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BBEAEHUE

AtoMOO0pOCUIIMKATHBIE CTEKJIa 00Iadal0T YHUKATbHBIMU (PU3UKO-XUMUUECKUM CBO¥i-
CTBaM: HM3KUMH TeMmIlepaTypaMM IUIABJIE€HUSI U BSI3KOCTSIMU MX DPACIJIaBOB, BBICOKMMM
IJTOTHOCTSIMM, CTOMKOCTBIO K KPUCTAJIU3ALMU, HEOOXOAUMBIMU 3J1eKTPOGU3ZNISCKUMU Xa-
paKTEpUCTUKAMU, BBICOKUMHU KO3 duUIIMeHTaMu oc1abjieH!st raMMa-u3inyyeHus u T.1. bina-
rojapsi 3TOMy OHU IIMPOKO MCIOJIB3YIOTCSI TPY U3TOTOBJIEHUW ONTUYECKUX JIMH3, paino3a-
IIUTHBIX 9KPAHOB, (hapMalleBTUUECKUX U3NIEJINIA, ONTUUYECKNX BOJIOKOH, IMaJIeii, CUTAJIJIOB,
MPUTMAEYHBIX U TEPMETUZUPYIOIIUX COCTABOB, CMEIIAHHBIX OKCUAHbBIX TU3JIEKTPUKOB U TOJI-
CTOIUIEHOYHBIX pe3ucTopoB. OHU HE3aMEHUMBI B MPOU3BOJACTBE J1a3€pOB, HOCUTEJEH ISt
LIEHTPOB (DJIYOPECLICHIIUU B ONITUYECKUX YCTPOMCTBAX, ONTUUECCKUX YCUIUTEIIC U TaTYNKOB
TeMIIepaTyphbl, a TAaKXKe B TEXHOJIOTUSIX UMMOOUIU3ALIMK OTPAOOTaHHBIX SIEPHBIX OTXOI0B
[1—6]. AHamm3 MyOGIUKaLWi TTOCAETHUX JIeT YOeAUTEeIbHO MTOKa3bIBaeT, YTO JallbHeiInee
pacuvpeHue ooaacTeil MpakTUUYeCKOTo MPUMEHEHUS aTloMOOOPOCUITNKATHBIX CTEKOJ CBSI-
3aHO C MOJYyYeHHEM MX MOAUMUIIMPOBAHHBIX ITPOMU3BOOHLIX [7—13]. PeHTreHOBCKMMU 1
CMHEKTPOCKOMMYECKUMU METOJaMU1 aHaIu3a, SSAEPHBIM MarHUTHBIM U 3JIEKTPOHHBIM Tapa-
MarHUTHBIM PE30HAHCAMU U 3JIEKTPOPU3UIYECKUMU U3MEPEHUSIMU YCTAHOBJIEHO, YTO JO-
OaBjieHUE OKCHIOB MEePEXOMHBIX METAJIOB MPUBOAUT K ACTIOJIMMEPU3aLIU aTloMOOOPOCHU-
JIMKaTHOTO KapKaca MaTpUIIbl CTeKJ1a, ¢ 00pa3oBaHUEM Pa3HOOOPa3HBIX 0A30BbIX CTPYKTYP-
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HBIX GIMHMII M M3MEHEHMIO aKTMBHOCTH MoHa O, MIMeHHO M3MeHEHHeM aKTUBHOCTU
MOCJIEAHETO OOBSICHSIIOT XUMUYECKME CBOMCTBA 1 MPOBOAMMOCTD TaKuxX cTekon [14—17].

OKCITIEPUMEHTAJIBHAA YACTb

B kauecTBe MCXOIHBIX peaKTUBOB I cuHTe3a ctekya C-2 cucreMbl PbO—CdO—-SiO,—
B,05;—Al,05 cocraBa: mac. %: 60 PbO, 5 CdO, 20 SiO,, 10 B,03, 5 Al,O3 (wim Mon. %:
32.3 Pb0O, 4.7 CdO, 39.9 SiO,, 17.2 B,03, 5.9 Al,05) ucnonszoBanu okcun ceuHua (PbO, “x.4.”),
okcun kpeMHus (SiO,, “4.”), 6opHyto kucaory (H;BOs, “x. 4.”), okeun kanmust (CdO, “x.4u.”) u
okcun amomMuHus (Al,Osz, “x. 4.”). HaBecku KOMITIOHEHTOB B3BELIMBAIU C TOYHOCTBIO
0.0001 r B COOTBETCTBUU C pACCYUTAHHBIM CTEXMOMETPUUYECKUM COOTHOIIIEHUEM, TTIePEHOCH -
JIN B CTEKJISTHHBIN CTakKaH U nepemMelmnBany. [ToaydeHHYIO IIMXTY 5 pa3 MpocenBaid yepe3
KaIlpoHOBOe cUTO ¢ pa3Mepom stueiiku 0.2—0.3 mM. Bapky cTekiia npoBoawin B alyHIOBOM
TULJIC B TeYM MPU MakKcuMalibHOM Temmneparype 1350°C ¢ M30TepMUYECKOM BbIOEPKKOI
0.5 4. PaciaB cTeksia BbUIMBAJIM B XOJOMHYIO NUCTWIIMpOBaHHYIO Boay. Ilomon crekia
MPOU3BOIWIN Ha ruiaHeTapHoit MeiabHUIle AC-3 ¢ UCITOJIb30BaHMEM B KayeCTBE MEJTIOIINX
TeJ XaJllleMOHOBBIX IIapoB aruamMeTpoM 6—10 MMm. B 6apaGaHbl METLHUIIBI 3arpy>Kain HaBeC-
Ky CTeKJIa, TUCTWLIMPOBAHHYIO BOIY U XaJIIIeIOHOBBIE IIaphl B TIporopruu 1 : 1 : 2, Bpems
noMoJta cocTasiisio 3 4. [Tynbny hUIbTpOBaIM, TPOMBIBAIM OCTATOK M CYIIIVIIM TTPH TEMTIE-
parype 80—90°C B cymmiabHOM mikady 48 4. st JOCTUKEHUST OMHOPOTHOCTU TTOPOIIIOK
MPOCEeUBAIN Yepe3 KalIpOHOBOE CUTO.

[T10THOCTB MOPOIIIKA CTeKJIa ONPEAeISIIN MMKHOMETPUUECKMM METOIOM, OIIIMOKa orpe-
nenenus 0.05%, ynenbHyI0 TOBepXHOCTh — Ha nmpubope ITCX-2, ommbka usmepenust 1.5%.

IMpouenypa MoaAroTroBKM o06pas3loB MOAUGUIIMPOBAHHBIX CTEKOJ IMOBTOPSIIa METOIUKY
MOJIyYeHMS IIUXThI I cTekiaa C-2 3a UCKITIOUEHUEM PeXUMa TepMOOOPaOOTKU, KOTOPbIit
MOJICJTUPOBAJI PEXKUM BXMUTIaHUS PE3UCTUBHBIX PYTEHUEBBIX MACT: LIMKJI TePMOOOPabOTKMU
1 4, MmakcuMainbHast Temiiepatypa 850°C, Beimepkka 10 MmuH. ITopoiok crekina C-2 cMelm-
Basu ¢ okcugamu CuO, NiO, Al,O3, TiO,, Nb,Os 1 WO; (Bce kBanmnpukauuu “x. 4.”) B KO-
mmaectBax 0.5—10.0 mac. % s viccinenoBaHusI yAeIbHOTO 00 beMHOTO (Py) M YAEITBHOTO MO-
BEPXHOCTHOTO (Pg) COMPOTUBIICHUI CIIEYEHHBIX cTeKoi, U B auanaszone 0.5—60.0 mac. %
IIJIST UCCIIENOBAHUSI XUMUYECKOTO B3aMOICHCTBUS.

Pentrenodasossiit ananus (PMOA) o6pasios npoponuian Ha nudpakromerpe JPOH-3.0
(Cu K -uznyuenue) B nuamnaszone 10° <20 < 60° co ckopoctsio 1°/MuH. OTHeceHne pedek-
COB Ha AudpakTorpamMme ObUIO BHITIOJIHEHO C UCMOJb30BaHWEM 06a3bl MTaHHBIX International
Centre for Diffraction Data [ICDD]. O6beMHOe yaeabHOE CONPOTUBICHUE CIICYSHHBIX CTe-
Koy B uHTepBasie Temrepatyp 20—300°C usMepsiivd ¢ MOMOILbIO MOCTa ITOCTOSIHHOTO TOKa
P 4060 v MeTOIOM BOJIBTMETpa-aMIiepMeTpa. Peructpaunio Mpou3BOAWIN B PEXKUME Ha-
rpeBaHUsI CO CKOPOCThIO 2°C/MUH 1 OXJIaXKACHUSI HA OTIMTBIX IUCKAX TOJIIMHOM 4 MM C Ha-
HECEHHBIMU Ha UX MOBEPXHOCTh TPadUTOBBIX SMEKTPOIOB Miomaabio 5 cm?. MismMepeHus pg
CIIEYeHHBIX CTEKOJI MPOU3BOIIIM O MeToauKe [ 18] Ha aHaTOTMYHBIX 06pa3Iax ¢ UCIOIb30-
BaHMEM OITMCAHHOTIO BhIlIe 000pyIOBaHUS B TepMocTare nipu temneparype 150°C, ommbka
usmepenus 0.5%.

CHexTphnl 3JIeKTPOHHOIO IapaMarHuTHoro pesoHaHca (DI1P) cneyeHHBIX CTEKOJ 3amu-
chIBajii Ha paauocnektpoMmeTpe PD-1310, paboTatoiiieM B TpeXCAaHTUMETPOBOM JIMara3oHe.
Macca o6pa3ioB BO Bcex oIbITax Oblj1a OAMHAKOBOI, a ux ciekTpbl DI1P HopMupoBaHBbI 1O
aMIUTUTYyIEe CTaHaapTa — IUGEHWIUKPUITUAPA3Uia, KOTOPbIi BMeCcTe C MUCCIeIyeMbIM
00BEKTOM TOMEINAJICS B pe3oHaTop crnekTpomeTpa. PaKkTop CIEeKTPOCKOMUYECKOTO pac-
LLIETJICHUS TTapaMarHUTHBIX LIEHTPOB HaiiieH o Metoaukam [19].

HMHbpakpacHble CIEKTPBI MPOITYCKAHUsI CTEKOJI 3alTMChIBAIA Ha ABYIYYEBOM CIIEKTPO-
metpe UR-20 B criekTpanbHoM auanazone 2000—400 cm~'. TIpenBaputenbHO BbICYILIEHHBIE
Haz P,Os ToHKOnMcnepcHble 06pasiibl pacTUPaIU CO CIEKTPabHO YMCThIM KBr, B COOTHO-
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Ta6auna 1. OpburanbHasi a1eKTpooTpuLaTeNbHOCTh MamnkeHa () ) [21], KoadduuneHT KuciIoTHO-
ctu (Kg) 1 xoaddnumeHT cTenenn CBI3HOCTH KpeMHEKHCIOponHoro Kapkaca (fg;) [22] cTekon

Crekio — Iflfaefoe;f vac. % | s 0.0 | Ky, £0.01 | fg;, £0.01

C-2 — 6.25 1.71 0.38
C-2, monupuIpoBaHHOE 3 6.24 1.52 0.36
Cuo 5 6.23 1.41 0.35

10 6.22 1.17 0.32
C-2, MonuduMpoBaHHOE 3 6.25 1.75 0.35
Nb,0s 5 6.26 1.77 0.34

10 6.27 1.84 0.30

meHun 1 : 100 1 mpeccoBaJiM ¢ TMOMOIIIBIO THUIPABINYECKOTO TIpecca IS TIOJYyIeHUST TIpO-
3pavyHbIX OJHOPOIHBIX AUCKOB. AGCONIOTHAS MOrPELIHOCTh u3MepeHuit pu 400 cm~ ! co-
crasisier +4 cm~!, a mpu 700 cm~! cocrassier +2 em .

PE3VJIIbTATBI U UX OBCYKAEHUE

PesynbTaThl pacyeta KMCIOTHO-OCHOBHBIX CBOMCTB MCXOZHOTO CTeKJIa cucteMbl PbO—
CdO-Si0,—B,03;—Al1,03 u ero MogudumpoBaHHbix CuO 1 Nb,Os NpOM3BOIHBIX U UCCIIE-
JIOBaHMST HEKOTOPBIX (PU3UKO-XUMUIECKUX CBOMCTB 3TUX U IPYTMX 00pa3oB MPUBEICHBI B
Tabn. 1 u 2. U3BectHO nmopsinka 20 miKai Jisi OLIEHKU KMCIOTHO-OCHOBHBIX CBOMCTB OKCHU-
nmoB u ctekona [20]. HamMu BBEIOpaHO TpM U3 HUX — 3TO OpOMTAJIbHAS BJIEKTPOOTPHUIATEIIb-
HocTb (OD0) MamnukeHa (Y [21], koadduument kucaotHoctu (Kyg) n koapduumeHt
CTETNEHU CBA3HOCTU KPEeMHEKUCIOponHoro kapkaca (fg;) crekoi [22], MOCKOIbKY Nepeduc-
JICHHBIE 1IKaJIbl HAMOOJIee YacTO UCITOIb3YIOTCSI, KaK B HAYYHBIX KPyrax, Tak U B TEXHOJIOTUU
cTekina U cutajuioB. KpoMe Toro, Kaxmas M3 IKaJl UMEET XapaKTepHbIe MPEeUMYIIeCcTBa:
OD0 T103BOJISIET COIMOCTABIATh KHUCIOTHO-OCHOBHBIE CBOMCTBA MaTepualioB pas3IUYHOM
TIPUPOEI, HATIPUMEP, OKCHUIOB M CTEKON; KoadduimeHT KucinotHoctu Ky pocT B pacuere,
ITOCKOJIBKY OMpeaesisieTCsl KaK OTHOIIIEHUE SKBUBAJICHTOB KMUCJIOT K 9KBUBaJICHTaM OCHOBa-
HMIi; OT CTENIEHN CBSI3HOCTH KPEMHEKHCIIOPOJHOTO KapKaca fg; 3aBUCUT COCTOSTHUE CTPYK-
TYPHOTO KMCJIOpOAa B CUJIMKATHOM CTEKJIE U €ro aKTMBHOCThb. TakuM oOpa3oM, JaHHbIC,
MpUBeIeHHBIE B Ta0JI. | MOKa3bIBAIOT, YTO BBEACHNWE U HAKOIJIEHUE B COCTABE CTEKJIa OKCH-
OB OCHOBHOTO XapakTepa (mpumep ¢ CuQO) cHUKaeT KMCIOTHOCTh MaTepHasa (3HaYeHUs
Am 4 Ky yMeHblIaloTCs1), TOrna Kak BBEAEHUE OKCMAA KMCIOTHOIO xapakrepa (IIpuMmep c
Nb,Os), Ha060pOT, ee yBenuuMnBaeT (3HaueHus X U Kg Bozpacrator).

Crexiioo6pa3Hble 00pa3Ibl OCTAIOTCS PEHTTEHOAMOPMOHBIMU U ITPO3pavyHBIMU, KOT/IAa OK-
cuabl pacTBOpstoTes B crekiie C-2 (tabi. 2). [1pu 3ToM 1Mo pacTBOPUMOCTH OKCHIBI CUIBHO
pa3InuyaloTcs: caMylo HU3KYIO UMEIOT OKCHAbI HUKEJSI, YTO COITIacyeTcsl C JaHHbIMU [22], u
BoJibhpaMa, a caMylo BHICOKYIO — OKCU MeIu. PacTBOPUMOCTH OCTaTbHBIX OKCUIOB 3aHU-
MalpT MPOMEXyTouHoe 3HaueHue (Tabi. 2). B To ke BpeMms, eciu mo0OaBKy, HalpuMmep
Nb,Os, BBOIuTb He B 00pasell “CTeKJI0—OoKcuA”, a B nxTy C-2 ¥ MOJYy4UTh CTEKIIO TIO pe-
JKMMY €ro BapKH, TO OKCHUJI OyIeT pacTBOPSIThCS 10 KoHLeHTpauuu 10 Mac. %, MOCKOJIbKY Ha
pEeHTreHorpaMmMax o0pas3lioB OTCYTCTBYIOT pedJIEKChl OTPAXKEHUSI KAaKUX-TUOO0 KPUCTAJIIN-
yeckux (pa3. OmHaKo mpy MOBTOPHOM TepMOOOpaboTKe, B 0Opas3max, coaepKalimx Oojee
3 mac. % Nb,Os npoTtexkaeT Kpuctamnusaius $hasbl co CTpyKTypoit mupoxiopa Pb; sNb,Oq 5
(ICDD 01-072-1492) (puc. 1). PactBopumocts Nb,Os B crekiax cuctembl PbO—SiO,—
Al,O5 usyuena B pabore [23].
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Ta6muua 2. HekoTopble GU3MKO-XMMUYECKKE CBOMCTBA CTEKOJI C Pa3IMYHbIM COePXKaHUEM OKCHUIIOB

MoaudukaTopoB
NN |Oxenn| Comepmate, | Gusomiicorran |45 Brentuti
1 CuO 0.5 PeHntreHoaMopdeH 4.141 Hp93paqﬂb1171 TeMHO-3¢eJIe-
1.0 PeHTrenoamopdeHn 3.761 HetH
3.0 PeHntreHoamopdeH 3.839
5.0 PentrenoamopdeH 4.299
10.0 Pentrenoamopden 4.137
20.0 Pentrenoamopden -
25.0 CuO — HenpospauHblii, KOpUIHEBBII
2 NiO 0.5 PenrreHoamopden 5.493 | [Ipo3paydHbIii, KENTHII
1.0 Pentrenoamopden 5.620
3.0 NiO 5.142 | Hermpo3pauHBblii, 3eJIeHBII
5.0 NiO 3.575
10.0 NiO 3.380
3 |AlL,O3 0.5 PbAl,Si,Og - HenpospayHblii, 6enblit
100
4 | TiO, 0.5 PenrreHoamopdeH 4.380 | [Tpo3pauHBblii, XKeAThIi
1.0 PentrenoamopdeH 4.628
3.0 PenrrenoamopdeH 4.770
5.0 PenrrenoamopdeH 4.573
10.0 Penrtrenoamopden 4.652
20.0 TiO,, a-kBapu, PbTiO3 — Henpospaunslii, 6ebrit
5 |[NbyOg4 0.5 Pentrenoamopden - TTpo3payHblii, KenTblit
30
5.0 Pb; sNb,Og 5 - Henposzpa4Hblii, XenThit
100
20.0
30.0
40.0 Pb; sNb,Og 5, PONb,Og -
45.0 PbNb,O4 -
50.0
55.0 PbNb,Og PbNbyOy;
60.0 PbNb,O, -
6 |WO; 0.5 PbWO, — Henpospaunslii, 6ebrit
300
40.0 PbWO,, WO3 Henpo3spaunslit, xento-6ebrit
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Puc. 1. PentreHorpamMMbl 06pa3iioB cocTaBa creksio C-2— okcus, nmpokajeHHbIX 1pu 850°C, ¢ conepkaHueM OKCH-
JIOB B UCXOIHBIX 0Opasiax, mac. %: I — 25Cu0; 2 — 5NiO; 3 — TiO,; 4 — 15TiO, npu noBTOpHOI1 TEpMOOOPaGOTKE;
5—5Nby05; 6 — 15WO3, tne O — CuO; ® — NiO; 0 — TiO, (pytun); © — PbTiO3; V — Pb; sNbyOg ¢; @ — PbWOy;

& — ol-KBapil.

Ha puc. 2 npuBenens cnektpbsl DIIP 06pa3ioB, mojgydeHHBIX B cucteMe crekio C-2—
CuO, 13 KOTOPBIX CIEAYET, YTO, BO-TIEPBBIX, CUTHAJ 3JIEKTPOHHOTO TTApaMarHUTHOTO pPe30-
HaHca HECUMMETPUYHBIN ¢ MaJIOi aKCUaJIbHOUN aHU30TPOIMEN: (haKTOPhI CIIEKTPOCKOMUYEe-
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CKOT'O paculerIeHUsI COOTBETCTBEHHO paBHbI g; = 2.06 + 0.01 u g = 2.34 £ 0.01, a, Bo-BTO-
DBIX, MX aMIUTATYIA C YBEIWISCHUEM CoepKaHUsI MoIudUKaTopa He pacTeT, KaK Clea0BaIo
oXumaTh, a, HaoO0opoT, yMeHblaeTcs (puc. 2). Takue crexktpel DIIP xapakrtepHbI ISt

noHoB Cu’*", KOOPIMHUPOBAHHBIX IECTHIO AHNOHAMM-TUTaHAaAMU O%~, pacIoNoXeHHBIMU
B OKTad/Ipe, BBITSIHYTOM BIOJIb IJIABHOM OCH (TeTparoHaaIbHO UCKaXKEHHBIM OKTadap TPYIIIbI
cummetpun Dyy) 3a cuet acddekra Ana—Tennepa. Ha ocHoBaHMM COOTHOLUEHMS g >8> 8

JUTSL TIOJTyYEHHBIX 3HAYCHUU g-(haKTopa MOXHO 3aKJIIOUYUTh, YTO OCHOBHOE COCTOSIHUE He-
crapeHHOro 31eKTpoHa noHos Cu?* B creknax — 2B, e (dxz_yz — opbutans). [TonyyeHHble pe-

3yJIbTaThl COMIACYIOTCS C IUTEPATYpPHbIMU NaHHbIMU [19, 24—27]. CnenoBartesibHO, B MOAY-
(ULMPOBAHHBIX 06paslax MpoTeKaeT IMmpoliecc BoccTaHoBieHUsT noHa Cu®’. TTocKobKy,
KAaK M3BECTHO, YTO BOCCTaHOBJIeHUE MoHOB Cu’’ mporpeccupyer ¢ yBeIMYeHNEM OCHOBHO-
CTHU UCIOJIb3yeMoro cTekiia [24], a B cucteMe crekiao C-2—CuO moaudukaTop MpUBOAUT K
ee pocTy (Tabi1. 2), TO 3TOT MPOLIECC GIArONPHUITCTBYET BoccTaHoBIeHn o noHa Cu?t. Kpome
TOTO, 3eJEeHBIN LBET cTeKojd, MoguduuupoBaHHbiXx CuO, TpagUIIMOHHO OOBSICHSJIN COB-
MECTHBIM MPUCYTCTBHEM B HUX noHoB Cu™ u Cu?' [28]. TakuMm 06pa3oM, Mpu TepMoospa-
6oTKe 06pasLoBs cuctemsbl crekiio C-2—CuO nonst Cu? Boccranasmusatorcst 1o Cu™ 1 Tem
MHTEHCUBHEH, yeM 0oJiblie MoauduKaTopa B HUX BBOAWIOCH. [1pu najbHeiilemM yBeanye-
HUU comepxkaHust Moaudukaropa 6onee 20% B cucteme crekio C-2—CuO oGpasibl nmocie
TepMOOOPaAOOTKM CTAHOBATCS KOPUIHEBBIMU 1 HE IIPO3padyHBIMU (TabII. 2).

ITo manHbpiIM PMA moTepst mpo3payHOCTHU CITEYEHHBIX CTEKOJ IPU BLICOKOTEMIEpATyp-
HoM KoHTakTe ctekia C-2 ¢ okeugamu CuO, NiO, Al,03, TiO,, Nb,Os 1 WO; B cooTBeT-
CTBYIOLLIMX KOHIIEHTPALIMOHHBIX 00JIaCTSIX MX BBEIECHMSI B MCXOMHbIE 00pa3libl (puc. 1, Tadm. 2)
o0ycJIOBJIEHa MOSsIBJIeHMEM B UX Macce Kpuctaindyeckux dasz: CuO (ICDD 00-048-1548),
NiO (ICDD 99-206-7736); A1,0; (ICDD 00-046-1212) u PbAl,Si,O5 (ICDD 00-025-0428);
TiO, (ICDD 00-021-1276), a-kBapua (ICDD 00-037-1045) unu PbIiO5; (ICDD 00-048-0105);
Pb, sNb,Og¢ 5 (ICDD 01-072-1492), PbNb,O¢ (ICDD 00-029-0780), PbNb,O,, (ICDD 00-
025-0442) u Nb,O5 (ICDD 00-037-1468); PboWO, (ICDD 00-019-0708) 1 WO; (ICDD 99-
203-8957).

IIpu BbICOKOTEMIIEPATYPHOM KOHTAaKTe C OKCHIAMU KUCIOTHOro xapakrepa (Nb,Os u
WO;) BHauase mpoTeKaeT NpoLecc UX pacTBopeHus B ctekiie C-2. JlanbHelilee ypenuyeHue
CONEP>KaHMS ITUX OKCUIOB MTPUBOIUT K KPUCTAJUTM3ALIMU COJIE CBMHIIA M 00pa3oBaHUIO OoJiee
KHCJIO# [0 COCTAaBY MaTPHLIBI CTEKIIA 33 CYET YaCTUIHOTO CBSI3bIBaHMS MOHOB Pb2 [12].

Oo6pasubl crekio C-2—TiO, 4YyBCTBUTENbHBI K PEXUMY TepMUUECKOl 0OpaboTtku. Kax
cieAcTBUe UX (ha3oBBIil cOCTaB MOXET OBITh peacTanieH dasamu TiO,, PbTiO; u o-kBapua
(puc. 1, Taba. 2). ITono6HbM o0pa3oM TiO, B3auMoaeiCTBYET CO CTEKJIAMU IPYIMX COCTa-
BOB [29]. ITo-Buaumomy, ato cBga3aHo co crocobHocTamu TiO, n PbTiO; kak B3auMoneii-
ctBoBaTh ¢ PbO cTeKoJ1, TaK U pacTBOPSITLCS B UX pacIljiaBax, a TakKkKe 3aMellaTh MOHBI Si**
nonamu Ti*" B kpemHekuncIoponHoM Kapkace crekia [30]. [TocaenHee TakKe XapakTepHO 1
st crekia C-2, MOCcKonbKy B obpasuax cucteMsbl crekio C-2—PbTiO; nocie tepmoobpa-
60TKM oOHapyxeHa dasa TiO, (puc. 1, Tadm. 2).

Taxkum o6pa3zomM, XMMUUYECKOE B3aMOICMCTBUE, MpoTeKarolliee B oOpasiiax crekiaa C-2 mocie
BBICOKOTEMITEPATYPHOTO KOHTAKTa C OKCUJIAMM, MOXKHO MPEACTaBUTh cxeMamu (1—7):

PbO (crexno C-2) + Al,0; — PbAl,Si,Of + (crexio 1), (1)
SiO, (crexmo C-2) + TiO, — SiO, + (crexio II), 2
3PbO(ctekio C-2) + 2Nb,O5 — 2Pb,; sNb,Oq 5 + (cTexio III), 3)

PbO (ctekino C-2) + Nb,Os — PbNb,Og + (crexiio 1V), 4
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PbO (crexio C-2) + 2Nb,O5 — PbNb,O,; + (crexio V), (5)
PbO (crexno C-2) + WO; — PbWO, + (crekio VI) (©)

U TIpU TIOBTOPHOI TepMOOOpPadbOoTKe:
PbO (crexuio II) + TiO, <> PbTiO; + (crexio VII), 7

rae crekia I—VII oTauyaroTcest Apyr ot apyra mo coaepxaHuio PbO u Koau4ecTBy pacTBO-
PEHHOIO OKCHAa, KOHKPETHOIO IS COOTBETCTBYIOLIEI cxeMbl. MOXHO yTBepXKIaTbh, UTO
pacCMOTPEHHbIE MPOLIECCHl MOTYUHSIOTCS 3aKOHOMEPHOCTSIM KHUCJIOTHO-OCHOBHOTO B3au-
MOJIEVCTBUS, B KOTOPOM O0Jiee CUIIBHBIE KUCIOTHI (HanpuMep, okeniabsl Nb,Os 1 WO;3) B3a-
MMOJIEUCTBYIOT CO cTeKJIoM C-2, SIBISTIONIMMCS 10 OTHOIIIEHWIO K HUM OCHOBaHUEM, ¢ 00pa-
30BaHMeM cooTBeTCTBYIOIIUX (Pb; sNb,O¢ s 1 POWO,) coneii (tada. 3) [13]. B taba. 3 noka-
3aHO M3MEHEHHE KMCJIOTHO-OCHOBHBIX CBOMCTB OKCUIOB B IKajax OBDO0, udMeHeHUs
sHeprum [u66¢ca [31, 32] u sHepruum cBsizn Metaui—kucyopon [20, 33]. XapakTep xumuye-
CKOTO B3aUMONEMCTBUS B cucTeMe cTeksio C-2 — OKCU MeTajljla OINpenessieTcsl UX KUCIO0T-
HO-OCHOBHBIMU cBoMicTBamMu. MHGMOOPMaTUBHBIM TTOKa3aTeIeM IUIsT ONpeaeIeHUST HaTUIMST
TaKOI'O B3aMMOACKHCTBUS MOXKET OBITh OpOUTATbHAS JIEKTpOoOoTpuLiaTeIbHOCTE (0OD0) Man-
nukeHa (Y [21]. ComocTaBneHue mapamerpa ), crekia C-2, paBHOro 6.25, 1 COOTBET-
CTBYIOLLETO OKCHIa MOKAa3bIBAeT, UTO €CIM Y OKCUAA 3HAUEHHUE )\ MEHBIIE, YeM y CTeKJa,
B3aUMOJEICTBME MEXIY HUMU He NMporcxonuT. Ecnu y okcuaa 3HayeHue )y 0obLIe, YeM y
crexkiia C-2, To OHM B3aUMOAEUCTBYIOT. [1py OJM3KUX U paBHBIX 3HAYEHMSIX 3TOTO MapaMeT-
pa mis crexkia C-2 u okeuna (Hanpumep, TiO,), B3auMoaeicTBue UMeeT 00Jiee CIOXHBI
xapakrtep. Oxcun TiO,, xapaKTepu3yroLuMiics CONOCTAaBUMBIM CO CTEKJIOM C-2 KMCIIOTHO-OC-
HOBHBIMU CBOMCTBaMH, 3a OAVH LIMKJI TEpPMOOOPabOTKU HE ycrieBaeT oopa3oBaTh conb (PBTiO3),
Ho nons! Ti*" BeITecHsTIOT MoHB! Si*T 13 KapKaca cTeki1a ¢ KpucTaunsarueii o-kBapua [30].
Oxkcua Al,O3, SBJISISICE OCHOBaHMEM IO OTHOILIEHUIO K cTeKTy C-2, BCTyIaeT ¢ HUM BO B3au-
MozeiicTBue ¢ oopazoBaHueM PbAl,Si,Og HecMOTps Ha TO, uTO Al,O5 sBMsIeTCs MOAUDUKA-
TOPOM, MIPETOTBPAIIAIOIINM KPUCTAJUT3AIIUI0 CBUHIIOBOOOPOCUIMKATHBIX CTEKOJI, UTO CO-
IJIACYIOTCS C pe3ysibTaTaMu padoThI [34].

Hanuuue nona O*” B CBUHIIOBOGOPOCHIMKATHBIX CTEKJIAX SIBJSIETCS YCTAHOBJICHHBIM
dakrom. [Ipy 3TOM OH BBICTYMAET BaXXHBIM KOMIIOHEHTOM, a He TIpeAIiojaraeMoii uiu “ciy-
yaiiHOI” emuHUIIei, CBSI3aHHOM ¢ neeKTaMM CTeKJIa Win paciuiaBa. bojee Toro, aTo Tep-
MOJIMHAMMYECKHU BaXKHBIM KOMIIOHEHT OMHAPHBIX PACIJIaBOB (CTEKOJ M KPUCTALIMYECKUX
BelecTB) [5, 35]. Peakiium KoHAEHCALIMU WJIN IUCCOLMALIMY CUJIMKAT-aHUOHOB MOTYT ObITh

BBIPaXXEHBI CACIYIOIIUMU cXxeMaMu [36]:

(sSi-0-Si=) + 0°” = 2(5514)*) (8)

NIn
0’ +0* =20 )
BO + 0> < 2NBO~ (10)

rae BO npencrasisier coboii “MocTukoBbIi” Kucaopon (Si—O—Si, T.e. Kuciaopon, CBsI3aH-
HbIi1 ¢ 1ByMsi aToMaMu KpeMHust), NBO™ npencrabiisieT cO00i “He MOCTUKOBbIIT” KUCIOPOI,
(Si—O—Pb, T.e. KNCIIOPOI, CBS3aHHBIN C OTHUM aTOMOM KPEMHUS ¥ CBUHLIOM), 1 O? Tipen-
craByisieT coboit “cBobonHbIii okeun” (Pb—O—Pb, T.e. kuciaopon, He CBI3aHHBIA C KDEMHUEM).
Bzaumoneiicteue B,O; (kucimotsr) ¢ PbO u3 crexyia (oCHOBaHMEM) OMUCBHIBAIOT CXEMBbI

11—12 [37):
-B-O-B + 0%~ 92[—B—O_], (1)

B,0 + 0> = 2[BO*]. (12)
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Taomuna 3. KucIoTHO-OCHOBHBIE CBOMCTBa M Heprust [166ca [32, 33| 1 aHeprusi CBSI3u MeTaUI—KUC-
JIopoI B coennHeHUsIX [34, 35]

Xumnueckast opmyia xm- 2B, £0.01 ~Ghog , KIIX/Mo1b, 0.1 —U?,Hlfﬂp;?/idgii?”iio.l
Cu,O 5.50 150.5 3016.9
CuO 6.01 129.4 4008.7
NiO 6.00 211.6 4044.5
o-Al,O3 5.82 1582.0 15718.2
TiO, 6.25 943.9 12106.2
Nb,O5 6.53 1764.1 206478.1
0o-WO;3 6.72 763.9 12975.9
PbWO, 6.44 1021.6 91409.7
Pb; sNb,Og 5 6.33 220.2 51582.0
PbNb,Og 6.38 94.9 24075.6
PbNb4O 6.45 158.2 44724 .4
PbTiO3 6.09 1061.8 15751.1
a-SiO, 6.61 856.7 15147.0
PbAl,Si,04 6.20 469.0 44092.0
PbO 5.88 188.2 3567.2
B,05 6.18 1194.3 18254.4

OCHOBHBIE p€aKkuuu, CBA3aHHbIC C NEPEXOIOM aAJIFOMUHUA U3 OKTaSLlpl/l‘{eCKOﬁ B T€Tpa-

SIPUYECKYIO KOOpAWHALIMIO TIpeIcTaBIeHBI Ha cxemax 13—15 [38]:

gAl,;30,,, — [All/SOI/Z]q; (13)
Si;,sOM; ), +(3/q) [A11/301/2]q <> Sij 40y, + Aly 40, oM, 5 + 3A1, 40,2 (14)
(4/9) [A11/301/2]q < Algl/?ol/zAlm + 3Al,40 )5, (15)

rae M — KaTUOHBI IBYXBJIEHTHBIX METAJUIOB.
ITockonbKy MexaHU3M B3aMMOASHCTBUS (CXeMbl 1—7) ommchIBaeTCs 000OIIEHHOM CXe-

Moii (16):
2—
kuciora + O° = cob, (16)
a KHMCJIOTHOCTb pacIlIaBa OLIEHUBAETCS KOHIIGHTpAIMeil (aKTHBHOCTBIO) NMOHOB O%~ (1
3HaueHueM ee Jorapudmudeckoro nokasareist pO = —Ig[O27]), To BbIGpaHHbBIE OKCUIbI SIB-

Jistores 6o noHopamu (Hanpumep, CuO), 1u6o akuenrtopamu (Nb,Os 1 WO3) noHOB 0%~
, UTO 3aBUCUT OT CHJIBI MX KUCJIOTHO-OCHOBHBIX CBOHCTB (Tabu1. 3) [13]. [1pu a3TOM 4eM 60Jib-
11I€ aKTUBHOCTh MOHOB KMCJIOPOJia, TEM BbILLIE OCHOBHOCTbB cTekia [39, c. 250—254].

Crexyio C-2 caemayeT paccMaTpUBaTh Kak Crieliiruieckoe OCHOBAHUE, BCTYMNAlOIIee B KUC-
JIOTHO-OCHOBHOE B3aMMOJENCTBYE ¢ KUCIOTHBIMU okcugamu TiO,, Nb,Os 1 WO; (Tabu. 1, 3),
[pY KOTOPBIX 00pa3yloTcs NPOAYyKThI, xapakTepHsble ajsi cucteM PbO—TiO, (Nb,Os, WO5) u B
AHAJIOTMYHBIX KOHIIEHTPALIMOHHBIX MHTEPBaJIaX COOTBETCTBYIOIIMX IUAarpaMM U B CHCTEMax
co crekiiamu npyroro coctaBa [40—50]. CnelmpUIHOCTb COCTOUT B TOM, 4TO cTeKiIo C-2, sB-
JISISICh UCTOYHUKOM PbO, yacTMYHO pacTBOpsIET MOIU(MUKATOPHI, U3MEHSST CBOIO CTPYKTYDY.
CreneHb U XapakTep TaKMX U3MEHEHUI TeM CyllleCTBEHHee, YeM OoJiee OJIM3KU KHUCIOTHOCTU
COOTBETCTBYOLLEro okenna u SiO,, a Takxke pa3Mepbl MOHA MeTaslla OKCUIA U SitT.
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Taomuua 4. [TonoxeHue nonoc B MK-crekTpax CTEKO U UX OTHECEHUE

TTonoxeHue Cchuiku

MOJIOC MPOITycKa- OTHeceHUe Ha JTATEDAT
HUSI, cM , 4 patypy

400—600 KoneGanue Pb B [Pb—O], 3[Si—O—Si(Al)], V,[NbOg]; “nsommpo- [51—66]

BaHHbIe” okTasanphl [AlOg]; V[AI-O—Si] umm v[Al-O—Al],
V[Si—O]; V[AI-O] B [AlOg4]; v[Pb—O] B [PbOy]; 8| O—Si—O]/d[Si—
O-—Si]; “koHneHcupoBaHHbIe” oKTasnpbl [AlOg]

567—778 V[Si—O—Si], V[O—Si(Al)—O], V[AI-O—Si], §[B—O] B 6opatHoii | [53, 54, 60, 64,
ceru, V[PbOy], V[AIO4], VINb—O] B [NbOg], 8,,[Si—O—Pb], 67—74]
VIAI=0], 3[SiO ]

600—800 8[B—O—B]; kone6anus V[Si—O—B] u v[Si—O—M] (M=Al, Nb), ([25, 52, 55, 56, 58,
V(Nb—O—Nb), V[Nb—O] B ca6o nckaxeHHsIx [NbOg], Hao- 60, 67, 75—77]
SKeHHBIE APYT Ha apyra V[ Si(Al)—O—Si], v, [B—O—B], §|[B—O] B
[BOs], V[AI-O] B [AlOy4], 8| B—O—B] B [BO3]; v, [AlI-O—Al| B
[AlOg]; “nzonuposannbie” TeTpasnpsl [AlOy4]; v{[B—O—B] B 60-
patHbIX rpynnax; Vg[Si—O—Si] B [SiO4], v4 [BO] v, [BO] n

v[Si—O—Al]
700—1200 KoMno3ut u3 IByxX CHJIMKATHBIX LIETTOYEK ¥ 00paTHBIX (da3; “koH-|[25, 51—60, 68, 70,
neHcupoBaHHble” [AlO4]; KoMOMHMpOoBaHHbIe KoJle6aHusT V[ BOs] 74, 76—88]

nV[PbOy], §|B—O—B] B [BO3] 1 [B30¢] G0pOKCOIBHBIX KOJIBLIAX;
Vg[B—O]B[BOy4] TpU- (B305 ), TeTpa- (BgO 132*), MeHTabopaTHBIX
(B50g™) rpynnax; V[Nb—O] 1 V[Nb—O—Nb] B [NbOg¢]; V[SiOy];
V[Nb=0] B critbHO rcKaskeHHBIX [NbOg|; 5| BO;—O—BO,]; V[Si—
O7]; v/ O—Si—O] v[Pb—O] ¢ HeMOCTMKOBBIM KMCJIOPOIOM
(NBO); He MocTHKOBas V[ Si—O—]; vV[B—O] B[ BOy]; nuboparHas
cBasb B ermm [B—O—B]; v[Si—O—R] (R=Cd, Pb, B), v,[Si—0],
V[Si—O—Pb]

1121-1797 V,| B—O] c HemocTrKoBbIMU MOHaMu kcopona (NBO) B [BO;| B [52, 56—60,

MeTa-, TMPO- OPTOOOPATHBIX IPyMIax, V,BOs], BO,O ¢ NBO, |68-70, 72,75, 77,
v[BO—] B [BOj3]; 8| B—O] u [B—O] mexny [B3;O¢] 1 [BO3] 83, 89]

Yyactie noHoB O?~ BO B3aUMOIEIICTBUSX B MaTpHLEe cTeKTa C-2 MONTBepKIAIOT TAHHBIE
nHppakpacHoit cnektpockonuu. B MK-criekTpe npomyckaHusi 3TOro cTekjia MpUuCcyTCTBYIOT

YeTBIPE OCHOBHBIE OGJIACTH, PACIIONIOXEHHBIE B [UATTa30Hax, cM | 407—554, 567—778, 791—

1187 u 1213—1797 c uentpamu, cM~': 467, 615, 697, 1035, 1063, 1103, 1323, 1380, 1479, 1609 u
1732 (puc. 3, oTHeceHUe MOJIOC MPOTycKaHus IpuBeneHo B Ta6i. 4) [50—89]. [MonyyeHHBbII
CIIEKTP aHAJIOTMYEH C MIPUBEIEHHBIMU B JINTEPATYPE CHEKTPAMU CBHHIIOBOATIOMOOOPOCH-
JIMKaTHBIX cTekoi. B ceTke creksa C-2 60p MpUCYTCTBYET Kak B cocTaBe Tpynn BOs, Tak 1

BO,, a amomMunmit — Toibpko B rpymnre AlOg [6, 50—89].

UK-cnekTpbl 00pa3loB MoauUUUpoOBaHHOTO cTekjaa C-2 mposBISIOT XapaKTepHble
0COOCHHOCTH, KOTOpPBIE BhIpaXkaloTcs B caemyromeM (puc. 3, tadi. 4). OKcum KUCIOTHOTO

xapakTepa Nb,Os BbI3bIBAET CMELIEHKE MOJIOC ¢ lleHTpamu, cM ™~ ': 615, 1035, 1063 u 1380, B
N K-criekTpe ucxonHoro crekia C-2, B obnactu ¢ ueHTpamu, cM~': 708, 1045, 1085 u 1345,
nosiBieHue mosockl 515 cm™! 1 rcuesHoBeHmIo monocsl 1479 cm™!. TlosiBeHME TIOIOCHL C
neHTtpoM 515 cM~! 06ycnoBieHo konebanuem cBsizu Al—O B AlO, [66] B pesybTate TpoTe-
kaHus npouecca: AlOg«>AlO, + 2NBO) [90]. BanenTtHble konebaHus cega3u Nb—O B okTa-
snpax NbOg MpUBOAT K MOABIEHUIO TTOJ0CK ¢ 1ieHTpoM 708 cM~! [54]. TMonoca ¢ neHTpom
1045 cm~! siBNIsIeTCS pe3ybTaTOM HAJIOXEHUsI KoneGaHuii casseit Si—O—Siu Si—O—Pb [70].
Mosnoca ¢ ueHTpoM 1085 cM~! cBHIETENTBCTBYET O POCTE CTEMIEHH MOIMMEPHU3AIIY TeTPasI-
poB SiOy [79]. TTonoca ¢ ueHtpom npu 1350 cM~! oTBeuaer KoneGaHUSIM B TPYINAxX [BO;]
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[64]. icue3noBeHuMe monoc, cM ~': 615, 1063 u 1479 oTpaxaeT MCUE3HOBEHHE CTPYKTYPHBIX
rpynin [AlOg] [79], cHuxeHue crenenu nonumepusauuu [SiOy] [79] u yObUIL HEKOTOPOTO

kosmuectsa rpyni [BO,] B pesynbrare nporekanusi npouecca: [BO,4] <> [BOs] + NBO) [90].

OKcHUL OCHOBHOTO xapakTepa CuO BbI3bIBAET CABUT MOJIOC C LIEHTpaMu, cM ™ : 1035 — K
1080, 1063 — k 1125, 1323 — k 1390, a 1380 — k 1410, a Tak:Ke MOSIBJIEHKE MTOJIOCHI C LIEHTPOM

npu 988 cM~! M ycusieHue MHTEHCHBHOCTH TOJIOCHI ¢ 1IeHTpoM nipu 1479 cm~'. TlosiBneHue
nosiockl 988 cM~! cBUIETENBCTBYET O KOTe6aHUAX B TPYIIIAX [BO,] [64]. TTosoca ¢ ueHTpoM



BIIMAHUE OKCUIOB PA3JIMYHLIX METAJIJIOB 141

npu 1080 cM~! oTBeuaeT CUMMeETPUYHBIM BaJEHTHBIM KolieGaHusiM Si—O—Si ¢ BHenpeHeM
aToMoB 60pa B cTpyKTypy SiO, [66, 69]. [Tomocs! ¢ neHTpamu nipu 1125 n 1410 cm~! oTpaxa-

0T aCUMMETPUYHOE BaJIeHTHOE KoJjiebaHue cBsism B—O ¢ TeTpasapuyecKUMU TpynamMu
[BO,4] [12, 79] u konebaHust B camux rpynmnax [BO,] [25]. Ucue3HoBeHue nosnoc ¢ ueHTpaMu

npu 1035 u 1380 cM~! cBUmETENBCTBYET O AemoauMepu3anmy cesizeit B—O—B [51] u ncues-
HOBEHUHU rpynnupoBok [BOs] B ceTn TeTpasapuyecKux CTPYKTYPHBIX €IMHULL, COCTOSIIINX
13 0opaToB, TAKMX KakK nubopat, Tpubopat, TeTpadbopart u meHTabopar, a Takoke CUJIMKATHBIX
rpyn [68]. YeuneHne MHTEHCUBHOCTH TTONOCH 1479 cM™! yKa3bIBaeT Ha HAKOTIIEHUE TPYTI-
nupoBok [BOy] [79].

Takum obpaszom, comtacHo faHHBIM MK -criekTpockonuu, BBeAeHUE OKCUI0B OCHOBHOTO
XapakKTepa BbI3bIBAET HAKOIJIEHUWE B CTEKJIe CTPYKTYp C HE MOCTMKOBBIMU CBsI3sMU NBO
(8i—O7) u rpynn [BO,], a oOKCHI0OB KMCIOTHOTO XapaKTepa — HaKOIUIEHUE B CTEKJIE CTPYK-
TYp ¢ MOCTUKOBBIMU CBs3siMU (BO) u rpynn [BO;] u [AlO,], uto comtacyercst ¢ faHHbIMMU,
nmewimnmMucs B iuteparype [12, 30, 47, 50—89]. IlepeuncieHHble U3BMEHEHUS B CTPYKTYpeE
CTeKJIa TIPOTEKAIOT GIaroapsi HEIOCPEACTBEHHOMY YYacTHIO MoHa O, aKTHBHOCTb KOTO-
pPOTO U TIpeAonpenesisieT NX HallpaBJIcHHE.

KpoMe KHCIIOTHO-OCHOBHBIX, HOH O2~, MO-BUIMMOMY, TPOSIBISIET OKUCIUTEIBHO-BOC-
CTaHOBUTENbHBIE CBOICTBA, BoccTaHasmBast Cu?t no Cu' cormtacuo cxeme (17):

cu’ +0* s cut+0. (17)

C 5TOl TOYKM 3PEHMST CTAHOBUTCSI TTOHSITHBIM, TTOYEeMY TIPU YBEJIWYEHUU COMEPKAHUS
Monudukaropa B oopasnax crekyio C-2—CuO mo TepMooOpabOTKM pacTeT CTEIeHb BOCCTa-
HOBJICHUSI MeIH B cTeKIax (puc. 3).

MonaudunupoBaHue crekisia C-2 BbI3bIBAET U3MEHEHUE €r0 00BEMHOTO U TOBEPXHOCTHO-
T'O CONIPOTUBIIEHUS (Py U Pg). BemmunHa 3TOro n3MeHeHMs! 3aBUCHUT OT COCTaBa U colepxka-
HUS 100AaBKU, HO XapaKTep MOBTOPSIETCS] — MOBBILLIEHUE COMTPOTUBJICHUS TIPU MaJIOM COIep-
>)KaHUY OKCUIHBIX MOIU(DUKATOPOB U NajibHelIIee CHUXKEHUE TTPU YBEJIMYEHUU UX KOHILIEH-
tpaunu (puc. 4, 5). MakcumyM HabogaeTcs Npu BBeaeHUU B cTekyio C-2 Gonee, Mac. %:
7 CuO, 5 Nb,Os5 1 5 WO;. AHaJIOTH4HBIIl XapaKTep 3aBUCUMOCTU HabIogaeTcs Py MOIU-
buurpoBaHUM 3TUMM OKCUAAMM CTEKOJI Ipyroro coctana [5, 24, 31, 91—-95]. O6pa3zoBaHue
aHOPTHUTA WJIU Ol-KBaplla, CBUIAETECTBYIOIIEE O CYIIIECTBEHHOM MepecTpOiiKe KPeMHEKHC-
JIOPOOHOTO KapKaca UCXOJHOTO CTeka, Mpu BBeAeHUNU B cTekiio C-2 Al,O; u TiO,. Tem He
MeHee, MoAU(MUILIMPOBAaHNE HE TaK CYIIIECTBEHHO OTPaXKaeTcsi Ha UBMEHEHWM eT0 COTTPOTUB-
JileHus pu BBeaeHuu Al,O; ¥ TPUBOAUT K €ro JIMHEHHOMY pocTy npu BeaeHuu TiO,. Oxcup
NiO MOHOTOHHO YBEJIMUYMBAET COMPOTUBICHUS MOIU(PUIIMPOBAHHBIX 00pa3LoB (puc. 5) [8].

B nuteparype nsMeHeHHe 2IEKTPOIPOBOIHOCTH CBUHIIOBBIX CTEKOJ TIPU BBEIACHUU B UX
coctaB CuO OOBSICHSIOT: M3BMEHEHNEM MUKPOCTPYKTYPHI ¢ O0Opa3oBaHWEM MOCTHUKOBOTO
KMCJIOPOa; YBEJIMYEHUEM DHEPTUM CBI3M “MOoAUDUKATOP—KUCIOPOA”~, BbI3BAHHBIM KaTHO-
HoOM apyroro pasmepa (Cu®") u3-3a ero crocoGHOCTH CUJIbHEE MOJSIPU30BATh KUCIOPOL;
y4yacTHeM aTOMOB MeAu B IepeHoCce 3apsifia 3a CUeT IBUKEHUSI IO CBOUM COOCTBEHHBIM Ba-
KaHCHsM; YBeJMYeHMeM KOHLEHTpalMu Gojiee MOIBIKHBIX noHOoB Cu’, HakoHel, 3Jek-
TPOHHBIM MEXaHU3MOM IepeHOCca MPU OOMEHE 3JEKTPOHAMM MEXI1y MOHAMU MEIU pa3HOit
BajieHTHOCTH [19, 28, 73], a OKCHUI0B KUCJIOTHOTO XapaKTepa — CBI3bIBAIOT C YMEHbIIICHUEM:
IIMPUHBL 3aIlPElCHHOIl 30HBI, KOHLEHTPALMKM OCHOBHBIX Hocuteieil 3apsima (Pb*") u
VIJIOTHEHUEM CTPYKTYpPHI cTeka [96].

TpaauIMOHHO POJIb HOCUTEJEH TOKA B CMJIMKATHBIX M 60POCUIMKATHBIX CTEKJIaX OTBOIM-
JIaCh MOHAM OJHO- M JABYXBAJICHTHBIX METAJIJIOB, BXOISIIIMX B OCHOBHOIM COCTaB CTEKJIa UJIU
SBJISTIOIINXCSI COCTABHOM 4aCcThbIO MPUMECHBIX KOMIIOHEHTOB [28, 73]. OgHako I103Xe ObLIO
IMOKa3aHo, UTO B 3THX CTEKJIaX COBEPIIEHHO MHbIE HOCUTEU 3apsi/ia: MOHbI KUCIOPOAa U O-
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HbI Bonopona [97, 98]. I1pu 3ToM TpoTOHHAasI TPOBOAMMOCTh, U3MEPEHHAsI BO BJIa>KHOM ap-
roHe nipu 400°C, cocrasmsuia 4 X 1078 Om cM™!, a mpoBoaMMOCTb MOHOB KucIopoma — 7 X
x 1078 Om cm~ L. TIpenmnonaraercsi, 4to 06a THIIa HOCUTENEHl 3apsia TPAHCIIOPTHPYIOTCS 1O
OIHUM M TEM XK€ NYTAM IIPOBOAMMOCTHU C HCIIOJIB30BAHUEM KHCIOPOIHBIX ﬂeq)eKTOB B
CTpPYKType cTekia [15].

BeposiTHO, HOCHTEJISIMU TOKA B pACCMATPHBAEMBIX CTEKJIaX SIBJISIETCS] HE TOIBKO MOH O,
OJHAKO KOHLIEHTPALIMOHHOE U3MEHEHHUE XapaKTepa 3aBUCUMOCTEN Py U Pg HAXOAUTCS B 3a-
BUCHUMOCTH OT €ro akTUBHOCTU. IIpu 5TOM yBeamyeHre 3Ha4eHUI Py U Pg B 00IACTH MaJIbIX
KOHIIGHTpAIMii OKCUIOB OCHOBHOTO XapaKTepa 00ycIaBiInBaeTcs 3aTpatoil HoHoB O Ha
NETIOJIMMEPU3ALINIO0 KPeMHEKMCIOPOIHOTO KapKaca ¢ 00pa3oBaHUEM CTPYKTYpP C HEMOCTH-
KOBBIMU aToMaMu kKuciioponaa. [To Mepe HaKoIUIeHUs oKcuaa MoarduKaTopa co3naeTcs u3-
OBITOK MOHOB O~ TIPUBOIAMINII K CHIDKEHUIO COTIPOTHBICHNS MOIU(DHUIINPOBAHHBIX CTE-
KoJi. B cTekiax, Moau@uIIMpoOBaHHBIX OKCUIAMM KUCJIOTHOTO XapakTepa aKTUBHOCTb MOHOB
0% u3MeHsieTcsl aHAJIOTUYHO, HO O IpYroit mpuunHe. B aToM ciyyae nonsl O?~ cBs3bIBa-
I0TCSI B CTPYKTYPHBI OJIMXKHEro Nmopsijika, HO Ha ONpeaeJIeHHOM 3Tare TeUeHUsI 3TOTO Mpoliec-
ca MosIBJISIETCS UX U3OBITOK (Tabu. 2, puc. 5) [99, 100].

Kpome Toro, nosHast MIEHTUYHOCTb XapaKTepa KOHLIEHTPALMOHHBIX 3aBUCUMOCTE Py U
Pg CBUIETENBCTBYIOT 00 MACHTUYHOCTU HOCUTEJIEi TOKA, a MEHbILNE 110 aOCOTIOTHOMY 3Ha-
YEHWIO BEJIMYMHBI Pg B COIMIOCTABUMBIX TOUYKAX OOYCIOBIIEHBI, TIO-BUOIUMOMY, JIMOO TTOBBI-
IIEHHOM KOHIIEHTpallueil HOCUTENIe ToKa, JIMOo HaimuuueM Ooliee 3(hGhEeKTUBHBIX Iemnei
MIPOBOAUMOCTH, JINOO OMHOBPEMEHHBIM JIEHICTBUEM ITepPEUNCICHHBIX (akKTopoB (puc. 3, 4).
JloToTHUTENIbHOE BO3IEHCTBME Ha abCONIOTHBIC 3HAYeHUs 0OOOIIEHHONW MPOBOAWMOCTH
CMIEYEHHBIX CTEKOJI OKa3bIBaeT 0Opa3oBaHUe KpucTtainueckux das B ux ooneme [92, 100].

CpaBHeHUE XapaKTEepOB U3MEHEHUS TUIOTHOCTU U COMPOTHUBIICHUS CTEKOJI OT COoAepKa-
HUSI OKCUIOB-MOAMGUKATOPOB yKa3blBaeT Ha WX TOJIHYIO aHajoruoo (tabi. 2, puc. 4, 5).
[TOCKOTBKY M3MEHEHIe KOHILIEHTPAIMK HOHBI O%~ BBI3BIBAET COOTBETCTBYIOLICE N3MEHEHIE
CTPYKTYPbI MOAMGULIMPOBAHHBIX CTEKOJI, 00YCJIIOBJICHHOE, HallpuMep, U3BMEHEHUEM KOOp-
IVHALIIK aTOMa 60pa, MOXHO YTBEP3KIATh, YTO HAIMYME U comepKaHie HoHOB O%~ 1 B 3TOM
ciTydae SIBJISIFOTCSI OCHOBHOM ITPUYMHOI HAOJI0gaeMOro U3MeHeHUs IJIOTHOCTH [12].

SAKJTIOYEHUE

ITpu BeicOKOTEMMEPATYPHOM KOHTaKTe cTekon cucteMbl PbO—CdO—-SiO,—B,05;—Al,04
C OKCHUJIaMH1 Pa3INYHBIX METAIJIOB MPOTEKAIOT MTPOIIECCHI, PE3YJIbTAT KOTOPBIX MPENOIpee-
JISIETCST X KMCJIOTHO-OCHOBHBIMY CBOMCTBaMM (HATIPUMED, (): OKCUIBI OCHOBHOTO XapakK-

Tepa ¢ Xy MeHblle, yeM y ctekina C-2, pagHoro 6.25, (CuO, NiO) BbICTyNalOT B pOJIM JIOHO-
pa, a OKCUbI KUCJIOTHOIO XapakTepa ¢ ) 0osblie, yeM y crekna C-2, (Nb,Os u WO3) — ak-
nenropa MoHa O?~. YeM cHiIbHee pa3inyaloTcs MEXIY co0oil oKcuIbl U crekio C-2 1o
BEJIMYMHE Y\, TEM TIPY MEHBILIEH KOHLIEHTpaluy Moaudurkaropa u 6€3 MoBTOPHON TEPMO-
00paboTKKM 00pasyeTcsl Cob CBMHIIA COOTBETCTBYIOIIETO OKcUa. B pacriaBax cTekos ¢ okeuaa-
MU aKTMBHOCTb MoHa O~ cHixaetcst B psity CuO < NiO < AL,O5 < TiO, < Nb,O5 < WO, To-
MMMO KHCJIOTHO-OCHOBHBIX HOH O%~, TI0-BUANMOMY, IIPOSIBIISIET OKUCIUTETBHO-BOCCTAHO-
BUTEJIBHBIE CBOIICTBA, BoccTaHapuBasg Cu”>™ no Cu™. DTu mpoLecchl U3MEHSIOT TIOTHOCTb
U 3JIEKTPUYECKOE COMPOTUBJICHUE cTekIa. OKCUIBI, Y KOTOPBIX CO CTEKJIOM KUCIOTHO-0C-
HOBHBIE CBOJICTBA COITOCTABUMEI, BCTYIIAIOT B OOMEHHOE B3aMMomeiicTBue ¢ noHaMu Sitt,
BBITECHSISI UX M3 KPEMHEKUCIOPOAHOIo Kapkaca ¢ oOpa3oBaHMEM O-KBapiia (00pasiibl C
TiO,) nnu aHoptuTa cBUHLA (006pa3ubl ¢ Al,O3). [Ipy NOBTOPHOI TepMOOOGPabOTKE B 0OOpas-
nax ¢ TiO, obpaszyercst PbTiO5. I110THOCTh U CONPOTUBIEHMUS SIEKTPUUECKOMY TOKY TAKMX
CMEYEeHHBIX CTEKOJI 3aHUMAIOT MPOMEXKYTOYHbIE 3HAUCHMST, MEXTYy 0Opa3liaMu, MOJIy4eHHbI -
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MM C TIpUMEHEHHUEM OKCHUJIOB KUCJIOTHOTO M OCHOBHOTO XapakTepa. [TojlydeHHbIe pe3yJibTa-
ThI MOTYT OBITh TTOJIE3HBI ITPU IIPOTHO3UPOBAHNY CBOMCTB MOIUGUILIMPOBAHHBLIX CBUHIIOBO-
GOPOCUIIMKATHBIX CTEKOI.
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