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)l;aeTCJI KpaTKHii 0630P pe3YJlhTaTOB HCCJle,l:\OBaHHH 3J1eMeHTOB cpennero no­

panxa B crpyxrype OKCH,l:\HhIX CTeKOJl aa 6a3e npennoacenastx B aasane 80-x rr. 
npournoro sexa npaexos o6pa60TKH KOJIe6aTeJlhHhIX cnexrpos CTeKOJl MeTO,l:\aMH 

xeMoMeTpHKH. Iloxasano, 'ITO B pavxax npennoscennoro noaxona ynaerca nOJlY­

'laTh HH$opMai.\HIO 0 CTeXHOMeTpHH H KOHi.\eHTpai.\HJlX 06paJylOll.\HXCJI B CTeKJIaX 

YCTOH'IHBhIX MOJIeKyJlJlpHhIX rpyrmaposox nocrosnaoro COCTaBa H na 3TOH OCHOBe 

mrrepnperapoaars H paCC'IHThIBaTh HX caoiicrsa, a TaKlKe npencxaasmars COCTaBhI , 

orae-raroume OnTHMailhHhIM 3Ha'leHHlIM xapaKTepHCTHK CTeKOJl, HHTepeCHhIX ,)I,JlJI 

npaKTHKH. 

KJIIO'IeOble cn eaa : CHJlHKaTHhle, 60paTHbIe, repuaaarusre, TeJlJIypHTHhle, $OC­

$aTHhle CTeKJIa, xeMOMCTpHKa, KOJIe6aTeJIhHaJI cneKTpOCKOnHJI. 

HCCne.D.OBaTeneH BCer.n.a HHTepeCOBan Borrpoc 0 TOM, KaKHe 3n eMeHTW CTPyKTypW 

CTeKOJI onpenenmor HX CBoHCTBa. )J.nHTenbHoe speser ClJHTanOCb, lJTO .n.nji ofisacneaax 

MHOManbHOr O» nosezteans CBOHCTB 60paTHbiX H repuanarnstx CTeKOn OCHOBHOe saase­

HHe HMeeT KOOp.n.HHaI,(HOHHoe lJHCnO xaraoaa-crexnoofipaaoaarena, Hccnenoaaaas 
<1>. ):{)K. Bpes noxasana, lJTO rrOJIO)KeHHe MaKcHMyMOB conepscaaas xerstpexxoopnaaapo­

BaHHOr O fiopa onpeneneaao He COOTBeTcTByeT pacnorrozceamo «aHOManbHbIX» 3KCTPeMy ­

MOBnpyrax CBOHCTB (rrJIOTHOCTH, noxasarens rrpeJIOMJIeHHji H T. rr.), xoropsre K TOMy spe­

MeHH yzce B reseaae .n.eCjiTHJIeTHH mrrepnperapoaanacs HMeHHO C 3THX rr03HQHH. 3aMe­

THM, QTO rrO.D.06HOe )f(e saxmoseaae MO)f(HO cnenars npn corrOCTaBJIeHHH CBOHCTB CTeKOJI 

H1\1lHCTanJIOB [I] , aanpauep, KOHQeHTPaQHoHHbl X 3aBHcHMocTeH rrJIOTHOCTeH H .n.OJIeH lJe­

mpexxoopzumapoaanaoro fiopa (N4) B 6HHapHwx lQeJIOlJHO- H lQeJIOlJH03eMeJIbHO-6opaT­

HhIX KpHCTanJIaX H CTeKnaX (PHC. I, a). B QeJIOM rrOCJIe.n.OBaTeJIbHOe B03pacTaHHe .n.OJIH 

sersrpexxoopna a apoaaa aoro fiopa B naanasoae 0-33 MOJI. % oKcH.n.a-Mo.n.H<pHKaTopa 

cOnpOBO)f(.D.aeTCjI pOCTOM rrJIOTHOCTH (JIH60 YMeHblIIeHHeM MOJIbHOrO o6beMa) B COOTBeT­

CTBHH CH3BeCTHbiM Bblpa)f(eHHeM x/(l - x), oznraxo B zmanasone 33-100 %, rne nons xe­

ThlpeXKOOp .D.HHHp OBaHHOr O fiopa N4 B KpHCTanJIaX, KaK rrpaBHJIO, CKalJKOM (B 06JIaCTH 

25-40 Mon. % - .n.JIji lQeJIOlJHblX H B 06JIaCTH 50 MOJI. % - .n.JIji lQeJIOlJH03eMeJIbHbiX xa­

mOHoB) cnaacaercs no nyna, 3Ta xoppensuns COBeplIIeHHO He BbIIIOJIHjieTCji. TIPH 3TOM 

MOJIhHhle 06beMbi (JIH60 rrJIOTHOCTH), .n.OCTHrHyTbIe B 06JIaCTH conepacanas 33 MOJI. % OK­

CHAa-MoLlH<pHKaTop a, n p a .n.anbHeHllleM YBeJIHlJeHHH ero KOHQeHTPaQHH OCTalOTCji rrpax­
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PHC. 1. COnOCTaBJIeHHe KOHl.\eHTpal.\HOHHbIX 3aBHCHMOCTeH nnOTHOCTeH (d) nH60 MonbHbIX 06beMOB (V) H noneti 

'1eTbIpeXKoop.nHHHpOBaHHoro fiopa (N4) B crexnax (MenKHe caxaonsr) H xpacrannax (xpyrmue CHMBonbl), a TaK­

lKe lIIeCTHKOOp.llHHHpOBaHHoro repMaHHJI (N6) B xpncrannax (xpynauc CHMBonbI) B 6HHapHblX urenosuo-fiopar-
HbIX (a), CBHHl.\OBOrepMaHaTHoH (6) H 1l.\enO'lHO-CHllHKaTHbIX (6) CHCTeMax. 

TH'leCKli Heli3MeHHb1Mli. Ha npasrepe HaTplieB060paTHOH cacrensr (pac, 1, a):no ocofien­

HO OTqeTJIliBO npOSIBJIjieTCji KaK nns CTeKOJI, TaK li ,n:JIji KpliCTaJIJIOB. 

Ta )I(e ysacrs nocrnrna li zionroe epesor csaraauryioca aeocnopnaoa «rancresy I1Ba­

HOBa-EBCTpOnbeBa» 06 oopasosauaa urecraxoopzraaapoaaanoro repuaaaa KaK npaxa­

He «anossansnoro» noseneaas CBOHCTB repnananrsrx CTeKOJI. 3,n:eCb npu conocraanenaa 

CBOHCTB CTeKOJI li KpliCTaJIJIOB ofiaapyacaaarorcs ,n:a)l(e no zma «aHOMaJIbHbIX» 3KCTpeMy­
Ma (oc06eHHO OTqeTJIliBO - B CBliHUOBorepMaHaTHOH cncrexre, pac. 1, 6) na naarpaseaax 

MOJIbHblX 06beMoB (JIli60 nJIOTHOCTeH KpliCTaJIJIOB) B 06JIaCTjiX conepzcaaas 20 li 

70 MOJI. % oxcana-nozratpaxaropa, T. e. B ,n:lianmOHe, rne urecrmcoopnanapoaaaauii rep­

MaHliH, cyns no pearreaoscxaa ,n:aHHbIM, orcyrcrsyer. 

B caasa C pacumpasunoacs nnanaaoaca COCTaBOB, B KOTOpOM liCCJIe,n:OBaJIliCb cana­

xarnsie CTeKJIa, B uux, no namesry MHeHlilO, TaK)I(e ofiaapyzcaaaer ce6ji «aHOMaJIbHoe» 
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noseneaae CBOHCTB (<<Cl:IJIl:IK~ 

nenaa xocpnaaauna 1:I0Ha xp 
psr nepsoa 1:I BTOPOH KOOP,l:lJ 

onpeztenaior 0,n:H03HaqHO CBO 

npnsrep, KOJIbua H3 nOJI1:I3,l:lp( 

epHUlipOBaTb CYll.\eCTBYIOll.\l:IM 

Kotrrypsr KOJIe6aTenbHblX 

CYT liHepopMaUl:IlO 0 Xl:IMl:Iqe( 

MeHTapHbIX» epOHXTOBCKl:IX K' 

«HOPMaJIbHbIX KOOp,l:lHHaU). E 
xozi [1-5] K 06pa60TKe xone 
6bIJIO noxasaao, qTO KOJIe6aT' 

06JIa,n:a1OT CBOHCTBOM aMHTl 

TpaJIbHOM naanasoae OHH MOl 

nanaansnsrx cnexrpansasrx 
B 'repsnmax xeMOMeTPl:IKH), 
B3aHMo,n:eHCTBliji liCXO,l:lHbIX OJ 

MeHTaMli cpezmero nopsnxa, ( 
cxoro B3aHMo,n:eHCTBl:Ig 6blJI: 
(TIl'C). .L(JIji HaXO)l(,l:leHl:Ig fI( 

(MaTpliua), CTpOKl:I KOTOpOH 3~ 
cnexrpa na epl:lKClipOBaHHblX q 

er KOJIliqeCTBY 06pa3UOB Pa3JI1 

nesaaacmrsrx CTPOK xarparur 
)I(aIUHe liM l:IH,n:l:IBli,l:lYaJIbHble I 

sonarcs MeTO,l:laMl:I xeaouerpn 
tivariate Curve Resolution). 

B xasecrae npauepa aa pi 

noro pacceanna (KP) crexon 
(puc. 2, 6), cyMMl:IpoBaHHeM K 

HOCTblO, onpenenseaoa ypos 
nCK, Hall,n:eHHble MeTO,l:laMl:I Y 

TIUaTeJIbHOe 1:I3MepeHHe 01 

pany C liCnOJIb30BaHl:IeM ypasa 

1Bz03 4 1BaO --+ +--­
O"Bz03 . . . 5 cr BaC 

(snecs 1 - liHTeHCliBHOCTl:I III 
JIli6 0 nornouienaa aa Bbl6paHl 

ztepscaaas rnc. .L(l:IarpaMMy 1.\1 

neny), nOCKOJIbKY TOJIbKO l:IX F 

oopaso« naarpasoaa conepxaa 
AliarpaMMoll (puc. 2, 6, sacrs 

IlIliHCTBe cnysaes JIliHeHHblH x 

COCTaBa (06JIaCTb «oceB,l:l061:1H 

6blTb CBji3aHO, aanpaaep, C xp 

TOqHO 60JIbillOrO ql:lCJIa MOneKj 

csreaserca TaK Ha3blBaeMbiM O 
Kpor-My euie B 1964 r . OI.\eHlUl 

)l(,n:y KaTliOHaMl:I 6apl:lg B 6apHe 
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T3J1JIax(xpyrmsre CHMBOJIbl), a TaK­

OJIbI) B 6HHapHbIX meno-mo-Sopar­
,IX (8) CHCTeMax . 

'eMbI (pac. 1, a) 3TO ocofien­


mnos.
 
ocnopllMoH «rHnOTe3Y I1Ba­

raoro repaaaas KaK npHLJH­


• 3Aecb npH conOCTaBJleHHH 

a «aHOMaJJbHbIX» 3KcTPeMy­

e, pHC. I, 6) aa ,AHarpaMMax 

aCTHX conepacaana 20 H 
lTllKOOp,AHHHpOBaHHbIH rep-

OpOM HCCJle,AOBaJJHCb cann­

KHBaeT ce6H «aHOMaJJhHoe» 

nOBe,AeHHe CBOHCTB (<<cHJlHKaTHaH aHOMaJJHH» [1], pHC. 1,6), HeCMOTPH aa TO, LJTO 113Me­

HeHHH KOOp,AHHaUHH IlOHa KpeMHllH He npOHCXO,AllT. TIpHXO,AHTCH npusuars, LJTO CTPyKTy­

pu nepsoii M BTOPOH KOOp,AHHaUHOHHhIX crpep KaTHOHOB-CTeKJlo06pa30BaTeJleH euie He 

onpenensror 0,AH03HaLJHO CBOHCTB CTeKOJl, a fionee xpynaue CTPYKTYPHhIe 3JleMeHThI, na­

npanep, xonsua M3 nOJlH3,ApOB H cnocof HX ynaxosxa, He y,AaeTCH 0,AH03HaLJHO H,AeHTM­

<pHUHpOBaTh cyntecrayronuoor na CerO,AHH MeTO,AaMll HCCJle,AOBaHHH. 

KOHTyphI KOJle6aTeJlhHhIX cneKTPO B OKCH,AHhIX CTeKOJl, xoropsre, KaJaJJOCh 6bI, 11 He­

cyr MH<popMaUHIO 0 XHMllLJeCKHX CBH3HX, secssaa CJlO)l(HhI, conepscar MHO)l(eCTBO «ane­

MeHTapHhlx» <pOHXTOBCKHX KOMnOHeHT, xoropsre K TOMy )l(e npaaannezcar KOJle6aHllHM 

«HOPMaJJhHhIX KOOp,AHHaT». B HaLJaJJe 80-x rr. XX B. HaMH 6hIJl npezinoacen HOBbIH non­

XO,A [1-5] K 06pa60TKe KOJle6aTeJlhHhIX cnexrpos OKCH,AHhIX CTeKOJl, B paxxax xoroporo 

6bIJlO nOKa3aHO, LJTO xoneoarensaue cnexrpsr Jl1060H KOHueHTPaUHoHHoH cepan CTeKOJl 

06Jla,Aa1OT CBOHCTBOM aMHTHBHOCTll B TOM CMhICJle, LJTO BO BceM HCCJle,AyeMoM cnex­

TPaJJhHOM ,AHana30He OHM MOryT 6hITh npencraaneau B BH,Ae CYMMhI HeCKOJlhKHX «npmr­

l.\HnHaJJhHhIX cneKTPaJJhHhIX KOMnOHeHT» - TICK (Principal Spectral Components ­

B repvaaax xexroxserpaxa), npnaaaneacauurx YCTOHLJHBhIM npO,AyKTaM XHMHLJeCKOrO 

B3allMO,AeHCTBHH HCXO,AHhIX OKCll,AOB H HBJlHIOI.l{HXCH HaHMeHhIIIHMH (<<HCTHHHhIMH») ane­

MeHTaMll cpenaero nOpH,AKa, onpe,AeJlHIOI.l{HMH CBOHCTBa CTeKOJl. 3TH npO,AyKThI XHMHLJe­

cxoro B3aHMO,AeHCTBHji 6hIJlH HaJBaHhI rpynnnpoaxaxra nOCTOjiHHOH CTeXHOMeTPHll 

(rTIC). .ll:Jlji HaXO)l(,AeHHH TICK no 3Kcnep"MeHTaJJhHhIM ,AaHHhIM C03,AaeTCji rafinnna 

(MaTPMua), CTPOKll KOTOpOH 3anOJlHHIOTCH 3HaLJeHHHMH HHTeHcMBHocTeH xonefiarensnoro 

cnexrpa sa <pHKcHpoBaHHhlx LJaCTOTax .AJJji xaxcnorc ofipaana. KOJlHLJecTBo CTPOK OTBeLJa­

er KOJlHLJeCTBY 06paJUOB PaJJlHLJHOrO COCTaBa. .ll:aJJee onpezrenaercs KOJlHLJeCTBO JlllHeHHO 

aesaaacaasrx CTPOK MaTP"UhI - KOJlHLJeCTBO PaJJlHLJHhIX rTIC, H HaXO,AjiTCH npaaaane­

xcamae 11M HH,AHBH,AyaJJhHhle xonetiarensnue cnexrpsi, TICK. 06pa6oTKa cneKTPOB npo­

BO,AHTCH MeTO,AaMH xessouerpaxa: Yonneca-s-Kaua H paJpeIIIeHHH KpHBhIX (MCR - Mul­

tivariate Curve Resolution). 

B KaLJeCTBe npaxtepa aa pac. 2, a npencrasnea 061.l{HH BM,A cnexrpoa KOM6HHaUHoH­

noro paccexaaa (KP) CTeKOJl CHCTeMhI xBaO--(1 - x)B 203 11 BhI,AeJleHHhIX rpex TICK 

(pHC. 2, 6), CYMMHpoBaHHeM KOTOphIX ace cnexrpu MoryT 6hITh BocnpOH3Be,AeHhI C TOLJ­

HOCThlO, onpenenaeaoti yposness IIIyMOB (TOJlI.l{IlHOH JlHHHH). Ba)l(HO OTMeTllTh, LJTO 

TICK, HaH,AeHHhIe MeTO,AaMH Yonneca-e-Kaua H MCR, npaKTHLJeCKH COBna,AaIOT. 

Turarensaoe H3MepeHHe OTHOCHTeJlhHhIX HHTeHcHBHocTeH KP JlH60 IlK cnexrpoa aa­

party C HCnOJlh30BaHHeM ypaBHeHHH 6aJJaHca Macc THna 

(3,AeCh J - MHTeHCHBHOCTH TICK aa <pHKcHpoBaHHoH LJaCTOTe, cr - CeLJeHHH paccexnas 

JlH60 nornomeaas na BhI6paHHhlx ,AJlHHaX BOJlH) n03BOJljieT paccsarars ztaarpaseay co­

,AeplKaHHH rTIc. .ll:HarpaMMy nenecoofipaano paCCLJllThIBaTh B llCXO,AHhIX OKCH,AaX (no An­

neay), nOCKOJlhKY TOJlhKO HX KOHueHTPaUHji ,AOnO,AJlllHHO H3BeCTHa. TIOJlyLJeHHaH TaKHM 

06paJOM naarpasora conepacauaa rTIC (pHC. 2, 6, LJaCTh 2) HBHO xoppenupyer C <pa30BoH 

,AHarpaMMoH (PHC. 2, 6, LJaCTh 1). Ofipauiaer aa ce6H BHHMaHHe Ha6JlIO,AaeMhIH B 60Jlh­

IIIHHCTBe CJlyLJaeB JlMHeHHhIH xapaxrep nOJlYLJaeMhIX saaacnaocrea conepacaana rTIC OT 

COCTaBa (otinacrs «nceB,Ao611HapHOCTM», pHC. 2, 6, LJaCTh 2). Taxoe nOBe,AeHHe MOlKeT 

6hITh CBji3aHO, aanpaaep, C xpynasm paasaeposr rpyrmaposox, ofipasoaamrsrx M3 ,AOCTa­

TOLJHO fionsnroro LJHCJla MOJleKYJl HCXO,AHhIX OKCH,AOB. B pesynsrare 3aKOH ,AeHCTBHH Macc 

CMeHHeTCH TaK Ha3hIBaeMhIM npaauaosr «npoIl3Be,AeHHH pacTBopHMOCTH». 3aMeTHM, LJTO 

Kpor-My eute B 1964 r. OueHHJl no peHTreHoBcKHM ,AaHHhIM xapaxrepaoe paccroaane Me­

)l(,Ay KaTHOHaMH 6apHH B fiapaeeofioparm,rx CTeKJlaX B 6.9 A [6]. 3TOT pesynsrar MO)l(eT 

3 3ak . 687 
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Bbl60p ljIOpMyil AilA pacsera caei 

Cnoco6 BblpIDKeHIIR 

COCTaBa CTeKOJl 

Iloxasarem, 
npenoxnenas, 

n 
ilia 

06beMHble nom: 

Monsasre nona 
MaCCOBble nona 

n 
nv 

nIp 

d, 

oaaasars, 'ITO peansnas XHM: 

n(BaO . 4Bz03) , rne n » 1. 
)J;HarpaMMa conepzcaaaa rm 

CTBa CTeKOn, TaKHe, aanpanep, K. 

«CTPYKTYPHbIH TepMH'IeCKHH» m 
(PHC. 2, 6, 'IaCTh 3), nons serstp 

COOTBeTCTBHe paCC'IHTaHHhIX B J 
3aBHCHMOCTeH pa3nH'IHbIX CBOH 

HaMH K HaCTOJlIl\eMY BpeMeHH ( 

repMaHaTHOH, lPOClPaTHOH, TeJIJI) 

HHJI. TIPH pacxerax H nOCTpOeHHI 

BH,llY, 'ITO HHTeHCHBHble CBOHCT 

e,llHHH'IHOMY 06beMY, 'IHCJIY 'lac 

MH lPYHKUHJlMH COOTBeTCTBeHHO 

TOB crexna [1, 5]. TaKHM ofipaso 

TH «nceB,ll o6HHapHOCTH» JlBJIJlIOl 

CTBeHHhIX» nns Ka)l(,llOH BeJIH 

npenonneana, nnOTHOCTh, K03!P( 

HO 3aBHCJlT OT COCTaBa, supaxer 
HhI B o6beMHhlx npouearax [1] (] 
qHHbI B «'IY)I(HX» nepeaenaux n 
06pa)KeHHJI noneaao npHHHMaTb 

pacnonoacennste B Ka)K,llOH H3 1 

npyrox, n03TOMY B 06naCTH coe 

nacrs «nceB,llo6HHapHOCTH»), H~ 

rtpxsraa nHHHJI. 3To 3aKnIO'IeHHe 

meCTBOBaHHJI rTIC, COCTaB KOTC 

TaJIhHhlX 3aBHCHMOCTJlX CBOHCTB 

B nansueaurea nonrsepnanc 
TO,lla aaanasa xoneoarensaux CI 

BeCTHhlX KpHCTaJlnOB, JIH60 crex 

xpsrrsrx COe,llHHeHHH, 'ITO HeCI 

CTPYKTYPhI crexon H KpHCTaJlJIO 

xozra COe,llHHeHHJI (NazO · 4SiO z 

2PzOs, TeOz' PbO· PzOs, 2IeO 
rrorrraepacneasr pearreaoscxax 
nonssy paanaroro nonxona, I 

3aMeTHM, qTO ronsxo npH6JI 
I 

fiarensmax cnexrpon CTeKOJI KO 

COOTBeTCTBYIOIl\HX KpHCTaJlJIOB 

MeTHO cxemeau (aa ,lleCJlTKH 0 

H3BeCTHhlX KpHCTaJlJIOB He COOTI 
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Bbl60p cjI0p MyJI IlJID pacnera ceoucra CTeKOJI B 3aBHCHMOCTH OT cnoco6a Bblpa*eHHD COCTaBa 

C n o c o 6 BhlPlllKC HHJl 

COCTaBa crexoa 

n OKa3aTeJJh 

npeJIOMJIeHIUl, 

n 
llJIOTHOCTh . d 

MOJIhH Wii 

0 6 b CM. v 
I1 HTCHCHB-

HOCTh nCK. / 

CKOpOCTh 

3BYKa. c 

K 0 3 q, q, Hl1HCHT 

pacumpeaas, a 

06beMHble 1I0JI" n d IIv I lie a 
M onsasre .Ilon" nv d-v r- m v I ·v vie a ·v 
Maccosue non" nip lid lldv li d IIde a id 

oaaasars, 'ITO peaJIbH<UI XI1MIfqeCK<UI l}>opMyJIa rpyrmapoaxa He BaO · 4B20) , a 

n(BaO ' 4B20)), rne n » 1. 
~IfarpaMMa conepacaana fTIC n03BOJI}leT paccxarars ira ee OCHOBe aMIfTIfBHbIe CBOH­

CTBa CTeKOJI, TaKIfe, nanpmrep, KaK nJIOTHOCTh, nOKa3aTeJIb npeJIOMJIeHIfH, Tep MIfq eCKIfH If 

«crpyxrypasrli TepMIfqeCKIfH» JIIfHeHHble K03l}>l}>IfUIfeHTbI pacumpeaas TKJIP If CTKJIP 

(PIfC. 2, 6 , qaCTh 3), )lOJI}I qeThlpeXKOOp)lHHHpOBaHHbIX aTOMOB ficpa If np. [1]. Xoponiee 
COOTBeTCTBIfe paccsaranasrx B pasixax npe)lJIO)KeHHOrO nonxona If 3KcnepHMeHTaJIhHbIX 

saa a c a a o c r ea Pa3JIIfqHbIX CBOHCTB Ha6JIIO)laeTCH )lJI}I scex TpIf)lUaTIf HCCJIe)lOBaHHbIX 

HaMIf K aacrosuteuy apesreaa cTeKJIo06pa3yIOIllIfx CIfCTeM aa CHJIIfKaTHOH, 60paTHoH, 

repnaaaraoa, l}>ocl}>aTHoH, TeJIJIypIfTHoH OCHOBax If B nOJIHhIX 06JIaCTHX cTeKJIo06pa30Ba­

HIf}!. TIPIf pacserax If nocrpoenna 3aBIfcIfMocTeH cocraa-c-csoiicrso He06xo)lIfMO HMeTb B 

BH)ly, 'ITO IfHTeHCIfBHhle CBOHCTBa, nonyxaexrsre OTHeceHIfeM 3KCTeHCHBHbIX CBOHCTB K 

e)lIfHHqHOMy 06beMy, qIfCJIY qaCTIfU (MOJIIO) IfJIIf e)lIfHIfqHOH Macce, }IBJI}lIOTCH JIIfHeHHbI­

MIf l}>YHKUIf}!MIf COOTBeTCTBeHHO 06beMHbIX, MOJIbHbIX JIIf60 MaCCOBbIX )lOJIeH KOMnOHeH­

TOB CTeKJIa [1, 5]. TaKHM 06pa30M, 3aBHCHMOCTIf ynensnux BeJIHqIfH OT COCTaBa B 06JIac­

TIf « n c es n o tia a ap a o c r a » }IBJIHIOTCH JIHHeHHhIMIf l}>YHKUIfHMIf TOJIbKO B nexo ropsrx «ecre­

CTBeHHhlX» )lAA Ka)K)lOH BeJIIfqIfHbI KOOp)lHHaTaX (CM . Ta6JIHUY). TaK, nOKa3aTe JIb 

npeJIOMJIeHIf}l, nJIOTHOCTb, K03l}>l}>IfUHeHT repaasecxoro pacnrapeaas If zrp yrne HeJIIfHeH­

HO 3aBIfCHT OT COCTaBa, asrpaxeaaoro B MOJIhHhIX )lOJI}lX (PIfC. 3, a, KpIfBaH 1), HO JIIfHeH­

HhI B 06beMHhlx npouenrax [1] (PIfC. 3, a, KpIfB<UI 2). TIorrhITKIf astpaarrrs ynensasre BeJIIf ­

qIfHhI B «syzcax» nepesteaasrx npasozmr K )lP06HO-JIHHeHHhIM 3aBHCHMOCT}lM. Taxae co­

ofipazceaaa nOJIe3HO rrpIfHIfMaTb BO BHIfMaHIfe npa pacserax CBOHCTB CTeKOJI. BeJIIfqIfHbI, 

pacnonoaceaaue B Ka)K)lOH If3 rpex HH)KHHX CTpOK Ta6JIIfUbI, JIIfHeHHO CBH3aHhI n pyr C 

n p y r o u , n03ToMY B 06JIaCTIf COCTaBOB , rne B CTeKJIe npHcyrcTBYIOT TOJIhKO nae fTIC ( 0 6 ­

JIaCTb «nceB)l06IfHapHOCTIf»), aa naarpasoae CBOHCTBo-eBOHCTBO )lOJI)KHa Ha6JIIO)laTbCH 

npaaas JIIfHIf}l. 3TO 3aKJIIOqeHHe npnseno K rrOJIyqeHHIO aecsxra qeTKIfX CBIf)leTe JIbCTB c y ­

llleCTBOBaHIfH fTIC, COCTaB KOTOphIX o rsesaer pacrrOJIO)KeHIfIO H3JIOMOB aa 3 KCrrep 11MeH ­

TaJIh HhI X 3aBIfCIfMOCTHX CBOHCTBo-eBOHCTBO (pac, 3, xpassre z-e). 
B )laJIbHeHIlleM nO)lTBep)lHJIOCh, 'ITO 06Hapy)KeHHhIM C noaoun.to rrpe)lJIO)KeHHOrO Me­

rona aHaJIIf3a KOJIe6aTeJIhHbIX cnexrpon CTeKOJI fTIC scerna JIIf60 OTBeqaIOT COCTaBbI If3 ­

BeCTHbIX KpIfCTaJIJIOB, JIH60 CTeXIfOMeTpIf}l fTIC YKa3hIBaeT aa CYllleCTBOBaHIfe eure He OT ­

KphIThIX COe)lIfHeHIfH, 'ITO HeCKOJIbKO zteranaanpyer H3BeCTHYIO rIfnOTe3Y 0 nonofiaa 

crpyxrypsi CTeKOJI If KpHCTaJIJIOB. TaK, snepnsre npencxasaaasre B p asncax )laHHOrO non­

xona coenaaeaas (Na20· 4Si02, Na20· (9 ± 1)Ge02' Na20· (8 ± 1)B20) , Te02' 2PbO · 

2P20S, Te02' PbO· P 20S, 2Te02 . PbO· P 20S, 6Te02 ' PbO· P 20S' If np.) 6bIJIIf n o snaee 

nozrrsepacneasr pearreaoscxaaa IfCCJIe)lOBaHIf}lMIf [1], 'ITO TaK)Ke CBIf)leTeJI bCTByeT B 

nOJIh3Y pa3BIfTOrO nonxona. 

3aMeTIfM, 'ITO TOJIbKO npIf6JII13IfTeJIbHO B nOJIOBIfHe cnysaea npa HCCJIe)lOBaHIfH KOJIe­

6aTeJIbHbIX cnexrpos CTeKO JI KOHTypbI TICK zto sexoropoii crenena rrO)l06HbI c n ex rpasr 

cooraercrayiounrx KpHCTaJIJIOB, HO sacrorusre rrOJIO)KeHHH IfX MaKcIfMyMoB 06bl q HO 3a­

MeTHO CMellleHbI (na )leCHTKIf ofiparnsrx canraverpoa), a B OCTaJIbHbIX CJIyqaHX c nexrpaxr 

If3BeCTHhlX KpIfCTaJIJIOB He COOTBeTcTByeT HIf O)lIfH If3 rrOJIyqeHHbI X TICK. E)lIfHCTBe HHbIH 
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1.55 

1.50 

1.45 

3.6 3.7 3.8 3.9 HbIM ssnne rile CTpYKTYPH 
d, r /CM3 pasncax TepMO.L\HHaMH'IeCKOI 

s. A. IllaxMaTKHHbIM H H. M 
6 

rHH B npHMeHeHHH K XaJIL 

11 nporpeccopov B. C. MHHae 
1.60	 11 

npHBe.D,eM 3aMe'laHHe JI. B. 
0.015 

1.8 1.9 2.3 2A 

32.1 

342

33.3 

nOJIO)KeHHbIe B OCHOBY nepe 
3 aKJlIO'IeHHe. Ilens UpOI 1.55 

CTpaHeHHH KOHuenUIIH rpyn0.010 
JIHTh COCTaB H KOHueHTpaUl

1.50 35 CTeKJIaX H3 aHaJIH3a IIX KOJIel 

38.1	 py. BbI.D,eJIeHHe rpyrmapono0.005 
1A5 38.7	 30BaHHe cooTBeTcTBYIOlI.\HX t 

· 0 
OCHOBe TaK)Ke MOryr 6bITb P 

0 20 40 60 80 100 2.0 2.2 2.4 CTaBOB, B KOTOpbIX CTeKJIa 6: 

Ba(p03)2' MOJI. % d, r /cM3 HhIX napauerpos: MHHHMaJIb 

HOBCKHM K03cPcPHUHeHToM yc 
PHC. 3. HJlJIIOCTpaUHJI pesynsrara «uenpasansnoro» (a , 3a6UCUMocmb 1; 6) H «npaannsnoro» (a, 3a6UClLMocmb 2; 

MeH.D,OBaHbI .D.JIjj HCUOJIb30B
6, 2, 0, e) Bbl60pa KOOp.uHHaT (a - nmOTeTH'IeCKaJI cHCTeMa), a TaKlKe onpenenenne cocrasa rnc npn npa­

BOJIOKOHHbIX JIa3epOB H yCHJI BHJlbHOM Bbloope KOOp.uHHaT B COOTBeTCTBHH C Ta6J1HueH (2, 0, e) . 3.ueCb d - nJlOTHOCTb, n - noxasarem, npe­
J10MJIeHHJI. PIlCyHKH 0 11 e nns 60JlbWeH Bblpa311TeJlbHOCTIl npeofipasoaansr Bbl'lllTaHlleM HaKJIOHHOH npJlMOH, 'ITO na 3cPcPeKTe Keppa. 

npnseno K 113MeHeHllIO 3Ha'leHIIHno OCH opnunar. 

a 
BCTpeTHBllleHCH B aaurea Uj 

noro nOJIO)KeHHjj UOJIOC cue 
11 .D.O 2 cxr') Ha6mo.D,aJICH B Cl 

1.66 C TO'lKH speaas yrosae 
npH.D.eTCH npHHHTb BO BHHM 

1.62 MOJIeKyJIHpHbIX rpynnaposc 
BO aceii KOHueHTpauHoHH' 

1.58 cnexrpa CTeKJIa CMelI.\aIOTCl 

norouy, 'ITO KOHTYP HOBOH
1.54 

rpynnHpoBKe, KOHueHTpaUH 

B npaKTH'IeCKOM UJIaHe1.50 
0.0 0.2 OA 0.6 0.8 1.0 3.0 3.2 3A 3.6 3.8 4.0 MO)KHOCTH npe.L\CKa3aHHH H 

Monsnste JIIi60 o61,eMHble .lI.OJlH d, r /cM3 CBOHCTBaMH, aanpavep, C I 

xsapna, KaK, nanpaaep, nm 
6 0 nocrpoemroro H3 rile O)l.HI 

K 20-B203 UHH, HBJIHIOlI.\HXCH OCHOBHoi 

JIa C peKOp.D,HO BbICOKHMH .9095	 11lOO 
KaMH, CO.L\ep)KalI.\HMH HH0611 

0.01 
3KCTpeMaJIbHbIe 3HalJeHHH ' 

OCHOBe OKCH.D,OB TH)KeJIbIX MI 

HHe rO.D,bI H3-3a IIIHpOKHX Be 

HeJIHHeHHbIX OnT03JIeKTpOHI 

.D.JIH JIaJepOB. 

H3JIO)KeHHbIH UO.L\XO.ll. 6 
CTpYKTYpbI H CBOHCTB CTeKO~0.00 
BbICKaJaHHbIX paaee A. A. ] 

1. Yanush	 0. v. , Markova T. S. )I 

Stoichiometry Groupings (CSG) , 
B. Z. Pevzner. T.e. 37/661 (2), . 
P. 1----44. 

68 



2 

:::>--Ge02 

'eO, 2"" 17151211.1 

212020 81~ 
257 2 3 6 "" 

27 4 K 0 . (9 ± l)GeO
25.7 1 2 2 

30 0 

3.6 3.8 4.0 
I, r /CM3 

- Kp' (JO± 2)BP, 
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d, r /cM3 

lap ' 4B20 3 
35 

381 

38.7 

2.2 2.4 

d, r/cM3 

lBHJIhHOro» (a, 3a«UCUMocmb 2; 
ineaae COCTaBa nIC npa npa ­
OTHOCTh, n - noxaaarens npe­

aHHeM HaKJIOHHOii npJlMoii, 'ITO 

BCTpeTHBlIIeHC}I B aameii npaxraxe npasrep TOqHOrO COOTBeTCTBH}I CTpYKTYPbI H qaCTOT­

HOrO nOJIO)f(eHJ1}I nOJIOC CneKTPOB CTeKOJI H KpHCTaJIJIOB (qaCTOTbI COBna,n,aJIH C TOqHOCTblO 

no 2 CM""I) Ha6JIIO.n,aJIC}I B CHCTeMe Sb20 3- B 20 3 .lJ,JUI CTexHOMeTpHH 1 : 4 H 2 : 5 [7]. 
e TOqKH 3peHH}I YTOqHeHH}I reopaa KOJIe6aTeJIbHbIX cnexrpos CTeKOJI, nO-BH.n,HMOMy, 

npanerca npaasrs BO BHHMaHHe, 'ITO HH.n,HBH.n,yaJIbHbIe CneKTPbI otipasyioutaxca B CTeKJIe 

MOJIeKyAApHbIX rpynnapoaox nOCTO}lHHOH CTeXHOMeTpHH OCTaIOTC}I crporo nOCTO}lHHbIMH 

BO BCeH KOHIIeHTpaIIHOHHOH 06JIaCTH HX CymecTBOBaHH}I. IlOJIOCbI KOJIe6aTeJIbHOrO 

cnexrpa CTeKJIa CMemaIOTC}I (TpaHCcPOpMHpyIOTC}I) C H3MeHeHHeM COCTaBa TOJIbKO JIHlIIb 

norouy, 'ITO KOHTyp HOBOH ofipasyrorueiica TffC npHMelIIHBaeTC}I K yace cyutecreyrouteii 
rpynnaposae, KOHIIeHTpaIIH}I KOTOpOH yfisraaer. 

B npaKTHqeCKOM nnaae .n,OCTOHHCTBO npennoacennoro noztxona 3aKJIlOqaeTC}I B B03­

MO)f(HOCTH npezrcsasaaaa HOBbIX coezmaeaati, a raioxe COCTaBOB CTeKOJI C 3a.n,aHHbIMH 

CBOHCTBaMH, aanpaaep, C HH3KHM ypoaaesr CBeTOpaCCe}lHH}I - HH)f(e, qeM nJIaBJIeHOrO 

KBapIIa, KaK, nanpaaep, .n,JI}I CTeKJIa CHCTeMbI NaP03 - A1203, HCCJIe.n,oBaHHoro B [8, 9], 
nocrpoennoro H3 rIle onaoro .rana, 'ITO HCKJIlOqaeT pa3BHTHe cPJIYKTYaIIHH KOHI.\eHTpa­

I.\HH, }IBJI}llOmHXC}I OCHOBHOH npHqHHOH CBeTOpaCCe}lHJ1}I. EbIJIH npencxasaau raiose CTeK­

JIa C pexopnno BbICOKHMH 3HaqeHH}lMH nOCTO}lHHOH Keppa, ofiorautenuue rpynrmpos­

KaMH, conepscautaua HH06HH, nepcnexraansre .n,JI}I C03.n,aHH}I 3JIeMeHTOB cPOTOHHKH [10]. 
3KCTpeMaJIbHble 3HaqeHH}I OnTHqeCKHX nOCTO}lHHbIX HCCJIe.n,OBaHHbIX HaMH CTeKOJI na 

OCHOBe OKCH.n,OB T}I)f(eJIbIX MeTaJIJIOB onpeztensror npHCTaJIbHbIH mrrepec K HHM B nOCJIe.n,­

HHe ronsi H3-3a IIIHpOKHX B03MO)f(HOCTeH HCnOJIb30BaHH}I HX B xasecrse MaTepHaJIOB .n,JI}I 

HeJIHHeHHbIX OnT03JIeKTpOHHbIX yCTpOHCTB, paMaHOBCKHX yCHJIHTeJIeH H aKTHBHbIX cpen 

.n,JI}I JIa3epOB. 

H3JIO)f(eHHbIH nonxon 6bIJI pa3BHT aa fiase pa60T OTeqeCTBeHHbIX HCCJIe.n,OBaTeJIeH 

crpyxrypsr H CBOHCTB CTeKOJI, npezcne scero, B. A. <!>JIOpHHCKOH, a TaK)f(e 6JIH3KHX H.n,eH, 

BbICKa3aHHbIX paaee A. A. nHceHeHKOBbiM. B uacroxmee BpeM}I poncrsenasre onacaa­

HbIM asnue rIle CTpYKTYPHble 3JIeMeHTbI cpennero nopsnxa B CTeKJIaX HCCJIe.n,YIOTC}I B 

paxxax TepMo.n,HHaMHqeCKOrO nonxona, paspafioraaaoro aKa.n,eMHKOM M. M. Illynsue«, 
E. A. lllaXMaTKHHbIM H H. M. Benauieaoii, a TaK)f(e C n03HIIHH nOJIHMopcPOH.n,HOH H.n,eOJIO­

rHH B npHMeHeHHH K XaJIbKOreHH.n,HbIM cTeKJIo06pa3ylOmHM CHCTeMaM, pa3BHBaeMOH 

nporpeccopoa B. e. MHHaeBbIM. e yseron HMeBIIIHX MeCTO .n,HCKyCCHH B 3aKJIIOqeHHe 

npa aenexr 3aMeqaHHe Jl. B. MaKCHMOBa: «3aMeqaTeJIbHO, 'ITO CTOJIb pasasre H.n,eOJIOrHH, 

nonozcenasre B OCHOBy nepeqHCJIeHHbIX nonxonos, npHBOMT K CXO.n,HbIM pe3YJIbTaTaM». 

3aKJIIO'leHHe. IJ;eJIb npOBo.n,HMbIX HCCJIe.n,OBaHHH 3aKJIIOqaJIaCb B pa3BHTHH H pacnpo­

CTpaHeHHH KOHIIenIIHH rpynnaposos nOCTO}lHHOH CTeXHOMeTpHH, n03BOJIHBlIIeH onpene­

JIHTb COCTaB H KOHI.\eHTpaI.\HH npo.n,yKTOB B3aHMo.n,eHCTBH}I OKCH.n,OB B HeOpraHHqeCKHX 

CTeKJIaX H3 aHaJIH3a HX KOJIe6aTeJIbHbIX cnexrpos, H na 3TOH OCHOBe onacars HX CTpyKTY­

py. BbI.n,eJIeHHe rpyrrrmposox nOCTO}lHHOH CTeXHOMeTpHH n03BOJI}leT npeacsaaars ofipa­

30BaHHe COOTBeTCTBylOmHx coermaeaaii 6e3 H3yqeHH}I KPHCTaJIJIH3aI.\HH CTeKOJI. Ha 3TOH 

DCHOBe TaK)f(e MOfYT 6bITb paCCqHTaHbI HX CBoHcTBa, a raioxe npencxasaasr 06JIaCTH co­

CTaBOB, B KOTOpbIX CTeKJIa 6y.n,YT 06JIa.n,aTb OnTHMaJIbHbIMH 3HaqeHH}lMH 3KCnJIyaTaI.\HOH­

HbIX napanerpoa: MHHHMaJIbHbIMH norepaxra na cseropaccesnae, MaKCHMaJIbHbIMH pasra­

HOBCKHM K03cPcPHIIHeHTOM yCHJIeHH}I H K03cPcPHI.\HeHTOM Keppa. TaKHe CTeKJIa 6bIJIH pexo­

MeH.n,OBaHbI .n,JI}I HCnOJIb30BaHH}I B xaxecrae 3cPcPeKTHBHOH cpensr .n,JI}I paMaHOBCKHX 

BOJIOKOHHbIX JIa3epOB H yCHJIHTeJIeH H B 6e3bIHepIIHOHHbIX nepexmosarenax, OCHOBaHHbIX 

na 3cPcPeKTe Keppa. 
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CTPOEIDIE 
<DA30BLIX .LJ:HArPAM 

Hncmumyi 
POCCWl 

):(JIR KOJlHqeCTBef 
JlaHHhlM TepMHqeCKOr 
lIHH KKp, B KOTOpOM 
(Hruby). B03MOlKH0C1 
BaO-B203 BIfHTepB; 
Hall 3aBlfCHMOCTh KKp 
HO, qTO xpacrannaaau 
CTaBa, BTO BpeMll KaK 
HOCThIO OHa qpe3Bhl~ 

JllfarpaMM - CTeXIfO" 

Baeneuae. 113BecTHo, q 

TaJIJIH3aI.\HH nOHH)KeHa. 06 

.n:BH)KymeH CHJIhl KpHCTaJIJU' 

parypoa JIHKBH.nyca Tn Ii • 

HMelOT cneuadiasecxoe CTp 

ne'lHBalOmee xapaKTepHoe . 

CTHO TaK)Ke, qTO npn nOHI' 

KpHCTaJIJIHQeCKHe <pll3hI [2] 
parypax. 3To oanaxaer, ql 

'rexmeparypsr HIi)Ke resmej 
eM, xoropoe npasoznrr K 

crpyxrypasrx rpynnaposos 
MeTpHeH, 6JIH3KOH K COCTaJ 

Ilpennosceao MHoro en 

KOJI K KPHCTaJIJIH3aI.\Iili no 

JIH3a (.ll.TA) [3-5]. O.nHIiN. 

llIHpOKO HCnOJIh3yeMhiH Ii J 

BHe K IIlHpOKOH 06JlacTH 

06'MICHHTb YCTOHqHBOCTh ( 

B .naHHoH pafiore BBOA 

psrx ero He.nOCTaTKOB KOJll 

nOCJIe.nOBaTeJIhHO npHMeH 

:n oH CHCTeMhI B 06JlacTH C 
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