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Investigation of hydrothermal precious opals has shown that they differ significantly by their nanostructure
and the regimen of formation from exogenous precious opals. The hydrothermal opals are composed of smaller
globules and they haven’t any structuring of nanoparticles by the tight packing laws, which is quite characteristic
for exogenous noble opals. It has been found that the hydrothermal precious opals survived pneumatolytic annea-
ling — the effect of high-temperature vapor under the elevated pressure, in the process of their formation. At the
same time, this thermal effect has caused the appearance of 2D photonic zone in the chaotic opal matrix. These
photonic zones are created by the grids, which cells were formed as a result of thermal effect, according to prin-
ciple of the «Benard convection cells». Just these structured blocks and thin films lead to the spectral splitting of
light and appearance of the iridescence.

BBEJEHUE

Kak u3BecTHO, 0:1aropoAHbIH ona SBIseTCs IOBEIMPHON Pa3HOBUAHOCTHIO OOLIMPHOTO
ceMelcTBa aMOP(HBIX U €l1ad0 paCKPUCTAJUIN30BAaHHBIX MUHEPAJIOB BOJHOTO KpEMHE3eMa.
OH o0xamaeT XapakTepHOI Urpol I[BETa B PA3IMYHBIX JaCTAX BHANMOM 00JIaCTH CHEKTpA,
NOJy4MBIIeH HazBaHue onanecteHnus. CoBpeMeHHbIe NCCIIe0BAaHMS TOKA3allH, YTO IK30-
TE€HHBIN 01aropoIHBIN ONal MPEeACTABISIET COO0H KIIACCUYECKH TPEXMEPHBIN (OTOHHBIH
KpHCTAII, 3arpenieHHas poToHHAs 30Ha KOTOPOTO HAXOAMUTCS B BUAMMOM JHAIa30He HIIeK-
TpoMarHuTHoro nznydenus (bapsimes u np., 2004; Kasrpesa u np., 2007; Pomanos, 2007).
Ha npumMepe 3K30TeHHBIX OJaropoJHBIX OIAJIOB YCTAHOBIICHO, YTO ONayiecieHIus ((hOoToH-
Hasl 30HHas CTPYKTypa) BO3HUKAET B pe3yJibTare AN(PPaKIUU dJIEKTPOMAarHUTHBIX BOJIH Ha
00BeMHON IPOCTPAHCTBEHHOH pelieTke, 00pa30BaHHON YacTHUIIaMH KpeMHe3eMa cdepude-
CKOW WJIM UKCO3JPUIECKO (POpMBI. DTH YacTUIBI OJHOPOAHEI 110 pa3Mepy, YIOPsSJ0YCHEI
10 3aKOHY TPaHEIEHTPUPOBAHHON KyONYECKOM NITH TeKCarOHAIBHOMN YITaKOBKH U CO3/1al0T
CBOE0Opa3Hyl0, XOpOLIO y3HaBaeMyI0 HAHOCTPYKTYpy Oisaropoxnoro omaina (Sanders,
1964; llenuckuna u np., 1987).

HecmoTpst Ha TO 4TO 0KOII0 95 % 00BEMA HATYPaIBLHOTO OJIATOPOAHOTO Omana 100kBa-
eTCsl U3 APEBHUX KOP BBHIBETPUBAHMS (IK30TE€HHBIE MECTOPOXKAEHUS ), BO MHOTHX paiilOHax
MHpa U3BECTHBI X THAPOTEPMAJIbHbIE €T0 MECTOPOKACHUS, CBA3aHHBIE C ByIKaHUTaMu. OHH
HE UMEIOT OOJIBIIOTO MPAKTUYECKOTO 3HAYCHUS, OJTHAKO BBI3BIBAIOT MHTEPEC B FeHETHYE-
CKOM OTHOIIICHUH. Tem He MeHee TUAPOTEPMAJIbHBIC OIlalibl UCCIIEAOBAHbI ABHO HEAOCTA-
TOYHO, a Pl UX 0COOCHHOCTEH HE M3YYEeH JI0 CHX ITOp. B 4acTHOCTH, 3TO OTHOCHUTCS K HAHO-
CTPYKTYpE M HCTHHHBIM IapaMeTpaM cpelibl 00pa3oBaHHs HEKOTOPBIX PAa3HOBUIHOCTEH
0JIarOPOIHBIX OIAJOB.

B 80-x romax mponuioro crojetus Ha ceBepe [IpuMophsi B N3MEHEHHBIX TO3/IHEMENO-
BBIX aH/IC3UTAX CEBEPSHCKOI CBUTHI OBLJIO OOHAPYKEHO MPOSIBIICHHE 0J1arOPOIHOTO Omaa.
Hexotopsie ncciiegoBaTey CUNTAIOT €T0 aHAJIOTOM 3K30T'€HHBIX 0J1aropoiHbIX OMajioB AB-
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ctpanuu (Tumkuna u 1p., 2003; Tishkina, Lapina, 2004). Ograxo yke epBbIe IpeIBapuTe-
JIbHBIE HAIIM UCCIIEIOBAHUS MTOKa3aIH, 4TO 3TO He Tak (Bricomkuii u np., 2008). B nanHoi
CTaThe MPHUBOAATCS PE3YIbTATHl M3YUECHUS THAPOTEPMAIBHBIX onanoB [IpuMopes u s
CPaBHEHHS HPU3UPYIOUINX OMAIOB M3 KaHO30MCKUX aHAEC3UTOB D(HHUOMHH.

METOJUKA UCCJIIEJOBAHUS

brinmu mpoBeneHbl uccienoBanus HaHOypoBHeBoU (10-—10-? M) cTpykTyphl Osaro-
pOIHOTO omajsa Ha aTOMHO-CHJIOBBIX CKaHHMpyommx Mukpockomax (ACM) Solver u
NTEGRA Aura ¢upmsel NT-MDT (r. 3enenorpan). [Ipu u3ydeHnn HaHOCTPYKTYpPBI UC-
MOJTE30BaINCh KaHTHIUBEpHI Mapku NSG10 ¢ pagmycom 3akpyriieHus octpus 10 HM u pe3o-
HaHcHOW wactoroi 190—325 kH. KanubpoBka npubopa u oTpaboTKka METOJUKH ChEMKH
MPOBOMIINCH HA TU(PPAKIIHOHHOH pelIeTKe ¢ NEPHOJOM 3 MKM U MaTPHUIIE CHHTETHIECKOTO
orasa, JUIsi CpaBHEHHSI UCTIOJIB30BAINCH 00pasIibl IPUPOJHOTO aBCTPAIMHCKOT0 OJ1aropoi-
HOTO ormana. MUKpPOCTPYKTypa HccieloBajach Ha 3JIEKTPOHHBIX CKaHUPYOIIHMX (pacTpo-
BbIX) MuKpockomnax (OCM) JEOL/EO JSM-6490 u EVO 50 XVP Zeiss, Ha 00pa31ax, HaIlbl-
JICHHBIX 30JI0TOM.

HccnenoBanust CTPYKTYpPHI OMAJIOB HA aTOMHO-MOJICKYJISIpHOM ypoBHE (10-1° M) OpuTH
NpOBeICHBI Ha peHTreHoBckux nudpakromerpax JPOH-3 u D8 DISCOVER ( -moHOXpoO-
MaTH3UPOBAHHOE U3IIy4EHHE).

W3yyannuce kKak CBeXHE, HE MOJBEpraBIINecs HUKAKOH MpeaBapuTelIbHOH 00paboTke
CKOJIBI, TaK M MOJMPOBAHHBIC TIOBEPXHOCTH, IIPEABAPUTEIBHO MPOTPABICHHBIEC pa30aBiIeH-
HOW TUTABUKOBOH KUCIOTOH. B BEIOOpKE MPHUCYTCTBOBAIH pa3HbIC II0 CBOUM BHEIITHUM IPH-
3HaKaM OJIaropo/iHbIe onaisl: Oelbie papPopoBUAHBIE, KENTHIE, CBETIO-KOPHYHEBBIE, IIPO-
cBeumBaromue u Ap. OnanecueHnus B oOpasnax HabI0ganace B KpaCHO-OPaH)KEBBIX HIIH
3€JICHO-TOJIyObIX TOHAX.

PE3YJIbTATBI UCCJIEJOBAHUI

CTpykTypa onajioB Ha aTOMHO-MOJIEKYJISPHOM YpoBHe. Ha ocHOBaHMH H3yueHUS
CTPYKTYPHBIX OCOOCHHOCTEH yCTaHOBIEHO, YTO OOJIBIIMHCTBO OJIATOPOIHBIX OIIaJIOB MHUpa
oTHocuTcs K rpymnne A (mo: Jones, Segnit, 1971), wnu x I rpynne (mo: Smith, Thrower,
1978). OHH cOCTOAT U3 OTHOPOIHBIX IO Pa3Mepy YaCTHUIl ABYOKHCH KpeMHe3eMa apooo-
paszHoii popmsl ¢ tuamerpomM ot 150 10 450 HM, yIIOPSJOYEHHBIX 110 3aKOHAM I'PaHELEHTPH-
POBaHHON KyOMYECKOH WJIM reKcaroHajJbHOH YMakoBKH. [IpOCTpaHCTBO MEXIy HUMHU 3a-
MOJTHEHO aMOp(HBIM KpeMHe3eMoM. Ha peHTreHorpaMMax Takue Omajibl JAIOT IIHUPOKHUM
Pa3MBITEI MAKCHMYM B paifOHe TITABHOTO SKCTpeMyMa a-kpuctodanuta (4.1 A), kakoBoii u
ObUT HAMH TIOTYYEH AJISI CHHTETHYIECKOTO, a TaKKe /ISl SK30T€HHBIX aBCTPATMHCKOTO U Ka-
3aXCTaHCKOT'O HaTypalbHbIX onaioB (puc. 1). OnHaKo Ipyrux JUHUN 0-KpUcToOamuTa (Miu
JpyTUX MHHEPAJIOB) HA HUX HET.

PenTrenomerpuueckuii ananus onanos MectopoxaeHuii [lpumopsst u Dduonun noka-
341, UTO OHH CIIOXKEHBI 0-KPHCTOOAINTOM, TAaK KaK B PaiioHe rIaBHOro skcTpemMyMa (4.1 A)
MIPUCYTCTBYIOT SIPKO BBIpaXXEHHBIE MMKH. Ha peHTreHorpammax (puc. 1) mpucyrcryer 60-
JbIIOW HAOOP JIMHUI 0-KPUCTOOAIHNTA, TOT/IAa KaK JIMHUU IPYTHX MUHEPAJIOB OTCYTCTBYIOT.
CreneHp KPUCTAUIMYHOCTH B Pa3HBIX ONAIaX HEOANHAKOBA — B OJHUX HaPAILy C 0-KPUCTO-
0aJIMTOM HPUCYTCTBYET JIOBOJBHO OOJIBIIOE KOJINYECTBO aMOP(HHOTO KpeMHe3eMa, B JIpy-
THX €T0 MPAKTHYECKH HET.

Taxum 00pa3oM, HPU3UPYIOLIHUE OTAIBl MECTOPOXKACHNH [IpuMopbs U Dpuonun oTHO-
CATCS K IPYyroMy CTpykrypHomy tuity — K-omansl (mmo: Jones, Sefnit , 1971), wiu 111 Tun
(mmo: Smith, Thrower, 1978). OHHU CII0XKE€HBI OKTa3APUIECKUMHI HAHOKPUCTAIUIAMH O-KPHC-
tTobannTa. CuuTaeTCs, YTO UMEHHO TaKHe OIajIbl aCCOIIMUPYIOT C JIABOBBIMH 1oTokamu (Jle-
HUCKHWHA U J1p., 1987). UMeHHO Takoro THIa omajs! ObUIH OMUCaHBI B COBPEMEHHBIX THAPO-
TepManbHBIX cuctemax (Jones, Renaut, 2007).
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Puc. 1. Pentrenorpammsl 6maroposinsix onanoB A-tumna (cesa) u K-tuna (cnpasa).

Onanet K-tuna: / — adpukanckue (Dputpes), 2 — u3 MecTopoxaeHus Pagyxuoe, [Ipumopbe.

Fig. 1. X-ray photographs of the A-type (leftward) and K-type (rightward) noble opals. K-type opals: / — Afri-
can ones (Eritrea), 2 — from Raduzhnoye deposit (Primorsky Krai, Far East Russia).

Cpenu MpUMOPCKUX ONAJOB TPUCYTCTBYIOT M NPEACTABUTEIN TPETbeW TpyMIIBI —
KT-omansr (puc. 2). OngHako cpean HUX He OTMEUEHBI HPH3UPYIOMIAE pa3sHOBUAHOCTH. Jls
CpaBHEHHS IIPUBOJSATCS PEHTI€HOTPAMMBI IIEPECIIaUBAIOIIUXCS OlaJla M XaJllle/I0Ha, a TakK-
K€ YHCTOTO XanueaoHa. Kak BUAHO Ha pUCYyHKE, OTIMYUTEIBHON 0COOEHHOCTBIO XaJIIE0-
Ha SIBIISICTCS IPUCYTCTBUE 0-KBapIa.

Crnenyer OTMETHTD, YTO MPH JETAJIbHBIX UCCIIEIOBAHUSIX B IPUMOPCKUX 0JIArOPOIHBIX
ofajax OTMEYar0TCs BKIIOUEHHS IIOJIEBBIX IINATOB, IIIMHUCTHIX M HEKOTOPBIX APYTHX MHUHE-
panoB. OHAaKO UX KOHIIEHTPAIHsI HACTOJIBKO MaJia, 4YTO Ha PEHTIe€HOrpaMMax XapakTepHbIe
pedaeKch ’TUX MUHEPAIOB OTCYTCTBYIOT.

CTpykTypa onajioB Ha HAHOYPOBHE. DK30TCHHBIE ¥ THAPOTEPMaJIbHBIE OIaJIbI OTYET-
JIMBO pa3jMyaroTcs Ha HaHOypoBHE. Kak yke HeOHOKPAaTHO TOBOPHIIOCH M SICHO BUIHO Ha
MIPUBEJCHHBIX PUCYHKaX (pHC. 3, a, 6), 9K30T€HHBIE OTAJIBI COCTOST U3 TPONU3BOJILHO OPHEH-
THPOBAHHBIX OJIOKOB, KOTOPBIC CIIOKEHBI TI00yIaMu pazMepoM ~200 HM, IOTHO YIAKO-
BAaHHBIMH 110 TEKCArOHAIBHOMY MM KyOHMYECKOMY 3aKOHaM.

BnaropoHble jxe oraibl THIPOTEPMATEHOTO IPOUCX0XKICHHS HMEIOT COBEPIIEHHO APY-
T'YI0 HAaHOCTPYKTYypy. Pa3Mep riio0ys AByOKHCH KpeMHE3eMa 3/1eCh BappbUPYET B IMpeAeIax
40—60 aM. MHOT 12 OHU 00pasytoT Ooiee KpynHble arimomepatsl 10 200—300 HM, HO B JTt0-
00M ciiy4ae UX HMPOCTPAHCTBEHHOE IMOJIOKEHUE HE COOTBETCTBYET 3aKOHAM IJIOTHEUIINX
YIaKOBOK (KyOHYeCKOW MM reKcaroHaJbHOM).

OpHako pOTOHHAs 30HHASI CTPYKTYpa B TAKMX Olajlax CYIIECTBYET, O 4YEM SICHO CBHJIETE-
JIBCTBYET ONAaJECLEHINs. BEpOsITHO, 3TO SBIEHUE 00YCIIOBIEHO IPUCYTCTBHEM CIIOEB C STUe-
UCTBIM cTpoeHueM (puc. 4, a—s). Takue ciion co3aHbl CeThI0, KOTOpast 00J1agaeT CTPOroit
YIOPSJOYCHHOCTBIO siueek. Pazmep siueek B OJIaropoJIHBIX OlaliaX BapbUpyeT B Hpeaesax
v/2 Bumumoro ceeta (150—300 um). Ecnu pasmep staeex 0ombie (HaMHu OBLTH BCTPEUCHE
CJIOH C pa3MepoM siueliku okosio S00 HM), ONajeceHIUs B onajie He HaOJaeTcs.

Kak BugHO Ha puc. 5, sueiiku ceTr 00pa3oBaHbl MenkuMH (40—60 HM) XaOTHYECKH pac-
MOJI0KEHHBIMH TI100ysIaMu. B y3:1ax siaeex 3TH T700yIIbl 4acTo 00pa3yroT arjioMepaToBbIe
CKOIIJICHUSI, CPAaBHUMBIE C Pa3MEPOM CaMOW SAYEHKH, TOTAA KaK CTEHKU MOTYT OBITh BJIBOE
TOHBIIE. B HEKOTOPBIX ciydasx GUKCUpYETCs reKcaroHaiabHast KOHGUTypanus ssueek, oHa-
KO BBICOKAsl CTETIEHb TUareHe3a ruipoTepMallbHBIX OIaJOB YacTO MAaCKHPYeT MX MepBOHA-
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Puc. 2. Pearrenorpammsl onana KT-Tumna, xanmenoHa 1 TOHKOTO OMalI-Xalle0HOBOTO NepeCIanBaHuUs.

Fig. 2. X-ray photographs of the KT-type opal. chalcedony and the thin opal-chalcedony interlayering.
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Puc. 3. benblii 0:1aropotHblii onan 3K30reHHOro npoucxoxaeHus (Apcrpaius). ACM.

a — TpaHuL@a OJI0KOB; 6 — YepeI0BaHHE CIIOEB C FeKCArOHAIbHON U KyOUYeCKOil YIaKOBKOM.

Fig. 3. White noble opal of exogenous origin (Australia) [ASM]; a — boundary of blocks, 6 — alternation of
layers with hexagonal and cubical packing.
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Puc. 4. baropoaHsIii ruApoTepMaNbHBIA omai, Dputpes (Adpuka). ACM.
@ — SYEHUCTass CeTKA B THAPOTEPMAIBbHOM OIaNe; 6 — OTCYTCTBHUE YNPAIOYEHHOCTH I7100YIT; 6 — NUTAIOMINK KaHa B THIPO-
TEpMaJIbHOM OJIarOPOHOM OITale.

Fig. 4. Hydrothermal precious opal, Eritrea (Africa) [ASM]; a — cellular grid, 6 — chaotic packing of globu-
les. 6 — feeding channel.

yanpHyo (opMy. B MeHee MeTaMopdH30BaHHBIX ONajlax MHOT 1A YAAaeTCsl OOHAPYKUTh KOH-
LEHTPUYECKH-30HAIIbHOE PACIONIOKEHHE TII00YJ, (DUKCUPYIOIIUX, BEPOSTHO, KaHAJBI
TPaHCIIOPTUPOBKH T'HAPOTEPMAIBHOIO pacTBopa (puc. 5, 8). B nuareHe3npoBaHHBIX OIaIax
TaKue KaHaJbl OOBIYHO 3aIIOJIHEHBI TJIMHUCTHIME MUHEpPAIaMu.

Ha puc. 6, @ BUIHO, YTO SYEHUCTas CTPYKTypa HE paclpocTpaHsIeTcs IIyO0KO BHYTPb
omana. Ckopee Bcero, ceTh OJHOCIOHHA U IMEET TOJIIUHY, CPABHUMYIO C pa3MepOM sTUei-
ku. CHH3Y U cBepxy (pHc. 6, @, ) OHa MepPeKphITa ONAJOBBIMU CILIOUIHBIMHU CJIOSIMU C Xa0-
THYECKOH yIakoBKOH r1100yi. B pe3ynbpTare 00pasyeTcs TOHKas IICHKA IByMEPHOTO (OTO-
HHOT'0 KpHcTaa, odbecreunBaromero 3gdexr onaisecueHnny.

Jnarene3. Hemeramop¢u3oBaHHbEIE Pa3HOBUAHOCTH W THIAPOTEPMAJBHBIX O1aropoj-
HBIX ONaJIOB cO chepuieckoit hopMoi rI00yII cpeau NPUMOPCKIX 00pa3oB BCTPEUYAIOTCS
HedacTo. OOBIYHO YaCTHIIEI OIIAJIOB MECTOPOXKACHUS PanyxHoe e opMIpOBaHbI U UMEIOT
JUCKOBUAHYIO, KOHYCOOOpa3HyI0 MM NMPsIMOYTroibHYyIo Gopmy (Beicoukwuii u np., 2007).
Kak npaBuio, ceprueckiue HaHOMHIUBHIBI TECHO «CHAstHBI» ApyT ¢ npyrom. OHu obpasy-
0T IPYIIIBI U3 IBYX-TPEX M 00Jiee «CPOCHINXCSA» YACTHUII, pa30pBaTh KOTOPHIE Oe3 HapyIie-
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Puc. 5. Bnaropoassiii onan, M-¢ Pagyxuoe (ITpumopse). DCM.

a, 6 — ceTka B omnaje, NepeKpuITas CIVIOUIHBIM CIIOEM C Xa0THYECKOH yHaKOBKOﬁ I".I'I06yJ'I; 6 — I'eKCaroHaJIbHbIH MOTUB STYEEK
CCTKH.

Fig. 5. Noble opal from Raduzhnoye deposit (Primorsky Krai, Russia) [ESM]; a, 6 — grid in the opal, overlap-
ped by the compact layer with chaotic packing of globules; 6 — hexagonal motive of the opal grid cells.

Puc. 6. Biaropoassiii ruapoTepmanbHbiil onat, M-¢ PagyxHoe (IIpumopse) . ICM.

a — AYCUCTas CETKa Ha IMOBEPXHOCTH 0JI0Ka ¢ Xa0TUUECKOU yHaKOBKOﬁ FJ'IOﬁyJ'I; 6 — STYCHKH TeKCaroHaIbHON q)OpMBI.

Fig. 6. Noble hydrothermal opal, Raduzhnoye deposit (Primorsky Krai, Russia) [ESM]; @ — cellular grid on
the surface of block with chaotic packing of globules. 6 — hexagonal cells.
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HUSA HENOCTHOCTH MPAKTUYECKU HEBO3MOXKHO. Korja 3To MpouCXoauT B pe3ysIbTaTe XUMU-
YEeCKOT0 TPaBIICHHsI, IOBEPXHOCTH chep HUKOrIa He ObIBaeT riankoil. Ha Heit Bcerna ume-
JOTCSl BOJIOCOBHMJHBIC, WIONbYAThle WM OYIPHUCTBIE OCTATKH HEIOPACTBOPUBIIEIOCS
Mmarepuaia. VHorna ¢pukcupyercs mepexo/| OT 36pHUCTON TEKCTYPHI K CTEKIOBUIHOM.

OBCYXJEHHUE PE3YJIbTATOB

[TpuBeneHHBIE TaHHBIE OHO3HAYHO CBHJETEIbCTBYIOT, YTO THAPOTEPMAIIbHBIE OIIAJIbI
OTJIMYAIOTCSI TI0O HAHOCTPYKTYPE U PEKUMY 00pa30BaHUs OT 9K30T€HHBIX OJIarOPOIHBIX OTla-
70B. TaMm, r/ie MPUCYTCTBYIOT C(EepPhl, OHU TECHO CPACTAIOTCS U COCTABIISIIOT €JMHOE IIETI0€ C
MEX3ePHOBBIM KpeMHe3eMoM. [IpucyTcTBHE AUCKOBUIHBIX (pparMeHTOB, COCTOSIIUX U3 60-
Jiee MEIKUX YIUIOIIEHHBIX HAHOMHAWBHIOB, YKa3bIBACT HA TO, YTO B HEKOTOPBIX CIydasx
cepou s MoIBEPIIINCH AeopManmy B Ipolecce npeodbpa3opanus onaia. MHorna gukcn-
pyeTcs mepexo/1 0T 3epHUCTOM TEKCTYPbI K CTEKJIOBUIHOW. Bee 3To Hapsiy ¢ mpucyTcTBUEM
KPHCTAIIIMYECKON (ha3bl CBUIETEIBCTBYET O TOM, YTO OMaJIbl IIOABEPTAINCH BO3ACHCTBHIO
BBICOKHMX Temieparyp. Kak mokazanu skcriepuMeHTalIbHbIE UCCIIEI0BaHMs, MOJOOHBIH pe-
3yJIbTAT MOXKET OBITh JOCTHTHYT IIPU TEPMOOOPaOOTKE Omasa neperpeTbiM BOASHBIM IIAPOM
(Kazanuesa u np., 1978; Kanunus u 1p., 1981). [Tpu aToM cdepsl «criekaroTes» ApyT ¢ Apy-
TOM, yCTaHaBIJINBAs IIPOYHBIE CUIIOKCAHOBBIE CBsI3U. [IOBBINIIEHHOE 1aBICHUE MTapa BBI3bIBA-
€T MOJHYIO PacKpUCTAIUIN3ALMI0 aMOP(QHOT0 KpeMHe3eMa, HapyLIeHne CTPYKTYPHPOBaHUS
chep B Oj0kax M moTepro upuzauuu. Jlaxke yacTM4YHAs pacKpUCTaJUIM3alUs aMOP(HOTo
KpeMHe3eMa IPUBOJNUT K 00bEMHBIM H3MEHEHHUSM, YTO SIBISCTCS NPUIMHOW OOBEMHBIX Je-
(eKTOB M pacTpeCKUBaHU, TaK XapaKTEPHBIX JJIS OMAIIOB MECTOPOXkIeHHs PagyxHoe.

Opnnako HamboIee MHTEPECHON YepPTOH THAPOTEPMATBHBIX OJIATOPOIHBIX OTAIOB SBIIS-
eTCsl HAJIMYKE JIByMEPHBIX (POTOHHBIX KPUCTAIIOB BHYTPH XaOTHYECKOH ONaIOBOI MaTpu-
1161, OCHOBO# 3THX (DOTOHHBIX KPUCTAILJIOB SBJISICTCS CETKA, pa3Mep siYeiHKH KOTOPOH COITO-
CTaBHM C ITOJIOBHHOM JUTMHBI BOJIHBI B BUAMMOM JlMara3oHe cBera. I'ekcaroHanbHast KOH(U-
rypanus siaeiku, pukcupyemas B HEKOTOPBIX 00pasiiax, a TaKkXKe yInopsA04eHHOCTh sueeK
0 3aKOHAM IUTOTHEHIIIeH YIaKOBKH CBHICTENLCTBYIOT O HECITYYaifHOM ee 00pa30BaHUU.

[Tono6HBIE CTPYKTYPBI 00pa3yroTCs B pe3yJIbTaTe TEPMaJIbHOW KOHBEKIIMU M N3BECTHBI
B (hu3nke o Ha3BaHMUEM siueek benapa. Eciu skuakocTs mogorpeBaeTcsi CHU3Y, IIPH 10CTHU-
JKEHUU HEKOTOPOH KPUTUYECKOH TeMIIepaTyphl HAUMHAETCS €€ KOHBEKIUsI — OoJiee Harpe-
ThIC HUKHHUE CJIOU KUAKOCTU paCIIUPAIOTCA, CTAHOBATCSA JICTYC Oojee XOJIOJHBIX BEPXHHUX,
BCIUTBIBAIOT HABEPX, TAM OXJaXKAAIOTCS ¥ CHOBA OITyCKAalOTCs U T. 1. B &uaKocTH BO3HMKA-
KOT KOHBCKTUBHBIC )l‘-leﬁl(ﬂ, AHAJIOTUYHBIC MYCJIMHBIM COTaM, — BEPTUKAJIBHO PAaCIIOJIOKCH-

q..-’

my
-
N

|

e

Puc. 7. Moenb KOHBEKIIMOHHON SYEIKM 1O IPUHIMITY «A4eliku benapay.

T\ > T, — TeMneparypHblii rpajileHT, L — JIMHeHHbIH pa3mep sueiikn, H — BbICOTa SUCHKH.

Fig. 7. Model of a convectional cell according to principle of the «Benard convection cell». 7} > T, — tempera-
ture gradient; L — linear dimension of the cell; H — height of the cell.
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HBIE BIUIOTHYIO APYT K APYTY IMIHHAPHI IeCcTUrpaHHoi Gopmer (ssueiiku benapa). [Bnxe-
HUE )KUAKOCTH CTA0MIIU3UPYETCs €€ BA3KOCThIO, TaK KaK CHJIbI TPEHUS HalpaBJIeHbI IPOTHB
Hero. JKuIKocTh MOAHNMAETCsl BHYTPHU SI9EHKH BJIOJIb €€ OCH, PacTEKaeTcs M0 BEPXHEMY
OCHOBAHUIO, OITyCKaeTCs IO OOKOBBIM I'PaHSIM M COOMPAETCs IO HU)KHEMY OCHOBAHHMIO K €T0
cepeAnHe U CHOBa BBepX (puc. 7). Bo3HnKaeT AuHaMHUECKas yIoOpsiA0YeHHas CTPYKTypa.
Ecnu mpu 5TOM B pe3yJbTaTe nepernaja TeMuepaTyp, IpOUCXOIUT KOATYJIALUS B XKHJIKOCTH,
TO BBINAJAIONINE B OCANOK IIIO0YIBI OyAyT CKAIUIMBATBHCS O MIEPUMETpPY s4deek, o0pasys
YIOPSJOYCHHYIO PEIIETKY C OANHAKOBBIMH I10 pa3Mepy sdeiikamu. Pazmep saeek, BEposT-
HO, OyzeT 3aBuceTh OT PT-napaMeTpoB rUIpOTEPMAILHON CHCTEMBI.

BbBIBO/JbI

Taxum 06pazom, rHIPOTEPMATIEHBIE ONAIBI MECTOPOXKACHUS Paly>)KHOE OTIMYAIOTCS 110
HAHOCTPYKTYpE U PEXKUMY 00pa30BaHMs OT FK30T'€HHBIX 0JIaropoIHbIX omanos. OHU cloxe-
HBI 00JIee MEIIKUMH TI00yJIaMH, U B HUX OTCYTCTBYET CTPYKTYPHPOBAHHOCTh HAHOYACTHI]
10 3aKOHaM ITOTHEHIIIeH yIaKkoBKH, KOTOpasi TaK XapaKTepHa I 3K30T€HHBIX 0J1aropo-
HBIX onanoB. B nponecce (opMUpoOBaHNSA OHU HOJABEPTATHCH THEBMOJIUTOBOMY OTKHUTY —
BO3/ICHCTBHIO BEICOKOTEMIIEPATYPHOIO Mapa MPHU MOBHIIIEHHOM JaBICHHUH.

B To e Bpemst BIUsIHUE TepMalIbHBIX 3((EKTOB MPUBEIO K 00Pa30BaHUIO ABYMEPHBIX
(hOTOHHBIX 30H B XaOTHUYECKOM OIaoBOM MaTpuiie. DTH (OTOHHBIE 30HBI CO3/[aHbI CETKAMH,
SYEHKH KOTOPBIX 00pa30BAIUCh B PE3YJIbTaTe TEPMabHBIX 3()(EKTOB M0 MPHUHIKITY SUSeK
Benapa.

Pabora BemonHena npu ¢puHaHCOBOI mogaepxkke JIBO, mpoekt Ne 06-3-A-08-313.
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Orientation of biotite flakes was studied on two horizons of a muscovite mica deposit Lopatova Guba. Lopa-
tova Guba pegmatite field is located among the host rocks of the Achaean Chupa series. Host rocks are represen-
ted mainly by biotite gneisses. Studied fragment of the pegmatite field is not exposed (outcropped) on the surfa-
ce, It is crossed by mining works of the production mine at two horizons (depth distance between them — 50 m)
and drill holes. 49 oriented lump samples selected in mane make the initial material of the carried out investigati-
on. From each lump sample there has been cut (sawed out) three thin sections in three mutually perpendicular di-
rections. In each those thin section the orientation of 30 biotite grains (flakes) has measured: 4307 biotite crystals
in total. There has been tested several parameters in the each investigated thin section: qualitative complexity of
the pictures formed by poles of the cleavage bands on stereograms, degree of «sharpness» of the main maximum,
the Shennon entropy, the Klimantovich criterion ordering, the correlation and fractal dimensions. It is shown that
the degree of the picture complexity and the entropy of the biotite orientation aren’t homogeneous. Pictures of
the lower horizon show the greater complexity and the greater value of entropy. Biotites of studied samples are
differing by their chemical compositions into two assemblages: biotites of gneisses formed after amphibolites,
and biotites formed after other rocks. Analysis of the biotites compositions by the principal components method
has allowed revealing three significant factors. Those factors characterize, most likely. some independent geolo-
gical processes effecting the chemical composition of biotites: the first one — metamorphism, the second — for-
mation of migmatites and pegmatites. Addition of the biotite angular distribution parameters into scheme of the
principal components has shown connection between the first factor and the distribution entropy, which might be
interpreted as an organization process while the metamorphism. The second factor is connected with the degree
of «sharpness» of the main maximum, and it ought to be interpreted as the self-organization process of the mig-
matite and pegmatite formation. For biotites in gneisses formed after amphibolite, the degree of the angular dist-
ribution ordering dropped down with increasing intensity of the metamorphism. It seems that it fixes the type of
the amphibolites granitization process as the self-organization.

Hacrosiimass pabora moOCBsiIeHa ONPE/IEICHUI0 CHHEPreTHYecKOro THUIMa mpolecca
CTPYKTYPUPOBaHHS MOPOJ B PE3yIbTaTE MHOTOKPATHOTO MeTaMopdu3ma. Bo3MoKHBIX Ba-
PUAHTOB B 3TOM CIy4ae JBa: IpoLecc opranuszanuu (uum camogerpaaaunuu no 0. JI. Knu-
MaHTOBHYY) MJTH ITPOIIECC CAaMOOpPraHU3aIui. Pa3nuyne 3TUX AByX THIIOB IIPOLIECCOB B pa3-
HBIX CHCTEMaX M €CTh IpeAMET CHHEPreTHKH. OCHOBHOM BOIIPOC IPH 3TOM — yBEIHUNBACT-
Cs JTM XaOTHYHOCTh CUCTEMBI B IIPOIECCEe PA3BUTHS, M KaK U3MEPUTh 3Ty XaOTHYHOCTH?
B kadecTBe MHAMKATOpPA CTPYKTYPHUPOBAHNUS TIOPOBI MBI HCIIONIB30BaN OHOTHT. COOTBET-
CTBEHHO HE00XO0IUMO OBUIO N3YYNTH €0 OPHEHTHPOBKY (JUISI pacyeTa CTENeHH XaoTHYHO-
CTH) U XMMUYECKHH COCTaB — IS MOJY4YEHUS HE3aBUCHMOIO MapKepa WHTEHCHUBHOCTH
MPOTEKaHUs Mpoliecca. ABTOPHI TOCTAPAINCh MAKCHMAIIBHO TIOJIHO IPEACTABUTH HOTy4EH-
HYIO0 B IIpOLIECCE HCCIEeNOBaHUI MH(POPMALINIO, UMEIOIIYI0 KaK CaMOCTOSTECIbHYIO IIECH-
HOCTb, TaK 1 BBICTYTIAIOIIYIO0 COCTABHOW YaCThIO BBIITOJHEHHOTO CHHEPTETHYECKOTO HCCIIe-
JIOBaHMUS.
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