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YtO'lHeHHe 
KpHCtannH"IeCKOH CtpYKtypbl 6etanOMOHOCOBHta 

H3 nOB03epCKOrO l14enO"lHOrO MaCCHBa 

YTOtlHeHhI KpHCTaJIJIH'IeCI(a51 CTpyl<Typa 6eTaJlOMOIIOCOBHT3 C napa~leTpa'IH 3J1eMeHTapHoit 
51lJellKH, HM: a=0,5351 (3); b=0,7131 (2); c=I,4488 (3); a=102,1O (I) rpa.ll.; ~=95,24 
(I); 1'=90 (1) rpa.l\; V=0,53775 11\13. CTpYKTypa YTO'lHeH3 no ..!peX\ICpHO"Y Ha60py 1263 
HeaaBHCHMhIX pe!jJJIeKCOB CHalJaJIa B npocTpaHcTBeHHoII rpyne PI, aaTe\1 B npocTpaHcTBe~­
HOll rpyne Pl ' R= 505. KpllCTaJI.QOXH\IH'IeCKa51 !jJOp\1 YJIa 6e3 H30\lOp!jJHblX npHMeceH: 

Na 2T b. (NaTiSh07) 202 (0J-:!FkNa2 [P02' (~HH~.; Z = 1. TpC'\':l:a~Hhlii lCH:IHKaTllblii na-. 
KeT BKJlIO'laeT ueHTpaJIhHhl11 OKTa3.l\pH l leCKllH CJIO~, 06pa30BaHHhll1 Tl- n Na-OKTa3.l\pa~lH, K 
KOTOPOMY C o6enx CTOPOH npHMhlK310T ceTKH Ha Sl207 .l\HOpTorpynn H TI-OKTa3.l\pOB. MelK.l\Y 
CJIOllMH paCnOJIOiKeH3 Na-rH.l\po!jJOC!jJaTHall '1aCTh CTpyKTyphl. I3eTaJIOMOHOCOBHT H nOMO­
HOCOBHT H30CTpyKTypHhl H npHHa.l\JIeiK3T K O.l\HOIl H Toii;.Ke nO.lIHIInHOil \1O.l\lI!jJHKa llHH 

CJIIO.l\ono.l\o6HhIX CJIOHCThlX Ti-ClIJIHKaTOB. 

KpHCTaJIJIH'leCKa51 CTpyI<Typa 6eTaJIOMOHOCOBHTa BrrepBble orrpe.ueJIe­

Ha B 1965 r., HCXO,lI,51 H3 ero CTPYKTYPHOi-i aHaJIOrIIH C :'.!HHepa.'laMH rpynnbI 

MypMaHHTa - JIOMOHOCOBHTa [17]. 
D03)!(e cTpyI<Typa I1Cc.1C,lI,OBaHa B 1975 r. [11]. YCT3HOB.1CHO, liTO 

P0 4 -TeTp33,lI,pbl He 06pa3ylOT P 20 r.uHOpTorpynrr, 3 H30JIHpOBaHbl .upyr OT 

,lI,pyra, KaK B JIO MOHOCOBHTe. 

DocJIe n epBoro orrpe.neJIeHH51 CTpyKTYPbl :\1HHepaJI0I3 rpyrrrrbI MypMa­

HHTa - JJ OMOHOCOBHT a rrpolllJJo 60JJee 20 JJeT. Y )Ke Tor.ua 6blJJO 5lCHO, liTO 

9TO ceMeHCTBO MHHepaJJOB 6Y,lI,eT rrpe,lI,CTaBJJ51Tb 4p e3 BW4 aH HO HHTepeCHWH 

H O,lI,HOBpeMeHHO Ot!eHb CJIO)KHbIH 06beKT ,lI,JJ51 peHTre Horp a cpH4 eCKHX MeTO­

.,lI,OB HCCJIe.uOBaHH5I. K HaCT051I..UeMY BpeMeHH y)!(e Bbl51BJJeHbl MHorHe OCO-

6 eHBOCTH, OTJJH4 a lOI..UHe CTpyKTYPbI pa3JJH'lHblX CJJOHCTblX Ti- CHJJHKaTOB, a 

'TaK)Ke B3aHMOOTHOllleHH51 Me)!(,lI,y HX CTpoeHHeM H XHMH4eCKHM COCTaBOM 

16, 18] . 
P51,lI, BorrpocoB, BbITeKalOI..UHX H3 aHaJJH3a .uHcppaKlI.HH 9JIeKTpOHoB H 

peHTreHoBcKHX JIYlleH, a TaK)!(e CB513aHHblX C r eHe3 HCOM [20], XHMH4eCKH­

MH CBOH<CTBaMH [2, 6, 15] H KpHCTaJIJJOXHMH4ecKHMH oc06eHHOCT51MH [I I, 
13, 17] MHHepaJJOB rrOKa .uo KOHlI.a He 06b51CHeHbI. Cpe.uH HHX CJJe.uylOI..UHe : 

B 4eM OTJIH4He H 06I..UHOCTb CTpyKTYPbl 6eTaJJOMOHOCOBHTa H .upyrHx 

MHHepaJJOB rpynrr MypMaHHTa - JIOMOHOCOBHTa, B 4aCTHOCTH, Me)!(.ny 

CTPYKTYPHOH lIaCTblO N a-cpOCcpaTHoro H N a:rH,lI,pocpoccpaTHoro cpp a r MeHTOB, 

,COOTBeTCTBeHHO rrpHCYTCTBylOI..UHX B JIOMOHOCOBHTe H 6eTaJJOMOHOCOBHTe; 

5lBJJ51eTC51 JJH 6eTaJJOMOHOCOBHT nepBHt!HblM HJJH OH o6pa3yeTC51 KaK 

BTOPH4Hbll1 MHHepaJI no JIOMOHOCOBHTY; 

KaKOBa rrpHpo.na H30MopcpHoro 3aMeI..UeHH51 Me)!(.uy THTaHOM H HH06H­

eM, HaTpHeM H KaJJblI.HeM, a TaK)!(e Me)!(,lI,y ,lI,pyrHMH 9JIeMeHTaMH. 

O.uHH H3 H1-ITepeCHbIX H cnopHbIX BorrpOCOB KpHCTaJJJIOXHMHH 6eTaJIO­

MOHOCOBHTa - JJOMOHOCOBHTa - CB513b Me)!(,lI,Y HX CTpYKTypaMH H XHMH4e­

CKHMH CBOHCTBaMH, H B 4aCTHOCTH, B03MO)!(HOCTb BblI..UeJIa1.J:HBaHH51 HaTpHH­

cj:JOccpaTa H3 6eTaJJOMOHOCOBHTa - OCTaeTC51 .uaCKYCCHOHHbIM . 

3 Kcnep HMeHTaJlb H ble AaHH ble. 'uJI51 YT04HeHH51 CTpyKTYPbI HCrrOJIb30BaH 

_JIOB03epCKHH 6eTaJIOMOHOCOBHT, H3Y1.J:eHHbIH A. D . XOM51KOBbIM. MHHepaJI 

rrpeACTaBJIeH rrp5lMoyrOJIbHbI MH rrJIaCTHHKaMH pa3MepoM OT ,lI,eC51TbIX .uOJIeH .uo 

rrepBblx MHJIJIHMeTpOB, BbI,lI,eJJeHHbIMH H3 rrpOTOJI04KH nOpO,lI,bI, He 3aTpOHYTOH 

BblBeTpHBaHHeM, H HMeeT CJIe.ll.YKlllI.HH XHMH4eCKHH COCTaB: 18,04 Mac. % 
-Na20; 0,95-K20; 3,00 -C3.0; 23,73 - Ti02; 5,41-[ b

2
0;; 1,28 - MnO; 

1,82 - Fe20 3; 25 ,30 - Si02; 14,58 - P205; 5,05 -- H20; 1,02 -F; 0,42 Mac. 

% - -7- 0 = F; cyMMa 99,76 Mac. %. DPH KpeMHHH, paBHoM 4, 9TOT COCTaB 

rrepec4HTblBaeTC51 Ha rrpHMepHYIO 3MnHpH4ecKYlO cpOpMyJIy 

(H4, n Na5,53KO, 19CaO,51) (Ti 2 ,82 bO. 39FeOO, 22Mno,17) P1•9SSi4 , oo (025,49F 0.51)' 0,3H20_ (I) 
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YTO'-lH EHI1E I(PI1CTAJrJII1'-1ECI(OYl CT PYI(TYPbl 6 ETAJIOMOHOCOBI1TA 

v 3KC~Cp![MCHTa,lIbH a 5I nJIOTHOCTb - 2,90 r / c M 3. D a p a McTpbI 3JICMCHTap­

HOH 5JlI CI1Kll, YT<FIHCHHble H a MH Ha a BTOMaTH'-ICCKOM ,UHepp a KToMcTPC « CHH­

TCK C P2 1», HMCIOT CJrC,UYIOllI,HC 3Ha'-lCHH5I : a=0,535 1 (3) HM; b=0,7131 (2); 
c=I,4488(3) i-IM ; a = 102,10(1) rp a,U; ~=95,24(1) ; 1'=90(1) rpa,U; 
V=O,53775 HM3. 

DpocTpaHcTBCHHa 5I r p y nn a P [ DbC303epepCKT OTCYTCTBYCT [1]. 
B pa60Tc [ 11 ] c 006maCT C5I 0 H aJr H'-IHH nccB,UoncpHo,Ua B,UOJIb OCH b, 

paBHOH 0,7 13 H~1 . IlpH pCHT r eHOMCTpH'-IeCKO M HCCJI C,UOB a HHH 06p a3u a (epo ­

TOMeTo'u0~1) nCCB)l.onep Ho,U HC Ha6 JI IO,UaJIC5I, B03MO)KHO, H3 -3a OTHOCHTCJIbHO 

~1aJIoiI 3Kcn03HUHH. Ho Ha KapnlHe MHKp o'uHepp a KU HH, n OJIY '-I CHHOH 01' 

nJIOCKOCTl1 cnai1IIocTH, B KOTOpoi1 paCnOJI O)KCHbI n c p Ho ,UbI a H b, BH,UHO 

Y,UBOCHHC 060HX ncpHO,UOB . B OT,UCJrbH bI X 06p a3u a x MHKpO,UHepp aKUH5I He 

YKa3bIBaJIa Ha Y,J.BOCHHC nepI10;I,OB. 

TpcnIcpHblii Ha60p J (l1kl) (,UHeppaK TOM eTp « CHHTCKC P2 1», MO-H3JIY ­

'JeHU " rpaq)J!TOBbli'i ~!OfIOXpOMaTOp) co,Uep)KaJI 1263 l-Ie33 B I1CHMbIX pcep ­

JICKca. DonpaBKa lia nOrJIOllI,CllHC He BBO,UHJIaCb . 

Do TpCn!CplIoMY Ha60py PCep,flCKCOB BbI '-IHCJICH CHHTC3 DaTTe pcoHa. 

,UJI51. YTO'-lHCHH51. CTPYl<TYPbI :>IO)KI-IO 6b1.'I0 HCn OJIb30BaTb Koop,UHH aTb! a1'O­

MOB ,;l O~IOI-IOCOBIITa [1 ] , fIe npH6cra5I K BblqHCJICHHIO CHHTe3 a D aTTepcoHa. 

Ho TCOPCTHqCCKHii aHaJIH3 yK333JI H3 H3JIHqHe B HYTPI1CJI OHHOrO CTpyKTyp­

HOro nOJIIITHIlIl3~HI H B C.10IICTbIX Ti - Nb-cI1JII1KaT3 x. TaK K3K I1Ho r ,Ua 

p33.1 :'1 HbD! nOJ1 HTIIIlHblM :>IOJl.l1epHf<aUI1 51. M COOTBCTCTBY JOT np3KTHq eCKH 

H,UCHTllqHbIC CIIHTC3bI D aTTep co H a, MeTO,UOM np06 H oWH60K npoBepe HbI 

BCCB03:>IO;'KHblC B3pH3HTbl nOJIHTHIlII3Ma n YTcM BblqHCJICH H51. R- ep aKTopa 11 

Me)KaTOMHblX p aCCT05IH HH . 

B Ha q aJIbH oj:j CT a,UHH cTp y KTyp a YTO'-lH CH a B npocTpaHcTBc HHo j;i 

r pynnc PI *. 
H a n cpBoM 3 T a n e JIO K a JIH3 0B a HbI Koop,UHHaTbl aTOMOB: qCTblpe aTOMa 

THTa Ha, '1CT blp e - H a 1' p H51. , qeTblpe - KpeMHH51., ,UBa aTOMa KHCJIOpo,Ua (6e3 

BO,Uopo,U a ). D o 3T l1 M a TOMa M BblqHCJICH3 3JIeKTpOHHa5I nJIOTHOCTb, Ha OCHO­

BC KOTOPOH JlOK aJI H30B a HbI aTOMbI epocepopa H HC,UOCTalOllI,He aTOMbI 

KHCJIOpo,Ua . 

DOCJIC BTo poro 3Ta na aHaJIH3 3JICKTPOHHOH nJIOTHOCTH nOKa3aJr, '-ITO 

HMeIOTC51. TpH ,UonOJIHHTeJIbHbIX MaKCHMYMa, COOTBCTCTBylOllI,HC aTOMaM HaT­

pH5I BOKpy r P0 4 -TCTpa3'upa, aHaJIOrHqHbIC T3KOBbIM B CTpyKTypC JIOMDHO­

COBHTa [1, 10]. YTOqHCHHC CTpyKTYPbI C Y'-ICTOM 3THX MaKcHMYMOB (aTOMbl 

naTpH51.) CHH3HJIO R-¢aKTop C 18 ,UO 14,41 %. Ho Macca ,UByX H3 YKa33H­

HbIX MaKcHMYMOB 6blJIa M CHbWC, a Macca O,UHoro 60JIbWC, qCM Y aTOMOB 

B «MYP MaHHTOBOH » '-I3CTH CTpyKTYPbI. .uonYCTHB, '-ITO B 6CTaJIOMOHOCOBHTe 

KOJIHqCCTBO a TOMOB HaTpH5I MeHbWC, qCM B JIOMOHOCOBHTC, MQ)KHO YTO'-l­

HHTb Kp a THOCTb 3THX aTOM OB KaK « '-IHCTbIH» HaTpHH BOKpyr P04 -TCTpa3,Upa 

(R-¢aKTOp npH 3TOM HC3HaqHTCJIbHO CHH3HJIC5I). 

O ,UHOBpe MCHHO H3 KapTHH 3JICKTPOHHOH TIJIOTHOCTH 6bIJIO BH,UHO, '-ITO 

BCJIH'-IHH a 3 JrCKTPOHHOH nJIOTHOCTH aTOMOB THTaHa B «aHHOHHOH ceTKC» 

60JIbWC T aKOB OH B « K a THOHHoH CCTKC». Ha OCHOBaHHH ,UaHHblx XHMH'-ICCKO­

ro a H aJI H3a [11] B n03HUHIO 3Toro THTaHa, HMelOllI,CrO He60JIbwylO 3JICK­

TpOHH y lO n JIOTHOC1'b (B «aHHoHHoi1 CCTKC»), BBC,UCH HH06HI1 (0,5 aTOMa Ha 

jJqCHKY) H Y TOqHeH a cro KpaTHOCTb . DPH 3TOM R-ep aKTOp CHH3HJIC5I C 14,41 
,UO 13,03 %, a KpaTHOCTb HH06H51. CTaJI3 0,4. C YLJeTOM aHH30Tp0l1HOH 110-

npaBKH 3aKoil lOqHTCJI bHbIH R-epaKTop COCTaBHJI 9,6 %. AHaJIH3 Me)KaTOMHblX 

paCCT05IHHH nOK a 3aJI, LJTO OHH XopOWO corJIacYIOTC5I C JIHTCpaTypHbIMli 

)I.aHHbIM H. Ho OTHOCHTCJIbHO 60JIbWHC 3HaqCHH 51. R H TCMl1cpaTypHbIX epaK­

~OpOB nOqTH ,UJI51. BCCX aTOMOB HBHJIHCb npHLJHHOH I1cpcxo,Ua B npocTp aH­

.cTBCH HYIO rpynny PIc O,UHOBPCMCHHbIM YTOl]HCHHCM BKJIa,Ua aTOMOB )KCJIC-

3a, MapraHua B 110 3HUHH aTOMa TI1TaHa B «KaTHOHHOH CCTKC»; aTOMOB 

XaJIbUH5I, KaJII151. B n03HUHH aTOMa HaTpH51. C MaKCHMaJIbHOH 3JICKTPOHHOH 

llJIOTHOCTblO OKOJIO 06mcH KHCJIOPO,UHOH BCPWI1HbI P04 -TcTpa3,Upa H Ti-O -

* Bee paeqeTbI B npocTpaHcTBeHHoii rpynl1e PI BbIn OJIHeHbl B I1HcTHTYTe cjJH3HKli AH A3CCP 
no nporp aM~le «Te.leKC». 
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A. ,n. XAJIliJIOB 

OKTa3,ll.pa B «aHHOHHOH CeTKe». DpH nepexo,ll.e K npOCTpaHCTBeHHOH rpynne­

PI R-cpaKTop 3HalJHTeJlbHO CHH3HJIC5I H TeMnepaTypHble nonpaBKH YJIYlJUIH­

JIHCb, HO YXY,ll.WHJIHCb HeKoTopble Me)!(aTOMHble paCCT05IHH5I H reOMeTpHjf. 

nOJIH3,ll.pOB. u 

OTHOCHTeJIbHa5I BeJIHlJHHa TeMnepaTypHoH nonp aBKH Y cpoccpopa nOJIY-

lJHJIaCb nO-npe)!(HeMY 60JIbWeH, lJeM Y KpeMHH5I. AHaJIOrHlJHa51 KapTHHa. 

YCTaHoBJleHa B CTpYKType JlOMOHOCOBHTa H Nb-JIOMOHOCoBHTa [1 , 5]. 
B aHH30TponHoM npH6JIH)!(eHHH B npoCTpaHcTBeHHoH rpynne PI 3a-

KJIIOlJHTeJlbHbIH R-cpaKTop paBeH 5,5 %. O ,ll.HaKO TaKoe 3HalJHTeJlbHoe: 

c 

r:-

05 <D7 

Puc. 1. KpHCTaJIJIHlreCKaH CTpyKTypa 6eT aJiCMOHOCOBHTa B npoeKu.Hll Ha nJIOCKOCTb (Oyz): 
1 - ¢oc¢op; 2 - KpeMHHii; 3 - THTaH, MapraHeu.; 4 - THTaH, HH06Hii; 5 - HaTpHrr; (j­
KHCJIOP0,n; 7 - rH,npoKCHJIbHaH rpynna. 

YMeHbweHHe R-cpaKTopa He ,naeT OCHOB a HHH ,nJI5I U,ll.H03HalJHOrO YTBep)!(,ne­

HH5I, lJTO B CTpyKType OTCYTCTByeT u.eHTp C.!:l'vlMeTpHH, TaK KaK ,ll.JI5I JII060Hl 

CTpyKTYPbI C npOCTpaHCTBeHHOH rpynnoH PI npH nepexo,ll.e K PI R-cpaKTop 

Bcer,na YMeHbWaeTC5I. 3TO BbITeKaeT H3 caMOH CYW.HOCTH MeTO,ll.a YTOlJHe­

HH5I. D03ToMY Tpy,nHO OT,ll.aTb npe,nnOlJTeHHe KaKOH-JIH6o O,ll.HOH npoCTpaH-­

CTBeHHOH rpynne. MO)!(HO CKa3aTb, lJTO B OT~oweHHH pacnOJIO)!(eHH5I MHO-

rorpaHHHKOB CTpyKTypa HMeeT CHMMeTpHIO PI, KOTOpa5I H3-3 a ynop5I,ll.OlJeH­

HOro H30MopCPHoro 3aMew.eHH5I, B03MO)!(HO nOHIDKaeTC5I ,no P l . B JII060M 

cJIYlJae, rrpIlBe,neHHbIe B ,naHHoH pa60Te Me)KaTOMHble paCCT05IHH5I JIYlJwe 

corJIacYIOTC5I C TeOpeTHlJeCKHMH ,ll.aHHbIMH, lJeM ,ll.aHHble, rrpHB e,ll.eHHble B pa-

60Tax [11, 17]. 
LITO KaCaeTC5I rrOBopOTOB ( << paCw.errJIeHH5I») P0 4 -TeTpa3,ll.pOB, orrHcaH­

HbIX B p a60Tax [2, 20] H OTJIHlJalOw.HXC5I ,ll.pyr OT ,npyra, TO H3 06bIlJHOro­

CHHTe3a 3JleI<TpOHHOH rrJIOTHOCTH rro HaweMY 3KcrrepHMeHTY TaKHe nOBO­

POThI He BbI5IB,lleHbi. D03TOMY BbIlJHCJIeH pa3HocTHbIH CHHTe3, Ha KOTOPOM 

BOKpyr BbIlJHTaeMOro cpoccpopa rroJlYlJHJlHCb MaKcHMYMbI. ECJIH rrpHH5ITb 

3TH MaKCHMYMbI 3a rrOBopOT (<<paCw.errJIeHHe») P0 4-TeTpa 3,npOB, TO 3HatJe­

HH5I paCCT05IHH5I P-O 3HalJHTeJlbHO OTJlHlJaIOTC5I OT rrpHBe,ll.eHHbIX B JlHTe­

paTyp e (0,110-0,184 BMeCTO 0,145-0,152 HM) . DO-BH,ll.HMOMY, 3TH MaK­

CHMYMbI OTHOC5ITCH K CaTeJIJIHTaM OT MaKCHMYMa 3J1eKTpOHHOH rrJIOTHOCTH 

BbIlJHTaeMOro aTOMa, a He K rrOBopOTY P04 -TeTpa3,npa, XOT5I TeOpeTHlJeCKHH 

dHaJIH3 rrOKa3bIBaeT, lJTO reOM eTpWIeCKH rrOBopOT P0 4-TeTp a3,npOB B03MO­

)KeH O,ll.HOBpeMeHHO B,ll.OJlb oceH a H b, a TaK)Ke B,ll.OJlb Ka)K,ll.oH H3 HHX B. 
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YT04HEHI1E KPI1CTAJTJ1114ECKOYt CTPYKTYPbI I3ETAJ10MOHOCOBI1TA 

·OT.lI.eJIbHOCTH. C.le.ll.yeT YKa3aTb H Ha B03MO:>KHOCTb ITOBOpOTa H CMemeHH5I 

·OT.lI.eJIbHbIX CJ10eB. 

OTHOCHTeJ1bHO 3aBbIWeHHOe 3Ha4eHMe TeMITepaTypHOrO cpaKTOpa .lI.JI5I 

aTOMOB cpoccpopa H KHCJIOpO.ll.a BOKpyr HMX, a TaK:>Ke YMeHbweHMe MX KpaT­

HOCTH ITpM YT04HeHMM MO:>KHO 06'b5lCHMTb TeM, 4TO P0 4 -TeTpa3.l1.pbI M aTOMbI 

HaTpIH! BOKpyr HHX cJIa6ee CB5I3aHbT C Ti-CMJIHKaTHOH. lJaCTblO CTpyKTYPbI, 

B CB5I3H C 4eM OTHOCHTeJIbHO 60JIbWa51 aMITJIMTY.ll.a KOJIe6aHH5I TO:>Ke MO:>KeT 

.6blTb ITp H4HHOH. «P a3MbITH5I» 3JIeKTpOHHOH. ITJIOTHOCTM. 

KOOp.ll.HHaTbI aTOMOB, HX KpaTHOCTb H COOTBeTcTBylOIll,He M30TpOITHble 

'(u) TeITJ10Bble ITapaMeTpbI ITpHBe.ll.eHbI B Ta6JI. 1, .lI.JIMHbI CB5I3eH. KaTHOH­

caHHOH - B Ta6JI . 2, a H306pa:>KeHHe KpHCTaJIJIHlJeCKOH. CTpyKTYPbI 6eTaJIO­

MOHOCOBHTa B npoeKUHH Ha ITJIOCKOCTb (Oyz) - Ha pHC. 1. 
06cY:>K.lI.eHue. ,Z:LaHHble ITpOBe.ll.eHIWrO CTPYKTypHoro YTo4HeHM5I nOk 

"Bep.lI.HJIH M30CTPYKTypHOCTb 6eTaJIOMOHOCoBHTa M JIOMOHOCOBHTa M npM­

Ha.ll.JIe:>KHOCTb HX K O.ll.HOH. ITOJIMTMITHOH. MO.ll.McpMKaUMM. 

Ta6AU/fa 1. l(ooPAHHaTbi aTOMOB 11 1130TponHblH TeMnepaTYPHblH napaMeTp 

ATOM I KpmOCTb I x y z u 

Ti (I) I 0,3527 (0) 0,0763 (0') 0,2852 (0) 1,97 (5) 
ii (2) I 0,6461 (3) -0,0'461 (3) 0,7272 (I) 1,94 (5) 
ii (3) I 0,2607 (5) 0,3893 (4) 0,4992 (2) 1,38 (5) 
Ti (4) I 0,7439 (5) 0,6388 (4) 0,5143 (I) 1,56 (5) 
P (1) I 0,340 (2) 0,7825 (7) 0,0655 (3) 2,1 (2) 
P (2) I 0,6709 (2) (J,2547 (I) 0,9499 (5) 2,8 (2) 
.si (I) I 0,1326 (6) 0,6704 (4) 0,708-8 (2) 1,57 (8) 
Si (2) I 0,8627 (8) 0,7953 (6) 0,3268 (3) 1,37 (8) 
Si (3) I 0,1479 (8) 0,2285 (6) 0,6905 (3) 1,55 (7) 
Si (4) I 0,8620 (5) 0,3682 (3) 0 ,3087 (2) 0,9 (2) 

(Na, Cal (1) 0,81 0,1091 (2) -0,002 (2) 0,8747 (5) 3,7 (2) 
Na (2) I 0,275 (2) 0,903 (2) 0,4843 (7) 2,8 (2) 
Na (3) I {) ,646 (2) 0,477 (2) 0,7648 (7) 3,1 (2) 
Na (4) 0,44 0,749 (2) '0,723 (2) 0,898 (2) 2,3 (2) 

( a, Cal (5) 0,81 0,861 (2) 0,40 (.2) 0,1278 (~) 3,5 (2) 
Na (6) I 0,352 (2) 0,565 (,2) 0,2393 (9) 1,9 (2) 

a (7) I 0,728 (2) 0,121 (2) 0,5099 (6) 1,7 (2) 
a (8) 0,55 0,28 1 (2) 0,294 (2) 0,1054 (7) 2,9 (2) 

Na (9) 0,40 0,847 (3) 0,537 (2) 0,1000 (2) 3,3 (3) 
Na (IO) 0,22 0,110 (5) 0,465 (4) 0,890 (2) 3,3 (5) 
o (1) I 0,080 (2) 0,6223 (9) 0,5889 (4) 1,2 (2) 
o (2) I 0,403 (2) 0,767 (2) 0,7515 (5) 2,5 (2) 
o (3) I 0,911 (2) 0,782 (2) 0,7591 (6) 4,0 (2) 
o (4) 1 0,846 (2) 0,569 (2) 0,2759 (5) 3,.1 (2) 
() (5) 1 0,577 (2) ':),442 (2) 0,5754 (5) 1,7 (2) 
o (6) 1 0,934 (2) 0,.124 (2) 0,7245 (7) 3,7 (2) 
() (7) I 0,108 (2) 0,212 (2) 0,570'0 (5) 2,5 (2) 
o (8) I 0,3{}7 (2) 0,966 (2) 0,1375 (5) 2,8 (2) 
0(9) I 0,376 (2) 0,183 (2) 0,4148 (6) 2,6 (2) 

Q (10) I 0,863 (2) 0,810 (.2) 0,4351 (5) 3,2 (2) 
() (11) 1 0,640 (2) 0,861 (2) 0,5945 (7) 1,9 (2) 
() (12) 1 0,413 (2) 0,587 (2) 0,4348 (6) 2,6 (2) 
Q (1 3) I 0,415 (2) 0,875 (2) 0,977 (2) 2,2 (3) 
() (14) 1 0,590 (3) 0,875 (2) 0,2951 (9) 3,8 (2) 
() (15) 1 0,391 (3) 0,137 (2) 0,7250 (8) 4,0 (3) 
Q (16) I 0,122 (2) 0,869 (2) {J,2969 (7) 4,0 (3) 
Q (17) I 0,7,13 (3) 0,412 (2) 0,899 (2) 5,4 (3) 
() (18) 1 0,692 (2) 0,969 (2) 0,8805 (6) 3,5 (3) 
Q (19) 1 0,914 (2) 0,410 (2) 0,4224 (6) 3,4 (2) 
Q (20) 1 0099 (2) 0,258 (2) 0,25'85 (6) 2,2 (3) 
() (21) I 0,151 (2) 0,458 (2) 0,7410 (5) 2,4 (2) 
o (22) 1 0,154 (4) 0,798 (3) 0,974 (2) 4,2 (4) 
o (23) 1 0,820 (5) 0,25,2 (3) 0,040 (2) 4,0 (4) 
o (24) I 0,264 (3) 0,592 (2) '0,097 (2) 4,1 (2) 
o (25) I 0,624 (2) 0,242 (2) 0,856 (7) 3,4 (2) 
o (25) I 0,648 (2) 0,788 (2) 0,059 (2) 3,2 (2) 

ISSN 0204-3548. MUHepaA. {)ICYPH.- 1990.-12, iI@ 5. 13 



A. ,ll. XAJ1HJ10B 

KaK BH,llHO H3 pHC. 1, B cJJlo,llo no,ll,06Hblil TpCX3TajKHbll"1 Ti-CHJJHK aTH blH: 

CJIOH BXO,ll,51T KHCJI OpO,llHble oKT a3,ll, pbl BOKpyr TIITalla H lIaTpH5I, CB5I3aHHble 

06lll,HMH pe6paMH. OHH o6pa3YloT «KaTlIoHHYIO cTeHKy», l1apaJIJIeJJbHYJO 

llJIOCKOCTI1 (xyO) [1]. MOTHB p aC nOJJO)I(eHI151 oKTa3;:r.poB BOKpyr yI10p5l,ll,0 -

treHHO trepe,ll,YIOw.I1XC5I aTOMOB THT3Ha H H3Tpl151 B « KaTI10HHoi'1 CTeHKe» HO­

CHT 3Hr3a roo6pa 3 1-1bll1 xapaKTep B lI a np aBJJCI-IHI1 OCH a. C o6eHx CTOPOH 

K «K3THOHHOH CTeHKe» npacoe,ll,HH5IIOTC5I Si 20 r ,ll, i10pTorpynnbl Ii Ti-O-oKTa-

3,llpbI (cTporo TeTparOH aJI bHbl C nHpa M H,llbl, 01. HHfKC), C04J1eHeHHble 4epe3 

06w.He KHCJ10pO,llHble BepWHl-lbl, o6pa3y5I COBMCCTIIO OlewaHHble «aHHOH­

Hble CeTI(H», nap aJ1JleJ1bHo llJIOCKOCTH (xyO). Si 2 0 r ,ll,HOpTorpYl1l1a npl1MbI­

KaeT TOJIbKO K Ti-O-OKTa3,ll,py B «KaTHOHHo ii CTeHKC » (pIlC. 1) . 3TOT cpaK­

TOp COKpaw.aeT KOJIH4eCTBO npHHll, Hl1l1aJJbHO B03MO)KHbIX nOJlIITHnHbl X MO­

,lll1cpHKa ll,HH, pa3J1H4alOw.HXC5I B3a HMHbi M paCnOJJO)Kelllle~1 .iJ.l1opTorpynrr 

Si 20 7 H OKT a3,ll,pOB BOKpyr THTa H a H H aT pH5I B «KaTHOHHoii CTeIlKe». 

THTaH HeCKOJlbl,O cM ew.eH H3 ll,eHTp a OKTa3;:r.pa B « aHIIOHHOH CeTKe~­
K K HCJlOP0,ll,Y « KaTHOHHOH CTeHKH» H, H30 6opOT, Y,ll,aJJeH OT npOHfBOnOJIO)l{-

Ta6AUlfa 2. BbI'lHCJleHHble KaTHOH-aHHOHHble 3Ha'leIlHSI )I,JlHHbl CBSl3H, HM 

ATOM I Pa CCT05lHHe 

Ti06-oKTa.3.Qpbl 

Ii (1)-0 (8) 0,2109 (7) 
0(9) 0,1864 (8) 
o (20) 0,2001 (9) 
o (25) 0,1942 (2) 
0(14) 0,193 (2) 
0(16) 0,196 (2) 

Ii (2)-0 (6) 0,195 (I) 
0(1 5') 0,188 (2) 
o (18) 0,2186 (9) 
0(2) 0,1977 (9) 
0(3) 0,1976 (9) 
0(11) {},190 (2) 

Ti (3)-0 (I) 0,2171 (7) 
0(5) 0,1925 (7) 
o (7) 0,1949 (9) 
o (9) 0,1852 (9) 
o (12) 0,2048 (9) 
o (19) 0,2095 (9) 

Ii (4)-0 (5) 0,2046 (9) 
o (1Q,) 0,199 ('2) 
o (11) 0,187 (2) 
0(12) 0,2015 (8) 
o (19) 0,2145 (8) 
o (1) 0,2027 (7) 

P04 -TeTpa.3JlPbI 

P (1)-0 (22) 0,159 (2) 
0' (26) 0,166 (2) 
0(8) 0,149 (2) 

o (22) * 0,145 (2) 
P (2)-0 (1 3) 0,149 (2) 

0(17) 0,149 (2) 
o (181) 0,149 (2) 
o (23,) 0,145 (2) 

N a -0- nOJlH.3.QpbI 

Na (1)~0 (1 3) 0,234 (2) 
o (15) 0,283 (2) 
0(18) 0,27-l (2) 
o (22) 0,250. (5) 
o (3') 0,252 (2) 

ATOM I PaCCT05lHlle 

Na-O-nOJlH.3)1, pbl 

o (6) 0,276 (2) 
o (18)* 0,272 (2) 
o (2) 0,258 (2) 

Na (2)-0'(11) 0,247 (2) 
o (12) 0,237 (2) 
o (7) 0,250 (2) 
o (9) {) ,249 (2) 

0(10) 0,230 (2) 
o (16) 0,2723 (2) 

Na (3)-0 (6) 0,294 (2) 
o (21) 0,264 (2) 
o (17) 0,234 (2) 
o (2) 0,248 (2) 
o (3,) 0,261 (2) 
o (5') 0,269 (2) 
o (15) 0,274 (2) 
o (21) '0,277 (2) 

Na (4)-0 (2) 0,276 (2) 
o (3) 0,238 (2) 
o (18) 0,255 (2) 
o (17) 0,223 (2) 
o (22) 0,239 (2) 
o (26) 0,239 (2) 

Na (5)-0 (8)* 0,244 (2) 
o (23,) 0,217 (2) 
o (25) 0,264 (2) 
o (20) 0,247 (2) 
o (26) 0,242 (2) 

{},299 (2) 
Na (6) -0 (20) 0,251 (2) 

o (24) 0,239 (2) 
o (25) 0,275 (2) 
0(4) 0,263 (2) 
o (12) 0,250 (2) 
o (14) 0,248 (2) 
0(1 6) 0.248 (2) 
0(4) 0,274 (2) 

Na (7)-0 (5) 0.,245 (2) 
o (9) 0,233 (2) 
o (7) 0,218 (2) 

ATOM I PaCCT05lHHe 

N a -O -nOJlH.3,llI1bl 

0(9) 
0(10) 
o (LJ) 

a (8.)-0 (29) 
0(8) 
0(20) 
0(1 3) 
0(24.) 
0(23) 

Na (9)-0 (17) 
0(1 4) 
0(24) 
0(23) 

Na (9)-0 (26) 
0(26) 

Na (10) - 0 (17) 
0(1 3) 
0(21 ) 
0(20) 
0(29) 
0(17) 

0,285 (2) 
0,240 (2) 
0,247 (2) 
0,2 13 (4) 
0,247 (3) 
0,254 (2) 
{},202 (2) 
0,2'16 (2) 
0,256 (3) 
0,289 (2) 
0,251 (2 
0,227 (2) 
0,203 (2} 
0,212 (2) 
0,277 (5 ) 
0,218 (3) 
0,262 (3) 
0,260 (5) 
0,217 (2) 
0,243 (3) 
0,325 (3) 

Si04 -TeTpa.3)1,pbl . 

Si (1)-0 (21) 0,1676 (8) 
0(1) 0,1695 (7) 
0(2) 0,1614 (8) 
0(3) 0,1580 (9) 

Si (2)-0 (4) 0 ,1624. (8) 
0(10) 0,1547 (9) 
0(14) 0,163 (2) 
0(12) 0,161 (2) 

Si (3) -0 (6)1 0,154 (2) 
0(7) 0,1717 (8) 
0(15) 0,155 (2) 
0(21) 0,1645 (8) 

Si (4:)-0 (20) 0,1612 (9) 
0(19) 0,1608 (8) 
o (25) 0, 154 (2) 
0(4) {), 1603 (9) 

~ ATOMbl, CBH3 aHHble C TpaHCJl5IUHeif. 
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YT04HEHYIE I(PYlCTAJlJlYl4ECI(OPl CTPYI(TYPbI I3ETAJlO.v\OHOCOBYITA 

Horo a TO M a KHCJI Opo.ua (Ta6Jl. 2). TaKHM o6pa30M, .uJI5! TI1TaHa MO)KHO 

npl1H5!Tb He OKT a 3.upWleCKYIO, a TeTparOHaJIbHO-nl1p aMH.uaJIbHYlO Koop.u~IHa­
Ul1lO (n5!THB e pWH H HI1K). TaKYlO )Ke KOOp.uHHaUHlO TI1TaH (HHo6HI1) HMelOT 

B My p Ma HI1Te , JIOMOHOCOBI1Te, BYOHHeMHTe, 3rrHCTOJlHTe. B HHHeJII1Te, HOWy­

My p a l1Te [8], cj:lpeCHOI1Te [9], JIaMrrpocj:lHJlJlHTe [8] THTaH B «aHHOHHOH 

ceTKe» I1 MeeT rrOJIHOCTblO rr5!TepHylO KOOp.uHHaUHlO. OOCJIe.uHee CTaHOBHTC5! 

n p a BI!JI OM , KOTopoe MO)KHO pacnpoCTpaHHTb Ha Bce CJIOHCTble Ti- . Nb-. 

~---------20 ----------~ 20 
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Puc. 2. BliJl I a -¢oc ¢ a THoH 4aCTH CTpyKTYPbl 6eTaJlOMOHOCoBHTa BJlOJlb OCH C B cJly4ae ­

oKpy)!(eHHlI P0 4-TeTpa3JlpOB aTOMaMH HaTpHlI aHaJlOrH4HO JlOMOHOCOBHTY: 1, 2 - aTOMbl 

HaTpHlI, CB1I 3aHHble 4 epe3 u e HTp CHMMeTpHH; 3, 4 - aTOMbl KHCJlOpOJla, COOTBeTCTBeHHO CBlI-

3aHHble H He CBlI3 a HHble C aTOMaMH THTaHa; 5 - aTOMbl ¢oc¢opa. 

Puc. 3. BHJl Na-rHJlPO¢OC¢anloH 4aCTH CTPYKTYPbl 6eTaJlOMOHOCoBHTa BJlOJIb OCH C B CJ1Y­

'1ae oKpy)!(eHHlI P04-Terpa3JlPOB aTOMaMH BOJlOpOJla H HarpHlI, KaJlbl(HlI, KaJlHlI: 1-
arOMbI ¢oc¢opa; 2 - aTOMbl HaTpHlI, KaJlbl(HlI, KaJlHlI; 3 - arOMbI KHCJlOpOJla; 4 - rHa­

POKCHJlbHall rpynna. 

V-CHJIHKaTbI H HeKOTOpble .upyrHe COe.uHHeHH5! 3THX 3JIeMeHTOB [9]. B . 
« aHHOHHOH ceTKe» aTOMbI HaTpH5! 3aHHMalOT BOCbMHBepWHHHHKH, HO pac­

rrOJIaralOTC5! 6JIH)Ke K BHeWHeH ee CTopOHe (KaK H CTPOHUHH B JIaMrrpO­

cjJHJIJIHTe H 6apHH B 6acj:lepnlcHTe [8]). Me)K.uy CJI05!MH pacrrOJIO)KeHa 

Na-m.upocj:loccj:laTHa5! 4aCTb MHHepaJIa. O.uHOH BepwHHoH P04-TeTpa3.up · 

KOOp.uHHHpyeT Ti-O-rrOJIyoKTa3.up, 3aBepWa5! ero B OKTa3.up, a BTOPOI1 Bep­

illHHOI1 3aBepwaeT KHCJIOPO.uHbII1 c eM HBepWHHHHK BOKpyr HaTpH5! B BOChMH­

BepwHHHHK. ,UBe BepWHHbI P04-TeTpa3.up a CB5!3aHbI C aTOMaMH Bo.uopo.ua 

(CM. HH)Ke) H HarrpaBJIeHbI HapY)Ky CJI05!. AHaJIOrH4HO JIOMOHOCOBHTY, HH­

HeJIHTy, I10wYMypaHTy H .upyrHM, 6eTaJIOMOHOCOBHT MO)KHO rrpe.uCTaBHTb ­

KaK CMeWaHHOCJIOHHbIH yrrOp5!.uo4eHHbIH MHHepaJI, r.ue Me)K.uy Ti (Nb) -CH­

JIHKaTHhIMH CJI05!MH BHe.uP5!lOTC5! cj:loccj:laTbI, cyJIbcj:laTbI (HaTpHH, 6apHI1 H 

.upyrHe) . 

K.aK H B JIOMOHOCOBHTe, B 6eTaJIOMOHOCOBHTe TaK)Ke HMelOTC5! rr03H­

UHH, 3aH5!Tble aTOMaMH HaTpH5!. O.uHaKo BeJIH4HHa 3JIeKTpOHH0I1 rrJIOTHO­

CTH 'leTblpeX H3 weCTH aTOMOB HaTpH5! BOKpyr P0 4-TeTpa3.upOB (pHC. 2) 
B TpH-'leTblpe pa3a MeHbwe, 'leM y aTOMOB HaTpH5! B « Ti-CHJIHKaTHOI1 

lJaCTH» CTpyKTyphL A .uBa H3 HHX HMelOT OTHOCHTeJIbHO HaH6oJIbwylO 3JIeK­

TpOHHylO rrJIOTHOCTh, Bep05!THO, CB5!3aHHYlO C 3aMew:eHHeM aTOMa HaTpH5! 

aTOMaMH KaJIbUH5! H KaJIH5!. 

3aMew:eHHe lJaCTH aTOMOB HaTpH5! KaJIbUHeM H KaJIHeM B 3aBHCHMOCTH 

OT YCJIOBHH 06pa30BaHH5! MHHepaJIa MO)KeT HMen yrrop5!.uOlJeHHbIH H He­

y rrop5!.uOlJeHHbIH xapaKTep. Yrrop5!.uO'leHHe MO)KeT 6bITb rrpH'lHHOI1 n05!BJIe­

HH5! rrceB.uorrepHo.ua. 
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A . .n. XAJlI1J10B 

O.nHHM H3 OCHOBHbIX BOrrpOCOB B KpHCTaJlJIOXHMHH 6eTaJlOMOHOCOBHTa 

5IBJl5IeTC5I orrpe.neJIeHHe KOJIH1.JeCTBa H rr03Hll,HH HaTpH5I, BO)l.OpO)l.a B CTPYK­

Type MHHepaJIa. PeweHHe ElTOrO Borrpoca OCJIO)KHHeTCH HenOCTOHHCTBOM 

<:OCTaBa 6eTaJIOMOHOCoBHTa [20] , a TaK)Ke TPY,1I.HOCTblO onpe)l.eJIeHH5I KO­

Dp)l.HHaT aTOMOB BO)l.OpO)l.a. Il03TOMY Bep05lTHO HX pacrrOJIO)KeHHe rrpe)l.JIO­

)KeHO, HCXO)l.H H3 BeJIH'IHHbI 3JIeKTpOHHOH rrJl0THOCTH HaTpH5! BOKpyr P04-

TeTpa3)1.pa H Ha OCHOBaHHH KpHCTaJIJIOXHMHH Na-, Ca-, K-OPTocj:>occj:>aTOB, 

<poccj:>opHoii KHCJIOTbI [24-28] H rrpl1po,1I.bI BO,1I.OPO)l.HOH CB5I3H [23, 28]. H3 

aHaJIH3a CJle)l.yeT, 1.JTO CTPYKTypHbIe 3JIeMeHTbI Na3P04 B JlOMOHOCOBHTe 

H Na-rH)l.pocjJOccj:>aTa B 6eTaJIOMOHOCoBHTe 01.JeHb 6J1H3KH K cTpyKType 

H 3P04. He3Ha1.JHTeJIbHOe OTJIH1.JHe Bblpa}KeHO B ,1I.JIHHe H xapaKTepe BO)l.O­

PO)l.HOH CB5I3H [26]. feOMeTpH1.JeCKH rro 3JIeKTpOHHOH I1J10THOCTH cTpyKTypa 

6eTaJIOMOHOCoBHTa rrpe)l.CTaBJIHeT C060H CTpyKTypy JIOMOHOCOBHTa C 01.JeHb 

He3Ha1.JHTeJIbHbIM H3MeHeHHeM Koop)l.HHaT aTOMOB . B HCCJIe)l.yeMoM 6eTaJIO­

MOHOCOBHTe Ha H1.J etIKY rrpHXO)l.HTC5I 5,28 aTOMOB BO,1I.OpO)l.a (¢opMyJIa 2). 
J.13 KpHCTaJIJIOXHMWICCKHX co06pa}KeHHH 1.JaCTb H3 HHX (MaKcHMYM )l.Ba) 

CB5I3aHa C aTOMaMH KHCJIOpO)l.a «KaTHOHHOH CTeHKH» B BH)l.e rH)l.pOKCHJIb ­

HOH rpyrrrrbI, a 1.JaCTb - co CB060)l.J-IOH KHCJIOPO,1I.HOH BepwHHoH Ka}K)l.OrO 

P04-TeTpa3)1.pa. IlPH 3TOM C Ka}K)l.OH rpyrrrroH CBH3aHbi ,1I.Ba aTOMa BO)l.OPO­

)l.a. C rrOMOIll,blO 3THX aTOMOB H aTOMOB HaTpHH OT,1I.eJIbHbIe TpeX3Ta}KHbIe 

CJIOH CB5I3bIBaIOTC5I Me)K)l.y C060H (pHC. 3). 
BbIIll,eJIa1.JHBaHHe Na3P0 4 H3 JIOMOHOCOBHTa H HeBbIIll,eJIa1.JHBaHHe 

(NaH) 3P04 H3 6eTaJIOMOHOCoBHTa 06b5ICH5IeTC5I TeM, 1.JTO Bce a-COJIH 

OPTO¢OC¢OpHOI1 KHCJIOTbI VI caMa OpTO¢oC¢OpHa5I KHCJIOTa H 3P04 (KpHC­

TaJIJIH1.JeCKOe BeIll,eCTBo) xopowo pacTBopwVlbl B BO,1I.e, B TO BpeM5I KaK ee 

COJIH KaJIbll,H5I rrpaKTH1.JeCKH HepaCTBOp HM bI B BO,1I.e [14]. J.13 H3JIO}KeHHoro 

MQ)KHO c.neJIaTb BbIBO,1I. 0 TOM, 1.JTO, Bep05lTHO, rrpH1.JHHOI1 HeBbIIll,eJIa1.JH­

BaHH5I Na-rH)J.pocpoccpaTa H3 6eTaJIOMOHOCOBHTa 5IBJI5IeTC5I He TOJIbKO 

BO)l.OpO)l.Ha5I CB5I3b, HO H HaJIH1.JHe KaJIbll,H5I B cpoc¢aTHOI1 1.JaCTH 

MHHepaJIa. 

Pe3Koe YMeHbweHHe 3JIeKTpOHH0I1 rrJIOTHOCTH HeKOTopbIX aTOMOB HaT­

PH5I, pe3YJIbTaTbI XliMli1.JeCKOrO aHaJIH3a, r)J.e Ha 5I1.JeI1KY rrpHxo)l.HTCH 6,15 
aTOMOB HaTpHH (C Y1.JeTOM H30MopcpHoro 3aMeIll,eHH5I) H 5,28 aTOMOB BO)J.O­

pO)J.a, CBH)J.eTeJlbCTBYIOT 0 TOM, 1.JTO B 6eTaJIOMOHOCOBHTe He MO)KeT rrpHcyT­

CTBOBaTb O)l.HOBpeMeHHO )J.eC5ITb a TOMOB HaTpH5I H rr5ITb aTOMOB BO)l.OpO)J.a. 

HaJIH1.JHe MaKCHMYMOB 3JIeKTpOHHOM rrJIOTHOCTH BO Bcex )J.eC5ITH BaKaHTHbIX 

rr03Hll,H5IX )l.JI5I HaTpH5I B CTpyKType 6 eTaJIOMOHOCOBHTa 5IBJI5IeTC5I pe3YJIb­

TaTOM CTaTHCTH1.JeCKOrO pacrrpe,1I.eJIeHH5I rrOCJIe,1I.HerO HJIH }Ke 06pa30BaHH5I 

CMeWaHHOCJIOl1HOro MHHepaJIa JIOMOHOCOBHT - 6eTaJIOMOHOCOBHT, r,1I.e OT­

)l.eJIbHhle CJIOH JIOMOHOCOBHTa H 6eTaJIOMOHOCOBHTa MoryT yrrop5I,1I.01.JeHHO 

HJIH HeyrrOp5I)l.01.JeHHO 1.Jepe)l.OBaTbC5I B 3aBHCHMOCTH OT YCJIOBHI1 06pa30Ba­

HH5I. B rrOJIb3Y HeyrrOp5IA01.JeHHOrO CMeW aHHOCJIOMHOrO 06pa30BaHHH CBH,1I.e­

TeJIbCTByeT CJIe)l.YIOIll,HM 3KcrrepHMeHTaJIbHbII1 ¢aKT: HeKOTopble paCCTOH­

HH5I Me}K,1I.y aTOMaMH HaTpH5I H KHCJIOpO,1I.a BOKpyr aTOMa ¢oc¢opa B Na­

<poccpaTHOM 1.JaCTH cTpyK'rYPbI Me}K,1I.y CJI05IMH 3Ha1.JHTeJIbHO MeHbwe, 1.JeM 

TeOpeTH1.JeCKHe (0,202 HM BMeCTO 0,230 HM). 

IlO-BH,1I.HMOMY, 3TO rrpOHCxO,1I.HT rro TOM rrpH1.JHHe, 1.JTO rH,1I.paTall,HH rrpH­

BO)l.HT K «C}KaTHIO» rrepHO,1I.a C B 6eTaJIOMOHOCOBHTOBOM 1.JaCTH CTpyKTYPbl. 

B HTore rrOJIYQaeTC5I CTaTHCTH1.JeCKH ycpe,1I.HeHHoe H YMeHbweHHoe paccToH­

HHe Me}K)l.y aTOMaMH HaTpH5I H KHCJIOpO,1I.a, 1.JTO rrpHBo,1I.HT K YMeHbweHHlO 

rrepHO)l.a C. 

YI)l.eaJIH3HpOBaHHYIO KpHCTaJIJIOXHMH'IeCKYI9 ¢OpMyJIY 6eTaJIOMOHOCO-

BHTa MO}KHO rrpe,1I.CTaBHTb B CJIe,1I.YIOIll,eM BH)l.e: Na2Ti 2 [NaTiSi 20 7]2X 

X02(OH, F2) .Na2[P02(OHhh 

PeaJIbHbII1 COCTaB 3Ha1.JHTeJIbHO CJIO)KHee B CB5I3H C H30MOP¢H3MOM 

HaTpH5I C KaJIbll,HeM, KaJIHeM (B03MO}KHO, (H 30)+), a THTaH,a C HH06HeM, 

}KeJIe30M, MapraHll,eM. 

Ilo pe3YJIbTaTaM XHMH1.JeCKOrO aHaJIH3a aTOMbI KaJIbll,H5I H KaJIH5I H30-

MOPCPHO 3aMeIll,alOT aTOMbI HaTpH5I . K aK B 3rrHCTOJIHTe H BYOHHeMHTe [1, 
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YT04HEHl1E KPHCTAJfJll14ECKOVI CTPYKTYPbI 5ETAJlOMOHOCOBl1TA 

.8, 9], B «aHHO HHOH ceTKe» THTaH 3aMemaeTC5! HH06HeM, a B «KaTHOH­

HOM » - .lKeJle30M, MapraHl~eM. 
KaK np2BHJIO, BO Bcex CJIOHCTbIX Al-cHJIHKaTax H B 60JIbllIHHCTBe CJIO­

rrCTbIX Ti-cHJIHKaToB B «KaTHOHHOH CTeI·IKe» JIOKaJIbHbIH 6aJlaI-lC BaJleI-lTHO­

(:TH ,ll.Byx aTOMOB KHCJlOpO,ll.a OCTaeTC5! HeKOMrreHCHpOBaHHbIM. I103TOMY 

B03I-1HK a eT He06xo,ll.HMOCTb B 3aMemeHHH 3THX aTOMOB KHCJlOpO,ll.a Ha rH,ll.­

P OKCHJlb I-l Y JO rpyrrny HJlH CPTOp, XJlOp. 

TIo p e3YJlbTa TaM XHMH4eCKoro aHaJlH3a, C Y4eTOM H30MopcpHoro 3aMe­

meHH5! H B03MO)KHOH BaKaHCHH cpopMyJIa (2) 6Y,ll.eT HMeTb CJle,ll.YIOI..UHH 

BH,ll. : ( a, D) (Ti, Fe, Mn) [ (Na, Ca, K) (Ti, Na, Ta) Si 20d ·OdO, OH, 

F b· 2 ( a, Ca, K) P04 (OHh, r ,ll.e 0 - BaKaHCH5!. 

B e p05-lTHO, 3aMemeHHe Bcex meJl04HbIX KaTHOHOB BOKpyr P04 -TeTpa­

-3,ll.POB Ha aTOMbI BO,ll.OpO,ll.a HeB03MO:>KHO H3-3a B03I-1HKaIOI..UHX Harrp5!:>KeI-lHH 

B cTpyKType, TaK KaK rrapaMeTpbl 3J1eMeHTapi-iOH 5!4eHKH a H b 6eTaJIOMO­

HOCOBHTa OTJI H4a JOTC5! OT cooTBeTcTBYIOI..UHX rrapa MeTpoB H 3P0 4 . 

BblBO.n.bl. 13eTaJIoMoHoCoBHT Ii JIOMOHOCOBHT H30CTpyKTypHbI H npHHa,ll.­

·JIe:>KaT K O,ll.HOH H TOH :>Ke nOJIHTHni-iOM MO)]'HCPHKall.HH. 3TH MHHepaJIbI OTJIH­

"Ia IOTC5-I TeM , 4TO B JIOMOHOCOBHTe P0 4 -TeTpa3)]'pbl OKpY:>KeHbI aTOMaMH 

HaTpH5!, a B 6 eTaJIOM OHOCOBHTe - aTOMaMH HaTpH5! (KaJlbll.H5-I, KaJIH5!) H 

Bo)],opo)],a . 

Si 2 0 r ,ll.110pTorpyrrrrbI npHMbIKaIOT TOJlbKO K Ti (Fe, Mn) -O-oKTa3)],paM 

-«Ka TI10I-lHOH CTeI-lK H», 4TO npHBO)],I1T K 3 I-1a4HTeJIbHoMY COKpaI..UeHHlO B03-

MQ)KHbIX nOJIHTH rrHblX MO,ll.HCPHKall.I1H. 

I1pH4HH a MeHb ilieM BblI..UeJla4HBaeMOCTH Na-cpoccpaTa H3 MHHepaJIa­

HaJIH4He KaJIbll.H5-I B COCTaBe Na-rH)],pocpoccpaTa, B03MO:>KHOe HaJIH4He BO)],O­

pO)],I-Ioii CB5!311. 

TIP H411I-10H y,ll.BOeHH5! nepHO,ll.OB «a» H «b» B 6 eTaJIOMOHOCoBilTe MO:>KeT 

·6bITb ynOp5!,ll.04eH I-Ioe p acnOJIO.IKeHHe KaJIbll.H5! H HH06115! COOTBeTCTBeHHO 

B n03Hll.I15-1X I-IaTpl15-1 11 THTaHa 11, B03 MO:>KHO, HaJIH411e BaKaHCHIl B « KaTllOH­

HOM CTeHKe» . ,UJI5! ,ll.OKa3aTeJIbCTBa 3Toro He06xo)],HMO llCCJIe)],OBaTb CTPYK-

-rypy no pecpJIeKCaM C Y4eToM nceB)],onepllo)],a. . 

B HCCJIe,ll.yeMoM HaMH 06p a3 ll.e nOBopOTbI P0 2 -TeTpa3)]'pOB He 06Ha­

pY:>KeI-l bl. 
B HaCT05!I..Uee Bp eM 5! p e3YJIbT aTbl HCCJIe)]'OBaHHH 0,ll.H03Ha4HO He 06b5!C­

HSIIOT BonpocbI reHe3Hca 6eTaJIO MOHOcoBHTa. I1p HHa,ll.JIe:>KHOCTb 6eTaJIOMO­

HOCOBHTa H JI01vIOHOCOBHTa K O,ll.HOH H TOM :>Ke nOJIHTHnHOH MO)],IlCPllKa ll.HH, 

MHHepaJIOrH4eCKI1e Ha6JIIO,ll.eHH5! He HCKJII04aIOT B03MO:>KHOCTH 06pa30BaHH5! 

6eTa JIOM OHOCOBHTa KaK BTopWlHoro MI1HepaJIa no JIOMOHOCOBHTY nYTeM 

TH)]'p aTa ll.HH rrOCJIe,ll.He rO B Cnell.llcpH4eCKHX YCJIOBH5!X . O)],HaKO HaJIH4He 

TICeB)]'onepHO,ll.OB B 6eTaJIOMOHOCOBilTe H OTCYTCTBHe TaKOBhlX B JIOMOHOCO­

BHTe MO:>KHO TpaKTOBaTb KaK pe3YJIbTa T caMOCT05!TeJIbHOrO 06pa30BaHH5! 

K a)K)]'oro H3 3 TI1X MHHepaJIOB Ha pa3JIll4HblX CTa)],H5!X KpHCTaJIJIH3all.Hll 
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11H-T re0J10rHH A3CCP: 5aKy 
nOCTvnu.13 23.07. 7; 

13 OKOH4aTe.lbHO\1 BapHaHTe 1::- 09. 9 

SUMMARY. Crystal structure of betalomonosovite with paramet f I I II 
. _ r. . ers 0 e emen ary ce , 

n:. a-0530 1 (3).0=0.7131 (2);. c=~.4488 (3); a=102.IO ( I) degree; ~=9524 (I); 
,\,-90 (1) d~gree, V = 0.53775 nm 3 IS refilled. The structure is revised by three-dimensional 
set of 1263 IIIdependent reflexes at first in spatial g P-l d h' . 
Pl' R . . roup an t en III spatial group 

, =5.06. Crystallochemlcal formula with t· h' . . . 
N T· (N 'S' ou I omorp IC Impurities: 

a2 12 aTI 120 7) 202(OH1Fh·NadP02(OH)] . Z=I Th t ., . 
d 2 2, . ree-s orey sdlcate layer Inclu-

es central octahedral -layer formed by Ti- and Na h h d . 
'd f" -oc a era, which borders from both 

51 es on a net 0 SI20 7 dlOrthogroups and Ti-ctah d h 
structure is arranged between layers. era . a- ydrophosphate part of the · 
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ynOP ~l104 F HHOCTh TYPMAJHfH.-\ 11 PACnrE.aE.1E~mc: 1\A TVClHO" 

YllK 549.612 

r. r. AeJloH HHa, B. M. MaKaroH 

YnopSlAO'leHHOCTb TypManHHa H pacnpeAeneHHe 
KaTHOHOB no n03Hu.HSlM Y H Z ero CTPYKTYPbl 
(no AaHHblM nopOWKOBblX peHTreHOrpaMM) 

f1pe.n.JIO)l{eH a MerO,lllfKa onpe,lle.neHHH pa3Me~eHHH KarHOHOB AI, Fe2+, Mg, AI+Li, Mn, Fe3+ 
no n03HllHHM Y H Z ..:rpyKrYPbl rypMaJIHH3 no .n.aHH bIM XHMH'leCKOrO 3HaJIH3a H napaM·crpaM 
:MeMeHrapHoH H4eHKI1. YcraHOBJIeHa pa3HaH cr eneHb ynop5!.n.O'leHHOCrH B pacnpe.lI;eJIeHHH 
KaTHOH CB Me)l{JlY nOJHllH5IMH Y If Z. TIpe.n.JIOIKeHa .n.Ha rp aMMa B Koop.n.HHarax pa3MepoB 
oKTa3;rpoB dY H dZ. xapaKTepH3YIOll.\a51 ynopH.n.o4eHHocTb r ypMaJIlfHa pa3JIWIHOrO COCl'aB3 
H H3 pa3HbiX rCOJIOrH i eCKHX o6pa30BaHHH. 

C TPYKTypa TYP MaJIlfH 3 , 06m? 5I ¢opMyJI a KOToporo XY3Z6B 3Si 60n 
(0, OH, F) 4, MO.iKeT 6b1Tb pa 3 6HTa Ha 5I4eI1KH B BH)J.e 3HTHrOprrrOB bIX 

3JIe~:eHTOB [3], COCT05ImHX H3 Tp ex rrJIOTHoy rr 3KoBaHHbIX Y -OKTa3)J.pOB, Ha)J. 

KOTOPbIMH l1J'vleeTC5I KOJIbUO 113 W e CTfI KpeMHCKHCJI OPO)J.HbIX TeTp3.9)J.pOB. 

Y-OKT 33)J.PbI OKpY)J(eHbI WeCTblO Z-OKT33)J.P 3M H. Me.iK)J.y Y- 11 Z -rrOJII13npa­

MH p3CnOJIara lOTC5I nYCTbJe OKT<l3)J.Pbl C aTOMaM H B Ha BepXHeYi OCH()S3HHH. 

Z-OKT3 3)J.PbI pa3HbIX aHTHrOpHTOB bIX ¢p&rlvleHTOB C04J1eH5IIOTC5I Me)K)J.Y c o-

60(1, 06p33y51 BHHTOBYIO JIeCTHHUY BOKp yr OCI1 TpeTberO nOp5I)J.Ka. A HHOH bI 

(npeHMymecTBeHIIO 0, OH H F) pa3Mem3 1OTC5I B03JI e BepWHHbJ, o6w,eI1 

,UJl5I O)J.Horo Y - II )J.ByX Z -OKT 33)J.POB, a TaK)Ke BHYTPH KpeMHeKHCJlOpO)J.­

Hora KOJlbU3. H 2,il, KOJ1bil,OM Me)!()J.Y «aHTHropHToBbIMH 3J1eMeHTaMH» Ha­

XO,U5ITC5I KaTHOHbl n03HUHH X. DPH p3c4eTe CTpyKTypHbJX ¢OpMyJI no )J.aH ­

IlbIM XHMH4eCKoro aH3J1H3a 3JIb6aHTa, wepJla, )J.paBHTa, TCHJIaH3HTa H 61Op­

repHTa B n03HUHH Y COOTBeTCTBeHHO pacrrOJlaralOT Al + Li, Fe2+, Mg, Mn, 

Fe3+. D03 HUHIO Z 3anOJ11-I5IIOT aJlIOMHHHeM, a B rr03HUHIO X nOMemalOT 

HOH~ HaTpH5I H KaJIbUH5I. Dp e)J.cTaBJIeHHa 5I T3KHM 06pa30M CTPYKTypHa5I 

cpopMyJIa OTpa)KaeT ynOp5I)J.04eHHYIO CTPYKTYpy TypMaJIHHa: Z -o KTa3)J.p bI 

3a nOJIHeHbI aJIIOMHHHeM, Y-oKTa3)J.pbI - 60JIee KpyrrHbI MH KaTHOHaMH. 

I1epBoH a43JI bl-IO Bonpoc 0 pa3JJH4H0I1 ynOp5I)J.04eHHocTH TypMaJIHHa 

paCC1.IOTpeH B. vI. KY3bMHl-IbIM H )J.p. [8]. DPH H3Y4eHHH I1K-crreKTpoB 

TypMaJIHHa pa3Horo COCTaBa 3TH 3BTOPbI npHWJIH K 3aKJII04eHHIO 0 cyme­

CTBOBaHHH )J.ByX THrrOB p a crrp e)J.eJIeHH5I KaTHOHOB B rr03HUHH Y )J.Jl5l 06pa3-

UOB H30MOP¢HbIX cepHH wepJI - )J.pa BHT, wepJI - 3J1b6aHT H wepJl - 61Op­

repHT: yrrOp5I)J.04eHHoro H CTaTHCTH4eCKoro. 11. vI. D JI IOCHHHa [9], OCHOBbI­

Ba5lCb Ha )J.aHHbIX H3Y4eHH5I 11K-crreKTpoB, rrOKa3aJIa, 4TO y rrOp5I)J.04eHHocTb 

TypMaJIHHa CJIe)J.yeT paccMaTpHBaTb OTHOCHTeJIbHO pacrrp e)J.eJleHH5I KaTHO­

HOB no )J.BYM He3KBHBaJIeHTH bIM rr03HUH5I M Y H Z . 

,,'1'1. r. r OpCKOI1 C coaBTopaMH [7] H HaMH [1] rrpH pacrrpe)J.eJIeHHH 

KaTHOHOB no rr0 3HUH5IM Y H Z CTPYKTYPHOI1 ¢OpMyJlbl T y p MaJlHHa rrpe)J.JIa­

raeTC5I Y4HTbIBaTb pa3MepbI e ro 3JIeMeHTapH0I1 5I4eI1KH. YK a3aHH bIM H aBTO­

pa MH H3 )J.aHHbIX MO l-IOKpHCTaJIbHbIX HCCJIe)J.oBaHHI1 OT)J.eJlbHbIX 06pa3uoB 

nOJlY4eHbi KOpp eJl5IU HOHHble 3aB HCHMOCTH Me.iK)J.y pa3Mepa M H 5I4eI1KH H 

oKTa3)J.poB Y 11 Z . 3aBHcHMoCTH, rrOJI Y 4 e HHbie HaMH, HMelOT BH)J. 

dZ n = O,323c - 0,0392, r = 0,97; 

dyn = 0, 752a - 0,6098 - 2dZ n , r = 0,98, 

r,Ue dyn H dZn - pa3Mepbl oKTa3)J.pOB, p acC4HTaHHbi e rro rrapaMeTpaM 3JIeMeH ­

TapHblx 514eeK, HM. 
,UJl5I p a3MemeH H5I KaTHOHOB B rr03HUH5IX Y H Z He06xo ,UHMO Orrp e,!I.e­

JlHTb xHMH4eCKHI1 COCTa B 06pa3ua H rrapaMeTpbI ero 3JIeMeHTapH0I1 5I4eI1K'H 

(H X MO.iKHO pacc4HTaTb rro OTpa.iKeHH5IM 05 1 H 122 Ha rropowKorpaMMe 

TypMaJIHHa [2]), nOJIY4HTb CTPYKTypHylO ¢OpMyJIy 6e3 pa3)J.eJIeHH5I rr03H­

UHI1 Y H Z, no rrpHBe)J.eHHbIM ¢opMy.'laM pacc4HTaTb dyrr H dZn. n 0CJle ..3TO-

© r. r . Aq,OHHHa, B. M. MaKarOH, 1990 
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HH'T reOJIOrHH A3CCP: 5 aKY nocTynH,la 23.07.87; 
B OKOH'laTeJIbHOM BapHaHTe 15.09.89 ' 

SUMMARY. Crystal structure of betalomonosovite with parameters of elementary cell •. 
nm: a=0.5351 (3): 0=0.7131 (2); c=1.4488 (3); a=102.10 ( I ) degree; ~=95.24 (I); 
y=90 (I) degree, V =0.53775 nm3 is refined . The structure is revised by three-dimensional 

set of 1263 independent reflexes .at first in spatial group PI and then in spatial group 
P I; . R=~.~5 Crystallochemlcal formula without isomorphic impurities: 
Na 2TI2 (NaTIS I207) 202 (OH,F) 2· Na2 [P0 2 (OH 2) ] 2; Z = I Three ·storey silicate layer inclu­
des central octahedral ·layer formed by Ti- and Na-ochahedra, which borders from both 
sides on a net of Sh07 diorthogroups and Ti-ctahedra. a -hydrophosphate part of the . 
structu re is arranged between layers. 
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