Cankr-IleTepOyprckuil rocyiapcTBeHHbIN YHUBEPCUTET
Kadeapa kpucrasiorpadpuu

PEeHTIreHOBCKHME METO/bI
N3y4eHUud ae(eKToB B

KPpUCTAJLJ1axX



Tema 1.

OCHOBHBbIe TUMNbI KpUCTaNInM4eckKkmnx
CTPYKTYpP C aTOMapHbIMu aedeKkrtamm

(Ha npuMepe HeopraHU4YeCcKux
coeAuHEeHUN)



OBBEKTbBI PACCMOTPEHUASA

KPUCTAVIMYECKHUE CTPYKTYPbI C MHOI'OYUCJIIEHHBIMH
ATOMAPHBIMU JE®EKTAMU PA3JIMMHOUN PASMEPHOCTH = TBEP/IBIE
PACTBOPDI

TUMNbl ATOMAPHbIX OE®EKTOB

0/ 1/ 2/ 3/
y a4
TOYeYHble NMUHEeNHbIe NNOCKOCTHbIEe O0OBbEeMHbIe

>



OTnuuuTenbHbIe NPU3HaKnN pacTBopa

1. MHO20KOMMNMOHEeHMHOCMb.

2. KeazuooHopooHocmb (pasHoOMepHoOe
pacripedesieHUe KOMIIOHeHmM 8 obnreme
eewecmea).

3. lIpuHyunuanbHasi B03MOXXHOCMb
HenpepbI8HOU 8apuayuu (6 HEKOMOpPbIX
npedesiax) omHocumesibHbIX
KOHUeHmMpauuu KOMIMOHeHMm.



fiBneHusa, npuBoaswime K
oOpa3oBaHUIO TBepAbIX pacTBOPOB

 U3omMmoppU3M — aeneHne HenpepbIBHbIX 3aMeLLEHUI, B

HEKOTOpbIX Npeaenax, 3reMeHTOB CTPYKTYPbl KpucTanna

(aTOMOB, MOHOB, BakaHCUI N accoLMaTOB U3 HUX)
anemeHTamMu gpyroro tuna.

* Mepexoabl nopaaoK-6ecnopanokK (asTonszomopdunsm)

* Monncomatunam (aHomarnbHbIK UBOMOPAPU3M) —

siBNeHne obpa3oBaHNA CTPYKTYP, COCTOSLLIMX HE MEHEE YEM
N3 OBYX TUMOB MOAynen (CrnoeB , CTepPXHeEN , BNokos),
OTNNYaKLLIMXCS MO CTPYKTYpPE 1 / UnNu cocTasy.

* TepMmuH nonucomaTtmnam 6bin BBeAeH [XX. TOMNCoOHOM
(Thompson, 1970, 1978) ana onucaHnsa ABNeHue
obpa3oBaHUs CITOXHbIX CTPYKTYP MUHEpPAroB U3 oparMeHToB
(Moaynen) pasHoix 6osiee NPocThiX (peanbHO CYLECTBYOLLMX

B MPUpPOOe) BeLlecTs.
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CTPYKTYpPHbI€ TUNDbI
KpUCTannmyeckux TBepabix

pacTBOpPOB

YMeHblUeHue
nopsigka
| TUN. CTaTucTUYEeCcKn coxpaHsaeTcs -

TpexmMepHasa peLleTka .
Il TMN. [ToaBnaloTCcAa cBepxnepuoabl
= He MeHee OBYX TPeXMepPHbIX
nogpeLLeToK (CopasMepPHbIX UNK
Hecopa3MepPHbIX).
[l TMN. lNoaBnarTca Henepuoan4veckue
HanpaBlneHnsa = He MeHee OBYX
OBYMEPHbLIX UM OOHOMEPHbIX \/
nogpeLleToK (CopasMepHbIX UNK
Hecopa3MepHbIX)




B 3aBHUCHMMOCTH OT YCJIOBUH
00pa3oBaHMA U
MOCTKPHUCTANIN3ANMMOHHBIX
N3MEHEHNHU BCIIECTBO KOHKPETHOIO
BaJIOBOI'0 XMMHYECKOI'0 COCTaBAa
peaJin3yeTcsa B BUjie OJHON M3 Tpex
MOAU(PUKAIMN, OTIHYAOIIMUXCH 110
CTCIICHHU MOPHAAKA M CHMMETPHH, A
TaKKe CIoCo0y ONMUCAHUS U
IU(PPAKIMOHHON KApTHHE.



«Pa3HooOpa3ue U cneuu(PpuIHOCTH JAeeKToB, 00HAPYKUBAEMbIX B
peaibHbIX KpucTadaax (Heanoea, ®Ppanx-Kamemneuxas, 2001)* B
TOYHOM COOTBETCTBHU € MX MOP(OreHe3oM, AaeT BO3MOKHOCTD
00CYK1aTh NPABOMEPHOCTDH TAKOIo MOHATHUSA KaK

nwmmo@u&m PEeAIbHO20 KpucmalyiuueCKo2co seuiecmea>»

I1. M. 3opkuiu
«CTpyKTYypHasi XUMUS
Ha py0dexe BEKOB).

Poc. xum. k. , 2001,
T. X1V, Ne2

* UBanoBa T.U., ®pank-Kameneunkasi O.B. «IlpumeHeHue BepOSITHOCTHO-CTATUCTUYECKOM
MOJeJIM HeperyJasipHbIX CMEIIAHOCJIOMHBIX CTPYKTYP K ONMCAHHUIO PeajibHOI0 CTPOCHUS
XUMHYECKH HEOJHOPOAHBIX MOHOKpHcTaLIOB» JKCX, 2001, T. 42, Nel



1. TBEPObIE PACTBOPbI C TOYEYHbIMU OEDEKTAMU
( CMEWWAHHBIE KPUCTAIbI, ®A3bl MEPEMEHHOIO COCTABA )

rpynnbl cumMmmMeTpumn Gg (CMMMeTpMH CTaTUCTUN4YEeCKHN 3aBb||.ue|-|a)

CXEMA KOMMNO3UTHOI'O CTPOEHUA
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MﬂeaHM3MpOBaHHaﬂ CTPYKTYypa COCTOMT N3 CTaTUCTUYEeCKMN YepeayrLwiumxcs
MOAYﬂeVI B BuUuae «3INMeMeHTapHbIX AYeeK», KOTOpblieé COOTBEeTCTBYHT pealibHO
cyuwecTByrOLLUUM nam rmnoTeTnveCKnum KpaﬁHMM YyrieHaMm COOTBeTCTBYHLNX

M30MOP(HbIX (MNN N30AUNMOP(PHbLIX) PAAOB.



Cnocob onucaHus

< NOKAJIbHbIE JE®POPMALIUMA

CBA3b MEXAY NAPAMETPAMU «3JNIEMEHTAPHbIX AYEEK»
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Il. TBEPAbIE PACTBOPbl C OB bEMHbIMUA OJE®PEKTAMU

(ynopsipoveHHble TBepAble pacTBOPbl, KOMMNO3UTHbIE CTPYKTYPbl,

rmoépuabl, CTPYKTYpPbI NpopacTaHns, MUCPUTHbIE CTPYKTYpPbI)
1 cnoco6 onucaHusnA

CTpyKTypy TBepaOoro pacTtBopa Bcerga MOXHO onucaTtb
areMeHTapHoOMU
pocturatb 100 n 6onee aHrcTpem)

n ¢peAOPOBCKOM rpynnon CUMMeTPUMU
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Cxema obpa3zoBaHusA
cBepXbAYenKu
yrnopsao4YeHHOro
TBepaoro pacresopa



2 cnocoO onucaHus

Crpykrypy TBepapro pacrsopa |l Tunma Mo:kHO onmcarb, KAK KOMIIO3UTHYIO,
T.e. COCTOSIIIYI0 W3 JABYX H 0oJiee B3aMMONPOHUKAKIIUX 3*-MepHO-
MePUOTUYECKUX MOACTPYKTYP COPA3MEPHBIX WJIM HECOPA3ZMEPHBIX.

CTep)KHEBbIe KOMMNO3UTHbLIEC CTPYKTYPbI

ManI/IIIa CBA3ZH Yucao
MeXKIy mapamMeTpamMmu 0a3MCHBIX
MOJIYIAIHA B-penieTku NOAPEIIETOK BEKTOPOB
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Cnouncrtble KOMNO3UTHbIE CTPYKTYpPbI

Marpuubl CBA3U Yuciao
MeKIy mapamMeTpamMu 0a3MCHBIX
BEKTOPOB

MOApPEeIeTOK
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CnMmMeTpust KOMNO3nNTHOW
CTPYKTYpPbI

bes yyeTa B3anMHbIX
MoaynAaumin (B TpEXMEPHOM
NPOCTPaHCTBE)

C y4yeToOM B3anUMHbIX
MOOynAUNK, NEPUOANYHOCTb
KOTOpPbLIX onpeaenseTcs
TpaHCNAUNSMU
COCYLLECTBYHOLLMX
NnoApeLeToK (B NpOCTpaHCTBE
pasMepHocTU BorbLue Tpex)

Kaxxgas noacTpykrypa u
CBEpPXCTPYKTypa XapaKTepu3yrTCcs

cBoeu rpynnomn G 3

Kaxpas noacTpyktypa u
CTPYKTYypa B LeSIOM
XapaKTepusyrTca

rpynnomn



NMPUMEPbI CTPYKTYP TBEPAbIX PACTBOPOB Il TUMNA

Banaepuur [(Mg, Al, Fe)(OH),].[(Fe,Cu),S,], [M,Cu,0,],-,[CuO,], (M= Bi, Sr, Ca)
x =1.37-1.56
(Makovicky, Hyde, 1981) —= C
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A — cion 3 CuO,-nenoyex; B — cjion u3 M-KaTHOHOB;

—n — C — Cu,O4-ci0m u3 "aByHOrux" JecTHHUII
a, =a,=11.4 A 23 , \
b, = b, =12.9 A (Frost-Jensen et al., 1993) 10 O
c,=27A 5¢c,=7c,~19.4 A
i 1 0 0 o,




JHPPARTITHOHHAA KAPTHHA KOMIIOIHTHOI'O EPHCTALTA
(Coppens, 1995; Yamamoto, 1993 u dp.)

OrapynTeILHAA OCODEHHOCTE — NPpHCYTCTEHE CIA0BIX CATE/LIHTHRIX

pedlekcoE  VEAIBIBAKWIIHE HAa CVIDECTEOBAHHE MOV IAIHI,
ELIZEAHHBIX B3aHMOJeHdcTEHeM Me®IV DoIcTpyeTvpama. Cpexn
CHJIBHBIX LIABHBIX pedeKcOE MOTVT OBIThE CMEIIAHHEBIE, KOTOPBIE
SABJIAKTCH IMABHBIMH I8 0JHOH NDOJICTPVETVPHI H CATE/LTHTHBIMH

I8 JPVIOH..

Cxema GETEIPEXMEPHOID

0OPATHOTO OPOCTPAHCTEA
IEVIKOMIOOHEHTHOTD KPpHCTALIA

K3 — TpexMepHOe NPoCTPAHCTED ¢ JEVMA
HabdopaMmu pedIeKCOE ¢ pa3IHUHEIMH
NMepHOJAMH MOETOPAEMOCTH .

b y— Z0M0IHHTEILHAA KOOPIJHHATHAH 0Ch
Kpvaxavmu nokasaHbl NIAEHBIE pediiekchl

0T JEVX MOJPelIeTOK,
KpecTHEAMHE — CATe/LIHTHBIE pedIeKCbL




CBA3b Mexay napameTpamu ABYX ob6paTHbIX NoApeLIeToK
a*,, b*,c*, na*,, b*, c*,

ax,
* * * * .
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%
C" Yucno
Ga3nCHbIX
BEKTOpPOB AnsA
( 1/nq 0 0 \uHanumpogaH
CTtepXxHeBble * us
CTPYKTYPbI O" = 0 1/n5 0 A
\—013/N1033 -023/N20633 /o33 )
(1/c0, O -y /Inoy )
CnoucTble o* = 0 1/0,, -0, /INo,, S
CTPYKTYPblI —
.0 0 1/n

Ona vHanumpoBaHua AUPPaKUMOHHbLIX OTPaXEeHUM
Heobxoanmo 3+d Ga3nCHbIX BEKTOPOB



1. TBEPJBIE PACTBOPHI C INIOCKOCTHBIMHA
1 JUHEMHBIMU JE®EKTAMHU

ITO HeperyJasipHble KOMIIO3UTHbIE CTPYKTYPhbI,
cocTosAIME U3 IBYX U 00J1ee HEYMOPSIA0UYEHHO
YyepeayIMXcsa IByMEePHbIX MJIH OJHOMEPHBIX
MOACTPYKTYP (CJ10€B , CTOJIOIOB) COpa3MeEPHbIX UJIH
Hecopa3MepHbIX.

Cnoco06 onucaHus

KonunyectBeHHOe onnucaHMe BO3MOXHO C MCNOMb30BaHUEM
BEPOATHOCTHO-CTaTUCTUYECKUX MOAENEN, KOTOpPbIE
pa3paboTaHbl TONbKO AN HeperynapHbIX
CMELLAHOCNOUHBLIX CTPYKTYP



CuUMMETpPUS HeperynsipHbIX
KOMMO3UTHbIX MOACTPYKTYP

‘pynnbl cummeTpumn
(6e3 yyeTa BO3MOXHbIX MOAYNALUN):

CnoesB Gg JIByMEpHBIE ITOAPELIETKN

CTepxHen f OIHOMEpPHBIE MTOAPEIIETKH



NMPUMEPbDbI HEPEIYJNIAPHbIX CTPYKTYP
(Baronett, 1997)
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CMELLAHOCTIOVHBIN NEHTOYHO-LEMNOYEYHbLIN CUITUKAT (EI/IOI'IVIPVIEOJ'I)

CEPMNEHTUH-XNTOPUT

Lundcdpbl COOTBETCTBYIOT YMCIY PAAOB B Lieno4vkax
(2 — amcpubon, 3 — HKUMTOMMCOHUT, 4 — YeTbIpexXpAQHbIN
cunukar)



NMPAMEP NMPOABNEHUE MOJIMMOP®U3MA
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BnusiHue ycrnoBnn NocTpoOCTOBOM 0OpPabOTKM Ha CTPYKTYPHYIO OQHOPOAHOCTDL
“moHokpuctannoB” YBa,Cu30,. (MBaHoBa u ap., 1993)



XapaKTepUCTHKA OCHOBHBIX TUIIOB KPHCTALJIMYECKHX
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CTPYKTYP € aTaMapHbIMHU AedekTaMmu

O1iny.
Xapakrep- Pemrerka I'pynnel
Tun HbIe Ae(eKThI CHUMMeETpHUHU 0cobeHHOCTH
(moapemeTKn) p up. KapTHH
0 Crarucrnyeckas 3
| N G HeT
o0 3X-MepHasi 3
o I/IJ'H/I (1)1 8
00 3*-MepHBIX 3 3+d y
OTpaKeHUM
Ymiupenue u
2 1 He meHee aByx
1 — ABY 3 G 3 | acumMMmerpud
O 0 2%/1-MepHBIX Gg 1 0a3aJbHBIX
OTPaKeHUM




