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IIpoBeseHb! NpeNU3UOHHbIE U3MEPEHUA TEH30METPUUECKUM METOJ0M YAelIbHOro o6neMa CcTeKlIooGpasHoro
B»203 B ycnoBuax ruapocrtatudeckoro aasieHuda no 9 'lla. AnanusupyioTca ocoGeHHOCTH TEH30METPUYECKOTO
MeToga U obcysaaeTca cnenuduKa uaMepeHuil “peraKkcMpoBaHHOro” M “HepelakCUPOBaHHOIO” MOAYIA CiHia-
Tua. O6Hapy«eHbI pa3MbIThle aHoManuu cxumaemoctd (npu P > 0.5 'la u P > 5'lla) u norapupmuueckas
perakcanyf IIOTHOCTYU CTeKlId. YCTAHOBIEHO CYIlecTBeHHOe (B HeCKOILKO pas!) pasnuuue “perakcHpOBaHHO-
ro” MOAYIA CHaTHUA CTEKIa, IOLyYEeHHOro Ha OCHOBE 06'beMHBIX U3MepeHui, U “HeperakCcUpOBaHHOr0” MOIYIH,
OLIEHEHHOI'0 M3 JaHHBIX GPUIIIO3HOBCKOI cneKTpockonuu. VM3mepeHus yJensHOro o6beMa MOJ JaBIeHUEM, B
COYETaHWM C paHee MPOBEJEHHBIMU CTPYKTYPHBIMM KMCCIENOBAHUAMU U Pe3ylbTaTaMM KOMILIOTEPHOI0 MOJe-
IUpPOBaHWA, NO3BOIUIY YCTAHOBUTEL OCHOBHbIE UepThI ()a30BbIX npeBpamenuii B ctekne Bo03. Kak npamoe, Tak
¥ o6paTHOe peBpaleHNA ABIAIOTCH PasMbITHIMU 0 JaBieHU0. OcTaToYHOE YIIOTHEHUE B CTEKIE HE CBA3AHO
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C U3MeHeHHeM OauKHero nopsagka.

PACS: 61.43.Fs, 62.50.—p, 64.70.kj

1. Hacrosamana pa6oTa mocBsAmeHa usydeHuto ¢aso-
BBIX TpEeBpalleHNil U pelaKCallMOHHBLIX TNPOILECCOB TOM
JaBlieHNeM B cTekjI000pa3HoM okcuje 6opa B203. ®azo-
Bble NEPeX0abl B HEYNOPANOUEHHBIX Cpefax — MUIKOC-
TAX U CTeKJaxX — oJHa U3 HauGolee “ropAumnx” Tem Pu-
3UKU KOHJEHCHPOBAHHBIX CpejJ MOCIeIHUX AeCATUNeTU
[1,2]. IIpn usmenennu P,T-napameTpoB B pALe CTEKON
U HMULKOCTel HaGNIORAIOTCA CYIECTBEHHbIE U3MEHEHUA
CTPYKTYpBbI OuMsiHero nopfanka U puanydecKux CBOKCTB.
Insa npeBpaieHuit B CTEKIAX U aMOP(HBIX TBEPALIX Te-
nax GbLT BBeJeH TepMUH “monramMopdusM”’ 1Mo aHaloruu
¢ “nonumopdusmom” B Kpucramnax. smeHnenue cTpyk-
TypBI GIMKHEr0 NOPAKA CTEKON M aMOPGHBIX TBEPIBIX
TeNl U3y4YaeTcA C NOMOUIbIO AudpakiUM PEeHTrEeHOBCKUX
nyuyeit 1 HEHTPOHOB, a Tak#e MO CIEKTPaM PEHTTeHOB-
croro moraomenusa (EXAFS). Onuako no cpaBHeHMIO
CO CTPYKTYPHBIMHU JaHHBIMH JJIfl KPUCTAIIOB UCCIEaYe-
Mble CTPYKTYPHbIE XapaKTepPUCTUKU A CTEKON JaloT
caumKoM rpy6yio undopmanuio. B aToit cBA3u ocoGyio
BayKHOCTH NpPU U3YYeHUM NoiruamMopdusma npuobpera-
eT BCECTOpOHHee HcCleNoBaHUe (UIUUYECKUX XapaKTe-
PUCTHUK, B 0COGEHHOCTH TEPMOAMHAMUYECKUX CBOMUCTB,
U KOMIBIOTEPHOE MOJENVPOBaHME.

HenocpencTBeHHO! TepMOAMHAMUYECKOM XapaKTe-
PUCTUKO#, OTpasKkaloleil XxapakTep NpeBpalleHuil, ABIA-
eTcAl ylenbHblil 06beM (IIIOTHOCTL) BelecTBa. B Golb-

De-mail: brazhkin@hppi.troitsk.ru
2)Y.Katayama.
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MIMHCTBE CJIy4YaeB M3MeHeHMe MIOTHOCTH NMpH MpeBpaliie-
HUAX COCTABNAET HECKONbKO NMPOLEHTOB, U INA U3ydYe-
HUA JeTajeil npeBpallleHuil U pelakcalMOHHbIX ABJIEHU
TpebyeTcA TOYHOCTbL MU3MEpPeHUA yHelbHOro oGbeMa He
xy#e uem 0.01 + 0.1%. Ina 6e3nedeKTHBIX KPUCTAIOB
TaKyIO TOYHOCTh U YYBCTBHUTEIBHOCThH BIOJHE obecre-
YuBalOT Au(paKnUoHHBIE MeToawl. Bmecte ¢ Tem ana
CTEKON U aMOpP(HBIX BEIECTB MPENN3NOHHbIE H3MeEpe-
HUA CHMUMaEeMOCTH Ha OCHOBe JU(PPaKIMOHHBIX JAaHHBIX
HEBO3MOHbI. OTHOCUTENLHO TOUHBIE U3MEPEHUS CHU-
MaeMOCTH CTEKOJ MOTYT GbITh BBIMOJHEHBI NbE30METpPH-
YyecKMM MeToAoM 1o aaBiaenuit 2--5I'1la [3] OcTanbHble
e MeTOAMKU MU3MepeHUA yaelbHoOro o6beMa, BRIIOUYas
OLEHKM MJIOTHOCTH M3 AUQPaKUMOHHBIX AaHHBIX [4], u3-
MepeHHe JIHMHEMHBIX pa3MepoB 00pa3loB ONTHYECKUMMU
MeTogaMu [5] ¥ U3MepeHue MIOTHOCTM MaTepuana Mo
IOTIIOIIEHNIO PEHTTEHOBCKOr0 U3iny4eHud [6] uMetoT He-
BBICOKYIO TOYHOCTh (HECKONBKO IpoueHToB). Bmecre c
TeM yse 15 JeT cylecTByeT TeH30MeTPUUECKH METOJ
npenu3noHHOro uaMmepenusa cxumaemoctu no 10I'Ia B
rugpocratuyeckux yciosusax [7]. Hecmorpsa Ha To,
YTO C MOMOUILIO 3TOro MeToda Gblia M3ydeHa CHUMae-
MOCTB pfiJia HAHOIIOPOIIKOBBIX cucTeM [§8], creron a-SiOs
n a-GeO, [9], amoptroro ZrSiO4 [10] m apyrux Be-
IeCTB, JaHHAA METOANKA OCTaeTCA He CIUIIKOM U3BECT-
HO M HeNOCTAaTOYHO pacmpocTpaHeHHO#. Merox oc-
HOBaH Ha M3MEpPEHUM BJIEKTPOCONPOTUBJIEHUA ydacTHKa
TOHKON KOHCTaHTaHOBOH MPOBOJIOKHU, IPUKIEEHHOH K 00-
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pasny, oMeleHHOMY B I'MAPOCTaTUYECKYIO AYEHRY BBbI-
cororo naBnennd. Cama BelnuuHA NaBIEHUA TaKmKe U3-
MepAEeTCA C BBICOKON TOUHOCTBIO C MOMOIILIO MaHTaHU-
HoBoro faTuruka. Oco6eHHOCTh JaHHOI METOJUKU COCTO-
UT B TOM, UYTO YYBCTBUTENbHbIIM IEMEHT TeH30JaTUNKa
MOYTH BO BCEM JMana3oHe JaBleHUil paGoTaeT B pemu-
Me IIacTUYecKoil Jedopmanuu. AGContoTHaA TOYHOCTh
U3MepeHUuA yAelbHOro o6beMa IJIf NaHHOW METONUKU
cocraBaser 0.1%. OTHocuTenbHAs TOYHOCTH (UyBCTBH-
TenbHOCTb u3Mepenuit) cocrapiger 107 2%. Boabmum
JOCTOMHCTBOM JJAHHOU METOJUKU ABIAETCA OUEHb Malloe
Bpems, TpeGyemoe aifl M3MEPEHUA SIEKTPOCONPOTHUB-
NeHUA TEH30[JaTUYUKa, [0 CpaBHEHUIO, HANpUMep, C J0-
CTaTOYHO GONBIIMM BpeMeHeM PEeHTTeHOBCKUX Audpak-
LUOHHBIX M3MepeHuil. B pesynbrare, ucnonbaysa TeH-
30MeTPUYECKUI METO]l, MOKHO MONYUYUTH 3HAYUTENLHO
6osee nogpobHY10 nHGQOpPMaIUIO 0 NOBeJeHnU o6beMa 06-
pasua nox gaBieHueM. Kpome Toro, faHHbIi MeTo] MO3-
BOJIIET UCCJIEOBAaTh KUHETHUKY M3MeHeHUA o6heMa MoJ
JaBleHUEM B IIMPOKOM Auana3oHe BpeMeH 10 + 105¢c u
6osee. BamHBIM JOCTOMHCTBOM METOJUKU ABIAETCA TO,
yTo GapuyecKue 3aBUCUMOCTH yAelbHOro 06bemMa MOryT
ObITH MOy YeHB! KaK NPU yBelIUYEeHUHU, Tak U npu copoce
JaBlleHuf, IPpUYeM B yCIOBUAX 'MIPOCTATUKMU.

Ina nemMoHCTpauuu TOYHOCTH U HAJEMHOCTH METO-
JOUKYU GBLTN NPOBeJNEHbI TECTOBBIE U3MEPEHUA Y AENLHOr0
o6beMa MoJi JaBIEeHUEM MIJA XOPOII0 U3YyUYEHHBIX KPUC-
TalINYECKNX BelIeCTB C Pa3lUYHOM CHUMaeMOCThIO —
NaCl, Al, Cu. Ha puc.1l npeicraBieHbl HalmK JaHHbBIE
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Puc.1. Bapuueckue 3aBUCHMMOCTH YAEIbHOTO 06beMa, IO-
IydeHHbIE TEH30METPHYECKHM METOOM B HACTOAMEN pa-
GoTe, 1 Ha OCHOBAHUY JaHHBIX PEHTTeHOBCKOM AMbpaKIuu
nna Cu, Al [11] u NaCl [12]

B CpaBHEHUHU C JYy4YUIMMHU pe3ylbTaTaMH, NOJYYEHHBIMHU
Ha OCHOB€ JaHHBIX peHTFeHOBCKOﬁ nn¢paﬂunn B r'uja-

pPOCTaTUYECKUX YCIOBUAX C KCIONL30BaHMEM MOIUIHOT'O
HUCTOYHMKA CHHXPOTPOHHOro u3nydyeHus. MomHO che-
naTh BBIBOJ O TOM, UTO Hame JJIA KPUCTANIUYECKUX Be-
I[eCTB T€H30METPUUECKUI METOA N0 TOYHOCTH M3Mepe-
HUIl He YCTyNaeT MeTOJy PEHTTeHOBCKON aubpariuu.
IIpu 3TOM nOCTOBEpHOCTL MeTO/a MPOJEMOHCTPUPOBaHa
JJIfl BellleCTB C pa3lUYHBIMU MOAYIAMU CHATUA, JNeKa-
mumu B auanasone 20 < 200 I'lla. CTout oTMeTUTH, YTO
Ha 3Tane co3gaHuA METOJUKU MOAYIb CHATUA MeJU CUU-
tancsa paBubiM 162.5'la [13], yTo cepbesHo He coraaco-
BRIBANOCh C pe3ylbTaTaMU TEH30MeTPHUYECKUX H3Mepe-
Huit — 133.5TTla. Kak okasanock, omuGouyHbEIMEU GbLIN
He TEH30MeTpUUeCKUe W3MepeHUf, a paHee CYIIeCTBO-
BaBmKe “ranuunsie” nauusle [13].

2. B nacrosfieit pa6oTe 6b11U POBEJEHEI UCCIEN0BA-
HUA TOJA JaBIEeHUEM YJeNbHOro o6beMa CTeklo06pa3Ho-
ro B203;. B,03 sABasgerca “miaaccuyeckuM”’ CTEKIOM CO
CTPYKTYPOIi, MOCTyUBIIE OCHOBOIA 1A MOJeNU Hempe-
pBIBHOIA ceTkU [14], B KOTOpOIi Kax bl aTOoM Gopa OKpY-
JKeH TPEMA aTOMaMM KHCIOpOJa, a KamIblii aToM KHc-
jJopoja coeJuHeH ¢ AByMA aTomamu Gopa. Cteriao B203
MMeeT DLIXIYIO CTPYKTYPY, ero mioTHocTh 1.8T/cm®,
yto Ha 40% MeHbIlle MIOTHOCTH KPUCTAIMUYECKOH (a-
3b1 (2.55r1/cm3) ¢ Toit me KoopAMHAanUell aTOMOB. 3Ha-
YHTeNbHad YacTb aTOMOB CTEKNIa yyacTByeT B o0pa3oBa-
HUU NJIOCKUX KOJBIEBLIX 3IEMEHTOB cTPYKTyph! — B30g,
KOTOpPbIe OTBETCTBEHHBI 3@ OCTPBIN MUK B pAMaHOBCKUX
cnexrpax (npu 808 cM~!), 06b1uHO He XapaKTepHBIH mIA
P, T-pazoBasa amarpamMma AJnf KpHUCTalInvec-
Koro coctoAanua B,03 usyuena B [15]. @®asa Hopmaib-
Horo naBinenusi B,O3; (mpoctpancTBenHas rpymnna P3p,
a = 4.336A, ¢ = 8.340 A) npu aaBinenuu 4I'lla u
BBICOKKX TeMIlepaTypax NepexoiuT B ¢asy BBICOKOIO
naBnenunsa B203 II (npoctpancteennas rpynna Cem?2q,
a=4613A,b="7803A, c =4.1294), umeromyio uer-
BEepHYIO KOOpJIMHAIMIO aTOMOB Gopa 1no Kuciopony. Bei-
Jep:Ka creknoo6paznoro B, O3 npu BBICOKMX HaBIEHUAX
U TeMnepaTypax NPUBOAUT K OCTATOYHOMY YIJIOTHEHUIO
Ha 5 + 10% Ge3 CymecTBEHHOr0 U3MEHEHWA CTPYKTY-
pe1 Gnusksero nopajka [16]. HemocpenctBennsie in situ
UCCleJoBaHUA NOA JaBleHueM a-B,03 mpoBogunuck Me-
TOJaMM CNIEKTPOCKONNY KOMGUHAIMOHHOTO paccefiHuf U
Bpunniosnosckoit cnektpockonuu [17,18], Heynmpyroro
PeHTreHOBCKOro pacceAnus [19] u, muub HefaBHO, METO-
JOM PEeHTTeHOBCKOI JudpaKriuy, JOMOTHEHHBIM U3Mepe-
HUEM MIIOTHOCTYU M NMEPBONPUHIUNHLEIM KOMNBIOTEPHBIM
MopenuposanueM [20]. B nacrosmeii paGote npencras-
JieHbI NONHbIE JaHHbIe 0 06beMHBIM U3MEPEHUAM CTEK-
noo6pasHoro B;03.

CTEKOJ.

3. IaMepeHue NIOTHOCTYH 06pa3lioB ¢ MOMOIIbLIO TEeH-
30laTUMKa OPOBOJUIOCH B Kamepe BLICOKOTO AaBleHUSA
Topouz-25 [21]. O6pasusr BoO3 nunungpuyeckoii dop-
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MBI ¢ pa3Mepamu 3 + 4 MM muIMpOBalUCh U 3aT€M Bbl-
nep:suBanuchk 20 + 30 4 npu temnepatype 580 K, uTo6s1
OUUCTHUTBL CTEKJO OT NMpUMecell rMIpooOKucH. 3aTeM 06-
pasel] NOKPBIBAJICA CI0EM 3alUTHOrO JaKka, YTo0bI u3be-
JKaTb JalbHeHIel nerpaganyy cCTeKla NP ero B3auMo-
neilicTBuu c Bojoii. MccnenoBaHua npoBoguiInuch B IBYX
Pa3HbIX THAPOCTATUYECKUX CpeflaX — CMeCH 3TUIO0BOTO U
MeTuI0Boro cnuptoB npu aaBinenusax g0 9I'la (nepserit
SKCIEPUMEHT) U CMeCH NEHTaH — U30NeHTaH Npu JaBle-
uunax o 5.6T'la (BTopoit skcnepument). Hcnonb3osa-
HYe pa3iMYHbIX FUIPOCTATUYECKUX CPell B Pa3HBIX BKC-
IepUMeHTax MO03BOJMJIO NPOBEPUTh HaJEMHOCTh U IO-
BTOPAEMOCTH PE3YIbTAaTOB, a NPOBeJEHNE DKCIEPUMEH-
TOB IO Pa3iMYHbIX MaKCUMalbHBIX AaBIEHU Nano BO3-
MOJ{HOCTb NPOACHUTH PAZX oco6eHHOCTell npeBpameHnii.

4. 3aBUCHMOCTbL yJenbHOro ofbemMa OT [aBlIeHUA
B JBYyX DSKCIepuMeHTax [peJcTaBleHa Ha puc.2a.
MakcumanbHOe OaBleHHE BO BTOPOM SKCIEPUMEHTE,
P = 5.6T'IIa, 6p110 BeIGPAaHO HE TONLKO M3-3a TOrO, UYTO
oHO 6IM3KO K IaBlEeHUIO 3aTBepAeBaHUA CMeCH IIeHTaH —
M30MEHTaH, HO U NMOTOMY, YTO, COTNIAaCHO CTPYKTYPHBIM
DaHHBIM, CyIleCTBEHHOe U3MeHeHMe OJMMHero nopsajgka
B cTeKkle HauyuMHaeTcA c paBnenwit 5.5 + 6I'Ila [20].
Tarum obpas3oM, Bce Heynpyrue 3¢¢deKkThl B NOBeJeHUN
CKMMAaeMOCTH CTeKJIa BO BTOPOM JKCIepHMEHTe MOTIHN
ObITh CBA3aHBI JUIIb CO CTPYKTYPHBIMU M3MEHEHUAMU
B JalbHUX KOOpAMHAIMNOHHBIX chepax. B mnepBom
SKCIEPUMEHTe Ha IOBejeHNe YyJelbHOro obbemMa B
nuanasone nasienuit 5.5 +— 9T'Tla gomkubel oKasbIBaTh
BIMAHME KaK CTPYKTYpDHble H3MEHEHHA B JAalbHUX
cepax (M3MeHeHUA “IpOMexyTOUHOro mopaara”), Tak
U M3MeHeHudA GIMIKHEro nopAfKa B CTERJe.

IIparTuueckn Bo BceM JuanasoHe AaBieHuil HabIio-
IaeTcA 3aMeTHaf 3aBHCHMOCTb yIelbHOro o6beMa OT
Bpemenu (penakcauus). Taxr, BelAepKa CTeKla B Tede-
Hue 14y npu P = 5.6 'lla npuBoauT K JONOTHUTEILHOMY
YMeHBbUIEHUIO yAenbHoro oobema ua 1% (cMm. puc.2a, 2c).
IIpu aTOM yMeHBIIeHUE 06beMa NPONOPLUOHATLHO JIOTa-
pudmy Bpemenu (puc.2c). Panee nogoGuas norapudmu-
yecKas pelakcaluf IIOTHOCTH MOJ JaBleHueM Habuio-
Jamach JuA PAfa MOPOIIKOBBIX cucTeM [8], Ana cTeKon
SiO2 u GeO2 [9], u cBA3BIBaNaCh C MUPOKUM CIEKTPOM
BPEMeH pelaKcalliy B HEYNOPALOYEHHbIX cucTeMax [22].
Jlorapupmuueckuit 3akon penaxcanuu crexia BoO3z BbI-
IOJHAETCA ¢ BBICOKOH TouHOCThIO (cM. puc.2c). OTHio-
HEeHWe OT JIMHEeMHOH 3aBICHUMOCTH Ha MallblX BpeMeHax
CBAI3aHO C KOHEYHOM CKOPOCTBIO POCTa AaBIEHUA B DKC-
IepuMeHTe, [IPOIecchl ¢ BpeMeHaMU pellaKcaliy MeHee
100c yacTUYHO WM NOJTHOCTBHIO 3aBepIIAIOTCA €elle Ha
JTane yBeJUYeHWUA AaBlIeHHUA Nepej BbIAEPHKO.

Ha puc.2b npexacraBieHbl NPOM3BOAHBIE yIEILHOIO
o6bemMa N0 AaBIEHHIO, COOTBETCTBYIOUINE “pelaKcupo-

Iucema B MATP® Tom 89 BEIM.5-6 2009

I (@)

L L L L L L L L L

1 hour relaxation

VIV, (%)
S
(e

120 F

M| L M| L

10 1000

Puc.2. Bapuueckue 3aBucumocTy cTeknooGpasnoro BoOj
[PY YBEIWYEHUU U YMEHLIIEHWW NaBIEHUA, IOLyYEeHHBIE
TEH30MeTPUUYECKUM METOAO0M B ABYX LMKIAX 3KCIEPUMEH-
TOB B Pa3sHbIX MAPOCTATHUYECKUX cpenax (CBeTable TOY-
KH COOTBETCTBYIOT cGpocy paBienus) (a); COOTBETCTBY-
omue GapuyecKre 3aBUCUMOCTH “pellakcpoBaHHOro” Mo-
OyIA c:aTUA Ha NMPAMOM U oGpaTHOM XoAy (TeMHble U
CBeTIble KPYKH) B CPAaBHEHUN ¢ 6apUYecKoii 3aBUCHMOC-
TbIO “HepelakCHpPOBaHHOr0” MOAYIA CHATHA NPUA POCTE
naBineHusa (poMGbl), BBIYMCIEHHOIO Ha OCHOBAHUU JAHHBIX
[18] (b); BpeMeHHaA 3aBUCUMOCTE yAelILHOT0 06beMa CTeK-
na upy ¢urcuposannoM nasiaenun 5.6 I'lla (c)

BaHHBIM” 3HaueHUAM Monyna cmatua. Ouu nomyue-
HbI YHCIEHHBIM IuddepennupoanueM ncxonusix V(P)
naHHbBIX Ge3 Kakoii-nu60 npeaBapuTenbHON 006pabGoTHU.
Insa cpaBHenusa Ha puc.2b Takme NpeAcTaBleHbl 3Ha-
yeHUA “MIHOBEHHOro” “HepelakCHpPOBaHHOTO” MOAYJIA
CHATHA NPU POCTE JaBIEHUA, BhIUKMCIEHHbIE HA OCHOBA-
HUY JaHHBIX 110 MIOTHOCTH U AaHHBIX [18] mo ckopocTAM
3BYyKa.

IlnA cucTeM ¢ MONHOCTLIO YOPYTUM MOBEIEHUEM MO
IaBneHueM (IPU OTCYTCTBUU JMIOGBIX pellaKCcalUOHHBIX
IPOLIECCOB) MOAYNH CKATHUA, MONy4YaeMble U3 pasiny-
HBIX CNOCcOGOB M3MEPEHUA, NONKHBI MOUYTU COBNANATh.
HeGonbmasa pa3Huiia MOMeET GbITh CBfi3aHa C TEM, YTO
NpU KBa3UCTATHMYECKON peructTpanuu o6remMa n3mepseT-
Cfl U30TEPMUYECKUII MOJYNb CHaTUA, B TO BpeMf Kak B



288 B. B. Bpamgun, 0. B. ITuok, H. Kataama

IMHAMMUYECKNX MeToaax (yJIbTpasByKOBbIE M3MEpEHUf,
GpUIIIOPHOBCKAA CIEKTPOCKONUA) uaMepsaercd agnaba-
TUYECKUN MOAYyNb cxaTufA. Pasnnuuve MemIy M30Tep-
MHUYECKUM U afuabaTyecKUM MOAYJIAMM IJfl TBEpABIX
Tell, KaK MpaBUJIO, COCTABIAET JONU MpoleHTta. B Tom
ciyyae, KOrja B BellleCTBe NMPOUCXOJAAT Heympyrue pe-
NaKcalMOHHbIE TpOIleCcChl UM Kakue-TO ¢a3oBble IMpe-
BpallleHls, MOAYIU CaTWUA, M3MepAeMble Pa3In4HbI-
MM croco6aMu, MOTYT CUIBLHO OTINYAThCA. JlNeMeHTap-
HBIM aKT penakcanuu uiu $pasoBoro nepexoaa Ha MUKPO-
YPOBHE 3aK/II0YaeTCA B NeperpynmnupoBKe omnpeaeleHHo-
ro yucia aTOMOB, 3Ta MepPerpynnupoBKa TpeGyeT mnpe-
OJIONIeHNA DHEPreTUYECKoro Gapbepa U MPOUCXOJUT 3a
onpejeneHHkle BpemeHa, 3aBucAimue ot P,T-ycnoBuii.
Ecnu aTu BpemeHa 3HauuTeNbHO MEHbIIIE BpeMEH! U3Me-
HeHWA JaBleHufd U coOCTBEHHO M3MepeHusd oGbeMa mpu
(MKCHPOBaHHOM JaBIEHUM, TO BCe MPOLECCHI B BEIIECT-
Be ycheBaloT “OTcieKUBaTh” U3MeHeHHe JaBleHUs, YTO
OPUBOAUT K yMeHbIIeHUI0 3¢ ¢eKTUBHOro “pelakcupo-
BaHHOr0” MOAynd caTufA. B yacTHOCTH, B clIyuae
pe3koro $a3oBoro npeBpauleHUs, NPOUCXOAAIIETO MPH
(uKCUpPOBaHHOM AaBleHUN, GopMalbHO “pelakcUpOBaH-
HbI” MOAYNb CaTUA NPU [epexofie paBeH HyIO (6ecKo-
HeuHaf MPOU3BOJHAA MpPU CKauke 06bemMa COOTBETCTBY-
er GecKoHe4HO! cuMaemocTd). B Tom ciyuae, Korjga
MOJY/h CHATHUA ONpeJenaeTcA U3 JaHHBIX M0 CKOPOCTAM
3ByKa B yNbTPa3BYKOBhIX U3MEpPEHUAX WIH, N0 JaHHKIM
GPUIIIOPHOBCKOM CIEKTPOCKONUYU, BpeMeHa U3MEeHEeHUA
IaBieHus B o6pasue B Geryieii BoiHe o4eHb Maibl (Jo-
I MUKPOCEKYH]] — NIPU YJIbTPa3ByKOBBIX M3MepPEHHAX,
JONU MUKOCEKYH] — Al OPUIIIOSHOBCKOM CIIEKTPOCKO-
nuu), 3a 5TH BPEMEHA B BELIECTBE aKTOB PelaKkcaluu
He MPOUCXOOUT UK NMPOUCXOJUT 3HAYMTENILHO MEHBIIE,
yeM B KBa3UCTATUYECKOM ciyyae. BemecTBo B 3TOM
cnyuae BeJeT ce6f MOYTH YOPYro U YMeHbIIeHUA U3Me-
PAEMOro MOAYJA CHATHA B OKPECTHOCTYU NpeBpalLleHUA
He Habmofaerca (MaTepuan BefeT cebA Kak cMmech (a3
¢ puKCcHpOBaHHO!N KOHUEHTpAaNueil KOMIOHEHTOB, U MO-
Oylb CHATUA MMeeT NPOMEKYTOUHOe 3HAUYEHUE MEeM Iy
MoaynAMU (a3 HU3KOrO W BhICOKOro AaBnenuit). HKar
TONBKO B BellleCTBe HAYMHAIOTCHA pelaKcalloHHbIe NPOo-
1ecchl UNu (pa3oBbIit Mepexol, “pelakcUpPOBaHHBIN” MoO-
IOylb HaYWHAET YMEHbIIAThCA N0 CPABHEHHIO C DKCTpa-
MoJIALKENH YIPYroro peMumMa, a “HepellakCUpOBaHHbIN”,
HaNpOTUB, — Bo3pacTaThk. TakuM 06pa3oM, pacxoxaeHue
3HaueHUil “pellakcUpoBaHHOr0” M “HepellakCHPOBaHHO-
ro” MoAyneil ciaTUA CBUAETEILCTBYET O pellaKkcaluoH-
HBIX TpOIleccax WM pa3MbITOM ()a30BOM MpeBpalleHun
B BeIECTBeE.

B cnyuae crermoo6pasuHoro B.0; “penaxcupoBaH-
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u “HepeJ’IaHCHpOBaHHLIH MOAYyJIU C}aTUuA CHUIb-
HO OTJIMYaAKTCA BO BCEM Juana3oHe IlaBJ'IeHIdﬁ, YTO CBU-

JIeTenhCTBYeT O pelaKcallMOHHBIX Mpolleccax B CTeKIe,
NPOMCXOAAN[MX, HAUMHAA C CaMbIX HU3KUX [AaBIEHUI
(puc.2b). Panee nomoGHoe “pacuienienvie” nox AaBieHU-
eM 3HaueHuil “pelakcupoBaHHOro” M “HepelaKkCHpOBaH-
Horo” Mojpyuneit ciatua HaGmomanock ansa creron SiQOq
u GeOg [9], ogHaKO AIA STUX CTEKON! B HAayalbHOM JMa-
na3oHe JaBieHUil HaGniofaeTcA BIONHE yNpyroe MoBe-
JeHve U MOAYJIM HAYMHAIOT CYUIECTBEHHO Pa3nuyaThbCs
muimb npu gaBnenuax 6-7IT'1a pna SiO. u 2-3T'1la gna
G602 [9]

HeMOHOTOHHOCTL NOBegeHUA “pelakcHUpoBaHHOro”
Monyns cxatus (puc.2b) mosBonser ycloBHO pasge-
nuTh npeBpaiienue B ctexne By03 Ha 2 craguu — mpu
P > 0.5THa u P > 5T'Mla (npu naBnenuax ~ 1.7T'Ma
u 6'Tla npu yBenuueHuu naBieHus HaGIIOAAIOTCA CO-
OTBETCTBYIOLINE MOJOrHe MUHUMYMbI “pelakcupOBaH-
Horo” moaxynas). U3 gaHHBIX CTPYKTYPHBIX HCCIENOBa-
Huit [20] MO HO NPEANONOXKUTE, YTO BTOPad CTaaud Mpe-
Bpamenus npu P > 5T'lla cBazana, rnaBHbIM 06pa3oMm,
C HayvaloM KOOPAWHAIMOHHOrO MpeBpalleHUs B NMEepBOi
cepe (yBennmueHnuem kKoopauHanuu atomoB Gopa). Ilpe-
BpalleHus npu HeBbIcOKMX AaBienuax (P > 0.5T'a),
N0-BUAUMOMY, CBfi3aHbl C WU3MEHEHHEM I[POMEHYTOY-
HOTO mopfAjKa (B JalbHUX KOOPAMHALMOHHBIX cdepax).
Ilpu cHueHUM [gaBleHUA Ha HavalbHOM 3Tane, KOT-
JIa oGpaTHOe MpeBpalleHue ellle He Ha4aloCh, BeI[ecT-
BO JIOM#HO BecTH ceba ynpyro, u “penakcUpoBaHHBIH”
MOJyJb JOJ#eH ObITh GIM30K N0 3HAYEHUIO K “Hepenak-
cupoBaHHOMY”. JTO JeiicTBUTENbHO HAONIOAaeTCA TMPU
P ~ 7—9TTa (cm. puc.2b).

N3mepenHoe uaMeHeHNe MIOTHOCTU CTEKNIA CyIIECT-
BEHHO Bblllle, YeM NpeJcKa3aHHble 3HAYEHUA U3 JaHHBIX
MOIIeKyIAPHOI AuHAMKUKHU [23], YTO cBA3aHO, [IaBHBIM
o6pa3oM, ¢ pa3Hoii IIKaNoi BPpeMeHM B HKCIEPUMEHTAaX
U B MOJEIMPOBaHMU M C CYUIECTBEHHON pelakcanueit
yaenbHoro o6reMa B 3KCNEepUMEeHTaX. J3aMeTUM, 4uTo
B CIIEKTpPE BPEMeH pelaKcalui CTEKON UMEIOTCA 3Haue-
uua > 100c. B pesynnTare, BeMUUYUHBI MOAYIA CHia-
THf, NIOMyYaeMhble PU TEH30METPUUYECKUX U3MEPEHUAX,
TaKKe COOTBETCTBYIOT He MOJHOCTBHIO “pelakCupOBaH-
HbIM” 3HaueHuAM. M3-3a 3TOro u Bo3HMKaeT Habiaionae-
Maf norapudmmyeckas peraxkcanuf Ha MacmTabax Bpe-
men 102—10%c (puc.2c).

CpaBHeHue GapuyecKUX 3aBUCUMOCTEN MOJYIfA Cia-
THUA B JABYX CepUAX 3KCIEPUMEHTOB Ha cTaguu cOpo-
ca naBnenus (puc.2b) maer Bamuyio uHdopmanuio. B
nuanasoHax oT 5.6 mo 4.5I'Tla u uume 1I'lla 3Hauenun
MoJyneil B pa3HbIX CEPUAX IKCIEPUMEHTOB MpaKTUYec-
KU COBIAJAlOT, B TO BPeMf Kak B MHTepBale oT 4.5 1o
1T'Tla nabnionaeTca pa3nMyHOe NMOBeJeHUE “penarcupo-
BaHHoro” moayiasa. OGpaTHoe mpeBpaieHune uget Goiee
VHTEHCHUBHO (UTO COOTBETCTBYET MEHbUIMM 3HAYEHUAM
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“pellakCHpPOBAHHOr0” MOAYJA) B [EPBOM JKCIEPUMEHTE
1A cTekna, noasepruytoro nasienuto 9 I'lla. Ilpu cika-
TUM B CTEKJIe MPOUCXOAUT MpeBpalleHue, CBA3aHHOE C
U3MeHeHNAME GIUHero nopaaka (B UHTepBaie oT 5 10
9I'Tla), ¥ pPe30HHO NPENONOMUTH, YTO PA3HHULA B IO-
BeJleHUM Moayleit Ha o6paTHOM XOAy CBfi3aHa ¢ oGpaT-
HBIM IpeBpalleHUEM B TPEXKOOPAMHUPOBAHHOE COCTOA-
Hue Gopa B nuanasoHe paBienuii ot 4.5 mo 1I'lla. Ilocne
CHATUA AaBleHNA CTEKJO OCTAeTCA B YIMIOTHEHHOM CO-
CTOAIHWMM, IPUYEM OCTATOYHOE YILIOTHeHue ~ 7% coBna-
maet nnfa oGoux sxrcnepuMenToB (puc.2a). CregoBaTelb-
HO, OCTATOYHOE YIIOTHEHUE CBA3aHO IHIIb CO CTPYH-
TYPHBIMU U3MEHEHUAIMM B JalbHUX KOOPIVHALMOHHBIX
cepax (ymenninenue gonu sonen B3 0g, roppuposka ne-
noyek BO3 — TpeyronsHukoB u 1.4. [16]). Koopaunanu-
OHHOE TpeBpallleHre B MepBoit cdepe MOMHOCThIO 06pa-
TuMo. IIpy HOpMaNbHBIX YCIOBHUAX OCTATOYHOE YIIOT-
HeHVe pelaKkCcUpyeT 3a HeCKONbKO THEM.

W3 paunbix o6bemHbIx u3MeHenuii (puc.2a,b) ogHo-
3HAYHO CleJyeT, UYTO U NpAMbIe U o0paTHbIe MpeBpalile-
HUA B CTEKJIe Pa3MbITHI N0 JaBleHuio. PaHee Ha ocHOBe
IaHHBIX GPUIIIOSHOBCKOro pacceanus [18] Gblmo BhICcKa-
3aHO IpeAnoyoMeHre 0 TOM, YTo o6paTHOe KOOpAUHALY-
OHHOe mnpeBpaiieHue B a-B,03 nmpoucxogut npu jgaBine-
Huu 3I'la u ABnAeTCcA pe3akuM pa30BBIM nepexoaoM 1-ro
pona. Ilpu uccnenoBaHNM CTPYKTYpPhl METOJOM pPEHTTe-
HOBCKON mudparuuu [20] Takke nepBoHayYalnbHO GBLIO
clienaHo MpeJnofosKeHre O JOCTaTOYHO pe3KoM obpat-
HOM mnpeBpanieHnn. KauecTBeHHO CTPYKTYPHBIE U3Me-
HEHUA OTpa)KalOTCA B OTHOCUTENbHOU MHTEHCUBHOCTH
1-ro u 2-ro MaKkCUMYMOB 3KCIE€PUMEHTANbHbIX CIEKT-
POB pEHTreHOBCKoOro paccesinua (cm. puc.3a). Ha ot-
HOIIIEHWE WHTEHCUBHOCTU ATUX NUKOB BIUAIOT KaK W3-
MeHeHUe OAMKHero nopAaka, Tak U Moguduranua npo-
MemyTouHoro mopAaaka. Ilpu paBnenuax 5—6I'la, wor-
Jla HauMHAaIOTCA U3MeHeHUA OnukHero mopsajgka, Ha Ga-
pUUECKOil 3aBUCHMOCTH OTHOCUTEIbHONH UHTEHCUBHOCTH
1-ro u 2-ro nukoB HabmiogaeTcA U3NoM. Takr e, Kar
U npu o6bEeMHBIX H3MepeHHfiX, B CTPYKTYPHBIX JaH-
HbIX HaOullojaeTcA cyllecTBEeHHas BpPeMeHHas pellakca-
uun (Touka B Ha puc.3b). Koopaunamnmonuoe npesparie-
HME 3HaYNTEIbHO YCKOpPAETCA Npy HarpeBanuu (Touka C'
Ha puc.3b). OGpaTHoe mpeBpalleHUe, COTNACHO CTPYK-
TYPHBIM JaHHBIM, Ha NEPBbIA B3rJIAJ, NPOUCXOAUT JO-
craToyHo pesko, Ho He npu 3T'Ila, rak B paGore [18],
a npu P ~ 1.5T'Tla. BmecTe ¢ TeM npaMele 06heMHEIe
M3MepeHuA OJHO3HAUYHO CBUAETENIbCTBYET O pa3MbITOC-
Tu o6paTHOro npeBpaiieHuA. ApredakT pe3rux obpaT-
HBIX NEepPex0J0B, [0 AaHHBIM paGoThl [18] U CTPYKTYp-
HBIM JaHHbIM (puc.3b), m0-BHAMMOMY, BBI3BAH HETUJ-
pocTaTUYECKUMH YCIOBUAMU AaHHBIX DKCIEPUMEHTOB.
JKCNepUMeHThI N0 GPUIIIOHOBCKOMY paccesiHuio [18]
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Puc.3. OkcnmepuMeHTalbHafA WHTEHCUBHOCTE PEHTIEHOB-
CKOro paccefHUA (IHEPrOAWCIEPCHUOHHBIA MeTOH) A
crekna B2QOs npu yrae pacceanusa 20 = 6° gaa P = 0
(cnnomnaa aumeua) u P = 9Tlla (wTpuxoBasd IMHUA) C
yKasaHUeM IEePBOro U BTOPOro AudpakIMOHHBIX MaKCUMY-
MOB (a); OTHOCUTENbHAA MHTEHCUBHOCTE [IEPBOTO U BTOPO-
ro MakcUMyMOB Ipu pocte u c6poce naBnenus (b). Iep-
BBIfl IMKJI M3MepeHUil BBHINONHEH NpU KOMHATHOM TeMiie-
patype, Bropoit — npu 7' = 450 K. Touka A cooTBeTCTBY-
eT 3HaUEHWIO cpa3y Iocle yBelWYeHUA JaBIEHWA, TOUYKa
B — TOT e 3KCIIEPUMEHT I0oClIe BBIJEPHKU B TeUeHHe 3 U
(~10%c), Toura C' — TOT e BKCIEPUMEHT MOC/e HArpeBa-
HuA no 700 K, BbimepzkM npu 3TOM TeMmepaType B Tede-
Hue 500 ¢ 1 oxna;aeHUA N0 KOMHATHOI TeMIepaTyphbl

npoBoauiuck Ge3 cpelbl, Mepefaolleil JaBleHUE, U Ha-
NpAMeHNe MIACTUYECKOro TeUeHUA KCMONL3yeMoil mpo-
Kriragku coctabiaano Kak pa3 3I'[la. B pesynwrare, npu
c6poce paBnenusa npu P ~ 3T'Ila npornagka mpakTtu-
YecKH IepecTaeT NepejaBaTh AaBjeHUe Ha obpasel], U B
onpejeleHHBIX €ro YacTAX MOT'YT NPOUCXOAUThH CKavyKo-
obpa3Hble U3MeHeHUA naBneHud. [Ipu cTpyKTypHBIX HC-
cle0BaHNAX B KauecTBe cCpefbl, Nepejaoleil 1aBleHue,
Kcnolb3oBalcAa aMop(HbIl 60op, UMelOMUI HanpfAKeHue
nnactudeckoro teuenusa ~ 1.5'la. B pesynvraTte mpu
JoctuskeHun naBneHusa ~ 1.5T'Ila npu c6poce naBieHus
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aMop¢HbIit 60p nepectaeT nepegaBaTh 3PHeKTUBHO IaB-
neHne Ha ofGpaseny U HaGmIOJaIOTCA pPe3KUe U3MEHEHUA
CTPYKTYpPHBIX XapakTepucTuk (puc.3b).

TaruMm 06pa3oM, UMEHHO NPENN3HOHHbIE U3MepPEeHUA
ynenbHoro o6beMa B rHIpPOCTATUYECKUX YCIOBHAX MO3-
BOJNIUIN YCTAHOBUThH OCHOBHBIE YEPThHI NpEeBpalleHUA B
crernoobpasnoM B203. HKoHeuHo, BO3MOMHOCTE 00B-
€MHBIX U3MepeHUil He OTMEHAET HEOOXOAMMOCTHU UCCle-
JOBaHW MpeBpalleHUil B CTEKNIaX IPYrMMHM METOAaMHU.
Tar, Hanpumep, BbIBOJ 06 U3MEHEHUH KOOPIUHALMOHHO-
ro uyucna B a-B303 npu P > 5—6TI'lla mor GeITh clenaH
TONBKO HA OCHOBaHWM NAaHHBIX CTPYKTYPHBIX HCCIENO-
Bauuit [20], a ZeTamy CTPYKTYPHBIX U3MEHEHUH MOriu
OBITH MOHATHI NUIIL HA OCHOBAHUM JAHHBIX MEpBONpPUH-
IIUITHOTO KOMIBIOTEPHOr0 MOJenupoBaHusa [23].

ABTops! Gnarogapubl K. Tpauenrno, C.B.Ilomosoit u
AT JIanuny 3a mone3Hble obOcyxaeHuA. PeHTreHoB-
CKUe HccleoBaHUA ObLIM BBINONHEHB! HA CUHXPOTPOHE
SPring-8 npu nopnepxre JAEA (npoextr 2006B-E18).
Pa6ora BhinonHena npu noanep:;ke Poccuiickoro ¢oH-
Ia hyHIaMeHTanbHbIX uccaefoBanuii (rpantel # 07-02-
01275, # 08-02-00014) u Hporpamm Ipesunuyma PAH.
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