
)l; oR lI a 只1>1 ARa~eMIIII 11 a y I( C C C P 
1975. TOM 225，沁 6

y月!{ 548.736.6 KPlfCT AJIJIOrPAφllH 

M. A. CMMOHOB, 10. K. EroPoB.TMCMEIIIW, 
aKa)\eMHK H. B. BEJIOB 

YTOQHEHHAH RPßCTAJ1J1H.QECRAH CTPYI\TYPA 
可I\AJ10BßTA Na2Bc[SizO.] 

CTpyRTypa rrpRpop;Horo Na, Be-CRJIRIWTU 可nUJIODRTU N u2De[ Si20.] pac­
fipbJTa B 1956 r. 10. A. IIHTemw II r. B. BOI(IleM ('). IIoDToprroc RCC且0凡OIlUIIIIO
B日3BaHO pa3JIl1'lIlHMR , Dhl虹DJIeHHhlMIl npll COIIOCTaDJIOIIll1l CTpyI\Typ Dc-电I\U­
JIOBIlTa II ero Zn-aHaJIOra Na2Zn[Si20.] (2) D paMIWX rpyIIIILI CIIMMCTPllII 
C,,"=Fdd2 DMeCTO rrpep;江OFKeHHO盐 B (') Fddd 113 I\pIlCTUJIJIOXIlMll'lOCImX CO­
.o6pa)!(eHlI盐 IIPIl He月OCTaTO'lHO H1l3ROM ， (~30%) IW呻φlln;1l0IITC pUCXO月ll­
MOCTIl. 

06pa3I\hl IIpllpop;Horo 'lKaJIODllTa IIOJIy'leIILI 113 MllIIOpUJIOrrr'lCCIWrO MyaOlI 

Hlr. A. E. <PepCMaHa. IIHTeHcRDIIoCTR 3285 rrcaUDRCRMhlX rroIIyJIODbIX OTpumo­
l!IIÌÍ (I注 1 ，96σI) 3aperrrCTpRpOBaIIhl (26: 6) -MeTop;OM C rrcpo~cIIIIO盐 CI\O­
pOCTbIO cKaHllpODaIIHlI 6-240 B 1 MHrr. rru aBTO只lI(þpaI\TOMCTpO PI ((CIIIITOI\ω 
~O C如pll'leCRÔrO o6pa3n;a p;llaMeTpOM 0 ,4 MM (μr=0， 17 ， λMoKα，口JIOCI\U益

sin6 
m⑥HTOB日益 MOHoxpOMaTOp， max一τ::... = 1,08 A -'). IIorrpuDI\a IIU IIO rJIO~O-

nllû ne BBO~JIaCb. 
YTO可HeHIIbIe IIapaMeTphl pOM6l!'leCuo:ü !-!1"!e.益1m - a=21 , 129土0，005， 'b= 

=6.881土0.002. c=21.188土Ô.005 A: V=3080 ,45 N , d=2 ,66 r/c时 p=
=2;68 r/cM3 ; 主=24 一主opomo corJIa巳yIOTClI C IIpllBe只eIIIILIMll D ('). 

IIoraCaHl~lI op;H03IIa也o yIwaaJ皿 IIa 场ep;opODC町IO rpyII町 (φ.r) Fdd2. 
ilcpec哩eT 1 B I F hhzl II IIOCJIe只yIOID;lle BhlIIOJIIIeIIhl IIa CIICn;IIUJIII3UpODUUIIOÍÍ 
ßL!'lHC皿TeJIbIIO盐 CRCTeMO XTL ((CllrrTeI{C)). 

Eonoe TlI1ROJIhlO aTOMhl Si R Na BhllIDJlOIIhl R3 aIIaJIll3a, a T3Imw COIIOCTan­
JIelllIlI TpexMepHhlx rraTepCOHODCI(IlXφyrrKI\ll益 Na2Bo [ShO.] 1I CJlIITOTn'lO­
Clwro an-aJIora -N a2Bo [Go20.]. Ha IIocTpoeIIIIbIx C yqOToM Si _1I ~ pacIIpo凡。­
.~en IlIIX :meKTpoIIHO盘 IIJIOTIIOCTIl JIOUaJIII30DaHhl aTOMhl 0 II Dc. I1orry 'lOIIlWfl 
CTPYRTypIIaJI MOp,eJII> yTO可HeHa MOTOP;OM rraIIMOIIbmllX Imap;paTo Il II llo:mOMUT­
~ßqUOM ll30TpOIIHOM rrpR6mmmIIllll 只o Rhkl=7,0 % II B allIl 3oTpOIIIIOM 只G
RhhJ=5,9%. Hoop.r\lIIIaThl 6a3IIcHhlx àroMoD co CTalI只apTIIhIMII OT It:IOuonmum 
n nnp;nBIlp;yaJIblIblMII TeMlIepaTypIIhlMII !þaKTopaMII _ rrpIlDO只Ollhl ß TUÚ.1. 1, 
OTnc可aIOII\IIO lIM MomaTOMßhle paCCTOl1Rll觅一 D Ta6JI. 2. 

ATOMhI Si II Be IIaXO.r\l1TCl1 B rrO'lTII IIpaBllJIblIhIX TCTplWllpax C OÚJ川lIhBIll
OTCTO fIUll l1MII. Y 'leTbIpex COpTOD Na-aToMoB - 6皿ma益mno mOCTI, 0 IIUXOAHT­
CfI B BepmIIIIax OKTUSP;pOIl (N向一0=2，263-2，668 A llpn 0-0=2 ,563-
3,901 A; Na2-0=2.475-2,593 A rr Í:m: 0-Ò=2.625-3 ,930 A; Na3-0=2.229-
2,898 A' UpR 0-0=4，363-:-2，613λNa.一0二2，285~3， 132^ npll 0-0= 
""2,619-4,-707 A). 

B COrJIaClIII C {巧， Si- II Be-ToTpas只phl B OTIIomOIIIIII 2 : 1 CO'lJIOllCIILI B Wlp喃
I\ac, IIop;o6Hhl蓝白-KpllCTo6amIToDoMy (pIIC. 1). Ho n pa:MI\ax 可lJCTOÌÍ ClJCTOlHl­

~m;n CllJ1ßKaTOB 'lKaJIODIIT Na2Be[Sh06J rrOIIap;aOT B pa3pnll I~ono可O'l llhlX.
ti _ ßOIlTopmOID;OMCJI IIIII{peMeUTC MeTan;errO 'lRII [Si60'8].面'"一Si，一Sh-Si.一
-Si.-Si;-Si,-… T呻PII IIeaaD阻IICIIMhα伍h阻虱
S缸i，-O，一S创i ‘ =139铲。， 22 II S创Î3-O‘，-Sh也=138驴。， 36 (pnc.2幻). CTPOl且I口I\a~川川M川MIl口mOTlIO'l巳1ILI E 
J:\ßU C∞opTa Si IIa 月I10ÎÍrrhIX OCJIX, nopnon只B町JIJIpUhIX (1) I\. OCIl J\<)IIO 'l Jm. 
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Ta6JI lIn; a 1 

lJKaJIOBIlT NazBe[Si20 6]. KoopWIHaTbI 6asIlcllbIx aTOMOB Il IlHP;HBH月yaJIbHbIC IlS0TpOUllbIe 
TCMuepaTypHbIeφaKTopbI 

ATOMhI X/'α yjb z/c Bj 

Si) 。 。 。 0; 16(2) 
Si2 O 0 ,500 0 , 1601(1) 0 , 14(2) 
Sig 

01:;;jjj 

0 ,0124(2) 0 , 1754(1) 0 ,15(1) 
Sif 0 , 1 0 ,5068(2) 0 ,0118(1) 0 ,15(1) • 
BCl 0 , 1 。， O18(1) 。， 8259(3) 0 ,39(7) 
Be2 。 。 0 ,3649(4) 0 ,53(11) 
Nal I 。 。 0 ,5116(2) 1,04(5) 
Naz o 。 0 , 1402(2) 0 ,95(5) 
Na3 0 ,0047(4) 0 ,0306(2) 0 ,87(3) 
N a4 0 , 1582 0 ,01 12(4) 0 ,6646(2) 0 ,74(3) 
0) 0 ,0143 0 ,1886(5) 0 ,7076(2) 0 ,51(4) 
O2 O,IlIl 0 ,0852(5) 。， 50(4)

0O4 
s 0 , 1890 0 ,2014(5) 0 ,2038(2 0 ,53(4) 

0 , 1509 0 ,2050(5) 0 ,4816(2) 0 ,48(4) 
0 5 0 ,2226 0 ,0697(5) 0 ,5728(2) 0 ,42(4) 
0 6 0 ,1883 0 , 1997 (5) 0 ,8703(2) 0 ,42(4) 
0 7 0 , Il67 0 ,0843(5) 0 ,7713(2) 0 ,41(4) 
0 8 0 , 1883(5) 0 ,0406(2) 0 ,38(3) 
0 9 0 ,0546(2 0 ,0808(5) 0 ,4128(2) 0 ,41 (4) 

IIpHMe 可 a U H e. B cRo6Ra~γRaaaHhI CTaUlI:apTUhIe OTRJIOUeUHlI. 

TaÕJI lI ~a 2 
lJKaJIOBlIT Na2Be[Si206]' MemaToMllbIc paccTollHIl宽

Si-TeTpaall:PhI 

11,
656991((44)}l |si3-003 2 'f1M，!面5695H832 {((H句生4)}}

i 

l!l 
sir伍

o 
0or 5 

1 ，，自6588 (4) 
1,658 (4) 

04 i ,593 (4) 
0 9 1,608 (4) 

Si)-;-Og (2) 1,652 (4) I Si2-O) (2) 
0 8 (2) 1,600 (3) I 0曹 (2)

Si-O 1,626 
0-0 2,654 

CpeWIee 

1,630 1,624 
2,659 2,650 

Be-TeTpaall:PhI 

Be)-Oz 1.6捕

;1| BV05{2; 1,633((6) ) 

0006 7 

8 

1,619 (7 0 9 (2 1,635 (7 
1,655 (7 
1,633 (7 

Cpe)J;Hee 

Be-O 1,636 11,634 
0-0 2,670 2,666 

1,629 
:l,tíátí 

IIpHMe 可 a U H e. B cRo6Rax YRaaa.UÇl ROJIlIQeCTBO paCcTOllUH盘 H CTaUlI:apTUhIe OTRJIOUeUHH. 

::hII n;en。可IUI ('lerI>Ipe Ha neplIop; c) B nJlOCKOCTHXαb BhlTHHyThl nOoqe­
pe月HO - nepeKpeIn;IIBaIOTcH - B HanpaBJIeHIIHX a/3十b II α/3-b * II 06毛ep;II­
HeHhl B KapKac npoMemyTo可HhlMII II30JIIIpOBaHI{hlMII Be-TeTpaa月paMII.
Z H3COIIOCTaBJIeEERCTPYKTYPM Be-utaJIOBETa C EeRaBEO(2)paspeIEeHERM 
n-(<qKaJIOBIITOM亭 (pIIC. 3) HBCTBylôT npIIqIIHhl- no cpaBHeHIIIO C ß-KpIICTO-

* 8TO 6日BIDlIe R.ocbIe Tp_aHCJIHU;HH n;eHTpHpOBaJIHO益 rpaHH <<JiICXOWIO茧}) KY6H'leCRO盏
CTPYRTypU ß-RPIICTo6;:tilliTa. B rrpep;eJIaXO胆0茧， CeR'laC YTPOeJIHOR rpaHH ab 'lRaJIOBHTa 
YMe:m;aeTCH TP!1 rrapaJIJIeJIhHblX oTpe3Ka MeTau;errO'lRH C 4 TeTpaap;pa-MH B RalRp;OM. BbI­
XO)VI 1I3 X , y=O u;errO'lRa 月pCTHraeT ypOBHH x=1 JIHIDb npH y=3b. 
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PHC. 1. "llKalIoBHT Na2Be[SbOs1. llpoeKU;lIll xz. Si-TeTpas只p:bI 3a皿TplIXOBaH:blI

PlIC. 2. N a2Be [Siz06]. lllIpoKceHoBoro TlIIIa u;eIIO'I­
RlI C meCTlI'IJleHRUMlI 3Be1lbllMlI [Si60iS1 QO 

PlIC. 3. Zn-'IKaJlOBHT Na2Zn [Siz06]. IIpoeKI:(Hll xz. Zn-TeTpasAPhl B 'IaCT­
HbIX IIOlIOlReHHllX (Ha 只BO益HbIX OCllX) 



Ôa;JIIITOM - yTpoeRIIH B llOCJIep;ReM TOJII,I\O OP;RO量 OC页， a B Be-可KaJIOBIITe P;Byx. 
B oõelIx CTpyI\TypaX ReT llJIOCI\OCTII ClIMMeTplI1I (001) ，丑o CO芷paRHIOTC纽 aJI­
Ma3 lThle llJIOCKOCTII (100) II (010). B Zn-'II\aJIOBIITe 3aMeRa BP;OJII, OCII a 
B I\amp;OM TpeTbeM: CJIoe Si Ra Zn OCTaBJIHeT P;JIH (100) B03MomROCTb OCTa­
BaTbCH aJIMa3RblMII C 'Iepep;OBaRlIeM d' II d", I\OTOpble op;eTbI rrepeKperu;IIBaro-
1I\IIMIIC虹rr;erro可I\aMII [Si.O!z] 60. B <<60I\OBO量)) rrJIOCI\OCTII (010) =αc C pacce­
Raroru;IIMII ee CJIOHMII Zn-TeTpa3p;poB I\OpOTIW3BeRbeBble rr;errO'I:KII ReB03Mom­
Rbl, II 阳πcoxpaReRIIH <<aJIMa3ROCTII)) y (010) rro rrpaBII;rry M. Broprepa (3) 
0巳b a yTpalIBaeTcH. 

A 5 

f←一一一一功一一一---l
同一-G一一一副

PIIC. 4. JIaBecoBcKlIe IIOJIlIap;phl B cTpyKTypax ß-KpIICT06aJIII­
Ta (A) II Be-"[maJIOBIITa (B). 3aCeJIemle IIX B OTHorneHIIH 
2 : 1 yTpalIBaeT IIeplIOp; a IIPH coXpaHemI:H aJIMa3HO益 IIJIOCKO-

CTII (1, 2, 3, 4) 

B Be-'II\aJIOBIITe 3aMeReR Ra Be Kam胆量 TpeTIIR CJIOR Si BP;OJII, OCII C, 
II P;JIH coxpaReRIIH aJIMa3ROCTII rrJIOCKOCTII (010) yTpalIBaeTCH rrapaMeTp, RO 
aRaJIor:ø:'IRbIX rrplI'IIIR P;JI虹 llapaMeTpaαReT， II ero yTpoeRlIe p;o江mRO rrplIrrlI­
<;aTb (4) Re只OCTaTO'IRO蓝 CIIMMeTplI1I aTOMOB Be B CBOIIX TeTpa3月pax.

B rrepBOM orrlIcaRlI1I Be-'II\aJIOBIITa IICrrOJIb30BaRO rrpep;CTaBJIeRlIe 0 CTpyK­
Type ß-I\pIICT06aJIIITa I\aK 06 y I\JIap;I\e KpyrrRbIx JIaBeCOBclliIx rro皿3月pOB TlIrra 
MgCuz (吁， rrepeJIOmeRRhlX Si-TeTpa3只paMII， RO caMII 12-BepmlIR皿KII rrycTy­
IOT (pIIC. 4A). 3aMeRa TpeTII Si'+ Ra Bez十 rrpIIBOp;IIT K 3aCeJIeRIIro P;Byx TpeTe益
110皿3月pOB aTOMaMII Na; oCTaroTcH rryCThlMII Te, I\OTOphle B月OJIb OCII C 
(pIIC. 1) IIMeroT o6ru;lIe pe6pa C Be-TeTpa3p;paMII. IIpaBIIJIO Broprepa yTpalIBa­
eT rrplI 3TOM (pIIC. 4B) 0月四1I3 rreplIo月OB IICXOP;ROR I\pIICT06aJIlITOBO草 HlleRKII.

CorrOCTaBJIemIe CTpyHTyp ÕJIII3RIIX Z丑- II Be-'IRaJIOBIITOB NazZn[Siz0 6] II 
NazBe[Sh06] (TaRme NazZn[SiO.] (6) II NazBe[SiO.] (1)) nOKa3日BaeT，啊。
OTMe'IaeMaH B MIIRepaJIOrlI1I aRaJIOmlI rrOBep;eRIIH Be II Zn CTporo Re IIp;eT 
.p;aJIbme npOCTe益mlIx CTpyHTyp: õpOMe江皿T BeO - rr;IIRI\IIT ZnO, 中eRaKlIT
Bez[SiOd - BIIJIJIeMIIT Znz[SiO.] II xapaRTepRhlM 06pa30M BapblIpyeT B CJIom­
HbIX CTpyI\Typax. 

ABTOpbI 06H3aRbl E. JI. BeJIOROReBOR 3a rrOMoru;b B CJIOmRbIX paC'IeTaX II 
E. II. llieJIe3IIRy B nOJIy'IeHIIII 3RcrreplIMeRTaJII，HhlX 只aRRbIX.

MOCKOBCRII益 rocyp;apcTBeHHhl盖 yrrlIBepclITeT
oHM. M. B. JIOMoHocOBa 

qHTHPOBAHHAH JIHTEPATYPA 

IIOCTyIIIIJIO 
22 VII 1975 
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