta30BbIX Iy3bIpeil M JPYTMX 3aMKHYTBHIX [OJIOCTEH B
Gazanprax W AHAE3UTax
dopma  MUHIATUH
CocTaB Ta30B B Ta30BBIX Iy3BIPSIX
KoanucueHiuss ra3oBbIX IMy3bIpeil
HacTbUibHBIE JTaBOBBIE COCYJBKM M JOHHBIE
HACTBUIM B Ta30BBIX IY3BIPSX
JloHHBIE SIMIMBI B AaraTOBBIX MUHIATMHAX
AraTbl, BBINOJHSOLIME [10JOCTU WMHOTO THUIA
Aratel B KHCJbIX BYJIKAHUTAX

AraTpl, BBIIOJHAIONIME MOJOCTH JUTOMM3 .

JIutodusbl, reoMeTpuyeckue OCOOEHHOCTHM TMOJIOCTEl B HUX M araTOBBIX
CJIENKOB 3TUX IOJOCTEil
IMerporpaduueckue OCOGSHHOCTI/I CTPOEHUS JII/ITOCIJI/IS U UX TOJIOXEHHE BO
BMeELIAIOLIUX rnoponax
OCOOGEHHOCTH XMMUYECKOTO COCTaBa ccbcponom[oxs
Ycnosus oOpasoBaHus jautodus
MexaHu3M GOpMUPOBaHUS TOJIOCTEN B .J'[I/ITOCI)I/ISaX

AraTpl, BbINOJHSIONME MNOJOCTH HMHOTO THUNA

AraTbl, pa3BUBAIOIIMECS] IO OPraHUYECKMM OCTATKAM M B OCAJOYHBIX MO-
porax
HCCB,IIOMO]:)CDOBBI arata 1O [JepeBy. .
IMcepnomMopdo3bl araTa IO KOHKPELMSM IPYIMX MUHEpaJIoB.
IMcepnomopdo3bl arata mo ocraTkam ¢ayHbL
AraTbl, BBIMOJHSIOUINE TOJOCTH BBILIEJIAYUBAHUS B CHJIULIMTAX

3akinoueHue.

Yactp 2
MUHEPAJIOTUSI U CTPOEHUE ATATOB.

Munepajiorust  araToB o
MuHepaibl CeMeiCcTBa KpeMmMHe3eMa
TexkcTypHble  OCOOEHHOCTH.
Kap6oHatsl

Cynbdatsl

CuimKaThL

Dropunbt
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