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X. C. MAME,II,OBU aKaJl,eMUK H. B. 6EJIOB

KPI1CT AJIJII14ECKA5I CTPYKTYPA BOJIJIACTOHI1T A

HaMH 6bIJIa ony6JIHKOBaHa (1,2) paCWHCppOBKa CTPYKTypbI KCOHOTJIHTa,

O):{HOrO H3 MHHepaJIOB rpynnbI BOJIJIaCTOHlfTa CaSi03, a HMeHHO rH):{pa-
THpOBaHHOll pa3HOBH):{HOCTH 6CaSi03. H20 = Ca6 [Si6017] (OH)2, H 6bIJIa
BblCKa3aHa YBepeHHOCTb, lJTO 3Ta CTpYKTypa 6y):{eT KJIlOlJOM K paCIlm-
ItJpoBKe caMoro BOJIJIaCTOHHTa, nmpOKO pacnpOCTpaHeHHoro MHHepaJIa Ha
KOHTaKTax H3BepMeHHbIX nopo):{ C H3BeCTH5IKaMH. BC5I rpynna 3THX MHHe-
paJIOB xapaKTepH3yeTC5I TOHKOll BOJIOKHHCTOCTbIO (<<ropHa5I wepcTb»), B
HaH60JIee 6JIarOnpH5ITHbIX cJIYlJa5Ix TOHKOll HrOJIblJaTOCTbIO, a MeM):{y TeM B
1936 r. 6bIJIa npe):{JIOMeHa (a) ):{JI5I CTPYKTypbI BOJIJIaCTOHHTa Mo):{eJIb C TpOll-
HbIMH KpeMHeKHCJIOpO):{HbIMH KOJIbll.aMH lSi309]. OTCYTCTBHe np5IMbIX peHTreHO-
MeTpHlJeCKHX ):{OKa3aTeJIbCTB He nOMelllaJIO npOHHKHOBeHHIO 3TOH Mo):{eJIH B HeKO-
Topble MHHepaJIOrHlJeCKHe PYKOBO):{CTBa H CnpaBOlJHHKH. OTKpblTHe B KCOHOTJIHTe
6eCKOHelJHOrO ll.enOlJelJHOrO pa):{HKaJIa lSiHOJ7]cr nOJIOMHJIO KOHell. YKa3aHHOMY
He):{opa3YMeHHIO H 3aCTaBHJIO OMH):{aTb no):{o6HbIX ll.enOlJeK B BOJIJIaCTOHHTe,
C KOTOpbIM Y KCOHOTJIHTa OlJeHb MHoro 06Illero (Bce CHJIbHbIe JIHHHH) B nopo-
IllKOBbIX peHTreHorpaMMax H B napaJIJIeJIbHO paCnOJIOMeHHbIe BOJIOKHHCTbIe
arrperaTbI KOToporo npeBpaIll,aIOTC5I TOHKHe BOJIOKHaKCOHOTJIHTanpH ~ 9000.

KaK KCOHOTJIHT, TaK H BOJIJIaCTOHHT B npHpo):{e 06bIlJHO BCTpelJaIOTC5I B
BH):{e napaJIJIeJIbHO CpOClllHXC5I BeCbMa TOHKHX BOJIOKOH, COXpaH5IIOIll,HX CBOIO

cnallHocTb H npH pa3):{eJIeHHH Ha eIll,e 60JIee TOHKHe Cy6HH):{HBH):{bI C pa3JIHlJ-
HOll CHMMeTpHeH, He ):{eJIaIOIll,eH HX 3HalJHTeJIbHO pa3H5IIll,HMHC5I B OnTHlJeCKOM
OTHOllleHHH: 3a TpHKJIHHHOH MO):{HcpHKall.HeH YTBep):{HJIOCb HM5I co6CTBeHHO BOJI-
JIaCTOHHTa, MOHOKJIHHHYIO CTaJIH Ha3bIBaTb napaBOJIJIaCTOHHTOM. DOJIee HJIH
MeHee O):{HOpO):{HbIe no CHMMeTpHH arrperaTbI BCTpelJaIOTC5I JIHlllb Bonpe):{eJIeH-
HbIX reOJIOrHlJeCKHX YCJIOBH5IX (CM. (2)). B OTHoweHHH peHTreHorpaMM o6e
MO):{HcpHKall.HH xapaKTepH3YIOTC5I COBepweHHO TOM):{eCTBeHHbIMH CHJIbHbIMH
pecpJ1eKCaMH, OTBelJaIOIll,HMH lJeTHbIM 3HalJeHH5IM HH):{eKca k (TOlJHee y):{OBJIe-
TBOp5l1OIllHMH YCJIOBHIO 2h + k = 4n, CM.e- 3)), H pa3JIHlJHe OCHOBbIBaeTC5I JIHWb
Ha CJIa6blX pecpJ1eKCaX C HelJeTHbIMH k.

OT XOpOlllO 06pa30BaHHbIx HrOJIOlJeK BOJIJIaCTOHHTa C nOnepelJHbIM celJe-
HHeM -0,2 X 0,03 MM MbI HMeJIH Ha MO-H3JIYlJeHHH peHTreHorpaMMbI BpaIll,e-
HH5I BOKpyr OCH BblT5IHYTOCTH (Y) C BeCbMa CJIa6bIMH HelJeTHbIMH CJIOeBbIMH
JIHHH5IMH, oTKYJ\a CJIe):{OBaJI HCTHHHbIH nepHo):{ b = 7,27kX, paBHbIll ):{BYM
nceB):{onepHo):{aM b'= 3,64 kX, KaK TO xapaKTepHO ):{JI5I nOlJTH Bcex MHHepa-
JIOB rpynnbl BOJIJIaCTOHHTa. DbIJIH 3aCH51TbJ pa3BepTKH Bcex lJeTHbIX CJIOeBbIX
JIHHHH: HelJeTHbIX pa3BepTOK, KOTopbIe MOMHO 6bIJIO 6bI npOHH):{Hll.HpOBaTb, no-
JIYlJHTb He y):{aBaJIOCb (cp. (2)). Bce lJeTHbIe CJIOeBbIe MOMHO 6blJIO npoHH):{Hll.H-
pOBaTb KaK B paMKax MOHOKJIHHHOll rpynnbI P21/a (P2/a), TaK H B paMKax TPH-

KJIHHHOll P-1 C napaMeTpaMH:

TpHKJlHHHa51

a = 7,88: b = 7,27; c = 7,07 kX;
IX.= 90°; (3= 95°16'; y = 103°22';

z = 6 CaSiOa

B cor JIaCHH C n peMHHMH ):{aHHbIMH (3).

M 0 H 0 K JI H H H a '51

a = 15,33;b = 7,27;
c = 7,07 kX;

(3= 95°24'; z = 12CaSiOa
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25,0 37,5 0 Ca I 0 25,0 0
60,2 37,5 26,3 Ca II 70,3 -7,4 26,3
60,2 87,5 26,3 Ca II' 70,3 42,6 26,3
40,6 8,0 23,2 Sf I 31,3 3,3 23.2
40,6 67,0 23,2 Sf I' 31,3 62,3 23,2
30,0 37,5 44,3 Sf II 9.9 27,5 44,3
29,7 37,5 66,7 01 9,4 27,4 66,7
29,7 87,5 66,7 o l' 9,4 77,4 66,7
34,5 12,5 4,7 o II 19,0 5,0 4,7
34,5 62,S 4,7 o II' 19,0 55,0 4,7
50,7 12,5 22,9 o III 51,S 12,9 22,9
50,7 62,5 22,9 o III' 51,5 62,9 22,9
36,2 19,8 40,6 o IV 22,4 12,9 40,6
36,2 55,2 40,6 o IV' 22,4 48,3 40,6
40,6 87,5 23,2 OV 31,3 82,8 23,2

Do 204 HeTolKj.{ecTBeHHbIM"'pecpJIeKCaM hOt 6bIJIa nocTpoeHa naTepcOHoB-
CKaH npoeKqMH XZ, KOTopaH cpa3Y lKe Ha OCHOBaHMM npej.{JIOlKeHHoi:i: HaMM Teo-
peMbI (4) nOj.{TBepj.{MJIa HaJIMqMe B BOJIJIaCTOHMTe qeHTpa CHMMeTpMM, HO He
n03BOJIHJIa Cj.{eJIaTb j.{PyrMe BbIBOj.{bI, M MbI nepell1JIH K npHMOMY MeTOj.{Y pac-

ll1MCPpOBKH, nepBoi:i: CTaj.{Hei:i: KO-
Toporo, KaK H B CJIyqae KCOHO-
TJIMTa, 6bIJIO YCTaHOBJIeHMe 3Ha-
KOB CTPYKTypHbIX aMnJIMTYj.{ Y
60JIee CHJIbHbIX (no ej.{MHMqHoi:i:
aMnJIMTYj.{e) pecpJIeKCOB npM no-
MOIIJ,M J HepaBeHCTB XapKepa-
I(acnepa. Depexoj.{ K a6COJIIOTHoi:i:
ll1KaJIe M 3J.{eCb 6bIJI 6e3 TpYJ.{a
OCYIIJ,eCTBJIeH no BMJIbCOHy(5).

DpelKJ.{e Bcero 6bIJIH YCTaHOB-
JIeHbI 3HaKM pecpJIeKCOB C «POM-
6MqeCKoi:i: CMMMeTpMei:i:» (ShOZ=

ShOT), 0 KOTOphIX MOlKHO 6bIJIO J.{Y-
MaTb, qTO OHH rJIaBHbIM 06pa30M

3aBMCHT OT THlKeJIbIX aTOMOB. Bo
BTOpOi:i: CTaj.{MM MbI CqMTaJIM 60JIee

J.{OCTOBepHbIMM JIMll1b pe3YJIbTaTbI C0I10CTaBJIeHMH pecpJIeKCOB C 60JIbll1MMM sin &(1-,
j.{JIH KOTOpbIX BKJIaJ.{ JIerKMX aTOMOB He3HaqMTeJIeH.

MeTo/{oM HepaBeHcTB YJ.{aJIOCb onpej.{eJIHTb 3HaKH ~30% Bcex pecpJIeKCOB,
KOTopbIe COCTaBMJIM 0I10PHYIO rpYIII1Y J.{JIH CTaTHCTHqeCKOrO oI1peJ.{eJIeHM$I
3HaKOB npOqHX pecpJIeKCOB B aHaJIOrMH C TeM, KaK 3TO J.{eJIaJIOCb B pHj.{e no-
CJIej.{HHX pa60T Hall1ei:i: JIa-

oopaTopHM e, 2, 6).
DOCTpoeHHaH Ha OCHOBe

F hoZ C OI1peJ.{eJIHBll1MMHCH
3HaKaMH I1pOeKqMH 3JIeK-
TpOHHOi:i: I1JIOTHOCTH xz CO-
J.{eplKaJIa pHj.{ pe3KHX I1H-
KOB, XOp0ll10 cor JIaCOBaB-

100x/a
1

100 Y/b
I

IOOz/c
ll1HXCH C naTepCOHoBCKoi:i:
I1pOeKqMei:i:. DpH MJ.{eHTH-
cpHKaqHH nHKOB B COOTBeT-
CTBMH C I1CeBJ.{onepHOJ.{OM
b'=lh b MbI yqMTbIBaJIM
onbIT npeJ.{bIj.{YIIJ,HX paCll1M-
CPpOBOK (KYCI1MJ.{MH,KCOHOT-
JIHT), B KOTOpbIX nepeKpbI-

BaJIHCb Bce aTOMbI Ca H
60JIbll1MHCTBO Si M 0 e, 2,6).

YCTaHOBJIeHHbIe KOOpJ.{H-

HaTbI X,Z H 6JIM30CTb BOJI-
JIaCTOHHTa K KCOHOTJIMTY
I103BOJIMJIM I10CTpOMTb MO-
J.{eJIbI1epBOrOB paMKax rpYI1-
I1bI C%2 = P21/a, KOTopaH
J.{aBaJIa npaBHJIbHbIe MelKaTOMHbIe paCCTOHHHH. I(03cpqmqMeHT J.{OCTOBepHOCTH
no 224 pecpJIeKCaM (BKJIIOqaH 20 HYJIeBbIx) 6bIJI 0,24.

I(aK TO nOJ.{po6HO pa306paHO J.{JIHKCOHOTJIMTa, pecpJIeKCbI C k=2n I1pMBOJ.{HT

K CTpYKType BOJIJIaCTOHMTa, KOTopaH oJ.{MHaKoBo XOp0ll10 onHCbIBaeTCH KaK
B MOHOKJIHHHOi:i: Hqei:i:Ke, TaK H B TpHKJIHHHOH. B Ta6JI. 1 J.{aHbI Koopj.{MHaTbI J.{JIH
060HX OI1HCaHMi:i:. Ha pMC. 1 J.{aH I1JIaH CTPYKTypbI, T. e. I1pOeKqM5I XZ, C 5{qei:i:-
KOH, oJ.{HHaKoBoi:i:B 060HX cJIyqa5Ix, Ha pHC. 2 - cppoHTaJIbHa5I npOeKqMH xy,
Ha KOTOpOi:i: BbIJ.{eJIeHbI M TpMKJIMHHa5I HqeHKa (cnJIOll1HbIMH JIHHMHMH) H MOHO-

1,64

PHC. 1. ITJIaH (npoeKU;U5I xz) CTPYKTYPbI BOJIJIa-
CTOHIfTa KaK aHaJIOra KCOHOTJIIfTa

Koop,nJmaTbI 6a3IfcHbIX aTOMOB CTPYKTYPbI
BOJl.'IaC fOHIfTa

TPHK.nHI!Ha!l !lqeJ!Ka

100 x/alloo Y/biwo zjc



KJIllHHaSI (nYHKTllpHbIMll). Pa3HbIe HaqaJIa COOTBeTCTBYlOT TOMY, qTO llMeJIO MeC-

TO B KCOHOTJIllTe. .LJ.JISI CpaBHeHIlSI Ha pHC. 3 ){aHa cppoHTaJIbHaSI npOeKIJ,IlSI
CTPYKTYPbI KCOHOTJIllTa.

B BOJIJIaCTOHllTe, KaK H B KCOHOTJIHTe, pe3Ko BbI){eJISIeTCSI CTPYKTypHaSI
e]\HHHIJ,a - 6JIOK (JIeBaSI HJIH npaBaSI nOflOBHHa MOHOK.TJ:HHHbTX~FleeK H3 pHC.

2 11 3), T. e. rpynnl1pOBKa aTO-
.

MOB, TO)K]\eCTBeHHa5I B MOHOKJIHH-
HOH H Tpl1KJII1HHOH MO){H<PHKa-
IJ,I1SIX,HO B pa3JII1qHbIX MO){I1<pH-
KaIJ,I15IX C){BHralOII1,a5IC5I (Ha b/4)

no-pa3HOMY (nO){p06HO CM. (2)).
I1 B KCOHOTJII1Te 11B BOJIJIaCTOHI1Te
3TOT Y3KI1H 6eCKOHeqHbIH 6JIOK
COCTaBfleH KOJIOHKOH 113 Ca-OK-
Ta3){pOB, K KOTOpOH C 06el1x

CTOpOH npl1MbIKaeT no KOJIOHKe
113 Ca-npH3M. B KCOHOTJII1Te (Pl1c.
3) n3paflJIeJIbHO TpOHHOH JIeHTe

113 Ca-nOJIH3){pOB T5IHYTC5I ){Be
IJ,enOqKI1 113 Si-TeTpa3){pOB, CB5I-

3aHHbIe 3epKaflbHOH nJIOCKOCTblO
B O){HY ){BOHHYlO IJ,enOqKY C <pop-
MYJIOH 6SiOa-O= [Sir,017L,; B
BOJIJIaCTOHI1Te (Pl1c. 2) IJ,enOQKI1
OCTalOTC5I HeCB5I3aHHbIMI1 H, QT06bI

He MewaTb ){Pyr ){pyry, onYCKalOTC5I O){Ha OTHOCI1TeJIbHO ){pyroH Ha b/2,
OCTaBa5ICb KpI1CTaflJIOrpa<pHQeCKI1 CB5I3aHHbIMI1 nJIOCKOCTblO CKOJIb)KeHIf5I (B
IIpoeKIJ,I1I1, B 06'beMHOH MO){eJII1 OCblO 21). Pa3pbIB ){BOHHOH IJ,enOQKH OCTaB-

fl5IeT B cooTBeTcTsYlOlI1,HX Si-TeTpa3){paX CB060){HbIe BepwHHbI 0, TeTpa3){pbI
IIOBOpaQI1BalOTC5I, QT06bI ){aTb B03-
MO)KHOCTb 3TI1M BepwHHaM CIJ,e-
III1TbC5I C TeMH BepwHHaMH Ca-
\)KTa3){pOB, KOTopble B KCOHOT-

flHTe 3aH5ITbI rpynnaMH OH.
TaKHM 06pa30M, B IIHpoKce-

HOH){e, BOJIJIaCTOHHTe MbI ){eHCTBH-

TeJIbHO HMeeM IJ,enOqKH C <POPMY-

JIOH nHpoKceHOBbIX [SiOaL", HO

OTJIHQalOII1,HeC5I reOMeTpWIeCKI1; B

nHpoKceHOBbIx IJ,enOQKaX Si-Te-

Tpa3){pbI noOQepe){HO «CMOTp5IT»

TO B O){HY CTOPOHY OT OCH, TO B

){PyrylO, B BOJIJIaCTOHHTOBOH IJ,e-

IIOQKe Ka)K){bIe ){Ba Si-TeTpa3){pa,

CMOTp5III1,He B O){HY CTOPOHY OT

OCH, Qepe){YlOTC5I C O){HHM TeTpa3){pOM, ,CMOTp5III1,HM B npOTHBonOJIO)KHYlO.

C){BOeHHbIe nJIOCKOCTblO CHMMeTpHH ){Be nHpOKceHOBble IJ,enOQKH ){alOT aM<pH-

60JIOBYlO JIeHTY [SitOn],,,, ){Be BOJIJIaCTOHHTOBbIe - KCOHOTJIHTOBYlO [Sir,017]oo,

Pa3pbIB ){BOHHOH IJ,enOQKH Ha O){HHapHbIe, BOBJIeKalOII1,HH B Si-TeTpa3){pbI
Te BepWHHbI Ca-OKTa3){pOB, KOTopble He ~B5I3aHbI C Si B KCOHOTflHTe, nOBopa-
QHBaeT B BOJIJIaCTOHHTe TaK)Ke H Ca-OKTa3){pbI H Ca-npH3MbI H ){e<popMHpyeT

HX. K:aK BH){HO H3 pHC. 1, O){Ha H3 O-BepwHH Ca-npH3MbI 3HaQHTeJIbHO OTXO-
){HT OT Ca H, Ha060poT, K nOCJIe){HeMY 6JII13KO nO){XO){HT 06I11,a5I BepwHHa (O){H-

HOQHOro) Sin C Sir. ECJIH IJ,eHTpaJIbHbIe (B JIeHTax) Ca-OKTa3){pbI TOJIbKO
IIOBOpaQIfBaIOTC5I, TO Ca-npl13MbI npeTepneBalOT npeBpaIl1,eHHe B OKTa3){pbI.
TaKI1M 06pa30M, B nOflI13){pI1QeCKOM H306pa)KeHI1H I1CTHHHbIM IIJIaHOM CTPYK-
TypbI BOJIflaCTOHHTa 6y){eT He pHC. 1, HO pIfC. 4, B KOTOpOM Bce aTOMbI OCTa-
IOTC5I Ha CBOI1X MeCTax If nO-HHoMY COe){HHeHbI B IIOJIH3){PbI.

b

I

PHC. 2. <1>poHTaJIbHaH npoeKUHH (xy) CTPYKTypbI
BOJIJIaCTOHHTa

b

PHC. 3. IlpoeKuHH xy CTpYKTypbI KCOHOTl1!!Ta
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ECJIH B KCOHOTJIHTe JIeHTbI H3 Ca-nOJIH3~pOB COe~HH5IIOTC5I B «CTeHKH», TO

B BOJIJIaCTOHHTe MbI HMeeM ~HCKpeTHbIe JIeHTbI, Ka)K~a5I H3 3 KOJIOHOK(cp.
CTPYKTypbI KycnH~HHa H THJIJIe-
HTa C 4 H COOTBeTCTBeHHO 2 KO-
JIOHKaMli B JIeHTaX (6»).

PHC. 4 ~eMoHcTplipyeT, 'ITO
no cpaBHeHHIO C KCOHOTJIHTOMY
BOJIJIaCTOHHTa em.e JIY'Iwe BbIpa-
)KeHa cnaMHocTb (IOO),xY)Ke (001)
H n05lBJI5IeTC5I HOBa51 (101), OTCYT-
cTBYIOm.a5I Y KCOHOTJIHTa. B~OJIb
~HarOHaJIH [101] BOJIJIaCTOHHT
npHo6peTaeT cxc ~CTBO C nJIaCTHH-
tJaTbIMH CHJIHKaTaMH H C 3TOM
~HarOHaJIbIO COBna~aeT OnTH'Ie-
CKa51 OCb Z. B npoTHBOnOJIO)K-
HOCTb KCOHOTJIHTY BOJIJIaCTOHHT
OIITH'IeCKH oTpHu.aTeJIeH.

PaCCT05lHH5I Si-O B BOJIJIa-
CTOHHTe B npe~eJIax 1,52-
1,64 kX. Bce paCCT05lHH5I Ca-0
3aKJIIO'IeHbI B O'IeHb Y3KHX npe-
~eJIax 2,32-2,40 kX.

B pa60Te (7) YKa3bIBaeTC5I Ha 6JIH3KYIO CTPYKTYPHYIO aHaJIorHIO BOJIJIaCTO-
HHTa C nOJIHapCeHaToM HaTpH5I (NaAs03).~. 06a Bem.eCTBa xapaKTepH3YIOTCH
TeMH 2Ke napaMeTpaMH 5I'IeMKH H ~aIOT aHaJIOrWIHbIe naTepcoHoBcKHe npoeK-
U.HH, H3 KOTOpbIX y~aJIOCb HaMTH pacnOJIO)KeHHe T5I)KeJIbIX aTOMOB MbIWb5lKa
B BH~e u.enO'IeK, aHaJIOrH'IHbIX u.enO'IKaM H3 Si B BOJIJIaCTOHHTe, HO He 6bIJIO
~aHo HH aTOMOB 0, HH ~a)Ke T5I)KeJIbIX (C~BoeHHbIX) aTOMOB Na, cooTBeTcTBYIO-
m.HX Ca B BOJIJIaCTOHHTe.

a sin"1-

\
c

\

PHC. 4. I1cnpaBJleHHbIH nJlaH CTPYKTypbl BOJlJlaCTO-
HHTa

I1HCTHTYT XHMIIH AKa!\eMIIII HaYK AsCCP
H I1HcTIITYT KpHCTaJlJlOrpa1>HII AKa!\eMHII HaYK CCCP
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