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PACHET NMAPAMETPOB CTPYKTYPbl U SHTAJ1IbIMTUN OBPASOBAHUA
KPUCTAJUTMHECKUX OKCUOOB KPEMHUA

A.l. PabyxuH, A.B. PowuH, B.E. PoLmH

Pe3ynbTaTthl 3KCIMEPUMEHTOB IO TBEpAO(da3HOMY
BOCCTAaHOBJIEHMIO BKpAIIEHHBIX DPyd ITOKAa3ald, 4TO
BOCCTAHOBJICHME META/UIOB B PYAHBIX 3€pHaX, 3aKJIO-
YEHHBIX B HEBOCCTAHABJIMBAEMYIO CHUJIMKATHYIO 000-
JIOYKY, TIPOMCXOOUT ITyTeM IepeMeleHUs B o0beMe
OKCUIIOB OTPMIIATEJIbHO 3apSKEHHBIX KUCIOPOTHBIX
BaKaHCHIA, KOTOpble 00pa3yloTCss B MeCTax KOHTaKTa
pyasl ¢ BocctaHoBuTedaeM [1-5]. Ilo xomy peakuuu
BOCCTAaHOBJIEHMsSI B OKCHAE HEMPEPhIBHO MeEHSIETCS
COOTHOILIEHWE MOHOB KHUCIIOpOJa M MeTajula, a B €ro
KPUCTAJUTMYECKON pelleTKe IMOCTENIEHHO HaKaruThBa-
IOTCSl JIMIIHUE» 3JICKTPOHBI, TOHWKAIOIIME 3apsi
OTAENbHBIX KATWMOHOB BIUIOTh OO0 Hyis [4-6]. Ilpu
MeUIEHHOM BOCCTAHOBJIEHMM MHOTO3apsSIIHBIX KaTHO-
HOB B MCXOJHOM OKCHIE YIaeTcsi OOHapyXXHBaTh Ofl-
HOBpPEMEHHOE TPHUCYTCTBUE HEOAMHAKOBO 3apsiKeH-
HBIX KaTMOHOB OJHOTO M TOTO X€ MeTajljla, a TaKxke
(opMupoBaHUE KPUCTAIIOB HU3IIUX OKCUIOB [5, 6].
[ToCKOIBKY MHOTYE HU3IIME OKCUIBI SIBISIOTCS HEYC-
TOMYMBBIMHU, OIpeAeieHue THUIA W TapaMeTpOB UX
pelIeTKY, MEXbSIEPHBIX PAaCCTOSTHUM, a TakXke Tep-
MOXMMMYECKUX KOHCTAHT - SHTAJBIIMU PEINETKU, Te-
TUTOEMKOCTH, SHTAJIBIIMU, SHTPONUHU, dHeprun ['mboca
00pa30BaHUsI COEAMHEHUS 3aTPYIHEHBI U JJISI MHOTHX
OKCUJOB TakMe JaHHbIC OTCYTCTBYIOT. Tem OoJjiee OHU
OTCYTCTBYIOT JUISI OKCHUIOB ITPOMEXYTOYHOTO COCTaBa,
YTO JeNaeT 1ieJecooOpa3HbIM OIpeieieHUe CTPYK-
TYPHBIX U TEPMOXMMHUUYECKUX KOHCTAHT JJIsI HMX pac-
YETHBIM ITyTEM.

Takue pacgeTsl 0cOOEHHO BaXKHBI IS CHCTEMEI
KPeMHHH — KHCTIOPOJ, TIOCKOIBKY TOCTETICHHOE YMEHb-
OIeHHE 3apsja 4eTHIPEX3apAnHOTO KAaTHOHA KpeMHUS
MOXeT TNPHBECTH K 0Opa30BaHMIO HECKONBKHX CTe-
XUOMETPUYECKUX ¥ MHOXKECTBA HPOMEXKYTOYHBIX OK-
CHIOB KpeMHHMSA. B COOTBETCTBUHM C 3NEKTPOHHOH
ctpyktypoit kpemuma (1525°2p%35%3p”) BO3IMOMNHEI
cTemenu ero okucnenms 1+ (3s73pY); 2+ (3s%);
3+ (3s); 4+ (2322p6). TaxuM CTeNEeHAIM OKHCICHHA
MOTYT OTBe4aTh OKCHABI cocraBa Si)O, SiO, Si,0s,
Si30,4 1 Si0,, BO3MOXHOCTS CYIECTBOBaHMA KOTOPBIX
B KPUCTALTUYECKOM COCTOSHHM 0Ocyx)maercs B pabo-
Tax {7-17].

Jlnsg kpeMHMsT U ero Bblculero okcupa Si0, us-
BECTHBI M CTPYKTYpHBIE, W KPUCTAJUIOXUMHYECKUE ITa-
pameTphl. g MoHookcuma SiO TPUBOASTCS HEKOTO-
pble CTPYKTYPHBIE KOHCTAHThI [9-11], a U1 ocTalbHBIX
OKCHIOB HEOOXOOMMEBIE HaHHbIE OTCYTCTBYIOT. OmHAKO
MPUBOIMMEIE B JIUTEPAType CTPYKTYPHBIE MapaMeTphl 1
it SiO HemoCTaTOYHO HANEeXKHbBI, TTOCKOJIBKY ITOJTyde-
HBI OHU JIOO METOIOM 3JIEKTPOHHOMN AU(DPaKIVK, YTO
TpenoIpeelisieT HEBBICOKYIO TOYHOCTh [9], ambo i
BO3MOXHBIX CMeCEll pa3HbIX OKCHIOB C HEIOCTATOYHOMI
muddepeHumanmeii gas [10, 11].

Llenbto AaHHOI pabOThI SIBJSIETCS] OINpeAeeHUe
pacyeTHbIM TIyTEM CTPYKTYPHBIX M HEKOTOPBIX TEp-
MOXUMUYECKUX KOHCTAHT HUBIIUX U MPOMEXYTOUHBIX
KPUCTAJZTIMYECKUX OKCUIOB KPEMHMS, UTO MOIJIO Obl
CII0COOCTBOBaTh  IMOCIEAYIOLEMY MX 3JKCIIEPUMEH-
TaJbHOMY OIpEAeIeHUIO U UIeHTU(DUKALIMN.

CTpyKTypHbIE MapaMeTpbl

PacueThl mpoBOOWIM IO METOIMKE, paHee UC-
MoJIb30BaHHOM B pabote [18] mist ornpenesieHUss MOH-
HBIX PaIuyCOB Pa3HbIX KaTHMOHOB aJIOMMHUSI U Tapa-
METPOB KPUCTAUIMYECKOIN CTPYKTYPbl HU3IIMX OKCHU-
OB alloMUHMSI U B pabore [19] - misg onpeneneHus
MmapaMeTpoB KOMITIEKCHBIX LITTUHEEH, coaepKaBLIuX
IO TISITM pa3HbIX KaTUOHOB. MeTommKa pacyera o0oc-
HOBaHa U U3JI0XeHa B paboTax [20-22].

Paguyc katMoHa 1, B KyOMYECKMX CTPYKTYpax C
OIHUM KAaTHUOHOM MOXHO OIIPENEIUTh U3 YpaBHEHUS
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TJIE 7, — MEXBAAEPHOE PACCTOSHHE; 7 — MHHUMANb-
HE pamdyc ammona O pasmmiit 1,35806 [19,20];
7p — neGaeBCKUil PaHyC IKPAHUPOBAHHUA

rp =13,73718- J4,, - 0(2),
rie Ay — aucno Manenynra; ¢(z) — byHKums 3apsaos
HOHOB.

B mmmHensax, o6pa3oBaHHbIX KaTHOHAMH C pas-
HOH BeMYHHOM 3apANA, ¥, — PacCTOSHIE MEKIY HEH-
Tpamu ¢parMenToB lunuHe d. [Ipy 3TOM HOpMaibHEE
OKCHUJHbIE NITIHHENH THNA 2-3 NPelCTaB/LIOTCA B BUIE
Me*[Me’",0,], a obpamermsie xak Me* [Me* Me™Oy].
Yro6sl paccuMTaTh MEXCTPYKTYPHOE PACCTOSHKE 7,
IITAHEH, CHauana no dopMyne

0
7 -r Y Je
( DMe, >~ DMe,*" ) Tep,, T

@

r _=F +
(17 Pin ~ T 0 2
(rDMem3+ rDMeex2+) rc in (rOZ—)

HEe0o0XO0[MMO ONPEIENUTs pasMep BHyTpeHHEH cdephl
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COOTBETCTBEHHO). 3A€Ch 7,
n

HOHOB B % ur -
THOHOB BO BHYTpeHEel ciepe, rDMcm3,, DMe, >

nebaeBCKUM pafuyc 3KpaHUpOBaHUS BHYTPEHHeH H
BHeInHEH cep.

3Hag pagwyc KaTMOHAa U THII PELICTKH, M3 COOT-
HOIIEHHS

— cpeaHnil paguyc Ka-
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= ad, 3)
MOKHO PacCYUTaTh NapaMeTp PEIeTKH g WM, Haobo-
POT, 3Has MApaMeTp W THII PEIICTKH, MOXKHO paccau-
TaTh paauyc Houa. B ypasHeHu# (3) o — CTpyKTypHas
KOHCTaHTa, OlpelelseMas THIIOM PElIETKH.

Kak yxe orMmeuanoch, B CHCTeMe KpeMHHM—
KACTOPOII M3BECTHHI BCE CTPYKTYPHBIE XapaKTePUCTH-
KH TOJBKO KpeMHUA M ZHOKCHOA Kpemums SiO,. B mu-
Tepatype [9-11] npuBeneHH HEKOTOpBIE CBEICHHA O
cTpyKType Monookcua Si0, ofHako METOAVKa MOMy-
yeHus OOBEKTOB HCCICAOBAHHA HE HCKIIOYAET, UTO
npenapatr cofepKan He ONWH HM3IIMH OKCHA KpeM-
HMS, @ HECKOIbKO. [103TOMy NpHBEeHHBIE B 3THX
HCTOYHMKAX peHTreHorpaduyeckse ¥ JEKTPOHOIpa-
buveckue NaHHbBIE TIOABEPINIH TEOPETHIECKOMY aHa-
au3y # 00paboTKe B IPEeATIONOXEHHH, 4TO B NIpenapa-
T€ MOTIHM OPUCYTCTBOBAaTh Pa3Hble HHU3IIAE OKCHOBI
KpEMHI — Sizo, SIO, SizO}, Si304.

Pesynbrarsl pacuera TApaMETPOB PEINETKH OK-
CHIOB KPEMHIIs, IPUCYTCTBHE KOTOPBIX MOXKHO ObUTO
Tpe/nonaraTh B UCCIe0BaHHBIX NpenapaTax, NpHBe-
neHsl B Tabn. 1.

U3 pesynsTaToOB pacuera ciefyeT, 4TO B HMCCIe-
OOBaHHBIX [peTiapatax He HCKIIOUEHO NPHCYTCTBHE
KPeMHHA, KOTOPOMY COOTBETCTBYET

a=5,439+0,0030 A,
¥ UETHIpeX OKCHIOB, KPHCTALIMYECKHE PEIlETKH KOTO-
PBIX MMEIOT TlapaMeTpsl 4,3645:+0,0005; 4,9943+0,0016;
7,8910:+0,0020 1 9,2473+0,0014 A.

PaceMoTpuM TOCIIEAOBATENBHO 3TH COCIUHEHUS
KpeMHHA.

Kpemuui Si

Kpemuuil, Kax ¥ amMa3s, KPUCTALUI3YETCS B Ky-

Omdeckoit cTpykType THna chaneputa ZnS (F43m-4).

CTpyKTypHas KOHCTaHTA TaKO# pElueTKH o = NE) /4,
napaMeTp pemeTku a = 5,43077+0,00008A [12-17].

Orciona MEXBINEPHOE DPACCTOSHUE 7, = - d=
=2,35159+0,00003 A u paguyc atoma = Y%r,=
=1,175795+0,000015 A.

CpapHeHHe ¢ JTaHHBIME Tali. | CBHAETENBCTBY-
€T, 9T0 B HamleM 3KCTIEPUMEHTE NapaMeTp pelueTKH
Gonsuie. Bo3MOXKHO, 370 06yCIOBIEHO NPUCYTCTBHEM
B pelnieTke KPEMHHA NPUMECH KHUCTOPOAA, YTO HE HC-
KIOYaeTcs YCIOBAIME SKCIEPUMEHTA.

T'emuoxcun xpemuaus Si,O

Tloxo6HoMY cocTaBy MOTYT OTBEYaTh ABE CTPYK-
Typsl - kynput (Cu,0O) u antudmoopat (auti-CaF,).

Monekyna Si;O ob6pasyercs B pesynpTare THO-
PUMAM3AINN OBYX p-3JIEKTPOHOB aTOMa KHCIOPOJa H
[0 OfHOMY p-37EKTPOHY aTOMOB KpeMHus. B Tpex-
aTOMHBIX MONIEKyJax (ofHa AByX3apsiHas U ABe Of-
HO3aPAIHbIE YaCTUI]) NpH 00pa3OBAHWH sp- WU pp-
THOPHAHBIX CBA3CH PEANU3yIOTCH pPaBHOOEIPEHHbIE
IUIOCKHe WM JHHeWHble kor¢Arypamuu. B oGoux
chydasx pazMep monekynsl Si,O Oynmet Gomsme pas-
Mepa mByxatoMHO# Monekynsl SiO, coctodme#i u3
Tex ke aromoB. [lo3ToMy 3 IBYX OOHapykeHHBIX
OTHOCHTENbHO MaJbIX NapaMeTpOB KPHCTALTHYECKHX
pemeTok a = 4,3646+0,0004 A u a=4,994:0,002 A
TIpeNnoyTeHue CICAYEeT OTAATH BTOPOMY.

PaccMOTpEM  BO3MOXHOCTD  KPHCTaJLIM3AIUN
S1,0 B crpykType xynputa. g 3T0# CTpYKTYpH Xa-
PaKTepHb! CTPYKTYpPHbIE KOHCTAHTEI

33

a= = 0,53033.

Ilostomy
Tp =Tpzns ‘6(~[3_—1) =17,581767 -6(\/5-~1) =
=77,22448 A;r,=0,53033-4,994 = 2,64847.

TTocne TONCTAHOBKY MONYYeHHBIX 3HAYCHHUI B
ypaBHenre (1) nomyqamm

Tabnmua 1
MapameTpbl petieTku (A) npeanonaraeMbIX OKCWA0B KPEMHUA MO AaHHbIM [9-11]
MexnnockocTHOE HHHGKCH. Tlapamerp MeXnaocKOCTHOE HHHeKCHV ITapameTp
IFIOCKOCTEH, TUIOCKOCTEM,
paccrosHue, a hid pewmeTky, d paccrossue, d ikl peuIeTky, a
2,52 {9-11] 111 4,365 1,64 [10] 311 5439
1,543 {11] 220 4,364 1,36 {10] 400 5,440
1,316 [11] 311 4,363 1,11 [10] 422 5,438
1,091 {11 400 4,363 1,087 {9] 500 5,435
0,891[9,11] 422 4,365 0,96 [10] 440 5,431
0,84 [9] 333, 511 4,365 0,92 [10] 531 5,443
cpenuee 4,3645:+0,0005 0,86 [10] 620 5,439
0,999 [11] 430 4,995 0,83 [10] 533 5,443
0,832 [11] 600 4,992 cpenHee 5,439+0,003
0,79 [9] 620 4,996

cpenHee 4,9943+0,0016 1,541 9] 442 9,246
2,79 [10] 220 7,891 1,321 9] 632 9,250
2,63 {10] 300 7,890 0,92 [9] 764 9,246
2,496 [11] 310 7,893 0,79 [9] 883 9,247

0,729 [1 lclpelmee 872 7.89 ]7 (’)8:&%(’)0 020 cpenHee 9,2473+0,0014
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Pabyxun A.I"., Powun A.B.,
PouwuH B.E.

Pacyem napamempoas cmpyKmypbi U 3HMansLuy obpasosaHus

KpucmannuJeckux okcudoe KpPeMHUs1

- 2,64847-1,35806+0,02388 N

Si* 2

+4/0,431841-0,063253 = 01,26426 E.

Ora BenWdMHa pammyca KatThoma Si'T Gombme
IKCIIEPHMEHTAIBHO ONpeNeTeHHOT0 paauyca Kpem-
HM#, 4ero ObiThb He MoxkeT. CnefoBaTeNbHO, OKCHI
Si,0 KpHCTAanAM30BaThCAd B CTIPYKTYpE KyNpHIa He
MOXET.

Tlo amanorum paccMOTPUM BO3MOXKHOCTh KpH-
cramzamuy Si;O B cTpykrype anTuhmoopnTta. Ins
3TOM CTPYKTYPBI XapaKTepHb! KOHCTAHTBI

V3

2

=0,4714045;

¥p =1 _—Zﬁ
D DCaF, 3(\/—2—_1)

=79,65587 A;

rp =0, 4714045-4,994 = 2,35419 A.
Orcrona

- 2,35419—1,35806+0,023154+

Sit 2

+J 0,259735~0,054509 = 0,96266 A.
Ta BeNMUMHA pajmyca katrona Si'* MeHbIIe JKcmie-
PHMEHTalIFHO  ONPe/IeJIEHHOr0 pafdyca KpeMHHUA
rei = 1,175795+0,000015A, crnemoBaTenbHO, OKCHA
Si,O0 MOXeT KpHUCTaJIM30BATECA B CTPYKTYPE aHTH-
¢moopwura.

MoHookcun kpemuusa SiO

Takomy cocTaBy MOTYT COOTBETCTBOBATH JIBE
CcTpykTyphl — ranenwra (NaCl) u cdanepura (ZnS).
IlposeneM IpOBEPKY aHAJIOTUYHO IPUBEIESHHBIM IJif
$1,0 paccyxaeHMsIM ¥ CPaBHHM C IIPHBEIEHHRIM B
Tabl1. 1 3HAYEeHHEM apaMeTpa PemeTKH

a = 4,3645+0,0005.

PaccmoTprM Bo3MOXHOCTD KpucTanmusamiy SiO
B cTpykType TaneHuta (Fm3m-4). Jlas stoil cTpyxry-
PBI XapaKTEPHbI KOHCTAHTH!

a=0,5;

r, = 2,18230;

o = o .(1+\/22 —1)=31,45393-(1+J§)=

=85,933735 A [20].

Pacuer 1o ypasueamio (1) maet

Foe = 0,78623 A

AHaNory4Ho, JOTYCKas BO3MOMKHOCTE KPHCTAN-
maman SiO B cTpykrype coanepura (Fd3m-4) mo-

Iy4HM cirepyromee. Jina 3Tol CTpYKTYph! XapaKTepHsl
KOHCTaHTHI

a=2/3=04714045;

rp=2,05749 A;

Ty = Fogns <632 =17,581767-65/2 =
=149,18624 A [20].

Pacuaet no ypasreHmo (1) naet

ras = 0,66476 A.

PacxoxkneHHs MexXIy pacCUMTAHHBIMA 3Haye-

o=

=34,99597-2,276145 =

HHAMHA rSi2+ AOCTATOYHO BEJIMKH, OOHAKO OTCYTCTBHEC

HAJIEXKHBIX JAHHBIX [0 3TOM BEJMUYHUHE HE HO3BOJAET
OTBEPrHYTH HH OJHY W3 HHX. JTO MOXHO Oyner cne-
nath MO3AHEE 1O pesyjbTaTaM pacyera TEPMOXHMH-
YEeCKMX BEJTHYHH.

Cecksuokcua kpeMaud Si;Os

CocraBam tHa Me,O; oTBedaeT oiHa KyOude-
ckag cTpykrypa Mn,O; (Ia3-16) [12]. JIna sroit
CTPYKTYPH! XapaKTepHbl KOHCTaHTHI

a=2/9;

rp=38,281201 A [20];
B Tabm. 1 eMy COOTBETCTBYET 3HAYCHHE MapaMeTpa
peIeTKH

a=9,2473+0,0014 A.
Pacuets! mo aHanmoruuHOM METONUKE NPHUBOIAT K Be-
JT9HAHE

re = 0,57190 A

Ilposepkoil NpaBHUALHOCTH PacieToOB DaiHyCOB
IBYX- ¥ TPEX3apAOHOTO HOHOB KPEMHHS MOTYT CIy-
KUTH!

1. Pacuer mapamerpa pewmerkyu mmuHenn SizO,
cofepxaiieii oba KaTHOHa, U CPaBHEHUE PE3YIILTATOR
pacyera ¢ 3KCIepHMEHTATEHBIMY JaHHBIMU Taln. 1.

2. PacueT 3HTaNbIIHA KPUCTAIIHYECKON peIeTKH
ApH (81;03) m AH (Si30,4) ¢ HCNIONB30BaHWEM BBIYHC-
JICHHBIX 3Ha49€HWH pajHycoB MOHOB, JHTAIGIINH pa3-
pywennd (obpazopanms) SiO, Si,0s u SizO,.

Oxcug xpemuns SisO, (8i0-Si,05)
Meroauka pacdera [apaMerpoB KpHCTaUIdde-
CKHX pEeNIeTOK HOPMAalbHBIX M OOpalleHHBIX IIITHHEe-
nelt uznoxena B paborax [20-22]. M3 coueranus B
CTpyKType 2-3 IIIMHENEH TEeTpadApPOB U OKTAa3ApOB
CIIeQyET CTPYKTypHas KOHCTAaHTa

a=~—8——-—1- =0,384900 [21, 22];

33 4
a=r,/ a=2,598077r,.
B Tabn. 2 npuseneHa cxema pacuera MeXCTPyKTypHO-
IO PacCTOSHUSA ¥, HOPMAJIbHBIX M OOpAIICHHBIX . K-
Helel.

Ilpnvem 7, = 0,66476 A u HopmanbHBIH THIT

mounemd. HMcxons s rs;’3*=0’57]90 A, cpenHuii

Panuyc XaTHOHA B MINMHENH /oy = 0,61833A.
Pacuer sddekTHBHOrO paauyca BHYTpPEHHEH

C(I)epbl R

- =0,57190+ 21,47544-0,57190-1,35806

21,47544-0,57190 —1,844327 -
=0,57190+1,59803 = 2,16993 A.

Pacuer mapamerpa peIleTKH HOPMANLHOM mimH-
Helx

74,59312-0,64476-2,16993
74,59312-0,64476 —4,708596
=0,64476 +2,39760 = 3,06236 A.

Orcrofia Ip¥ 3THX HONYIIEHUSX IapaMmeTp pe-
LIEeTKH HOPMaJLHOH TUITHHENH
a=12,598077-3,06236 = 7,95625 A.

r, =0,64476 +
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Tabnuua 2

YpaBHeHUR Onsi pacyeta napaMeTpoB HOPManbHOM 1 oGpaileHHoi wnuHenel Sis0,

Hopmanesas AHEND OGpailierHas MIHENb
OmnpepenseMas BEMIAHA SIS0, SP[SE'SI0,]
rex rSi2+ rsi3+
Tn Tsise Top =1/2 (r size g )
"D, Fogms -3V2 = 74,59312 Fozas -6-(v3 =1)=77,22448
, Pogns -2+(14+/3) =96,06856 | ros -3/4-(3+3)/2,5 = 98,66047
. ~ oy, 21,47544 21,43599
(rDex - rDin ). rm ' rgz— (rDex - rDin ) ’ rcP ’ r(gz_
F Fn + % +
{1 Y P o \2
(rDax ~To, ) Tin —(rOZ_ ) (rDex ~'p, ) “ep -—(7‘02_ )
rDHJ‘ex-r” rDex-rexW'”
7 oy t———"5 Fo+ 3
o 7= (1) 1. 7= (1)

3nech #oy () — 2bdexTuBHBIN pagryc KATHOHA BO BHeNIHe (BHyTpeHHel) cdepe.

AHanormyHelii pacyer oOOparIeHHOM IIMTHHENN
TIpH JIOTYIEHHA 7, = 0,66476 A:

Pacger 3¢dexTHBHOrO panmyca BHyTpeHHENH
cdeps "
21,43599-0,61833-1,35806
21,43599-0,61833-1,844327
=0,61833+1,57758 =2,19591A.

Pacyer mapamerpa pemeTky o6paiieHHOM M-
HeH

A =0,61833 +

77,22448-0,57190-2,19591
77,22448-0,57190 — 4,882021
=0,57190 +2, 46505 = 3,03695 A.
O1ciofa mapameTp pemeTku oOpamenHof miH-
HEenu HpI/l 3THUX JOIMYIMCHUAX
a=2,598077-3,03695 = 7,89023 A.
AHaNOTMYHBIE pac4eThl, MCXOM M3 JONYyIICHHA

r, =0,57190+

panmyca rSi2+=0,78623 A, TIPUBOIAT K 3IHAYCHHAM

a=8,17246 A mna sopmamsHoi 1 a = 8,02998 A mna
obpaniennoff mmuHenuw. U3 IxcmepuMeHTaNbHBIX
ITaHBBIX ONpeleleHo 3HadeHue a = 7,8910+0,0020.
Hcxona M3 3THX pe3yibTaToB, CIeIyeT, 410 B
3KCHEPHMEHTaX HaOmojall MMEeHHO o0pallieHHYIO
mweeTk Siz0,, Tak Kak pacCYMTaHHBIM U3 HOHHBIX
paamycoB  mapaMeTp  ofpamenHolf  ImmUHenw
a=7,89023 A mpaxTuueck: TOYHO COBNAAAET C Be-
arauEol a = 7,8910+0,0020 A |, ompelleNieHHoN U3
PEHTT€HOCTPYKTYPHBIX JaHHBIX (cM. T1abn. 1). Oro
MOATBEPKAET TaloKe IPABHIBHOCTE PACYETa PalyCoB
HOHOB KPEMBUA 7,. = 0,66476 An res = 0,57190 A,

BHITIOJTHEHHOTO 110 NAHHBIM pabor [9-11].

Pesynbrarsl pacdeTa XapakTepUCTHK KPHUCTAIIIH-
9ecKHX CTPYKTYpP B CHCTEME KpeMHHil—KHCAOpOX
TIpUBEACHH! B Ta0. 3.

Tabnmua 3
NapameTtptl KpUcTannuyeckoii cTPYKTYp.i (A) B cucTeme kpemHmii — kucnopog
BemectBo Si Si,O Si0O Si,0;4 Siz0y4 SiO,
ZnS aaTu-CaF, ZnS Mn,04

Crpykypa FA3m-4 | Fm3m-4 Fd3m-4 Ta3-16 MgAlOs | frpuer.
3apsaj KaTHOHA 0 1+ 2+ 3+ {cp.) 2,5+ 4+
PaHYC KATHOHA 1,7715 0,96266 0,66476 0,57190 (cp.)0,61833 0,48124

Ly +0,00065 +0,00094 +0,00024 +0,00022 +0,00077 +0,00080

CTpykTYypHas 2 2

K:gg;;’fa, . J3/4 2/3 J2/3 (v2/3) Ya-(2/N3) | Y2:342/8
Hebaenckuii

pannyc 3KpaHu- - 79,65587 149,18624 38,28120 - 96,89932
pOBaHUA, I'p

MexbanepHoe 2,35429 2,35419 2,05745 2,05489 3,03725 1,89460
PaccTOgHuUS, 7,y +0,00130 +0,00094 +0,00024 +0,00022 +0,00077 +0,00080
Hapametp 5,437 4,994 4,3645 9,247 7,891 7,145
peIleTKH, a +0,003 +0,002 +0,0005 +0,001 +0,002 +0,003
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Psab6yxux A.l., PouwuH A.B.,
Powun B.E.

Pacyem napamempoe cmpykmyph! U 3HMasnsnuu o6pasoeaHus

Kpucmasillu4eCKux oK cudoe KpeMHus

DHTANBNUS 00PA30BAHNS KPUCTAJUIMYECKHUX
OKCHIOB U 3HTAJIbIIMA 00pa30BaHus (pa3pyuieHus)
MX KPUCTAJIMYECKUX PEelIeTOK

Pe3ynbTaThl pacyeTa CTPYKTYPHBIX KOHCTAHT I1O-
3BOJISIIOT, B CBOIO OYEpEelb, PACCUUTATH IHTAIBITUIO
00pa30oBaHKsS KPUCTAJUTUYECKUX OKCHIOB M 3SHTAJb-
MAI0 UX KPUCTAIUIMYECKUX PelIeToK. MeTomauka pac-
yeTa u3jioeHa paHee B padote [20].

CornacHo [20] 3HTaNbBNUIO KPUCTATMYECKOM
pelIeTK MOXKHO TPEICTaBUThb B BHUIE CYMMBI IBYX
caraeMbIX

AHMe,A,) = AHy + AH,,. @

3necs AHp — dHTAIBNMA HyIeBOTO YPOBHA, 0T KOTOPO-
ro Benetca otcuer. Bemwuna AH) mocrosHHa g
JaHHOTO THIIA KPUCTALUIMYECKOH CTPYKTYpPHL, 3apANOB
YaCTHIl H UX NEKTPOHHOTO CTPOCHUA; AHy; — dHTANB-
T B3aUMOJEHCTBHS, KOTOPas 3aBUCUT OT BEJIHYWHBI
3apaJ0B YacTHIl W, B CBOIO OUCPEXRb, ONpeHenseT
CTPYKTYPY KPUCTAINYECKON PEIIETKH.

Tlpumem, ¥TO OTCUET BEHETCH OT TPOCTEMINMX
aTOMOB Bojiopoza. Toraa

2
AHy =N, =107 107 £12) fiepy

o
rae Ny = 6,022045-1023 MOJTE | — 9HCIIO Asgoranpo;
e = 4,803242:107"° CGSE (r"2em™*c™"); 10 m 107 -
YUCJIEHHBIE KO3(UIMEHTH IepeBoJa €IUHNUL B CHC-
Temy CH; a, = 0,52912:10"* cM — 6opoBckmit pamsyc
atoma Bomopona; fi(Z) — QyHKOMA 3apada, KOTopas
BKIIIOYAeT B cebf MPON3BEICHUE AR A (Z.wn Z,— Be-
MYMHA 3apAN0B KATHOHA U aHHOHA COOTBETCTBEHHO);

ficrpy — CTPYKTYPHAs KOHCTAHTa.
nocﬂe TIOACTAHOBKH YHUCICHHBIX 3HaYeHUl 1o-
nyauM AHo= 114,174 A(2)  fierp -

OHTAIBINA B3aNMOHeHCTBIA
2

e = =
AH, =N, ~AM-KII-IO8-103-f2(Z)-f2(CTp),

T-r,
THA€ 7, = Q-a — MEKBANEPHOE PACCTOSHHE; & — Ieo-
MeTpHdeckas KOHCTaHTa; @ — llapaMeTp KpucTaude-
cko#t pemeTky; Ay — ancno Moaexynra; KU — koop-
aunanuonsoe wucio (K4 = 6); £(Z) ~ dyuxuns 3apsa-
IIOB, KOTOpas BKMovyaeT B cebs mpomssenenue Z,-7,;
Joerp) — CTPYKTYpHAS KOHCTaHTA.

Ilocne HOZCTAHOBKH YHMCIEHHBIX BENHYHMH s
COSAMHEHHA HOMY M

A H =114,174- £;(Z) firerp) +
103,7074
+ - 'AM fZ (Z)'fZ(crp) &)
P

WM A7 KOHKPETHBIX OKCHI0B!
Oxkengx Si,O
A H =114,174.17 2% .1+
,103,7074-1,2597-1:2:6 , ;=
2,35419
=3916,874+1,382.

Oxcun Si0
A H =114,174-2% .22 -%-\/22 +1+
103,7074-1,63806-2-2-4_\/—_

2,05745
=4330,591+0,267.

Oxcun Si;04
A H =114,174-3 2,57 %-(H%—g}

103,7074-1,63806-3~2,5-8-6-(\/5-1)-—33@—

42

+ =
3,03725

=20922,262 £ 3,403.

Oxcugp Si, 04
A H =114,174.3 . 2° -(1+3§‘/§—}+

,103,7074-1,63806-3:2.4 =
2,05489
=16599,715+1,104.

Oxcux SiO, (B-xpuctobannt)

ApH=114,174-42-22-23£+

103,7074-1,2597-4-2.6 23 -1
. 2l A-
1,8946 23

=13453,689+2,118.

C npyro#i CTOpOHBI, COTJIACHO ONPEIEIEHUIO
sHeprus (HTANbIWA) KPUCTALIHYECKON peleTku
npencrasigeTr coboif pa3HocTh JHTAILIHU 00pa3oBa-
HHA ra3006pa3HBIX HOHOB KOMIIOHEHTOB C COOTBETCT-
BYIOIIMMHE K03(huIHeRTaM¥ 1 3HTANLINA 00pa3oBa-
HHS XMMHUGECKOIO0 COGOMHEHMS B KPUCTALTMIECKOM
BHIE

AHMe,A ) = mAH (Me™ ) +

+ mAHA(A™,) — ArH (Me, A o). 6)

CraHAapTHBIE SHTAIBINH 00pa3oBanHuA razoos-
Pa3HBIX HOHOB OlpeleseHb U cocTapmAoT 1244:+6,276
(Si'); 2821,137£6,276 (Si*); 6052,859+6,276 (Si™);
10408,403+6,276 (Si*"); [24] u 1069,128+0,116(0*)
&Jlx/Mons [20]. Tyis cpaBHeHHS pacdeTos 1o yp. (5) 1
(6) Tpebyetcsa HaiiTH IHTANLIUIO 00pa3OBaHMA KpH-
CTATTHIECKOTO COeIUHEHHA AfHO(Me,,A,,, )

CraHmapTHYIO BHTaibmmo 00pa3oBaHMA Kpu-
CTAJUVIMYECKOTO BEIIECTBA MOXHO PacCUUTaTh, HCXOMS
u3 Momenu [25, 26]. CornacHo 3T0M MOJENM Ha Kax-
OBl SEPHBIM 3apsAn KPHUCTAUIMYECKOTO BEINECTBa
MAPWXOMUTCA OJWHAKOBas 3HTansmud. [lostoMy ABIA-
eTcs >pdexTHBHOM BEIVIHHON U onpefenseTcs Kak

-AH
= , )
>z

rae ZZ — cyMMa AAepHBIX 3apanoB (IOpAIKOBBIX HO-
MEpOB 37IEMEHTOB), TPUXOAAIIXCA Ha 1 MOIb METaN-
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Aa. DTo ypaBHEHNE UCTIONB3YEM [UIS pacueTa /7 aHaiy-
3UPYEMBIX OKCHEOB.

3aBHCHAMOCTH A OT cOcTaBa X (¥ — MONbHAd 0T
KHCIOpOJa, NPHXOAAIMIaics Ha | MoImb KpeMHHsA He-
TIPEPHIBHBIX KBAa3UPABHOBECHBIX COENHHEHMIT) MOXKHO
otoGpasnuTh THHEMHBIM ypaBHeHueM [{20]

h=a+kx, (8)
TIE @ B kK — KOHCTaHTBL

Bce mosie guarpaMMBbl COCTaB— CBOHCTBO pa3bu-
Baercs Ha 007acTé TBEPHBIX PACTBOPOB, B KOTODBIX
BBIIEIMOTC]  KPUCTANIoo6pasylolie KOMIIOHEHTHL
B nepgeoit 061acTi TBEPABIX PACTBOPOE KPHCTANN0006-
pasylommM Beerja AsigeTca Metalr. I1ockonbKy Ama
Metasta Ay =0, To 1ns 10008 CHCTEMb! 3aBACH-
MocTh 4 = f(x) HaupHaeTcd ¢ Hynd. B apyrux obnac-
TSIX TBEPHABIX PacTBOPOB KPHCTAILIOO0pa3yomuM Mo-
Ket ObITh MpHHST 000N ycroifumBelll oxcma, Mt
KOTOPOr0 H3BECTHHI COCTaB, CTPYKTypa, SHTaIbIHA
obpazosanis. Ilockonbky B Kaxaol obnacTu k mMeer
pasHoe YHCIeHHOe 3HAYeHHe, ONpe/enieMoe CoueTa-
HHWeM CTPYKTYPHBIX KOHCTAHT M KOOPIMHAIHOHHBIX
4HCesi CONMpATaeMbIX Ha IpaHpne o0nacTel pelieTok,
TO KOOPAMHATS! CAMUX IPaHUI OIPEJCTIAIOTCH COBME-
CTHBIM pemieHueM ypaBHeHHH (8) i COOTBEICT-
BYROIIHX oOnacteii.

W3 anpanmusa cTpykryp (cM. Tabn. 3) cnegyer, 910
JHarpaMMa KpeMHHM —KpPeMHE3eM COCTOMT M3 ABYX
ofnacTell TBEpIBIX PacTBOPOB C rpaHBUeH mpy x = 1.
TMepras o1 KpeMHMS 00NacTh BKIIFOYAET OKCHABI C
poncreeHHoll crpykrypol tvna ZnS u CaF,, Bropas
obmacts ofpasopaHa Oonee CHOKHBIMH OKCHAAMH.
B 1ab61. 4 npuBeers! UCXOAHBIE NaHHBIE H PE3yabTa-
ThI pacueToB 1o ypapuenuwmM (7) u (8).

Tlepas 06nacTh TBEpABIX pacTBOpoB Si0,
(x=0..1)

Tlo ompenenenmo ArH'(Si,)=0. Bcnenctsue
3TOro ypasHeHue (6) npuodpeTaer BUA

hy =kx. )]

O6beMHas CTPYKTYPHAs KOHCTaHTa k; OTpaxaeT
nepexo 0T TeTPadIpHYECKOd CTPYKTYPH! KpeMHHA ¢

K, =4 k ctpykrype chaneputa ¢ K, =3(\/5—1).

KoopmunammonHoe 9ucio 3THX CTpykTyp KU =4,
Orxcroga

k=K Ky K9 =4-3(v2-1)-4=19,8822.

Takmm obpazom, B aHAIATAYECKOM QopMe ypas-
HeHue (7) npuAuMaeT BU

hy = 19,8822:x. (10)
Bropas o6nacTe TBepABIX pacTBopoB _SiO,

(x=1...2).

KBaszupaBHOBECHOMY Nepexojy MO Mepe YBelu-
9YeHHd B OKCHIAX KHCIIOpOAa OT CTPYKTYpPH chanepu-

Tac K, = 3(\f2— ——1) K CIpyKType [B-KpHcToGamura

3
3(J5 - 1)
CTPYKTYpHas KOHCTaHTA

by =Ky Ky Kd=3(v2-1).

K;= u K4 =6 coorBercTByeT obnemHas

B
3(v2-))

Hcnomays AfHo(SiOZ kpucrof.) = -908,263+1,548,
w3 ypasHeHnd (8) MOXHO OTpeNelNTh 3HAYCHAE KOH-

ctaaTet a = 9,4908. C ygetom storo ypaseeHue (8)
sTolt o6nactu npuodperaet bopMy:

h, = 9,4908 + 10,3923 -x. 11

CosMecTtHOE petnenne ypasrennii (10) u (11) mo-
3BOJIET ONpENeNHTh Tpanuuy obmacteit x = 1,00009.
310 no3eonser yTouHuTs AH (SIOKp)y=-437,450:0,042.
PesynsraTtel pacderoB no ypaeHeHmaM (10) m (11)
[pABefeHb! B TalM. 5 1 Ha PHCYHKE.

Xopomee cornacue pacuetoB Ap,H okcuaos
KPEMHUsI 10 YPaBHEHUIO MATEeMATUYECKOW MOJeTn
(yp. 4) v ypaBHeHUIO ompeneieHus (yp. 6) MO3BOJSIET
CYUTaTh, YTO PEHTICHOCTPYKTYPHBbIE U 3JIEKTPOHO-
rpaduyeckue JaHHbIe UACHTUGDUIIMPOBAHBI PABUIIHHO.

C uCToNb30BaHUEM JIUTEPATYPHBIX PEHTIEHOCT-
PYKTYPHBIX M 3JEKTPOHOrpauIecKuX MaHHBIX pac-
cuutaHbl 2(PHEeKTUBHBIE MOHHBIE PAJMYChl pa3HO3a-
PSUTHBIX KAaTHMOHOB KPEMHMsI, MapaMeTpbl pElIeTOK,
MEXbsIIEPHbIE PACCTOSIHUSL B OKCUAAX KPEMHHUSI U DH-
TaJbIIMU MX KPUCTAUTMYECKUX PEIIETOK, a TaKxkKe
CTaHIApPTHBIE SHTAILIIMKM OOPA30BaHUsT KPUCTA/LTHYE-
CKUX OKCHUIOB KpeMHusi. [lojyyeHHble 3HAYEHUsI
CTAaHIAPTHOW IHTAJBIIMU OOPA30BAHMUSI KPUCTAILTHYE-
ckux okcugos Si,0, SiO, Si0,, Si,0, u ux xpucran-
JIMYECKUX PEIIETOK CBUICTEIBCTBYIOT O HOCTaTOYHOM
YCTOMYMBOCTH 3TUX OKCHUIOB B KPUCTAUTMIECKOM
COCTOSIHUM TP CTAHAAPTHBIX YCIOBUSIX.

-6=10,3923.

Taomwua 4
JHeprus pewetok AH (kKOX/MOrib) GKCMAOB KPeMHUA
ITapamerp Si,0 Sio Si;04 Si, 04 Si0,
A, [23] 1,25970 1,63806 1, 63806 1,63806 1,25970
K4 6 4 4 6
1
fiem 1 2% 41 [ ) 1+ E‘_/—_ _2.‘/_5
2 3
33 343
Sre 33 V3 6-(v3-1) 222 33 6-(3-1)-2N2
o (5-1)4 42 (¥3-1) 42
AH (yp.4) | 3916,874+1,382 | 4330,591+0,267 | 20922,262 +3,403 | 16599,713x1,104 | 13453,689+2,118
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Pabyxun A.I"., PowuH A.B.,

Pacuem napaMempos cmpyKkmypsi u 3HMaLIIUU 06pa3oeaHusi

PouwuH B.E. KpUuCManiu4ecKkux oKkcuoos KpemMHus
Tabnuua 5
CrangapTHas 3HTaNnbNus 06pasoBaHus KpUCTANNMYECKNX OKCUAOB KPEMHUS
¥ SHTaNLNNR NX KPUCTANNIMYECKNX PeleToK (KIX/Monb)
MMapameTp Si,O Sio Si;0, Si,05 Si0,
Yz 18 22 24,6667 26 30
437,940 908,263
~AH" [23,27] - +4,184 [23] - - +1,548 [27]
A (yp. 7) 3 19,9064 3 N 30,2754
JP- £0,1902 +0,0516
h(yp.10,11) | 99411 (10) igggg? 8‘3 233126 (11) | 25,0793(11) | 302754 (11)
—A]H0 vp.- 7 357,880 437,408 1725,1317 1304,122 908.263
ura 1 atom Si 178,940 437,428 575,043 652,061 i
AH (yp. 4) 3916,874 4330,591 20922262 16599,713 13453,689
pH (YP. +1382 +0,267 +3,403 +1,104 12118
AH (yp. 6) 3916,222 4328,205 20929,002 16600,111 13454,922
pH (yp- +6,392 +66392 +12,900 +12,900 +6,508
A(AH) 0,652 2,386 6,740 0,397 1,233
35
= 0
g ,
2 7 / Vpazw. 11
” .
; c‘% 20 -
E E -
s i
£ % 15
&
2
5 10
5 VYpass. 10
= R
>
b
0 0 023 0s 075 1 125 15 175 2
MouJteHas 1018 KUCNOPOJa, NPUXOAdIuasics Ha 1 MOJIb KpEMHUS, X
3aBUCHMOCTS YASNLHOM SHTanbnuKu 06pa3oBaHuA OKCHAOB
8 cucteme Si - SiO; ot cocrasa
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