Jlekimusa 13

OTHOCHUTEIBHBIE PAZMEDPHI
aTOMOB W MOHOB.
XHAMHYECKUH COCTAB 3€MHOHU KODBI.
[Touemy S| — mIaBHBI?
CurkaTbl ¢ KOHCYHBIMM MOTHBAMHU.


http://million-questions.ru/wp-content/uploads/2010/11/kora.jpg

JIJ1s1 OLIEHKK pa3MepoB aTOMOB (HOHOB) B
KPHUCTAJLIAX 00bLIYHO IOJb3YIOTCI CUCTEMOM
pagnuycoB (MOHHBIX)

C 1912 . Cc MOOABICHHEM PEHTIEHOCTPYKTYPHOIO
aHay3a MOSBHUIACh BO3MOXKHOCTh AKCIECPUMEHTAIBLHO
ONPEACINTh MEKATOMHBIE PACCTOSHUS.

B 20-pie romer A.Jlapme, B.lonpmmmvuar m JI.IlomuaTr
BBIBEJIM CBOM CHCTEMbl HOHHBLIX PaJUyCOB, XOPOIIO
COIIACYIOIIMECS MEXKTY COOOM



http://wiki.web.ru/wiki/%D0%98%D0%B7%D0%BE%D0%B1%D1%80%D0%B0%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5:Poling.jpg
http://wiki.web.ru/wiki/%D0%98%D0%B7%D0%BE%D0%B1%D1%80%D0%B0%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5:Goldschmidt.JPG
http://www.sil.si.edu/digitalcollections/hst/scientific-identity/fullsize/SIL14-B5-09a.jpg

Cenyac HanOoJiee 000CHOBAHHOM M MOAPOOHOU SBJISIETCSA
cucrtema P. [IIsanona u Y. IIproutra (1970), ocHOBaHHAS
Ha Tpeapiaymux — oueHkax Jlange, IloamHra w
[ onpaummMuaTa

Pagnyc — Bemp oTHOCUTENbHAS (3aBucUT OoT KU, creneHu
MOHHOCTH, CIIMHOBOIO COCTOSHHS, BaJICHTHOCTH WTII.)
[lonp30BaTbCs HAAO AKKYpaTHO U HE HACAITM3UPOBATH
1udpel B TA0IUIIC!

Tem 6oxee, uto aroM B kpuctamie HECOEPUYEH!



Bce B MUpe OTHOCHTEJIBHO!!
Tepmun paaguyc npuMeHsIiTe AKKYPATHO!

¥YBbI, aTOM B A TaKoii
KpHUCTaJLJIe
HE TaAKOH
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[TyTaHuua
C MHOI'OYUCJICHHBIMH CYHICCTBYIOIIINMHA
CUCTEMaMU pa3MePOB aTOMOB U UOHOB B
KpUCTaJIJIaX MPUBOAUT K CEPHLE3ZHBIM
MCTOJINYCCKUM ONIMOKaM U B HAIIH JAHU.



dK, TO0CTATOYHO IIOIIYJISIPHOC B ITIOCICIHCC BPCMsI CPCIAN

y4eOHBIX KAOMHETOB XMMHUHU YYEOHOE ITOCOOHE
«HanomacimrtabHas Moeb KpUCTALINY€CKOM
CTPYKTYPhI BEIIECTBA ONIEPUPYET TOILKO aTOMHBIMU
pagunycamu Cienrepa

https://vk.com/club143236905

MpegcTaBnenue.

B TeusHME [IATM JeT Ha OOpascEBEaTeneHOM Gase MOTH [pCOOC/IRANACE

pafBoTa Hall NPOSKTOM MO CO3O3HMIO HOBEX, HAHOMACMTAOHWY yuyeOHO-HAYUHEX
MOMENed KLMCTANTMYSCKMX CTDPYKTYD, MNPVMMSHEHME KOTOPHX B MKONBHON
nporpamMmMe TIO=EOIHAIIC 6H  NOOHATE Ha  KaUSCTESHHO  HOBHM  YpOBEHB
npenogaBaHMe TeX IpeIMeTOR, [Oe M3YYaeTCA CTPOSHME M CTRPYKTYpa
BEENECTEA, ~ OCHCBHHX SCTEeCTESHHHX HAYK:  XAMWMMA,  OMSMEN, EMcIoTHIM,
recrpadmt, a Takxe TeCMETDMM M CTEPECMETPMM KaK MaTEeMaTHYeCKMX

abCTpaKUMI [NPMPOIOHEX (opM. YcooemHcoe =aiBspmeHMe paSOTH CTANC BOSMOXHEM

Braronapa BIOXHCRIADMEH npc@ecc.zcl—lanhuci noOnepxKe YUSHHX MDY, MH3H,
MK3M, MHMTXT, MuHcTMTyTa Kpmcrannorpadwm PAH, TEOXM, MA3, CIOETY, Topzoro
YEMESpCHUTETA Ccu6, Ccueny , Horeocubupcroro TexXHOOapKa, DYKOBOOUTENEH,
MHESHEDOR, KOHCTPYKTOpPOB Hn KaIOpOBHX pabounx OAQO HIIIT «Panmi»,
npopeccopos PoccHMicKoi aKafeMmMy  KMBOMMCH BaAEMA M SomuecTEa,
crnemmanucTor JleEMETDANCKOTO OBJACTHOTO MECTUTYTAa pasEMTMA OBpASOBaNMs,

mpenogasaTene Universitat National

University of Manitcka.

Regensburg, University of Ireland,

PazpaboTuMKaM ¥ KOHCTPYKTOpPaM YIOANIOCE JOOCTHMYEE TpPEX KIDNUSBEX

IpEeMMYNSCTR, OTJIMYARIMX CO3JaHHY®D MOLENE, OTMEUSHHYD naTeHTamMM P

OT BCEX M3BECTHHX paHee obpas3uos:

1. Modene KPUCTANIMUSCKCH CTDYKTYPH MSTOTCEIASTCA B TOUHOM
Macmrafe OO0 OTHONSHME K  DEeanbHoM,  MONeIMpYyeMol  KpUCTaIUIMdecKoil
CTpyKRTyDe

Z. SneMeHTE (mapw) , MMUTHD Y OIe aToME/ MoHE KpMCTAIIIMEeCKol

CTDYKTYDH, MSTOTORJIGHH B TOYHOM MacmTafe IO OTHOMEHMO K DEaNbHEM aTOMaM

" MOHEM B =ZalaHHOH  CHMCTeMe  ATOMHEY/MOHHHEX  DAIMYCOB  XMMUUSCKMHE

SIEMEHTOER .

3. Pa=zpafoTaHHaf KOHCTPYKLUMA NOBEONAST B CUMTAHHEES MMHYTH coSpaTe

MOOEeNE KDPUCTAIUIMYEeCKOM CTPYKTYDHE - ONHOM M2 UTO YXe 3aHeCeHH B

«BMENMOTEKY KDMCTANIOB» M B CUMTaHHEE IHM [ONCIHMTL OCMENMOTEKY OaHHEMA

Tex,

O HOBEX CTRYKTYDIX.

3apepmeHa paboTa Hag [IPOEKTOM &MMPOBOTO®»,— I[IO MHEHW HamMx
33pyOe®HHX KONNer,- YpoBHA. M Bce MH, XTo S5TM OATE JeT HanpAxEHHO
OyMall, KaK «CBEDXCIOXHOE» CJIelaTbk NPedeNbHC NPOCTEM M [IOHATHEM, BCE,
KTC OCTaBMI B STOM I[POSXTEe YacTh CBOETO Ccepila, XelaeM BaM HOBEX

SHaHWH, HOBHX CGIECTAIMX OTKDHTMIA M ADKMX HOGeleBCKMX NpeMMil.

o SOOROBO
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oo Oﬁp&SOBETEJI‘BI—Eﬂ‘J OpraaMsSan[Mad CTPRAaHR .

BopoHMH WMTOpE BaOMMOEWY,

M SACAVEMEAET CaMo

s IMPpOoRCoTC

OOKTCOD @HBHKG—M&TEM&THHECKﬁX Ha¥VE,




O‘ICBI/II[HO, 910 OTOT I1I0AXOJA IIPHUMCHHM JIMIIb JJIA
IIPOCTBHIX BCIICCTB, KOBAJICHTHBIX H MCTAJJIMYCCKHUX

CTPYKTYD.

Jlns  OOIBIIOr0  4Yuciaa  HEOPraHUYECKHUX
KpUCTAIIOB (OKCHUIbI, CHIMKAThI, (ocdaThl,
cyarbdarkl H T.JI.) TAKOH INOAX0d SABJIsSIETCS
HeNMpPaBMJIbHBIM H Ja’Ke ONACHBIM, IOCKOILKY
peajdbHbIe pa3Mepbl aTOMOB M HMOHOB B TaKHX
CYIIIECTBEHHO HMOHHBIX CTPYKTypaX pPa3UTEIbHO
OTIMYAIOTCS OT MX pa3Mepax B IIPOCTHIX
BEIIICCTBAX.



COopka MOACIH KPUCTAIINYECKON CTPYKTYPhI IIEpUKIa3a
MgO ¢ momMoIp0 Y4eOHOTO KOHCTPYKTOpa
«HanomacmrabHass MOJEIIb KPUCTAIINICCKON CTPYKTYPEI
BEIIICCTBA» MPHUBUBACT IIIKOJIbHUKAM HEIPaBUJIbHBIC
IpeCTaBICHHUS 00 OTHOCUTEIIBHBIX pa3Mepax aTOMOB B
KpHUCTaIIE.



3pPUTEIIBHOE BOCIIPUITUE TOTOBOU MOJIETIA YUCHUKAMM,
Hanpumep MgO, MoXKeT IPUBUTH Yy IIKOJIBHOUW ayJUTOPHM
MIPEICTABICHUE O TOM, UYTO KAaTUOH B CTPYKTYPE CYIIECTBEHHO
OOJIBIIIE aHMOHA, XOTS HAKOILUICHHBIM KPHUCTAIOXUMHUEH
OTPOMHBIN TEOPETUUYECKUM M SIKCIEPUMEHTAIIBHBIN MaTEPUAII
[O3BOJISIET C YBEPEHHOCTHIO YTBEPKIAATH 00paTHoe



XUumuueckui 3jiemMeHm
OIIPEACIIACTCA CBOUM 3apsAI0M
(T.€. KOJIMICCTBOM IIPOTOHOB Z)

Inemenm MOXKET UMETH HECKOIIBLKO U30MONOE,
OTJINYAOIIMXCS YUCIIOM HEUTPOHOB N m,
cJICHJOBATCIbHO, MACCOBBIM uuciaoM A= Z + N
N30TO0NEBI OTINYAIOTCHA BECOM, CTA0UJIBHOCTLIO,
HO NPAKTHYECKH PABHBI 110 XUM. CBOMCTBaM.




A Korga obpa3oBanucb 3rIeMeHTbl?

Uudnauus,
bonpluoit Benukoe
B3pbIB O0OBEIUHEHHE

O6pa3oBanuch
HykneocuHTes TranakTUKH
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[TnankoBckoe Anekrpocnaboe O6pazo- Obpa3so-
BpeMs 00beIMHEHHE BAJIMCb  Bajlach

atoMbl CoJIHeuYHas
CUCTEMA



A BCe T aTOMbl OAUHAKOBO pacrnpocTpaHeHbl?

HeT KOHEe4YHO.

.
NopAOKOBbLIN HOMEP aToMa

1) PactipocTpaneHHOCTH
( B KOCMOCE) 3KCIIOHEHIIMAIIBHO MAJAET C pOCTOM MOPSIJKOBOTO HOMEpPA



A BCe T aTOMbl OAUHAKOBO pacrnpocTpaHeHbl?

HeT KOHEe4YHO.

>

NOPAAKOBLIA HOMEP aToMa

2) B 1914 yaensiec Ogno u I'apkuHC oOpaTuian BHUMaHUE Ha
NPEUMYIIIECTBEHHYIO PACIIPOCTPAHEHHOCTh JJIEMEHTOB C YETHBIM
MOPSIIKOBEIM HOMEPOM



A BCe T aTOMbl OAUHAKOBO pacrnpocTpaHeHbl?

HeT KOHEe4YHO.

NopPAAKOBLIA HOMEP aToOMa

3) Ectb anOManbHBIN TTpoBall Ha 3-4-5 Homepax (Li-Be-B). Ux Hu3koe
COJICPKaHUE OOBSICHICTCS TEM, YTO ITH HYKIIHIBI IPA 3BE3IHEIX
TEeMIIepaTypax JICTKO BCTYIIAIOT B Pa3IMYHEIC SACPHEIC PEAKIIUU



PacripocTpaHeHHOCTh 3JIEMEHTOB B KocMoce

B.M.Toapammuar B 1937 I. cocTaBui NepBYyI0 TaOIUIy PaCHPOCTPAHECHHOCTU

OTHOCHTEILHO KoANYCCTRO ATOMOB (Siz {0°)

fil ) 18 A0 el A T S 310



3eMnsa — KocMu4eckun obbekT. Ero xmummyeckmm coctas B LIENOM
COOTBETCTBYET COCTaBYy KOCMOCa (3a UCKITIOYEHNEM MOTEPU NETYUNX
9JIEMEHTOB) .

3emnsa — cnoXxHo anddepeHumMpoBaHHbIM 06BEKT. CocTaB 3eMHOM KOPbI
OTNMYaeTcs OT BarioBOro coctaBa 3eMnu.



XNMUYECKMN CcOoCTaB 3eMiun

CpaBHHBas pacHpOCTPAHECHHOCTH JJIEMEHTOB B
COJTHEUHOM CHCTEME M Ha 3€eMJIE, MOKHO 3aMETHUTh
pe3kue npoBaiikl B paiione He, Ne, Ar, Kr, Xe (uHepTHBIC
ra3pl) Ha 3emie no cpaBHEHHIO ¢ COJIHEYHOH
CUCTEMOM. DTO MOXHO OOBSCHUTH TaK: OOJBIIMHCTBO
AJIEMEHTOB COAEPKATCSA Ha 3eMJIe B XUMHUYECKHUX
COCJIMHEHMSIX, TOATOMY YACPKUBAIOTCS HA MJIAHETE.
MHepTHBIE Ta3bl B PEAKIAM IMIPAKTHYECKU HE BCTYIAKOT,
IIOTOMY JIETKO YJIETYYMBAIOTCS ¢ 3€MJIM BMECTE C
HanOoee JerkuMu razamu — H u He (nuccumnanus).




JJIeMEeHThI HA
3eMJe HMECIOT
Pa3JIMYHYIO CYAbOY
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Puc. 1. llepuoavyeckas cuctema 1 reoxumMmmnyeckas knaccnpukaums XMM1M4eCKUX 31EMEHTOB: T — aTMOdpUbHbIE,
2 — MUTOdUNbHbIE, 3 — XanbkodunbHele, 4 — cuaepodubHbIE
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Puc. 1. MNepuoanyeckan cUCTEMA U TEOXUMWHECKAR KNaccKu DUKAUNA XMMWHECKMX 3NeMeHTOoB: T — atMOogunbHbI
2 - nuTodunbHbIE, 3 - XaneKoUNbHLIE, 4 — CUAEPOPUNbHBIE

ATMO(DHIIBHBIE 3JIeMeHThI — HUHEPTHBIE ra3bl 1 a30T (N, -
pOYHEHIIIasi MOJIEKYJIa C TPOMHOU CBS3BIO)
Ve DOIIL RIS SIS TR — TATOTEIOT K APy 3EMIIH

A
~— - s lim

XaabKopuiibHbIE YIEMEHThI— TATOTEIOT K COCIUHEHUSAM C
cepou

Jlirrguisire rieyie it o — TATOTEI0T K COCAUHECHUSM C
KMCIJIOPOJIOM M HAKAIIJIMBAIOTCS B BEPXHEN (IIIJTAKOBOM 30HE
3emin — tutocdepe)



CopaepxaHue
JICMECHTOB B 3€MHOU
KOpPE€ OTIINYACTCS OT
coAepKaHUs
3JIEMEHTOB B 3eMJIC B
IIEJI0OM, ITOCKOJIBKY
XUMHYECKHNE COCTABEI
KOpBI, MAHTHUH U SIpa
3eMIIH pa3InYHbI.

Bopgopon 0,9%
Marduin 1,9%

Kanuin 2,4%
Hatpuin 2,6 %

TuTaH 0.6 %

CocraB 3eMHOM KOPBI

OcTaneHoe 0,8%


http://million-questions.ru/wp-content/uploads/2010/11/kora.jpg

Haunbomee pacnpocTpaHEHHBIEC 3JIEMEHTHI
3€EMHOM KOPBI

Cpennee coneprkaHue 3JIEMEHTOB B TTOPOJIax 3eMHOM KOphI, Bec. %
(9aCcTO HAa3BIBACTCS TEPMUHOM «KJTAPK»)

8 HanboJIee PacIpOCTPAHCHHBIX JIICMEHTOB
DJneMeHT BecCc. % HOHHBIMA  OOBEMHBIN

pamuyc, A %
O~ 46,60 1,36 93,8 !
Si4* 21,72 0,39 0,86
Al3* 8,13 0,57 0,47
Fe>* 5,00 0,80 0,43
Mg?* 2,09 0,74 0,29
Ca?* 3,63 1,04 1,03
Na* 2,83 0,99 1,32

K* 2,59 1,38 1,83



doTOCHMMOK
94% obbema 3eMHOWN KOpbl




CTpyKTypHasi eIMHULIA — YCTOMYUBBIM (pparMeHT
CTPYKTYPbI.
[Ipumepsr :
-B kapOoHaTtax - TpeyroibHUK [CO,]
- B pocdarax — rerpasmap [PO,]
- B cynbdarax - Terpaip [SO,]

- B cMJMKarax - terpayp [SiO,]
- B Ooparax — u TpeyroibHuk [BO;] u Terpasap [BO,]

B cunnkarax u 0oparax 3TH yCTOMYHBBIC
€IUHHUIIbI CIIOCOOHBI O0BEAUHATHLCS Yepe3
BEPIINHBI
(mommMepu3anys Uik KOHICHCAITHS).



PacripocTpaHeHHbIE BApUAHTHI ITOJIUMEPU3AIIUU
KUCJIOPOAHBIX MOJIUBIPOB.

[Tonuanp Her | IHomumepuzanumsa | Ilomumepuszanmsa | Ilommmepusanus
BEPIIMHAMU peopamu rpaHsIMU
Tpeyronsauk [BO,] + + - -
Tpeyronbuuk [CO,] + - - -
Tpeyrombuuk [NO,] + * - -
Tetpasmp [BeO,] + + * -
Tetpasmp [ZnO,] + + - -
Tetpasmp [BO,] + + * -
Terpasmp [AIO,] + + - -
Terpasnp [S10,] + + - -
Tetpasmp [GeO,] + + - -
Tetpasmp [PO,] + * - -
Tetpasmp [SO,] + * - -




YroOBI cAenaTh CTPYKTYPY MHOTAA HAJO COCAMHUTD
TETPadApPHl BMECTE. ...
Tpu BapuanTa coueranus SIO, TeTpa’sapos

A) peanbHO peann3yeMblil B CHIIMKATax MOTHUB COWICHEHHUs moaudapoB Si0O,

b) Cunel oTTaaKuBaHUSA 110 3aKoHY KyltoHa MeXay cOCeTHHMH KaTHOHAMH Si

BeIpacTaior B (1,87/1,08)? pa3a 8 8 8

B) Cuitbl OTTalKMBaHUSA 1O 3aKOoHY KylmoHa MeX Ty COCeTHUMU KaTHoHaMu Si

BbIpacTaroT B (3,24/1,08)? pa3a 8 8 8 8 a 8 8 8 8



PacripocTpaHeHHbIE BApUAHTHI ITOJIUMEPU3AIIUU
KUCJIOPOAHBIX MOJIUBIPOB.

[Tonnamp Het [Tomumepnszanusa | [lonmumepusanusa | Ilomumepuszanus
BEPIIMHAMU peOpamu IpaHIMH
Tpeyronbauk [BO,] + + - -
Tpeyromnbauk [CO,] + - - -
Tpeyrompuank [NO,] + * - -
Tetpasmp [BeO,] + + * -
Tetpasmp [ZnO,] + + - -
Tetpasmp [BO,] + + * -
Terpasmp [AIO,] + + - -
Terpasnap [SIO,] + + ) )
Tetpasmp [GeO,] + + - -
Tetpasmp [PO,] + * - -
Tetpasmp [SO,] + * - -







BaSO, 6oaput



[ eOMeTpPUNYECKM XOPOLLO BMECTE

[ eoMeTpuYeCcKkn KpeMHUN ngeanbHO NoaAxXoanT
nod pasmep TeTpasgpuyeckon NycToThl
KNCNOPO4HOMN YynakoBKu!



[1o BaneHTHOCTN XOPOLLUO BMecCTe

Y MeHs1 4 BaneHTHbIX 3MeKTPoHa, 9 Mory
obpas3oBbiBaTh 4 cBA3N!



[Mo rubpunansaymm gaxe
He XOpoLUO BMECTE, a
npoc:To 3amevaTenbHo!

7 5 | .
i‘ﬂ 0V
/o
Spb 109.5°
P q%p

Sp

VY mens Sp° rubpuamzarys ! S xouay 4TOOEI

opOuTanu ObUIM pa3HECEHBI APYT OT JIpyra

MAaKCHUMAaJIbHO JAJIEKO! DTO MOIy4HUTCH. . ..
OU! Terpasmp!




Hy n He 3abyaem, 4To 9 camMblv pacnpoCTPaHEHHbIN U
rnaBHbIN KaTUOH. XuBy Tam, rae MHe yaobHee, a Bce
OoCTanbHble — NOCSie MEeHs ycTpamBanTecs!




S| — JOoCTaTO4YHO CHODUCTCKOE NnoBedeHNE, HE TaK NnN?
MwucTep-TBUCTEP U rMaBHbIK KATUOH 3EMHOU KOPbI

-MucTtep TBuctep, 6bIBLUMA MUHUCTP,

Tonbko TeTpasap! -MucTtep TBuctep, aenew, n 6aHkmp,
-Bnageneu 3aBogoB, raset, napoxonos,
Tonbko kucnopog! -Pewwunn Ha gocyre Obwexame mup.

(Mocenuthbca B 3eMHOU KOpPEe U MaHTUMK)

- OtnunyHo! - BocknunkHyna goys ero Crosu. -
[laBan nobbiBaem B CoBeTtckom Cotoze!

-A 6yny numamscs 3epHUcmMou UKpou,
-)Kusyro nnosums ocempuHy,

-Kamamabcs Ha mpouke Had Borneou-pekou
-1 beczamb 8 KOIix03 o mMarsiuHy!

(OGpa3oBaTh KpucTannuueckue
CTPYKTYpPbl CUNUKATOB, Urpan ponb
KaTUOHA)



SI — MucTep-TBUCTEP N MaBHbLIN KATUOH
3eMHOW Kopbl

-Mowu gpyr, y Tebs yanBuTeEnNbHbLIN BKYC!
-Ckasan eun otew 3a 0begom.

- 3ayemM Tebe exatb B CoBeTckumn Coro3?
- [loedem Kk OamyaHam U weedam.

- [loedem 6 Hearionb, noedem 8 bacdad!

TonbKo TeTpasgp!

Tonbko kucnopoa!

-(MoxeTt cunuumna? C aHMOHHOK
yHKUUERK)
Ho gouyka ckasana: - Xoyy 6 JleHuHzpao!
-(B CUINTUKAT!)
A TO, Yero TpebyeT AouKa,
- [lormkHO ObITb UCNONHEHO. ToYka.

-B Ty XXe MUHYTY TpewnT annapar:
- YeTblipe katoTbl Hbto Vopk - JleHnHrpag,
-C BaHHOW, rOCTMHON, OOHTAHOM U CafoM.

Tonbko cMmoTpuTe, 4TO6 HEe BbINO PSAOM
®Top, OH-rpynnel 1 npoyvero copoaa.

KpemHutl He nrobum LleemHo20 HapoOda!




Si — Muctep-TBucrep,
PACUCT U rmaBHbIN KATUOH
3eMHOW Kopbl

Tonbko kucnopoa!



SI — Muctep-TBucrtep 1 rmasHbI KAaTUOH
3eMHOMN KOopbl

TonbKo TeTpasgp!

Tonbko kucnopoa!

F, OH —rpynnbl v npo4uMin Hapopa e Mope (3eMHOW Kope) kayaeT
dpyaou napoxod (oKTasap)

F , OH-rpynnam u MOKpoO u >xapKko — 6pbi3xem eoJsiHa u 4adum
Koyez2apka.... (B OKTa3ape xyxe, CBA3u cnabdee)



Al — KpUCTanIoXmMmMyeckn HecHacteH = aM@oTepeH
(ana Hero xapakTepHbl K4 n 6 1 4).

1) Cuniaukarel amwomubauss — Sl uw Al 3aHmMaroT B CTpyKType
pa3IMJHbIC TTO3UITUN

2) AJIIOMOCHIHKATDI — Al wmomopduo 3amemaer SI B
TETPAIPUICCKON MTO3ULIAN

3) Amomocnankarel amovMuans — Al usomopdHo 3amemiaer Si B
TETPAdAPUYCCKOM  TO3MIMH, a  TakKe  3aHHMaeT  HMHYIO
KPHUCTAIOXUMHYCCKYIO ITO3UIIHIO



Kpucramioxumuueckas =
KJaccu(pukanusa A
CHJIUKATOB R . o



http://webmineral.com/specimens/picshow.php?id=1005
http://webmineral.com/specimens/picshow.php?id=224
http://webmineral.com/specimens/picshow.php?id=123
http://webmineral.com/specimens/picshow.php?id=127
http://webmineral.com/specimens/picshow.php?id=20
http://webmineral.com/specimens/picshow.php?id=1338
http://webmineral.com/specimens/picshow.php?id=2133
http://webmineral.com/specimens/picshow.php?id=1121
http://webmineral.com/specimens/picshow.php?id=360
http://webmineral.com/specimens/picshow.php?id=564
http://webmineral.com/specimens/picshow.php?id=324
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CHaukaThbl ¢ KOHEYHbIMHA
KPEMHCKUCJIOPOIAHLBIMHN MOTHBaAMHU

KpemHe-
KUCNOPOAHbIN
pagukan

1. opmocusnuKamsi ¢ OTHOLLEHUEM Si:0=1:4 [S|O4]



[Mpumepbl CTPYKTYP CUITUKATOB C KOHEYHbIMM
KpeMHeKUCopoaHbIMM MOTUBaAMM

OpTocunankKaTbl

1. Munepanei epynnot onusuna (Mg,Fe),[SiO,]

B ocHoBe cTpykTyphbl onuBuHA — 2 cit [TY

N3 aromoB O a arombr Mg u Fe 3anonHsoT mojnoBuHy

OKTa’apuyecKux MyCcTOT TaK, YTO 00pa3yeTcsi OJTMBUHOBAS
JIEHTa

- YcTronuuBas CTPYKTYpPHAs €UHULIA JJI1 MHOTUX
MHHEPAJIOB

- OJIMBHHOBBIE JIEHTBI CKPEIUISIIOTCS ONMHOYHBIMU
TeTpalipamu

Si10,. Si 3anonuset 1/8 TeTpasnpuueckux mycToT.

Munepanvt epynnol O1UBUHA OMHOCAMCA K HENPEPBIHOM) PAJY MEEPOblX PACINEOPOE

popcmepum Mg,[S10,] — onusun MgFe[SIO,] - pasnum Fe,[SIO,]

[Ipo3paunbie KpaCUBO OKpalleHHBIC Pa3HOBUIHOCTH (popcTeputa (nepudom)
C JABHUX MOP MCHOJIB3YIOTCS B FOBEITUPHBIX U3ICIIUSIX



OJMBHUHBI: X YO,

PomOuueckue 1900 —

Fe,S10,:  ¢pasanum (Fa) |
Mg,Si10,: gopcmepum (Fo) Pacrnas (Lig)
Mn,SiO,: megpoum ST
CaMgSiO,: monmuuennum 5; |
CaFeSi0,: xupwmeunum g 1500 L Lig+0Ol
CaMnSiO,: arayxkoxpoum 2

%

= 1300 —

-~ Kpucranns onusuaa (O))
1100 - | |

F a 0.2 0.4 0.6 0.8 Fﬂ'




Mpumepbl CTPYKTYP CUNTMKATOB C KOHEYHbIMMU
KpeMHeKUCIOPOAHbLIMU MOTMBaMM

2. Tonaz AlL[SIO,](OH, F),

Jl1s cTpyKTyphl TONa3a xapakrepHa 4-cioiiHas (ABAC)
ITY, yacTo Ha3pIBaEMas nmona306oii, T.K BIIEPBbIC
OIpeIesIeHa JJI1 3TOro MUHepasa. Kaxaplii YeTHbINA CII0U
cocTtaBieH aromaMu O, B HEUETHBIX CHOSIX HaxoadaTcsa u O
1 apyrue anuoHbl. Al 3annmacet 1/3 okrasgpuyecKkux
mycrToT, a Si — 1/12 terpasnapruyeckux

XapakTtepHasi 0COOEHHOCTb CTPYKTYphI — [TY co3naercs u
kuciiopoxom, u (OH, F)

OnHoBpeMeHHO (M30MOP(U3M B aHUOHHOW YacCTH )

{1 muHEpaioB. B CTpyKTypax KOTOPBIX MMPUCYTCTBYIOT
ITY, xapakTepHbI MOBBIIIEHHBIE 3HAYEHUS TUIOTHOCTU. Tak
JUIs TOTAa3a CyIIECTBYET UCTOPUYECKAS HA3BAHUE —
«msirceniosecy, TAHHOE EMY YPAIbCKUMHU CTapaTeIsaiMu
MMEHHO 3a 3TO CBOMCTBO.

[Ipo3payHbie KPACUBO OKPAIICHHBIE PA3HOBUIHOCTHU
TOIA3a C JABHUX MOP UCTHOJIB3YIOTCS B FOBEJIMPHBIX

15631 (SN10%5:0.¢



http://webmineral.com/../specimens/picshow.php?id=1157

[Mpumepbl CTPYKTYP CUITUKATOB C KOHEYHbIMM
KpeMHeKUCopoaHbIMM MOTUBaAMM

Hupxon Zr[SiO,]

g Zr xapakrepHo KUY=8 u noctarouHo
CBOCOOpa3HbIN1 MHOTOTPAHHHUK, ITOCTOSTHHO
MOBTOPSAIOIINICS B OOJIBIIUHCTBE CTPYKTYp ZI-
COEIUHEHUI.

OcHOBHas CTPYKTypHas €IMHHUIIA — KOJIOHKA, B
KOTOPOU uepenayroTcs ZI-8-BepIIMHHUKA U
TEeTpadAphl, COCAUHEHHBIE JIPYT C IPYroM 110 pedpam.
DT KOJIOHKHU COWICHSSICh, 00pa3yl0T MAaCCUBHYIO

CTPYKTYPY.

IIpo3padHbie KPaCUBO OKpallleHHbIE PA3HOBUHOCTH
IIUPKOHA C JABHUX MOP UCTOJB3YIOTCS B FOBEITUPHBIX
U3ICITUSX.

" eme!



Mpumepbl CTPYKTYP CUITUKATOB C KOHEYHbIMMW
KpeMHeKUCopoaHbIMM MOTUBaAMM

Huprxon BAYKEH JIJIS I'eoxponosiorun!

PaguoakTUBHBIW pag ypaHa 28U
81 82 83 84 85 86 87 88 89 90 91 92 93
205;1‘1!} | [ | -

00005

it Pbis Bii PO
o PREe-6

LT L

214 Pb—BiimPo \ |
e T - o-pacnaa

NG \ — - B-pacnag

218 | | gbd’;ﬁ.;qt‘gd%ﬁ? :- — mepuoa nonypacnaga
e e w2 — BEpPOATHOCTb pacnaja B %

PAQE. MCTOPHMMECHA BO3HMKALME elWe Ao
AOABNEHUA NOHATMR 06 N3cTONax
233 — Ul (ypaH-0auH)
2HTh — UX; (ypaH-WKC-0uMH) .
226 — FPa = UX; (ypaH-kc-aea), | : ?E!f
34 - Ul (ypas-gea),

292 CneumansHele  |HasBaHMA  uNeHos ﬁmr;}
Al

23Th = lo (MOHWI);

213 : My

230 | *'*Po—|RaA (paguit-a); | | ;i“. s | _
214Ph - RaB (pagwit-63); 7%««;
214Bj - RaC (panwii-ue); 75200 .
24P — RaC’ (pagni-Le-WTpux); o . i

234 20T} — RaC* (pagwil-ye-1Ba wipuxa): | g‘rﬁ’%_, g:wé*g__, h}
219Pp — RaD (paguin-13); ool S
2198 - RaE (paguii-e) % fa \ e
210Pg — RaF (pagwit-ath); v

238 25T} = Rak" {pani-e=nBaTpHXa) : T 4 ﬁ hg L'i d
205pp — RaG (paguit-ra) [ : y«i ; _:|'_IE|I'E'.

Llenb pacnaga 238U (tun 4n+2) BkntovaeT 8 anbga
pacnagoB u 6 6eta-pacnagoB, KOHEYHbIW MPOaYKT
206Pp, MatepuHckun msoton 238U wmmeeT nepuon

nonypacnaga 4,468 mnpa. ner

U

)

_« Anbda yactnua (g-yacTuua), NONOKHTENLHO
¢-)  sapskennas yacTuia, oGpasoBaHHas 2
7 nporoHamu M 2 Helitponamu. Huentuuna
sanpy aroma renusi-4 (‘He?"). OGpasyerces
npH aneda-pacnaie sjaep

B8U B Th + o (3He)

['eoxpoHonorus

1) Ypan - cBHHIIOBEIH MeToOJ1

200 Pph /235 Y
206 Pp / 238 Y
207 Pph / 206 Pph



Mpumepbl CTPYKTYP CUITUKATOB C KOHEYHbIMMW
KpeMHeKUCopoaHbIMM MOTUBaAMM

)

OYEHbBb BAYKEH JIUIA I'eoxponoaorun! |

Global detrital zircon pooled age distribution

Frequency of dated detrital zircons

4000 —|

Data 90% Concordant

n=118,682 _« Anbda yactnua (g-yacTuua), NONOKHTENLHO

¢-)  sapskennas yacTuia, oGpasoBaHHas 2

7 nporoHamu M 2 Helitponamu. Huentuuna
sanpy aroma renusi-4 (‘He?"). OGpasyerces
npH aneda-pacnaie sjaep

3000 —

2000 + 238 234 4
o U —g Th+a (;He)

['eoxpoHonorus

1000 — 1) ¥paH - cCBHHIOBEIT MeTo]1

200 Pph /235 Y

0 1000 206 Pp / 238 Y
2000 3000 4000
207 206
Geological Age (Ma) Pb / Pb




[paHaTbl A% ,B3*,[SIO,];

& €

b B

KpucTannbl rpaHara: a - pombogoaexkaaap (110),
- TETparoHTpMokTaaap (211), B - kombuHaums
pombogonekasgpa 1 TEeTparoHTPUOKTaagpa.

B CTpyKkType rpaHaTa BblAENATCA cneaytowme
CTPYKTYPHblE eQNHMULbI:

1) TeTpasgpsl SiO,

2) oKTasapbl B3*Oq

3) 8-BepLUMHHUKN (« TOMCOHOBCKME Kybb1») A>T Qg

[IpNHATO paccMaTpuUBaThb COYNIEHSAIOLWMECA NO
BepLUMHaMK oKTasapbl Al M TeTpasgpbl Si Kak
CMELaHHBIN KapKac , B KPYMHbIX NyCTOTaxX
KOTOPOro pacnonararTca 8-BepLUMHHUKMK 2
BaJIEHTHbIX KAaTMOHOB.




IIpvMepbI CTPYKTYP CHJIIUKATOB ¢ KOHEYHBIMHA
KPEeMHEKHCJIOPOAHBIMUA MOTHBAMU

OKpalllCHHEIE PA3HOBUIHOCTH
MHUHEPAJIOB TPYNIIBI I'paHaTa C JaBHHX |
IIOp HCIOJB3YIOTCS B  IOBEIHUPHBIX
M3ICIIUAX (YEIICKUE IPpaHaThl — MUPOIIHI,
WHIUKMCKHUE OyChl — aJIbMaHINHbI )

Cpey MUHEPAIOB IPYIIIbLI IpaHaTa
BBIJICIISIFOT 2 NOATPYIIIIBI:

RUPAILCRUMDbL
yZ2panoumwl

YBaposut Ca,Cr,



Hup-anb-cn-umeot
[To3umuu 3 BaJIeHTHBIX KAaTHOHOB — Al
IInpon Mg,AL[SIO,]; — ot rpeu. «mupomocy —

NOA0OHBIM OrHIO (M3-3a KpacHoro IiBera). lLIBer
TEMHO-KPACHBIM.

Ansmangun  Fe?*,AlL[SIO,]; — mno Ha3BaHUIO
MecTHOCTH — Anamanaa (Asus) L[BeT kpacHBbIM,
KOPHUYHEBBIH, (DM OJIETOBBIM. CaMbIi

pacnpoOCTPAHEHHBIN U3 IPAHATOB.

Cneccaprun  Mn;AL[SIO,]; — mno Ha3BaHuio
[IImeccapr (baBapus). L[BeT po30BbBIN, KpPacHBIN,
KEJITOBATO-OYyPBHIH.



http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Granat_sesspartyn,_Chiny.JPG

Y-ep-ano-umeot
[To3nmmm 2 BajleHTHBIX KaTHOHOB — Ca

YBapoBur Ca,Cr,[SIO,]; — mno dQamunuu
npe3ugeHtra PAH VYeaposa (1786—1855). Ilser
U3YMPYIHO-3EJIEHBIN.

I'poccynsap CazAl,[SIO,]; — or nar grossularia
KPBDKOBHUK [[BET CBETIIO-3€JIEHBIN WJIM 3E€JIEHOBATO-
OypBIH.

Anapamnt CazFe’,[SiO,]; — B yecTh MOPTYraibCKOro
MuHEpasora na Axapana O. CuibBa. lIBeT XKenTbhin
(monazonum), OyphIli, KpacHBIA, 3CICHOBATO-OyPBIii.
[Ipo3pauHas 3ejeHass IOBEIUP. PA3ZHOBUIHOCTH -
0eMaAHmMOuUO



http://www.webmineral.com/specimens/picshow.php?id=42&target=Andradite
http://www.webmineral.com/specimens/picshow.php?id=1185&target=Uvarovite
http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Garnet.uvarovite.500pix.jpg
http://www.webmineral.com/specimens/picshow.php?id=1196&target=Grossular

IlInapzanka — uzomopghuszm 6 zpynne cpanamoe

Andradite

Ca,Fe.S1,0,,

i F
Almandine °©
Fe:ALSI0,

Spessartine
Mn;AlLSi;0,,



IlTnapzanka - oeenupuovle pazHoBUOHOCMU ZDAHAMOE

[Ipo3payHble ¥ TOTYMPO3pPAYHBIE, KPACHUBO OKpPAIIICHHBIE I'PaHATHI
UCHOJIB3YIOTCS B IOBEJIMPHOM Jeiie. K JaparoneHHbIM KaMHSIM
OOBIYHO OTHOCATCA CleAyromye (B MOPSJIKE BO3pPACTAHUS HX
IICHHOCTHU: AnLMaHAaVH n
Anemanoun ;
Hupon
Pooonum (pa3HOBHIHOCTH ITUPOIIA PO30BOIO IIBETA)
I'eccornum (KOpUYHEBBIN IPOCCYJISIP)

I'poccynap (KppI)KOBHUKOBOTO 1BETA)

Tonazonum (po30BaTo-KENTask pa3HOBUAHOCTDH aJbMaHANHA)
Jlemanmouo (mpo3padHasi, HMMEIONMIas 3C€IEHBIE M JKEITOBATO-
3€JICHBIC OTTEHKH, FOBEJIUPHAsI PAa3HOBUIHOCTh aHAPAaUTA)

DemaHToun



http://zagadkikamnej.ru/assets/images/vse-kamni-foto/al'mandin2.jpg

Cunukartbl C KOHEYHbLIMU KPEMHEKUCITOPOAHLIMU MOTUBaAMU

AKTMBHbIN Kncnopona (ronoaHbin)

MOCTUKOBbIW
Kucnopon
(CbITbIN)

l

2. Ouopmocusukamasl - Si:0=1:35 [S|207]



Mpumepbl CTPYKTYP CUNTUKATOB C KOHEYHbIMMU

KpeéMHeKuncnopoaHbimm MOTUBaMM
EMOQTOCMJ'I UKaTbl :

TopTBenUTUT Sc,[Si,0-]

[MNapameTtpbl A4enkn: a=6.650 b=8.616 c=4.686
B=102.20, rpynna C2/m

OTHOCUTENbLHO KPYMHbIE KaTUOHbI Sc3* oka3anucb
B UCKaXX€HHOW OKTasapnyeCcKkon KoopanHauun.
Pebpa Sc-okTasgpa HecousamMepuMbl C PEOPaAMN  [E] 1 PN -
Si-O-TeTpasgpos, YTO NPUBENO K KOHAEHCALNN
[SIO,]-TeTpasgpoB ¢ obpa3oBaHNEM HECKOSIbKO
A0eopMUpPOBaHHbIX ANOPTOrpynn, Kaxagasa us
KOTOPbIX 3aMblKaeTca Ha pebpo Sc-oktasgpa.

Koopannarsl
Sc 0 .30503 5
Si 22108 0 -.08762
01 0 0 0
02 .38654 0 22171 Kpuctannuyeckasa cTpykTypa
03 23655 15499 _ 28174 TOPTBEUTUTA B Nonmagpax



Mpumepbl CTPYKTYP CUNTUKATOB C KOHEYHbIMMU

KpeMHeKucrnopoaHbiMmm MoTuBamu
OAVNopPTOCUIUKATDI

Kanamur (remumopgur) Zn,[SI1,0-],(OH), H,O

Has3Banue

0COOEHHOCTBIO

[TapameTtpbl ayenkn: 8.181 10.841 5.081, rpynna Imm2

reMUAMOP(UT
KPHUCTAJLIOMOP(POJIOTUH
MUHEpaia: Ha €ro KpucrajjlaX MPHUCYTCTBYET TOJIBKO OJHA
«rojIOBKa» (€ro CHMMETpHS B 2 paza HHKE YeM
MaKCHMaJIbHasl poMOHYecKast mmm)

ITo rpedeckn — hemi — moyroBuHA

CBs3aHO

TUTMIOMOP(HOU
POMOHMYECKOTO

Zn 78969 84232 0
Si 0 .85672 4908
O1 .8362 .71964 .3649
02 0 .8416 .8084
O3 .6826 0 9453
O4 0 0 3967
H3 .69 0 759
H3' 969 0 98

Zn HaXOAIﬂTCﬂ B TETpa3apax
1 CBA3bIBAETCA AMOPTOrpyrnnamm
[Si,O-].



Mpumepbl CTPYKTYP CUNTUKATOB C KOHEYHbIMMU
KpeMHeKNCcnopoaHbIMn MOTUBaMu

A M-0pPTOCHIHKATEI
Kanamun (cemumopgum) Zn,[Si,0-],(OH), H,O

WHTEpecHa poiib BOABI B CTPYKTYPE 3TOT0 MHHEpaJa.

Boma B cTpyKTypax MHHEPAJIOB MPUCYTCTBYET B CICAYIONIEM BUJIC:

- I'mnpokcunpHas rpynmna OH, Bxonsmas B OKpy)KEHUE KaTHOHOB

(HHKOT/a B OKpYyXeHHE Sl)

-HetiTpanbabie Monexynsl H,O 3amonHstonme KpymHbIe MyCTOTHI CTPYKTYP.

B niepBoM ciyyae CBSI3U MEXKIY KATUOHOM U TUAPOKCHUIIBHOU T'PYIIIION JOCTATOYHO
npouHbie. Bo BTopoMm ciydae, CBSI3b NPAKTUYECKU OTCYTCTBYET (0cTarouHasi Ban-nep-
BaanbcoBa)

Y0enurcsi B 3TOM MOKHO MPOBEAS TEPMUYECKUN aHAIU3 MUHepana. Tak, 71 KaJjaMuHa, pu
HarpeBaHWU HAOIOAIOTCS 2 TEMIIEPATYPHBIX MHTEPBaJIa MOTEPH Beca, T.€. yxoaa Boasl: 400 C
u >500 C

[Ipruem B epBOM ciydyae HEe HAOIIOIAETCS pEHTTEHOBCKUMHU METOJIaMU

3HAYUTEITHLHOTO U3MEHEHUSI CTPYKTYPBbI. A BO BTOPOM CJIy4ae — MOCJE NOTEPU BOJBI

CTPYKTypa pa3pylIaeTcs. ITO TOBOPUT O TOM, YTO B CTPYKTYpPE€ KaJaMHUHA MPUCYTCTBYET

BOJa 2 TUIIOB, KaK B KaHAJIaX CTPYKTYPbl, TAK U B OKPYKEHUHN KATUOHOB.



m TpUopTOoCHUINKAThbI

Ne x/a y/b z/c 3aceneHHoOC
TaneHum Y 4[Si;O,,](OH) ™

1 | 0.3120 | 0.9050 | 0.2300 | Y

2 | -0.0170 | 0.2370 | 0.5340 | Y
a=10.34,b=11.09,c=7.29 3 | 0.4970 | 0.3010 | 0.4020 | Y

B=96.9° rpynna P 21/n 4 | 01110 | 0.2320 | 0.2450 | Si

5 | 0.2090 | 0.4930 | 0.0390 | Si

6 | 0.7410 | 0.0230 | 0.0850 | Si

7 | 0.9810 | 0.2600 | 0.3180 [ O

8 | 0.1190 | 0.0230 | 0.2310 [ O

9 | 0.3650 | 0.4690 | 0.0180 | O

10 | 0.1230 | 0.3350 | 0.1140 | O

11 | 0.2300 | 0.3400 | 0.3250 | O

12 | 0.3690 | 0.0230 | 0.4140 | O

13 | 0.3620 | 0.0120 | 0.0260 | O

14 | 0.6900 | 0.1810 | 0.3910 | O

15 | 0.7000 | 0.2110 | 0.1430 | O

16 | 0.8930 | 0.0420 | 0.0420 | O

17 | 0.4400 | 0.1960 | 0.2180 | OH

Crpykrypa pacmudpoana H.B.benossim B 1972 1,



m TpUOPTOCUUNKATDI

z

x/a y/b zlc | Ho3umust

0.4819 0.25]0.2179 | Cu

[pocmpaHcmeeHHas epynna: P 2,/m
0.4884 | 0.25 | 0.7139 | Cu

a=6.991A b =12.884 A c = 5.655m = 96.18
" T A 0.8461 | 0.1061 | 0.0269 | Ca

0.2337 | 0.0803 | 0.4518 | Si

0.9432 0.25 | 0.5477

7]

Brnnde 2

0.8107 0.25 | 0.7624

0.0847 | 0.1485 | 0.5901

0.4348 | 0.1475 | 0.4573

Ol NP WO|IN|PEL

0.8344 0.25 | 0.2847

[EEN
o

0.1539 | 0.0498 | 0.1867

|
[N

0.7201 | 0.0189 | 0.3676

[EEN
N

0.5073 | 0.1475 | 0.9714

[EEN
w

0.4000 | 0.0800 | 0.9800

I|T|O|0O|0O|O0|0O0|0O|O

[EEN
I

0.6200 | 0.1400 | 0.8000




3aMKHeM!
KosbLeBbleé CUJIMKaTbl. [{0/1LL0 13 2 TeTpasnapos

CtpykTypa MUHEpaia OCHUTOUTA
XapaKTePU3yeTCsl IPUCYTCTBUEM TPEXUJIEHHBIX
M30/IMPOBAHHBIX KoJjen [SizOg],
PacCMoONIOKEHHBIX APYT Haj (MOJ) APYTOM U
CBSI3aHHBIX MEXKITy co00it Ti- u Ba-mmonmaapamu

@ ’:\< Ne [ x/a y/b z/lc | Ho3umus
Fr-Secazd-7 I 1 | 0.6667 | 0.3333 | 0.0000 | Ba
GRINC - ane 2 | 0.3333 | 0.6667 | 0.0000 | Ti
e =a 3 | 0.0711 | 0.2894 | 0.2500 | si
LQ S e 4 |0.2535 | 0.1927 | 0.2500 | O
) L Smien
i p N e 5 | 0.0880 | 0.4302 | 0.1128 | O



KosibLieBble CUJIMKaThbI

baorut Ba,Tiy[Tiy 4gNbg 36F€0 1614C1016[Si,01,]
rpynna | 4,/a

Munepaiibl ¢ YeThipexuJeHHbIMH KoJabuamu [Si,0,,] BcTpeuaroTcs
penko. Takoil pagukan oOHapyKeH B CTPyKType MUHEpaJla baomuma,

M0 Ha3BaHUIO KOTOPOTO HA3BaHO “‘Oaomumosvim’ 1 Koabuo [Si,04,].

Ba -02947 -09737 -62138
Til -21264 -10787 -8699
Ti2(Nb) .22174 -11789 .3728
Si -09288 -18533 -1244
01 .0168 -1568 -1350
02 -1265 -1593 -8933
03 .1284 .1617 .3587
04 -1846 -0530 -1304
05 .1812 .0547 .6214
06 .2468 -1684 -1206
07 .2415 -1703 -6305
Cl .25 .625




KonbueBble cunukartbl {onsuo mz 6 terpasnapoe

bepunnin AlBe;[SigO;].

CUMMETpUS! KonbLUa 6/mmim, CUMMETPUS
KPWUCTannoB - 6/mcc, T.e. CUMMETPUS
KOMbLIA BbILIE CUMMETPUN CTPYKTYPHI.

Jlns Oepuiiusi Takke xapaktepHa 4-as xoopauHaius (terpasnp). Yacto paccMmarpuBaroT
COBMECTHBIC MOCTPOMKN M3 Si u Be-terpasmpos, B Oepriuie oHU 00pa3yroT kapkac. Takum
o0pa3oM, CTPYKTypy O3TOr0 MHUHEpajia MOXHO pacCMarpuBaTh M KaK KapKacCHbBIN
OepHILIOCUIIUKAT.



KonbLueBblie CUJIMKaTbI
bepunnn Al,Be;[SigO5].

B\
3\

N3oMopdHble 3aMelleHnss yact Al Ha Cr  npuBoaMT K e
MOSIB/IEHWNIO YHUKASIbHOM LIBETHOM pa3HOBUAHOCTM Gepuina — W
HA3ympysa, OTHOCAWErocs K 5 [AparoueHHbIM — KaMHAM,
CYMTAIOLLUMMUCSA B HalleW CTpaHe Bas/lloTHOM COBCTBEHHOCTHIO
rocyaapctBa. KpynHole 6e3nedekTHble N3yMpyadbl ryCTOro TOHa
BECOM OT 5 KapaT LieHATCS JOPOoXKe anvasos.

AkBamapuH — ronybon, ronyboBaTo-CUHUW, 3eneHoBaTo- 4
ronyoon, ronyboBato-3enéHbin. Okpacka obycnosneHa
HanMumMem xenesa



http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Beryl-gem7-62a.jpg

KosbLeBble CUJIMKaThbl

TypmasinH — (Na,Ca)(Li,Mg,Al);(Al,Fe,Mn), [BO;]; [SigO;5] (OH), _

B CTpykType TypManuMHa MONgpHble
kKonbua  Sig0,3  (cuMMeTpusa  Konbua
6mm), OpPWEHTUPOBaHbl BCe B OAHY
CTOPOHY, 4TO MPUBOAUT K MMOSABEHUIO
YHUKaNbHOrO CBOWUCTBA — /IMposIghexra
(nposBsieHne 3/IEKTPUYECKUX
CBOMCTB 1pU HarpeBaHmn).



KosibLieBble CUIMKaTbl _[{0J1LL0 M2 6 TeTpasnpos

TvpmasinH — (Na,Ca)(Li,Mg,Al);(Al,Fe,Mn), [BOs]; [SigO,5] (OH), _

IIneoxpousm TypMadvHa - CIIOCOOHOCTh HEKOTOPHIX AHU30TPOIHBIX KPUCTAJIOB
oOHapy>XHMBaTh pA3JIMYHYI0 OKpacky B IIPOXOIAIIEM Yepe3 HHUX CBETe IIpHU
paccMaTpUBaHUU 110 Pa3JIWYHBIM HaMpaBJICHUSAM. SIBIICHHE CBSI3aHO C TEM, 4YTO JIyYH,
MOJISIPU30BAHHBIEC B PA3HBIX IUIOCKOCTAX, MOMIOMIAIOTCS BEMIECTBOM KpUCTAILIA PA3JIUYHO


http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Tourmaline.xtal.750pix.jpg

KosbLieBble CUJIMKaThbl

TypmasinH — (Na,Ca)(Li,Mg,Fe);(Al,Fe,Mn), [BOs]; [SigO45] (OH),

Ona CTpykTypbl TypManuMHa XapakTepHbl MHOrOYMCHEHHble UN30MOpPMHbIE
3aMeLLeHNs KaTMOHOB, MNPUBOASLLNE K MOSABMEHUIO pPa3HOOOpasHbIX LIBETHbIX

pasHoBuaHocten (gecatku!). [NpospayHble KpucTansibl MNOCHeaHUX MOCTOSAHHO
NCMNONb3YKTCH B reMMONOruu,

e

: NaMgsAls KOPUYHEBO-XXENTLIN
[SigO1g](BO3)3(OH),

NaFe™sAl; YEPHbBIN
[SisO16](BO3)s(OH). &




EcTh 11011, M3yYarolye TypMaJuHbl BCIO )KU3Hb.. ITO CBOCOOPA3HbIIM
3aKPBITbIA MUHEPATIOTHYECKAN MUPOBOM KPYKOK IO MHTEPECAM, TJIE
BCE IPYT JApyra 3HAIOT.



KosbLeBble CUJIMKaThbl

Jlo pacuinpoBKHM KPUCTATUIMYECKOM CTPYKTYPBI
aUonTaza JOJTroe BpeMs CUHTAIH, YTO €ro
¢opmyma CuSiO; = H,O w He MommM YeTKO
ONpENENUTh  MECTO  OJTOr0  MHUHEpajia B
KJ1IacCU(UKAIIUKA CUIIMKATOB.

Tonbko mnocne pacmM@pPoOBKU €ro  CTPYKTYphI
CTaJO SICHO, YTO AUOICHU OTHOCHUTCS K KOJIBLEBBIM
CHJIUKATaM.

CuMMeTpus KoJiblia -3M; CUMMETPHS KPUCTAILIIOB
-3. T.e. pacnonoxeHue KoJjel B CTPYKTYpE Takoe,
YTO IPOUCXOAUT MOHMXKEHUE cumMeTpun. Kombiia
SigO;3  HacieaylT  CHUMMETPHIO  JKECTKOH
CTPYKTYPHOM €IWHHUIIBI — BBIPE3KH H3 CTPYKTYPBI
apaa 6 H,O. OToT npumep nogquepKuBaeT ruOKOCTh
U CIIOCOOHOCTh KPEMHEKHCIOPOIHBIX pPaJUKaIOB
MOJICTPANBATBCS TIONl «KECTKHE CTPYKTYpPHbIe
eTHHUI[BI».




Jlen ObeT 00IBbHO W BOOOIIE OH TBEPIbIM




KosnbLeBble CUJIMKaTbI
Ha 3aKycky DBAMaNUTDI

CunTtaeM pagukan:



KosnbLeBble CUJIMKaTbI
Ha 3akKyCcKky 9BANANIUTbI

On, TaM eLle Takue ecTb!



Jeduanumuwiuku

P.K. Pacuseraesa
H.B. Yykaunor

C.M. Akcenosn

MHHepaJ:bI
Yot

=
) B Pacuysemaeea Pamuza Kepaposna
- https://istina.msu.ru/workers/492001/
L - Brinyckuuk kadeaper 1964 roga
- ‘

Axkcenoe Cepzeit Muxaiitosuu

https://istina.msu.ru/profile/sergevaksenov/

JIOKTOp  Teonoro-MHHEPaNOrHYECKHX  HayK, [VIaBHBIH
Hay4yHbIH  COTPYIHMK 71abOpaTOpHH  PEHTICHOBCKHX
METOI0B aHami3a H CHHXpoTpoHHOro uianyueHus OHUILL
«Kpuctannorpadus u dotouuka» PAH. Astop Gonee 650
nyOnHKauMi, B TOM 4Hcle paza MoHorpaduid. OcHoBHEIE
Hay4Hble HMHTEPEChl CBA3@Hbl C PEHTTEHOCTPYKTYPHBIM
aHaJIN30M, CTPYKTYPHOH MHHEpanorueil 1 HeopraHH4IecK ok
KpHCTAIIOXUMHEHT.

JToktop xumuueckux (2023) HayK, Hay4YHBIH
COTPYIHHK HBGOPBTGPI/IH PEHTTCHOBCKHX METOA0B aHA/IH3a

u cuuxporpounoro uznyuenuss OHUL "Kpuctannorpadus
u dotouuka" PAH. Astop Gomee 250 nybnukanuii, B ToM
yKcie oaHoi MoHorpaduu. B 2012 roay nomyuun meaans
PAH nansa ctyaentoB BV3oe Poccun JlaypeaT npemun
uMeHHn axkazemuka H.B.bemosa 2010 roma. CoTpyIHHK
kadenps! kpucramtorpadun 2014-2015 rogos, conckarens
2012 roga.

EcTh nroau, u3ydaromiye dBAUAIMThI BCIO KHU3HbB (a UX yKe OOJIBbIIE YeM
60 pa3HOBUIHOCTEH). DTO €II€ OJAWH 3aKPHIThII MHHEPAJIOru4eCKUn
MHPOBOM KPY>KOK [0 MHTEpPECaM, IJI€ BCE JIPYT Jpyra 3HaroT.



KosnbLeBble CUJIMKaTbl
Elle Ha 3aKyCcKy 2 3TaKHoe KosabLo 13 12 TeTpas3apos

Munaput K,Mn.[Si;,O " 1H,0

CunTtaeM pagukan:
[SigO4g] + [SigO,5] — 60(0bLwMe BepLINHLI) = ?



AHoH B

CJIeTYIOIIUN
pa3

IIpeanoBoroagnue 0€CKOHEYHbIEe MOTHUBBI

KT0 Takue mMUPOKCeHOUAbI B (eIbImnaTouabI?

Men1 OyprepHoin «CJioMcTble CHIUKATHD) SEoRee
M3-3a 4ero nocCOpuJIMUCh HATPUM U KAJTMMA?

1 MHOTIO€ JIPYIoe....
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