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Pacuer PpardIbHOCTH CTEKOI € MOMOLILIO YPaBHEHHA

Buasamca-Jlasnena-®Geppu
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11omyyeHa thopmyna, CBAIBIBAIOHIAR (PArMNbHOCTE CTEKON ¢ HapaMeTpaMu ypasHeHHa Bunsimca-Jlasupena-
Peppu. Oua HaxonwTca B COTNACHH ¢ BAHHBIMH (PPaTHALHOCTH CBAHLOBOCHIMKATHBIX N HATPUeBOGOPATHEIX
cTekon. JnA ITHX cTexoN YCTAHOBIGHR 3aBHCHMOCTE GPATIIbHOCTH OT PEIUeTOYHOTO liapameTpa [ pionaiizena

— MEPB1 AHrApMOoH3Ma Koachanuil KBa3HpeILeTKI.

© A.A. Mashanov, D.S. Sanditov V.V. Mantatov, B.D. Sanditov, L.S. Vikylina

Calculation fragility glasses by means of the equation
Williams- Landel-Ferry'

[n this paper we discuss the relationship between fragility and coefficient of transverse deformation of glass
and present a method to calculate fragility of glasses with Williams-Landel-Ferry equation.

Ob6obmenne panHBIX RO BA3KOCTH paz-
THYHBIX CTEKOSI B KOOpAMHATaX 13,;-(_177;)

NPUBOANT K BEIBOZY © TOM, YTCO “MPOYyHBIE™
(“strong”) crewna, wanpumep Si0-, B 3THX KO-
OpPAHHATAX UMEIOT MEHBIIYIO BOTHYTOCTh
KpuseIX, yem “xpynkne” (“fragile™) crexna, 8
4aCTHOCTH MONekyaspHble colenogobuee [1].
Pa3nnunpiM acnektam Tako#l xnaccuduxaliuy
CTEKON NOCBslEHa cepHst pabot {CM., Ranpu-
Mep, [1-3]). '
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OY)KIEHHOTO CocTOsHHA [5, 6] UMEOT cie-
ayrommi GuandecKkni CMLICH
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Pue. 1. Cxema Bo30yIeHHA aToMa. 1y — CpeHee
MEXKATOMHOE paccTondie, Ar, — KPUTHUECKQE
CMEIeHUe aTOMa, COOTBETCTRYIOIIEE MAKCHMY-
MY CUITHE TipUTSKeus Fo,.

3necs f; — ofbemHan 408 PAyKTYaLHOHHOTO
obbeMa, 3aAMOPONCHHAL MPH  TeMnOepaType
CTEKMNOBAHUS
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B monenun Bo3OymAeHHOro cocrosiuua [5,
6] npeanonaraeTcs, YTO B EKMAKOCTAX M
amMopdHBIX cpesax CyMECTBYIOT BO30YxaAeH-
HBIC KHHETHYECKHE SRWHHLL! (ATOMBbI, IPYNIIHl
aTOMOB), CAIOCODHBIC CMECTUTECA Ha KPHTHYE-
CKOE pacCTOAHHE Ar,, COOTBETCTBYHOLICE
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MAKCHUMYMY CHUNIBI MEKATOMHOIO {MEXMONe-
Ky aapHOro) nputsxenns Fp (pnc. 1). B kaue-
CTBE «BO30Y)XOCHHOTO ATOMa» B CHUAHKATHBIX
CTEKJIAX BBICTYIIACT MOCTHKOBRI ATOM KHCO-
pola B fparmenTe KPEMHEKHCIOPOAHOH CETKH
Si-0-Si, a B auHeiHsIX aMOPhHBIX OTHMEPAX
— neGonpuiol y4acTOK OCHOBHOW LETIH MaK-
pPOMOTEKYAL (rpynna aTOMOB B TMOBTGPAIO-
wemcs 3seHe). JaHHas MOJenb OCHOBR3ZHA Ha
o0ollueHmny KoMuenuyn ¢BoSoaHoro ofneMa
I4,7, 8).

OnykTyauuonHslii  00bem  cTexsI000pa-
3YIOILEH CHCTEMEBI O0YCNOBIIEH KPHTHYECKUMHI
CMCLIEHHAMH BO3OYKACHHBIX aTOMOB H3 paB-
HOBECHBIX nonoxkenudt [3, 6]:

V, =(zr’M,)N,,
rae N, — uucno Bo3GYXAEHHLIX aTOMOB, n7’-
oWage sp@PeKTHBHOrO ceyenus aroma. B
CBOIO OYepeslb, KPHTHUECKOE CMELIEHHe aTo-
Ma, HIH NpefiefibHas JepOpMaLHa MEXKATOM-
HOW cBA3U Ar, , oKaswiBaeTCs (yHKUMed na-

pamerpa [proHaiizeHa ¥ - MEpbI aHrapMOHMW3-
Ma [9]
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MOAEHCTBUA OpW 3HAMHTEILHOM CMELUEHHMH
KHHETHYCSCKOM eJHHMLB] H3 NOAOKEHHS paB-
HOBECHA (pHC.|) pnyKTyauBoHHbIH 00beM V,

H €70 JONA f; 3aBUCAT OT 3HTADMOHU3MA KO-
nebaHnit MexaroMHbIx cesseit [10]. Bennuunna
Je AN MHOTOKOMIOHEHTHBIX CHAHMKATHBIX
CTEKON K pafa aMOpPHLIX JIOJIHMEPOB JTUHEH-
HO PacTet ¢ yBeNnUUeHHEM aHrapMoHu3mMa (3 ).

JIna xanpkoreHUAHBIX CTEKOa HaGmopaercs,
HaoGopoT, ymenpillenue f; ¢ poctom y [11].
Tax yro Het 001eH 3aKOHOMEPHOCTH H3IMEHE-
HHSA QYHKUMH fy(y) AMA PA3IH4HBIX CTEKOM.
Baxuo To, 4to Ko GAYKTYaHOHHOTO 00be-
Ma fp onpefienieHHBM 00pa3oM 3aBHCHT OT aH-
rapMOHH3Ma KOMeBGAHUH MEKATOMHBIX (MEK-
MOJIEKYJIIPHBIX) CBA3EH.
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Pacyer m no stol dopmyie 43 AaHHBIX O
gennynHax C;, C; u T, waxoanrtes B ynopjie-
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102 HuiM onpezeneHueM dparuasHoctd 1o Gop-

myne (1) (tabn.)

Ilpu nopcTanoBke B naHvoe paBeHcTBO )
u C u3 cootwomenuin (3) u npu  Mc-
NoJb30BAHMH (PHOAMXEHHOrD  BBIPANKEHUS
a, ,~f,In(ff) [7] dparumsrocTh OKa3bl-

BacTca yHkupeH a0 GayKTyaHHOHHOTO
ofBeMa npy TeMNEpaType CrekN0BaHNA
lg(l/
ms= LAV A, . (6)
iy
Taium 0OpazoM, H3 MoAENH BO30YKACHHO-
ro COCTOSHHA CNEAYeT, YTOo QparuLHOCTE M
yepes QYHKUMIO fof ) 3aBMCHT OT aHrapMo-
HH3Ma - napameTpa [plonakiseHa y .
BennuvHy y MOXHO paccuntaTh U3 AaH-
HeiX 0 koapdumenre TTyaccona u [9, 12]

reoa (). ™

Kak H ciaefloBano 0Xnjiath, y CBUHIOBOCH-
JHKATHBIX M HATpHeBODOPATHEIX CTEKON Ha-
GrarogaeTcs BROMHE ONpeleA¢HHas 3aBUCH-
MOCTE parnjibHOCTH OT napametpa I'pronaii-
3eHa (puc. 2 U 3). OKCNepUMEHTANBHEIC JIaH-
HHIE O BA3KOCTH U ko3ipuiumenTe [TyaccoHa
6pamu w3 cnpasounwnka [13). Ilpu pocte co-
AepiaHus okucu cBHHuUA PRO ¢ 20 mo 70
MOn.% YBENUYMBAETCS NMPHUMEPHO B 2 pasa
thparunbrocTs (¢ 30 g0 60) u napamerp [pro-
naitsena (¢ 1.2 go 2.3). ¥V orux crekon m B
nepsoM HpubaiKeHnn NMHENHO BO3PACcTaeT B
3aBHCHMOCTH OT POCTa aHrapMoHA3Ma (pHc,
2).

Y HaTpueroOOpaTHLIX CTEKON HAGMOAAET-
cA ceocobpasHad 3aBHCHMOCTH (PParmIbHOCTH
oT napameTpa [ pronaitsena (puc. 3) lpn poc-
te copepxanua Na.0O ¢ 2,7 no 22,8 mon%
aHrapMOHH3M [ajgaeT ¢ y=21 JO y=19. &
(pparunbHOCTE pacteT ¢ 35 ao 55, T1pu nane-
HeHilleM pocre comepxanusa Na,O ¢ 24,2 no
37 mon.% ¢parnApHOCTS HATPUEBOGOPATHBIX
CTEKON JMHEHHO PacTeT ¢ YBENWYCHUEM Ta-
pametpa I'proxaiizena, kak y CBHHUOBOCHAK-
KaTHBIX CTEKOJT.

Taxum obpazom, Mexay GparmabHOCTHIO U
AHrapMORM3MOM CTEKON CYLIECTBYET ONpeae-
NeHHas B3aHMOCBA3b, YTO MOXET OBITH Kaue-
cTREHHO ODOCHOBAHA B PAMKAX MOOEAM BO3-
OYAIASHHOTO COCTONHUS.
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14 1.8 22y,

Puc. 2. Koppensuss Mexgy (pardinbHOCTHIO m U
PeMIETOYHEM flapaMeTpoM [ ploHalisena y, CBHHLO-
BOCHIHKATHBIX cTexon. Conepskanne PHO, mon.%: /-
200 2-30; 3-33.3; 4-35; 5-40.1; 6-45; 7-48; §-49.6; 9-
50; J0-55, 11-60; 12-63; 13-66; [4-68; 15-70; 16-73.

—

1.9 2 24 ¥,
Puc. 3. 3aBucHMOCTE (PParknBEHOCTH OT petieToy-
#0ro npapamerpa [proHaiizedHa HartpHeBoOOPaTHBIX
ctexon. Copepwanue Na,O, mon%: [-2.8; 2-54; 3-
Y07, 4-13.5; 5-15.3; 6-17.5; 7-19.5; 8-20.2; 9-21.3;
10-23.2; 11-24.6; 12-25.9; 13-27.4; 14-29.8; 15-32.6;
16-354; 17-38,5.
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