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Tun NpPoCTbIX BELLECTB



B camMopomHOM COCTOSHMM B 3€MHOM KOpPE€ yCTaHaBiuBaeTrca CBbime 30
XUMHUYECKHUX BJIEMEHTOB, MIABHBIM 00pa3oM MeTauioB. Crofa ke OTHOCSTCS
PSAJl Ta30B M PEJKO BCTPEUAIOIIMECS AJIEMEHTHI B KUJIKOM COCTOSIHUM (PTYTh,

HEKOTOPbIE aMaJIblraMbl).

ObLee BecoBOe 3HaYeHNE CaMOPOOHbIX ArIeMEHTOB B 3eMHOW Kope He npeBbiwaeTt 0,1%
BCEW MacCbl 3eMHOM Kopbl). VI3 3TOro KonuyecTBa Ha A0S0 a3oTa NPUXoauTca OKosio
0,04%, kmucnopoga - 0,01-0,02%.

Bce ocTanbHble aneMeHThbl, BCTpevalLwmecs B CaMOpPO4HOM BMAe, COCTaBNAOT He
6onbLe 0,05%. N3 HMX B HAanMbomnbLUMX OTHOCUTESNBHbLIX KONIMYEeCTBax NpeacTaBfieHbl:
BOAOPOA, aproH, renvi, yrnepod, cepa, 30510TO, 3f1eMEHTbI NIIaTUHOBOW rpynnbl, Medb
N BUCMYT.

* Krnacc caMmopogHbIX METAIIIOB
« Kitacc caMmOpOIHBIX HEMETAJUIOB

* Knacc nmonymeramion

* KoopauHalmoHHBIN
e Cmouctein

e Ileno4euyHO-KOIBLICBOU



KoopaAnHaUMOHHbLIVA TUN CTPYKTYpPbI

(camopoaHbie MeTansbl, anvas v 1.4.)

MEOb AJIMA3

Kpuctannunyeckasa cTpykrypa - [N anvasa xapakTepHa
npocTeiiwas v NpeacTaBneHa e
rPaHeLeHTPUPOBaHHLIM KyboMm ¢ KaXKablli aTOM yrnepoaa KoBasieHTHO
NNOTHENLLEN YNaKoBKOW aTOMOB. SR © CTETTH T AT

Atombl Cu pacrnonaratoTcsi B
BEpLUMHaAX Kyba 1 B LeHTpe
Ka)XOoWu rpaHn afieMeHTapHOU
SAYENKMN.



CrioucTbIN TUN CTPYKTYPbI

(rpadouT)

NoHbl yrnepoga B rpaduTe nexart fimctamu,
npeacTaBneHHbIMMU MNSTIOCKUMMU
rekcaroHanbHbIMn cetkamun. Kaxgbin MOH B
MSIOCKON CETKE OKPYXXEH TpemMs coceaHUMU
noHamn Ha paccrosHum 1,42A (B anmase
1,54A), pacctosiHMe e Mexay MnoCKUMm
ceTkamn 3,40A, T. e. B OBa pasa 6onbLue.
OTcioga  CTaHOBUTCA  MOHATHBIM — pan
CBOMCTB rpadurta: ero 3HaduTernbHO
MEHbLUWUN yOerbHbI BEC MO CPaBHEHUIO C

arnvasom, 4ype3Bbl4amMHO nerkas
pacLLennAeMOCTb Ha TOHKME YeLUyMKu,
pe3Ko BblpaXeHHas onTuyeckasd

aHN30TPONUS




Lleno4yeyHo-KonbLUEeBOK

TUN CTPYKTYpPSI
(cepa)

Pombunyeckass cepa obnagaetr pegkon Aang
HeopraHM4YeCKNX COeANHEHUIN MOMEKYIIsipHOU,
N MPUTOM OYEHb CNOXXHOW, PELLIETKON.

B Kpucrtannmyeckom CTPYKType KaxOblh aTtom
cepbl C ABYX CTOpPOH WuMmeeT cdoepbl,
rnepecekawwmecsa co cdepamu cocegHUX
aToOMOB, MPUYEM LEMOYKKU, cocTodAwme n3 8
aToOMOB, 3aMKHYTbl B Buae 3uraaroobpasHo
"cmopLieHHoro" konbua. OTctoga BUAHO, YTO
Mosiekyra cepbl S8. PaccTtosiHue mexay

atomamu S-S paBHo 2,12 A
OneMeHTapHasa siyerka cnoxeHa 16

TakMmu ANEeKTPUYECKM ¥y, Bun ceepxy u cOoky
HenTpanbHbIMK MoOneKynamm Wiihe# BOCHMUATOMHOTO
(konbuammn), OYEHb cnabo %, Kkombua (Mornekynbi)

CBA3aHHbIMM  Opyr  C  OpYyrom cepel

BaHOepBaaribCOBCKOWN CBA3bIO.




Tun cynbdunabl, cynbgoconu
M UM NoaoOHblIe coeanHEHUS



K paccMaTpnBaemMoMy pasaesty OTHOCATCA criegyrwimne coeanHeHnda MmetariyioB.

CoeauHeHHUs ¢ S MTPAIOT CYIECTBEHHYIO POJIb B COCTABE MHOT0YM CJIEHHbIX
MEeCTOPOKIECHUA METAJINYEeCKUX MOJIe3HBIX HCKOIIaeMBbIX.

OO011ee BeCOBOE KOJIMYECTBO CEPHUCTBIX COCIMHEHMM, MO MPUOIM3UTEILHOMY TojcueTy B.
N. BepHaackoro, COCTaBIsI€T MAKCUMYM (K BECy 36MHOM KOpHI)

FJI&BGHCTBYIOHICG 3HAQYCHUC B OTUX COCAMHCHUAX UMCCT Fe.

CepHHUCTBHIE COEAUHEHUSI BCEX OCTAJIBHBIX 3JIEMEHTOB, HE CUMTAasi CEPOBOJOPOAA, B BECOBOM
OTHOILIEHUH B 3¢MHOM KOPE COCTABISIOT HUYTOXKHBIN MPOIEHT (OKOJIO

Tunuaabie cOeMHEHUS ¢ cepoil o0pa3yroT: Zn, Pb, Cu, Ag, Sb, Bi, Ni, Co, Mo u Hg.



OOmee KOJIMYSCTBO XMMHYSCKUX JIEMEHTOB, TAIONINX B TOM WM HHOM BHC COCTUHCHHS C
cepou, nocruraet 40.

[ maBHenmmue u3 Hux cienyrommue: H, V, Mn, Fe, Ni, Co, Cu, Zn, (Ga), Ge, As, Mo, Ru,
(Rh), (Pd), Ag, Cd, (In), Sn, Sb (Re), (Os), (Ir), Pt, Hg, T1, Pb u Bi. B cko0kax
ITOKa3aHbl 3JIEMEHTHI, HE JAIOIINE CAMOCTOSATEIILHBIX CEPHUCTBIX COCITUHEHNH, a
BCTPEUAIOIIUECS JIUIIb B BUJE N30MOPGhHBIX MTPUMECEH.

Cenenucmule coenquaenus (cenenuabl) n3pectHol 1s4: H, Cu, Ag, Hg, Pb u Bi.

Kpome Toro, cejeH HepeaKko NPUCYTCTBYET B CEPHUCTBIX COECAMHEHUSIX B BUJIE M30MOP(PHOI
IIPUMECH K CEpe.

Tennypucmule coenvuHeHus (TEUTYPUIbI) IO CPABHEHUIO C CEJICHUAAMU MOJIb3YIOTCS B
npupojie 6osiee MUPOKUM pacrpoctpanenueM: Cu, Ag, Au, Hg, Pb, Bi, Ni, Pt.

Bce onn 00pa3yroT caMmoCTOSTENIbHBIE MUHEPATIBI.

Multuvsakoeucmale pocThie coequHEHUs (apceHnibl) yecTtanoBieHsl 1iis: Fe, Ni, Co u Pt.
Bosee mmpoko pacnpocTpaHEeHbI CIIOKHBIC COCTMHEHUS B BUJIE CYJIb(hOCOeH-
CyJIb(poapCeHUTOB, TJIaBHBIM 00pa3oM s clieayronux MetamioB: Cu, Ag u Pb.

Cypsmsanucmule IPOCTHIE COCTIMHEHUS (AHTUMOHU/IbI) U3BECTHBHI Julllb 4151 Ni. 3aT0 4acTo
YCTaHABJIUBAIOTCS CIIOKHBIE COSTUHEHUS - Cynb()oaHTUMOHUTEI Cu, Ag u Pb.

Bucmymucmuie ipocThie coeTuHEHUS B IPUPO/ie He U3BecTHBI. HabmromaroTcs aumib
cynbhoBucMyTuthl Cu, Ag u Pb.



Knacc moHocynbguabl (HU3LWmne) — nponsBoaHble H2S
Knacc gucynedunabl (nepcynbduabl unu BbiCLLUKE) - NPOU3BoAHble H2S2

Knacc cynbtoconn — Npon3BoaHbIE TMOKUCIIOT (TUOMBbILLBAKOBUCTON
H3[AsS3], TnocypbmsaHncton H3[SbS3] n tnosucmytuctom H3[BiS3] )

CgBoiicTBa
eXapaKTepeH WHUPOKUHA U30MOP(PHU3M MEKAY dJIeMEeHTaMU
*Haqmuyue cTpyKTYyp pacnajga TBepAbIX pacTBOPOB
*bosb1I0OE KOJIMYECTBO THUIIOB CTPYKTYP:

- KoopaunanuonHas
- Jle(pexkTHAS
- OcTpoBHast
- JleHTOYHAasA

- Ciaoucras



KoopaAnHaUMOHHbLIVA TUN CTPYKTYpPbI

(ranenuT, cpanepuT, XanbKonuput, BOpHUT 1 T.4.)

Kpuctannuyeckasa CTpykTypa
raneHuTa.

A - pacnosnioxeHue LEHTPOB
NOHOB

b - kpucTtannuyeckas CTpykTypa,
n3obpakeHHas B BMAE LLIAPOB

Kpuctannuyeckasa ctpykrypa npuHaanexut K Tuny NaCl. B
OCHOBE €€ IEXUT Kybndeckasi rpaHeLleHTpUpoBaHHas peLleTka,
XapakTepuayrLascsa TeM, YTO MOHbI pacnonaralTcd B BepLUnHax
Kyba 1 B LEHTPE KaXXOou rpaHn, HO C TEM OTINIUYMEM, YTO B
CTPYKTYpE NpUHUMALOT y4acTue ABa poda MOHOB.

Ecnu anemeHTapHyto s4eliky pa3butb Ha marnble KyObl, TO MOHbI
Kakgoro coprta 0yayT nooYyepeaHo 3aHMMaTh MX BepLuurHbl. o

yrnam 6onbLUoro Kyba u B LLEHTpe rpaHen NnoMeLleHbl NOHbI Cepbil,
a NOHbI CBUHLIA B NPOMEXYTKaX.



«[dedeKTHbIN» TUM CTPYKTYPb

(MMPPOTUH)

KpucTtannunyeckas cTpyktypa umeet
MNNOTHENLLYIO reKcaroHasibHyH yrnakoBKy 13
atomoB S. CTpykTypa AedeKTHa, T.K. He BCe
OKTasagpuyeckune nycToTbl 3aHAThI Fe, B cuny
yero 4YacTtb Fe2+ nepewna B Fe3+.
CTpyKTYypHbIN Aenunt Fe B NMppOTUHE
pasnuyeH: gaet coctasbl oT Fe0,875S
(Fe7S8) no FeS (ctexnomeTrpmnieckum

s coctaB FeS — mpournum). B 3aBucumocTu

oT aedmumta Fe meHATCA napameTpbl U

,‘4:;;}- e CUMMETPUS KPpUCTanNIM4eckon S4YenKkn, n npu
: NN | &, x~ 0,71 v Hmxe (Ao 0,2) NMPPOTUH 13
s A & rekcaroHasnibHoOM moaudukaumm nepexoguT B
s B 1 B MOHOKITUHHYO.

"l

MarHuTHble CBOMCTBA MEHSIIOTCA B 3aBUCUMOCTM OT COCTaBa: rekcaroHarnbHbIe
(6egHble S) NMPPOTUHBLI — NapamMarHUTHbI, MOHOKITMHHbIE (DoraTble S) —
deppomarHnTHel. OTAenNbHbIE MUHEpParibl NTMPPOTMHA 0bragatoT ocobon
MazHUMHouU aHu3ompornueud — rnapamarHeTMsmom B O4HOM HarnpaBneHnn 1
dheppomarHeTMamom B Apyrom, nepneHanKynsipHoM nepeomy.




OCTpOBHOM TUM CTPYKTYPH!

(MMpUT, MapkasnT, KObansTUH, apCeEHONUPUT U T.4.)

B ocHoBe nexut
Kybu4yeckas
rpaHeLeHTpUpoB
aHHas pelleTka, B
KOTOPOW UOHbI
cepbl,
pacnonarasicb
napamu, CUNbLHO
cOnmxeHbl Mexay

B cTpykType
pombunyeckon
Moaudvkaumm Fes, -
Te e rpynnbi [S,]*,
4YTO 1 B NUpuTe.
NoHbl Fe
pacnosnaratTca no
yrnam pomounyeckomn

cobon ¢ AYENKN N B LEHTpE
obpasoBaHnem SYENKWN, OHU
aHWOHHOM rpynnbl OKPY>XeHbl rpynnamm

[S,]* MOHOB [S,]°.



JIeHTOYHbIN (LenoYeYyHbIn)
TUM CTPYKTYpPb

(QHTUMOHUT, BynaHXepwuT, KNHOBapb U T.4.)




CrioucTbIN TUN CTPYKTYPbI

(MONNOaOEeHnT, aypunurMeHT 1 T.4.)

MOJNMBAEHUT

Jlnctel noHoB Mo pacnonaratoTcs Mexay
OBYMSI NUCTaMn MOHOB S.

NoHbI B NUcTax coeanHeHbl CUNbHbIMU
CBA35IMMN, HO CUNbl CLEMNMNEHNUa Mexay
"TPOUHBLIMU" INCTaMM PE3KO ocrabneHsl,
4YyeM 1 o0ycrnoBneHa coBepLIEHHas
CNanHOCTb KpUCTansos.

HarnsgHee MOXXHO NpeacTtaBuTb B BUAE
YyepeayrLNXCa TPUroHanbHbIX CNOEB
npm3m ¢ noHamm Mo B LeHTpax C
NyCTbIMW CIOSAMWN U3 OKTa34pOoB.



Tun KncnopoaHbIX
coeaNHEeHnU

370 coegMHeHUsA KaTMOHOB ¢ Kucriopodom (O%) nnu
rugpookucnom ([OH]"), a Takke pasnuyHbIMU
pagvkanamu ([SO,]*, [COL,*, [PO4],> n 1.4.), B cocTaB
KOTOPbIX BXOOAUT KNCIIOPOA.



Knacc oKMcnoB U rmapoOKUCIIOB

CpenHee BecoBOe cogepxaHue kucrnopoaa B 3eMHon kope coctaenseTt 49,13%

B npocTtenwimne coeanHeHnsa ¢ KUCNOPOAOM B TOM UM MHOM BUAE BXOAUT
okono 40 anemeHTOB

ObuLiee BecoBOe KONMYECTBO CBODOAHBIX OKMCIOB B nuTtocdepe (3a
NCKITIOYEHUEM ruapocdepbl n atMocdepbl) cocTaBnsieT okono 17%.

A3 HMX Ha Jonto ogHoro Tornbko kpemHedema SiO2 npuxoantesa 12,6%. Okucnbl
M rMapooKmcnbl Xenesa coctaenatoT 3,9%. M3 ocTanbHbix Hanbonbluee
3HadeHne nmeroT okucnbel U rmgpookucrel Al, Mn, Ti u Cr.

Bce oTHOCcsALWMECA K HacTosWweMy pasaeny MuHepanbl NPUHATO AENUTb Ha:
e 0e3BoaHble OKUCHbI

*  TMOPOOKUCHbI UM OKUCIIbI, COAEPXKAaLLMEe rTMAPOKCUIT U BOAOPOAHbIE UOHbI.

BbligenstoT:
1. MNogknacc npocTbix okucnos Me_O_
2. Nopknacc cnoxHbix okucrnos Me' Me” O

3. [llogknacc rugpooKncrion I\/Iem(OH)n



[ns knacca OKCUMAOB U TMAPOKCUAOB XapaKTepHO:

3omopdomnam (B rpynne wnuHenun Wnpoko npeacrasneHbl MU3BOMOPJOHbIE
cMecu. B kadecTBe TpexBaneHTHbIX METANSOB, 3aMeLlarolmnx apyr gpyra,
npuHUMaloT yyactue: Fe3+, Al3+,Cr3+ n Mn3+, a B kadecTtBe
OBYXBaneHTHbIX - rmaBHbiM obpa3om Mg2+, Fe2+, ndHorga Zn2+, Mn2+ n
n3peaka, obbi4HO B HeDonbLUnx konunvecTtBax, Ni2+ n Co2+

2. [Nonumopdusm (mogndumkaumm SiO2 (TpUANMUT, KPUCTOBANNUT, KUTUT, KOYCMUT,
ctnwosuT) n TiIO2 (pyTun, aHatas, 6pyKkuT)

3. Teepable pacTBOpbl NEPBOro poaa (MarHeTUT-reMaTuT, MarHeTUT-UITbMEHNT)

[MpoucxoxgeHue:
-  OHOOreHHoe (Marmartundeckoe, rmapotepmMaribHoe, ckapHoBoe U T.4.) — 50%
- 3k3oreHHoe — 40%

- MeTtamopduueckoe — okono 10%



OCoO6eHHOCTU KpUCTaNIn4YecKoro CTpoeHus

B kpuctannmyecknx cTpykTypax aTux
COeIMHEHUI KaTMOHbI Bceraa
Haxo4sATCH B OKPY>XeHUN aHUOHOB
Kncnopopda (unu rmgpokcuna).

A - TeTpasgp, NOCTaBNeHHbIN Ha Pebpo; BEPLUNHBI
ero SsBASKOTCA LEHTpaMn MWOHOB Kucropoga B
TeTpasgpudeckon rpynne SiO4 (B), BHyTpu KOTOpPOK
pacnonaraetca uoH Si4+

maBHeNLwwne KaTUOHbI U UX KOoopAUHALUMNOHHbLIe YUCra B NPpUpoAHbLIX OKUCIIaX

KoopanHaunoHHbIe Yyncna KaTnoHbl
4 Be2+,Mgz+,Fe2+,Mn2+,Ni2+,Zn2+,Cu2+,Si4+
6 Mg?* Fe?* Mn?* APP* Fe3* Cr3* Ti**, Zr**,Sn**, Ta>* Nb>*
8 Zr* Th* U#

12 Ca?*,Na'™ Y3* Ced* La3*



KoopanHaLUMOHHBIN TUM CTPYKTYPbI

(LLUNUHENb, MarHETUT, XPOMUT U T.4.)

Kpuctannuieckas pelueTka LUNUHENM.

NoHbI Kncnopoaa pacnonaratoTcs B BepLUMHaX BCex
TeTpasapoB.; NoHbl Al - B BepLUMHaX, 00LLMX ABYM
kKyb6am; noHbl Mg - B LieHTpax TeTpasapoB (Ha
PUCYHKE HE NoKasaHbl) .

KnucrnopogaHble MOHbI MNOTHO yNakoBaHbI B
MNSIOCKOCTSAX, NaparsienbHbIX rfpaHAM OKTasgpa.
[1ByxBaneHTHble KaTnoHbl (Mg2+, Fe2+ n gp.)
OKPY>XEHbl YETbIPbMS MOHAMU KUCNopoaa B
TeTpadapuyYeCcKoM pacrofoXeHnn, B TO BPeMS Kak
TpexBaneHTHble kaTtnoHbl (Al3+, Fe3+ , Cr3+ n gp.)
HaxoOsaTCSA B OKPY>XXeHUW LLeCTU MOHOB K1cnopoga no
BepLIMHaM okTaagpa. [pn aTom Kaxgbl NOH
KMcnopoga cBs3aH ¢ O4HUM OBYXBalieHTHbIM U
TpemMs TpexBaneHTHbIMU KaTUOHaMKU. Takum
obpa3om, CTpYKTypa XxapakTepusyeTca codeTaHneMm
N30OMETPUYECKUX "CTPYKTYPHbIX eanHuL" -
TETPasdapoB 1 OKTal3apos, [Npuyem Kaxgaa BepLumHa
aBnseTcsa oduen Ans ogHoro TetTpasgpa u Tpex
OKTa34poB.




KapKkacHbIV TUM CTPYKTYpPbI

www.indigo.com
Molymod Quartz

Tak Kak KaXkgbl MOH Kucnopoaa
aBnseTca obwmm ansa aByx
CMEeXHbIX TeTpasgpoB SiO4, To OH
BCIOAY pacrnonaraetca Mmexay AByMs
NOHaMW KPEMHUS, TOrda Kak Kaxabin
NMOH Si4+ HaxoguTcs B YETBEPHOW
KoopAuHaLumMn MOHOB KMUCopoaa.

(kBapu)

Kpuctannuueckas CTpyKTypa KBapua, Kak u gpyrnx
NoOSIMMOPMHBIX MogMUKaLmin, XapakTepmusyeTcs Tom
0CODEHHOCTBIO, YTO MOH Si4+ Bcerga HaxoguUTCA B
yemeepHOM OKpPYXeHUU NoHoB O2-, pacnosioXXeHHbIX Mo
BepLUMHaM TeTpasgpa. Kaxgas BepLumHa Takoro
TeTpasgpa O4HOBPEMEHHO CITY>XUT BEPLUNHOM OPYroro
CMEXHOro TeTpasjpa.

Taknm obpasom, KpUcTanimnyeckne peLleTkn aTux
MUHEeparoB COCTOAT KakK Bbl U3 KapKacoB CLEMNMeHHbIX
apyr ¢ gpyrom Tetpasgpos. Cnocob cuensieHns Bo
BCEX MOOMPUKaALUAX OONH U TOT Xe (Yepe3 BepLUNHDI
TeTpa3gpoB), HO OPUEHTUPOBKA N OBLLLAA CUMMETPUS
B pacnofnoXeHnn nx pasnuyHbl. B Lenom ynakoska
MOHOB KMCNopoda He NNoTHas: B Kapkacax MMETCS
"nyctoTkn" mexay Tetpasgpamvu. B
HU3KoTeMMepaTypHbIX MoANdUKaLnAX oHKM obnagaroT
ManbIMy1 pasMmepamu, a B BbICOKOTEMMNEPATYPHbIX,
bonee "pbIXxNo" NOCTPOEHHLIX MOAUMPUKALNAX OHU
KpynHee. B npsimon 3aBUCMMOCTU OT 3TOr0 HaxogsaTcd
N yaenbHble Beca, a TakkKe nokasarenm
NpenomMeHus:.



[TonnmopdHbie mogndukaumnn SiO2

YeTbipe rnaBHble opMbl: keapu, mpudumum, kpucmobasum vn koacum. Hanbonee Bbicoko bapnyeckas
MOoAndMKaLUNSA KpeMHe3eMa — cmuwiosum, 06pasyomnincsa Npy ygapax METEOPUTOB O 3EMHYHO
NOBEPXHOCTb. Takke CyLLEeCTBYET Takke rmapaTupoBaHHbIn KpeMHeseM — onas SiO2 . nH20.

YcTtaHoOBNEH crneayrowmn pag dHaHTUOTPOMNHbIX NMpeBpaLLeHUNn:

Pacnnas

——p [aenexue
KpvBble ynpyroctm napos
pasnn4yHbIX Moandoukaumm
NoKasaHbl cxemaTudecku. NMpu
Kaxgon JaHHOW TemnepaType
Gonee ycTonumnea Ta
MoanduKauus, Yy  KOTOPOW
ynpyroctb napa MeHbLue (T. €.
KpmBasi brnivxke K ocuM opamHar)

1470 °C 1713 °C

a-KBapL —<«— B-KBapL, —<«— B-TPUANMUT—<«— O-KpUCTOBanNUT —<«— pacnnas.
YA 870 °C

CTpykTypbl M KpuUCTannbl HEKOTOPbIX
NOSIMMOPMHBIX Moandomkauum
KpeMHe3emMa. a—kKBapL, TPUroHanbHbIN 1
rekcaroHasnbHbl; 6—TpUaUMUT, B —
KO3CWUT.



[MapaTupoBaHHbIN KpeMmHedeM — onast SiO2 x nH20

OObIKHOBEHHbIV onan

LLlapukn kpemHesema yrnoxeHbl B 6ecrnopsiake n nx
pasmepsbl npesbiwaT 0,3 MKM, Andpakuum cBeTa He
MPOUCXOANT U COOTBETCTBEHHO OTCYTCTBYET MpU3auns

(Mnn onanecueHuns - CNocoGHOCTb U3nyYaTb
nocrnenoBaTeNbHO pasnuyHbIe fy4u nog AencTBrMeM

COJIHEeYHOro cBerta.

[Mog 3MeKTPOHHBLIM MUKPOCKOMOM BUAHbLI LLAPUKU
KpeMHeKncnoTbl pasamepamu o 0,3 MKM.

OHM yroXeHbl yanBUTENbHO NpaBUibHbLIMU
psgamMn. NMpoMexyTkn Mexay HUMKU 3anosTHEHbI
BO34QYyXOM urnn Bogon. [NNOCTOAHCTBO BHELLHNX
YCIOBWUWN 1 OTCYTCTBUE PE3KNX KornebaHum
TemnepaTyp 1 AaBneHnsa JaeT BO3MOXHOCTb
00pa3oBbIBaTbCA OAMHAKOBLIM LLIAPUKaM
KpemHesema

[Andpakuma ceeta B CTPYKType onana



Lleno4eyHbin TUN CTPYKTYpPbI

(kKaccuTepuT, pyTun, NUPOSIO3UT, FrETUT, MaHraHUT, NCUNOMENaH,
avacnop, KonymouT, TaHTanuT u T.4.)

B kKpuctannunyeckom cTpykType tuna
pyTuna HanpasfieHUs NIIOTHENLLEN
YyNakoBKU B BUOE KONTOHOK
napannenbHbl rnaBHOM (YETBEPHON)
OCU Kpuctannos pytuna. Kaxabin noH
Ti OKpy>kaeTcd WeCTblo MOHaMM
Kucropoga, pacnonararowmmMmmncs rno
yrriam noYTu NpaBuUIIbHOro OKTasapa, a
Kaxxabl MoH O OKpYXXEH TPEMSI MIOHAMMU
Ti (B yrnax noyTy paBHOCTOPOHHErO
TpeyronbHuKa). Takme okTasapbl B
KpUCTanmnyeckom CTpyKType pyTtuna
BbITSHYTbl B4OSIb OCU C B BUAE
NPAMOSIMHENHbBIX KOSTOHOK, YeM U1
obycnosnueaeTca uronb4aTbin UNu
LLieCcToBaTbIN




CrioucTbIN TUN CTPYKTYPbI

(NennaoKpokuT, 6emuT, rmapaprunnnt, 6pycnt mn 1.4.)

B kayecTBe aHMOHa y4acTByeT
OnnonbHas rmgpokcuribHaga rpynna
[OH]1- ¢ pagnycom noHa 1,40 A. B
KPUCTanIM4eCKon CTPYKType aTn
rpynnbl YNOXeHbl MO NPUHUUNY
NSIOTHENLEN rekcaroHanbHOM
ynakoBku. Kaxkabin crion coctouT
N3 OBYX NIOCKNX JIUCTOB,
CINOXEHHbIX MOHaMK rmapokKcuna
napannensHo nnockoctu (0001).
Mexgy aTumMmn nnctamn NexuT NINCT
n3 katnoHos Mg2+. lNocnegHue
3aHMMaloT 8ce OKmasadpu4yecKue
NyCTOTbl MeXQy ABYMSA ninctamu
OH, T. e. KaxgbI NoH Mg

BPYCUT pacnosniaraeTcst Mexay LLIeCTbo

rMMOPOKCUNBHBIMN aHNOHAMMU,
Oyayym cBsi3aH ¢ TpeMsi MoHaMu
[OH]1- ogHoOro nucta n Tpems
noHamu [OH]1-gpyroro nucra.




dunsnyeckme ceBomncTea

Tvin TBeppo
MuHepan O6nuk CnasiHHOCTb PA CWHroHus
CTPYKTYpbI CTb
KoopauHa Mynna
y Py N3omeTpuny 8-9
LLUOHHbIN LINHEeNu y Kybnu.
HbIW [Mnoxo
[ekcar.
[Mpuamatn BblpaXkeHa
5 . TpuroH.
KapkacHbin Ksapu, YecKui
PyTtun,
[puamatu TeTpar.
Lleno4vyey4yHbIn KaccuTepur, Y CpenHsas Pombuy
MaHraHuT, HecKm P '
MoHOK.
retuT '
Bemur,
y v Becbma MoHokn.
Cnouctbin rmapaprunnut, | JlnctoBatbin 3
COBepLUEHHas Pombunu.

Gpycut




Knacc kapboHaToB
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