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MO,[[GJIb BOSG}'H{HGHHOFO COCTOAHHA H JHHEA CTeKNTOBAHHA XKAAKOCTH

Poccun, ¥Yaan-Y03, Bypamcruti 20cy0apcmeennbiil yuueepcumen

Ha ocHome mMonenn BO3GYNICHHOTO COCTOSHNUA AT 38BCHMOCTH TeMACPATYPHl CTEKIIOBAHNSA OT 1aBAECHUA
(MIHEN CTEKNOBAHUA) TIOAYYSHO COOTHOWIEHHE, aHAJOTMYHOE MO BHELHeMy BURY ypasHenmo Kianeiipona-
Knaysuyca ans ¢raszoBbix nepexonos. CpasHeHHe MONYHSHHBIX Pe3yNbTATOR ¢ BHIBOAAMH U3 HEPABHOBECHOI
TEPMOMMHAMHKH MPUBOAKT K 3AKITIOMEHHIO O TOM, TTO NPOLEce BO3OY:H/ICHHS aTOMA B aMOpHLIX CPERAX €CTh
HEPABHOBECHOE CTPYKTYPHOES HPEBPAIHEHHE U «3HTPONMHA KBasia3oBoro Nepexoa KUAKCCTh — CTEKN, HMEeT
CMBICIE MEPhl HEPABHOBECHOCTH CTeknNa. IlpobejeH pacdeT cTemeHH HepPaBHOBECHOCTH Pa3lIHUMBIX aMopdbIX
BEWIECTR B ofnacTH cTeknobpaHua. O0CyXaaeTca npupOAA CTPYKTYPHEIX H3MEHEHHH B TPOUECce KPHTHYECKOTO
CMELIeHN (BO30YKAEHHA) KHHETHYECKUX €AMHUL B XKMAKOCTAX U CTEKIAX BOAM3H TEMIMEPATYPH) CTCKNOBAHHS,

© B.D. Sanditov, V.V. Mantatov, D.S. Sanditov
Model of the excited state and line of a glass transition of a fluid

On the basis of model of the excited state for dependence of glass transition on pressure {a line of a glass
transition) the relation similar on appearance to equation Klaiperona-Klayzisa for phase changes is gained.
Matching of the gained effects with outputs from a nonequilibrium thermodynamics result ins to the inference
that process of energization of atom in the amorphous environments is nonequilibrium structural transfomation
and «entropy transition a fluid - a glass» is meaningful standards of a non-equilibrium of a glass. Calculation of a
degree of a non-equilibrium of various amorphous substances in the field of a glass transition is lead. The nature
of structural changes during critical offset (energization) of the kinetic unities in fluids and glasses near to glass
transition is discussed.

Beenenue. B Mogenu Bo3GyxaeHHoro co- N, ariAr (P, + P)
crosaus [1,2] npeanonaraercs CyuecTBoBa- SR T |7
HHE B KUAKOCTAX 1 aMOpdHBIX cpejiaXx KuHe-
THYECKUX €AMHHL, CMEIIEHHBIX HAM cnocol- - exp(— Ag, + PAv, J (1)
HEIX CMECTHTLCA Ha KPUTUHECKOE PaccTosHUE kT
Ary,  COOTBETCTBYIOLIEE MAKCHMYMY CHIAEB 3neck oTHoWeHKe N, /N paBHO KOHLEHTpa-
MEXATOMHOro npuTmkeHua (puc. 1). Takoe 1 (1one) BO3GYKACHHBIX aTOMOB. JNEMEH~
npeaensHoe  GRYKTYAUMOHHOS CMCWICHUE - tapuEli o0weM Av, = 7r°Ar, NPeACTABNSET
BO30YXKAEHHE KHUHETHYCCKOH equHHUbE — 00y~
CNOBACHO NEPErpynHPOBKOR COCEAHUX dac- Yo A 4
THI{ H CIY}KHT 3JIEMEHTAPHBIM aKTOM npoLec- Fx)
COB BA3KONO TEYEHHs, CTCKIOBAHUA XKUJKO- Fo bormeas
creil *u nnacTudeckodl AeopMaunn CTEKOM. ﬂ
Takylo KMHETHUCCKYIO €AHHHLY (aTOM, Tpyn-
My aTOMOB) 6yAeM Ha3bIBaTh «BO30YXKACHHBIM
ATOMOMM. P 7,

B HactosineH paboTe ¢ TOMKY 3peHHS AaH- -
HOH MOIENu paccMOTpeHa 3aBHCHMOCTb TEM- \
NepaTypel CTEKJI0BARUsS OT JaBlEHHA, Ha3bl-
BaeMas JHHHeW cTeknoeaHus, omyueHHbte
pesynsTaThl CPABHMBAIOTCA C TEPMOLHHAMM-
yeckoii Teopueii crexnosanug {3].

Mojgean BO30YKIAEHHOTO COCTOAHHSL H
JHAAS CTeKN0BaHHA. BepoaTHOCTb KpuTHYE-

¢ L) == roh
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0 N re
CKOTO cMeenus atoMa W=N,/N B KUAKOCTIX »
H aMopchmx cpelax BBIPAYKASTCH COOTHOIIE- Puc. 1. Cxema BOIOYKOCHHMA aToMa. 7, —
Huem [1,2] CpENHEE MENKATOMHOE PACCTOAHME. AF, — KPUTH-

YecKkoe CMEIUEHHE AaToma, COOTBCTCTBYICLES
MAKCHMYMY CHIbI MEXATOMROTO MPHTAKEHHA

' PaGota Brmonuena mpu punascosol moanepkke POOU (kon npoexta 05-01-00071a) v rpanra BI'Y
«Jlyywras Hayuias wKkonan,
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coboH hayKTyauuoHHEIA o0bem, meol-
XONMMEIR AN Apolecca BO3OYXKIACHHA aToMa
(m* — nnowaaw ceueHns atoma). MHeiMU ciio-
BaMH, Av, XapaKTepH3YET MHMHHMaNbHYIO
daykryauno ofbeMa CHCTEMBI, HeoBXO0aM-
MYI0 A8 KPUTUMECKOTO CMEMIEHMS aToMa.
Dneprua  npouecca Bo3GyxAeHMs  aroma
Ag, =P Av, paeHa pabore npoTHMB MaKcu-
MaNbHOTO BHYTPeHHero gasnenus P, ody-
CNOBJCHHOTO CHAAMH MEXaTOMHOro (Mexmo-
NeKyaapuoro) nputakenusd. OHa npeacrasns-
e coboit npupawiense BHYTpeHHEH 3Heprun
CHCTEMBI B Npotiecce 8o30YKACHUA aTOMA,
OnHUM W3 BaXKHBIX TIAPAMETPOB MOAETH
ABAsSETCH DAYKTYAUUOHHBHA O0BEM CHCTEMBL
V, =NAv,, (2)

ero obveMHas [ohiA TECHO ¢BA3aHA ¢ KOHUEH-
Tpaurel 8o30yHACHHEIX aTOMOB

V, Av (N
P i 3 AR S
j—V v,(N)’

f:[A:e Jexp(_.&gﬁ +Pﬂve), (3)

kT
rae v=V/N — atomubiit o6pem. Ilpn oxnaxne-
HUK cTex000pazyromeit KUAKOCTH A0 TeM-
nepatyppt cteknopanms T=T, BemiunHa f
YMEHBILIAETCA 10 HEKOTOPOTO MHHHMAJBHOTO

3navehus f=f,[1,2]
14
f,= (_f,] ~const =0.02+0.03, (4)
=t

Huxe KoToporo {npu T<T,) 3aMopaxuBarTCa
TIPOLECCEl POXACHHS W UCHE3HOBEHHs BO30Y-~
HKACHHBIX KMHETHHECKMX eAuHHU. OueHky f,
MOXHO NONYYHTH 1O JAHHBIM O 3HAUCHUAX
BA3kocTH BONM3N T

Tlonaras He3aBHCHMOCTh NapaMeTpoR A&,
AV, u f; OF Temneparypel I, U paBnexus P
CTEKNOBAaHUA, M3 OCHOBHOrQ ypaBHeHHA (3)
ANS AWHHM CTEKNOBAHUA TIOAYYAEM ClEAYIO-
liiee BhIpaXKeHHE

ﬁf& _ kin(Av,/f,v) 5)
daT, Av, ‘

Beenem sHTanenuio mpouecca Boz0yxae-
Hus atoma Aff,, KoTopad B oTinuMe OT Ag,
pasHa pabore, coBEplaeMoOil He TOMLKO TIPO-
TUB BHYTPEHHET(Q JAABNCHHA, HO W TIPOTHB
BHewHero nasieHua P [4,5]

AH, =(P, +P)Av, =Ag, +PAv,,  (6)

Paspewus ypaBHeHue (3) OTHOCHTENIEHO
(A& AP Av,), ¢ yaetom (6) npu T=T, umeem

AH, = kT, In(Av,/ /). (7

[lpuHiMan BO BHMMaHHE 3TO COOTHOILE-
HUE, AHHUIO CTEKNOBaHMA (5) MOKHO npen-
CTaBUTh OKOHYATENLHO B BHIE

ar, AH, ®
ar, TaAv,’
YTO MO BHELIHEMY BMIY aHANOFHYHO W3BECT-
HOMY ypaBHeHMI0 Kinanelpona-KnaysHyca
IV PABHOBECHLIX (a30BbIX epexonos (4]

b _Ag
dT ~ TAv'

roe T 1 Ag — TeMnepaTypa H CKpbITas TEMAOTA

tazoBoro nepexoia, COOTBETCTBEHHO Av —

u3MeHeHHe ofbema mpH JaHHOM [epexofe.

OtHoweHne Ag/T paBHO SHTPONMUH azoBoOro

nepexona ASy=d4q/T.

ITo ananoruu ¢ 3THM BBEIpAXKEHUEM HA OC-
HOBE paBeHCTRa (8) BBEAEM BEJHYKHY C pai-
MEPHOCTBIO HTPONNH

as, = e ©)
TR
¢u3dueckuil cMmbict KOTOpoH obcyxaaeTcs
HHKe. YCIIOBHO €€ MO)XKHO Ha3BaThb «3HTPOMNH-
efi  KBazu(azoBOrO MEPEXOAa  KHKOCTB-
CTEKIIO» MIM OHTPONHEH npouecca Bo3Oyx-
ACHUA aTOMa».

JIHHHMA CTeKI0BAaHHA B HEpPaBHOBECHOH
TepMoaHHaMHKXe. OAUH M3 BAXHLIX Pe3yJib-
TATOB OMKCAHHA TMpOLECca CTEKNOBAHUA B
paMKax HEPAaBHOBECHON TepMOIMHAMHKHA CO-
CTOMT B TOM, YTO NMHUS CTCKJIOBAHHA B OTIH-
4HE OT TAKOBOH [JI PARBHOBECHHIX (a30BLIX
NIEPEXOJOB ONPEAENIETCH CBOHCTBAMM TONLKO
0OHOH XAAKOH ¢aszbl. 3aBUCUMOCTL JABACHHUA
cTeknoBaHua P, ot T, BeIpaxaeTcs ypaBHe-

Huem [3]

fi_Pi:__AQ_-,' (10)

dar, TAV
rae AQ — Terora npoLecca HePaBHOBECHOTO
CTPYKTYPHOrO npespailieHud, AV — u3mede-
HHe oOheMa MpH aanHOM npespaieHld. Be-
JMYMHBL AQ 1 AV onpeneneHsl NMpoU3BOAHbI-
mH coGoaHol snepruu ['ub6ca ro BHyTpeH-
HeMy napaMmeTpy &, KOTOpbIit Hapsagy ¢ napoH
BHEWIHNX napameTpoB (£, T) BLICTynaer Kax
paBHONpaBHbIH. CTekN006pazHOe COCTOAHHE
COOTBETCTBYET YACTHOMY Cliydalo, xoraa &=
const. Touka CTeKROBaHWA ANA 3apanHoro &
onpenenserca Kak touxa (P, T,). Hpupona &
B HEPaBHOBECHON TepMOAMHAMUKE HE pac-
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KpbIB4ETCS, BIPOYEM KaK W [IpYpOAa HEpaBHO-
BECHOTO CTPYKTYPHOTO NMPEBPAIICHIAA.

H3 cooTHoweHuii (8) u (10) caenyer cBA3b
MEXIY MapaMmeTpaMu TepPMOAHHAMHYECKOMN
TEOPHH U MOAENH BO3OYKASHHOTO COCTOAHKSA

000 ap
AV Av,

TIe BCE BEIWYHHE! OTHECCHB! K MOJIIO BELIECT-
Ba. C 3TUX NOsHHMH KPHTHUECKOE CMEMIeHHE
(Bo30yskeHHe) aToMa, WM Npeaenbkas ae-
dopmannis MexxaTomMHOH ¢Ba3M (puc. 1), ecth
HEPABHOBECHOE CTPYKTYPHOE TIpeBpailieHHe,

Mopnene BO30YXICHHOTO COCTOAHHS MOXK-
HO pAaccMATpPMBaTh XAK OAMH W3 BapUaHTOB
TePMORUHAMHYECKOH TeopuH [3], rae B Kaue-
CTBE BHYTPEHHETO NapaMeTpd BHICTYNAET ZOAA
dyktyaunonHoro obvema &£=f(7,P), koro-
pas npu T<T, nocToARrHa f = fo = const B ¢00T-
BETCTBUH C KPHTEPHEM B HEPABHOBECHOMH Tep-
MoauHaMuKe &= const.

CreneHb HEPaBHOBECHOCTH cTexkja., B
TEPMOAHHAMHYECKON TEOpHH cTeKnoBaHug [3]
{cm. dopmynn (11) u (15) e paGore [3]) oT-
nowenne AQ/T, B paseHcrse (10}

As =29
T

X

UMeEET CMBICHT OTKJIOHEHUA DHTPONMU Hepas-
HOBECHOTO  COCTOsiHHUA  {(cTekna) oT ee
PABHOBECHOTO 3HAYCHHA B TOYKE CTEKIOBAHHA
(T, Pg), B KOTOpOH COCTOAHHS MXHIKOCTH H
cTeKsa HepasnuunMet {3]. CneposatenbHo, AS
MOMKHO paccMaTpUBaTh KaK Mepy
HEPABHOBECHOCTH CTexuta BonM3n 7.

EcrecTseHHO nNpeanoaoXHTs, YTO Taxoh
KE CMbICA HMeeT BenuunHa AS, B aHamornsu-
HOM BBIpAXKEHUK (D), CAeIYIOMEM H3 MOAEIH
go30yeHHOrO cocroanna. Tloatomy, pasne-
nHB ofe YacTy paBeHcTBa (9) Ha NOCTOSHHYH)
bonbumana k&, BeeacM Oe3pasMepHyIo «3HTpO-
M0 KBasngazoBoro nepexoga KHAKOCTb-
CTEKION

AS,  AH
o= £ = c, 12
=% T, (12)

KOTOPYIO Ha30BEM «CTETNCHBIO HEPABHOBECHO-
CTY CTEKAaN.

3Ty BeNHYMHY MOMKHO OLEHMTE 110 (opmy-
nie (eM. () n {12))

1 { Ay,
fmin };( )

OtHoweHue 06bemoB (Av, /v) onpedenser-

(13)

Csl TIPOM3BEACHHEM MApPAMETPOB [OTEHLKANA
Mu (U= -Ar"™+Br™) [6]: ve/v #9/mn, toe
mn asnserca pyHkunel kosdduumenra Myac-
CoHa u [7], ¢ yuetom KOTOpO#H AalHOE OTHO-
eyue 05beMOB, B CBOIO O4YEpedh, OKaA3LIBACT-
¢ OHO3HAYHOH PyHKUMEH 1

ar. 3f1=24
v o 20 1+

(14)

Takum  ofpasom, 1  oueHkn S
OKOHUATE/NLHO noxyyaem creaytolee
BbIpaKeHHE =2

B, ~n (1-24) (15)
27,0+ 1)

3uavenus xoapduwmenta [lyaccona (npu
T<Tg) 6panu v3 cpagounukos [8,9] w apyrux
ucroynuxos [10,11], a aomo dnykryabnyon-
HOTO 00bema f; BLIYHCIAANN K3 AaHHBIX O BA3-
kocTr BOAN3K T, no cootHoweHusm [12]

f 1 5 L-L
g Cl * g B *
rae €, B u T, — nocTosHHEle ypaBHEHKIi
Bunesmca-Jlangenna-®@eppu [13] n Dorena-
O®yneuepa-Tammana [12]  cooTBercTBEHHO.
W3BECTHO, YTO 3TH YpaBHEHUS BNOJIHE YAOB-
NETBOPHTENLHO OHHUCHIBAIOT TEMMEPATYPHYIO
3aBMCHMOCTE BA3KOCTH B ODJACTH CTEK/IOBA-
Hust. Pe3ymbTathl pacHeToB TNpPHUBERCHBI B
Tabn. 1-5. B HUX Taroke NpUBOIATCS HapaMeT-
pel Mogenu AH, v Av,, paccuuTaHHbBle COOT-
BETCTBEHHO 110 COOTHOILEHUIO (7) W dopMye
[14]
v 3(1- 24T,
[ f‘gE

tae E — Monyns ynmpyroctu npu OAHOOCHOH
negopmatiim.

Obcykaenne pesyabrarton. locToaneTeo
A, B obnacrn crexnosanna. Ilpexae scero,
NPH 3aMETHBIX H3MEHEHHAX JOMW PAYKTYaL-
oHHOTO ofbema (f; ~0.010-0.030) u xoagpdu-
umenta Ilyaccona (u~0.20-0.33) obpamwaer
BHUMaHHE AOCTATOYHO YcToluuBoe npubau-
)KEHHOEe HOCTOAHCTBO CTEMEHH HEPaBHOBECHO-
cta (15) B6am3n Ty mns crekon pasauyHoM
XUMHYeckoH npupoasb (tabn. 1-5)

, (16)

AH
B, =—L~const=3. (17)
kT,
]
CnefoBarenblo, XUAKOCTE MEPEXOAHT B
CTEKNO, KOFAA CPEeIHAS IHEPrus TEMaoBoro

ABWKeHUs kT, CTAHOBHTCA B NEpBOM NpHOIKN-

113
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’KEHHH B 3 pa3a MeHbLIE 3HTANEITHH BO3OYX-
Aenua aroma AH,.

Y kannesoOopaTHBIX cTEKON, HampHMep,
npu pocte coacpxanvd okieH KO ot 0 no
33.5 mon.% MHOXHTENL (AV,/V) B paBeHCTRE
(13) yOniBaeT co 3Hauenus 0.56 A0 BeNUYHHHI
0.45 (& pacrer ¢ 0.262 mo 0.303), a MHOXH-
tenb 1/f; ypennuusaercs ot 29 g0 38 u B pe-
3YABTATE 5TOTO  NOTapudM  NpOoU3BEASHHA
(AvavY(1/1;) B cooTHOmEHHHU (] 3) OKazpIBaeTCH
NPaKTHYECKH  TIOCTOSHHEIM = const 2.8
(rabn.2). Kak npasuno, crekha ¢ Huikofi no-
neH GAyKTyaUHOHHOTO oGbeMa f; HMeIOT Bbl-
cokoe 3HadeHMe koaduumenta Ilyaccoua
(tabn. 1-5). B gactnocTy, cynasdaraodocdar-
Hble cTekna (Tabn. 4) XapakTepHsyloTes HH3-
KMMH 3HauenuamH f~0.013-0.20 4 pricoxumu
senugrHamMn u ~0.280-0.300. ¥ wenounocu-
nUKaTHEIX cTekoAa (Tabn. 1), Haobopor, 3uaue-
HHA 4 cpaBHHTeNsHO Mansl (~0.22-0.25), a f;
goie (~0.028-0.030), yro M npusoauT X no-
CTORHCTBY [}, ANA Pa3HBIX CTEKOA.

(QnHa W3 OpHYMH AYYLIETO BHINIONHCHMS
MOCTOANCTRA f; B CPaBHEHMH ¢ f,= const
(rabn.1-5), MO-BHAMMOMY, 3aKNKOYAETCH B
KOMAEHCAIlHH MHOXHTENEM (Av,/V) 3asucu-
MOCTH fp OT aHTapMoHH3Ma KoaebaHuit kpasu-
pewtetku cTekon. [lockonbky obpasopaHue
BO3DYKAECHHOTO ATOMA CBA3aHO CO 3HAYM-
TENLHBIM OTIJIOHEHHEM KHHETHYECKOH emu-
HULBl W3 PaBHOBECHOTO MOJIONEHHA W ¢ TPO-
SBNEHHEM HEIHHEHHOCTH CUJILI MEKAaTOMHOTO
B3aumonercTeus (puc. 1), nond uykryann-
OHHOTO of0BeMa f; OKa3BIBAETCH (YHKUHEH
pelmieToyHOro napametpa ['promnalizeHa y —
MEpH aHrapMoHmama [13]. B crowo ouepeas,
BEJIMYMHA y, ABNSeTCA QyHKLMe koddduuu-
enta [yaccona [16]

1+
yL;o‘?'[l_z‘L). (18)

CnegoBaTelbHO, OTHOIEHHE  00BEMOB
Avv, cornacao (14), obpatHo nponopuo-
HaneHO . Hanmpumep, npu pocte aHrapmo-
HU3Ma 7, € YBEJHUYESHHEM CONEPWAHHA OKUCH
Kanua B KanueeoOOpaTHBIX CTEKIAX BEJIHYHHA
1/f; pacter, a {(4v,/v) ymeHb1aeTcs (tabn.2). B
pe3yabraTe TaKoW B3aUMHOH KOMNEHCALMH
ApYT Apyra YKa3aHHBIMH MHOXHTEISAMH [1pO-
m3sepenne (dv, VY(1/f;) ocraetes nNOCTOAH-
HBIM.

Tem He MeHee cnefyeT MpH3HATH, 4TO CTe-
NeHb HEPaBHOBECHOCTH CTekon [, XOTH M

cnabo, HO 3aBHCHT OT NPHPOABI CTEKAYHOLIHX-
ca BewiecTs. [lOCTOAHCTBO [, BBITONHACTCA
HyHLe JA CTEKON OZHONO CTPYKTYPHOMO TH-
na. [Ipu nepexone oT OJHUX W3 HUX K APYIHM
BesMYMAA [, MeHAeTCs. Tak, JA menouHocH-
JIMKATHBIX CTeKON HMeeM .23 (rabn.l), ans
cyisarHopochathbix - F~3.4 (tabn4), ans
KannepobopaThelX - f,22.8 (Tabn.2). V opra-
HUUECKUX aMOPPHBIX TNOAUMEPOB CTEneHb
HEPaBHOBECHOCTH 3aMETHO HMke (fFp~2.5,
Tabn.5), UeM y HeopraHuuecknx crexon (43,
tabn, 1-4). U BHYTpH rpynm CTEKOJE OAHOMO
Tvna Habmonaiores uamenenns f,. Tak, Ha-
npuUMep, B XaJbKOTCHHAHBIX CTeKlnax As-5
NpH Y3MEHEHUH COIEP)KAHHA AS CTElICHb He-
PaBHOBECHOCTH MEHAETCA BIIOIHE ONpelesicH-
HbiM oOpazoM. TpH BospacTaHuy coaepkaHus
mblteaka ¢ 10 g0 40 at.% S, nagaer ¢ 3.3 no
2.8 (tabn.3). UssectHo, uTo crekncobpasyHas
¢épa HMeeT MPEeHMYLLECTBEHHO JIHHEHHYIO
LeMOUYCHHYIO CTPYKTYpY. BBeneHue MEILbsKa
APHBOAHT K clumBanmio uene#. llpn 3TtoM
NPOHCXOANT NIEPEXOA OT JIHHEHHOH (AS10S00)
K TPEXMEPHOYBA3IAHHON CETHATOH CTPYKTYpe
{As40560). Takoll nepexoa conpoBOXKAIETCHA
YMEHBUICHHEM aHMApMOHU3MA: PELUCTOMHbII
napameTp I'proHaiizena 7, pacCyHTaHHBIH NO
popmyne (18), cumxaerca ¢ y=3.8 oy =2.1
(Tabn.3).

CTpyKTypHLIE M3MeHeHHS B mponecce
B8030y:kaenns aroma, M3 knaccuveckoit tep-
MOJAHHAMNYECKOM TeOpHH (PRYKTyaUWH nnoT-
HOCTH M MOACHH BO3OYKACHHOIO COCTOSHHS
CEAYET, UTO A0 (HIYKTYalHOHHOIO 00beMa
geagetcAd QyHKUHeH OTHOCUTENBHOR ¢uiyk-
TYaLKH TWIOTHOCTH [14,15]

_ v [se\
CHE o

CriepoBatenibtio, Opouece BO3BYWKAEHHA
aToMa TecHO CBA3aH ¢ (nykTyauued naoTHo-
c¢TH (Av, /v~ const). B oTcytcreue nocneaxen
(dp /p)*=0) $AYKTYaUHOHHBIH ofipem
amopiHoli cpefbl paseH Hymo f=0.

B tepmopuHaMuueckol Teopun (aIyKTYa-
LHM OOBIMHO pacCMATPUBAIOTCS W3MEHEHHA
MICTHOCTH, O6yCMoBIeHHBle 00WwnM (paBHo-
BECHEIM) YBEJMYEHHEM WM YMEHBIICHHEM
PAcCTOSHUIE MEXKAY HACTHLAMH, HECKONbKO
HCKRKAIOWHMHA  ORHOPOIHOCTb KHAKOCTH B
Manslx ofbeMax, He Hapyuias €e cyliecTBeH-
HEM 00pazoM. ONHAKO, KaK TOKA3BIBAIOT, B
YACTHOCTH, HHCNIEHHBIE 3KcrepuMentsl [17],
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H& CaMOM JieNie BO BCAKOH MaKpOCKONHYECKH
OBHOPOAHON aMopdHol cpeae Hapaay ¢ Ta-
KMMU «<FOMOQa3HbIMWY (DAYKTYaUUAMH CYLLe-
cTBYIOT «retepodasubier QulykryaunuH naot-
Hoctu 18], npusoasmue x 0Bpazosanuo 3a-
poapitieii HOBOH (aski, Hanpumep, TBepAOH
$asel B JIOKANBHBIX OONACTAX ORHOPOAHOMH
HHAKOCTH,

Tabamua !. Kosdduuvent [Myaccona u,
nona GayKTyauuoHHoro ofbeMa f, u cTeneds
HepaBHOBeCHOCTH ﬁg oA xBapueBoro CTeRNa
SiO; H menouHOCHAUKATHEIX crekoa R,.O-
8i0; (R=Li, Na, K)

Afiye, OAHAKO, K CYINSCTBEHHBIM MaKpPOCKO-
MUUCCKUM H3MEHEHHAM CTPYKTYpPDI, MOCKONb-
KY Ka’kKabli aToM JKMAKOCTH, TepAsd CBA3b C
OJHHM H3 COceael, COXPAHAET CRI3MU CO BCEMM
OCTANBLHEIMH COCEAHNMM HacTHLaMmH [18].

Tabmuua 2. Mapamerpt Monean Bo3Gyx-
HNEHHOr0 COCTORHWA [NA  KaNHeBOGOPATHBIX
crexon K;0-B,0;

K0, e H K v, b, | n AR, | A
Mon, K g v Ik
0y MOTh
0 78 | 0263 (0034 | 20 | 05 | 18| 73 [ 28
6
11 [ssz]o0292 003l 16 {0422 13 | 26
8
25 58802930033 15 [0al22| 13 | 27
8
39 | 59770203 0032 14 Joa|22] 13 | 27
8
85 162302030030 13 |04 ]22] 14 ] 28
8
130 [658 ] 0205|0030 | 13| 0a[22] 15 | 28
' 7
180 e85 | 0301 | 0020l 13 |04 l23| 16 | 28
6
28 | 711]0295 [ 0028 ] 13 04|22 16 | 28
7
222 {123 ]0288 |07 ) 12 Joal21]| 17 | 20
9
135 [706 0303 [oo2s| 11 |oa]23] 17 |29
5

Crexno | Ty A i Av, | Av,, | AH,, | B,
K v E' | kit
iMOT
h

510, 1423 0.03 10170 | 0.85 17 39 {33

R,0-

Si0

Li;O,

MoN.%
286 | 688 [ 0028 10205 | 0.73 b 19 33
3001 686 | 0027 {0208 | 0.72 8 19 1313
326 684 10029 0263 | 0.7 7 18 |32
359 | 680 {0.020 [ 020 } 0.75 7 18 (32
$13 ] 675 10.029 10231 ) 066 6 17131

NayO,

mon %
196 | 744 [0.029 |0234 | 0.65 10 19 {31

29451 715 ) 0.028 (0254 | 0.3% 9 18 |31

30,1 1 703 10028 [0.255 1 0.59 g 18 {3t
3291 704 |0.028 |0.255 | 059 9 i3 (31
3651 694 {0029 [0255 ] 059 | 8 18 (31

K0,

man% 766 | 0.030 (0236 { 064 il 20 133
16.7
188 | 760 (0029 (0244 | 0.62 11 20 |31
204 | 745 | 0029 (0254 | 0.59 It 19 3.0
269 | 733 0028 (0275 | 053 1 12 |29
287 | 728 |0.028 10281 | 0351 1t 17 |29
C33 ) 715 10027 10295 | 047 n 17 |29

Kparuueckoe cMewieHue (Bos3byxnenue)
aToMa, COOTBETCTBYIOWSE GaKTHYECKH pas-
pHIBY MEXaTOMHoil cBasH (puc.l), MOXHO
paccMaTpuBaTh B KaueCTBE IpuMepa nomod-
HBX reTepopaznsix ayKkryaumit. Kuakocts
HCNLITHIBAET MECTHBIE «PA3PbIBbIY, HE NPHBO-

B dopmyne (19) nesas uacTh paBeHcTBa [
OTHOCUTCA K OTASNbHBIM  BO3OYXKACHHBIM
atomam u  ofycioBnesa  retepodasHeIMU
dIyKTYauMsIMH NNOTHOCTH (KHEPABHOBECHBIM
CTPYKTYPHBIM TNIPEBPAMICHHEM»), a 1IpaBasd
YacTh MpeAcTaBAser coboit pesynsTat OOBIY-
HbIX (paBHOBECHbIX) romodasHelx ¢aykrya-
UK MNOTHOCTH W OTHOCHTCA KO BCEM aToMaM
obpasua. Takas HECOrNACOBAHHOCTH OKA3LIBA-
eTcs AMUIL KAKYIUMCA OPOTHBOPEYHEM, NO-
CKOJIBKY € TOMKM 3peHHst KNaccH4eckod rep-
MOANHAMMKYA, HMEIOWeH A€o0 €O CPeAHNMH
JHAYSHUAMH BEAMYWH 32 OueHb Oosibiune
(baktuuecku Heckoreuno OOMBIIHE) MpoMe-
KYTKY BPEMEHH, pazNNyne MEXY retepogas-
HBEIMH ¥ TOMOGA3HEIMH DAYKTYAUMSMU THIOT-
HOCTH HE UMECT TPUHUMITHALLHOTO 3HAUSHUA

[18].
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bonee  TOro,  pelyasTaThl  pacueTa
dbaykryanioHnoro ofbema, caeayiolme U3
MoueAHd BO3OYKAEHHOTO COCTOAHUSA, MOXKHO
NOJNYYHTE W B TOM CAYHYae, eCAH OTKA3aThes OT

ApeCTABACHUSA 0 rerepodasHbIX
dnykTyauuax, H B  CCOTBETCTRUH €
paBHOBECHOH TEPMOAUHAMHKOH
baykTyaumonsdsiii  obveM  (2)  cuMTath

pacnpeae/eHHEM PABHOMEPHO MEXAY BCEMM

4aCTHUAMMU XKHUAKOCTH [17]
V,=NAv, = N(Ar)', (20)

rae N — ofmee umcno yactuu, Av, = (E)3 -

cpedHui PRyKTyauoHHEA ofObeM, NPUXONs-

eHiicA Ha OIHY 4acThHUy, Ar - cpefaHee
cMEILEHUE aroma M3 PABHOEECHOTG
MOROKCHNA,

C nomomeo METONa MONCKYAPHONH AHHA-
MHKH Opuio Nokazano [17), yro B obaacti
CTeKIIOBAHH AN [MPOCTHIX JKUAKOCTEH, MEX-
aTOMHOE B3aHMOJEHCTBYE KOTOPLIX ONMUCHIBA-
erca notenunanoM Jlennappa-/xonca, dnyk-
TyauuouHeii o6bem (20), onpenenednsit o
CPEAHHM CMELIEHHMSM aTOMOB, COBMAaAAET ¢
BEIMYHHOR Vj; MOfy4weHHOH 10 MOAenu BO3-
OyapeHHOro COCTOIHNA (2), T.€. HMeeT MeCTO
pasencTBo: N, Av = NAv_ . [Jannbii dakr
OOBACHAETCA YKa3aHHBLIM BbIINE CBOMCTBOM
PABHOBECHON TEPMOAVHAMMKN, COTNACHO KO-
TOPOit HET PasHUUB! MEXAY roMOGda3HbIMH U
reTepodasHbiMH - PAYKTYaUMsAMH MAOTHOCTH!
oOpazosanme Gaykryauuonnoro ofsema B
Pe3yabTaTe (HEPABHOBECHBIX) KPHTHYECKUX
cMelieHHI BO30YKACHHBIX ATOMOB, MO CYHie-
CTBY, 5KBUBANCHTHO 0OPA30BAHAIO TAKOTO KE
oOnemMa 3a cyeT (PaBHOBECHBIX) CPEIHUX CMe-
IIEHUH aTOMOB,

Tabnuua 3. TMapamerpet Mogenu BozGyx-
ACHHOTO COCTOAHHA AR  XANbKOTEHHAHLIX

C 3THX Xe MO3ULKHK NoAoHAEM K NOHATHIO
«IHTpONuUs BO30OYKACHUA aToMay {9), NMOMHH,
YTO OHA ABASCTCA XAPaKTEpHCTUKOI HepasHO-
BECHOTO CTPYKTYPHOTO npeBpalleHna (Thna
retepodasnoil GaykTyaduu NACTHOCTH) B 00-
BacTu CTEKIIOBAHUS.

Tabauua 4. Hona dmykTyaustonsoro o6s-
‘eMa f,, koadduuuenT TlyaccoHa u H CTeneHb
HepaBHOBECHOCTH f, Ans cymbdatHodocdar-
HBEIX ¢Tekon NaPQ;-RS8Q, (R=Zn, Li, Na, K}
{HcOoTh30BaHB AaKHbie [8])

CTEKON
Crexno. | 7, | /£ Holdve | v v om | AR | A
a% | K S sl
MOAB
AsiwSn | 302 |0.010| 0376 | 56 | 027 | 3.8 | 8 (33
AsuSe | 362 [0022]0305] 29 J 045|231 o 130
AsuSn | 408 [0024|0289| 27 | 049 | 21 | 10 {30
AseSw | 453 [0.030[ 0290 16 {049 | 21 | 11 {28
AssSess | 316 [0.021{0326( 21 {039 27( 8 [29
AsuSe | 353 |oo20fo331 22038 28| o f29
AssSn | 406 [0031[0290 | 15 {049 | 21| 9 (28
AsuSts | 456 (002910260 [ 18 [ 057 [ 18 ¢ 11 (30
AswSes | 442 [G024[0300] 24 [ 046 | 23 | 11 (29

RSO,, Te f m dv, | dv., | AH,, yiA
¥ 1
Moa. %o K E ﬁgﬁ
NaPO; 523 | 0016 | 0294 | 048 | L6 5 34
ZnSO~ 10] 493 | 0048 | 0288 | 049 | 12 13 33
201 505 | 0019 | 0284 | 050 | 12 14 33
30 { 500 | 0.020 | 0273 [ 053 | I 14 33
40 [ 515 | 0020 [ 0259 | 027 | 10 14 i3
LiSO, - 1 451 ) D014 | 0300 | 046 | 13 13 3.5
20 ) 447 ) 0013 0303 | 045 7 14 13 35
30 % 429 § 0014 | 0304 | 045 | 12 12 33
NaSO~ | 496 | 0016 | 0299 | 046 | 14 14 34
L
20| 493 | 0016 | 0292 | 048 ] 1S 14 34
3G ) 490 | Q015 ] 0.288 | 049 | 17 14 35
KaSCOy o 444 | G013 5 0316 | 042 | 16 '3 is
|G
20§ 453 [ 0.014 ; 0316 | 042 | 15 13 34
Taxomy HCPaBHOBECHOMY H3IMEHCHHID
CTPYKTYPH CHCTEMBI CONOCTABHMO 3KBHUB&-

NEHTHOE PaBHOBECHOE CTPYKTYPHOE H3MEHe-
Hue THna romodazvol dayxTyaluun naeTHO-
cTd. MHbBIMHA clORAMH, CTEKNOBAHME XKUAKO-
¢ty OyAeM paccMATpHBaTh KaK KBAa3HPaBHO-
BecHblli KBa3u(a3oBeil nepexol, a BeNUYHHb!
AH,, Av, n AS, — KaK XapaKTepUCTHKY TaKoro
nepexoaa.

[Monaras, 4T0 BEpOATHOCTL POKACHUA BO3-
OyxacHHoro atoma W=N,/N HOCMT 3HTpO-
AUAHBIN XapakTep, ¥, NONb3YACh NMPUHLMIIOM
bonplLMaHa, yCTAHABRHUBAIOWHM CBA3b MEXKAY
SHTPOIHEH U BEPOATHOCTDIO, MOXKHO APUHATH K
OCHOBHOMY ypaBHenwo moaenn (1) apyrum
nytem [5]

AS AH
W= 2% |- il 2
exp{ k ] exp( kT ]

rae AH,=TAS, — sHTanpnus BO3OYXKAESHUA
atoma, KOTopas onpeacnseTcs popmynoii (6).




5. Candumoe, B.B. Manmamoe, 4.C. Candumos. Modere 6036yac0enno20 cOCmMOSHUS 1t AUHUS CMEKN0BANUR

HCUOKOCTY

Tabnuua 5. [MapaMeTpel MOASTH BO3OYXK-
JEHHOTO COCTORHHA IAA aMOPQHEIX OpraHH-
JeCKHX TMOJAHMEPOB (HCIIOHL3OBEI-IH JAaHHBIC

[21])

Tlonn- Tee i S dve | v, | A, | B

Mep K Y E | kx
MOJIb

noAK- 258 | 032 j00351 041 26 5 25

TIPONTH-

JeH

0/m- 363 034 10030 036 39 7 23

CTHpON .

nonu- 373 | 033 (0030 038 25 8 25

METHI-

METaK~

panar

RONK- 213 | 031 |0.037| 043 12 4 25

fop-

Mae-

AeTha

nom- 420 { 038 |0.036| 026 33 7 240

kapho-

Har

nomy- 248 | 036 (0032 031 30 5 2.3

ITANCH

TemnepaTypa CTEKN0BaHUA OOJLIWHHCTBA
amMOopHLIX BEWIECTB, MO KpaliHEH Mepe, Y cHc-
TEM OIHOTO CTPYKTYPHOrO THNA, NHHeHHO 3a-
BUCHT oT gaeneHua [19,20]:

ap,

—£ ~const .

£

TMosroMy, Kak cregyeT M3 COOTHOLIEHWH
(8), (9) n (12), crenieHr HEPaBHOBECHOCTU
creKna («3HTpomnHa  BO3OYWKASHWA aromar)
olIpeaenneTcs THaBHbM o0pasom (uyKTyalu-
OHHBIM 00BEMOM AV,, HEOOXOAMMBIM /12 KpH-
THUYECKOTO CMELIEHUA aToMa («HEPABHOBECHO-
TO CTPYKTYPHOTC NPEeRPaLLEHHS»)

D)

B, =kl ﬁ Av, = const - Av, .
£

UubiMy  cioBaMu, MOXHO CKasaTh, YTO
«2HTponud BO3GYXKACHHA aTOMA» XapaKTepH-
3yeT (IyKTyaLuio YNakOBKM 4acTHl, €O3-
Aaomyo reobxonuMoe ycnoBue ANd Tpe-
HENBHOrO CMELEHUA KHHETHHECKOH eIMHNLIbI
(z1s dopMHpOBAKHA ONPEAEACHHON HepaBHO-
BECHOCTH).

YV ksapuesoro crekna SiO; ¢ ceTOUHO#M
CTPYKTYpodl W C MpPEHMYLECTBEHHO KOBa-

NEHTHBIMA MEXATOMHEIMH CBS3M#i QryKTya-
unonselii  o6vem Av,=17 E’ cyiecTBeHHO
bonklie, HeM Yy IMENOUHOCHTAKATHEIX CTEKON
(dv=7-10 E3), 4 cocraengetr 85 % obbema
KHHETHYECKOH eguHuum (Av,v=0.85), a y
no¢se HUX — 60-70% (tabn.1). 310 ozHavaer,
4TO AfA NpefensHON aeopMalluy MexaTom-
HOM CBAZH WNKM, YTO TO HE caMoe, 475 KPHUTH-
HYECKOFO CMeILeHus (BO30YXMACHHA) aToma B
JIMHEHHOPA3RETBACHHON CTPYKTYPE LIETOYHO-
CHIRKaTHHIX cTekon R,0-8510; Ttpebyerca
MEHbIIAA (IIYKTYAUMA YDAKOBKM COCEOHMX
vacTHy (PrykTyauus NAOTHOCTH), 4€M B ce-
TOUHOH CTPYKTYype kBapuesoro crekna SiO,.
HM3BecTHO, 4T0 npH BBeAcHUK B Si0; oKMCOB
menouHelXx Metannos RyO cTpykTypa crekna
«PaspeIXIETCA» W U3 CETOYHON NpeBpailacT-
¢ B AUHEHHOPA3BETBNSHHYIO CTPYKTYPY [12].
C poctom coaepxanus R,O prykryamonHei
obbeM Av,, HeoOXoauMbIA Ans BO3GYKACHMA
aToMa, yMmeHsmaetcs (tabn. 1). K asanoruy-
HBIM PE3YJIbTATAM NPUSBOAWT aHANA3 AAHHBIX
ANs APYTUX cTeknyiomuxcd cuctem (tabn. 2-
4).

3akarwudenne. Ha ocHoBe cpaBHEHUA MO-
Detn Bo30YHIEHHOTO COCTOSHHR ¢ TEPMOAM-
HAMWYECKON Teopuell CTEKNOBaHWd BBOAWTCS
6e3pamepHan senuduna f% — cTeneHbL Hepag-
HOBECHOCTH CTEKNa, KOTOpas ORnpelessercs
OTKJIOHEHUEM DHTPOITUH CTEKAa (HEPABHOBEC-
HOMQ COCTOAHHMA) OT €8 PaBHOBECHOTO 3Haye-
HUA B TOYKE CTEKNOBaHWA, TAE COCTOSHUSA
KMOKOCTH M CTEKNa HepazAuvuMet. Y amopd-
HbIX BELLECTB PasMuHON XHMHUYECKOH NpHpo-
avt BOnmu3n T, HabGmopaeTca B nepBoM fpH-
OKEHHH OJBHAaKOBas CTENCHb HEpaBHOBEC-
HocTH fyaconst~3. TeM He MeHee BeYHHA /3,
(xoTa W cnabo)} 3aBUCHUT BIIOJIHE ONpeldencH-
HbIM ©00pazoM OT MPHPOABI CTEKAYIOWUXCS
cucTeMm. TaK, y OpraHM4ecknx amophHbIX
MONUMEPOB OHa 3aMeTHO Hhke ([,=2.5), vem
Yy HeopraHuueckux cTekon (f23). [lpn
BO3PACTAHUN COAEPIKAHMS MBlisbaka As ¢ 10
10 40 ar.% B XaIBbKOTEHHAHBIX CTEKMAX AS-S
cTeneHb HEpPaBHOBECHOCTH HajaeT ¢ 3.3 a0
2.8. TlpH STOM RNPOUCXOAWT HEPEXod OT
TIPEHMYINECTBEHHO NUHEHHOH (AS0Se0) K
TPEXMEpHOYRA3AHHOH CTPYKTYpe (ASioSsn).
[Ipouecc BO30YIKACHHMA KHHETHHYECKOH
CAVHHLEI — €€ KPUTHYECKOE CMEIUEHHE H3
PaBHOBECHOTO B HEPAaBHOBECHOE NOJIOKEHHE,
COOTBETCTBYIOMLES MaKCHMYyMY CHITBL
MEXMONEKYAPHOrO  MPHTMHKEHUSA, MOXHO
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NPUTMKEHHA, MOYKHO PACCMATPHBATD KaK «HE-
PaBHOBECHOE CTPYKTYPHOE [PEBpALLEHUE» B
TEPMOAMHAMUYECKOH TEOpHUM CTEKNOBAHMA
31
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