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MHHepaJIbl rpynnbl JlaOYH~OBHTa, aKTHBHO H3Y-
qaeMble B nOCJIe~Hee BpeM}I B CB}l3HC nOHCKOM HO-
BblX MHKpOnOpHCTblX MaTepHaJIOB, HHTepeCHbl IIIH-
pOKHMH BapHa~}lMH XHMHqeCKOrO cocTaBa, pa3Ho-
OOpa3HeM CTpYKTypHblX THnOB H HOHoooMeHHblMH
CBoHCTBaMH. Ynop~OqeHHe KaTHOHOB no n03H~H-
}1MCTpYKTypbl CJlY}KHTO~HOH H3 npHqHH OOJlbIIlO-

ro BH~OBoro pa3HOOOpa3H}I B rpynne JlaOYH~OBHTa,
OODe~HH}llOlQeH ceroAH}I 26 MHHepaJIOB, oopa3YIO-
IWIX 8 no~rpynn.

HaMH H3yqeHa KPHCTaJIJlHqeCKa}I CTpYKTypa HO-
BOro BbicoKOCTpo~eBoro npe~CTaBHTeJl}l no~-
rpynnbl ByopupBHTa, cepHH ~eITHHHTa (Ti > Nb).
()H oOHap~eH B ~poTepMaJIbHO nepepaooTaH-
HOM nernaTHTe Ha rope 3BeCJIOMOpp B XHOHHCKOM
lQeJlOqHOM MaCCHBe (KOJlbCKHH n-OB), r~e MHHepaJI
oopa3yeT oec~eTHbie H OeJlble KpHCTaJIJlbl npH3Ma-
TUqeCKOH cpopMbl ~JlHHOH ~o 2 MM. ()HH HaXO~}lTC}IB
nOJlOCTU cpe~H aJIbOHTa B TeCHOI} aCCO~~H C
nceB~OMopcpo3aMH BYOPH}lpBHTa-K no BYOHHeMHTY,
aHaJIb~MOM,HaTpOJlHTOM,TOpHTOM.

XHMHqeCKHH COCTaB MHHepaJIa H3yqeH MeTOAOM
JlOKaJIbHOrO peHITeHOcneKTpaJIbHOrO aHaJIH3a. 3M-
nHpHqeCKa}I cl>0pMYJla, paccqHTaHHa}I Ha 8 aTOMOB Si
(Z = 2): Sro.43-0.57Ko.27-MoCao.1~.~30.1~.:zsB30.06-{).44x
x Mno-o.o2Feo-o.0I(Ti2.47-2.84Nb1.2-1.57)[Si4012h . nH20,
r~e n ::::6-8. MaJIoe KOJlHqeCTBO BeIQeCTBa He n03BO-
JlHJlO npOBeCTH np}lMOe onpe~eJleHHe KOJlHqeCTBa
BO~bI.

()CUOBHble xapaKTepHCTHKH KpHCTaJlJla H ~H-
<ppa~OHHoro 3KcnepHMeHTa npHBeAeHbl B TaOJl. 1.
B KaqeCTBe CTapToBblX npH YTOqHeHHH CTPYKTypbI
MHHepaJIa HCnOJlb30BaHbl Koop~HHaTbl aTOMOB
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KapKaca ~enHHHTa-Na [3]. IIo3H~HH aTOMOB B Ka-
HaJIaX JIOKaJlH30BaHbl H3 cepHH pa3HOCTHbIx CHHTe-
30B 3JIeKTpOHHOH nJIOTHOCTH, YTOqHeHbl COCTaB H
3aCeJIeHHOCTb 3THX n03H~HH (~JI}I meCTH - C yqe-
TOM CMemaHHbIX KpHBblX aTOMHoro paCCe}lHH}I).
()KOHqaTeJIbHble Koop~HHaTbl aTOMOB, HX TenJlO-
Bble xapaKTepHCTHKH H 3aCeJIeHHOCTH n03H~HH
npHBeAeHbl B TaOJI. 2, 3J1eMeHTHbIH COCTaB aTOM-
HblX n03H~HH H Me}KaTOMHble paCCTO}lHH}I - B

TaOJl. 3. KpHCTaJlJIOXHMH'tecKaJI cl>opMYJla (Z = 1):

[Sro.9Ko.8Nao.4Cao.4Bao.3] [Sro.4(H20)O.8] [Ti5.~b2.4(OH,
O)g(Si4012)4] . 8.3H20, r~e KBa~paTHbIMHcKooKaMH
Bbl~eJleH COCTaB KaTHOHOB B KaHaJIaX, KOMnJIeKCa
D(H20)2 H CMemaHHoro KapKaca.

Ta6J11n~a 1. XapaKTepHCTHKa KpHCTaJlna H 3KcnepHMeHTa

XapaKTepHCTHKa

llapaMeTpbI gqeHKH, A

06'beM MOHOKJIHHHOH gqeHKH, A3

llpocrpaHCTBeHHaH rpynna; Z

li3nyqeHHe; A., A
llJIOTHOCTb(Bblq.), r/cM3

Pa3Mepbl KpHCTaJlJIa,MM

,IJ;H<ppaKTOMeTp

06JIaCTb C'beMKH

Sin8/A.

06~ee qHCJIO OTpa)KeHuH

R -<paKTop ycpeAHeHIDI
3KBHBaJleHTHbIX OTp8)KeHuH

qHCJIO He3aBHCHMbIX OTp8)KeHHH

R -<paKTop aHH30TpOOHoro
YTOQHeHHH

llporpaMMa YTOqHeHHH

llporpaMMa yqeTa nOrJIO~eHHH

3HaqeHHe

a =14.490(3)

b =14.23(1)
c =7.881(3)

~=117.28(2)

1444.1
Cm; 1

MoKa; 0.71073

2.47
0.15 x 0.10 x 0.4
ENRAF NONIUS

-20 < h <20;
0< k <19;

-10</<10
0.70
2184
0.029

1182F > 30(F)

0.066
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ATOM xla ylb zJe Q q
U"KB'

A2

Ti(1) 0.0000(1) 0.2406(1 ) 0.5000(1 ) 4 1 0.0249(4)

Ti(2) 0.2427(2) 0.2477(3) 0.4825(4) 4 1 0.0296(3)

Si(1) 0.1991(2) 0.1098(2) 0.7833(5) 4 1 0.010(3)

Si(2) 0.7979(4) 0.1105(2) 0.1978(6) 4 1 0.025(2)

Si(3) 0.3085(3) 0.1088(2) 0.2211(7) 4 1 0.019(2)

Si(4) 0.6846(3) 0.1110(2) 0.7467(5) 4 1 0.014(2)

Sr(1) 0.0006(9) 0 0.473(1) 2 0.20(1) 0.018(2)

Sr(2) 0.246(1 ) 0 0.486(2) 2 0.14(1) 0.027(4)

Sr(3) 0.9206(9) 0.2401(8) -0.004(1) 4 0.15(1) 0.038(3)

K 0.499(2) 0.191(1) -0.006(4) 4 0.21(1) 0.033(3)

Ca* 0.452( 1) 0.141(2) 0.825(3) 4 0.20(1) 0.014(4)

0(1) 0.244(1 ) 0.1286(7) 0.008(2) 4 1 0.037(3)

0(2) 0.761(1) 0.132(1) 0.981(3) 4 1 0.058(4)

0(3) 0.2666(8) 0.1604(9) 0.700(2) 4 1 0.029(5)

0(4) 0.7263(8) 0.1741(8) 0.273(2) 4 1 0.039(5)

0(5) 0.0993(5) 0.2398(6) 0.389( 1) 4 1 0.008(4)

0(6) 0.904(2) 0.236(8) 0.593(2) 4 1 0.061(4)

0(7) 0.198(2) 0 0.742(4) 2 1 0.087(4)

0(8) 0.776(1) 0 0.219(3) 2 1 0.028(4)

0(9) 0.4233(9) 0.158(1) 0.305(3) 4 1 0.051(6)

0(10) 0.5832(9) 0.1756(7) 0.691(2) 4 1 0.028(5)

0(11) 0.251(1) 0.132(8) 0.342(3) 4 1 0.052(3)

0(12) 0.7499(9) 0.1463(9) 0.646(2) 4 1 0.030(3)

0(13) 0.322(3) 0 0.250(4) 2 1 0.12(7)

0(14) 0.6545(9) 0 0.728(2) 2 1 0.012(5)

0(15) 0.0849(8) 0.1308(6) 0.661(2) 4 1 0.018(3)

0(16) 0.9204(9) 0.148(1) 0.309(3) 4 1 0.066(3)

"20(1)*
I

0.442(1 ) 0 0.696(4) 2 0.38(2) 0.075(3)

"20(2)* 0.586(2) 0 0.268(5) 2 0.14(1) 0.055(5)

"20(3)* 0.916(2) 0 0.666(2) 2 0.38(2) 0.049(4)

"20(4) 0.112(3) 0 0.311(8) 2 0.38(4) 0.059(4)

"20(5) 0.546(2) 0.090(1) 0.149(4) 4 0.36(4) 0.044(3)

"20(6) 0.001(2) 0.162(3) 0.012(2) 4 0.40(2) 0.061(4)

"20(7) 0.480(2) 0.155(3) 0.973(4) 4 0.20(3) O.,()4O(4)

"20(8) 0.475(7) 0.041(7) 0.778(9) 4 0.11(4) 0.048(4)

"20(9) 0.979(8) 0.089(8) 0.86(1 ) 4 0.22(3) 0.031(5)

"20(10) 0.588(2) 0.265(2) 0.990(6) 4 0.15(4) 0.()25(3)

KPHCf AJIJIHtJECKASI CfPYKTYP A 785

~J)B~a 2. KooPAHHaTbI, 3KBHBaneHTHble TennOBble napaMeTpbI (U), KpaTHOCTb (Q) H 3aceneHHOCTb (q) n03HQIIH

* n03H~H co CMewaHHblM COCTaBOM (CM. TalOKe TaGJI. 3).
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PaCCTmIHlfe KaTHOH-aHlfOH
n03HQHSI COCTaB Kq

MlfHlfMaJIbHOe MaKCHMaJIbHOe cpe}:\Hee

Si(1) 4Si 4 1.51(1) 1.60(1) 1.57

Si(2) 4Si 4 1.57(2) 1.67(1) 1.63

Si(3) 4Si 4 1.52(1) 1.64(1) 1.57

Si(4) 4Si 4 1.57(1) 1.68(1) 1.62

Ti(1) 2.8Ti + l.2Nb 6 1.85(2) 2.034(9) 1.95

Ti(2) 2.8Ti + 1.2Nb 6 1.861(8) 2.09(2) 1.97

8r(1 ) 0.48r 8 2.34( 1) 2.93(2) 2.50

Sr(2) 0.288r 7 2.20(2) 2.77(1) 2.49

Sr(3) 0.68r 8 2.44(3) 2.98(1) 2.77

K O.84K 8 2.65(1) 3.2(1) 3.02

Ca* O.4Ca + O.4Na 8 2.22(2) 3.09(4) 2.58

H2O(1)* 0.68H20 + 0.08Ba 12 2.97(4) 3.43(1) 3.25

H2O(2)* 0.21H20 + 0.07Ba 6 2.94(4) 3.29(4) 3.11

H2O(3)* 0.61H20 + 0.15Ba 9 3.09(2) 3.39(1) 3.23

786 P03EHEEPf If }:\p.

Ta6J1B-.a 3. XapaKTepHCTJ{Ka Koop}:\HHa,QHoHHbIX nOJIH3}:\pOB

CTpYKrypa H3yqeHHOrO MHHepaJIa xapaKTepH3Y-
eTCSITHnHqHblM .n;JUIMHHepaJIOB rpynnbl JIaoYHQoBH-
Ta CMemaHHblM KapKacoM H3 KOJIOHOK BepmHHHo-
CBSI3aHHblXoKTa3.n;poB (Ti,Nb )06 H coe.n;HHSIIOIQHXHX
qeTBepHblX KOJIeQ H3 Si04-TeTpa3.n;pOB (pHC. 1, 2).

b

PRc.I. CTpYKTypa MHHepaJIa B npoeK~HH Ha (001). 1.Iep-
Hble KP}')KKH - aTOMbI Sr, GeJlbIe - MOJleKYJlbl BO,!\bl, ce-
pbIe - K, Ca H Na.

a

B KaHaJIaX, napaJIJIeJIbHbIX Koop.n;HHaTHbIM OCSIM,

HaxOWITCSIaTOMbl Sr, K, Ca, Na, Ba H MOJIeKYJIbl BO-
.n;bl, KOTopble CTaTHCTHqeCKH C 3aCeJIeHHOCTbIO Me-
Hee 0.5 3aHHMaIOT 15 n03HQHH(BMecTo 7-8 B ynOpSI-
.n;OqeHHbIX qneHax rpynnbl JIaoYHQOBHTa). Bo Bcex
BHeKapKacHblx n03HQHSIX npeOOJIa.n;aIOT BaKaHCHH,
qTO B QeJIOM THnHqHO ~JISInpe~CTaBHTeJIeH no~rpyn-

fibI ByopHSIpBHTa. EOJIhmoe qHCJIOpaCIQellJIeHHhIX no-
3HQHHH ocooeHHOCTH pacnpe~eJIeHHSI KamOHOB B HHX
npHBOWIT K nOHIDKeHHIOCHMMeTpHHOT np.rp. C2/m ~O
Cm. TaK, HanpHMep, n03HQHH Sr(3) H H20(10), CBSI3aH-

Hhle OChIO 2 B QeHTpocHMMeTpHqHhlX MHHepaJIaX
rpynnhl JIaoYHQoBlfTa, B HOBOM MHHepaJIe pa3JIHQa-
IOTCSIno cocTaBY.

IIo CTPYKTypHhlM ocooeHHocTSIM H3yqeHHhlH
MHHepaJI OJIH30K K BYOPHSIpBHTy-K
(K,NahCNb,Tih[Si40d(O,OHh . 4H20 H THTaHOBO-

MY qJIeHY no~rpynIIhl - QenHHHTy-Na, ~JUI KOTOphlX
xapaKTepHhl np. rp. Cm, OOJIhmOe qHCJIO BHeKapKac-
HhlX II03HQHH (OOJIee Tpex THnOB TOJIbKO KaTHOH-
HhlX II03HQHH), ~OMHHHpOBaHHe BaKaHCHH B II03HQHH
D [3-5]. BMecTe C TeM HOBhlH MHHepaJI co.n;ep)IGlT
HaHOOJIhmee qHCJIO BHeKapKacHhlx n03HQHH - 15,
BMeCTO 12 B QenHHHTe-Na H BYOPHSIpBHTe. OT QenH-
HHTa-Na [3] HCCJIe~OBaHHhIH MHHepaJI OTJIHQaeTCSI
npeOOJIa.n;aHHeM Sr cpe~H BHeKapKacHhlx KaTHOHOB.
ATOMhI CTpOHQH}I BXO.n;SITB TpH n03HQHH: D H .n;Be
n03HQHH C Koop.n;HHaTaMH (0.246, 0, 0.486) H (0.9206,
0.2401, -0.004), B TO BpeMSI KaK B QenHHHTe-Na nep-
Bhle )];Be n03HQHH qaCTHqHO 3aCeJIeHhl COOTBeTCT-
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PRC. 2. CTpYKTYPa MHHepana B npoe~H Ha (010). 0603Ha'leHHg, UK Ha pHC. 1.

BeHHO Sr H Na, a TpeTMI n03H.QIDI BaKaHTHa. TaKHM
06pa30M, HOBbIH MHHepaJI BBJUleTCB Sr-aHaJlOrOM
.QellHHHTa-Na HJIH .QenHHHTa-Ca [6], H B COOTBeTCT-
BUH C HOMeHKJIaTypoH rpynnbI JIa6YH.QoBHTa [4] OT-
HOCHTCBK no;a;rpynne BYOpIDIpBHTa.

Pa60Ta BbIllOJIHeHa npH <pHHaHcoBoH nOMep)KKe
POCCHHCKOro cpOH;a;a<PYH;a;aMeHTaJlbHbIX HCCJIe;a;OBa-
HHH (npoeKT 02--05-64080) H nporpaMMbI "Be;a;yI.QHe
HayqHble illKOJIbI" (HllI-1087-2003-5).
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