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IHOPHUCTOE CTEKJIO: IIOJIVUHEHHUE, XAPAKTEPUCTHUKH, IPHMEHEHHUE

Anrponioa T.B. , I'mpcoa M.A.
Hucmumym xuvuy cuiuramoe uv H B, I'pebenupuroea, PAH, Canxm Hemepoype, Poccua
HPDLDQWU #\DQGH[ UX

7KH JHQHUDO DERUWPDWKIRQSURFHVV RI REWDLQLQJ KLJK
FKDUDFWHULVWLFVY DQG XVH LQ WKH GHYHORSPHQW RI

SUHVHQWHG

B ocCHOBe TONMyUYeHHUSI BBHICOKOKPEMHEZEMHBIX TTOPUCTHIX c¢TeKon ([1C) MeKUT mpaKTHUYeCKOe
HCMONB30BAHNE SABIEHUA MeTacTabUIbHOTO (Da30BOTO  pasfieieHHd B CTEKITOOOPas3yIOIINX
OKCHAHBIX ImemouHobopocurkaTHeIX ([I[EC) cuctemax |1, 2], B TOM umCle, JNeTHPOBAHHBIX
PasTHUHBIMHU COSTHHEHHAMH, BKITFOUasI MTePEXOMHbIE MEeTaIlH [3 @

[1C mpencraBnsaroT coboi MPOAYKTHl CKBOZHOTO XUMHUYECKOTO TPAaBICHHA (BBITETAUHBAHNA)
neyxdasHeix [[BC cTexkon co B3aHMOMpPOHHKarOMMMH azamMH [2, 6, 7]. OHm obmamaroTr
KOMIUIEKCOM VHHWKAIIBHBIX XapaKTePHCTHK > @4T0 B COYETAaHHH C PETYITHPYEMBIMH
MmapaMeTpaMHu CTPYKTYPBI TIOPOBOTO TIPOCTPaHCTBa [8, 9] JemaeT MX MepCrneKTHBHBIMH Ga30BBIMU
MaTpHIAMH A7 CO3MaHUSA HOBBIX KOMITOSHIIHOHHBIX CTEKIIOMATepHANoB, (QYHKIMOHAIbHBIC
CBOHCTBA KOTOPBIX OMPEAEIIIOTCA CBOHCTBAMH BBEASHHOTO HAaHOCTPYKTYPHPOBAaHHOTO JOMaHTa |

@

JlaHHOE HalpaBIeHHE Ha MPOTIKEHUH MHOTHX IIeT Pa3padaThIBaIOCh H B HACTOAINEE BpeM4
yerenmHo paspuBaeTca B UXC PAH [2, 6, 1 |. MccregoBaHH4 1O CO37aHHIO HOBBIX MaTEpPHAIIOB Ha
OCHOBE MaTpuIyTiommoxkek u3 [IC mosBomumu chopMHpPOBaTh HayUHBIE OCHOBBI TEXHOIOTHH
TBEPAOTENBHO KUIKOCTHBIX H TBEPAOTENBHO TTOTHMEPHBIX Ta3epHBIX SIIEMEHTOB;
CBETOUYBCTBHTENBHBIX TETEPOTEHHBIX CPell A BBICOKOA(D(MEKTHRHBIX CTa0HIBHBIX OOBEMHBIX
rojorpaMm; (OTOXPOMHBIX KBapLOMIHBIX MATEPHANOB 4 Tolorpaduu; MHKPOOITTHYECKHX
SIEMEHTOB, Y3KOIIOIOCHHIX CBeTOPHIBTPOBR {(cM. 0630pel B [1, 2, 6, 10, 1 ]). Paspaborkw,
HAIIpaBIICHHbIE Ha TOIYYSHHE HOBBIX TEPMHYECKH , XHUMHUYESCKH M OHOIOTHYECKH CTaOWIIBHBIX
TUAIEKTPHUESCKHX [ 3, 9] M MarHUTHBIX [1 | mem6pan u3 [1C, IermH B OCHOBY CO37aHH A Ha HX 6ase
HOBBIX CTEKIIOMATEPHANIOB H (YHKIMOHAIBHBIX 2IEMEHTOB, TIEPCIIEKTHBHBIX JIJII HCITOIb30BAHNA B
MHUKPOMQOUAHBIX AHATHTHYSCKMX CHCTEMaX ¢ ONTHYSCKMM JeTeKTHpOBaHHeM JnIsa  GHO
XUMHUECKOrO aHamuza (coemecmuo ¢ HAIl PAH), B TIOTHOCTBIO THANEKTPHUYSCKUX BOTOKOHHO
ONTHYECKUX JaT4YHKaX TEMITEPaTyphl, IPUTOAHBIX A1 MOHHTOPDHHTa B YCIOBHSAX BO3ICHCTBHA
CHJIBHBIX DIEKTPOMATHHUTHBIX TIONEH (coemecmuo ¢ HHUY HTMQO ; B KadecTBe CTPYKTYPHBIX
SIEMEHTOB HMHTETPAbHO ONMTHYECKHX cXeM, (OPMHpPYEeMBIX TIPH BO3ACHCTBHH JTa3epHOTO
U3NYyUYEeHUd coemecmuo ¢ HAY HTMQO THOMHHECIIEHTHBIX BUCMYT CONEP/KAIINX KBAPIIOHIHBIX
CTEKONl + MPOTOTHIIOR TIpedopM AN BOINOKOHHO ONTHUYECKHX CBETOBOAOB (cosmecmuo ¢ HI[BO
PAH), OHoakTHBHBIX MeMOpaH 2(O(PeKTHBHBIX (GHIBTPOB ANA BOTOIIOATOTOBKH (coemecmHo ¢
CITOI2TY «JIDTH» a TakKe HOBBIX KOMIIOSHIIMOHHBIX MAaTE€pHAIOB ¢ (DOTOXPOMHBIMH,
TTa3MOHHBIMH, CETHETORNEKTPHUSCKUMHA CBOMCTBAMH M €O CBOMCTBAMH MYIThbTHPEPPOHKOB,
oBNMafaroIMX OMHOBPEMEHHO SIMEKTPHUECKUM H MATHUTHBIM YITOPSAAOUYEeHHEM [ 1 @

MasypuH O.B., Pockosa I'.I1., AepraHor B.I., AHtporniora T.B JIgyxdasHele cTekna: cTPYKTYpa, CBOHCTRA,
rpuvereHHe / Tlon pen. B.I'. Bapmana. JI.: Hayka, 1991. 276 c.

2. Antporniopa T.B. TexHonorHa MOPUCTHIX CTEKON H IMEPCIIEKTHBBI MX TPHMEHEHHA ANA GHOXHMHYECKOTO
aHannza // B xH. : MccneoaHde, TEXHOIOTHA H HCTTOJE3 0BaHHE HAHOTIOPHC THIX HOCHTEIEH JIeKapcTB B MeHLIHHE. [lon
pen. B.AIIleruenko H ap. CaHkT ITerepGypr: XUMIT3TAT, 2015, C. 285+

T.B. AurtpornoBa, C.B. Kamunmna, T.I'. Kocteipera, LA, Jdpozgora, MH. AHdrmora. OcobGeHHOCTH
rpoilecca MONYYeHHd H CTPYKTypa MOPHCTHIX MemOGpaH Ha ocHoBe AByx(asHbix ¢rop H docdopcoaepxanx
HaTPHEBOGOP OCHIHKATHBIX ¢Teko // MH3HKa H XHMHA CTEKIa. T.41. Nel.C &%
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6. T.B. Antpornoga. OH3HKO XHMHYECKHE TPOLIECCH] CO3MAHHA TTOPHCTBIX CTEKON M BBICOKOKD EMHE3 EMHBIX
MAaTEPHAIOR HAa OCHOBE TMKBHPYFOUIHX IeI0THOG 0P OCHIHKATHBIX CHeTeM. JHc. 0KT. xan. Hayk. CIIG, 2005, 588 c.
.RQRIQ SQWURB RRD RMHRY&Q KHPLFDO GXUDELKRQWIDRIQW®EH LRIRIOXP ER
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10. Antporiosa T.B. HeopranHgeckiie QyHKIHOHaNbHble CTEKNO0OOpasyIOMIHE MaTepHalbl Ha OCHOBE
JHKBHPY IOLIHX HIeN0YHOO0POCHIHKATHBIX cHeTeM /! B KH. «CoBpemMeHHbIe Npobnembl Heop raHHYecKoH XHUMHID». [lof
pen. B.A. [Tlepuenko. Cankt IleTepGypr: ApT Jkcnpecc, 2016. C
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13. AntponioBa T.B. PasBuTHe cTeKonbHOTO HarpaBleHHA B HMHcTHTYTE XHMHH CHTHKaToB HM. I.B.
I'peGenmpkora Poccriickoi akageMuH Hayk // FICTOpHA HayKH H TeXHHKH. 2008, Ne 12, C. 10
14. Tlatent RU Criocof MOJMyYeHHA BBICOKOKPEMHE3EMHOIO TIOPHCTOTO CTEKNIAa ¢ MAarHHTHBIMH
cBoiicTBaMH / AHTpornoea T.B., AHdrmora MH., Jposmora M.H., Kocteipera T.I., TTonakora LT, ITmenko O.A.,
Cronap C.B.; 3agBm 05.12.2013; onyon. 10.02.2015, Bion. Ne 4.
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microfluidic devices / B xH.: MukpoduoHaHble CHCTEMBI AJA XHMHYECKOTO aHamiza. I[lom pemakipeii FO.A
3onotosa H B.E. KypoukuHa, Mocksa, @IT3MAJIAT, 2011, C.107
16. ITatent RU 2527308, BoJOKOHHO OITHYECKHH H3IMEPHUTENb Temriepatypbl / I'apuuer B. M., JMHTPHER
AL, Hukymenko E.M., Kotopa EJ., Antponora T.B., AHbumoBa M.H.; 3aasn. 27.12.2012; onyGn. 27.08.2014,
Brom. Ne 24.
17. ITatent RU 2474849, Crioco0 M3rOTOBIEHHA IUTaHAPHOTO BONMHOBoMa / AHTporioa T.B., AHumora ILH.,
Beiiko B.IL, I'pcora M.A., Koctiok I'.K., SAxosneB E.B.; 3aasm. 27.07.2011; ony6m. 10.02.2013, Bron. Ne 4,
IMaTenr 5 82515672. Crioco0 H3roToBIeHHA MHKpoorTHYeckoro pactpa / Koctiok K., Cepreer M.M.,
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20. ITatent RU 2605711. Crioco8 HM3TOTORIEHHMA JMIOMHHECLIEHTHOTO BHCMYT COEPKAIIEre KRapLIOHHOTO
MaTepHana Ha OCHOBE BbIC OKOKPEMHE3eMHOT0 TIOPHCTOrO cTekna / AHTtporiora T.B., T'upcora ML.A., AHdrHmoBa ILH.,
TonoerHa I'.@., Kypunerko JLH., @upctor C.B.; 3asa8m. 12.05.15; ory6n. 10.12.2016, Brom. Ne 34,
3aiBka Ha MaTeHT P® Ha m300peTeHHe Ne Criocof MONyYeHHA CTeKNTooGpasHoTo
BHCMy Tcomepskamere  dotomiomuHodopa / T'hpcosa MLA., Antporora T.B., Tomopuna I'.®., AnHdrnora ILH.,
Kypunenko JL.H.; 3aagn. 13.05.2022.
22. TTaTent 5 82756552, Criocol romydyeHHA GHOAKTHBHOH MeMGpaHbl GUIBTPa OCMOTHYECKOTO AeHCTRHA /A
BomoroaroToRkd / LpiradHora T.A., Paxamora O.B.; 3asaem 10.08.2020; onyGm. 01.10.2021, Brom. Ne 28,
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25. Ilarent RU 2594183, Criocof NoidydeHHA KOMITO3HTHOTO MyJIbTH(REppoHKa Ha oCHOBe (eppoMarHHTHOTO
MopHCTOTO cTekna / AHtporioBa T.B., ITmenko O.A., Audemora M.H., Jposgosa M.A.; zaapn 10.04.2015; omyGn
10.08.2016. Brom. 22.
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ONTHYECKHUE CTEKJIA CHEIUAJILHOI' O HASHAYEHHSA: KJIACCHGHKAIHIL
OBJIACTH ITPUMEHEHUA. ITPEAEJIBHBIE XAPAKTEPUCTHKH

ApOGyzop B. K.

Canrxm Hemeptypzcruii cocyvoapemee sl VHUeepcUme m paredancroil asuayui i A A Hoeuroea,
Canrxm Hemeptype, Poccua
AQ «HITQ Iocyoapemeennottl onmudecril uncmyumym us C. . Bagunoeay
Canrxm Hemeptype, Poccua
HPDLYOLDUE#\DQGH][ UX

7TKH OHFWXUH SUHVHQWY DQ RYHUYLHZ RI UFDW.IVWDIXYWR IFER
ODVHU JODVVHN RQLAK R EWMLNVDKEFHNY.IOMHWUY DQG ODVHUV DL

HaunGornee 3HaUMMONH 4acThIO ONTHYESCKHX MaTEPHANOB ABIAIOTCA CTEKIIA, HCIONb3YeEMBIE B
MPHOOPOCTPOSHHH CIEITHAITBHOTO HasHAUeHWA. JTO M ONTHYECKHE, W PaJHalliOHHO CTOHKHE, W
IBETHBIE, W NMa3epHble cTEKTa. Karamorm »THX cTEKON cofiepXkaTl JaHHBIE 00 MX (DH3HUECKHX,
XUMHUYECKHX, TEPMHUYESCKHX H ONTHYECKHX CBOMCTBaX, 4YTO IIO3BOIMET KOHCTPYKTOpaM ITpH
CO3Z[JaHUH TIPHOOPOB BHIOHPATh ONTHYECKHE MaTepHalbl ¢ TPeOyeMBIMH CBOHCTBAMH. Pa3BHTHIEC B
HAaY4YHO TEXHWYECKOM OTHOIIEHHH CTPaHBI BRITYCKAIOT BCE Ha3BAaHHBIE KIIACcCHl CTEKOIL, HO OOIIee
MPEeACTaBIEHAE O HIX MOZKHO ITOYYATh Ha IIPHMEPE CTEKON OTEYECTBEHHOT O ITPON3BOJICTRA.

Onruueckie cTériaa [1 + @K sromy KIaccy MaTepHalIoB OTHOCATCS HEOpPraHHYeCKHe
OecliBeTHBIE CTEKIIa. TeXHOTOTHA HX IOIYYeHHd JOIKHA O0eCIeYHBATh BBICOKYIO OITHYECKYEO
OTHOPONHOCTH FITOCTOIHCTBO MOKA3aTeNd MPEIOMIECHUA 110 BCeEMY 00BEMY OTIMBKH C TOUHOCTHEO
o 4, 5 gaxke 6 3HaKa MMOCIe 3araroi. OHM Aemarcd Ha 2 GOMIbIIHe TPYIIHI KpOHOB U (IHHTOB. B
HOPMAaTHBHBIX JOKYMEHTaX HX IIPHHATO TIPEACTaRIqdrh Ha JAHarpamme AOOe «IIoKa3aTellb
mpenomieHud Qe KoahduimeHT muctiepcu vif B 3aBHCHMOCTH OT PacloNOXKeHHI CTEKIa Ha
quarpamme AGGe pasmHUIaIoT CISAYIONNE munst CTEKON: merkue KpoHsl (JIK), dochaTHble KPOHBI
(DOK), Taoxensie dhocharHbie KpoHH (TOK), kpousl (K), 6apuToBbie kpoHH (BK), TaKemble KPOHBI
(TK), ceepxraxensie KpoHbl (CTK), ocobbie kpoHsl (OK), kpoHGmuHTH (KD), 6apuToRbIe QIHHTH
(BD), Taxenbie Gapuropbie GIHHTH (T BD), nerkne GauHTH (JID), GrmHTE (D), TOKeNbIe GIHHTH
(T®), ceepxtaxensie GmuHTH (CTD), ocodble GuuHTH (OD). B mpegenax KakAOro THIIA CTEKIIA
OTITHYAIOTCA APYT OT APYTa MApKaMi, KOTOPble 0003HaYaroTCa 00aBIeHHEM HOMEpPa K YKa3aHHIO
THIIa cTeKTa. OTeYeCTBEHHBIN KaTalloT ONTHYECKUX CTEKON HacUHTHIBaeT (olee COTHH MapoK, YTo
MO3BONAET CO37]aBaTh MHOTOIMH30BBIE OOBEKTHBBI ¢ BBHICOKHM KauecTBOM (HOPMHPOBAHHSA H
nepefayd u300paxkeHHd. CTEKITa THITa TEKETBIX (IIHHTOB HCIIOIB3YIOTCA B CMOTPOBBIX OKHAaxX
«TOPAYAX KaMep» I 3alllUTHL OIePaTOPOB KaMepPhl OT ASHCTBHA HOHUZHPYIOIIETO H3TYUEHH A

Hnga UK obmact pazpaboTaHbl ONTHUSCKHE XalbKOTEHHIHBIE CTEKTa > @ITHUIAIOIIHECT
OT OKCHIHBIX ¢TeKOI Gofee MIMpokoit obnacThio mpommyckanusa (ot 0.7 7o 17.0 MxmM

PaauanmHoHHO cToiikHe CTEéKIa > + (@ 3a4acTyio ONTHYSCKHE ITPHOOPHI JOMKHBI
GYHKIIMOHUPOBATh B PaJMallHOHHBIX TOMAX. OTO TIPHBOOUT K OKPAIlTHBAaHUIO CTEKOM H K
CHUKEHHIO TIPOITYCKAIOMIEH CITOCOOHOCTH OITHYECKOro IpHbopa. OOBMHBIE ONTHYSCKHE CTEKIIA
COXPaHAIOT ITPHEMIIEMYEO ITPOITYCKAIOIYIO CITOCOOHOCTh B BHIUMOM O0TacTH CIEKTPa TOIBKO IPH
SKCIIOZHIIMOHHBIX J03aX OONy4eHHI HOHHU3HPYIOINM H3TyueHHeM jo 10 P, Torma kak Hepemku
cIiy4an Oollee BBICOKHX PaJHallHOHHBIX Harpy30K Ha mpuOop. IlosToMy Hapgmy ¢ KaTallorom
OeCIIBETHBIX OINTHYESCKHX CTEKON B POCCHH CYIIECTBYIOT 2 KaTallora PaJHallHOHHO CTOMKHX
CTEKOIL KaTanor ¢crékon cepur «100» u karamor crékon cepuit «200 u H».IIpu 3ToM cTeKTa cepuu
© rcToluMBBL K Harpyskam no0 10 P, a crekma cepmit «200 uw H» +m0 10 P npu oGmydueHnn
ramMMa KpaHTaMH M HeifiTpoHamH (6ykBa H B HasBaHMH KaTalaora) BONBIMHMHCTBO CTEKONI OOBIUHOTO
KaTaJora HMEIOT PaJualliOHHO CTONKHE aHAIOTH ¢ TeM K€ XOJOM JUCIIEPCHOHHOH KPHBOH, B 5TOM
cIIyyae K HOMEpaM MapOK OOBIMHBIX CTEKOIN Ho0aBndercd, cooTBeTcTBeHHO, 100 wmm 200.Hannune
nap uiH Tpoek(Hampumep, K8 +K108 +K208) crékonm aHamorop MO3BONICT ONTHYSCKHH ITpHGOPD
TPakTaHCKOTO Ha3HA4YEeHHS TEPEBECTH B pa3pafl IMPHOOPOB CIEIHATbHOIO HA3HAYEHHA 3aMeHOH
JMH3 U3 OOBIYHBIX CTEKOI JTHH3aMH TOH e TEOMeTPHH W3 HX PaHallAOHHO CTOHKHX aHaJIOTOB.



I[IBeTHBIe cTékaa [10]. MHorue HaIpaBlIeHHI HAayKH H TEeXHMKH TpeOYIOT AN CBOESTO
(OYHKIMOHHPOBaHUSA CBETOQHIBTPOB ¢ H30HPATEIBHBIM IIPOIYCKaHHEM cBeTa B TpedyeMoM
IUara3oHe CTeKTpa. Takue cBeTOMHUIBTPhI M3TOTABIMBAIOTC H3 IBETHBIX ONTHYECKHX CTEKON. B
Poccnn ux mMapku 0003HaYaroTCd ONHOM WK JBYMA OYKBaMH, XapaKT€pPH3YIOIMMH IIBET CTEKIA
(TTO BU3YAIbHOMY BOCIIPHATHIO €10 OKPACKH ), M OYKBOH «C», COOTBETCTBVIOIIEH CTIOBY CTEKIION, a
TaKKe HOMEpOM CTeKlla. Karanor ONTHYeCKHX CTEKON CONepPAWT ONHcaHHe Oolee MapoK,
CTEKIIa B HEM pAcIIONaraloTcs B CIEeMYIOMeM TMopsake: yibTpaduoneTopsie (YOC), ¢pHONETOBBIE
(DC), curme (CC), cuHe 3enenble (C3C), 3enensie (3C), xemro seneHble (JK3C), xentoie OKC),
opamxkepble (OC), xpacHble (KC), undpakpactsie (MKC), myprnypasie ([1C), Heftrpampubie (HC),
rémubie (T'C), 6empie (BC) ¢ pa3muuHOi MpormycKarotieit crocobHOCTRIO B YD 06IacTH CIeKTpa.

OnTH4YecKHe IBETHBIE CTEKIA HCTIONB3YIOTCA B KadecTBe CBeTOMUIBTPOB B (hotorpadiu u
KHHEMATOr padhHH, KOTOPUMETPHH, (OTOMETPHH U CIIEKTPO(HOTOMETPHH, ONTHYECKOH TTHPOMETPHH,
CHUTHATBHBIX CBETO(MHUILTPOR (OeNbIit, CHHMM, 3elIeHbIH, KelTHH, KpacHBIH) a Takke B 3aIlfUTHBIX
OYKax 3IEKTPOCBapIIHKa H B O4YKaxX I OclablIeHHd COTHEYHOTO CBETa WIIH CBETa OYeHb SAPKHX
HCTOYHHKOB CBETa, B CHCTEMaX IIBETHOTO OCBEINcHH4... BO MHOTHX 3ajjadax BaKHa <MHCTOTa»
BBIJICTICHH OTACTbHBIX CIIEKTPaIbHBIX IHMHHUH, M4 YerO0 M3 HECKOMBKHX OTIENbHBIX (DHUIBTPOB
YT EM CKIIEHBAHH A CO3AIOTCI KOMOHHHU POBAHHbBIE CBETO(HUITBTPHI.

JlazepHble cTérjaa > (@ moMeHTa CO3MaHHA Nasepa Ha KpHUcTallle PyOHHa YUEHBIE
Pa3HBIX CTPaH ITBITAIHCH MOTYYHTh TeHEPAllHIO CTHMYIHPOBAHHOTO W3TYUEHU A Ha JJIHHAX BOIH H3
BO3MOKHO 0ONee IMUPOKOTO CIEKTPAIbHOTO JUalla30Ha Ha aKTHBHBIX DIIEMEHTAX, W3TOTOBIEHHBIX
W3 CTEKON, aKTHBUPOBAHHBIX (B TIOPAAKE BO3pPAacTaHHA IIMHBI BONMHBI TeHepaimu) *G  7E
<E 3U 1G (U 7P +R.Ilpu sromM, Kpome cTEKON ¢ OJHUM U3 YKa3aHHBIX aKTHBATOPOB,
HCCIIEIOBAINCh TaKKe U CTEKNA ¢ ABYMA aKTHBAaTOpaMH, HallpUMED, UTTepOni 3pOneBble OHAKO
HauOomee MMPOKOe IMIPAaKTHYLCKOE ITPHMEHEHHE HallDIH HEOJHMOBBIE U 3POHEBbIe CTEKIA B JTasepax
I TaTbHOMET PHH, JTOKAI[MH, MEAHIMHEL. .. Ha ocHOoBe (hochaTHBIX HEOTUMOBBIX CTEKON CTPOATCS
MOITHBIE BBICOKOSHEPTETHYSCKHE YCHIMTENbHBIE YCTAaHOBKH JJI4 IIPOTPaMMbl  YIIPABIAEMOTO
Ta3epHOTO TEPMOSACPHOTO CHHTE3a, TSI HCCIeNOBaHHN B OO0MacTH (PU3HKHM BBICOKHX SHEPTHI,
GUMKH B3aHMOACHCTBHS Ta3ePHOTO M3MYUEHHA ¢ BEMeCTBOM. OJHO M3 TTABHBIX TpeGOBaHUM K
JTa3epPHOMY CTEKIY *BBICOKHHM KBAaHTOBBIH BBIXOJ JTFOMHHECIEHI[MH, KOTOPHIH B CIIy4ae CTEKOIN C
HEOJHMOM, HTTepOHEeM, 3pOHeM JOCTHraeTcd CBEPXAKECTKHM 00e3B0KHBaHHEM PaciiiaBa CTEKIIA.

BeciigetHoe onmuueckoe cTekno. Katanor pon pemakuueii I'. T. ITetporckoro // Mockra: JoM ONTHKH.
+134c.
«Ormueckoe ctekno/OptischesGlas. Katanor CCCP/DDR ./ Mockga: MammpuGop.
Apbyzoe B.H. OCHORbI MPaKTHIECKOH CITEKTP OCKOITHH OITTHYECKHX MaTepHanoB. Y uyeGHoe nocobue // M3,
Yarpepcurera MITMO, Caskr ITerepGypr, 2015, £ c
XanskoreHHAHbIE OnTHYeckHe cTekia A MK obmactd criektpa. & KDOFRJHQLGH R S@QILFDWH GO D
U H J K&Rq@or // Caukr ITerepdypr. TOM. HUTHOM. OO0 «Crekno I'OM».
Apbysoe B. H. OCHOBBI PajMal[HOHHOTO OITHYECKOTO MaTepHANOBEAeHHA. YueGHoe mocobie. CaHKT
IlerepGypr: M3m. MTMO. 2008, +284 c.
OrTpacnegoii ctanmapt OCT 3 85 «Crekno ormideckoe. Meton onpefiefieHHs pafHalHOHHO
OMNTHYECKOH ¥CTOHUHBOCTID.
Pykopopgamuid TexHH4YeckKHid matepHan PTM 3 70 «CTtekno onmHdeckoe cepHd 100, PajualHoHHO
OIMTHYECKAadA YCTOHIHBOCTD K TaMMa H3ITy UeHHIO.
OTpacnesoii craggapt OCT 3 81 «Crexno onmHyeckoe cepHH 100. PeHTreHOBCKHIH MeTof| OITp e eleHHA
pajHALHOHHO OMTHYECKOH ¥ CTOHIHBOCTI.
OrTpacnegoli ctangapt OCT 3 70 «Ctekno ornrHdeckoe ceprd 200 1 H. PajuaiiHoHHO onmHYecKas
YCTOHYHBOCTBY
LlgeTHOE OMNTHYECKOE CTEKIO H ocobble cTekna. Katanor rmon pemakipieii I'. T. ITetporckoro // MockBa:
JloM OINTTHKH. r + c
$UEX]RY 9 , ILNRQRURY 1 9 1HRG\PLXP HUELXP DQG \WWHUEL
6HULHY LQ (OHFWURQLF DQG 2SWLFDO ODWWWDMMNHY O DXPMBENWW I8 B WHDU) G
DSSOLFDWLRQV"™ 2[IRUG &DPEULGJH 3KtODGHOSKLD 1HZ 'HOKL 3



BUOAKTHUBHBIE MATEPUAJIBI BCUCTEMEZ Q 32 «£A 32 )
CAA 06,2 AJIAITPUMEHEHUA B CTOMATOJIOI'NMA

Apmurnosa M., Ham T.

Teure HMCKUN XUMUKO TEXHOTOZHYeC KU UHCmumym, Y30eKucman
HPDLODULSRYD #\DWICHBOBRP#PDLO UX

7KHLP Rl UHVHDUFK LV SDAVYDGHRIHERSQM REOLYV ,RQ RMEZU* @B WM C
EDVHG@Q +Ca 32 ) +Ca$®L2 VI\VWIHPBQDO\VLV RI EWNPBSKDWLF
SURSHUWLHV

Tema CTOMATOIOTHYECKHX MAaTEpPHAIOB BaKHEHINIMK acIleKT BOCCTAHOBHTEIbHOH
CTOMATOIIOTHH. 3TO CIIOXKHBIA TIPEAMET, MOCKONBKY OH KacaeTcd He TOIBKO MEXaHWYECKHX H
XUMHYECKMX (YHKIHI, TO €CTh MMPOYHOCTH M TOKCHYHOCTH, HO U GHOCOBMECTHMOCTH. DTO TakKke
BKIIOYAET COOOPaKEHHUI ICTETHKH, TaK KaK Bce OOMIbINe W OONbINe TPeOyeTCd TOYHBIX COBITaJcHHI
IUI BHEIHETO BHAAa €CTeCTBEHHOTO 3y0a, IMOCKONBKY TAIMEHTHl 03a004YeHBl KOCMETHYESCKHMH
acTieKTaMH BOCCTAHOBTICHHA 3y0a, IO KpaitHelt mMepe, B TOit Ke cTeleHH, uTOo M (QyHKIIHeH
PazpaboTka Hay4yHBIX M TEXHOIOTHYSCKHX OCHOB cHHTeza CHI] mpefcrapinder Hay4yHBIA H
MpaKTHYESCKHIT HHTEpec, IO3BOIIONIMKA  IMONYYHTh MaTepHall ¢  IIPOTHOSHPYEMBIMH H
PETYIIMPYEMBIMH CBOHCTBaMH.

Hcxomga w3 maHHBIX OBIT TIPOM3BEIEH CHHTE3 HOBBIX CTEKON cHeTeMbl =Q32
Ca 32 ) £a$@B 2 a rakke CpaBHUTESIBHBIA aHAIH3 ¢ TEOPSTHUYSCKUMH JaHHBIMH.CHavama
TIPOU3BOMIITH CHHTE3 36 COCTaBOB CHCTeMHI cTekonm = Q32 *£a 32 ) £a$ B2 Crexma
OBITH TIPHTOTOBIICHBI ITYTEM CIDIABICHHS OTHX KOMIIOHEHTOB B KOPYHIOBBIX THITIAX, IIPH
TeMIleparype IaplieHnd 145 f &locle mapneHnS H o0eclieueHH S ITOITHON TOMOTEHHOCTH CMECH
TIPH TIOBBIIIEHHON TeMIlepaType paciviaB OBICTPO OXIazKIalld, BBUIMBAd €r0 HEMOCPEICTBEHHO B
Boxy. B pesymbpraTe ofpasoBanachk cTeKIIMHHAd (PUTTA, COCTOAINAI H3 OONBIMNX KYCOUKOB CTEKIIA.

B pesynbraTe TMONYYHIIH CTEKIa pPasMYHON CTPYKTYPBL. HeEKOTOpEle HEeMOHCTPHPYIOT
CTEMeHb pasfieneHua (a3, KoTopad MPUBOAMT K HEMPO3PauHOCTH, TOTAa KakK APYTHEe He HMEIOT
BHIHMOTO pasfielieHHd (a3 v BRITTIAAT TTPO3pauHBIMH (pHC. 1).

Cas(T04):F
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PucyHok 1. O6nacTs cTeknoobpasoBaHua B clcTeMe = Q32 +& D32 )+& D $622

Brina BBISBIEHa 3aKOHOMEPHOCTB, UTO CTeKIa, TMONMYyYeHHBIe M3 OGONBINETO CONepKaHHI
dbTopuma, UMEIOT YITYUIIEHHYIO MPO3PAYHOCTh, YTO TOATBEPKAACTCA TEOPETHUSCKUMH TaHHBIMHU
':LOVRQ DQG OF/HAD®aunr, »>TH cTeKNa MOTYT CIYAWUTh 0aszoit md co3maHHI
PecTaBpaIOHHOTO IIEMeHTa B JATbHEHITIEM ¢ HYKHBIMH 3CTETHUECKUMH XapaKTePUCTHKAMHU.



V3VUEHHUE CBOMCTB H CTPYKTYPBI IOMAHECITEHTHBIX CTEKOJI
H CUTAJUIOB, CHHTE3UPOBAHHBIX C HCITIOJIb30BAHUEM
KPEMHHH OPTAHHYECKHX COEJMHEHHUH

baGaxanopa 3.A., UOparnmosa O.

Tenuresme Kult XumvuKo mexronozuve crkuil upcmumym, Tanrenm, Y30exucman
HPDLO JHER EDEDNKDQRYD#JPDLO FRP

2Q WKH EDVLV RI RUJDQR\WQVOK ARWQRMR PERKXK QKDAWRPE RO NVWRR
%DH@ /DNWDQGC BUBOIDBZLWK GXDO SKRWRHPLVVLRQ SURSHU
VSHFWUDO UHJLRQV

[MocnemHue TOMBI B CBA3H ¢ OBICTPHIM PasBHTHEM ITH(POBOTO TEIEBHACHHU, Ta3epoB, GhoTo,
Karofo M DIEKTPOMOMHHOQOPOB  TOSABMIOCH  MHOXKECTBO  PaspaboTOK IO CHHTE3Y
TFOMHHECIEHTHBIX MaT€PHAIOB HA OCHOBE AIOMHHATOB, AIFOMOCHIIMKATOB, TallaToOB INEITOYHO
3€MENPHBIX METAIIOB, M3IIYYAIOIMX BO BCEM JHAlla30HE BHAMMOIO clieKTpa. OmHaKo 3amada
TONY4YeHHd TIOMHHOGMOPOB ¢ BBICOKOH APKOCTBIO H CBeTOOTHaueH, 0COOSHHO B CHHelt 00IacTH
CTIEKTpa, a TaKkKe MOMHHO(POPOB CO CBEUECHHEM B HECKONBKMX OONACTIX CIEKTpa, ABIIETCI TI0
MIpEeKHEMY OYEHb aKTYaITbHOH.

TexHOIOTHA CHHTE3a METONOM KOHTPOIHPOBAHHOTO IIHPONH3a € HCIIONB30BaHUEM
akTHBHBIX ~ HamomHuTeneH «Active )LORRQWUR O OH G 3\U RO VviiaV snepebip & 2 3
MpeioAKeHa I TIOMyueHHA (YHKIIHOHATBHBIX MATEPHAllOB H KOMIIO3HTOB B padore Greil.
[lpuMeHeHHE  CHIIMKOHOB  (TIONMMCHIIOKCAHOB, TTOMHKAapOOCHIOKCAHOB, TOMHKapOOCHIIAHOB,
MONMCHIIA3aHOB, TOMHOOPOCHIIa3aHoB, IMONMHOOPOCHIOKCAHOB TIO3BON4ET € OTHOCHTEIBHOH
JETKOCTBIO CHHTE3HPOBaTh TEXHHYECKHE MaTepHalbl cO CBM3AMH S1+1+6L 846 L BE1+6L
(CHITaHbI, CHITOKCAHBI, CHIIA3aHBl M Jp.), TBepHOoda30BbIil CHHTE3 KOTOPHIX TPeOyeT 3HAUUTEIBHO
BBICOKHX Temmeparyp o6paborku (Beitie 1600 ). OCHOBHOE TNPEHMYIECTBO HCIOTb30BAHHA
CHIIHKOHOB B CHHTE3€ TEXHHWYECKMX MAaTEPHAOB * 3TO BO3MOKHOCTh KOHTPOIA COCTaBa
CHHTE3UPYEMOr0 MaTepHana, IPOcToTa W YIIPAaBI4eMOCTh CHHTE3a, BO3BMOKHOCTh HCITOIIb30BAHN A
BCeX BHAOB (POPMOBKH (JINTBEBOTO, TIIACTHYECKOTO, TTOTYCYXOT0, CYXOT0 TIPECCOBAHH A, SKCTPY3HH
u ap.). [Ipu 3T0M B MeTONe KOHTPOIMHPOBAHHOTO MTHPOIH3a BO3ZMOKHO HCIOMbh30BaHHE HHEPTHBIX U
aKTUBHBIX HATIOTHHUTEIEH.

Bombiiioit HHTepec MPeACTaBIIIOT PabOTHI IO CHHTE3Y ABYXIBETHBIX MEKTPOTIOMHUHO(OPOB
Ha ocHOBe N 6L6L2(X6L2IIO co cBeucHHEM B KpacHOH H CHHelf 0OmacTdx CIeKTpa.
JBolicTBEHHOE CBEUEHHE B OTHX MaTepHallaX OOSCIIeUHBAIOT MEPEXOABl BHYTPH IIeHTpoB Eu u
(X . IlpumMeHsIeMble METOMBI CHHTE3a TFOMHHECIICHTHBIX MaTepHaloB +TBepnodha3oBbiit U 301b
Telhb TEXHOMOTMH. [IpudeM 3a4acTyio NS TONMYyYEHHS BbICOKO3()(EKTHBHBIX TIOMHHOGMOPOB
HeOoOXOAUM CTPOTHH KOHTPOIb CPEAbl M HAJIMYHE PEareHTOB BBICOKOH CTEIIEHH OUHCTKH.

OnektpoHHad KoH(urypamma Eu [Xe]df G V' cBHAETENBCTBYET © BO3MOXKHOCTH
SIEKTPOHHOTO Nepexofia Mexay D u F momypopHamu. [Ipu BKIFOUEHWH B MATPHILY OKCHIHBIX
MaTepHANOB JABYXBAeHTHOTO WIH TPEeXBaJeHTHOIO €BPONHS BO3MOXKHA (POTOAIMHUCCHS B KpacHO
oBnmacTH CreKTpa, cBa3aHHad ¢ ( X , a Takke B cHHelt 06IacTH +4TO CBA3aHO ¢ HATHMYHEM HOHOB
(X . Obecrieunpad HaM4He HOHOB €BPOMHA B PasIHUHBIX CTEMEHIX OKHUCIEHHA BO3MOMKHO
TOITY4YeHHE ITFIOMEHECIIEHTHBIX MaTEPHATIOB CO CBEYEHHEM B Pa3IMYHBIX 00IAacTIX CIEKTPa.

g cHHTe3a IMOMHHECIIEHTHBIX MATEpHaloB, aKTHBHPOBAaHHBIX HOHAMH €BPOITHA COCTaBa
6U$2 /D %2 Gl HCIONB30BAHEl PEAKTHBHBIE MaTepHalbl: METHI MoimMcHIokcaH O .

6,/5(8 :DFNHU&KHPLHX@EKHHU PDRS® QDbD,Q5 QP(YRQLEMUPDQ\
+ %2 531RUPDSXaUBH2PLFUR 7266,/D2 PLFWBWRIPEOGULFK&XHP

86%u (X2 QDQRXULW\ QP &RPHWRDGOD,Q/ BOOAUT 06pasiiop
ocymmecTpiancs mpu 1000, 1100 u 1200 °C B TeueHmm 2 4. (peskMM HarpepaHms 5 R&MHH.) B
TpyOuatoit meun. OOGpasil H3y4aHCh Ha cHeKTpodmoopomerpe FP -$6&2

000pYIOBaHHOH Xe JaMItoi. OmMHccHd HaOmromamack mpH 612 u 450 HM, TIOMHHECHEHTHBIS



CTHeKTPhl (DHKCHPOBAIHCh B JHamazoHe Mexny 320 go 700 M. PenrreHogasoBBIM aHam3
ocymmecTBamm Ha audpakroMerpe % U XNHU $6'Y D Q4F-UHX N H U P Du@a\pactimd poBka
PEHTTeHOrpaMM HCIonb30paHa mporpammva M DWFRKURJUDP S BRENDWI O, P SODRFEOWI E S
*H U P D QrpoecHHe U CTPYKTYpa MaTepHallOB H3ydyanach ¢ TOMOITBIO METOfa CKaHHPYIOIIeH
SIEKTPOHHON MHKPOKOIHH. MCIONb30BaH CKaHHPYIOMMH AMeKTpoHHBI Mukpockon (Carl ZHLV YV
lepmaHua) ¢ DHEPTO JUCTICPCHOHHBIM  3JIeMeHTHBIM  aHammzaTopoM (Oxford Instruments,
BennkoSpHTaHH ).

Tepmoob AJIOMOCHITHKATHAA
TLiaBiieHHe, AmoMo Gopo paboTka dasa, ccomep (X
ORCHIBI o CHIIHKATHOE °C
CT eRJI0
BopatHaadasa, ¢
comep (X
Kpemvuui
OpraHHYecKHe
OmHocTamIiHAL TepMOOGpaboTK
COCMHHEHIH o P oC P & ATIOMOCHITHKATHASA
daza, ccomep (X
PeaxkTHEHBbIE
HAIOJIHHT eJTH BopamHaadasa, c
(BKJL O00paTHyIO cogep (X
KHCJIOTY)

Puc. 1. Cxemamideckoe H300p a:KeHHe Mpollecca Moy YeHHA JTIOMHHECLIEHTHOTO MaTepHATaMeTO0M
KOHTP ONIHPORAHHOT O CHHTE3a Ha OCHOBE CHIIHKOHOR (0) B OTJIHYHE OT TPaAHLIHOHHOTO METO[a MOJTy YeHHA
CTEKJIOKPHCTAINIHYECKOTO MaTepHana (a).

OrrruManbHbIE PE3YIILTATHI TTOKa3am CHHTE3HPOBaHHBIE IpH 1100 °C
CTEKITOKPHCTAIIHYSCKHE MaTepuamsl cocTaBa 6 U $602 /D % 2 akTHBHPOBAHHBIE HOHAMH
eBPOITHS, ¢ CHITBbHOM (hoTOMIOMHHECIICHIIHEH B KpacHOH 00MacTH H YMEPEHHONH TIOMHHECIISHITHEH B
CHHeH OO0ImacTH cIlieKTpa. BBelcHHEe B cOcTaB MaTepHAlOB KPEMHHHM OPraHUYECKHX COSTHHEHHWH
CTIOCOGCTBYET  CO3MAHMIO  ¢Mado BOCCTAHOBHTENBHOM aTMocephl H  TO3BONAET TIONYYHThH
KOMITO3UTHI ¢ ABOHHBIMH TepeXofaMHi 1B 00ITacTH KPaCHOI'O M CHHETO CIIEKTPA.

Curres maTepHanoB cocrtaBa Ba$ 612 /D % 2mpu 1000 + °C ¢ HCITIONb30BaHHEM
CHJIMKOHOB TIOKa3all, IIPH 3THX TeMIlepaTypaxX IPOHCXOINUT 00pa30BaHHE MHOTOKOMIIOHEHTHOTO
MaTepHala ¢ OCHOBHBIMH (hazamH GapHeBOTO IIeNb3HaHa M opTofopara MaHTaHa. ONTHMAIBHBIH
pe3yIbTaT ObII  TIOMY4YeH  TpH  TepmMooOpaloTKe  ITIpH 1000 £, TOTYYCHHBIH
CTEKITOKPHUCTATIIHYESCKUI MaTepHal Takke 00manacT ABOHCTBEHHBIMU CBOMCTBAMH (HDOTOSMHCCHH B
KpacHOH M CHHEN 00TaCTH CIIEKTpa.

CHHTE3HpOBaHHBIE MaTepHallbl MOTYT OBITh PEKOMEHIOBAHBI I HCIIONB30BaHN A B KaUECTBE
MOMHUHOGMOPOB, TIPH TIPOM3BOJCTBE IUTA3MEHHBIX, KaTOMOMIOMHHECI[CHTHBIX HWHIMKATOPOB M
HHJMKAaTOPHBIX TTaHETEH, a TakkKe B Na3epHOH TexHuKe. [lomyueHHBIe 00pa3ibl TFOMHHECIEHTHBIX
MaTepHanoB >(QQGEeKTHBHO M3TYYAIOT B BUANMON OOIAcTH CIEKTPa H MOTYT NPHMEHATHCA TaKKeB
MIPON3BONCTBE MFOMHUHECIICHTHBIX KPACOK H CTPOUTENBHBIX MaTEPHAIIOB.



MHOI'OKOMITIOHEHTHBIE XAJIBKOI'EHH/IHBIE IIJIEHKH
KAK HOBAA I'PYIIIIA XUMHUYECKHX CEHCOPOB

baiigaxos JI.JI.
Canrxm HemepOypzc kil cocyvoapemee b IecOMexHuNec Kuli YHueepc umen,
Canrxm Hemeptype, Poccun
HP D LFKX H P ZZARUROP EWXH U

7KH HOHFWRBRHAWHW LHYV RILEKBEMAHF R WMWKGLGHG 7KH ORZHU GHWHF
PRO / ZKLOH WKH 1HUQVW UHJLRQ RPRMXH HOHFWURGH IXC

BriepBBle MONMYYeHBl MeAb CBHHEL[ cepeGpo KaaMmuil M IMHKCEIEKTHBHBIE SIEKTPOIBI Ha
ocHOBe TmeHoK 3E®J6$V6 3EBI,$V6 &X3E,$V6H &X$J,$V6H 3E,$J,

$V6H &G ,3E,$V6H =Q 3E,$ V6 HocaxmeHHEX H3 pacTBOPOB XalbKOT€HHIHBIX CTEKOI

B H OyTHIIaMHHE

YCTaHOBIEHO, 4YTO HWKHHH Iipefiel OOHapyKeHHd KaTHOHOB g OOJBIIHHCTBA
HCCIIEJOBAHHBIX CEHCOPOB papeH 10* MOTMB/I, a HepHCTOBAa OOHACTh 3BNEKTPOSHOH (GYHKIHH
cocrapmsgeT 10+ £ * mome/m [1].

Xapakrep 3MeKTPOAHOTO OTKIIMKA TIEHOYHBIX XHMHYECKHX CEHCOPOB B BOJHBIX pacTBOpax
TO3BONIET 3aKIFOYNTh, YTO TUICHOYHBIE SMEKTPOIBI MPaKTHYECKH HE YCTYIAIOT XallbKOT ¢HUAHBIM
CTEKIISIHHBIM H KPHCTAINIHYSCKHM CEHCOpaM B H30HPaTeIbHOCTH.

C TIOMOINBIO PEHTTCHOBCKOHM (OTORNMEKTPOHHONH H OKe DIeKTPOHHON CIIEKTPOCKOIHH
H3YUYECHO BAJEHTHOE COCTOJHHE aTOMOB MeIH M JOKas3aHa IPHMEHHUMOCTh MOJSITH H3MEHEHHOIO
TOBEPXHOCTHOTO CHOA A OOBICHEHHI HOHHOW YYBCTBHTEIIBHOCTH XAIbKOTEHHIHBIX TLIEHOUHBIX
CeHCOpoB [2].

Ta6mia 1. KoabdHipieHTs! CeTeKTHRHOCTH . ¢ x IUIEHOYHBIX 2TekTpogoR & X, $J, $V6H
Memaronmii Chs, MOJIB/II No anekTpoga
KaTHOH
K
Ca
3E
)H
0Q

1. Bbabipakos J.JI, IllkoneHHkoB E.B. BnexktpoaHbie cBOHCTBa TaloreHHIXalbKOTEHHIHBIX CTEKON H
aMopPGHBIX TUTEHOK, MOy YeHHBIX METOH0M XHMHYECKOTO HaHeceHHA // OH3HKa M XHMHA CTeKIa. T.44. Ne 4.

C

"/ %DLGDNRY <X 7 9LJUDQHQNR 2 3 O9®YOMHIHYD6DMDEV H R J /&REBSBHLU
$V6H&KDOFRJIJHQLGH )LOPV DQG OHPE UDQEH 6 KB VWIFHH &(FOMHIFRWMLRG R\Q $-FIF FRUYX
; 5D\ SBKRWRHOHFWOR®WWR $XKTHERWURVFRS\ *ODVV 3K\V DQG &KHP

CTEKJIOOBPA30OBAHHIE B EOP U KPEMHHIICOJAEPKAIITX KOMITIO3AIHAX:
KHHETHKA U TEPMOJHHAMHKA

banbkopckad M.b., Konmoeepraos /1.B., Hukomaes A.H.
Hucmumym xus cumuramoe st H B, Ipebenupuroea, PAH, Canrxm Hemepoype, Poccua
HPDLWAEDQNRY#JPDLO FRP

7KH VWXGDWRY IRUPDAWURIQGO®REFU W RPSRVLWLRQV PRGLILHG
SDUWLFOHV RI R[LGHVY DQG FDUERQ PDWHULDOV LV FDUULHG

B cucremax kpemHuit + Gop + OOpHI IIMPKOHHWI W KpeMHHH = KapOuja Oopa Hopuj
IIUPKOHUA IIPH TepMooOpaboTKe B BO3AYIIHON cpelie IpH 550 =+ [ momy4yeHsl MaTepHAaIIbL 110
3HeprocOeperaroIled TEXHOIOIHH, TOCKONBKY yi&e IpH 550 +600 °C Ha IOBEPXHOCTHOM CIIOE



dbopmupyerca L @ L WeXmooGpasyrompii GOpOCHIHMKAaTHEIM pacimaR Ha ocHoBe Si0 u B 2
KOTOPBIN TPH OXJTAKICHHA CITOCOOCTBYET CIIEKaHWIO 00pasioB. [[0AIMOBEPXHOCTHBIN CIIOH COCTOMT
W3 HEOKHCIICHHBIX M YaCTHYHO OKHCIIEHHBIX HCXOJHBIX KOMITOHEHTOB. CIIOH, TPHUIIEraIOHi K
MOATIOKKE, TIPEACTABIAET OO0 HEOKHCIIEHHBIE HCXOIHBIE KOMITOHEHTHL > @

H3yueH (azoBbii cocTaB MOBEPXHOCTH KOMITAKTHBIX OOPAsiloB M TOKPHITHI, TPOBEICHBI
TePMOJMHAMHYSCKHE PAacUEThl BO3MOMKHBIX PeaKiii, NPOHCXONAIINX IIPH TepMooOpadoTKe
marepHalla. C HCIONB30BaHHEM METOAa AKYCTHYeCKOH DMHCCHH YCTAHOBIIEHA IIPOYHOCTH
CIIETUIEHHUA TIOKPBITHA ¢ TIOMIOAKOH U3 TpaduTa.CHHTE3HPOBaHHbIE KOMIIOSHIIMH HCIBITAHBI B
KauecTBe 3alllUTHBIX TOKPHITHH Ha TpadHT H BRICOKOTTHHO3EMHYIO KepamuKy (BI'K) IlokpriTHe
HAHOCHITH CYCIIEH3HOHHO OOKHTOBBIM MeTOfoM Ha rpadut mapku ['M3 u BI'K mopucrocthio 20%.
3TOT MeTOJ, OCHOBAaH Ha IIONMHOM HWIIH YacTHYHOM OIUIaBIIEHHH MaTepHalla ITOKPBITHA Ha
MOBEPXHOCTH TTOIIOKKH.

OmpeneneHa MOpQOIOTHSA TOBEPXHOCTH TIOKPHITHI Ha ocHOBe 6L %& =U %
YCTAaHOBJIEHa X T'eTepOreHHad MHUKPOCTPYKTypa. Hapgamy co cTexnoo0pasyrolliM paciilaBOM Ha
ocHOBe 6L 2 %2 $ duxcupytorca u F=U2 P =U2a takke =U 6 UIpu cpaBHeHHH
PE3YIIbTaTOB KHHETHKH OKHCIIeHHA O00paslop ¢ MOKpeITHaMH Ha BI'K u Ha ['M3 Opuro
YCTAHOBIIEHO, 4TO IpH HcrbiTaHuu pr 1000, 1200 u 1300 °C B TeueHre 90 MMHYT IIPHPOCT HE
npeppmiacT 20 wmr/cM [IpH MOTHQHIIMPOBAHHH H3YYaeMBIX KOMITOSHIMMIT HaHOPasMEPHBIMH
YacTHIIAMH OKCHAOB aIOMHHH4 MW IMPKOHHA IIONYYEHBI MaTepHallbl ¢  YIIYYIIEHHBIMA
MeXaHHYeCKUMH cBoiicTBamu [3]. Tak TpH BBeJeHHH HAHOPAa3MEPHBIX YACTHI[ ATIOMHHHA
$Q@ =U2moaymp YIPYrocTH KOMITAKTHBIX OOpaslloB YBeTHYHBacTCAd Ha 12 %, a Ipefen
TPOYHOCTH TTpH U3THOE Ha 34 %

ITateHt P® Ne 2471751 onyGi. 10.01. 2013 Bron. Ne 1. Crioco6 Moy ueHHA 3al[HTHOTO TOKPBITHA H COCTAR
MIHXTHI 1A 3aMHTHOTO [TOKPBITHL.

ITatent P® No 2613397 omyon 16.03.2017 Bron. Ne 8. Crioco6 H3TOTOBIEHHA 3alHTHOTO MOKPBITHA H
MIHXTa AN ero oCyIec TBIEHH.

ITatent P@ No 2778741 omy6n. 24.08.2022 Bion Ne 24, Criocol NMPHrOTORNEHHA IMHXTHI A7IA OV YeHHA
TeMIIepaTy POy CTOHIHEBIX MaTEPHAIOB H [TOKPBITHH Ha ocHoBe cHeTembl 6 1% & = U %

OCOBO YHCTHBIE CTEKJIA HA OCHOBE XAJIbKOI'EHUJOB 'EPMAHH A
U I'AJUVIMA 1A OIITUKH CPEJHET'O HK THAITA30HA

Bensmyxos A.IL

Hucmumym Xusin eblcorosuc mutx eeecme une LI Heeamorx PAH Huowenuii Hoezopoo, Poccua
HPDLYHOPX]KRY LFKSV#PDLO UX

OHWKRGSUHSWDUDWLB®UEKKQFR IHO@MIHWKKG URIAOX ULWLHV
SSP DW R[\JHQZW EEB®HURJHQHRXV SFM ERWIHREDNHQ GHYHOI

XampKoreHUHbIe cTeKna (XC) gBIqroTcd MePCeKTHBHBIMH ONTHYECKHUMH MaTepHalaMH.
Onn 067afaroT IMPOKOi 06IIacThIO IMPO3PAadHOCTH B cpemHeM MK muamasoHe (BIDIOTH 70 35 MKM
[1]), BBICOKOH HEeMMHEHHOCTHIO ONTHUYSCKHX CBOMCTB, MOBHIINEHHON XUMHUESCKOH YCTOHUMBOCTHIO
M0 CPaBHEHHIO ¢ KPHUCTAUIHYECKUMH H CTEKIIO0OPasHBIMH MaTepHalaMH Ha OCHOBE TalloTEHUIOB
METaJUIOB JTO MO3BONAET HCIONB30BaTh XC I M3TOTOBIEHUSA ONTHYESCKHX YCTPOHCTB CHCTEM
0e30MMacHOCTH BOEHHBIX JIETATEIPHBIX allllapaTOB, CHCTEM BBICOKOTOYHOIO HaBEICHHI Ha
CTallHOHAPHBIE H JBIKYIMHECH IETH, BHACOHAOIIONEHHA OXPaHAEMBIX OOBEKTOB ITPHOOPOB
HOYHOTO BHJIEHHA J14 BOSHHBIX M T'PaKIaHCKUX IPHMeHEeHWH H T.A. MHTeHCHBHOE IOTIIOIIEHHE
n3nydeHHd B oOmacTH 2 45 MKM OONBIMMHCTBOM OPraHHYSCKHX W HEOPTaHWYECKHX MOIEKYID
TIO3BONSAET H3TOTABIHBaTh Ha OCHOBEe XC BBICOKOYYBCTBHTEIIBHBIE aHAITH3ATOPHI I OOHApYKEHHI
TOKCHYHBIX, HAapKOTHYECKHX W B3PBIBUATBIX BEIECTB, OCYINECTBIEHHSA HEMPEPHIBHOTO KOHTPOILSA
COCTOSHHUSA OKPYKAFOIIEH Cpelibl B TOPOax, Ha MPeATPUATHAX M IPHPOJHBIX 00beKTaxX [ @



[TpenmytecTBaMH CTEKON Ha OCHOBE XallbKOT€HHIOB FepPMaHH M Tallllng 110 CPaBHEHHIO ¢
JPYTHMH XallbKOT€HHIHBIMH CTEKIIOO0Opa3HBIMH MATepHallaMH ABIIIIOTCA BBICOKHE TEMIIEpaTyPHL
CTEKIIOBaHU4, OOECIICUYHBAIOINE HX TEPMHYECKYIO YCTOWYHMBOCTB, M BBIPaKEHHAd CIIOCOOHOCTH
PacTBOPATH PEAKO3EMENBHBIE 3IEMEHTHI, HEOOXOAHMAad A9 W3TOTOBICHHS ONTHYESCKH aKTHBHBIX
Cpel AN YCHIWTENeH U ITa3epoB. 3HAUMTEIPHO MEHbINAd TOKCHYHOCTh COSAHHEHWI T'epMaHHUA 110
CPaBHEHHIO ¢ COSAMHEHHSAMH MBIIIBIKA, BXONAIIHX B cocTaB Oollee  HCClIeOBAHHBIX
MBIIBAKCOAEPAKAIMUX CTEKON, SABIAETCSA CYIISCTBEHHBIM IIPEHMYINECTBOM I — MEIHIMHCKHX
TIPUMEHEHH

BaxHeliel XapakTepHCTHKON CTEKOII Ha OCHOBE XallbKOT€HHAOB TePMaHUA M TallIHd KakK
ONTHYECKUX MAaTEPHATIOB SABIISETCA CONEpKaHHe IIPHMECEH, IOTIIOIMAIONNX H PacCEHBAFOIHX
m3nyueHne B UK nuarasoHe. DTOT MoKaszaTens OnpeendeT Mpo3pavHOCTh MACCHBHBIX 00paslioB U
YPOBEHB ONTHYECKHUX IOTEPh BOIIOKOHHBIX CBeTOBOAOB. Hanbonee XapakKTepHBIMH TIPUMECAMH JIID
XC, UMEIOIMUMH HHTEHCHBHBIE ITONMOCHI IIOTITIOINEHHI B CIIEKTpanbHOH OOmacTH 2.5 20 MKM,
MBIOTCS: Bomopoa B dopme SH 6 HirGeH rpymim, OH rpynmsl ¥ Bofa;, KHCIOPO, XUMHYECKH
CBA3aHHBIN ¢ TepMaHHEM, TalIHeM, KPEMHHUEM, CelIeHOM, TEIUIYPOM;, IIPHMECh YITIepona B BHIE
&2 COS u CS > @Ocobyto rpymny IpuMecel COCTAaBIMIOT TETEPOTEHHBIE BKITIOUeHUA. OHH
CHHKAFOT OOIIHIT YPOBEHD MPO3pauHocTH X C H CBETOBOAOB 3a cueT pacceaHnda UK msmyueHna > @

TpaguimonHo XC MOTYYar0T B3aHMOACHCTBHEM IPOCTHIX BEIIECTB B BaKYyMHPOBaHHBIX
KBapIEBbIX amMITylnaX. | yromiaBKOCTh XallbKOT€HHIOB IT'epPMaHud H TalllHd TpeOyIOT ITPUMEHEHHT
BBICOKHX TeMITepaTyp CHHTe3a, AocTuTaroimnx 850 900°C, n ofycliaBIMBarOT €ro JIHTEIbHOCTD.
310 cIOcOOCTBYET MPOABICHHIO 3aTPASHAIOMIECTO AeHCTBHA MaTepHalla armiaparypsl, IIPHBOIAINETO
K TOBBIIIEHHOMY COJACPKaHHIO INPHUMECH BOXOpPOAa, KUCIOpOJa M TeTEPOTeHHBIX BKIFOUEHHH.
HamnOomnee paciipocTpaHEHHBIN TIPHEM JITIA CHHKCHHUSA COJCPKaHUA IpUMecert B XC 3aKITIO4acTed B
TUTaBIEHHH IMHXTHL ¢ TeTTEPOM (aTIOMHHHH, XITOPHA Teamypal , 9) U MoCIeyiome JHCTHILAIHI
CTEKII000pa3yIOIIEro paciiiaBa. HemocTaTrkaMu criocoba ABIAIOTCA HEMOMHOE YAAIEHUE TeTTEPOB,
HX B3aUMONeHCTBHE CO CTEHKAaMH KBapIEBOTO pPEakTOpa MW BBICOKHE TEMITepaTyphl ITPOLIECCOB.
[IprHIMIHaneHON MpoOieMol TonydueHHd X(C coAepKalllix Tallvii, ABiIdercd KpalHe HH3Kad
JeTy4ecTh 3TOTO BIeMeHTa M ero XallbKOIeHHIOB, YTO 3aTPYOHACT AHCTHIUTAIHOHHYIO OYHCTKY
paciilaBa IIpH TeMIlepaTypaX, IOIYCTHMBIX B CIIy4ae HCIIONB30BAHUSA KBapLEBOTO pPeaKTopa.
YKasaHHBIe IIPOOJIEMBI OIPaHHYMBAIOT TONYYEHHE OCO00 4YHCTBIX XC ¢ TPEeAeTbHO HH3KHM
COAEPKAHUEM IPUMECEH TPAUIMOHHBIMH MeTOJAMHU U TPeOYIOT pa3padoTKH HOBBIX ITOAXOI0B

[lempto paGoThl OBIIO pasBHTHe (H3HKO XHMHUSCKHX OCHOB H pa3paboTka CITOco00B
MONIYy4eHHd O0cO00 HYHCTBIX CTEKOI Ha OCHOBE XalbKOTSHHJOB TepMAaHHd MW TalllHd,
00eCTIeUHBAOIINX HU3KOE COAECP/KAHUE ITPHMeCeH, IOTTOIMAONNX U PAacCEHBAIOINX H3ITyYeHHE
cpenHero MK guamasoHa. OOBeKTaMH HCCIIeMOBaHHA OBIIH CTeKoNl cucTeM *D*H6 *D6E6  *H
6, *D*H6, *H6H*D*H7H *MB7Hu *H7H$J,

OcHOBHad Hay4YHad Hied pa3pabaTblBacMBIX CIIOCOOOB ITONYYESHHS CTEKOI 3aKIIo4aeTcd B
MIPUMEHEHHH JIETYYHX, JIETKOIUIABKHX H PEeaKI[HOHHOCIIOCOOHBIX COSIWHEHHH BMECTO IIPOCTBIX
BelllecTB. B KauecTBe TaKHX COSAMHEHHUN TTPEATIOKEHO HCTIONb30BaTh HOMMA TepMaHus( , 9, fHoaun
rammsa ,,, ¥ MOHOXaIbKOTEHHIBl TepMaHHA DTO CYIIECTBEHHO CHHXKAeT TeMIIepaTypy H
MPOIOIKHTEIFHOCTh CHHTE3a KOMITOHEHTOB IIMMXTHI H, KaK CICACTBHE, YMEHBIALT 3arPA3HSIONIEE
JNelCcTBHEe MaTepHalla armiaparypbl. JleTydecTh HOOUAZOB H MOHOXAIIBKOTEHHAOB YIIPOINAeT HX
TYOOKYI0 OUMCTKY OT Ta3000pasyIOIIUX INPHMECeH M TeTePOreHHBIX BKITFOUESHHH, COACpKaHHE
KOTOPBIX HE KOHTPOIUPYIOTCA B 0000 YMCTBHIX T'epMaHUH M rammmu. Mcnomszosanne *H ,u * D,
TO3BONSAET MPOBOAUTh OYHCTKY M 3arpy3Ky B PeaKkTOp Tajllnd, ero XalbKOTSHHJOB H APYTHX
HENETYYHX KOMITOHEHTOB IIMXTH METOAOM XHMHYECKOTO TPAHCIIOPTa.

YKasaHHad HaydyHad Hed Oblila peanrs3oBaHa B pa3paloTaHHBIX CIIOcO0ax MOMyYeHH 0co00
YHCTHIX XC, BKIFOYAOIINX CIIEAYIOIIHE OCHOBHBIE ITPHEMBI:

. CHHTE3 KPHCTAIIHUSCKHX CYITb(QHIOB H CeNeHHAOB SoIeMEHTOB, KaK KOMITOHEHTOB
MXTE XC, B3aUMOASHCTBHEM COOTBETCTBYIOIIMX HOAHAOB ¢ cepoii H celleHOM [ @
° MIaBIeHHe IIPOAYKTOBR TEPMHYESCKOTO PasToKEHHA CYIbGHI HOTHAOR TepMaHHA

cocraa *H6 H *H6, >@



o CHHTE3 MOHOXAIlbKOTEHHAOB T'epMaHWA ITPOIYCKaHHEM I1apoB XallbKOTeHa Hajl
TepMaHHEM H HX MTOCTIEAYIONIYIO ¢YOIMMAITHOHHYIO OYHCTKY U 3aTPy3Ky B peakTop | @

o XUMHUYECKHIT TPAHCIIOPT TallIHA ¢ HCMOTb30BaHHEM HOMMAa TalmuAa( , ,), B KauecTBe
TPaHCIIOPTHPYIOMIETO areHTa [ @

° XUMHUYECKHH TPaHCIIOPT TeIypHAa Talllma( ,,), ¢ HCIIONb30BaHUEM HOAHAa
ramma( , ,),B KauecTBe TPAHCIIOPTHPYIOIIETO areHTa [ @

o XUMHUYESCKHIT TpaHCIOpT #Homuaa cepedpa ¢ MCIONB30BAHHEM B KauyecTBe
TPAaHCIOPTUPYIONHX areHTOB Homuaa rammia( , , 1 Homuma repMaHud( , 9

COBOKYITHOCTE pa3pabOTaHHBIX CIIOCOO0B ITO3BONHIIA IIOTYYHTE 00pasiibl 0CO00 YHCTHIX XC
¢ cofiep:KaHUEeM TIpHMecH Bozopoma B dopme 6+ um 6 H#pymmm Ha ypoHe 0.1 SSPW
KHCIOpOJa, XHMHYECKH CBA3QHHOTO ¢ KOMIIOHEHTaMH CTekima, He Oomee 0.05 SSREW
TeTePOTeHHBIX BKIIOUSHHH MHKPOHHOTO M CYOMMKPOHHOTO pasmepa (! 60 HM) Ha ypoBHe 10
mT cM . JOCTHTHYTOE colepKaHHE IPUMECEH B XaIbKOTeHHAHBIX CTEKIIaX Ha 1 2 mopdmka HHUKE,
YeM B Ty4INHX o0pa3lax, MOIYYeHHBIX PaHee.

/IH &RT ' &XL 6 3O RXNWMEHM® O XULGH JGifrared tiadsnziskivh Kp 438 pum //
2SWLFDO ODWHY9LDOY

&XL 6 Y%BROWGEHLOG& [XFDV -ED% MG HIDO YV LIHEHIUW HREU BHIDRIFKHPLFD O
to 16 pm // Opt. Express. 2014, V. 22. N. 18. P. 21253
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6KLU\DHWHOPX]ERYDQI HWBUHSDUDWLRQ RI KLJK SXbHWAHI ODV VL
VA\VWHP 2SWLFDO90ODWHULDOV
Bempmyxos AIL, CyxanoB M.B., TioprHa E.A., bnarua P.JI. ITat. PQ Ne Bron. mz06p. 2022
No
Paboma evinoarnenda npu Qurancoeoli noddepaicke Pocclilckozo HAYYHOO (DOHOA (HPOSKI HOMEP

HAHOCTPYKTYPHPOBAHHE CTEKJIOKPHCTAJJIA B 3ABHCHUMOCTH
OT PACIIOJIOKEHHA COCTABA CTEKJIA HA TUAI'PAMME COCTOAHHNA
CHCTEMBI

Kuman HbB Eransgn JIx.P., I'amogn K K., Kymxymamxan E.B.
Hucmumym obueil u Heopeantrdeckoli xunii unt. M I Maneenana HAHPA Epeean Apyerua
HPDLNDQLJR #PDLO UX

0DJQHVILOXRP LERXWPRIQOLFDWHD Q@ DQWKNVLY RI W UBHU/SLFVQ WR |
PLFURHOHAWWRRGEWG 3KDVH WUDQVIRUPDWLRM@ VEXUQ QJD W
DUH VWXGLHG

[TpospauHeie CTEKIIOKEPaMHYECKHUE MAaT€PHAIIBI TIOITY4eHHBIE HAIIPaBIIEHHON
KpHCTAIIM3allHEN CTEeKIa W OONaJalollHie BBICOKHMH ITPOYHOCTHBIMH M JIEKTPHYSCKHUMH
TIEPCIIEKTUBHEL B Pas3slMYHBIX 00NAacTAX TEXHHKH. OTIIHYAOMHNecd BBICOKOH
JTUCTIEPCHOCTHIO HAaHOPa3MEPHBIX KPHCTAIIIOB, MaJlbIM PAaCCEIHHEM CBETa U BBICOKOH TEPMHYECKON
XUMHYECKON CTOHKOCTBIO CHTAJIIBI IMHPOKO ITPHMEHIIOTCA B 00JIacTH KOHCTPYKI[HOHHOMN ONTHKA U
MHKPORJIEKTPOHHKH. BakHOe 3HaUeHHE A MONYYESHHS CHTAIUIOB ¢ YIIYUIICHHBIMHU ITapaMeTpPaMA
HMeeT pa3paloTKa HOBBIX COCTABOB HMCXOMHBIX CTEKON, KOTOPBIE TIPH OIPEAEIICHHBIX PEEKHUMaX
TepMo0oOPabOTKH MOTYT O0BEMHO KPHCTAIN30BaThed ¢ 00pasoBaHHEM HEeOOXOMHMOH CTPYKTYPHI
MaTepHalla ¢ 3aJlaHHbBIMH CBOHCTBAMHI



B maHHO#T paGoTe TIpeACTaBIIEHBI Pe3YIBTAaTHl HCCIENOBaHUA CTEKIIOOOpa3soBaHHSA H
XapaKTep KpHCTamM3almH crTekol chueteMbt 0J2 $ QR %2 6 L 2 comepkamux (OTOPHIBL
MIETOYHO3EMETBHBIX METAIUIOB, PACTIONOKEHHBIX B 00IacTH MeTacTaOHIIbHON THKBAIIHH CHCTEMEL
mopaspesy20J2 $Q@ 6L2 0J2$ R %2 OmnpenmencHa 067acTh COCTABOB, B KOTOPOH
BO3MOKHO  TIOTYYEHHE TIPO3PAYHBIX  CHTALIOB ¢ TPeOyeMBbIMH  (PHU3HNKO XMMHYSCKHMH
XapaKTepUCTHKaMH. [T CHHTe3a CTEKIOKPHCTANIMYECKHX MAaTepPHallOB C  ONpeAelIeHHBIMA
CBOMCTBAMH HCXOJHBIE CTeKIa OBUIM IOABEPTHYTHL TEIUIOBOM o0OpaboTKe B oOmactH 7 J7)
ompeeneHHoH MeTomoM TUddepeHIHaTbHO TEPMHUSCKOTO aHalli3a B TeueHHe 0 MHH.

DONEKTPOHHO MUKPOCKOIIHYECKHM W CIIEKTPAITBHBIM aHAITH30M BBIGBIEHO, YTO IIPOIIECC
KPHCTANIM3aI[HH  CTeKon  cofepkammx 20J2$ QR %2 10 MOI.%, TIPHBOAMT K
o0pa3oBaHUI0 MeTacTabHIbHOM a3kl o KOPAHEPHTA, KOTOPYIO MOMKHO MYTEM JOMOTHHTETHHOMH
TepMooOpabOTKH  TiepeBecTH B Oollee  YCTOMUHMBOE  HHM3KOTEMIIEPAaTYypPHOE  COCTOSHHE.
Kpucramiuzaimsa CTeKOT TPOXOAMT CTYIMEHYaTO, M TOCTIEeNOBATENbHOCTh BbIAeTHeHU (az Hu
(ha30BbIX TIEPEXOA0B N4 BCEX CTEKON OfHMHaKoBa. KpucTtammuieckas asa p KOPAUEPUT TIEPEXOAUT
B ¢ KOPAHEPHT C ITOBBIIIEHUEM TeMIIEPAaTYpPRl TepMOOOpaboTKH, a HaHOKPHCTALIBI KOPAHEPHTa
pasMepoM MeHee 50 HM BBIACTAINCH M3 MAaTPHYHOIO cTekia. [IpH TeMrieparype KpHCTalIH3al[Hi

H BBIIIIE BBIIETASTCS MPEUMYIIECTBEHHO MYJUINT.

g crexor, cogepxkamnx 20J2 $ Q@ %2 MOJ.  IIPH KpPUCTaJIM3allfin CTEKOI B
obmactu 600 C mpIensgoTea Kpuctamibl Mmymmra 3$ R 6 L 2¢ pasmepanm 20 HM. C
TOBBIIIIEHHEM TEMITEPATYPhl Ha 00pa30BaHHbBIX I[eHTPaX KPHCTAIIN3AlHN BRIJICIIIOTCA KPHCTAIIIEL
kopaueputa 0J2 $ Q2 6L 2 pasMepsl KOTOPHIX H3MEHAIOTCI B Tipemenmax 80 HM
PaBHOMEPHO PacIIPeAEIIeHHbIX B CTPYKTYPE CTEKIIA.

PesymmpTaTel, ITONy4eHHBIE B XOAE€ IIPOACIAHHOM pPa0OTHI TO3BONAT CHHTE3HPOBATh
TePMOCTOHKHE TIPO3PavYHble HAHOCTPYKTYPHPOBAHHBIE CHTAIDIBL A DIEKTPOHHON TEXHHKH C
OMpeNleIEHHBIMH ~ TeIUIOMM3HYSCKHMH — TTapaMeTpaMH — TTyTeM  TIpeKpallleHusa  JanbHeitrei
KPHCTAIIM3allHN CTEKNa Ha cTafuu O0pa3soBaHHUA OMPEACIIEHHOTO KOIHYECTBa M COOTHOMICHHS
HeOOXOAUMBIX KPUCTATUTHYECKHX (has.

3TOT TEXHOIOTHYECKHH IIpolece TIO3BOIMT YIIPOCTHTh M YIIPABIATH IPOH3BOACTBOM
CTEKIIOKPUCTAIUIHYECKNX MATEPHAIOB ¢ HEOOXOIUMBIMH CBOMCTBAaMH B 3aBHCHMOCTH OT BPEMEHH
TepMOOOpaboTKH, TeMIIepaTyphl, OTHOCHTEIBHOrO KomuuecTBa (a3  (KpUCTaTHYECKHX,
CTEKIT00OPasHBIX).

HOBBIE METO/IbI CHHTE3A KAK HHCTPYMEHT HAITPABJIEHHOI1
KPHCTAJUIM3AIIIN U YIIPABJIEHW A ITOCJIEAOBATEJIBHOCTBIO ®A30BBIX
PABHOBECHH B CHCTEMAX HA OCHOBE JHOKCHIA INMPKOHHA

Kyparmosa O.10.

Canran Hemeptypeckuli cocydapemeennsili vaueepcumem Carnxm Hemepype, Poccua
HPDLRO\ N X UBEFEND U X

ORGHUQ V\QWKHNUM YDWUK WHRJI PDEK |DE WDRYFAHEG AH U B R WRAG \
KLIKOWKXHWHNIITHFW RQ WRMEHWWDOOL]DWLRQ DQG SKDVH IRU

B  Hactosiiee  BpeMSA  BO3MOXKHOCThD  paclMpeHHd  OOJacTH  TEMIIEPaTypPHO
KOHIIEHTPAIIHOHHON O0TacTH CYIECTBOBAHUA BBICOKOTEMIIEpaTypHbIX (a3 ZrO  ceromHsg
MIPENICTARIAeT Kak QyHIaMeHTaIbHbIH, TaK 1 IPUKIagHOH HHTepec. Mcmonb30BaHe cOBPEMEHHBIX
MOMXOJOB K CHHTE3Y OKCHIHBIX ITOPOINKOB MPEKYPCOPOB TO3BOMSIET PETYITHPOBaTh (HH3HKO
XUMHYECKHE CBOMCTBAa KEPAMHUKH B ITHPOKUX TPeieNaX M, B HaCTHOCTH, CO3/aBaTh COBPEMEHHBIC
KepaMH4YecKHe TBEPABIC SIEKTPONHTHI Ha OCHOBE IHOKCHAa ITHPKOHHA, oOnamarormue (ha3zopoit
CTa0HITbHOCTHIO TIPH JAONTOBPEMEHHOM SKCIUTyaTallii B IIHPOKOM HHTepBaie Temreparyp. Cpemu
METOZOB TIONMYyUEHHA IPEKYPCOPOB Ha OCHOBE AHOKCHAa IMPKOHHS HEOOXOAMMO BBINETHTH B
MIEPBYIO OUepellb CTPaTeTHH «CHU3Y BBepx» (aHTT B R W WAR R KoTOphIM OTHOCATCH METOIBI



301b Tellb CHHTE3a, THAPOTEPMAIBHOTO CHHTE3a, ITMTPATHOTO MeTofa (MeTofa [leunmHM) M T.1.
JlOCTOMHCTBOM ~ TaKUX METOZOB  SBIAETCI  BO3MOXKHOCTD TOMOTEHHOTO  paclpeleleHHs
KOMITOHEHTOB B MHOTOKOMITOHEHTHBIX CHCTEMAaX, a TakKe HallpaBlIeHHad KpHCTaIIH3aIlHa
pasmHuHbIX (a3. [Ipu sToM AOCTHAKEHHE PABHOBECHS Ha (ha30BbIX TPAHUIlAX B CHCTEMax Ha OCHOBE
TUOKCHAa ITUPKOHHUSA HaIpAMYIO 3aBHCHT OT BBIOPaHHBIX TApaMeTPOB CHHTE3a. B CBM3H ¢
BBHIINIECKA3aHHBIM TIENMbI0 JAaHHOH padoThl ABHIOCH H3YYEHHE BIMAHUSA YCIOBHH CHHTE3a Ha
TOCTIEIOBATENBHOCTh  (Pa30BBIX TIPEBpAIlleHHH, a Takke KpHCTAIIM3AI[MIO0 B TIPEKypcopax M
KepaMHKe Ha OCHOBe Z10)

B kauecTBe 00BEKTOB HCCIEAOBAHH A OBUTH BHIOPAHBI IBYX M TPEXKOMITOHEHTHBIE COCTABBI
npekypeopos: x 0 H2\ + [ =U20H &D /D < &H CuHres mopomkos Ha ocHope = U 2
MTPOBOMMIN ¢ HCIIONB30BAHHEM 301b Tellb METONa B BapHaHTe OOPAaTHOTO COOCAKICHHS ¢
TOCTISAYIOMEH pasmuHoi ofpaGoTkoit (odmmeHag cyimka (Labconco, 11 chamber (CIIIA),
KPHOXMMHYECKasd CYINKA B KUAKOM a30Te, THAPOTepMalbHasd U CONMbBOTepManbHad oGpadoTka). B
KayecTBE HCXOAHBIX peareHTOB Hcmombzopamm =U2 121 +0O  (AcrosOrganics) H
KPHUCTAIIOTHAPATHL COOTBETCTBYIOIIMX COMelt JOMAaHTOB, ¢ YMCTOTOW He HHKe 4..a. Ha maHHOM
STane BapbUPOBAM CIEAYIOINIHE TMapaMeTpPhl CHHTE3a IPHPOAa CONel IMPKOHWITA, M3MEHEHHE
HOHHOM CHIBI pacTBOpa MCXOMHBIX PEareHTOB, KOHIICHTPAIIUA OCANUTENd KOHIEHTPAIUsI COTEH,
TeMIlepaTypa CcHHTe3a.Jlallee TOpOIKH OBUIM IIpOKalleHbl IpH Temmeparype 400 1100 °C.
[Tomy4eHHBIe TTOPOIIKH TIPEKYPCOPbI GBI HCCIEAOBAHB METOAAMH PEHTTEHO(Pa30BOro aHaIH3a
(POA, mudpaxtomerp 6 KLPDG] X ;5), cuHXpoHHOro Tepmuueckoro aHammza (CTA,

IHW]VFK 67% ) crap@toMer bliexTponHoit mixpockormu (COM, =HLVVOHULQ
masepHo# cemumentorpagrm 3 6 ‘aHams + R U L E D / $PamanoBckoii ciekrpockormmu + R U L E D
H METOJ] CHATHA KPHBBIX ajcopOumu aecopoimun $6 $ 3 03

Meromamun POA, CTA B PaMaHOBCKOW CITEKTPOCKOIIMH ObIlla OJHO3HAYHO YCTAHOBIICHA
TOCTIEAOBATENBHOCTE (ha30BHIX ITPeBpallicHH B MpeKypcopax Ha ocHoBe = U 2«amopdHag dasza —
MeTacTabHIbHAA TeTparoHalbHad MOAH(HKAIMA — CcTabHITbHAd MOHOKITMHHAA MOTHU(DHKAIIHD?.
Mertogom CTA u 3 6 'mokazaHO, UTO TeMIlepaTypa KpHCTalUIM3alliH cHuzkaeTcd Ha &0 °C mpu
YMEHBINEHHH KOHIEHTPallMH ocaautend ¢ 5 go 0.2M, a takxke Ha d00 °C mpH yMEHBIIEHHH
KOHIIeHTpallMk colliciH Ha 2 mopdaka ¢ 1M go 0.01M pacrBopa, UTO CBA3aHO C YBEIIHYEHHEM
IucriepcHocTH B cucreme. Metogamu CTA, POA u COM mokasaHO, YTO HCITONB30BAaHHE METOMa
TMOQUIbHOR CYIIKH I JSTHApaTallMi  ITPeKYPCOPOB  TIO3BOMAT  JMOOHTHCI  ITOABICHHSI
JOTOMHUTENBHOrO dhekTa, COOTBETCTBYIOMIETO KPUCTAIMH3AMH B CHCTeMax Ha ocHoBe =U 2
Merogamu CTA, POA, COM, azcopOumu aecopOIlHH ITOKa3aHO, 4YTO IOAO0P ONTHMAIBHBIX
YCIIOBHM 30IIb Teb CHHTE3a +BapHaHT OOpaTHOrO coocaxiacHud, 1M pacrteop ammvmaka, 0.1M
PacTBOP CMECH COIIeH, TeMIIepaTypa CHHTe3a mopsaaka 1 2 °C |, MO3BONIgeT MOTYYHTD IIPEKYPCOPEI ¢
BBICOKOH pPeaKIMOHHOCIIOCOOHOCThIO, KePaMHKH Ha OCHOBE JMOKCHIA IMPKOHHA ¢ 3aJaHHBIMHI
(PU3HKO XHMHYECKUMH CBOMCTBaMH.

Paboma estnoanena npyu noodepxere I'panma npesudenma PO Ona Morodsix yiensix (npoexm #onep 075

INPUMEHEHWE METOJA MOJIEKYJIAPHOM JTUHAMUKH J1JIA HCCJIETOBAHIA
CBOHCTB ITIOJIMMEPOB B CTEKJIOOBPAZHOM COCTOAHHUH

Jlapun C.B.

Hucmumym evic OKoMoTeryIapHoix coedurenuii PAH, Canxm Iemeptype, Poccua

7KH UHSRUW LV GHYRWHG WR PDLQ DSSURDFKHV WR WKH L
SURSHUWLHV RI SRO\PHULF JODVV\ PDWHULDOV XVLQJ WKH P

B HacTosmee BpeMA KOMITBFOTCPHOC MOACIIHPOBAHHE MCTOI0M MOJIGKy:IIHpHOﬁ JHHaMHEH €
HCIIONB30RBaHHEM  HaHOONee  JAeTalbHBIX  aTOMHCTHUSCKHMX  MOJSIIECH HCITOIIb3YCTCA  KadK



VHUBEPCATbHBIH MHCTPYMEHT JNId H3yYeHHd IMHPOKOTO CIEKTpa CBOMCTB PasHOOOPAZHBIX
MaTepHANOB U MEXaHHU3MOB, OIPEACIIIONINX 3THM CBOHCTBa. B clTyyae MONMMMEPHBIX MaTepHaIoB
KOMITBIOTEPHOE MOAETMPOBAHHE TIOMOTAeT ITPOTHOZHPOBATh MX OCHOBHBIE SKCIUTyaTallHOHHBIC
CBOHMCTBA, HAITpHMEDP, TETUTIOPU3HUSCKHE W MeXaHHYecKHe, Ha 3TalaX, MPeIBapsioiMX CHHTE3, U
TakuM 00pazoM, ITO3BONAET ITPOBOAWTH HAaIllpaBIeHHbIN TOHCK MAaTepHaloB ¢ 3aJaHHBIMH
XapaKTePUCTHKAMHI.

OmHako, B cIydae TONMHMEPHBIX CHCTEM, TPOBEIEHHE KOMITBIOTEPHOTO MOESITHPOBAHHI
CTAIKUBACTCH CO CIIEIUGMHUSCKUMH TTpobineMaMi, OCOOESHHO TIPH HCCTIEAOBAHHHM TIONMHMEPOB B
CTEKITOO0PasHOM COCTOSHHH. [lOCKONMBbKY CBOHCTBA TONMHMMEPOB  OMPEACTAIOTCA  GOTMBITHM
KOIMMYECTBOM  TIPOTEKAIONMX B HHX  PENaKCal[HOHHBIX TIPOIECCOB, B  KOMITBIOTEPHOM
MONEMHPOBAHUH HEOOXOJIUMO pPaccMATpHBaTh TONMMEPHBIE MaTepHalbl Ha Macirabax BpeMeH
MONEMHPOBAHUA, COMOCTABHMBIX C BpPeMeHEeM IPOTeKaHWSI HauGollee MEANIEHHBIX TPOIECCOB B
MOMMMMEPHBIX CHCTEMaX, HAIIPUMEP ¢ JABHKEHHEM IeTel momuMepa Kak IeTToro. 3adacTyio TaKue
BpeMeHa MOJACTHPOBAHHS OKa3bIBAIOTCA HEAOCTYITHBIMHU TS COBPEMEHHOI'O COCTOAHMA Pa3BUTHA
BBIUHCITHTENTFHON TEXHUKH, OCOOCHHO B CIy4dae H3YUEHUA TONMHMMEPOB B CTEKIOOGpPasHOM
COCTOSHUM, UTO TpeSyeT pa3paboTKU H TINATENbHON BepH(pHKaAIMH CIeHalbHbIX METOAHK paciera
SKCIINTYaTAI[HOHHBIX ~ XapaKTEPHCTHK MATEPHAIOB Ha OCHOBE PEe3yNbTaTOB KOMITBIOTEPHOTO
MOIETHPOBAHH A

B 1mipemcTaBNeHHOM JOKTaNe PacCMOTPEHBI OCHOBHBIE TIOAXONBI K HCCIEHOBAHHIO
CTPYKTYPHI, TEIUIOQU3HYSCKUX W MEXaHHHYECKHX CBOMCTB MOMHMEPHBIX CHCTEM, YUHTHIBAIOIIHE
BIMAHNE TapaMETPOB BBUMHCITUTEIBHOTO BKCIIEPUMEHTa Ha Pe3yNIbTaThl pacueTa. B UacTHOCTH,
paccMOTpeHa HeOOXOAMMOCTh KOPPEKTHOTO BBIOOpa BPEeMEHH MOACSTHPOBAHHA OOpasIoB s
TOCTUAKEHUA KOPPEKTHOTO PABHOBECHOTO COCTOSHHS CHCTEMBI, TOKa3aHO BIHMAHHME CKOPOCTH
OXTaXKAeHN A 05Pa3I[oB MOMMMEPOB Ha 3HAUSHHE HX TEMITEPAaTyPhl CTEKIIOBAHUS, BIHAHHE CKOPOCTH
OXTMaXKACHUA U CKOPOCTH Jie(hOopMAITHH TTOTUMEPHBIX O0OpPasiloB B CTEKIOOOPAsHOM COCTOSHHH Ha
BEIHUMHY HX MeEXaHWYECKHX XapaKTePHCTHK, ONMpeAeIeMBIX Ha OCHOBAaHHHM PE3YyIbTaToB
KOMITBEOTEPHOT O MOJICTTHPOBAHH L.

OIITHYECKHE CTEKJIA HA OCHOBE OKCH®TOPHU/IHBIX
I'EPMAHATHBIX CHCTEM

Manvesan ['.T"., I'puropsae T.B., Barpamsad B.B., Toposs B.I1., Eransu [{x.P., Kumaa H.E.
Hucmumym obweil u Heopeantrdecroli xunii unt. M T Maneenana, HAHPA, Epeean, Apaenua
HPDLIPDQXN\DQ#VFL DP

*ODVV IRUPDW WK MUHZD %ERH 20D% P2 6U2 640H2 + %R VI\VWHPV
ZHUH VWXGLHG LQ RUGHU WR REWDLQ QHZ JODVVHV ZLWK KL
YDOXHV

AKTyallBHOCTB PalOTHI CBI3aHa C Pa3BUTHEM ONTHKH H ONTOANEKTPOHUKH U TOITYYeHHEM
HOBBIX BHJIOB CTEKOI ¢ IMHPOKHUM CIIEKTPOM CBOMCTB, KOTOPBIe OYIYT XapaKTepH30BaThCA BEICOKON
Ipo3pavyHocThiO B MK mHara3oHe criekTpa.

[lempio paGoTHl ABNACTCA HCCIEAOBaHHE OONACTH CTEKIO0OPa30BaHUA B OKCH(MTOPHIHBIX
TepMAaHATHBIX CHCTEMAX JJI4 MOTYYEHN A HOBBIX CTEKOII ¢ BEICOKON ONTHYECKOH IMTPOHAIIAEMOCTBIO H
BBICOKMMH 3HaYeHHIMH IIOKas3aTeld IpernomiieHHd. HccrenopaHbl 00TacTH cTeKI000pa3OBaHHA
cucteMm BaO/BaF2 £*H 2 xBi203 u SrO/SrF2 +* H 2 £Bi1203, B KOTOPHIX COBMECTHO BBEACHBI
OKCHIBI M (PTOPHABI SITEMEHTOB ¢ Pa3THYHBIMU HOHHBIMU paJlycaMH H CHITOBBIMH TOIMH (Ba

6 U %} quarpaMmel TIaBKOCTH JABYXKOMITOHEHTHBIX H TPEXKOMITIOHEHTHBIX CHCTEM, BHIABICHBI
SBTEKTHUECKHE COCTABBI, HACHTH(MHIIMPOBAHBI 00pas3yIOIuecd KpHCTalIHuecKhe (ha3bl U BIHAHHE
SBTEKTHUECKHX COCTABOB OKCH(MTOPHAOB B OHHApHBIX W TPOHHBIX CHCTeMaX Ha pacIlHpeHHe
obmactel crexmoobpasopaHud. UYacTHUHad 3aMeHa KHCIIOpoZa Ha (Top, clocoGeTBOBANA



PETYIHPOBAHHUIO ONTHYECKUX TIOKasaTeNel M TOBBIICHHIO TPOMTycKaHusa crekon B MK obmactu
criekTpa. UsyueHo BIHAHHE (TOPHIOB, TEMIIEPATyphl M BPEMEHH CHHTE3a Ha «00e3BOKHUBAHHUEH
pacrinaBa (ymanenrie OH TPYII) U Ha TIOBBITIEHHE TTPO3PAYHOCTH CTEKOI.

Sel,

0,8Bad/0,2BaF, wor¥ BLO, 0 20 40 — 60 80 100
0.85r0J0,25rF Mo Bi.O.

O~ creana
® - sERTIATELE O- aexnn

Pucynok. 1.06nacTH crekmoodpaszoBaHHA H 001acTh YCTOHYHBBIX K KPHC TAJUTH3ALIHH CTEKOJI CHCTEM
*H2 %12 6U2 AUH2 %R %D 2 %D)

Kak BHAHO W3 pHCYHKa , OOIIACTH CTEKIO00pa3oBaHNg Kak B OHMHApHBIX, TaK H B TPOHHBIX
CHCTEMax TIPHJIETal0T K CTOPOHAM  KOHIEHTPAIMOHHOTO — TPEYTOIBHHKA, COJEpPKalllHX
okcupropuaet 0,.8Me0/0,2MeF u Bi 2 . B cucremax GeO2 OH2 0 HpospauHble cTeKIa
0e3 HaHOKPUCTAINIMYECKUX BKIIFOYEHHW W PAacCIIOSHHN 00pa3yroTCA ITPH COAEpAKaHHA A0 57 MOI.%
0,8Ba0/0,2BaF2 u go 50 mom.% 0,85r0/0,2SrF2.TIpn Gomee BRICOKHX KOTHYECTBaX OKCH(TOPHIA
pacItTaBbl KpHCTAITH3YIOTcd. Hamnune SBTEKTHYECKHX COCTaBOB B CTEKIIQOOPAsYIOIINX CHCTEMAaX
HITH UX BBEACHHE OKCUPTOPHIAMH CHUKACT TEMIIEPaTypy THKBHIYCA, CTOCOGCTBYET PaCIMPEHHIO
00NacTH CTEKI000pa30BaHN 4 U MOTYISHHIO YCTOWYNBEIX K KPHCTAIUIM3AIINH JIETKOTITaBKHUX CTEKOL.

B pesymbTare MpoBeASHHBIX HCCIEAOBAHUH OB Pa3pa0oTaHbl HOBBIE COCTABBl CTEKON ¢
BBICOKHMM TIporTyckaHHeM (60 %) B JTHHHOBOITHOBOH 0BIacTH cIiekTpa (5,5 MKM).

IHOIMMOPPHBIE ITPEBPAINIEHHA B TMOKCHAE KPEMHH A

Henmommammx A M.
Hucmumym ceoxunaun un A X1 Bunozpadoea COQO PAH, Hprymer, Poccua

HPDLML QHS#LJF LUN UX

7KH OHFWXUH LV GHYRWHG WR WKH FRQVLGHUDWLRQ RI W
QDWXUDO TXDUW] UDZ PDWHULDOV RI YDULRXV JHQHVLV DQG

Oco00 YMCTBIN TIPUPOMHBIA KBapll HUMEET IMIHPOKOEe ITPOMBIIUICHHOS ITpHMeHeHue. OH
ABTIIRTCA HCXOMHBIM MaTepHalloM JJId TIONYYeHHSI KBapleBhIX KOHI[EHTPAaTOB BBICOKOH H
VIIBTPABBICOKOH CTEMEHH YWCTOTHI. Ha OCHOBE KBaplEBBIX KOHIEHTPAaTOB ITPOW3BOJHTCS
ONTHYECKOe KBaplleBOe CTEKIO AN BHAMMON W OmipkHeH HH(pakpacHOH ofmacTel crekTpa, a
TaKKe TEPMOCTOHKad KBaplicBad KepaMHKa ¢aMOTO IIHPOKOTO TIPHMEHEHWd, BKIFOYad
pamHonpo3pavHble 00TeKaTenn pakeT J[HOKCH] KpeMHHS, Olarofiapd CBOMM CBOHCTBAM, IMHPOKad
00ITacTh MPO3PAaYHOCTH OT BaKyyMHOTO yibTpaduonera 10 MK o6macTH, TepMOCTONKOCTD, HH3KHIA
Kor(p GHUIIMEHT TeMITepaTypPHOTO PacIliUpeHNA TTOTYYHIT MIHPOKOE MPOMBITIIIEHHOS TTPUMEHEHUE B
KayecTBe ONMTHYECKOr O MaTepHalla, TEPMOCTONKON KBapleBoH KepaMUKH H APYTHX ITPUMEHEHHH.

[TonmumopdhHbIe TIpeBpalliecHHd KBapl[ KPpUCTOSAHMT, a Takke TemMIlepaTypa M KHHETHKa
KPHCTAINIM3AllHH CTEKIa BO MHOTOM ONPEIETIi0T OCOOSHHOCTH IIPOLECCOB  OOOTAIlleHHI
KBapIEBOrO CHIPhSA W TOIMYYSHHUSI KBapIEBBIX KOHIIEHTPATOB. MHCTHTYTOM I'€OXHMHH BBIGBICH H



JIOCTaTOYHO AETATbHO W3Y4YeH HOBBIM THIT 0cO00 YHUCTOTO KBApLEBOTO CHIPhS + BBICOKOYHCTHIC
kpapuuTel Bocrounoro CagHa > (@Ha 6a3e »TOTO CHIphA KBaplicBhle KOHIIGHTPATHl BHICOKOMH
CTETIEHH YHCTOTHL M MONMYYEHO «CYX0e» KBapleBoe CTEKIIO.

JleKIMA TIOCBAINIEHa PacCMOTPEHHIO OcOOeHHOCTeH MomMMOpP(GHBIX TIpeBpaIlicHHi B
MIPHPOAHOM KBapIEBOM ChIPbE Pa3IHYHOTO TEHEZHCA U B KBapIEBOM CTEKIIE.

E. BopoGee, AM. CrmipumoHor, A Hemomuampx, M. KyspbiH CBepXUHCTBIE KBapLIHATHI
Boctounoro CaaHa (Pecriy6mika Bypatusa, Poccun) // JJAH. 2003 T N2 C

AM. ®@enopos, B.A. MakprimiHa, A.E. Bymak, A.J1. Henomusaupix. HoBble JaHHbIE O MeoxidMHAA H
MexaHHMe GOopMHPOBAHHA KBAPLIMTOR MecTop oxkAeHHA Bypan Capsaar (Boctounbiit CaaH) // JAH. 2012 T Ne
C.

Henonuanx A, Bonkosa M.T'., KaGoemor A.IL 1 ap OnmHueckoe ¢TEKIO H3 KBapLUHMTOR BocTouHOTO
CasHa // OH3HKa H XHMHA cTekma. 2018. T Ne2 C.

A. M. Henonmanmx, M. T'. Bomkora, A. I1. XKaGoemor, A. M. @enopoB. KBapLieBble KOHLIEHTPaThl Ha
OCHOBE CIHBHOTO KRapLHTa // HeopraHHueckHe MatepHanbl. 2018, T Noe8 C +

M.T'. Bonkoga, A.J. Henmonmapix, A.M. @egopoB U Ap PnioHaHbIe BKIIOUYEHHA B «CYIEPKBapLIHATAX»
mMecTop o eHHA Bypan Capapik (Boctounbiii CaaH) // Teonorda H reodisHka .T. N9 C.

JL.IT. ArmopxaHaera, A.M. @egopor, A.M. MasykaGzoB H Ap MexaHH3MBI GOPMHPOBAHHA XHMHYECKH
THCTHIX KBApPLMTOB Bypan CapAbIKCKOro MeCToOpoeHHA // T eonorva H reodisHka No . C

IHEHOCTERJIO: IIPAKTHYECKHE ITPUEMBI ITPOEKTHPOBAHHA

Opmnos A /.
000 «Heopeanudecrue §yvERyUOHIIbEE Mamepuaisly, Mockea Poccua
HPDLIDRUORY #\DQGH[ UX

JRDPJODVV WHFKQRORJ\ LV D PXOWLIDFWRULDO SURFHVV %
WHVWLQJ UDZ PDWHULDOV DQG PXOWLIDFWRULDO RSWLPL]DV

MHoOTHE TONBI CBIPhEBOH 0a30il ITPOMBIIIIIEHHOTO IMPOU3BOACTBA TIEHOCTEKNa Obllla y3Kad
00TacTh HATPUMKAIbI[HACHIHKATHOH CHCTeMBl. (OIHAKO CerofHd, B YCIOBHAX TTI00AIBHOTO
PECYPCHOT O KPH3HCa, TEXHOMOT U TIEHOCTEKIa JOIKHA THOKO aJallTHPOBAThCAKMECTHOH CHIPheBOI
fa3ze *MHHEpaIbHON M TEXHOTSHHOH, 00ecTeunBas PEIHKIHHT IMHPOKOTO KPYyTa MPOMBIIICHHBIX
H KOMMYHaIbHbIX OTXOM OB ITPH MUHHMAIbHBIX SHEPro3aTpaTax.

3TO 3HAYMT, YTO CETOAHA KaXiABIM IMPOSKT MPEIIpPUATHS TpeOyeT He TOMbKO ITPOBECTH
ropasfio 6onee IMHMPOKHI, YeM BUepa, BHIOOP CHIPheBOI Ga3bl, HO (haKTHUYSCKH CITPOSKTHPOBATH
HOBBIH COCTaR MaTepHala ¢ ONMTHMH3AIIHEH TeXHOMIOTHH 0 MHOTHM ITapaMeTpaM > @

Ha mepBbIif B3IIAA, MEHOCTEKIO +CPaBHUTEIBHO IPOCTad CHCTEeMa JJIA ONMTHMH3AIHH U
MMPOSKTHPOBAHUA. DTO cTeknodasa, CBOMCTBa KOTOPOH HaleKHO PACCUMTHIBAIOTCA TIO COCTaBy, H
razopasd (hasa, OIpeeIaroIad OOBeMHYIO TUIOTHOCT. [TpH 3ToM TasoBad ¢asza, TOMHMO YASTBHOTO
00beMa, UMeeT HCTPYKT YPHBIE MMapaMeTphl tHAIPUMED, paclipedelieHUe ITop 1o pasMepam. [ azopasd
(daza AMHAMMYHO MEHISTCI B XOJA¢ BCIIEHMBAHHA M OMpeleldeT He TOIBKO ITPOYHOCTh, HO H
CTPYKTYPY IOPOBOTO IPOCTPAHCTBA, KOTOpad B Hicale AOIXKHa OBITH 3aKpBITOH. Takum oGpazom,
razopad ¢aza +3T0 Golee OAHOrO MapaMeTPOR ONMTHMH3AIIHH, BIMIIONINX Ha CBOMCTRa MIEHOCTEKIIA.

B TeXHOIOTHH TIEHOCTEKTA, Mbl HMeeM, KaK MHHUMYM, €Ille OJHH IapaMeTp HHUCIIEPCHOCTH
CTEKIonmopoIKa. B ogHoCTaUIHBIX (06 KHUTOBBIX) TEXHOIIOTHAIX, KOTa cTeKmodasa CHHTE3HPYETCA
OTHOBPEMEHHO ¢ 00pa30BaHHEM ITOP, MBI TIONTYYaeM JOIOTHHUTEIBHBIE MapaMeTPhl OITHMH3allHH.
Taxum 00paszoM, KOTHIESCTBO ITapaMeTPOR BRIXOJUT 34 PaMKH Pa3yMHOTO.

Kak mokaspBaeT IpakTHKa, BBIXOA M3 «KaTacTpodbl PasMEPHOCTH» MHOIOGaKTOPHOTO
SKCIIEPHMEHTa +CO3JaHHE MeTOIUK CEPHIHOrO IIPUTOTOBICHUA H HCITBITAaHHA MaIbIX CTaHAAPTHBIX
00pasIoB, BIUIOTH JIO MTONMHOM aBTOMAaTH3aIlHH SKCIIepUMeHTa > @

Jma HCTBITaHHA CHIPbI M  MHOTO(GAaKTOPHOW ONTHMH3AIMH TEXHOIOTHH IIEHOCTEKIa
MIPeATaracTcsa MeTOM CepHIHOrO OO0XKHIa Malbix CHEepHUSCKHX OOpasIoB, ITO3BOIAIOIHIT



OTPEAEIUTH TIOTHOCTD, IIOPOBYIO CTPYKTYPY H PeKHUM 00KHTa Ha OCHOBE 00Pa3IloB MacCOH OKOJIO
rpaMma | IpoOsl chIpbd He Oomnee 100 rpammos.

3apeplmarolivii - 3Tan  [MOA00PaHOBOTO  COCTapa IIEHOCTEKIIa  *  MalnomacinTafHOe
MOACITHPOBAHHE ITPOMBIIIIICHHON TEXHOIOTHH Ha CIElNHaTH3HPOBAHHOM  HCITBITATEIbHOM
000OPYAOBAHHHN ATPAHYIATOPaX H BPaINAIONXCA IedaX 00KHTa.

Taxum o6pa3om, 3ajada THOKOrO (aJallTHBHOTO) MTPOSKTHPOBaHHA COCTaBOB H TEXHOIOTHH
TIEHOCTEKIIA IO, PeTHOHATBHYIO CHIPhEBYIO Ga3y MONydaeT MPaKTHIESCKOe PEITICHHE.

1. ToikaurHckHid ]I, TlpoekTHpoBaHHe H CHHTE3 CTEKON H CHTAUIOB € 3aflaHHbIMH CBOHCTBaMH. M.,
Crpoisaar, 1977.144c.

2. Hlemobekuii B.M. HoBble 9KCIp eccHbIe METOABI HCCIEAOBAHHA H KOHTPOM cTekna. Mocksa, CTpofiisaar,
1982, 144c.

CIIEKTPOCKOIINA KOMBMHAIIMOHHOI'O PACCEAHNA CBETA
B HAYKAX O CTEKJIE

QOcurop A A.

FOxero Vparscruil hedepanvrvili HayIHGIT Jermp MUHEPETozu U 2e03koRoeul VpO PAH, Hucmumym MUHepaiozul,
Muace, Poccua
HPDLIMWUPHQDNRVLSRY #JPDLO FRP

7KH FRPSRKRWUUXISRM&EHUW\ UHODW LW RN KKISIK HEVHW RREIMWRW LY H \
JODVYV VFLHQFH 7KH SRVVLELOLWLHV RI 5DPDQ VSHFWURVFR

OmnpeneneHie B3aMMOCBI3H MeXKAY COCTaBOM, CTPYKTYPOH H CBOHMCTBAMH BeIeCTBa
IBTIIeTCA BaXKHEHINeH 3afjauell B HayKaX O MarepHallax. [IpH peleHWH ITpaKTHYeCKHX 3afjad
ONTHMH3AllHA CBOWHCTB MaTepHalla WJIH IIOWCKa MaTepHalla ¢ Hallepel 3aJaHHBIMH KeTacMBIMH
CBOHCTBAaMH, 3a4acTyI0 MCIIONB3yeTCd YIPOIISHHBIM TOAXOZ, CYTh KOTOPOTO COCTOHT B
SKCIIEPUMEHTATbHOM HM3YYSHHH CBOMCTBa MaTepHala KaK (QYHKIIHHM e€ro cocTaBa M YCIOBHIA
CHHTE3a, ¢ TOCTIEAYIOIMHM OOBEIHHEHHEM COBOKYITHOCTH HAaKOIIIEHHBIX JAHHBIX B OMITHPHYESCKHE
ypaBHeHHA. TO ecTh, CTPYKTYpa, KaK TaKoBad, OIlycKaeTcd W3 PaccMOTPeHHA. B pesymbraTe, MBI
MoImy4YaeM IeHHYIO HHPOPMAIIHIO O TOM, KaK MEHAIOTCI CBOWCTBA MaTepHalla B 3aBHCHMOCTH OT €T0
COCTaBa, HO OCTAeTCAd OTKPBITBIM BOIPOC, TOYEMY OSTO IPOHCXOAWT HMEHHO TaKHM OOpa3oM.
O4eBHIHO, YTO OTBET Ha BOIPOC «IIOYEMY» 3alllHPpoOBaH B CTPYKTYpe 00bEKTa HecleJoBaHud, 0e3
pacImu@poBKH KOTOPOH, CO3MaHMe XOTh CKONBKO HHUOYAb TOMHON MOAECTH WM TEOPHH,
OITUCHIBAIOIIEH TIOBEJIEHHE MaTepHalla B TeX WIH HWHBIX OKCINIYaTAl[HOHHBIX YCIIOBHAX,
MIPEACTABIACTCd BEChMa 3aTPYNHHTENBHBIM 3aHATHEM. OTCIOfa clelyeT, YTO CTPYKTYPHBIM
HCCIIENOBAHUAM CIIEIyeT YASHATh CTONb K& NPHCTABHOS BHUMaHHE, KaK H K W3YYSHHIO CBOHCTB
MaTepPHAJIOB, B LIEIOM, H CTEKON, B HACTHOCTH.

Omaum 13 3QQEeKTHBHBIX METOAOB H3YYEHHS CTPOSHUS BEIISCTBa, TOTYUHBIINM ITHPOKOE
pacIipocTpaHeHHe, B TOM YHCIIE, H B HayKe O CTEKIIe, IBIMeTCA CIIEKTPOCKOH A KOMOHHAIIHOHHOT O
pacceannd (KP) ceeta. IlepBole IMyOMMKaIllMH, B KOTOPBIX COOOINANOCH O PACCEAHHH BEIESCTBOM
MOHOXPOMAaTHYECKOr0 H3IIYYEHHA BHIWMOTO JTHAIA30HA CIIEKTPa Ha YacToTaX, OTIHYHBIX OT
YacTOTHI BO3OYKAAIONIEr0 H3TYUSHH, TTOSBUIHCE B 1928 rogy > @pHCYHOK 1 HIIIOCTPHPYET
KBAHTOBOMEXaHHYeCKOe OOBIACHEHHE CIIOHTAHHOrO (OOBIYHOTO) KOMOHHAIIMOHHOTO PAacCEesIHUA).
OpHako, IMpoKoe paclipocTpaHeHHe KP  cIleKTpockomrd, KaK MeTOJ H3YYEHHI CTPOSHHUA
BEIIECTRA, IONYYHIa IO3Ke, IMOCIE OTKPBITHA H CO3[JaHWd KOTSPEHTHBIX MOHOXPOMAaTHYECKHX
HCTOYHHKOB M3TYyYeHHA (JTa3epoB), a, 3aTeM, pazpaloTKH MHOT OKaHAITbHBIX JACTEKTOPOB H3TYYSHHS
M KOH(QOKATBHBIX ONMTHYECKUX ¢XeM ¢OOpa PacCesHHOT O H3ITyYeHH L.
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PHC}’HOI{ I/IJ'U'II'OC'I]) dLfHA ABJIEHHA CITOHTaHHOIO KOM6HH'(1L[HOHHOIU pacceHAHHA CECTA.

AHaTM3UPYEeMBIMH TTapaMeTpaMH cIekTpoB KP 4BIAar0Tcd HMHTEHCHBHOCTH IIONOC H HX
BOITHOBOE YHCIIO (PaMaHOBCKHI CIBHT), XapaKTepH3YIOIee cMellleHHe IMuHHI KP OTHOCHTEIhHO
TOTTOCH BO30YKMAIOIET 0 H3TydeHHI. UHTEHCHBHOCTH TTONOC HECET HHMOPMAIIHEO O KOHI[EHTPalluH
pacceparouX YacTHIl, a PaMaHOBCKHI CABHT TTO3BONAET COOTHOCHTH ITONOKEHUE JTMHUH ¢ THITOM
STHX YacCTHIL

Ha ceromHaimuuii AeHp OOINENIPHHATO, YTO CTPYKTYpPa OKCHAHBIX CTEKOI H PacIUIaBOB B
o0macTH ONWAHETO IOPAAKa, TaK XK€ KaK W KpHCTAlloB, o0pa3oBaHa ¢ COONIONEHHEM
OIPEAEIEHHBIX TEOMETPHYESCKUX ITPHHIIHIIOB, HE MIPEATIONaraloIiX MTPOH3BOIBHOTO PACIIONOKEHN
aTOMOB. (3TO IO3BOIMET OIMCHIBATh CTPYKTYPY CTEKON M PaclllaBOB B TePMHHAX OMPaHHYEHHOTO
yrcaa 0a30BBIX CTPYKTYPHBIX €IUHMIL (KaTHOH(CeTKOOOpas3oBaTelh) KUCIOPOAHBIX TOMH3IPOB),
KOTOpPBIE MOTYT ObITh HACHTH(GHIIUPOBAHBI MeTOJOM KP  CHEKTPOCKOMWH TIO BETHYHMHE
PamaHoBcKoro casura. B cBOKO  ouepelb, HHTSHCHBHOCTH XapaKTEPHCTHYSCKHX IIONOC
HCIIONB3YIOTCA A4 TONYYSHHS KaueCcTBEHHOM WIIH, B HEKOTOPBIX YAOOHBIX CIy4Yadx,
KOJIMYECTBEHHOW KAapTHHBI H3MEHEHHA KOHIICHTPAIHA 3THX CTPYKTYPHBIX €UHUI] B 3aBHCHMOCTH
OT cOCTaBa CTEKNa WIIH, TPH ONPEJEIIeHHOW afalTallii SKCIEPHMEHTATbHOTO 000pYHOBAHHA,
3HaYeHH 4 BHEIHHUX TapaMeTPOB SKCIIePHMEHTa, TaKNX KaK JaBlIeHHE U TeMITepaTypa.

AHanmM3 CHEKTPOB KOMOHHAIHOHHOTO paccedHHd Ha NMpeAMeT M3MEHeHHS HHTEHCHBHOCTH
XapaKTePUCTHYLCKUX ITONOC TpeOyeT NpeABapHTElbHOM HX KOPPEKIHHM Ha 0(a30BYI0 JHHHIO, C
MOCIIEAYIONIEN HOPMHPOBKOHM IO IIHHHH ¢ MaKCHMAIbHOH HHTEHCHBHOCTBIO. B ciydae, Korma
CTHEKTPbI OBUIH H3MEPEHBI TIPH Pa3slIHYHBIX TeMITEpaTypax, Helnecoo0pasHO MPOBECTH KOPPEKIHIO
CTIEKTPOB Ha TEPMHUYECKYIO HACETIEHHOCTh KOmeGaTebHBIX YPOBHEH > @

Vv he
I Lfobs-—:VO_ Vﬁ[s—exp(ﬁ ]
TZe ,M ,RE LCKOPPEKTHUPOBAaHHAA H W3MEPEHHAA HHTEHCHBHOCTH, COOTBETCTBEHHO, V  BOIHOBOE
YHCTIO NHHHUM BO3OYKACHHA CIeKTpa (M v M BOIMHOBOE YHMCIO B CIIEKTpe (CM K+
noctogHHad [lmanka, NtmocrogHHad bombiivaHa, 7 +aOCOMIOTHAA TeMIlepaTypa H F xcKopocTh
CBETa, BBIpaZkeHHad B cM/c. Takad Ipollefypa ITO3BOISeT HCKITFOUNHTh M3 TOCIEAYIOMEro aHalH3a
BapHallMi B HHTEHCHBHOCTH IIOIIOC, HE CBSA3AaHHBIE CO CTPYKTYPHBIMH IIpeo0pa3oBaHHAMH, a
BBI3BAHHBIE W3MEHEHUAMH TEPMHYECKON HacelIeHHOCTH KONeOaTeNbHBIX YPOBHEH ITPH H3MEHEHHH
TeMITEPaTypPhl 00beKTa HeCeJOBaHU 4.

1. JannacGepr I'.C., Mangenbmtam JLI. HoBoe fABNeHHE MpH pacceaHHMH CcBeTa (TpelBapHTENBHOE

coobmentie) // KypHan Pycckoro ¢s. xam. obIecTsa. T C
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ONTHYECKHE METOABI UCCJIETOBAHUA CTPYKTYPBI U CBOICTB CTEKOJL
METO/BI KOJIEBATEJIBHOH CIIEKTPOCKOIIMHY C BPEMEHHBIM
PAZPEHIEHHEM

[Nopomorxmit A.B.
Canxm HemepOypzcKuli 2o0cyOapceeHHsill YHUGE PCUIECH

Canrxm Hemeptype, Poccua
HPDLIMOH[H\ SRYRORWVNL\#VSEX UX

2SWLFDO PHWKRGV LQVOKEWQRVFREYDWRERQDOXG\LQJ WKH
IXQFWLRQDO SURSHUWLHV RI JODVVHV DUH GHVFULEHG EFR
UHVROXWLRQ

OnTHYecKHe METONbl UCCIIeOBAaHHA B HACTOAINEE BPEMS ABIAFOTCA ONHHMH H3 OCHOBHBIX
MIPH HUCCIEAOBAHUH (PH3HKO XUMHYESCKHX H (DYHKIMOHATBHBIX CBOHCTB cTeKoN. CIeKTpalbHbIe
3a8BHCHMOCTH  KO3h(UIeHTa TIOTTIOMEHHS HCTIONB3YIOTCA [UIS  OMpPeAeTeHHS TTONOKEHHA
(byHIAMEHTAITbHOTO Kpas ONMTHYECKOTO MOTNOMeHUA. CHeKTPhl H3TYUeHUS TTO3BOIMIOT TTONYYHTh
HHGOPMAITHIO O COGCTBEHHON MIOMHUHECIICHITMH U TIOMHHECIISHIIUH IIEHTPOB OKPACKH M aKTUBHBIX
HOHOB. MeTozpl KomeOGaTenbHOH CIIEKTPOCKONNH, BKIroUaromue UK @Oypbe CIIEKTPOCKONHIO H
CTIEKTPOCKOIMHIO KOMOHHAITMOHHOTO paccesHuA cBera (KPC), MO3BOIMIOT H3y4aTh CTPYKTYPHBIE
0COOESHHOCTH CTEKOIN. Bce MepeyncIieHHbIe METOIBI IIPHMEHHMBI TS CTAllHOHAPHOTO H3MEpPEHUA
XapaKTEPUCTHK CTEKONl FCHCTEM HEPABHOBECHBIX ¢ TOUKH 3PEHHA TEPMOTHHAMAKH.

WsmMeHEHNA B CTPYKTYpe CTEKIa ONPEeASIIIIOTCd MeKaTOMHBIMH B3aUMOJACHCTBHAMH H
BO3MOKHBI B CIIy4ae MPeOAOIeHHA Oapbepa MOTEHIHAIBHOW SHEPIHH. Bpem4a mmepexona U3 OJHOrO
COCTOSIHUA B APYTO€ HA3ZBIBASTCA BPEMEHEM PelaKCalliH M ONPEeAeTIeTCa COTTIAcHO CIEeAYIOIIEMY
BBIPaKEHHIO:

()
T Lrge‘keT
rhe K, +5Hepryd aKTHBAIH, HeoOXOINMas [T PeOIONeHIs Gapbepa, T *TeMIIepaTypa.

O4YeBHIHO, YTO ¢ POCTOM TEMIIEPaTyPhl BpeM4 PellaKcallid CHUKaeTcd U B CTEKIIaX MOTIYT
MIPOHCXOJUTH JOCTaTOYHO OBICTPRIE XWUMHYeCKHe W (H3HYECKHE IIpolecchl. Hcronb3opaHue
BHEIIHUX HCTOYHWUKOB SHEPTHH, HAIPHMED, JTa3epHOrO HW3IYyYEHH4, ITO3BOJLIIOT CO3[aBaTh B
CTEKIIaX CHIIbHO HEPABHOBECHBIE COCTOSHHA, CBA3aHHBIE ¢ TeHepalluel CBOOOIHBIX BIIEKTPOHOB,
JOKaITbHBIM Har PeBOM, TIPHBOIAINHM K TUIaBIICHUIO, HCITAPEHUIO, HOHW3AIMH U T.4. Kak ImpaswuIio,
5TO CBEpXOBICTPBIE ITPOLIECCHL, BPEMS peENaKcallid KOTOPBIX IIEAWUT B JHANA30HE COTEH
(heMTOCEKYH £IECATKOB ITHKOCEKYH/I.

BricTpBle H CBEPXOBICTPHIE MPOIECCHl B CTEKIIaX MOTYT COIPOBOXKIATHCA H3MEHEHHEM HX
CTPYKTYPHL M JIOKaIBbHOI'O COCTaBa BCIEJCTBHE TEPECTPONKH XMUMHYSCKHX CBI3eH M MHTPalliu
KOMITOHEHTOB CTeKlna. Momu@uKaiusg cTeKlla MOXKeT IPHBOAWTh K H3MEHEHWIO ITOKa3aTelld
MIPeTOMIeHNS, KO dHIMEHTa TTOTTIOMEHHS, TITOTHOCTH U AP., YTO BOCTPeGOBAHO ¢ TMPaKTHYECKOH
TOYKH 3PEHHA B TaKMX OONMACTAX HAYKH M TEXHHUKH, KaK ONMTHKa, JazepHad HU3HKa, HHTETpaIbHasa
OITHKa. 119 HCCIeOBaHUA CBEPXOBICTPRIX CTPYKTYPHBIX TIEPeCTPOEK CTAIHOHAPHBIE METOIBI HE
MPUMEHUMBI, TIOTOMY Tpe0yeTcd pa3BUTHE METOJOB KOIeOaTENBHONH CIIEKTPOCKOIHH  C
BPEMEHHBIM Pa3peIlcHHEM.

B gaHHOWH paboTe IIpelCTaBIIeHbl OCHOBHBIE TIPHHIIMITBL H3MEPEHHA KOolleOaTeIbHbIX
crieKTpoB  crekon Merogamu MK u KPC  CIEKTpOCKONMHH ¢ BPEeMEHHBIM — PaspellcHHEM.
Pacemorpensl ocobeHHOCTH ms3MepeHnd MK criekrtpoB mpu momoinud Dypbe CIIEKTPOMETPOB ¢
HAaHOCEKYHIHBIM Pa3pellieHHeM M METONOM «BO30YKICHUI 30HAHPOBAHUTY ¢ (PeMTOCEKYHIHBIM
pa3pelIeHHEM.



BJMAHUE TUCIHEPCHOCTH HA KPHCTAJUIM3AIINIO CTEKOJI HA ITPUMEPE
KA/IMEBOBOPATHOH CHCTEMBI

[NTomaxopa U.T.

Hremumym xuvuy cumuxamoe M. H B, Tpebenupuroea PAH, Canxkm Hemepoype, Poccua
HPDLIQGUDBSS#OLVW UX

7TKH XQXVXDO VHQVLWLYLW\ RI SRWDVVLXP WULERUDNMVHDWR \
QXPEHU RI TXHVWLRQV DEEBXMVWRW ISRV SKBIVOLG®/ARIUD PV IRU

[pu uccnemoBanny Ga3oBoi AHATPaAMMBI KaTHeBOSOPATHON CHCTEMBI MBI CTOIKHYIIHCH C
HEOKUAAHHBIMU TPYIHOCTAMHU TIPH H3Y4eHHH (ha30BBIX PaBHOBECHI ¢ yHacTHeM TpHOOpaTa KalHs
(o6o3HauaeTca Kak K3B). J14 HEKOTOPHIX M3 BOSHHUKIIHX ITPOGIIEM YIanoCh TPEAIOKHUTE PeIlleHHE
(omyOnmuKOBaHO B > )(@HO PAA CYIIECTBEHHBIX BOMPOCOB OCTANCA «3a KaApoM» ITyOITHKAIlHH.
[TocTapaemcd HX MEPEUUCTIHTH U ITO BO3MOKHOCTH OOCYIHTB.

B uvactHo# GuHapHoit cuctemMe K O-2B O SK O-19B O (mamee o6osHauaroTca Kak K2B
u SK19B) tpubopar o6pasyercsd BOIMH3H COCTaRa SBTEKTHKH H IPOSBIIIET, Kak ObITO 00Hapy:KeHO,
THUIIEPYYBCTBHTEIIBHOCTE K JUCIIEPCHOCTH  YAacTHI[ KPHUCTAUIM3YIOINErocd crekina. llpu
HEe3HAYNTENBHBIX (B Pashbl) PasMUUAX B pasMepax HacTHI[ TIOPOIKa B OJHHUX M TEX K& YCIOBHAX
peakumg 00pa30BaHHA IIITa B ITPOTHBOMONOKHBIX HAITPABIeHH X :

KpymHbId nopormok  K2B + 5K19B — K3B;

Menkui mopormok  K3B — K2B + 5K19B.

Bompoc 1. PasmMepHBIit 3 (ekT Xopolo u3BecTeH 19 HaHOYACTHII, HO B JaHHOM CITydac
pasMep UYacTHI[ COCTaBIAl MHKPOHBI W JECATKH MHKPOH. B uUeM TIpHYMHA TaKoH
YYBCTBUTEIBbHOCTH? HeyKelM pa3HHIl B IMOBEPXHOCTHOM HATIKEHHMH YacTHI[ JOCTaTOYHO IS
o0palllcHH A Peakiuu?

Bompoc 2. [Touemy nMeHHO TpHOOpAT KallHA IIPOSABIIIET IMOBHIIEHHYIO YYBCTBUTEILHOCTH K
JTUCIIEPCHOCTH, B TO BpeM4 KaK OCTallbHEIE OOPaThl Kalnd K Hell He UyBCTBUTEIIBHBI?

Bonpoc 3. [Tpu tBepmodaztHom cuutese (TOC) K3B, mociie HeUe3HOBEHH B CMECH CIISIOB
HCXOJHBIX PEaKTHBOB, B Hell 00pa3yioTcsa Bee TPH YIIOMAHYTHIE (ashl U Janee TpeBpaIieHusd HIYT
1o peakuuu (2). Ho mpu TOC oOpasopaHHe 4YacTHI[ HauMHAeTCd HA HAHO YPOBHE, H TpHOOpar
Kalnu4 B 3THX YCIOBHIX JOTAKEH OBITh a0COIFOTHO HecTaOHITbHBIM. [Toduemy OH oOpasyercda?

Bompoc 5. MspecTHO, uTo Ha (a3’0BBIX AHarpaMMax TpPaHHIBI IMoNeH ¢ ydacTHeM a3
MTOCTOAHHOT O COCTaBa JOIKHBL OBITh IIPAMBIMHU. B dKcllepuMeHTe ke ObUIO MTOKa3aHo, YTO TPaHHIa
cymecTBoBaHUd K3B HnckpuBieHa Kak co cTopoHbl K2B, Ttak u co croponsl SK19B, a o0macth
CYIIECTBOBaHNUA TpHOOpaTa orpaHHYeHa O4eHb HeOONBIIHMH KOHIICHT PAIlAOHHBIMH HHTEPBAIIAMH.
Dr0o Kaxyleecd HapyllieHHe MpaBHITa (a3 B SKCIEPUMEHTe ObIITIO OOBACHEHO HEOGXOMUMOCTHIO
HCTIONB30BaHUA TPeXMepHOH ha30BOi AHarpaMMbl B KOOPHMHATaX «COCTaB—IHCIIEPCHOCTh—
—TeMIeparypay.

Bompoc 6. Tpubopar Kamu4, 3aKpHCTAUIM30BABIMHICA B MOHOIIMTHOM CTEKIE, COXPaHIET
yeTolunBocTh B TeueHHH 5000 wacos mmpu 650 °C, 1mmaBHTCA OH KaK cTaOMIbHAad KOHTPYSHTHAd
(hasa B IOe MEePBHYHON KpHcTammmzalui SK19B. Moryr mu gaHHbIle 0 MOHOMHUTHOM K3B OBITH
HaHeCeHHI Ha OOIIyI0 (hasoBYIO AHATPaMMy?

Bompoc 7. MoxeT mH BooOINe OBITH MOCTpOcHa (pa3opad aHarpaMma I BelllecTBa B
MOHOIHUTHOM COCTOAHHH? (CKOpee BCEro, HET, H TpeOOBaHHE CIIPABOYHHKOB M YUeOHHKOB ITO
($a30BBIM JIHarpaMMaM OTHOCHTh HX K MOHOIIMTHOMY COCTOAHHIO XOTS M IIOHATHO, HO
HEBBITIOTTHUMO.

ITomakora M.I'., Tokapera E.B. KprcTammizalpa cTekna H TRepiodasoBbIH CHHTE3 NMPH H3VUYeHHH (Ha30BbIX
PaBHOBECHI B KalHeRoGopaTHOH cHcTeMe // DH3HKa H XHMHA cTekna. 1997, T. 23. Ne 5. C. 506



APEBHEE CTEKJIO, ET'O IIPOU3BOJACTBO H U3YVUEHHE METOJAMH
APXEOJIOTHH H ECTECTBEHHBIX HAYK

Pymaniiesa O.C.
Hucmumyvm apxeonozuy PAH Mockea, Poccua
HPDLRO URXPLDQWVHYD#PDLO UX

$EUIRVMHURMHZN VXHY UHVHDUFK ILHOGVY DQG PHWKRGV IRU W
LWV RULJLQ PDQXIDFWXULQJ WHHAEKQRIQRDGHFH MRF MDKH DI [E

[leppble CTEKNAHHBIC M3ACTHI, HM3BECTHBIC IO APXCONOTHUECKHM JaHHBIM, AaTHPYIOTCH
BpeMEHEM He TIO3[IHEE CEPEIUHBI , , ThIC. JIO H.5. OHM TPOUCXOIAT ¢ TEPPHTOPHH MecormoTaMuu
(coppemennble Cupus u Hpak), KoTopad TPHU3HAETCA CAMbIM PaHHHUM I[EHTPOM JPEBHETO
cTekmonenud. Ileprosi BpeMeHH 110 MeHbINEH Mepe OKOIO THICAYEIETHA OTACTACT STH M3 OT
TIEPBBIX ~ apXEONMOTHYECKUX  JAHHBIX, CBA3GHHBIX ¢ ITIPOU3BONCTBOM CTeKnma  JpepHHe
CTEKIIONENATebHBIe MacTepPCKhue CIIEIHATM3HPOBATNCh Ha BapKe CTEeKIa WM Ha IMPOH3BOACTBE
TOTOBBIX M3JACTHI W3 TonyhadpukaToB. Camble paHHHE CTEKIOBApPEHHBIC IIEHTPHI M3BECTHHI Ha
CeTOMHA Ha Teppuropur Erumra + BTOpOro 1O BPEeMeHH BO3HHKHOBEHHSA — odara
CTEKITONENATETPHOTO TIPOM3BOACTBa. B JIpeBHEM MHpe CTEKIO OBIO PEIKHM W JOPOTHM
MaTepuanoM. TexXHOTOrHYecKasd PeBOMOINA B JaHHOW OTpacid TIPOM3BOACTBA ITPOM3OINDIA B
pesyibTare H300PEeTeHMSI M PacmpocTpaHeHHd Ha pyOeke 5P CTEKIOMYBHON TEXHHKH, KOTIa
CTEKITHHBIE H3ACTH CTAHOBATCA TIPEAMETOM MacCOBOTO O0MXO/a KUTeNei PUMCKON HMITEpHH.

[pu packomKax apXeolorH HaXOMAT KaK caMH CTEKIIIHHBIE U3IENNd +YKpaIleHU, COCYIbL,
OKOHHO€ CTEKIO, MO3aMYHYIO CMalbTy M T.JO., TaKk M OCTAaTKH JPEeBHHX MACTEPCKUX TI0
MTPOM3BOACTBY CTEKIa M H3Iemuit U3 Hero. OXHUM W3 HMHTEPECHEHINMX apXeONOTHUECKHX
HCTOYHHKOB, TIO3BOIIIONIMX CYAHTh O XapakTepe H MaciTadax MeXIYHapOIHOH TOPTOBIH
CTEKIIOM, SBISIOTCS TPY3Bl 3aTOHYBIMX KopadneH pasHBIX SIMOX, caMbli PaHHHM H3 KOTOPBIX
matupyetca ;, 9 B. 0 H.3. J[4 cHelMalicTOR B PaBHOI CTENIeHH BaKHBI KaK CaMH TIPEAMETH U3
CTEKIIa, TaK M MECTO M YCIOBHSA HMX HAXOAKH, a TaKke COMPOBOKIAIONIMI MX MaTepHal 3To
MO3BONAET OMpPENeTUTh UX Jary, CBA3aTh ¢ OMpPeAeTeHHBIMHM TPYIIaMH IPEBHETO HaceleHUI,
YCTAHOBUTH KYIIbTYPHBIN KOHTEKCT.

Haxoqxku CTEKIAHHBIX H3ICTHI M MAacTEPCKHX, CBA3AHHBIX ¢ MX IPOH3BOJCTBOM, TAfOT
BaXHYI0 HWHOPOPMAIIMIO KaK O Pa3sBUTHH JAPEBHHX TEXHONOTHH, TaKk W KYIBTYPHBIX H
SKOHOMHYECKHX CBA3SIX MPEBHETO HaceleHHd. [Ipou3BONCTBO cTeKa He OBIO pacmpocTpaHeHOo
MOBCEMECTHO, M Ha OOIIMPHBIX TEPPUTOPHAX CTEKIAHHBIE H3ACTHA ABISUTMCH HMITOPTaMH,
MOCTYIMUBIMMMH H3Maieka. B CBA3M ¢ 3TUM OJHHM W3 Haubollee aKTYalbHBIX HalpaBleHH
ApXCONOTHYESCKUX HCCIeNOBAaHHN 4BIACTCA ONpeNelicHHe TPOHCXOKIECHHSA APEBHETO CTeKnma. B
MOMOOHBIX HCCIEMOBAHNAX BaKHEHIIee MECTO 3aHUMAIOT METOMBI €CTECTBEHHBIX HayK. M3yueHne
XUMHYECKOTO ¢OCTaBa CTEKNa TO3BONAET ONMPEAeNTUTh THII CHIPbS, B TIEPBYIO Odepelb +(IrocoB,
HCTIONB3YEMBIX APSBHUMH CTEKIOJALNaMH, a TakKkKe MOMYyYUTh HH(POPMAITHMIO O TEOXHMHYECKHX
XapaKTePUCTHKaX M PEerHOHaX JTOKaTM3alliH Tecka. He3aBHUCHMBIM HCTOYHHKOM HH(MOPMAIH O
MTPOUCXOKACHHN CTEKIIa, HApAdy ¢ XUMHYECKHM COCTaBOM, SBIIAETCSA TAaKXKe COCTaB H30TOTTHBIH,
TArOMIHIT MTHPOPMAIIHIO O PETHOHE TTPOUCXOKICHUS U XapaKTepe HCITONb30BAHHOTO CHIPH.



INPUBOP JIA HAHECEHWA MUKPOJIMH3 HA ITOBEPXHOCTDB
HK ITOJIYIIPOBOJHHUKOBBIX THOJOB JJIA I'A30BOI'O AHAJIM3A

Cemenua A.B ., BuGe JI.B  Kunnkos B.A.

Hucmumym xuvuy cuiuramoe uv H B, I'pebenupuroea, PAH, Canxm Hemepoype, Poccua
Canxm HemepOypeckuli nomume xaudeckuti yeueepcumem Hempa Beaurozo
Canrxm Hemepoype: Poccua
HPDLOVHPHQFKD#VSEVWX UX

4 SURJUDP KDV EHHQ GHYHORSHG IRU FRQWUROOLQJ URERW
VXUIDFH RQSXRWRHPLWWLQJ LQ WKH ,5 UDQJH

AHamn3 BBIIBIXaeMOr0 Bo3myxa (BB) gpmgerca OBICTPO pa3BHBAIOIIMMCA HaITPaBICHHEM
HEWHBA3HBHON MEAMIIMHCKOW IHAarHOCTHKH. J|[HarHOCTHKa Ha OCHOBE aHalu3za BB wmeer p4an
HMeeT PN MPEHMYINECTB: aHallH3 Ta30BOM cMecH 0Oe3oImaceH AN IepcoHalla, JAEIIEB, 3aHUMAET
HEMHOTO BpPeMeHH H TIO3BONMET OIPEJLNATh MHHHMAIBHBIE KOHIICHTpalMH. CYIIecTBYET P
METOZIOB aHaAIM3a Ta30BOM Cpelbl, U OMHUM U3 HauGolee MepCNeKTHBHBIX ABNACTCA HH(bpaKpacHast
CIIEKTPOCKOITHA.

CerogHa BO MHOTHMX VHHBepcHTeTax wHpa (Mramug, [epmanmsa, HugepmaHisl,
Bemmko6putannsga, CIIA, HWspaumb) aKTHBHO BeAyTCd HCCISAOBAaHMA IO  BHISBICHHIO
CIeM(HISCKIX Ta30B MapKepoB PasHYHBIX 3afolleBaHHN M OTpadoTKa MeTONHK aHanHn3a BB B
KnuHuKe. [[okasaTerneM akTHBHOCTH CIIYKHT GOMBINOS YMCIIO ITYOIHKALMH, ITPOBEASHHE SKETOTHON
koHbepeHttuu Breath Anaysis Summit, ¥ u3maHHe cHelMaTU3UpoBaHHOTO XypHama JorQDO R
Breath Research. PesymbTaToM 5THX HCCIIeHOBaHMI cTalla, Ipekie Bceero, ofOmmpHad Oaza
MapKepOB, TIPHCYTCTBYIOIINX B BB IIpH pasmHuHbBIX 3a00NeBaHHIX. Cpefii OCHOBHBIX MAapKepOB
MOKHO BBIIeHTE. CO (aHeMHA, acTMa, ...), NO (THIIepTeH3H A, CeTICHC, TeTaTHT, H 1p.), NH3 (pak
JeTKoro, mydepasd OonesHb, B Ap.), CH4 (paccTpoiicTBa KeTyMOUHO KHIIEYHOrO TpakTa), CS2
(nmmzohpennd), C2H4 (OKCHAATHBHBIH CTPecC, OCTPBIM HMH(papKT MHOKapma), C2H6 (mapkep
BuramiHa E y gerelf), aleToH (Takemad ceplcuHas HENOCTaTOYHOCTB), METAHON, STaHOM,
arleTanmbAeTH] (CaXapHbIit AHadeT, alKoroMnus3M), H 1.

OMHOBpPEMEHHO ¢ VKa3aHHOW IIPOOIEeMaTHKOH BaXKHBIM TPEHAOM 4BIAETCd PaHHAA
JUATHOCTHKA B ITPOMEXKYTKaX MEXKAY CTAI[HOHAPHBIMH MEIHIMHCKHMMH OCMOTpaMH. PaspUTHE
IMPUOOPHOHN MOPTATHBHON TEXHHUKH, CIIOCOOHOH ITOZATh CBOSBPEMEHHBIN CHIHA O Ipo0lieMax WIH
OTKIIOHEHHSX B COCTABE Ta30BOM CMECH MOTYT CTaTh MPHOOPH HOCHMOHN SIEKTPOHUKH HAa OCHOBE
ontiyecknx MK marunkop. B Takmx ceHcopax oOecleuMBacTcd BBICOKAd CEIEKTHBHOCTH H
YYBCTBHTEIBHOCTh COMOCTABHMAd ¢ TPAIUIIMOHHBIMH METONAMH H3MEPEHN, ITPH 3TOM YCTPOHCTBa
HMEIOT HU3KOE SHEPTOMOTPeOIIeHHE W BO3MOKHOCTh HHTEIPAllMH ¢ «HHTEPHETOM BEIIEi».

YBenHUeHHE YYBCTBUTEIBHOCTH CEHCOPOB TpeOyeT KaK IIOBBIINIEHHI KBaHTOBOH
sthdextuBHOcTH WK omromapel, Tak M HMCMONb30BAaHUA CHEIHATbHBIX ONTHYECKHX CHCTEM Ha
OCHOBE MHKpONMHH3. O0e 3TH 3aJadyd MOryT OBITH PEIICHBI 3a CHeT paspaloTOK 3adBIIIEeMOHN
TPYIIITHL.

Brnaromapsg MHKpPOKaICYIHPOBAaHHIO BBICOKOITPEIOMIIOIINMA ONTHYECKHMHU cpefamMu MK
u3TydarTenei M MPHEMHUKOB, KBaHTOBaA >(P(eKTHBHOCTD ONTOMaphl yVKe MOBBICHITAch B 6 8 pas.
3T10T0 yHaloch AOCTHYB, MONO0paB MAaTepHall ¢ BBICOKWM ITOKa3aTelleM IIPEIIOMIIEHHSI M 3a CUeT
YMEHBITICHUA KPHUTHYECKOTO YIJIa MOTHOTO BHYTPEHHETO OTPakKeHH YBETHYHTH JOMIO (POTOHOB,
MOKHHYBIIINX TTOTYITPOBOIHUKOBBIH KPHCTAIDI.

PazpaGoraHHBI  JeMOHCTPAllMOHHBIM  oOpasel] YCTAaHOBKH 10  HAaHECEHHKD B
aBTOMAaTHYECKOM PEKHME MUKPOIIMH3 00IafacT PAAOM TEXHUYSCKHX OCOOSHHOCTEN.

1. ITporpamma yIpaBiIeHHI OCHOBaHa Ha TEXHUYECKOM 3PEHHH, COOHPAarOIeM H300paKeHHE
U3 JIBYX MPOEKIHH (TITOCKOCTh | B <

2. llperopas auddepeHIHaling H300paKEHHA TO3BOMAST IIEHTPHPOBATh JTO3HUPYIOIIEE
YCTPOMCTBO H OCh CHMMETPHH O0BEKTa 149 HAaHECEHHU JTHH3HL,

3. CueremMa TOYHOTO TTO3HIIHOHHPOBaHA A paboTaeT MpH TeMIlepaTypax 10 250 f&



OOpaTHOe JaBIEeHHE B JOBHPYIOIIEM COCYAE ITO3BONAET TEPEXOJHTh B PEAKUM «aHTH
Kariay,
5. OObeM MaTepHalla I MHKPOIMH3bI KOHTPOIMPYETCd CpPeNCcTBAMH TEXHHYECKOTO
3PEHNL,
6. llomHOCTBIO TepMeTHYHad KamMepa IIO3BONIET CO3JaTh YCIOBHA KOHTPOIHPYEMOH
aTMOC(EPHL,
BeTpoeHHas cHeTeMa OXIakeHHE TIEKTPOHHKA H MEXAHH3MOB NTEPEMEIIEHHU A,
8. KoHTpomb TemItepaTypsl ITOIIIOAKKH ,
9. Hamnumne BO3MOKHOCTH TPOSKTHPOBATh TPASKTOPHIO IEePeMEIeHHd H MHOTOKPaTHOH
BOCITPOM3BOAUMOCTH Pe3yIbTara.
PesympTaTel TMH3MPOBaHAA JHOMA ¢ KOPIycoM 7 2 TIpPeICTaBIIeH Ha PHCYHKe 1.

PucyHok 1. @oTorpadusa MK dotomioga Ge3 MHH3BI (CNeBa) H ¢ TMH30H (CTpaBa) H3 XaTbKOTeHHIHOTO
CTeKNa, HaHeC €HHOTO Ha MPeCTaBIeHHOH ¥ ¢ TaHOBKE.

PazpaGoraHHasd TEXHONOTHS, aBTOMAaTH3MpPOBaHHAd MalllHHa W CPelcTBa YIPaBIEHUA
TIO3BONSIOT TPOU3BOAUTh METKOCEPUHHBIA MapTHH ITMH3HPOBaHHBIX ITPHOOPAOB B KOIIHYECTBE OT
100 mo 300 B palouyr0 cMeHY, CHH3HB ITPH 3TOM PacXObl Ha YCTAaHOBKY ITHH3BL, €€ TOIHPOBKY
HEHTPHPOBaHUe. B KOHEUHOM cUeTe 3TO IMO3BONAET MOTy4YaTh MHHHATIOPHBIN, ¢ HH3KON DHEprHeH
MoTpeONeHnsa, MPOCTOM W HaASKHBIH CEHCOp A Ta3a, a TaKke  Marepuan mid cOOpKH
MYIIbTHCIIEKTPAIbHBIX aHAIN3aTOPOB Ha Ga3e OJHOKAHAITBHBIX ITONTYIIPOBOIHHKOBBIX H3TyYaTeleH.

[Tomy4yeHHBIT YPOBEHb YYBCTBHTEIBHOCTH, TEXHOJIOTHYHBIA METOJ CHHIE3a CTEKON H
METOIHNKa HAaHECEHU S JIMH3 CYIIECTBEHHO YACIIeBHIAa KOHEUHBIN MPUOOp U CHIa OTpaHHYEHHE K
€r0 MacCOBOMY PaclpOCT PAHEHHIO.

Paboma esmonnena e pavray padonet no Hpoermy «HHmepnerxmyansiole MEXHOAOZHN KaK MEXAHUSM 1O
foprMUPOEaHI0 KOAMFIEHYIIT € OORGCII CO30AHNA (DYHRYUOHTILHOIX MUINEPUATOEY CHPENEUNECKo20 RPOera
«Henoee Koye HIMPUYHLIE MEXHOAOZHN 1 petieHuay npozpavivet ITPIHOPHTET 2030

MHKPO N HAHOMOAHPHIITHPOBAHUE CTPYKTYPBI OKCHJHBIX CTEKOJI +
HOBBIE ITPHJIOYKEHWA U ITEPCIIEKTHBBI

Cwuraep B.H.
Poccuilc il xunnko mexnorozudec kil yvaueepeumem us. JLU Mendeneeea Mockea, Poccua
HPDL\OLIJDEFYP XFWXY OB GIB HRDERP

%XON PRGLILFDWLRQV RI JODVV VWUXHWXOPHFDVR UPIONV ILRQ W
PLFDRRG QDQRPRGLILFDWLRQV E\ IHPWRVHFRQG ODVHU UDGL

Marepuanbl Ha OCHOBE CTEKON TPEACTaBIAIOT OCOOBI MHTEpeC I PasBUTHA (HOTOHHUKM,
niepeflaul ¥ XpaHeHH JaHHbBIX, CO3JIaHN Ta3ePHBIX ¢pell ¥ MPOUMX MPUMeHEHHH. [l JOCTHKEHH
38JJaHHOTO, TIOCTOSIHHO YCIOXKHAIOIIErocd KOMITIEKCa CBOMCTB pa3palaThIiBacMOTO CTEKITa HIH
MaTepHala Ha ero OCHOBe HeoOXOMMMO Bee Oolee TOHKO YIPABIATH €ro CTPYKTYpoit. B cBasu ¢
5TUM B JIOKITaJie KPaTKo COMOCTABIEHBI TTOCTOSHHO PACIMPSIONIHECA Ha MPOTSKEHUH TMOTyBeKa
BO3MOKHOCTH METOJOB PeHTITeHOorpadhuu M HelTpoHorpaduu M MOCHEACTBUA HX MPHUMEHEHHI K



CTEKI000pasHbIM 00BeKTaM. (Oco0yi0 3HAYMMOCTh IIPEACTABILIIOT  HCCIEAOBaHHA —CaMBIX
HayalmbHBIX CTaAHii (a30BBIX ITIPEBpalllcHHM B CTEKIaX METOJaMH MAallOYITIIOBOTO paccedHHA
HeHTPOHOB M PEHTTEHOBCKHX ITy4eH, a TakKKe HCCIeNOBaHHA 3apOKTAIONNXCA KPUCTAIIIOB HITH
BOSHHMKAIOIHX TIOJ JeHCTBHeM Ma3epHOTO Iyuka JdedeKTOB MeTOomaMH ITPOCBEUMBAIOICH
3IEKTPOHHON MHKPOCKOITHH.

B nmokmage KpaTko 00CYKAAIOTCSA HOBBIE MaTEpHallbl Ha OCHOBE CTEKITa M HOBBIE TTOAXOIbI K
HMX (QYHKIMOHAM3AIIHH 34 CUeT YIIPaRIIeMOro 06beMHOTO MOTHOHUIIMPOBAaHHA HAHOCTPYKTYPHL Ha
HAYallbHBIX CTAAHMAX CHTAIIOO0pPa30BaHHA WIH ITOKAThbHOTO MHKPO M HaHOMOTH(HIHMPOBAHHI
CTPYKTYPEL (DeMTOCEKYHAHBIM ITasepHBIM HM3IIyUeHHEM, pasBHBacMble Ha Kadeape cTeKla H
cutamos PXTY um. J1.M. MeHgeneepa:

— Crekna Cc HH3KHM COMIepKaHHEM CTeKITo00pa3oBaTend, B TOM  UHCIE
BBICOKOITPEIIOMIIOIIHE,

— Crekna, HaHOCTPYKTYPHPOBAHHbBIE HEMMHEHHO ONTHYSCKUMH KpHCTaUIaMH H OOITaJaroIie
KBaJpaTHYHOH OITHYECKON HEITHHEHHOCTBIO,

— AmomobopaTHble (XaHTHTOIMOAOOHBIE) CTeKIa ¢ MaKCHMATbHO BO3SMOKHBIM PacCTOSHHEM
| @/ Q(6omee 0,6 HM) M TpO3payHasd CTEKIOKepaMHKa ¢ BBHICOKMM cofiepkaHHem * D2 Kak
AaKTHBHBIC JTa3ePHBIE CPEIbl H BH3YAIN3aTOPhl Y D M PEHTT€HOBCKOrO H3ITYUCHH T,

— QopmupopaHHe  (eMTOCEKYHIHBIM  Ja3epHBIM  IIYIKOM  JIBYIIYUEITPETOMIIIOIIIX
TIONAPH3AIIHOHHO 3aBHCHMBIX MHKPOCTPYKTYP B TEPMOCTOMKHMX MaTepHalmaX (KBapIleBBIX H
HAHOIIOPHCTHIX CTeKNaX, B TPO3PauHON CTeKIOKepaMHKe ¢ OKOTOHYIEBHIM sHaueHHeM TKJIP),
CO3MaHHE TEXHOJIOTHH CBepXCTabHIbHOH (He TpeOyIONMX TepesallicH) MHOTOYPOBHEBOI,
MHOTOCIIOMHONH apXWBHOH OINTHYECKOH ITaMITH, paspadoTKa CHCTEM 3alliCH, CYWTBIBAHHA H
XpaHEHHUA JaHHBIX Ha «BEUHBIX» HOCHTEIAX U3 CTEKIIA;

— JlokanpHasg Ta3epHO HHAYIMPOBaHHAd KpHCTAIUIM3allMd CTEKOT H (OPMHPOBaHHE B HX
o0beMe H Ha TIOBEPXHOCTH KPHCTAIMHYSCKHX apXHUTEKTYp CIOXKHOM (OpPMBEI ¢ HOBBIMH
(hYHKIMOHAIh HRIMH CBOHCTBaMH (KpHCTaIIHYSCKHE BOITHOBOJIHEIE CTPYKT YPBI Cc
TOMHHECIISHTHREIMH ~ H/HITH ~ HETTHHEHHO ONTHYSCKUMH  CBOHCTBaMH, KOHBEPTOPHI UacTOTHL,
MHHHATIOPHBIE HCTOUHHKH JA3SpHOTO M3IMYUSHHA H IIp.), TIpsMad Ja3epHasd 3alliuch ONMTHUSCKHX
BOITHOBOJIOB B 00BbeMe cHTaIa cO 3HaucHHeM TKJIP GIIH3KNM K HYITIO;

O6peMHOES H TTOKaMbHOe (hOPMHPOBaHHEe HAHOYACTHI[ METAINIOB M TIOIYIIPOBOAHHKOB B
CTEKIIax AT CO3TaHUA HOBBIX CBETOM3ITYUAOIINX CPel M I CO3JJaHM I MHOTOMEPHON OIMTHYECKOH
TIaMITH H 3alHCH BOITHOBOJ OB,

— JlasepHO HHIYIIMPOBAaHHOE TpaBlcHHe H (HOPMHPOBAaHHE ITONBIX MHKPOCTPYKTYP CIOKHOM
TeOMETPHH B 00beMe CTEKOM AT IMMPUMEHEHHH B (DOTOHHKE, MUKPOQITIOHANKE H MHKPOMEXaHHKE.

Paboma estnonrera npu Qunancoeoti noodepicre Mimtcmepemed oOpasoeaniia 4 Hayru PO (npoeran FSSM

OKCHIHBIE CTEKJIOOBPA3ZYIOIHNIHE CUCTEMBI
ITPH BBICOKHX TEMIIEPATYPAX: HCITAPEHUE H TEPMOJHHAMIKA

Cromgposa B.JIL.
Hucmumym xus cuiukamoe ust H B, Ipebenupuroea PAH, Canrm Hemepoype, Poccua

Canran Hemeptypeckuli cocydapemeennsili vaueepcumem Carnxm Hemepype, Poccua
HPDLOVWRO\DURYD#VSEX UX

QIRUPDWLRQ RQLRWKH UWYPBHRWHIW QSUREHUWR 8 RUPIRIDON V
VIVWARGWDLQLOR 6&H2 32 ZLWK YDULHW)\ REZID&H GRR &BSMWHRG/

HGO,I[HOKpaTHO IIOKa3aHa OIMPSICIIAOaad pollb IMPOLICCCOR HCIMAPCHHA IIPH ITOIIYUCHHH H
SKCIITYaTallHH CTCKOIl ITPH BBICOKHX TCMIICPaTYpPax. B Hacrommee BpCcMA TepMO,I[HHaLIPILIeCIG’Iﬁ



MOAXOJ K  PAacCMOTPEHHI0  (QHBHKO XUMHHYECKHMX TIPOLECCOB ¢ yYacTHEM  OKCHIHBIX
CTEKII000Pa3yIOIUX CHCTEM IIO3BONAET NPOTHOZHPOBATh M3MEHEHHE (ha3OBBIX COOTHOINCHHH B
HCCIIEAYEMBIX MHOTOKOMITOHEHTHBIX CHCTEMAaX BILIOTH M0 TemiepaTyp 3000 K.

B paGore cHCTEeMaTH3HPOBAaHBI H OOCYANAIOTCA PE3YIbTaThl BBICOKOTEMITEPATYPHOTO
W3YYCHUSI  ITIPOLECCOB  HCIIApeHHWd W TepMOJWHAMHYECKMX  CBOMCTB ~ OWHApHBIX H
MHOTOKOMITOHEHTHBIX OKCHIHBIX CHCTEM Ha OCHOBe 6L 2 %2 *H2 3 2, comepikallix TaKxke
OKCHABI MoaudukaTopel 1 5 rpymm Ilepuoarueckoit cuctemsl J|.M. MeHpaeneepa. OCHOBHEBIE
PE3VIIBTaTEl M 3aKOHOMEPHOCTH BBICOKOTEMIIEPATYPHOTO OITMCAHHA PacCMATPHBAEMBIX CHCTEM
TIONYYEeHbl ¢ HCIONB30BAaHHEM JAHHBIX, HaMJEeHHBIX METONOM BBICOKOTEMITEPaTYPHOH MAace
CTIeKTpoMeTpHH |1 @

B YacTHOCTH YCTAaHOBIIEHO, YTO NS HCIAPEHHd CHIIMKATHBIX H TepPMAHATHBIX CHCTEM
XapakTepHO IHCCOIHATUBHOE HCMApeHHe OKCHAOB, a g (dochaTHRIX M GOpPaTHBIX TEpexoi B
ra3oByio (hasy MpoTeKaeT ¢ accolMalieit MOTeKYIAPHBIX (opM Tapa, BKITOUAsd TOTHMEPH3AINIO
nocneJHuX. [ TponimmocTprHpoBala MepeeKTHBHOCT TIPHMEHEHNA KHCIIOTHO OCHOBHON KOHIIETIITHI
U TIPOTHOSHPOBAaHMA cOcTaBa Ilapa HaJ MHOTOKOMIIOHEHTHBIMH  CTEKIIO00pa3yIOIIHMHU
CHCTEMaMH, a TaKke ITONYy3MIHPHYESCKHX M CTaTHCTHKO TEPMOTHHAMHYESCKHX TIOOXOAO0B I
pacueTa UX TePMOAMHAMHYECKHX CBOHCTE [I @

6WRO\DURYD 9/ +LJK WHPSHUDWXUH PDVV VSHFWURPFDMSUGF VW
&RPPXQLFDWLRQV LQ ODVV 6SHFWURPHWU\ 9 1 3

6WRO\DURBBIPHQRY *$ 0ODVV VSHFWURPHHWULIRQ VR XRE[\L & W\KWHW HP
&KLFKHVWHU S

6WRO\DURYD 9/ 9DSRUL]DWLRQ 3URFHVVHY DQG 7KHUPREGLNDKOPLF
7THPSHUDWXUH ODVV 6SHFWURPHWU\ (&6 7TUDQVDFWLRQV 9 3

6WRO\BURYD+LIJK 7HPSHUDWXUH O0ODVV 6SHFWURPHWULF 6WXG\ R
9DSRUL]DWLRQ 3URFHVVHV RI 2[LGH 6\VWHPV ([SHULPHQW DQ@G ORGHOL

6WRO\DURYD 9/ 9DSRUL]DWLRQ DD/MRU F K@U RRIGS € DRGSR W URBHAV U |
study and modeling // J. Materials Science and Chemical Engineering. 2015. V. 3. Ne 7. P. 81

6WRO\DURYD 9/ 0ODVV VSHFWURPHWULF WKHUPRG\QDPLF RWXGLH)
5HY 9 3

6WRO\DURYD 9/ 9DSRUL]DWLRQ DQG WKIHRWAPR®@\Q B ADAMYV RUQJ AVIHIM
VA\VWHPV $SSOLHG 6ROLG 6WDWH &KHP 9 3

6WRO\DURYD 9/ 5HYLHZ .(06 WLOO 3 &DOSKDG 9

OCOBEHHOCTH XAJIBKOI'EHH/IHBIX CTEKOJI, COAEPKAIINX METAJILJIBI
IHHOAI'PYIIIIBI MEJIH

Teeppgaropny KO C  CmmpHos E.B.

Canrxm Hemeptypzcruii cocvoapemeennsili yuuesepcumem, Canrxm Iemepoype, Poccur
HPDLOWYHU\DQRYLFK#VSEX UX

OHWROVWVRSSHU VYREPHRIVNWOODORSKLOLF ERQGV L@HWWKAR BFKD G K
DSSHDUDQFH RI PHWDOORSKLOLF ERQGV VLIJQLILFDQWO\ FKEL
JODVVHYV

MeTammel MOATPYIIIBEL MEIH HMEIOT PasHYE CIOCOOHOCTh BCTPAaHMBAaThCI B CETKY
XaTPKOTEHUAHBIX CTEKON. B HauOOIBINEH CTEMeHH ATOM CITocOOHOCTRIO o0magaeT cepedpo. Ero
XanbKOTCHUABI  O0pa3yloT  JOCTaTOYHO IIPOTSKEHHBIE  O0JacTH  CTEKIooOpa3oBaHUA B
CTEKI000Pa3yIOINX CHCTEMAaX Ha OCHOBE BCEX TPeX XalIbKOTEHHAOB. Melb MOCTaTOYHO XOPOIO
BXOIUT B COCTaB CEICHHIHBIX H TEIDTYPHIHBIX CTEKONT M OTPaHHYEHO MOXKET OBITh BBeAcHa B
CYNMbGHIHBIE CTEKITOO0pasyIOIHe CHCTEMBI. 307IO0TO  MOXKeT OBITh BBEJSHO B COCTaB
XaTbKOTCHUAHBIX CTEKON B OUeHb OTPaHMYEHHBIX KONMHYECTBaX MTPEHMYINESCTBEHHO B TeX CIydYasix,
KOTJla OHO 3aMeliaeT yike HaxoAdieecsa TaM cepedpo. OcoGeHHOCThIO METAIIOB ITOATPYIIIEL MEIH



SIBTISIETCA  CIIOCOOHOCTE  (OPMHpPOBATH IIPOUHBIE MeTalIOQHUIBHBEIE CBI3H.  KpHTepHaMmu
BO3MOKHOCTH (QOPMHPOBAHUA METAIOGHIBHBIX B3aHMOACHCTBHI ABITIOTCS AOCTATOYHO Malloe
paccTOAHHEe MeXKIY aToMaMH (He OONbIlle CyMMBI painycoB Bao mep Baanbca) M Mambrit
shdexTHBHBIH 3apgan Ha aroMaX. KoOBaleHTHBIE CBI3H MeTalll XallbKOTeH, o0pa3yIoIHe
XaIbKOIeHHIHBIE CTeKIa, HMEIOT CTelleHb KOBalIeHTHOCTH Oomee 90%, UTO 00eCIIeUHMBacT MaloCTh
stextuBHOro 3apgma. Ceasert $J$ J yIOBIETBOPIIONIX MEPBOMY H3 KPHTEPHER, JAOCTATOUHO
MHOTO B XalbKOTeHHIaX cepebpa, uToOb chOpMHPOBATh TPEXMEPHYIO HEMIPEpPhIBHYIO CETKY > @
CyIiecTBOBaHHE  METAIMOGHUIBHBIX  B3aUMOASHCTBHIT B XalbKOreHHAaxX cepebpa OO
TIOATBEPKACHO H KBaHTOBOXHMHYCSCKHMH pacueTaMd > @ OoTiHuHe OT KOPOTKOJSHCTBYIONIHX U
HAITPaBIICHHBIX KOBAISHTHBIX CBI3eH MeTammodHIbHBIE CBI3H SBITIOTCI HeHAITPaBIISHHBIMH.
[TosToMy XalmbKOTeHHABI cepebpa 00nafaloT aHOMAaTbHO BBHICOKOH IIACTHUHOCTBIO > @lak Kak
OCHOBHOH TPHYHHON 3TOH ITACTHYHOCTH ABIIOTCH OCOOSHHOCTH HE KPUCTAIIIMYECKONH PEIIETKH, a
XUMHYECKOH CBS3H, €CTECTBEHHO IPEATIONOAKHTh, YTO 3TH OCOOSHHOCTH H  ITOBHIIICHHAS
IDIACTHYHOCTh COXPAaHATCA IPH TEpeXofie K CTEKIo00pasHOMY COCTOSHHIO. DKCIIEPHMEHTAIbHO
MOKa3aHo, YTO IDIACTHYHOCTh CTeKmooOpasHoH IwieHkH $J 6 HIpeBOCXOAHUT IDIACTHYHOCTD
KPHUCTAIMYSCKON IUIEHKH TOTO K€ COCTaBa. BBITIONHEHHE IEPBOrO KPHTEPHSA CYINECTBOBAHHA
MeTaTOGHIBLHEIX B3anMoAeicTeril $J $ JB pasmMuHBIX XalbKOT€HHAHBIX CTEKIaX MOATBEPKICHO

MIPAMBIMH CTPYKT YPHBIMH HCCTIEAOBAHHAMI (CM. Tadm. 1).
Tatmia 1. PesyasTaThl MPAMBIX CTPYKTYPHBIX HCCIETOBAHHET CTEKOT:

C'OCTAR CTEKNA PaccroaHHe MeKTY Konuuecto 6mxafimyx cocege $J Ceplka
aromamit $J & X ¢ $J &X&X
$J6 $\6 )
$J6 $VEH )
$J.,$V6H >@
$J6H *H 6H )
$J6H *H6H )
$J7H $VIH >@
&%H $V6H )

OcHOBBIBadACh Ha TIOMYYEHHBIX pe3ylbTaTaX, aBTOpPel > @drmeyator:  Ileppoit
MIPUMEYaTebHOH OCOOSHHOCTBIO ABIIFRTCA CYIECTBOBAHHE METalll METAIUIMYSCKHX PacCTOSHHI
Tir i, KOTOPBIE OTHOCHTEIIBHO KOPOTKH B TOM CMBICIE, YTO COIOCTaBHMBI ¢ ONHKaHIITHMHU
PacCTOSHHAMH B MeTalIHueckoM Ag (2.89 $) mmn merammmueckoit Cu (2.56 $ . [Tosromy He
YAUBHTEIFHO, YTO HaOMOZAETCI KPaTHOE YBEIMYEHHE TUTACTHYHOCTH XalbKOTEHHIHOTO CTEKNA B
pesyibTare (GopMHpPOBaHHH HEHAITPaBIIEHHBIX MeTamo(QmIbHbIX cBasell $J $ Jripn BBemcHHHM B
ero cocrap $J6 H> . @Topags 0COGEHHOCTh XaMbKOTSHHIHBIX CTEKON ¢ MeTalTO(HITEHBIM
B3aUMOJEHCTBHEM COCTONT B CIEAYIOMEM. TemMIeparypa pasMarieHHA XalbKOTeHHIHBIX CTEKOM B
3HAYHUTEIIBHON CTENEHH OIpelelsdeTcd CPEeJHEH CTENEHBI0 CBAZHOCTH CETKH CTEKIa, CPeIHHM
YHCIIOM CB3eH, TIPHXOAMINMXcd Ha ONWH aToM. [loaToMy BBEA€HHE B cOCTaB CTEKIla
OMHOBAIIEHTHBIX 3JIeMEHTOB (OJHOBAIEHTHOTO MeTalllla HIN TaloreHa) IIPHBOJUT K CHHKEHHIO
TEeMITEPaTYPhl Pa3sMATYeHHI. S3THM MOKHO OBUIO Obl OOBACHUTH M POCT MIIACTHYHOCTH CTEKOI ITPH
YBEIMYEHHH KOHIEHTPAallHH aTOMOB OJHOBAIEHTHOrO cepedpa. J[eHCTBHTEIBHO, CHUKEHHE
TEeMITEPaTYPhl PasMATYEHHA BeleT K POCTy INIACTHYHOCTH CTEKIa M IMAJSHHIO MHKPOTBEPHOCTH.
OmHAKO 3TO MPaBHIIO HE BBIIOIHASTCA TIPH BBEJIEHHH B COCTAB CTEKJIa XAIBKOTEHHAOB cepedpa Wit
Meau. [IpHdHHa COCTOMT B TOM, YTO 3TH aTOMBI TIOMHMO CBA3H ¢ XalbKOTeHOM (hOPMHPYIOT
MeTamohUIbHBIE CBI3H, TTPEAOTBPAIAIONINE TTalcHHe cpeliHEeH CTENeHH CBI3HOCTH CETKH CTEKIIA.
[Tpruem meppble JOOAaBKH XalbKOTeHHZA cepedpa COMpPOBOKIAIOTCA 3HAYMTEIBHBIM CHHKEHHEM
TeMITEPaTyPhl Pa3sMATUEHH S, TaK KaK HU3Kasd KOHIEHTPAIA cepedpa He 00eCIeYHBaeT JOCTaTOUHO
BBICOKYIO BEPOATHOCTh (DOPMHPOBAHHA MeTaMOGUIbHEIX cBsa3eit. [locmemyrorpe  n0GaBKH
COIMPOBOKAAIOTC cTabHITH3AlHEN TeMITEPaTypPhl pasMArdeHnd. M3yUeHBl XabKOreHHIHEIE CTEKIIa,



TIONMYyYeHHBIE 3aMeITleHHeM cepedpa, UMEIOIIETOCA B UX COCTape, MBI M 3010TOM. [lomydyeHHBIE

PE3YABTATH TOATBEPIHITH, YTO YKa3aHHBIE BIITIE OCOOSHHOCTH CBOHCTB CTEKON COXPAHIIOTCA.
Taxum 06pa3zoM, BBEJCHHE B COCTAB XaTbKOTEHUAHBIX CTEKON METAIOB TOATPYIITIHI MEIH

COMPOBOKAACTCA (OPMUPOBAHHEM METAINOMHIBHBIX CBM3el MEKAY aTOMaMH 3THX METallIoB.

PesyabTaToM 4BIAETCA POCT TUIACTHYHOCTH CTEKONM TIPH COXPAaHEHHH BBICOKOTO 3HAYEHUS
TeMIIEPaTyPhl pasMATYCHHA.

7YHU\DQRYLFK <X 6 )DJOHWGLQRW)BOS X7 WM URM DEKRMLFAO & ,Q WH U
&KDOFRJHQLGHV &DXVLQJ 5D @LIKXIDMONVR FEMQ@RUDOL&KHEBRLVWU\
(YDUHVWRY 5% 3DQLQ $, 7YHUMDQRYLFK <6 S$UJHQWRSWKYWOLF

SULQFLSOHY FDOFXODWLRQV DQG WRSR®XBRBRPGC XO/QEMD HRINDW UH OHFW URC
No 3

%\FKNRY ( 3ULFH'/ %HQPRBB &UDODHRRWY BRILPHV LQ FKDOFR
JODVVHV I[URP WK HUKR\DW MR OWHWZRDORBRG GVFDWLN LWQLFS + 9

6DOPRQ6 /IXH FRRUGLQDWLRQ HQYLURQPHQW RI $J DQG 1RQLQ W
&U\WW 6ROLGV 309

8VXNL 7 1DNDMLPD . .DPHGD &RRADANDQIDA LR Q IIDYKLURQPHQW DQC
DJL BEPBRDOFRIHQLGHXIEDVYRRBVF FRQGXFWRU SK\VLFV 3URFHHGLQJV R
OHHWLQJ :RUOG 6FLHQWLILF 3

=HLGOHU $ 6DOPRQ 36 :KLWWDNHU '$ - HW DOLROQNERB®XEH R
JODVVHV #E6MKW\ \$W H P 5 6RF 2SHQ 6FL 9

7TYHU\DQRYLFK <X 6 )D]JOHWGLQRW Tmd5UHDWH.ON D/QIRHY 13D $ WE F L W\
*ODVVHV LQ W KH6ES WWHHEAH $&KHP ODWHU 1 3 *

Paboma esinoanena npu noodepscke POOH (npoexm nomep 20  00185). HnepeHua ebIROTHEH €
Hayunonm napre CIIETY (pecypchsie yenmpsi: Onmudeckie M JA3EPHLIE MEHOOS HCCTICOOCOHUA €eHIECHHED,
Mescoucyumminaprstil pecypeHsill yesmp no HanpaereHuro "Hanomexrnonozun”, PenmeenoOudparyyonnsie Memoont

Hecaedoeania, QUIUYECKUE MEIOOb! HCCIeO0EAHIA HOGEPXHOCIY, TUMHOCTUKY (VHKYUOHWILHGIX MUITHEPUATIOE ONA
MEOUUHL, (DAPMAKOROUU I HAROITEKIMPOHLIKLL).

®HU3NKO XUMHYECKHE ACIEKTHI B3ANMO/JEHCTBAA CHJIMKATHBIX
CTEKOJI CT'A300bPA3HBIMH PEAI'EHTAMH H 3JIEKTPOMAI'HUTHBIMH
IHOJIAMHA

[MTaparos B.A.
Beasyruiil cocyoape meennoiil yaueepcumem usenn Arexy Pycco, Bersyor, Pecnynura Mordoea
HPDLMXDUDJRY#PDLO UX

7KH DUWLFOH GLVFXVVHYGWXW ULQ@W HUDFWLHRQ DRGG RW K/UGW
FRPSRQHQW VLOLFDWH JODVVHV ZLWK JDVHRXV UHDJHQWYV
ILHOGV

BrlmmenaunBaHie IMMOBEPXHOCTH CTE€KIa KHCIBIMH Ta3aMH H3ydaeTcd Oonee cra ner. B
HAIIMX DSKCIIEPHMEHTaX MCCIeOBAHbl CIEAYIOMHE acleKThl XHMHYECKOTO B3aHMOJCHCTBHSA
MIETOYHOCHITHKATHBIX CTEKON ¢ Ta3000pa3HbIMH PeareHTaMH: COCTaB H CTPYKTYPa ITOBEPXHOCTHBIX
CIIOEB CTEKON, TepMOXHUMHYeCKH 00paGoTaHHBIX (T X(O) rasoobpasHBIMH peareHTaMH, COCTaB
MTPOAYKTOB BHITIETauHBaHUA; (aKTOPHI, BIHUAONINE Ha MPOIece BHITENauYHBaHU A CTeKITa;MeXaHH3M
PeaKIMH CHIIMKATHBIX CTEKOJ ¢ KHCIBIMH Ta3aMA H (TOPXIIOPCOAEPKAIINMA peareHTaMH;, (PU3HKO
XHUMHYECKHE CBOWCTBAa ITPOMBIIUICHHBIX CTeKITons3geniii, TXO ra3o00pa3sHBIMA pPearcHTaMH,
OITHMAIIBHBIE PEeAUMBL M TeXHOIOTHA TXO IPOMBINUICHHBIX CTEKIOH3IEINH Ta3000pasHbIMA
peareHTaMH; JOCTOMHCTBA M HEMOCTaTKH MeToJa MOAMGDHKAIMH TOBEPXHOCTH  CTEKTIa
ra3000pasHBIMU PearcHTaMH.

B bsKcrmepuMeHTaxX TMPUMEHATH: JTHCTOBOE CTEKIO, CTEKIAHHYIO Tapy (OYTHUIKH, GaHKH,
(hIaKoHBI) U3 TIPO3PAUHOTO 0OECIBEYEHHOTO CTeKTa;, OYTBUIKH M3 TEMHO 3eTIEHOTO CTEKIa;, U3
W3 COPTOBOTO MTPO3PavyHOTO OOESCIIBEUEHHOTO W CHHETO CTEKOIN, PACcCEMBATENH M3 PO3AIIMHOBOTO M



MOIIOYHOTO CTEKOI, M3IeNHSA M3 IIPO3PavHOro OeCHBETHOTO MEAHIIHHCKOTO CTEKIa H XHMHKO

Ta0OpaTOPHOTO CTEKIA; H3OIATOPHl M3 ITPO3PavHOro OeCIBETHOTO W MAJIOINEIIOYHOTO CTEKOIN.
XUMHIeCKHE COCTARBI CTEKOI IpeficTaBlieHbl B [1]. O6beKkTaMH HCCISAOBAaHHN TaKKe IBIATHCH
CHHTE3HPOBAaHHBIE JBYX H TPEeXKOMIIOHEHTHBIE CTEKIIa CHCTeMBl Na 245 2 #6L 2rme R 2 +
$Q@ uB 2 Mua TXO crexna npumeHsit 62 12 &) & O & +) & @ ra3oBele cMecH H3
(TOPXITOPIPON3BOAHBIX YITIEBOJOPONOB M AHOKCHAa Cephl. B KauecTBe HMCTOUHHKOB (TopHia,
XTIopHAa U OpoMHAa BOAOPOJa HCMONb30Bamd pacTBophl kucrmor HF, HCI, HBr. DkcnepHMeHTE
MIPOBOJUIIN B Ta00PAaTOPHBIX U 3aBOACKHX YCIIOBHIX.

Tepmoxummueckad  o0pa0oTKa  NPOMBINIDICHHBIX M CHHTe3HPOBAHHBIX  CTEKON
razo00pasHBIMH peareHTaMH H CMECAMH Ta3000pa3HBIX PEearcHTOB INPHBOAHT K 0Opa3sOBaHHIO
MIPOAYKTOB peaKiuu, cofepxamux 1 Du . . Ilpolecc BHIIENaYMBaHNUA CTEKIIa ra3000pa3HBIMA
peareHTaMH BKIIOYAeT pAA (PH3HKO XUMHUECKMX SABNeHHH. CKOPOCTh BBHIIENAYHBAHUA CTEKIIa
mamuTHpyered Auddysnuei IMeToYHbIX KaTHOHOB W3 €r0 TOMIM K TOBEPXHOCTH. MeXaHH3MBI
XMUMHYECKOT 0 B3aUMOAEHCTBIA TIPOMBIIIICHHBIX ¢TeKon ¢ & ) & O& +)& 0 +) +&Qu 12,a
TaK/Ke CMECAMH 3THX T'a30B, B IIETIOM aHAJIOTHYHEL H CBOJATCA K BHIIETaYHBAHHIO TTIOBEPXHOCTHOI O
CIOA CTeKIa Ha TnyOuHy g0 1,0 MKM IIpH CTeleHH €ro BhImenaunBaHugd A0 80 %. 4
CHHTE3UPOBAHHBIX CTEKON TONIHWHA BHINENOUYeHHOTO & ) & Ccmos mocturaeT 30 MKM, TIPHYEM
$ @@ ycumBacT BHINENauynBaHue, a B 2 tocmabmger.

TXO IpOMBIIIIEHHBIX CTEKIOU3ACIHN Ta3000pasHbIMH  peareHTaMu B TabOpaTOPHBIX
YCIIOBHAX TIOBBIIMACT HX BOJO H KHCIOTOYCTOHYMBOCTE B HECKOIBKO Pa3, TPOYHOCTH ITPH
CTaTHYSCKHX M JHHAaMHYeCKMX Harpyskax Ha 50 £0 %, mmkporeepzocts = Ha 10+
TEPMOCTOHKOCTh +Ha 10 £ HanGomb it 3¢ dekT B MOBHIIEHHH CBOHCTE CTEKMA JOCTHTASTC
TIPH BBRITNIETaYUBaHUH eTo cMecsavu & ) & @F 6 2

B 3apoackux yemopHaX TXO CTeKIIHHOM Taphl (PTOPXIOpCOASp:KaIllMMH pearcHTaMH
TIOBBIIIAET B JIECATKH pa3ee XUMHUUECKYI0 YCTOMUHBOCTh, MEXaHHYECKYIO IIPOYHOCTh  Ha 20
MHKPOTBEPAOCTh *Ha 10 £0 %, TepmocToiikocth tHa 10 45 %. TXO mucroBoro crekna & ) & @a
cTaguy (GOPMOBAHHUSA ITEHTHI COTMPOBOKIACTCA TIOBBITIIEHHEM €TI0 BOJOYCTOHUHMBOCTH B HECKOIMBKO
pas IMPOYHOCTH IIPH IEHTPAIbHO CHMMETPHYHOM H3rHOe Ha 30 %, IpHYeM e¢ MHHHUMAIbHBIA
YPOBEHBb BO3pacTacT BABOE. I[IOBBIIIEHHE SKCIUTYaTal[HOHHBIX CBOHCTB CTeKlla O0paloTKOH
bTopxIopcoAePKAIMMI PeareHTaMH JOCTHTAECTCA TI0 IBYM IIPHHITMITHATLHO Pa3IHIHBIM MeTOIaM
BHITIETTaYHBaHUEM HITH MPeo0pa30BaHHEM CTPYKTYPHI TOBEPXHOCTHOTO CIIOS TONMIMHHON J0 0,3 MKM
MIPH HE3HAYHTEITBbHOM H3MEHEHHH €r0 COCTaBa. BO BTOPOM CIIydae, IO BHAMMOMY, ITPOHCXOIUT
3aMEIIEHNe Ha ITOBEPXHOCTH cTeKia rpynn OH™ u dacTH HanOollee aKTHBHBIX MOCTHKOBBIX
aHHOHOB KHCIIOPOZa Ha aHWOHBEI F , BCIIEJICTBHE Yero MpefoTBpaliacTed o0pa3oBaHHe HanOomee
cralbIX cBa3el = 6 12 +

YCTaHOBIIEHa 3aBUCHUMOCTh (PH3HKO XUMHYECKHX CBOWCTB IPOMBIIIINIEHHBIX CTEKONM OT
PEEKHMOB TEPMOXUMHUYESCKOH 0O0paOOTKH KHUCIBIMH Ta3aMH H, COOTBETCTBEHHO, CO CKOPOCTBIO
BHINICTTAaYHBaHUA Na , COCTaBOM H CTPYKTYPOH €ro IOBEPXHOCTHOTO cllod. MiId IOIy4eHHS
MaKCHMambHOTO 5(hdeKkTa B TOBBIINICHHH TEPMOMEXAaHHUSCKHMX CBOMCTE H  XHMHYECKOH
YCTOHYHBOCTH CTEKIOM3IEIHH TEePMOXUMHYECKYHD 0O0paloTKy Ta3000pasHbIMH —PearcHTaMA
He0oOXOAUMO ITPOBOAHTE ITO PEAUMY, 00SCIIEUHBAOIIEMY HaHOOIBINYEO TOIIIHHY BBIIIEIOYEHHOTO
CIIOA CTEKIIA M CTEIMEHb €0 BhIIETaYHBaHHA.

BrISBIIEHO CXOACTBO M pasziIudHMe B IIpolleccax BHIMIENTaUYHBaHUSA CTEKIIa Ta30BBIMA
peareHTaMH, BONOH, PasHBIMH PacTBOPaMH H BO3ACHCTBHEM IDIA3MBI DIIEKTPHYESCKUX Pa3paoB, a
TaKA&e C IPOIECCOM BOCCTAHOBIIEHHA HOHOB CTEKIIa Ta3aMH.

[Tpupoma B3aHMOAEHCTBHA DIEKTPOMArHWTHBIX TIOJEH € HEOPraHWYEeCKHMH CTEKIIaMu
W3y4allach ~ Mallo.  OJKCIIEPHMEHTHI B OCHOBHOM  BBOIONHAIMNCH ¢ MOJCITBHBIMH
MONMYIMTPOBOMHUKOBHIMU M OKCHAHBIMU cTeKmamMu [ |.IIpakTuueckoe HCIMONb30BaHHE MAarHUTHOTO
TIOJIA 14 YIIPOUYHEHU A CTEKIIAHHON Taphbl HAllMK OOITapcKUe YUeHBIE |3 .

Hamu nipoeeieHbI TabopaTOPHBIE H 3aBOACKHE SKCITEPHMEHTEHI 110 OTPEeTIeHHIO BIMAHU A
BO3JICHCTBUA TOCTOSHHOTO, MEPEMEHHOTO H HMITYIIbCHOTO MATHHTHBIX TIOJIeH Ha CTPYKTYPY H
GUZMKO XUMHYECKHE ~ CBOWCTBa  MPOMBIIIICHHBIX ~ CTEKON:  TMCTOBOTO,  ITPO3PAYHOTO



OOECI[BEUEHHOTO M MOIIOYHOTO CBETOTEXHHMYECKHX IIPO3PavyHOTO O0ECIBEYEHHOIO TapHOIO
TEMHO 3eIeHOre OYTBUIOYHOIO M OeCHBETHOIO MEAWIIHHCKOro Pexumbl oOpaloTKH 0o0pasiioB
MarHHTHBIMH TIOIIIMH B JTa0OpaTOPHBIX DKCIEPHMEHTax: TemIepaTypa + °C; MOZYIIb
BEeKTOpa MarHWTHOH WHAYKIMH 10 0, T, mgmurensHoeth + 300 ¢.OCHOBHBIE TapamMeTpsbl
00pabOTKH CTEKIIOM3ICIIHA Ha 3aBOjax. TeMIleparypa * °C, MOAYIH BEKTOpPa MarHHTHOM
uuaykund 1o 0,25 Tin, MpomgoKUTENBHOCT £ 8 C.

HccrmenopaHud TMOKas3allH, 4YTO TEPMOMArHHWTHasd O0palOTKa ITOBBIIMIAET MEXaHHYECKYIO
IPOYHOCTDL ITPOMBINUIEHHBIX CTeKmomsaenii Ha 20 40 %, mukporeepmocts = Ha 10
TePMOCTOHKOCTh FHa 5 10 %. BosaehcTBHE ANEKTPOMAarHUTHBIX ITONEH Ha CTEKIIO He W3MEHAET €TI0
XUMHYECKYIO YCTOWYHBOCTH. Ha ocHOBe maHHBIX Meroma HF cekimoHnpopaHud |3| MOKHO
YIBEPAKIATh, YTO TEPMOMATHUTHAA 00paboTKa H3MEHAET CTPYKTYPY ITPOMBIIIIICHHBIX CTEKO.

OmnpeneneHsl ONTHMallbHBIE PEAWUMBI H pazpaldoTaHa TEXHOIOTHA TEPMOMATHUTHOH
00pabOTKH ITPOMBITILIIEHHBIX CTEKIION3ACTTHHA.

OCHOBHBIE  JIOCTOMHCTBA METOJa TEPMOMarHUTHOW  OOpalOTKH  CTEKIIOM3ICIHH:
BO3MOKHOCTh TIOBBIIICHUSA SKCIITYaTAaIlMOHHOW HAACKHOCTH H3ACTHH CHOXKHOH (opmer Ge3
U3MEHEHHSA  TEXHOJIOTHMH HX  TPOM3BOJACTBA,CTabHUIMbHOCTH,  3(dekra B TOBBIIEHHH
TePMOMEXaHUYECKHX CBOHCTB CTEKIa, COXPaHEHHE ECTECTBEHHOIO COCTOAHHA TIOBEPXHOCTH
CTEKIIa;, He 3arPA3HACTCS OKPY/KAIOIasd cpelia.

OOcyxmaeTcd  KOMOMHHpOBaHHad  oOpal0oTKa  IIPOMBIIUIEHHBIX — CTEKIIOW3ICIHH
ra3000pa3sHBIMH peareHTaMH U AIEKTPOMArHUTHBIMH TTONAMH TS JOCTHAKEHH GOTbInero s dekTa
B MOBBIIIIEHHH HX TEPMOMEXAHHYECKHX CBONHCTB U XHMHYECKOH YCTONYHBOCTH.

Ilaparor B. A., Kypukepy I'.J1. OcoBeHHOCTH XHMMHYECKOTO B3aHMOEHCTRHA MPOMBIILIEHHBIX CTEKOM C
razoobp asHeIMH GTOPXIOP comepKaHMH peareHTamMH  DuH3HKa M xXMHA cTekna, 2018 T. . Ne .C. +

Ilaparor B.A. TepmomarHuTHaA oGpaGoTKa TP OMBINIIEHHBIX CTEKIOM3NETHE // Pa3BHTHE TeXHOMOIHH
Gyay mero: MoHorpadua. Onecca, 2018.C. 44

IIpanror JL I'. TexHOTOTHYHH 0cO0SHOCTH Ha MarHHTHATa o0paGoTka Ha CTRKIO  M3Bectia Ha BMEM
Qlernm @ 1988. T. 43, k1. 5. C. 73

INOJIMMEPHBIE HAHOKOMITO3UTHBIE CTERJIA C YJIYUINEHH BIMU
PUINKO MEXAHHYECKHMH CBOUCTBAMH

IOmH B E Baranos I'.B., ingeHko A.JIL., CeetnuyHeii B. M.
Hucmumym evic oxonoueryiwipnvix coedurernuii PAH, Canxm Iemeptype, Poccua
HPDLAGLQYH#JPDLO FRP

'"HVSLWH VLIJQLILFDQW DGYDQFHV LQ WKH GHYHORSPHQW RI
WKLV DUHD UHPDLQ RSHQ 7KH OHFWXUH LV GHYRWHG W
UHLQIRUFHPHQW

B Hacrodmiee BpemMd OTHUM K3 Hanbonee 3(pdekTHBHBIX myTeit pa3spaGoTKH HOBBIX THITOB
MOMMMMEPHBIX MaTEPUATIOB CTAHOBUTCS CO3MaHHe TTOTHMEP HEOPraHHIECKHX HAHOKOMITO3HTOB, T. €.
TTOMMMMEPHBIX TeTepOo(asHbIX MaTEPHATIOB, TAe PasMep HeOpraHH4ecKoi (a3bl He MPEBHIIacT COTHU
HaHOMeTpoB. (DU3HYECKHE CBOMCTBa THOPHAHBIX IOIHMEP HEOPTaHMYECKHX HAHOKOMITO3HTOB B
cHy 3P PeKTOB CHHEPrU3Ma OKa3hIBAIOTC JOCTATOYHO YHUKATBHBIMH M COBEPITIEHHO OTITHYHBIMHU
OT CBOHCTB MHKPOKOMITO3MTOB, TJ¢ JOMHHHMpYeT aJMUTHBHBIN XapakTep B3auMOACHCTBHA
KOMITOHEHTOB CHCTEMBI

B pesyapTare cHelMambHO CHHTE3HPOBAHHBIX aMOPOHBIX M KPUCTAITH3VIOIIHXCS
MOMMMEPHBIX MATPHI] ObIMH TIOMYYeHBI MOACTHHBIE HAHOKOMITIO3HMTHI Ha OCHOBE YITIEPONHBIX H
CHJIMKATHBIX HAHOUACTHIL ¢ PA3THYHON TeOMETpHeER (CTEPKHH, TITACTHHBI, ¢(ephl), YTO TTO3BOIIIIO
HCCTIEAOBAaTh MEXaHHYeCKOe TIOBEACHHE, SIEKTPOIIPOBONAIIHE M OapbepHBIE CBOMCTBA TaKHX
MaTEpHANOB B CTEKI000pasHOM cocTOIHUH. Ocofoe BHUMaHHE YACTEHO CIocobaM MOTUGUKAIH



TMOBEPXHOCTH HAHOYACTHIIL JIIA YIYUIIIEHHSI HX COBMECTHMOCTH ¢ TIOMIMMEPHON MaTPHIICH, a Takke
Pa3IHIHBIM TEXHOTOTHYECKHM TPHEeMaM BBEICHHA 3THX YacTHI[ B MOMMMepHYRo Marpuily ( L QYW X
TTONMHMEPH3allid, "pacTBOpHaA" U "paciinapHaa" TEXHOIOTHH HITH HX 00beIMHEHHE) I ITOTYIeHH
TUIEHKOOOPas3yIOMMX H OIOUHBIX MaTepHaNOoB, BKITIOYAad METONBI aJJHTHBHBIX TEXHOIOTHIH (3
TIeYaTh).

SHauMTeNbHBIE M3MEHEHHI MEXaHHUeCKHX M JAPYIHX (GaphbepHBIX, AIEKTPOITPOBOMMIIHX )
CBOHCTB ITONUMEPOB TIPH A00aBICHUH B IOJIUMEPBI BCero OKomo 1 5 o0beMHBIX % HAHOYACTHIL ¢
OONBIIOH YACIIBHOW MTOBEPXHOCTHIO M 3HAUHTEIBHOH aHH30TPOITMEH PasMEPOB YaCTO CBA3BIBAIOT ¢
MOSBIICHHEM TaK Ha3bIBaeMOTO MEPKOMAIIHOHHOTO KrmacTepa. [103ToMy Ha MpHMepe MTOMHMEPHBIX
HAaHOKOMITO3HTOB ObIla HCCIefOBaHa KOPPEAMHA MEXKAY IMOPOTOM IEPKOIAIMH B CHCTEMax ¢
Pa3IHIHON Pa3sMEepPHOCTBIO, OPHEHTAIMeH W aHM30TPOIHEH YacTHI[ HAITOMHUTENL, H KPUTHUICCKOM
KOHIIEHTpallHeH HAITOMHHUTEI, TIPH KOTOPOH MPOHCXOMUT PE3K0e H3MEHEHHE PEOIOTHUYSCKHX H
3IEKTPOITPOBOAAIINX CBOHCTE ITOTHMEPA.

Hna chopMHUpOBaBIerocd B IIOCISTHHE TOABI HOBOTO HaIlpaBICHHI OHOTEXHOIOTHH
KIeTOIHOH TPaHCILIaHTOIIOTHH H TKaHeBOH HHKCHEPHH 0co00 BOCTPeOOBaHbI
CTIEIHATH3HPOBAHHBIE OHOCOBMECTHMBIE MaTepHalbl. B CBOIO Odepenb, 1A IMONYYEHHA OCHOBBI
TKaHEHHKECHEPHOTO IIperapaTa IEPCIEKTHBHBIM — ABIIACTCA IPHMEHEHHE HaHOKOMITO3HTHBIX
MaTepHaIoB, B KOTOPBIX B KaueCTBE CBA3VIOMICH OCHOBBI HCIIONB3VIOTCA OHOIMOTHUMEPBEL, a B
KauecTBe HAMOIHUTEId + HAHOYACTHIBI OPTaHHYSCKOTO (XWUTHHOBBIE HaHOGMHOPHIIBI) HIIH
HEOPraHM4eCcKoro (THAPOKCHAIIATHT, TallyasHT, XPH30THI) TIPOHCXOXKASHHI. I[IpHMeHeHHe
HAaHOYACTHI[ AN KOHTPOIA MeXaHHYSCKHX CBOMCTB ITONMMMEPHBIX MaTpPHI[ ACTacT ITOBSACHHE
TKaHEBBIX KOHCTPYKIIHI Golee YITPaBIAEMBIM H ITPEICKa3yeMBIM.

Paboma evinoinena Apu urancoeoil noddepicke Minucmepemed HAyKU W eblctiezo obpasoeania PO
{cocncntierye Ne 075

BJIMAHHUE PEJTAKCAITHH CTPYKTYPHI CTEKJIAIIPH TEMIIEPATYPAX HHKE
TEMIIEPATYPBI CTEKJIOBAHH A HA 3APOK/IEHHE KPHCTAJLJIOB

HOpuisH H.C.

Hacmumym xunun cuaukamoe ust. H B, T'pebeniguroea PAH, Canxm Hemepovpe, Poccua
HP D L& U L WR/D QX

7KH LQIOXHQFH RI WKH JODVV VWUXFWXUH UHOD[DWLRQ RQ
WKH JODVV WUDQVLWLRQ WHPSHUDWXUH LW PDQLIHVWYV LW\

HccrmenoBaHud CKOPOCTH 3apOKACHHUA KPHUCTAUIOB B CHIIMKAaTHBIX CTEKIIaX HayalHuch B
CEMHJIECATHIE TOABI ITPOIIIIOrO CTONETHA NEePBOHAYalbHO B CTEKIIE COCTaBa JUCHIMKAaTa ITHTHA.
[TomyyeHHBIE B HHTEPBAIE CTEKIIOBAHHUA METOAOM IIPOABICHHA 3aBHCHMOCTH YHCla 3aPOAUBIIHXCA
KPHCTAINIOB OT BPEMEHH TepMOOOpabOTKH IIOKa3hIBAM TIOCTEIICHHOE YBEIHYEHHE CKOPOCTH
3apOXKIEHUA C BBIXOJOM Ha IIOCTOSHHOE 3HaueHHe ,vw [aKoe TIOBeAeHHE CKOPOCTH
HHTEPIIPETHPOBAIIOCh A0 IOCIEAHEr0 BPEMEHM KaK YCTaHOBIICHHE CTAllHOHAPHOTO peXkKHMa
3apOKICHNA KPHUCTAIUIOB COTTIACHO KiaccHYecKon Teopued Hykneannn (KTH). TemmeparypHag
3aBUCHMOCTE v W XapaKTEPH3yeTcd MAKCHMYMOM IIPH  7p p BOJIH3H TEMITEPATYPBl CTEKIIOBAHUA /)
KTH maer xoporiee KOMHYECTBEHHOE OIMMCAHHUE 3apOABIINe0o0pa3oBaHus IIPH TeMITepaTypaxX BBIIIE
TemmepaTypsl 7pp [IpH TemmiepaTypaX HHXKe 7pp[CKOPOCTh HYKIeallMH (OmpelendeMas B
OrPaHHYEHHBIX NabOpaTOPHBIX HHTEpBalaX BpPEMEHH) CTaHOBHTCH MEHBINE TEOPETHUYECKH
MTPeICKa3hIBAEMO, M 3TO PACXOKACHUE PE3K0 BO3PACTAeT ¢ TIOHHAKEHHEM TeMIIepaTypsl (pHc. 1).
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Pucynok  TlokazaHa 3KCTIEPHUMEHTAJIBHO H3Mep eHHad CTallH0HapHasA CKOPOCTh 3apOsKIeHHA KPUCTAILIOB v i CTEKJe
COCTaBa JJHCHNIHKATA JHTHA, /L2 6 L 2B 3aBUCHMOCTH OT TeMITepaTypbl (KPY#KKH). CIUIOMHAA JIHHHA MTOKa3bIBAeT

TeOop eTHYeCKH MNP eJCKa3 aHHY 10 CTal[HOHAPHY I CKOPOCTh HyKIealiid > @

YKazaHHOe PacXOXKIEHHUE IBITAIHCh TPEOAONETh Pa3IHYHBIMH clioco0aMu. B moclegHue
TOJBI OBLIH TIPEATIPHHATEL HOBBIE TTOTIBITKA PEIIUTH 3TY MTPOOIeMbl. B 4aCTHOCTH, TIPEITONaranoch
HAIMYHE 3HAYWTEIBHBIX CTPYKTYPHBIX W3MEHEHHH B TICPEOXJIAXKICHHOW KHIKOCTH IIpH
TIOHHKEHUH TeMIIepaTypPhl, KOTOPBIE MOTIIHN TOBIHATH Ha 3apOXIcHHE KPHCTALIOB, HAIIPHMED B
pe3yIbTaTe H3MEHEHH Pa3sMEPOB CTPYKTYPHBIX €IMHUII, OTBETCTBEHHBIX 3a KPHUCTAIIH3AIN0 > @
WIH W3 3a HW3MEHEHHd IPOCTPAaHCTBEHHO HEOMHOPOAHOW CTPYKTYPHI  CTEKIOO0pPasyIOITHX
KUAKOCTEH [3].

OKCITepHMEHTAIBHbBIE PE3YIbTATHI, ITONYYEHHBIE B TIOCIEAHHE JBa TOfa, CYIIECTBEHHO
TOBIHATA Ha PEIIeHHE YKa3aHHOW Ipo0nemMbl. PaHbIE ITpeAIionaranoch, YTO HHIYKI[HOHHBIN
TIEPUOJ] YCTAHOBIIEHHA CTAallHOHAPHON CKOPOCTH 3apOAKACHHS KPHCTAIOB 3aMETHO OOIIBINE
BPEMEHH PeNaKCallid CTPYKTYPBI cTekna (anbda =+ permakcalldd) IIPH 3aJaHHOH TeMIIEpaType
Hykneaunn 7  7pp[lloaToMy cuMTanock, 4TO IpoIiece 3apPOAKICHUA KPHCTAIIIOB ITPOHCXOIUT
TPAKTHYECKH B CTEKIIE C PABHOBECHON CTPYKTYPOH, TO €CTh B MeTacTa0HIIbHON TepeoXTaKAcHHON
KUJKOCTH, U TTapaMeTpsl B hopmynax KTH He H3MEHSIOTCS CO BPEMEHEM.

HoBble HeTanmbHBIE HCCIENOBAaHWA 3aBHCHMOCTEH YHCIIa 3apOJUBINHXCA KPHUCTAIUIOB OT
BPEMEHH TTOKa3allH, YTO CKOPOCTh 3apOAKIeHHA KPHCTAIIOB HE TIPOCTO YBEIMHYNBACTCA ITOCTEITEHHO
JI0 TTOCTOSHHOTO 3HAYeHHW4, KaK IONarajoch PaHBINE, a BBIXOJAUT CO BPEMEHEM Ha HECKOIBKO
CTallMOHAPHBIX 3HaUeHHIt ,wipHc. 2a) > @
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PucyHok. 2. 3aBHCHMOCTH paGoThl 06pa3soBaHHA KPHTHIECKOTO 3ap OfIbINIA | £H CTALMOHAPHOH CKOPOCTH 3ap0sKIeHHA
KpUCTAIIoB ,wB§Tekne Li 2 6 L 2T spemeHH TepmoodpaboTky pH 7 . N, frocTosHHaA BonblpmaHa).



[TomyyeHHBIE Pe3YIIBTATEl MOKHO OOBACHHUTBH, €CIH IIPEIIIONOKHTh, YTO B CTEKIE ITOCIIE
3aBEPIIEHUA OOBIYHOW CTPYKTYPHOH pelakKcaliid, KOTOPYIO Ha3bIBalOT allb(a *pemakcaimen (1o
JAHHBIM HU3MEPEHHS IUIOTHOCTH €€ MPOAOIDKHTENFHOCTD IPHMEPHO Y TIPH . , IPOHCXOIAT
JOTIONTHUTETbHAA JJIHTENIbHAA pelaKcalid CcTPYKTYpPHl. (OHAa IIPOHCXOMUT B Pe3yIbTaTe CKadKOB,
MEPEXOAOB CTeKIa M3 OJHOTO JIOKAIBHOTO MEeTacTaOWIIBHOIO COCTOSHHA B Apyroe. Bo Bpemd
peObIBaHNA B Ka&JOM H3 OTAEIBHBIX COCTOAHUI NOCTHraeTcd CTAIHOHAPHOS 3HAaYUeHHE CKOPOCTH
sapoxieHnd. [loce ckauka B HOBOE COCTOSIHHE COBEpIaeTcd Mepexol] K HOBOMY 0ollee BEICOKOMY
3HAYEHHIO CTAIMOHAPHOH CKOPOCTH 3apoxiacHud. Ilpm W YacOB HaOIFOHalcd BBIXOH Ha
MaKCHMaJIbHOE  3HAaUeHHE  CTAllHOHADHOM  CKOPOCTH  3apOXKACHH4,  COOTBETCTBYIOIIEE
MeTacTabHIbHON KHAKOCTH (pHC. 2). BTa CKOPOCTh COXpPaHIIach MOCTOIHHON BIUIOTH A0 Y.
Ee BemmunHa ONM3Ka K 3HaueHHIO, paccunTaHHOoMY 1o KTH (cm. pric.

Jma onmucaHWd W3MeHEHHd CTAllHOHAPHOH CKOPOCTH 3apOoXkIeHHd HeOOXOIHUMO BBECTH
MPEIONIOKEHHEe ©  CKaukooOpasHOM  HW3MeHeHHMH TapaMerpoB KTH 1mmpuH ykasaHHOM
CKauK0OOPasHOM W3MEeHEHNH CTPYKTYPHL. Ha prce. 2 mokazaHo, JUId MpUMepa, H3MeHEHHE | F

[Tpn TemrepaTypaxX BBIIIE /p p [KCIIEPHMEHT IO HYKJICAI[HH ITPOBOAWTCI B OCHOBHOM B
TOITHOCTBIO PEIaKCHPOBAHHOMN KUIKOCTH M3 3a OBICTPOH pellaKcallid CTPYKT YPHI.

Dbdexr ckaukooOpazsHOrO H3MEHEHHI CKOPOCTH 3apOKIeHHS KPHUCTAIUIOB OBUT HEJAaBHO
TIOATBEPACH B HATPUEBOKATbIIMEBOCHITUKATHOM CTeKIIe > @

BnugHue penakcallid CTPYKTYPBI CTEKIIAa Ha CKOPOCTh HYKIICAallMH KPHCTALIOB Tpelyer
JANbHEHIIETO SKCIIEPHMEHTAITBHOT O M TEOPETHYECKOTO H3YUEHH A

JRNLQ 9 0 S$E\JRY $ 6 HWXNERAW\RI IV UXFWXUDO UHOD[DWLRQ RQ
$FWD ODWHULDOLD 9 3

JRNLQ 9 0 $E\]RY $ 6HW B@RWADR QX FO HPWPLRYY 10Q THODBW 9D ULD)
VLIH RI WKH *3VWUXFWXUDO XQLWV&ZLWKDWBPROHULROXGN -RXOQDO BRI 1F

$EVIRY $ 6 )RNLQ 9 0HW IK®BWNVINBFW6ER! KHW HU RJHQRRRP\Q ¥ W U X K WG
RQ FU\WWDO QXFOHDV&URWOW D OROXDPDERRL GR Q 9 3

5RGULJXHV / 5 $E\]RY $ 6 )RNKILBFOVOR | ADMRNFWRKYDO UHOD[DWLR
LQ D OR&RBOLFD JORDY RI $PHULFDQ &HWDPLE 6 RELHW\

IHOJIMMEPHI C BLICOKpr TEMIEPATYPOIH CTEKJIOBAHUA KAK
HE/MHEHWUHBIE OIITHYECKHE CPE/1BI

Sxamancruii AB.

Hucmumym esicoromMoIe KVAaproix coedureruii PAH, Canxm Iemepoype, Poccur
HPDLONLPDQVNWRPKRR

7KH YDOXHV RI WKH VHFRQG K D URRRULFBSGEMHDGIRAD \R L FFG UFRRA-R BL
FRQWDLQLQJ SRO\PHUVD®GHW \®HWEMBDWMKX&H DQGDEHDP
FKDUDFWHUL]HG

Hemineitisie ontiueckuie (HJIO) HaHOCTPYKTYPHPOBAHHBIE MaTepHANBl TPEACTABISIOT
OONBIIOI HHTEPEC ATIA ONTOINEKTPOHUKH BCIEACTBHE TOTO, YTO OHH ITO3BOIIIOT H3MEHATH 4acTOTY
MPOXOIAINETO Hepe3 HUX CBeTa W OCYIIESCTBIATh KOMMYHHKAIMIO MEKIY DJIEKTPHYSCKHM H
ONTHYECKUM CHTHAIaMH YepPe3 BO3MYIIaeMOE CBETOM DIEKTPOHHOE PaclIpeJeIcHHE.

B manHOM palore OBIIM  CHHTE3HPOBAHBI  ITONHHMHABL,  ITOTHAMHAOHUMHIBL H
MOMMUMHIOYPETAaHbB ¢ KOBWISHTHO IIPHCOSTHHEHHBIMH —a30XPOMOGOPHBIMH  TPYIIIaMH, |
H3MepeHbl Ko HMIMEeHTsl TeHepallnd Bropoit rapmonuku (I'BI), d , Amg IDIeHOK 53THX
TOJIMMEPOB, TONSAPU30BAHHBIX B KOPOHHOM paspaae. [lmenkn tommpHOoH 0.1 2.0 MM OBLTH
TIONMYyYEHBI Ha CTEKIHHON TOANOKKE METOJOM IeHTPH(pYTHPOBAHUA PacTBOPOB TIONMHMEPOB B
IUKITOreKcaHoHe. [londpusaiid IUeHOK B KOPOHHOM pasp4aiae nposogunack 40 60 muH mpu 150
200°C (B 3aBHCHMOCTH OT TEMIIEpPaTyphl CTEKIOBAaHHA KakIoro Xpomohop coAep:KaIlero
nomiMepa). HampsixeHne Ha BOIMh(PaMOBOM HTONBYATOM BIEKTPONde cocTaBIsmio 6.5 kB, a ero



paccTOAHHUE O MTOBEPXHOCTH TUIEHKH | cM.

HJIO cBolicTBa Broporo mopsgika IMoIdpH30BaHHBIX TTONMHUMEPHBIX TUIEHOK OBUTH U3YYEHEI ¢
TTOMOITHI0 H3MepeHHd curHama I'BI' mnarymbeHoro Nd :YAG masepa (amnHa BOMHBL 1064 M,
ITHTETTHHOCTE UMITYTIbCa 15 He, TNIOTHOCTh MOITHOCTH Ha o6pasiie 10 kBT/cM

CHHTe3HPOBaHHBIE TTOMHHUMHIBI TEPMHYSCKH CTaOHITBHEL (T 350°C) M TEmIOCTONKH

h 215°C). Han6ompriimie sHaueHHI d  (>50 mw/B) OBUTH TOTYyYeHBI ANA TIOIHMEPOB C
KOBaJIEHTHO ITPHCOSTHHEHHBIMA 3,4 MHIHaH0a300eH30IbHBIMH I'PYIITaMH.

J1s HEeKOTOPBIX TIOMMHMHIOB OBITH H3MEPEHbl HaCTOTHBIEC 3aBHCHMOCTH BeTHYMH d B

HHTEpBale sHaueHHH GyHIaMeHTambHOM 4acToTsl 800 1400 HM, KaK MoKa3aHO Ha PHCYHKE

1-
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o
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PucyHok 1. Jucniepcus koaddHUIeHTa KBap aTHYHOH HemiHeHHocTH, d  (cleRa) A7 MOMHHMEIA TIPHBETEHHOH
CTPYKTYPEI (CTIpaBa) B & 3 (KBazpathl), H p P (pomMObl) KoHQHIypaipax. CrieKTp MOrIomeHHA [MoKasaH CTUTOMHOH
TMiHHeH. BepTHKanbHad THHHA COOTBETCTRYET JJTHHE BOJIHBI, TIPH KOTOPOi onpeAenamd otHomende d G

[TokasaHo, 4TO 4aCcTOTHAA 3aBUCHMOCTh d  CIIBMHYTa B KPacHYIO 06IacTh MO OTHOITIEHHIO K
CHEeKTpy mornormeHud. [loatomy HMmeercd o0IacTh YacTOT, B KOTOPOH IOMHMEP MPaKTHYECKH
MTpOo3paueH, B TO BpeM4 Kak BenmryuHa d  ellle JOcTaTOYHO BRICOKa

Bee m3ydeHHBIe OOpasiibl O0NIafjal0T BechbMa BBICOKOW ITy4eBOH cTOHKOCTRRO. Mx HJIO
CBOHCTBa HEM3MEHHBI I1OCTIe BO3AeHCTBUA Oonee 10 ThICId HMITYIThCOB.



1. Mpupoaa cTeknoo6pasHo
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N CCJIEJOBAHHUE JIOKAJILHOM ATOMHOM CTPYKTYPBI
BBICOKOITPEJIOMJEIIONIUX CTEKOJI METO/IOM ; $) 6 CIIEKTPOCKOITHHA

Amexkceep P.O. |, Apaxan JLA. , Maxtumeaaa I'. KO, Capunakos B Y. , BemurxanuH A A.
byraes JI.A. , Curaes B.H.

Poccuiickuil xunnxo mexnorozude kil yaueepeumem ud. LU Mendeneeeq,
Mocrea, Poccua
FOveerviil hedepeartonotit yaueepcumem, Pocmoe na Hony, Poccur

HHIT « Kypaamoecruil uncmumymy, Mockea, Poccua
HPDLIOH[WRIFD#PDLO UX

'‘DWD RQ WWKBIQVKRRIWGHU QHDU 1E DQG /D DWRPV LQ KLJKO\

XVLQJ :$56HFWURVFR S\ H[SCHMKPODDWDIR DED VIR FZLGH UDQJH
FRPSRVLWLRQV

BricokompenoMaonie cTekaa ( @ ! Upe3BbIUaHO BOCTPEeOOBAHBL B OITHYECCKOM
MpHOOPOCTPOSeHHH. KX  WCIONb30BaHHE TIO3BOIAET COKPAaTHTh KOJNMHYECTBO KOMIIOHEHTOB
ONTHYESCKOM CHCTEMBI, CHHKas OOIMHit Bec H rabapHTH yeTpoiicTBa > @

JlaHTaHOOOpaTHBIE CTEKIIa, XapaKTePHU3YIOIMHECAd COYETAaHWEM BBICOKMX 3Ha4YeHHH
TOoKasarend TPENOMICHHS, HU3KOH HUCIepcHell M BBICOKHM CBETOIPOITYCKaHHEM B IITHPOKOM
IUala3oHe JJIHH BOIH, ABJLIOTCA OJHUM W3 IIEPCIEKTHBHBIX KaHIHAATOB HJIA pa3palboTKH
BBICOKOTIPEIIOMIISIOIIAX ~ CTEKON. BO3MOXKHOCTE  JOCTHAKEHHS DJKCTPEMAIBHBIX KOMOWHAITHI
ONTHYECKUX TIOCTOSHHBIX OO0YCIIOBIEHa MAaKCHMAIlbHO BO3MOZXKHBIM COACPAKAHHEM «TSKEIBIX &
KaTHOHOB B CTeKIIe BBeleHHe COSTMHEHHN «TIKEIBIX» DIIEMEHTOB B COCTAB CTEKOI NPHBOOUT K
3HAYHUTEIIBHOMY YBEIIHUEHHUIO ITOKAa3aTellsl ITPENIOMIICHHT, OZHAKO COIPOBOKIASTCA YCHIICHHEM
CKIIOHHOCTH K (ha30BOMY pasiencHHio [lostoMy paszpaboTKa BBHICOKOIMPETOMISIONIMX CTEKOIT
TpeOyeT ITOMCKAa KOMITPOMHCCA MEXKIY TIIOBBIIIIEHHBIM COAEPKAHUEM BBICOKOIIOIAPH3 YEMBIX
KaTHOHOB H TEXHOJIOTHYHOCTBIO HX TIPOM3BONCTBA, BO3MOKHOCTBIO TIONYYEHHSI ONTHYECKH
OIHOPONHBIX CTEKOI B BHAE JOCTATOYHO KPYITHBIX 3ar0TOBOK.

[puneHeHne MeTomoB  $) 6 K BEICOKOMPETOMITSIONINM CTEKIIAM BeChMa TIEPCIIEKTHBHO
I H3YYEHHUS TOKATIbHOTO OKPYKEHNI BOIN3H «TAAKEIBIX» aTOMOB M OLIEHKH CTEIIEHH €TI0 BIHAHAA
Ha CTEKII000pa3yIOIyI0 CIIOCOOHOCTh, YTO HAITISAHO HWUIOCTPHPYETCS Ha IIPHMEPE CHCTEMEI
/D2 £1 E2 %2 /% 1 B KoTOpOi OBITH TMONYyYEHBI CTEKNTa ¢ TMOKazaTeNeM MPETOMIEHHT OT

no 1,9  OcHoBY cTpyKTypbl OmmkHero mopgaka LBN crexon mo manueiM UK u ; $) 6
criekTpockonuu (XANES u EXAFS) cocrapnator rpymupopku BO %.2u NbO . BreaeHue
oKcHila HHoOH 4 (5, 20 u 30 mMo1.%) B cocTap TaHTaHOOOPaTHOTO CTEKIIa ITPaKTHYeCKH HE BIH4ET Ha
JOKaITbHYIO CTPYKTYPY BONH3H aTOMOB HHOOWS, COXpaHAd IIPH 3TOM €ro OKTa3ApHYECKYEO
KOODJHHALIMIO TI0 KHCIOPOAY CO CpefJHHM paccTogHHeM Nb £ 187 A, Bo sBropoit
KOOPIHHAITHOHHOM chepe HalmiomaeTca ¢aaboe B3aHMOACHCTBHE, KOTOPOe, MO Beel BHAMMOCTH,
OTHOCHTCH K BEpIIMHHBIM CBM3aM Nb +2 b co cpegsmm paccrosHmaM 3,73 A. HuoGHeBble
OKTa3Phl COSTUHAIOTCA APYT ¢ APYTOM IIPEHMYINECTBEHHO T10 BEPIIHHAM, TaK YTO CPEeIHEE YMCIIO
cemelt  coctaBmger  ~l1,2.  MomenupoBaHHe — OKCIEpHMEHTaIbHBIX  criekTpoB  (;3$) 6
CBHAETEIBCTBYET O TOM, YTO HHOOMH B CTEKIIe HaXOAHTCA B IIEHTPe KHUCIOPOAHOIO OKTa’[pa, B
KOTOpOM B cpefHeM ~60% aToMOB KHCIOpoIa PacIloiI0KEHbl CHMMETPHYHO OTHOCHTEIBHO IIEHTPa
¢ yrmom O 1 B2 f * TJomoOHaa KoHbHTYypalud OMIKHETO TOPAIKa BOKPYT aTOMOB
HHOOHA CIIOCOOCTBYET TOBBIIEHHIO CTEKIIOOOPasyIOINeH CIIOCOOHOCTH I COCTaBOB C BBICOKHM
comepxkanrem 1 E2

bmxHWI aTOMHBIH TTOPAROK BONM3H aTOMOB lTaHTaHa B LBN cTekmax 3aMeTHO H3MEHIETCA
10 Mepe YBEeNMMUYeHHd JOTH OKCHAa HHOOHA oT 5 mo 30 mom.%: cpemHee paccTosHHe La 2
yBenmunBaercd Ha ~0,03 A, a KOOPAHHAIMOHHOE YHCIIO aTOMOB JTaHTaHa IO KHCIIOPOLY BO3PacTaeT
or 6,8 mo 10. bombinoe 3HaYeHHE KOOPAHHAITHOHHOIO YKMCIAa aTOMOB JIaHTaHa CBHIAETEILCTBYET O
ONHM30CTH €r0 JOKaIbHOM CTPYKTYpPhl B MacIuTalde OIHAHETO IMOPIIKa K JIOKAIbHOH CTPYKTYpE
kpuctammos LaB 2 w® LaNb 2, ¢ xapakTepHoif Jmg cTekna OombIel  CTENEHBIO



PasymopAmoYeHHOCTH > @

+DUWPDRQ&G RWKHU 2SWLFDO JODVV DQG JODVYV FHUDPLF KLVWRU

view // Applied optics. 2010. Vol. 49, Ne 16. 3 *

$OHNVHHY 5 2 HW DO /RFDO $WRPLF 6WUZXEWER HH2RIOW K M HAL J K

-RXUQDO RI $OOR\V DQ®& &RPSRXQGV
Paboma evtnoanera npy unancoeoil noddepicre MiHucmepemed HOyKU 1 eviciiezo obpazoeania Poccuu
{epanm FSSAM

O CBA3H MMAPAMETPA I'PFOHAM3EHA C YIIPYTHMH MOJYJEIMH
CTEKJIOOBPA3HBIX TEJI

Tlapmace M.B~ Marmanos A.A. Yumbitop T.A.
Bypamcruil zocyoapemee ol yaueepcumem unvenu Topaxeu Banzapoea, Yaan Vo3, Poccua
Hemumym ghusuveckozo aamepuanoeederua, CO PAH, Vian Vo3, Poccua
HPDL&@DUPDHY#EVX UX
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JRU FHUWDLQ JODVVHV WKHUH LV D OLQHDU UHODWLRQVKLS
HODVWLF PRREXOQDWXUH RIVRELXFERQ&PIRQRVLOLFDWH JODVYV

[TapamMeTpbl TMHEHHOH TEOPHH YIIPYTOCTH, TaKHe KaK MOIYIIH YIIPYTOCTH, CaMH 110 cebe He
CBS3aHBI ¢ TapaMeTpom ['proHaii3eHa 7, KOTOPBIM SABISACTCHA XapaKTEPHCTHKOW aHTapMOHH3Ma
KoneGaHUH PEMIeTKH W HEIMHEHHOCTH CHIBI MEXKAaTOMHOTO B3aUMOAeHCTBHI. OHaKO OBLIO
BBIBIICHO, YTO OTHOINEHHE MOAYISA OOBEMHOTO CXKaTHA 0K MONVIIO CABHTa *, OKa3blBacTCs
JMHEHHO CBA3AHO ¢ IMapaMeTpoM Y. B CBA3H ¢ 3THM HMeEeT ONpeAclicHHBbIN HHTEPeC BBIACHEHHE
MMPUPONLl  JAaHHOW CBI3M. Ha TIpuMepe HaTPHEBOATIOMOCHIHKATHBIX CTEKOI  IMOKa3aHOo
MTOATBEPKACHHE SKCITEPHMEHTAIbHBIMH JaHHBIMH 00CyKIacMOi B3aHMOCBA3H > @

W3 H3BECTHBIX TEOPETHUYSCKHX TIONMOKECHHI YCTAHOBIEHO, 4YTO OTHOINEHHE MOMYIIeH
yIpyrocTH { % *) MOXKHO BBIPA3HTh CIEAVIONHM ofpasoM [ @

B 241+ ..
B L_(_u)a
G  3\1-2pn

[TpuHrMasg BO BHUMaHHe TOT (DakT, 4TO paHee Ha OCHOBAHMH JOCTATOYHO CTPOTHX TOIOXKEHHUH
TEOPHH VIIPYrocTH OBblTa YCTaHOBIEHa CBI3b KoapduimeHTa IlyaccoHa U, Kak Iapamerpa
THHEHHON TEOPHH YITPYTOCTH, ¢ HelMHHEHHBIM MapaMeTpoM [ pioHaitzeHa Y| @

L)

MOKHO TIPEATIONOKNTh, UTO JIEBBIE YacTH YpaBHeHHH (1) ¥ (2) HMOILKHBI OBITh CBI3aHBI MEAKIY
coboi. [TpeoGpasoBaHnd Har0T CIEAYIOIEe BhIpaKeHHE:

B 20 L
- L= (L) a
G 3 \9—2y

OTcrofia ITpH BBITIOIIHEHWH YCIIOBUA Y BRIpa:keHHe (3) pHoGpeTaeT BHA QYHKIHH THHeHHOMH
3aBUCHMOCTH OTHOIMIEHHUA MOJIYIIEH YIIPYTOCTH OT MTapaMeTpa | proHaiizeHa.

B kauecTBe 5KCIIEPHMEHTAIBHOTO MOATBEPAKICHHA TaKOH 3aBHCHMOCTH OBLITH PAaCCMOTPEHBI
HATPHEBOATFOMOCHITMKATHEIE CTEKITA, AT KOTOPBIX, KaK U A4 OOIBIMHHCTBA APYTUX CTEKON ¥ = 1.2
+1.5. Ha puc. | mpencraplieH rpaHK B KOOpAMHATaXx BHIpakeHHT (4) I TPEXKOMIIOHSHTHBIX
crekon Na 2+$ Q2 +6 L 2PacueTHbIe JaHHBIE H COCTAB CTEKOM IPHBeAeH B TalbIHIE 1.



153

1.40

1.25
125 1.40 155 20 /3(9-27)
PrcyHoK. 1. 3aBHCHMOCTD OTHOLIEHHA YIIPYTHX MoyJeH ( %*) oT GpyHKIMH rmapaMeTpa ¥ o cOOTHOMIEHH!O (4).

JIBYX H TpexKoMIToHeHTHBIe cTekma 1 D2 £ $ @ +6 L 2 pasHbiM Mol % OKHCITIOB B cocTaBe. Hymepaifia cocTaRoR
Ha PHCYHKe COBIIaJlaeT ¢ Hymepalpeil B Tabmile

Tatmiua 1. Yrpyrue Moayid * 1 YkoadduenT ITyaccoHa | W nap amMeTp ['proHafizeHa v
i crekon Na 2+$ @ 6L 2 Hcnonbsogadel faHHbie [ @
CocTag 1o CHHTE3Y, . - opn -8
Yo
No MoJI. %o a a — v
1D2 s 6L2

Kak BHIHO Ha pHCYHKe, TpadHK 3aBHCHMOCTH HMeEeT BHJ, ITPAMOHN, HAKIIOHEHHOH K OCAM
oy yrimom B 45 . ITpoH3BelicHBI TOMBITKH HWHTEPIIPETallii MTPHPOABl JaHHOH 3aBHCHUMOCTH. B
moflei bepmrHa PoreHOypra bacspcera cBash Imapamerpa ['prOHai3eHa ¢ YIPYTHMH MOIYILAMHA
BBIPA/KAETCA YepPe3 3aBHCHUMOCTh Y OT OTHOIIECHWA TAHTCHIMAbHOH H HOPMAIbHOM KeCTKOCTEH
MeKaTOMHOH cBA3H A Nv Ny >|. OTHOcHTEeNBHAd KEeCTKOCTh, B CBOKO OYepelb CBI3aHa C
OTHOIMIeHHEeM Moayneit % *  @opmyna, modyueHHad bemomecTHhx U TecmeBoit (2)
MIpUMeYarelbHa TEM, YTO MO3BONIET paccUWTaTh MapaMeTp ['proHaii3eHa U3 JOCTYITHBIX JaHHBIX O
koadduimente [TyaccoHa. J[ocTaTOYHO TOYHBIE 3HAUEHHUA ¥, TIOMYUEHHBIE TTO 3TOH QopmMyTie, TaroT
MIPEUMYIIECTBO TEPEN W3BECTHBIM YpaBHeHHEM ['proHalizeHa. AHalIW3 CTEKON JEHCTBUTEIBHO
MOKa3hIBacT W3MEHEHHWE Y B 3aBHCHMOCTH OT HMX Ka4decTBEHHOTO cocTapa. Hampumep, ¢
YBEIIHYEHHEM JOIH HOHOB IETOYHBIX METAIUIOB HalOlMrofaeTed U PocT MapameTpa ['proHalizeHa.



Taxum oOpazoM, ycTaHOBICHa ONHO3HAYHasd B3aUMOCBA3b VIIPYTHUX Mozeneit (% * u
napameTpa [ proHaii3eHa IS TPeXKOMIIOHEHTHBIX HATPHEBOAIFOMOCHIIMKATHBIX CTEKOI. Takad XKe
CBA3b XapaKTepHa JUId APYTHX CTEKON IPH BBIICPAHBAHWUH YCIOBHA °f H MOKET OBITh
000CHOBaHA B PaMKaX H3BECTHBIX TEOPHI W MOJECIIEH.

Canmiaror J.C., Japmaer M.B. ¥rpyrue MoOyH H mapamMeTtp I'proHaiizeHa cTeKnooOpa3HbIX TREPABIX Ted //
@3, |oxHM. crerta. 2022, T 48, Nel. C. 27

Jlanpay JL ., JTusmmig E.M. Teopus yripyroctd. 3 e 13a. M.: Hayka, 1987. 204 c.

Benomecthoix B.H., Tecnmepa E.JL BzauMockA3h aHrapMoOHH3Ma M MorepedHoi  gedopMaiu
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Bepmin A.A., PoreH@Gypr JI, Bacapct P. CTpyKTypa H3OTPOIHBIX MAaTEePHATIOB € OTPHLIATEIBHBIM
koadduiHenToM [TyaccoHa // Beicokomonek. coed. Cep. B. 1991. T. 33. N8, C 619

OIINCAHHUE KO.JIEBAHJ_/IFI B CTEKJIAX
C IIOMOIIBIO CJIYHAMHBIX MATPHIY

Konrox JI.A. |, bempTiokop .M.
Quzuro mexsuudeckuit uncmumym uMm. A. @. Hodge PAH, Canxm Hemepoype, Poccus
HPDLO FRQ\XK GPLWULM#\DQGH[ UX

‘H SUHVHQW D UDQGRP PDWUL[ DSSURDFK WR VWXG\ JHQHUD
VROLGY ZLWK WUDQVODWLR@MWMHGQYVWKDD®QFHQWHLREIOWKH FRL

YcTaHOBIeHHE OOIMMX CBOHCTB KolmeOaHHH B amMOphHBIX TBEPABIX Telmax (CTeKmax)
SIBTISIRTCA OAHON M3 KIFOUSBBIX IPoOIeM B 0O0MacTH (hH3HKH HEYIIOPAMOUSHHBIX CHCTEM. BIMKHIM
TOPANOK PACcTIONOKEHUI aTOMOB B aMOP(HBIX TBEPABIX TeNax HAIOMHHAaeT ONMHKHHI TOpANOK B
COOTBETCTBYIOIINX KPHCTAJIIaX, B TO BpeM4d KaK JallbHHH MOPANOK OTCYTCTBYET. 3TO CYIIECTBEHHO
BIIM4eT Ha TaKHe MaKPOCKOIMYECKHE CBOMCTBA, KaK, HallpUMED, TEIUIONMPOBOAHOCTH. OmHaKO
CTaTHCTHYECKHE CBOHCTBa KONeOaHWH, KOTOPBIE OIPEAEIIOT TEIUIONPOBOJHOCTh CTEKON IIPH
TemIepaTypax pbilie 20 K, 10 CHX TTOp OCTATCA MATIOHN3YYEHHBIMH.

YHUBepcalbHOM OCOOCHHOCTBID KOJIeOaTelnbHbIX BO30YKICHHH IIPaKTHYECKH BO BCEX
CTEKIIaX IBIIdeTcd H30bITOUHASA Hall Ae0acBCKOH MIIOTHOCTh KONeGaTebHBIX COCTOIHUHN, H3BECTHAM
Kak OO30HHBIM IMK. bO3OHHBIM IMK HaOrojalcd B  pa3IH4HBIX OKCIIEPHMEHTaX: B
KOMOHWHAIMOHHOM PaccesdHUH c¢BeTa [l], B paccesdHHH PEHTTEHOBCKUX Tyuel [2], B Heylmpyrom
HeHTpOHHOM paccedHHH [3], B JambHel HH(ppakpacHOH CMeKTPOCKOIMMH [4], TIpH H3MepeHHH
TETITOEMKOCTH CTeKON [5]. OfHaK0o MHKPOCKOIMMYecKas MPUPOJa Takoro (peHOMeHa MO0 CHX TIop
aKTHBHO O0CYKAaeTcA.

KoneGanna B aMOpPhHBIX TeNax ONMPeAeTIroTesS cOOCTBEHHBIMH BEKTOpaMH M YHCIAMH
muHampdeckoit matpuiikl 0. Hamwume Oecriopsaka B aMOPGHBIX CHCTeMaX IIPUBOAMT K
CIIy4alfHOMY XapaKTepy MaTpHUHBIX 31eMeHTOB O | MB CBA3M ¢ STHM, TEOpPHA CIIYYAHBIX MaTpPHI]
MOXKET IIPHMEHATHCSA UL H3YYEHHA KONeGaTelbHBIX CBOMCTB CTeKon. ONHAKO He KakIbId
MaTpPHYHBIH aHcaMOIlb CIOCOOEH YYeCTh OcOObIe KOPPEIAIHH MeXKAY MaTPHUHBIMH 3IIeMEHTaMA
O LRcTEKITIax.
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Pucynok. 1. a) TIpHBeaeHHaA TUIOTHOCTD KoJebaTeNbHbIX COCTOMHHI s KoppelHpoBaHHOTO aHcamOmsa BumapTa ¢
P asMHYHBIMH 3HaYeHHAMH [MapaMeTpa CHCTeMbI ¥. CTUIOIIHOH THHHEH oTMedeHa 4acToTa Kp 0CCOBepa, MyHKTHPHOIH
MHHHeH 2 gacToTa 6030HHOTO ITHKA. b) 3aTyxaHHe (IJOHOHOB I" B 3aBUCHMOCTH OT BONHOBOTO BeKTopa TIpH
Pa3NHMYHbIX 3HAUEHHAX TapamMeTpa CHCTeMbl ¥. [IYHKTHpHOH NHHHeH oTMedeHo paneeBckoe paccedHHe I” o 1
,tudd)(IJyBOPMbII':I sakoH I oc 3, BepTHKaIbHbIMH CILTONTHBIMH JTHHHAMH O0TMeYeH BOIHOBOH BEKTOP COOTBETCTRYIOIETD

KpOCCOBepa.

B pamMKax Imoaxofa TeOPHH CITYYAHHBIX MATPHI] MBI TTOKa3alHd, YTO TONBKO JBa HanOolee
BaXKHBIX CHMMETPHHHBIX CBONCTBA MEXAHUYESCKON CHUCTEMBI 2 YCTOMUHMBOCTH BOIM3H ITOIOKECHUA
PaBHOBECHI H HWHBApPHAHTHOCTh ITOTEHIIHATBHOH SHEPIHH OTHOCHTEIBHO CJIBHTa CHCTEMBI,
BOCIIPOMBBOAAT OCHOBHBIE YHHBEPCAlbHbIE KolleOaTelIbHbIE CBOMcTBa cTeKod. llpm sTom
IuHamMH4ecKasd MaTpuila O mpefcTapingeTcd B BHIE KOPPeIHpPOBaHHOTO aHcamOna Burmapra
cnydaiinpix Matpu 0 $§ > @

YuurbiBad HauOolee BaXkHBIE KOPPEIdIMH MEXKDY MATPHYHBIMH  3IEMEHTaMH
OUHAMHYeCKOH M™MaTpuibl Oy MBI HalDIM aHAIMTHYECKHE BBIpa’keHHd M  IDIOTHOCTH
KoneGaTenbHbIX COCTOSHHMI M JUHAMHYESCKOTO CTPYKTYPHOTO (hakTopa. AHANM3 3THX BBHIpaKeHHIH
TOKAa3bIBACT, YTO CYINECTBYIOT JBE IPHHIMITMANBHO pa3Hble O0IlacTH KONMeOaHWH, pa3elleHHBIE
MEXKIY COOOH HEKOTOPOH YacTOTOM KpoccoBepa. MBI IMOKazallM, YTO 3Ta 4acToTa MrpaeT Pollb
qacTOTHI KpoccoBepa Modde Peremda Mexny HI3KOYaCTOTHBIMH ClIa003aTyXaroUMH (DOHOHAMH H
Tuby3HOHHBIMH KoTeOaHHIMH Ha ©ollee BBHICOKHX dYacToTaX. [IpH »TOM B TIPHBEICHHON
TDTOTHOCTH KoIebaTeNbHBIX COCTOSHHI BOMH3H Nepexofa Modde Perend BosHHKaeT GO30HHBIH ITHK
(puc. la), yacTOoTa KOTOPOTO VHHMBEpCAITbHBIM OOpa3oM KOPPETHPYET ¢ YacTOTOH KpoccoBepa
Hobde Perenga. Huke 4acTOTH KpoccoBepa HaOMIOJMacTCA PRIeeBCKOe paccedHHe (OHOHOB, a
BBIIIIE YAacCTOTHI KpOccoBepa Habmomaerca mubQy3sHOHHOE pacpocTpaHeHHe KoneOaHHid,
XapaKTepHOe 119 aMOp(HBIX cHeTeM (pHC. 1b).

HccrmenoBaHHe CHCTEM ¢ KOHEYHBIM PaJgHycOM B3aHMMONSHCTBHA IIOKa3allo HalH4dHe
KBa3WJIOKAIIBHBIX KONeOaHWi BOIH3H 4YacTOTHl KPOCCOBEPA, KOTOPBIE HMEIOT CTENEHHOH 3aKOH
pacIipelelIeHHd 10 YacTOTe€ M JAOT JOTONHUTEIBHBIH BKIIAJ B OO30HHBIN IMHK H B PacCeIHHE
(hOHOHOB.

ODOLQRYVN\ 9. B6RNRORY $3 7KH QDWXUH Rl ERVRQ MDHN LQ
FRPPXQLFDWLRQV 9 QR Ss

%HQDVVL 3 .ULVFK 0 ODVFUBWHFFKLIR@DFRD}]DBXRFFR * 6HW
(YLGHQFH RI KLJK IUHTXHQF\ SURSDJDWLQJ PRGHV LQ YLVW®RHRX\SVLOLFD

"LVFKQHZVNL $ %XFKHQDX 8 'LDQRX[ $ - 1BRXWW RQDKIOUWDWHUL©

RI ORIHTXHQF\ PRGHV LQ VLOLFD SBKLORVRSKLFDO PDJD]LQH % 9
ODWVXLVKL . 2Q0MKHLFKDQUIBLRYT WKH FKDUJH IOXFWXDWLRQ ZLWK |
-DSDQHVH MRXHI® B®&\RLMWE SO 9 QR 5 S

=HOOHU 5 & 3RKO 52 7KHUPDO FRQGXFWLYLW\ DQG VSIWEHIZ RP6oK'
9 QR S
Kouwox O.A., BenstiokoB .M. YHHBepcanbHble KoneGaTeNbHbIE CBOHCTBA HEYIIOPAIOUEHHBIX CHCTEM C
TOYKH 3PEHHA TEOPHH CITyYaiiHbIX KOPPeMHpOBaHHBIX MaTpHL // ITrickma B ZKOT®. 2020. T. 112. Ne. 8. C.547 +
Paboma evtnoinena npyu nooddepacre Coeema no zpasmamt IIpesudenma Pocculicrott @edepayunl (HpoeKm
Hozmep MK



HCCJIEJOBAHHE ®PATHJ/IBHOCTH XAJIBKOI'EHH/HBIX CTEKOJI

Marmanop A.A. apmace M.B.
QIBEOY BO «Bypamcruli cocyodpemeeHuolil yiuee pecumem usven Jopoen bansapoeay Yaan Vo3, Poccua
HPDLRDVKDQRY#EVX UX

7KH SUHVHQW ZRUN IOHWHUYRMWHEBNMWR) WRKHIUDJLOLW\ E\
FKDOFRJHQLGH J61DV \BHAMH RD QWMKEES VI\VWHP YV

OparunbHOCTh  XapaKTEPU3YeT CKOPOCTh YMEHBINEHHA BA3KOCTH TIPH  TOBBIIIEHUH
TEMIIEPATYPhl U ONPeeNnaeTca TaHTeHCOM YITa HaKIOHa KPHBOH BM3KOCTH lgy + 73 7) BOMM3HM
TeMIIEPaTyphl CTEKIOBaHUA 73> @

_ 003
07/7],,

[To 3HaueHHIM PMOKHO KITacCHGHITHPOBATh CTeKa. B mepBoM MpHOIIMKSHHH HX JCTIT Ha
JIBa OONBIIMX Kacca: «IIPOYHBIE» M «XPYIIKAE». ITO JOCTATOYHO YAOOHBIH  CITOCO0
KITacCHQUKAIIMM CTEKOT, TIOCKONBKY MANA HHUX, KaK TIPaBHIIO, H3BECTHBI BKCIIEPUMEHTAIbHBIC
JAHHBIE O BA3KOCTH B OOITaCTH CTEKIIOBaHM.

Hna onpeneneHus (HParwiIbHOCTHHCIIONB3YEM METOJA HAaUMEHBIMX KBaJpaToB, CTPOUM
rpaduk 3aBucuMOcTH OQpbr 73 7 puc. | 3KCIIepUMeHTAbHBIE JaHHBIE O BI3KOCTH # 1) B 00IacTH
CTEKIIOBAHHU S, BIUIOTH A0 7  7HCIIONB3yeM M3 6asH > @
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Pucynox . Ompenienetiie dppaninbHocTH Pamsa ctekma Sb * HSe ¢ mprMeHeHHeM MeTo/1a HaHMEHBIIHX KBaZPaToR.
Copep:xanne Sb + *H 6 #B0 Mo %o.

B3auMOCBI3b CKOPOCTH OXJaXkIeHHS | M BpPeMEHH CTPYKTYPHOH peNmakcalfui )
BBIpaxkacTcsa OOIIHM COOTHOITICHHEM YPaBHEHHEM CTEKITOBAHHA

T,=67,

KOTOpOC OIPCACIACT ITOABIICHHCS CTGKJ’IOOGPE!BHOI‘O COCTOAHHA IIPH TCMIICPaTYpPC 718 IIPOMECCe
OXITaKTCHH A

BemnunHa 0 7; IpUHUMAETCA PaBHOM HHTEPBAy TEMIIEPaTyp, B KOTOPOM BI3KOCTh # 7
MeHgeTCd Ha Iopamok, oT 10 mo 10 Tlac| @

81, — 7 -7
rae 7 u 7 ZremimepaTypsl, cooTBeTcTByromme Opd= 12 u Opd

Jlerko yOeIUTHCA, YTO TIOJCTaHOBKa B COOTHOIEHHMH (1) ypapHeHHI Bumbamca JlaHmema
Oeppu (BJIOD) A4 3aBUCHMOCTH /) TIO3BONILT ITPHHTH K COOTHOIIEHHTO

&7,
&

P=




C yuetoM O 73 & & 14 CTEKON ONHOTO Klacca BBITEKAET CIEAYIOIIESE COOTHOIICHHE I
orpeAeneHus ¢ paruibHOCTH

7
57,
Ta6mia. Pacuer dppaninbHocTHAs 6 70 687H BHG6H $ ViBdtTekon
o P
Creko, MoL% 7 °C M P nodopMy i
$V 6 70
3 6H 7H
6 E *H 6H
[TomyueHHaa ¢opMylla  , CBA3BIBarOmad QpParduimbHOCTh CTEKOIN ¢ IONIOCOI TeMIlepaTryp

O 7THaXomUTCd B YHOBIETBOPHTEIBHOM COTTIAaCHH C HEIOCPEACTBEHHBIM OIpefeneHHeM P 1o
opwyme (1)

$QJHOO & $ 3HUVSHFWLYH RQ WKH JODVV WUDQVLWLRQ - 3K\V
IHPLORY 6 9 6WUXFWXUDO D VBEHWWHRIQS RWVVILED RV L QOVHHUIWWHKO CRW LIRD
SRLVVRQYV UDWLR RUWODVHZRIGFLGVYV 1RQ9 3

0'/ S 6FL*GDVVQVWLWXWH Rl 7TKHRUHWLFDO &KHPLVWU\ 6KUHZVEX!
IHPLORYODGAHOO HTXDWNVRQFDQGWKHRULHY RI JODVV WUDQVLWLRQ
YLVF W WODVYVY WUDQVEFEOWDRY IKHPSHEBM X BH =+
Paboma estnonnena npu noodepxeke OI'BEQY BO «Bypamcruil ocVOApCIEEHHlll VHIGEPCUINEN UMEHU
Hopxeu Banzapoeay epanm Ne 22






N CCJIEJOBAHHUE ®H3NKO XUMHYECKIX 1 MEXAHHTYECKIX CBOICTB
BCHUCTEME 6UZ®@ 6L2

banaGanoea E.A., Tropunua H.I'., TropHmHa 3.1., [Tomgakosa U.T'.

Hremumym xuvuy cumuxamoe M. H B, Tpebenupuroea PAH, Canxkm Hemepoype, Poccua
HPDLEDODEDQRYD H D#\DQGH][ UX

6WXG\ RI SK\VLFRFKHPLFDO DQG PHFKDQLFDO SURSHUWLHYV
SRLQW RI VDPS®PEVELEY WKHI BUWREWD SEBEG H VVROKEBV LV

DyHmaMeHTaIbHBIE UCCIIENOBaHA A ATFOMOCHIIMKATHEIX CHCTEM MMEIOT OTPOMHOE 3HauYeHHE
IV TIOHMMaHHI M IIPOTHO3MPOBAHHA TIPOLIECCOB, KOTOPBIE TIPOTEKAIOT TIIPH  BBICOKHX
TeMIlepaTypax, a TakKke A pelieHHSA MPaKTHYECKUX 3afiau (BIOOp KOMITO3HIMMI, pa3paboTKy
PaIlHOHATHHBIX CITOCOGOB UX CHHTE3a, KOHTPONb CBOCTB TMONYUEHHBIX BEIMIECTB U T. A.) OObeKTOM
HCCTIEAOBAaHHA dBlgeTca cucteMa 6 U B R 6L 2 6$6 Marepuanbl Ha ee OCHOBe OONIamaroT
BBICOKHMH TIOKa3aTeAMHA (PH3MKO XUMHYESCKUX, MEXaHHUSCKHX, TEPMHUYECKHUX H 3IEKTPHUECKHX
XapaKTePUCTHK. JKCIDIyaTallid JaHHBIX MaTepPHallOB IIPH BBICOKHX TeMIIepaTypax He BO3MOXKHa
6e3  JOMOMHHUTENbHOW  HHGOPMAIMH O  TEepPMHYESCKOHN, MeXaHWYeCKOH  yCTONUHBOCTH
KPHCTAINTMYECKHX COSIHHEHHH, BXONAINX B ¢OCTaB 2TOTO MaTepHalla

B mammo#t pabGore meromom Teepmodasoporo cuHTesa (IDC) B cuereme 6 $ 665010
CHHTE3HPOBAHO 8 00paslloB XHMHYECKH COCTaB KOTOPBIX IpefcTaBlicH B Tall 1 B kauectse
HCXONHBIX peareHTOB Hcrmonb3opamn 6 U & 2$ @ u kpucrammueckuii 6 L 2vapok «uma». Jlng
TOMOTEHH3allMH HaBecKa C HCXONHBIMH peakKTHBAaMH IlepeTHpallach B IUIAaHETapHOW IIapOBOH
membHuIle 5 HW 8 6100 B TeueHne 30 muHyr ¢o ¢KOpocThio 350 06/MHHYTY U CITPECCOBBIBAIACh
B TallleTKH JWaMeTpoM 1 CcM Ha THAPAaBIMYECKOM IIpecce IIPH JABICHHH B 4 TOHHBI.
CrpeccoBaHHBIe 00pasipl OOKHTATHCh B MyhenbHOi neun Naberthem Top 16/R B KOpyHAOBBIX
THTTIX TIPH TeMITEpaType C B TeueHue 12 dacop. MaeHTH(hOHUKAIIMA KPHCTANIMYECKHX (a3 B
CHHTE3MPOBAHHBIX O0pasiax IPOBOMUIIACh METOAOM peHTreHodasoBoro aHammsza (PDA) Ha
mudpakromerpe JPOH ¢ momorbio Ga3bl JaHHBIX TOPOIIKOBOH AudpakToMeTpun 3 ')

Hna  uccnemopaHUsa — (QU3HKO XMMHYSCKHX M MEXaHHYECKHX  XapaKTEPHUCTHK
CHHTE3UPOBAaHHBIE O0pa3Ipl MMOBTOPHO H3METBYAINCh B araTOBOM CTYIIKE JO TOHKOCTH 3€peH
nopanaka 60 80 MKM, U CITPECCOBBIBAIIMCH B BHE MapallenenuIeob 2+ *10 mm, maccom 0,5 0,7 mp
B 3aBHCHMOCTH OT IUIOTHOCTH o0pasija, Jallee OO0AMIaMCh IIPH TeMIleparype & TeueHHe 2
JacoB.

BBICOKYI0O TepMOCTOMKOCTh MaTepHana, OIpelelsiercd, IIPekKIe BCEro, HH3KUMHA
sHaweHuavu TKJIP (£10,0- °°C!  Koodduunent TKJIP mccmegoBany Ha aBTOMATHYECKOM
YCTAaHOBKE C HCITONB30BAHHEM IPOTPaMMHPYEMOrO TepMOperyliaropa TepmomaT 16, KBapueporo
TUITaToMeTpa U HdpoBoro m3mMeputend Tesatronic TT 80 ¢ cOGCTBEHHBIM H3MEPHTEIIBHBIM IIIYTIOM
TESA GT 21HP Ha Boszmyxe B uHTepBalle Temrieparyp 30 £  °C mpH Harpese ¢ ITOCTOSHHOMN
CKOPOCTBIO 3 Tpajl MHH *

[TMOTHOCTh CHHTE3HPOBAHHBIX 0OpaslOB ONPEACIUIH  METOAOM THAPOCTaTHYESCKOTO
B3BEMINBAHNA B JTHJIOBOM CIIMPTE TPH TEMIIEPaType f &puc. 1 TodHOCTH OmpeneneHUd
cocrapiama r/cM

3HaueHHI M3MEPEHHBIX/ OMPEAEIEHHBIX (PH3HKO XUMHYSCKIX H MEXaHHYECKHX CBOWCTB I
HCCTIeMyeMBIX 00PasIoB CHCTEMBI 6 $ GIpemcTaRIeHb B Ta0l.
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PucyHoOK. 1. 3aBHCHMOCTD 3HA9eHHE TTIOTHOCTH 0GP asLioB oT comep:kaHua SrO mMono
B cHcteme S $ 6

OmnpeneneHne YIIPYTHX XapaKTePUCTHK HCCIIEeAYEeMbIX 00Pa3IoB IIPOBOIIIOCH aKyCTHIESCKHUM
METONOM C TIOMOINBI) H3MEPHTENSA YacTOT COOCTBEHHBIX KONeOaHWH «3BYK a Vmopyrue
CBOMCTBa MaTepHalla HMEIOT OOJBINOE 3HAUCHHE, TaK KaK OT HUX B CBOKO OYEPEAb 3aBHUCHT LILITBIH
P40 CBONCTB, B TOM YHCIIE TakKOe BaKHOE CBOMCTBO, KaK TEPMOCTOHMKOCTB. (CTIOCOOHOCTH TeTa
MTPOTHBOCTOATE e OPMAIIMH OMPENENAeTCsA TaK Ha3bIBaeMbIM MOAYIIEM VIIPYTOCTH, HIIH MOIYIIEM
IOHra > @IlomyueHBl 3HaueHH MOAYIIA KOHTa, HecTeayeMBIX 00pasiloB, B Ipeaenax 75 122 I'Tla

19 ycTaHOBIIEHHA TeMITepaTyp IUIaBIICHHS OOpaslioB M3YYAaeMOH CHCTEMBI, HCIOIb30BaIN
BBICOKOTEMITepaTyYpHEIH MuKpockon (BTM), KOHCTpYKIIHA Koroporo Oblma paspaboTaHa B
HUXC PAH >]. TlorperHocTh onpeAeneHns TeMITepaTypsl cocTapiama £20 © &

TaGmiga 1 OH3HKO XHMHYECKHE CBOHCTBA HCCIENyeMbIX 0GP asLioR B cHcTeMe 6 $ 6

1 Mon %

Tenmepatypsl "
TKJIP, 10 C N IInoTHOCTB MombHBIH 00beM,

Tro, C Gr/cm Qo €M /MOJIB

@azoBbIii cocTaB
(ocHORHBIE dasbl)

6U?2
Q@
6L2

$Q@
6 U $322
6 U $206 L
6USD
60612
6B BL2
6B BL2
6 BL2
6U $0
6L2

6
6WBL2

6
6WBL2

AHamH3 KOHICHTPaIlTHOHHBIX 3aBHCHMOCT i d)HBHKO XHMHYSCKHX H MeXaHHUYSCKHX CBOMCTR
HCCIICTYCMBIX 06pa3u03 B CHCTCMEC 6 $ 6 IIOKa3all, HYTO ¢ YBCIIHYCHHCM COACPERaHHA

StO (Mon%) sHaueHna TKJIP pozpactaror ¢ 5 mo 13. - C |, IITOTHOCTb YBEIIMUHBASTCA C
mo 713 r/cm , TemmiepaTypa IIaBleHUS 06pa3loB MMeeT TEHACHIMIO K YBETHUEHHIO, HO
HOCHT HENIMHEHHBIH XapaKTep U JIeKUT B HHTEPBalle °C

TY 4276 31038427-2004. HM3mMepHTENh YacTOT COGCTBEHHBIX KonebaHH «3ByK 130%». TexHMueckue
ycnosHa. — Beegen 2004, — M.: M3 Bo cTagpmapTos, 2004, — Sc.
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TEPMOJHHAMHNYECKHAE CBOMCTBA CTEKJIOOBPA3VIOIIUX PACILIABOB
CHCTEMBI 612 $02 ITPH BBICOKHUX TEMITEPATYPAX

Bopoxaos B.A.  Cromapopa B.JI. | Jlomatny C. Y. , CemotnH A.A. | [lyrypos C.M.
Hucrmumym xua cuiuramoe unenu H B, Ipebenupuroea, PAH, Canran Hemepoype, Poccua

Canran Hemeptypeckuli cocydapemeennsili vaueepcumem, Canxm Hemepoype, Poccua
HP D L\OW #VWXGHQW VSEX UX

,Q WKH SUHVHQW VWXG\ WKH YDSRUL]DWLRQ SURFHVVHV D(
6U® V\VWHP ZHUH LQYHVWLJDWHG E\ WKH .QXGV.HQQKBIIXV L

B Hactosmmel pabore Macc creKTpoMeTpuueckKuM > y3HOHHBIM MeTomoM KHynceHa
H3YYESHBI TIPOTISCCH HCTTApeHUI W TEPMOTHHAMHYSCKHE CBOHCTBa 00pa3ioB cucTeMsl SrO $ Q2
COMlePKaIHX 20 u 10 mom. % 6 U 2D6pasisl OBITH TTOMYYEHB METOAOM TBepAothasHOro
CHHTE3a Ha OCHOBE KOpyHHa M KapOoHaTa CTPOHIMA. JIId CHHTE3a MpeBapHTEIbHO ITPOKaIEHHBIE
peareHTHl B TPeOyeMBIX COOTHOIIEHHWSAX OBLIH CIIPECCOBAaHbI B TaONeTKH Ha PYYHOM IIPECCE M3
OpTraHUYECKOro CTeKNa. [IpoKamMBaHue MPOBOANUIIOCH ITPH MaKCHMAIIbHOW TemrepaType 1723 K B
TeueHHe 10 4acoB B KOPYHIOBBIX THITIAX. [loclle OXNMaXkKIcHWA B OTKIFOYEHHOW ITedH 0Opasilbl
MIEPETHPAINCh B araTOBOM CTYIIKe, H CHOBA ITOBTOPAIICH IIHKI BBICOKOTEMIIEPATYPHOTO CHHTE3A.
[lepeTpaHre W OTAHWI IIPH BBICOKOH TeMIlepaType IOBTOPAIHCH IIATh pa3. CymmapHad
JUIMTEIIBHOCTh ~ OTAMra IIpH Temmeparype 1723 K cocrasuma 50 dacoe. IlocmemHad
BBICOKOTEMIIepaTypHad o00pa0oTKa OCYINECTBIAIACh B 3aKpPBITBIX IUIATHHOBBIX THIJIIX ITPH
temreparype 1823 K B TeueHHe BYX 4acoB ¢ ITOCHEAYIONEH 3aKallkon 00pasioB Ha BO3AYXE IIPH
Temreparype 298 K. Xumpmeckuit M (a3oBBIM COCTaB CHHTS3HPOBAHHBIX OOpasiioB OBIT
HACHTH(GHUIIMPOBAH METOAAMH PEHTTEHOBCKOTO (DIYOPECIIEHTHOTO M PEHITEHOBCKOTO (ha30BOrO
aHamH3a > @

Macc criekrpoMeTpriecKuM >hdy3HOHHBIM MeTomoM KHyICeHa YCTaHOBIIEHO, YTO COCTaB
mapa Hajx pacrmaBamMH  cHcTeMBl SO $ (2 COOTBETCTBYET COCTaBY TaszoBoH (asel  Haj
HHIHBHAYAIBHBIMA OKCHIAMH CTPOHIIMS H AMFOMHHHA. JJOMHHHPYIOIIHM ITPOLIECCOM HCIIAPEHHI
H3YYEHHBIX 00pasiioB OB Mepexo B Iap OKCHJA CTPOHIIHA COTTIacHO CIENYIOMIeH PeaKIu:

SrO (xp) = Sr (raz) + O (raz).

Hna mecnmempopaHug oOpastop cHeTeMbl 6 U B (2 6bII HCMONMB30BAH METOJ TIOIHOTO
H30TEePMHYECKOTO HCITAPEHU S, YTO ITO3BOIIIIIO OLIEHUTh H3MEHEHHE COCTaBa PacllllaBOB BCIISACTBHE
MTPEUMYIIIECTBeHHOTO HcemapeHua 6 U dlapimanbHble AaBIeHMS MONMEKYIIPHBIX (Gopm Tmapa Ham
Heemeayemoit cucremoii 6 US O$ O 2 $ @ Grimn HalieHB METOJOM CPaBHEHHS HOHHBIX TOKOB
AKTHBHOCTH OKCHJA CTPOHIIMI B pacimapax cHcTeMbl 6 U B R Obmm HafileHBI MeTOZOM
muddepeHIMaTbHOl Mace CIEKTPOMETPHH ¢ MCMONb30BaHHeM 6 U 2 KadecTBe CTaHAapTa.
AKTHBHOCTH OKCHJIa AIFOMHHHS B paclllaBaX PacCMaTpPHBAcMOM CHCTEMBI OBLITH PacCUHTAHEL ITO
ypaBHeHHIO ['M00ca J[rorema. DTO MO3BOIMHIO TONYYHTh 3HAaYEHHI SHepruu ['mO0ca CMeIlleHHI H
n30BITOUHOW sHeprud ['mOOca mpu Temmeparypax 2450 K u 2550 K. IlomydeHHBIE 3HAYCHHA
TEPMOJMHAMHYSCKHX CBOHCTB B pacimaBax cucTeMsl 6 U B (2 B yKa3aHHOM TeMITepaTypHOM
HHTEpBAale CBUACTENHCTBOBATH 00 OTPHIIATENbHBIX OTKIIOHEHHUAX OT HISalbHOTO TTOBEIEHHA > @

1. Cromapora BJI JlomamiH CHM CenmtomiH $A u ap HcnapeHHe H TepMOAHHAMHYECKHE CBOHCTBa
KepaMHKH Ha oCHOBe cHcTeMbl 6 U & Q2 mpH BbICOKHX Temriepatypax  JKypHam HeopraHHYecKoH XHMHH
T . Ne ITpunamo e nevameo

Paboma evtnonre Ha npy RoOOepacke MUHUCePCied HAyRU U eic e 20 obpazoeania PO zpanm Ne

1383 «DUSHKO XUMUNECKOE OHUCURNE E0ICUKOMEMIEPUIYPHYIX APOYECCUE € MHOZOKOMIORERITNbIY CHCMEMUIX

O H3EAEYeHNA M VIWINSAYUY YesuA U CIPOHYNA AP JUKEUOM@IL ROCA2 OCIEUET MANCERbIN aedpuil Hd (TNOMHBIX
sexmpocmanyuax (INES 2 Onpedenentle (hasoeozo cochided oOpasyoe ebnoiHeHo Ha obopyooeanuu PIT
«PermeenoOUPParyUOnHbIe MEMOOB UCCREOOCAHNAY, MeMeriinvce anwiise + PIT «HHROCQYUORRbIE EXHOTOZUU
KOMAC3UIHGIX HaroMamepuanoey Hayunozo napra Canrm Ilemep@ypecrozo cocy0apCmeeHHozo YHUEEPCUE A



CBONMCTBA H KHHETHKA KPHCTAJUIM3AIIAN KBAPITEBOI'O CTERJIA,
IHOJYYEHHOI O IIJIASMEHHOH IIJTABKOH ITECKA PAMEHCKOI'O
MECTOPOXKIAEHHA

Konotop A.IO Ceiuepa I'' A [lepenennisid B.A

OAOQ «THHYVP», 2. Hepeoyparsck Ceeponoecrolt otuacmi, Poccua
Hucmumym xuvuy cuiuramoe uv H B, I'pebenupuroea, PAH, Canxm Hemepoype, Poccua
HPDLIDUW NRORERY#\DQGH][ UX

$ FRPSUHKHQVLYH SK\VLFDO DQG FKHPLFDO VWXG\ RI WKH T:
LWV EDVLYXRGSWTXBDVYV DQG TXDUW] FHUDPLFV

BRIMTOMHEHO KOMIUIEKCHOES  (PH3MKO XMMHYECKOe HCCISMOBaHHEe KBapIleBOTO IlecKa
PaMeHCKOTO MecTOPOKIACHNA, TMOMYYEHHOTO Ha €r0 OCHOBE HEIMPO3PAavHOTO KBapIEBOTO CTEKia
(HKC) u wmsmemmit u3 KpaplieBoit KepaMHKH [1 @C HCIOIB30BAaHHEM HHCTPYMEHTAIBHBIX
(peHTreHO(a30BOTO H PEHTTEHO(ITYOPECIISHTHOT O aHalH3a, BBICOKOTEMITEpaT yPHOH
JTHIATOMETPHH, ONTHYSCKOH MHKPOCKOIHH B MPOXOAAINEM M OTPakEHHOM CBETe, CHHXPOHHOTO
TepMOaHalm3a), (U3HISCKHX (OMpeAeieHHe IUIOTHOCTH M ITOPHCTOCTH, 3€pPHOBOTO COCTaRa) H
XUMHYECKHX METOJOB aHallk3a (OCHOBHBIE PE3YIbTATH Pa0OTHI IPEACTaBIIeHbl B Ta0nuiax 1 u 2.

Tatmiia 1. 3HaueHHA OTKPBITOH [OPHCTOCTH H COAECPKaHHA KpHcToO0ATHTa AN TepMoobpaboTaHHBIX 06p asioB
KRapI[eBOT0 CTEKJIa
Pexrm TepMoobpaboTki TlopucTocTth, %6 [KomidecTBo KpHcTOOANHTa, %6
7 °C WMac OTKpbITadA

TTocne 1 1pKNa «HarpeB OxXJIaAIeHHE»
CO CKOPOCTBIO 10°/MuH

TTocne 10 1MKNa «HarpeB OXNaKICHHE»
c0 cKopocThio 10°/mMHH

TTocne 10 1MKNa «HarpeB OXNaKICHHE»
CO CKOPOCTRIO 2,5°/MHH

HsyueHa xuHeTHKa KpucTammsalmi HKC B H30TepMHYSCKHX W JIHHAMHYECKHX
TePMHYECKHX YCIIOBHAX. J[I14 OLEHKH CKOPOCTH KPHCTOOAIMTH3ALMH IIPEIIIOKEH TEMITEPAaTYPHO
BpeMeHHOH sKBHBaleHT (TBD), paBHBIH mponspeAcHHIO TemiepaTypsl (1, °C) Ha ATMTEIBLHOCTD
TepMooBpaboTKH (T, uac): TBD =T-1%rme QHIoKkasaTellb TePMOHHEPTHOCTH CTEKIIA.

YCTaHOBIEHO, YTO TIPH YBEMHYSHUH TemrepaTypsl (ot 1200 mo 1400 °C M ATMTENBHOCTH
BRIIepAKH (1, 2, 5 wacoB W 10 IUKIIOB «pasorpeBa OXNaXkAcHUI») BO3PACTacT KOIMHYECTBO H
pasMep 4YacTHI[ KpHcToOalura oT 3 A0 72 MKM, a TaKke oO0Iad M OTKphITad ITOPHCTOCTH
TepMooOpaboTaHHbIX 00paslob KBaplieporo crekna oT 0,83 mo 5,17 %. Ha OoCHOBE IMOTY4eHHBIX
JaHHBIX TIPEIIIOKESH OOIMUHA HaydHO OOOCHOBAHHBIM TOAXOA MJId OIEHKH YCTOMYHBOCTH K
KPHCTAIITM3Al[HN KBApPILEBbIX CTEKON, HAINEAIMX IIPUMEHEHUE B ITPOMBITIDIEHHOCTH. [IpeanoxeHa
METOIHKa IIPOTHO3HPOBAHN A OTHOCHTENBHOH H3HOCOYCTOMYHBOCTH OTHEYIIOPHON CTEKIIOKEPaMHKH
TIPH CITy70€ B BBICOKOTEMITEpaT YPHBIX TEIUIOBBIX arperaTax.



Tatmeia 2. Pasmep mop M KPHCTAIOB KpHcToGamiTa H MUKpodoTorpadHH GparMeHTOR BHY TP €HHEH CTPYKTYPBI
KBapLIEBOTO CTEKIIa [10 pe3yIbTaTaM MaTepHANIOBEAUeCcKOro 3aKII0UeHHA

Ne 'IEpMEO 6paboa IToper KpHcToGamHT Mukp odotorpadem
obpasiia 7 o \Mac pasmep, | xomuuecT pazmep ¥, YRenHueHHe Y BenH4yeHHe
MEKM BO, %0 MEKM B 100 pa3 B 200 pa3

TIpyniep HeyaauHO
H3TOTOBJIEHHOTO

aHimda

*) yKa3aH pasMep UeNryiKku
*¥) cpefiHee 3HAYEHHE, MKM

[TonpoOHOe PH3HKO XUMHUYECKOE H3YUEHHE 3aBUCHMOCTEH KONMYecTBa 00pa30BaBIlerocd B
CTeKIIe KpHcToGamnTa, Koddduimenra MHHeHHOTO pacIIMPeHMA C¢TeKlTa H €ro 3aBHCHMOCTH OT
TEMIIepaTyphl, YHCIa IHKIIOB  TepMooOpalOoTOK, HX  IMPONOIAKHTEIBHOCTH,  PEKHUMOB
HeCTallHOHAPHBIX HarpeBa M OXNaXACHHSA, HMHTHPYIOIHX PpealbHBIE YCIOBHA SKCITyaTalllH
OTHEYIOPHBIX H3ACITHA TO3BOIMIH BBIABUTH OOIMHE 3aKOHOMEPHOCTH HW3MEHEHHSI CBOHCIB
HEeIPO3pavHOrO KBAPIEBOTO ¢TeKIa. Ha OCHOBe MONMYYSHHBIX JaHHBIX CACTaHbl PEKOMEHIAINH I10
COBEPIICHCTBOBAHUIO TEXHOIOTHH ITIa3MEHHOTO IUTaBICHHUA, OMpPEIeIIIONHe KaueCcTBO H CPOK
CITYKOBI ATHX H3JICNHI, a TakKe TEIUIOBOMY H BPEMEHHOMY PeKHMY SKCIITyaTaIlHH M3 13
KBapIeBOro CTEKIA.

KonoGos, AHD. CpaBHuTeNbHad XapakTepHCTHKAa MECTOPOAJIEHHH KBapLieBoro recka PoccHd andA
TPOHM3BONCTBA KBapLieBoro crekna / AKD. KomoGop, T'.A. Ceruera. // MatepHamel Bceepoccriickofl HayuHOE
KoHGepeHIMH ¢ MEKIVHApOoIHBIM yuacTHeM «IV Bafikanbckiii mMatepHanoBemueckii gopymy» (1 & moma 2022 r.,

VYmad ¥ms tosz. Baiikam) VYnad ¥Vas: M3patenbctBo Byparckoro HayuHoro eHtpa CO PAH, 2022, +691c.
.RORERY 4&BxUW] JODVV REWDLQHG IURP 5DPHQVNLL VDQG RQ
FU\VW D CROEL [ PRMOLLR/KHAGY. KM dbdE) &. 4. Sycheva // Physics of the Solid State. 2019. V. 61, Nel2. P.
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2020. Vol. 46, Ne3. P. 249
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Konooor, A.HO. fAueiika kpHcTobalmHTa H MpoTHROpewWiA (asoBoTe mepexoda CTEKNO KPUCTOOATHT B
KBapLIEROM CTeKJle, MOIyuYeHHOM Ha IutasMoTpoHax OAO «/JMHYP» M3 KpBapLeBoro recKka MeCcTOpOKeHHE
«PameHckoey / A.JO. KonoGog, I'.A. Ceruesa // Marepraiel 9, MexayHapoHOI Hay YHO MPaKTHYeCKOH KoHbep eH HH
«KomruekcHble rpobaeMbl TexHochepHOH 0e30MacHOCTHY, BOpOoHEK, 22 gexabpa 2020, wacth 1 +BopoHeK:
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BJMAHHUE MUKPOCTPYKTYPBI HA TEPMOCTOHUKOCTH H TEPMHYECKHIA
KO3PPHIHNEHT JIMHEHMHOI'O PACHIMPEHH A KBAPITEBOI'O CTEKJIA

Konotop A.IO Ceiuepa I'' A [lepenennisid B.A

OAOQ «THHYVP», 2. Hepeoyparsck Ceeponoecrolt otuacmi, Poccua
Hucmumym xuvuy cuiuramoe uv H B, I'pebenupuroea, PAH, Canxm Hemepoype, Poccua
HPDLIDUW NRORERY#\DQGH][ UX

7KH PLFURVWUXFWXUH KDV D GHFLVLYH HIITHFR RX HV MHK HFUH
FRHIILFLHQW RI OLQHDU H[SDQVLRQ ZKLFK ZLOO GHSHQG RQ

TepmoctoiikocTs 1 TKJIP He ABIMOTCA B CTPOTOM HAyYHOM TIOHHMAHHH (H3HUESCKHMH
KOHCTaHTaMH TIONMM(}A3HBIX, TONMHKPHCTAIIHYECKHX M ITIOPHCTBIX MAaTepHaloB, B YAaCTHOCTH
OTHEYIIOPOB, KEpaMHKH MW CHTQUIOB. B KpapleBOM CTEKIe B IIpolecce TepMooOpaboTKH
MTPOUCXOANUT TIEPEX0J] M3 aMOpP(PHOTrO COCTOSHHUA B KpHCTalmmyeckoe. OOpasyercd THIHYHBIH
cHTann (KpHcTalHueckasa ¢aza KpucTodalHuTa pactpesielieHa B CTEKIE) ¢ XapaKTepHOH I HEro
HaHO ¥ MHKPOCTPYKTYPOI M MOpaMH pa3HbIX pasMepob U Gopmbl. [1o3TOMYy MpH AMIATOMETPHH
Iake Ha OMHOM OOpasile MOKHO HabmOAaTh 3aMeTHBIe QIYKTyalu (KoneGaHHd U HECOBTIaAeHHU)
kpuBbiXx TKJIP TepmooOpaloTaHHOTO KBapIEBOrO cTeKna. JlaHHOE 4BIICHHE MOXKHO OOBACHHTH
CIEH YIOIIIUM O0Pa30oM.

B ocHOBe TeOpHH TepMOCTOHKON (hparMeHTambHON CTPYKTYPhI IEAKNUT MUKPOTPEIHHOBATA
CTpyKTypa. COrTacHO 3TOH TeopHH, 00beM H3JenHd pa3sOuT MHKPOTPEIHHAMH Ha SIIeMEHTapPHBIE
o0beMBl  thparMeHTH. [IpH BOSHHKHOBEHHH TEPMHUYSCKHX HAIPIKeHHI, 00pa3oBaHHbIe OOBEMBI +
(bparMeHTBl £MOTYT HE3HAUYHTETBHO CABHUTATHLCA TIO0 OTHOIEHHIO IPYT K ApYyry 6e3 oGpa3oBaHUsg
JNOTIONMHUTENBHBIX ~ TPEeIDWH  [[OBBIIEHHE  TepMHYECKOH  CTOMKOCTH, KakK  pPe3yibTar
MHKPOTPEIHHOBATOCTH CTPYKTYPbI, JOCTHTAeTCAd HCIIONb30BaHHEM CMeced W3 IBYX M 0onee
KpHCTAINIMYECKHX (pa3 ¢ pa3IMYHBIM TeMITepaT YPHBIM KO3(PQHIMEHTOM IHHEHHOTO PacllMpPeHNd, B
HAIIIEM CIIy4Yae 3TOT BHOBb 00Pa30BaBIIMICSA KPUCTOOATINT B MACCHBE CTEKIIA.

[Ipn TIOBBIINIGHWH TeMIlepaTypbl H BPEMEHH BBIJCPKKH BO3pacTacT KOIMYECTBO
Kpuctofanurta >+ (@ MPOMCXOAUT CIEKaHMe YacTHIl KpHcTobamuTa JIpyr ¢ JAPYIOM, HX
HE3HAYMTENBHBIN POCT, a TaKkKe oOpa3OBaHHEe MHKPOTPEINNH MeXAy KpHcTalllamu. OOpa3oBaHHE
MHKPOTPEIIMH B oOpasiaX, OOOAKEHHBIX IIPH BBICOKHX TeMIleparypaX, MOXKHO OOBSICHHTH
HANPAKCHHAMH, BO3HHMKAIOIMHMMH B 0Opaslle CTeKila BCIECACTBHE 3HAYWTEIBHOH AHW30TPOITHH
eMMHUYHBIX KPHCTAUIOB KpHUCcToGanuTa (W/HITH MeTaKpHucToGamiTa). OTCYTCTBHE MHKPOTPEIIHH B
oOpasztiax, OOOXKKEHHBIX TIpH  Oolee  HHU3KHX  Temrieparypax  OOYCIIOBIIEHO — HX
MEIKOKPHCTAIIHYECKON CTPYKTYpoH. BeneneTBHe Malloro pasmepa KpPHCTALIOB ITPOHCXOIUT
MeHbITIee MX abCOMIOTHOE PacllMpeHie B HAITPaBIeHHH KpUcTammorpaguieckux oceit. CHHUKEHHE
a0CONFOTHOTO PAaCIIMpPEeHHS TPHBOAUT K MEHBIIMM BHYTPEHHHM HalpLKeHHIM B oOpasijax
KBapieporo crekmna. B obpasmax, o00AKKEHHBIX TIPH 0olee BBICOKOW TeMIlepaType, BHYTPEHHHE
HAPAKESHHAA NTPH OXITAKASHHA ITPEBHIIIAIOT TIPEJEN IIPOYHOCTH MaTepHalla TIPH pacTIKeHHH, YTO U
BBI3BIBAET OOpa30BaHHEe MHUKPOTPEINMHOBATONH CTPYKTYpPEL. Hamiune B oOpaslax 3HAYHTEIBHOrO
KOJIMYeCcTBa MHKPOTPEIHH OKasblBacT OONBINOE BIHIHHE Ha Bce OCHOBHBIE CBOHCTBa
TepMoo0paboTaHHOrO KBapIeBOrO CTEKIIA.

[TpoBeeHBI pasorpeB M IMOCIEAYIOIMHE H30TEPMUYECKHe O0KHTH 0OpasioB KBapLEBOro
crekima OOpasen] IpeacraBindeT coOOH IMapaienenuries AnuHon 2042 mm.  OcHOBaHHE
NapauieNienuesa +KpaJpaT ¢O CTOPOHOH OKomo 5 MM, OOpasisl BENTHIHBAIH W3 OYHINEHHOTO
0ImoKa KBapIeBOrO CTEKIIA cpa3y Ioclle IDIaBKH. llepes KakmpIM H3MEpPEHHEM pasMep TOYHO
buKcHpoBanca ¢ TOMOIBIO INTAaHTEHIIUPKYIA. M3MmepeHHad Imdpa BHOCHIAch B ITPOTPaMMy
W3MepeHui. B Tabnuile  NpHBEACHO OMMHCAHHE PEXUMOB AESCATH IHKIIOB HEH30TEPMHYECKHX
O0AKHTOB 00pa3loB KBapIEBBIX CTEKOI, MCIIONb3YEMBIX ANA TOIYYSHHS OTHEYITOPHON KBapleBOH
KepaMuKd. [lof IMKIOM IIOHHMAaeTCS IIPOLECC Pa3orpeba oOpasia KBapLUEBOTO CTEKIA CO
CKOPOCTHIO 2,5 °C/MHH J0 TEMITEPaTyphl °C, KOoTopas orpaHH4YEHa BO3MOKHOCTAMH ITPHOOpa
H TIOCHENVIOIIHM OXITaXKIeHHEM ¢ IIOCTOAHHOH CKOPOCTBIO °C/mmH go 400 °C. Jamee



OXNaXkIeHHe TpHOOpa M H3MEPHTEIBHOH JUEHKH A0 KOMHATHBIX TEMIIEPaTyp IIPOHCXONNAT
£CTECTBEHHBIM 00Pa30M B Pe3ylbTaTe TEIDIOOOMEHA ¢ OKPYKAIOIICH CPEeon.

B Ttabmuiie 1 mpeacTaBlIeH pekHM HEH30TEPMHUUYECKHX OOKHUIoB \WOOpasioB KBapleBOro
cTeKIa. Pexum TepMoo0paboTKy B IHKIe 1 *Harpes ot 30 go 1400°C 9 yac 8 MHH M OXTaXKIcHHS
or 1400 mo 400 °C 1 yac 40 muH, Hroro mo MUKNY 1 648 MuH. KaXIbli MTOCISAYIOIUN TTHKIT
TOTy4aeTCcA MpHOaBIICHUEM ITHKIA 1.

Tatmiia 1. PekimM HeH30TePMHYeCKHX 0GKHIOB 00pa3IloR KBAPLIEBOTD CTEKIIA.

Neipikna

WniH

Ha pucyHke 1 TIpe/icTaBIeHBI 3aBHCHMOCTH H3MEHEHHS ITHMHEHHBIX pa3MepoB 00pasiloB

KBapIIeBOTO CTEKITa TOCIE ACCATH IHKIOB TepMOOOPaGOTOK OT TeMIIepaTyphl. PekuM Harpepa:

°C/MiH, peKHM OXTMaxacHHa =  °C/mmH  Hymepallid KpHBBIX Ha PHUCYHKe > @K 1,

> A@wxn 2, [3.1] #umka 3, [4.1] tmk 4, [5.1] ik 5, [6.1] tumka 6, [7.1] 4k 7, [8.1] +
K 8, [9.1] w9, [10.1] #mxa 10.

dL/Lo /%

0.2

o A

-0.4

200 400 600 800 1000 1200 1400
Temnepatypa /°C

PucyHOK 1. 3aBHCHMOCTH H3MEHEHHA IHHEHHBIX P a3MepoR 00pa3LIoB KRapLIEROro CcTekma (%0 K HAYANbHOH JIHHE)
TI0CTIE PA3HYHBIX LHKIOR TepMooGpaboToK OT TeMIepaTyphl. Peiam Harpera: 2,5 °C/viH. Hymepalia KpHBBIX
pasorpera Ha Beex pucyHKax: [1.1] ipkn 1, [2.1] fpkn 2, [3.1] spkn 3, [4.1] fpwn 4, [5.1] gk 5, [6.1]
Hikn 6, [7.1] tmkn 7, [8.1] fipkn 8, [9.1] fipkn 9, [10.1] ipaxn 10.

Taxkum o0pazomM, pelrarllee BIMAHAE Ha H3MEHEHHE JTHHEHHBIX pPasMepoB (PHCYHOK 1) H
sHaueHuit TKJIP B HecneayeMbIx 06pasiiax, OKashIBacT MHKPOCTPYKTYpa |3 + @koTopasd, B CBOIO
O4YEpeb, 3aBHCHT OT pPasMepa KPHCTAIIIOB U TIOp B 00paslle.

.RORERY4%DUW] JODVV REWDLQHG IURP 5DPHQVNLL VDQG RQ 'LQ@XU SC
SR OLVKUYI@A K Holobov, G.A. Sycheva // Physics of the Solid State. 2019. V. 61, Ne 3

.RORERY)BDWXUHV RI FU\WVWDOOL]DWLRQ DQG FKDUDFWHULVWLFV Rl TX
IBRP WKH TXDUW] VDQG RI WIKRHDBBERM QVH L L6 GFHKFHRN\DL W $ *ODVV 3K\VLFV
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TEPMOJUHAMHYECKOE H BOJIOMOMETPHYECKOE HCCJIENOBAHHUE
CTEKJIA % D262 %12

Kommimaa M.E. | ITTymobekaa K.@. Tlmexopuu A.Jl. KyrtenH A.M

Pocroxuna E.E. banyepa K.B
Hucmumym xunnn estcoxoducmorx eeutecme unt ' Heeamoix PAH, Huxennil Hoezopod, Poccua

Hinreezopoockuit ocyoape mee sioiil yrueepcumem unt. H H. JTobaye ecroeo, Husrernuii Hoeeopood, Poccua
HPDL®O NRPVKLQD#\DQGH[ UX

7KH VWDQGDUG WKHUPRG\QDPLF IXQFWLRQV DQG WWHREHUDYV
% 2 x %2 x¥%D?2 PRO JODVVHVY DUH GHWHUPLQHG LQ
R

[Tpo3pauHbie B clIeKTpaTbHOM AHanazoHe oT 0.38 mo 3.4 MM GoparHble cTekna Bi 2 % D 2
%2 HMET BBICOKYIO PacTBOPHMOCTh B HHX PEIKO3EMENBHBIX SIEMEHTOB, HH3KHE YHEPTHHU
(hOHOHOB, BBICOKYIO (H3HUECKYI0O H XHUMHYECKYIO CTa0HUIBbHOCTh M HETHHEHHO ONTHYCCKHE
CBOHMCTBa, a ITOTOMY I1O JaHHBIM padoT > MIP@CTARTAOT OONBINON HHTEpEC A pa3padoToK
OITORIEKTPOHHBIX yeTpoHceTB. Kpome Toro, Gnarogapa IMHPOKHM KOHUIEHT Al OHHBIM 00IacT AMHA
cTeKITo00paszoBaHud [4], BappHpPOBaHHEM COCTaRBa CTEKIa MOXKHO OOECIEUHTh €70 COOTBETCTBHE ¢
XapaKTePUCTHKAMH KPUCTAIITHUECKOH (haskl 10 TIOKa3aTelio MpelomMiIeHud, TioTHoeTH, KTP u
IPYLI'UM CBOMCTBAM, B IIEPCIIEKTHBHON CTEKITOKEPaMHKE.

B cCBA3H ¢ BHIIEH3TOXKEHHBIM, II€IbI0 JaHHONH pPaloTBl ABIANOCH  OIPelEelleHHE
TETIIOEMKOCTH CTEKJIa, TEPEeOXMakIeHHOTO pacillaBa M XapaKTepHeTHK cTekmopaHusa (JJCK
SKCIIEPHMEHT), HaMepeHHe ImoTHOCTH M KTP;, o6palorka KalopHUeCcKHX H BOTIOMETPHUSCKHX
JAHHBIX IO MOJENBHO CTATHCTHYECKOH TEOPHH ¢ TOMYYEeHHEM ITONHOTO Halopa CTaHIapTHBIX
TEPMOAMHAMHYECKUX (PYHKIMIT cTeknoobpasyroieit cuctembl % 12 X) %2 x%D2
10, 15, 20 mom. %)

[Tomyuenne cTekon Bi 2 %2 BaO, obecneumnparomiee TOMOTEHH3AITHIO KOMITOHEHTOB Ha
MOIIEKYIIAPHOM YPOBHE, TPOW3BOAMIM PAacTBOPeHHEM IpeKypcopo %L 12 +%2 %D 12
kpammukaipm OCY B OHIHCTHIIMPOBAHHON BOAe B 3aJaHHOM MOIBHOM COOTHOITICHHH.
[ToAroTOBNIEHHYIO CMECh KOMITOHEHTOB IIOCIIE HWHTEHCHBHOIO TIEPEMENIMBAHHA ITOMEINANH B
CYIIMIIbHBIN IKag A0 IONHOTO BBICBIXaHWUA MpH Temrieparype 423 K. BricyllieHHBIM oOpasels
TUCTIEPTHPOBAIIA W HarpeBalld B Iteun a0 1223 K amd monydeHHd paciUlapa, 3aTeM OTIIHBAIH B
hopMy Hewtdepacusanu 3 yaca npu memnepamype 603 K [5].

Maxpococmae monmyueHHBIX cTekon 20B1 2 + +x)B 2 +xBaO npu x = 5, 10, 15,

MOIBH. % rommpomuposarcameronom ADC UCII. CormacHo maHHbM POA, Bce oOpasipl
SIBIANMUCH PeHTTeHoaMOPPHBIMU. CIHEKTPhl TPOMycKaHHd oOOpaslloB CTEKOT ¢  PasTHYHBIM
comepxaHieM Ba(O CBHISTEIBCTBYIOT 00 HMX MPO3pavHOCTH B JHamazoHe (.38 + 3.4 mMrm
Conepxanne rpyr [OH] B UK criekTpax TaKHX ¢TeKOIl 3aBHCHT OT KOHIIEHTPaIlMH Gopa.

Meromom auHamuuecKor KamopumeTpun (JICK) H3y4eHBI TEIUIOEMKOCTh  CTEKIIA,

MEPEOXITaKACHHOTO  paciilaBa M XapakKTePUCTHKH  CTEKIIOBaHHSA. B cepHM  CTEKOI

% 12 x %2 x%D2[ = 5, 10, 15, 20 mom %) BeIWYHHA CKaykKa TEIIIOSMKOCTH
YMEHBITIACTCA ¢ YBEMHUYSHHEM OKCHIa GapHa B cOCTaBe CTeKMa (puc. 1), YTO MOKET OBITh CB3AHO ¢
COOTBETCTBYIOIIHMM  yYMEHBIIEHHEM COJEpXKaHHA OKcHZa Oopa. OOpaloTka JaHHBIX IO
TETIOEMKOCTH M pacueT CTaHJAPTHBIX TEPMOAMHAMHYECKHX (YHKIMIT BHITIOTHEHBI B pPaMKax
MOJETPHO CTaTUCTHYECKOTO TOAXOZa, OCHOBAaHHOTO Ha KBasHYACTHYHBIX IIPEICTaBIICHU X,
OTpaXkalolllnX IIPUPONY TEIUIOBBIX BO3OYANCHHH B CTEeKIle H paciviase.Hcnonszogartie
QH QIUMUYECKUX @BIPANCEHUTT MOORTBHO CIAMUCMUYecKoll meopul Npu HAiOeHHBIX napamempax,
O6€C?’£€HM6£I?OWM Xopouiee ORUCHHIE U3SMEPCHHBLX SHAYeHUT Cpl HO380/14eH KPOoMe Cplpaccqumam&
cmandapmusie  MePMOCUHAMUYECKUe — (DYHRYHU — SHMQILNUIO +F 77— +4 SHIMPONUIO
6 7— &  omepewo I'ubbeca *T 7— +& ¢ eosmovcnocmuvio ux swempanonsyuy xax €
Huzkomemnepamypuyio obrnacme do 0 K, max u ¢ obnacme pacnnasa.



4 EXO Crexknopanmue:
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Pucynok. 1. Kpusbie JCK crexon 20Bi 2 x %2 x%DZJZ=5, 10, 15, 20 monbH. %) NPH CKOP OCTH Harpesa
rpajl/MHH.

[TMOTHOCTD CTEKON OTpeNeleHa METOAOM THAPOCTATHUECKOTO B3BEIMBAaHUA B BOJAE TIPH
temrieparype 294 + 0.5 K. [lorpemmocTs omnpefeneHugd coctaBiasia £+ 0.01 r/cM, mpu
YYBCTBUTECTLHOCTH IMQPPoBEIX BecoB 10 1. Temnepamypuwit rxosgpuypenm auneitnozo
pacuupenus (TKJIP) cmexon onpedensiu Ha 20pU3OHMATLHOM OULAMOMEmMpPe U3 KEAPYe8ozo
cmerna ¢ moynocmeio £ 0.1 - 10 K . jl1a pacuemoe no modenu UCnOIs308aHA U3GECMHAS

gzaumocesize 0bvemHozo U auHelinozo roaghguyuenmos mepmuveckozo pacwupenus. KTP =
3-TKIJIP.

Tatmia 1 DKCnepHMEHTATEHO H3MEPEHHBIE TUTOTHOCTH () H Ko3QOHIHMEHTH TeIlIoBoro paciuHpeHHa (KTP)
TIONyYeHHBIX cTeKoI cHeTeMbl %R £ x %2 1% D2
% D@nepxanue ( [ pIpH 293 | KTP-10
MOJBH. %0 +0.01 r/cm “

Honyuennwvie dannvie +Heobxodumas ucxoOHas uHpopMmayus O NPUMEHEHUS Memodos
XUMUYECKOL MepMOOUH AMUKU, GRTIOYAS 8¢ HePASHO8LCHYIO HACHTs NP QHATU3E U NPO2H O3UPOSAHUU
HNpoYeccoe NOMYYeHUs CIerIOKPUCMALIUYeCKUX MAMEPUATIO8 ¢ UCHOTb308AHUEM NePCHermueH ot
cmernoobpazyougeii cucmemvr % 12 % DR2% 2

%XEQRYD 56 3UHSDUDWLRQ FU\WWWDO VWUXFWXUH DQG WKHUP
% D %ol -RXUQDO RI 6ROLG 6WDWHE &KHPLVWU\
%HFNHU 3 7KHUPDO DQG RSWLPDIOHSV\RSHIPV®%EYV\\RW 0O DSHAMHHD U F
THFKQRORJ\ 3 N0
6WHKOH & 2SWLFDO DQG SK\WLFDO SURSHUWLHV RI ENVBRWK E
&KHPLVWU\ RI *ODV3¥HY
Eropemmesa A.B. CreknooGpasoparie B cHeTeme Bi O %0 BaD 2008. T. 44.
Nell. &
ITnexoruy A.Jl. KanopHdyeckHe H ROTIOMETPHYECKHE CBOHCTBA cTeknoobpasyromei cctembl % 2 %2 +
% DriZia onTHYecKHX MpHMeHeHHH HeopraHHyeckiie MaTepHalbL T.58. Ne C.T763 %
Paboma estnoinend npu nodoepacke Poccuiicrkozo Hayunozo Qonda (npoerm noaep 20



BJIMAHHUE COJAEPKAHUA 612 HA XHMHUYECKYIO YCTOHUHNBOCTH
AKEJIEJOCOAEPKAINIHX HATPHEBOBOPOCHJIMKATHBIX CTEKOJI

Konon M.IO. , CemeHoba E.A. , bpazosckad E.1O. | [Tonmakopa HU.I".

Hucmumym xuvuy cuiuramoe uv H B, I'pebenupuroea, PAH, Canxm Hemepoype, Poccua
HPDLRDUINRI RQ#PDLO UX

7TKHKHPLFDO GXUDFRROMOW YA RIQUURRGLXP ERURVLOLFERQH HQDW
PRO LQ WKH LQLWLDO JODVYVY LQ DTXHRXV 0 +&0 VROX

HanHasg paboTa ABIgeTCd MPOAOIKEHHEM HCCTEAOBAHHA (a30Boro pasfeneHusI H GHU3HKO
XUMHYECKHX CBOHCTB CTEKON CUCTeMbl 1 D21%2 612 +) H2 ¢ pasmiyHbM cofiepkaHHeM 612
Hayatoro B [1, 2], ¥ MOCRAINIEHa H3YUESHHIO UX XUMHUYECKOH YCTOWYMBOCTH K BOTHBIM PacTBOpaM
CONSHON KHCIOTHI B KadecTBe OOBEKTOB H3YUeHHA OBIIM BHIOpaHBI CTeKIa cocTapop 6 1 D2
x%?2 [ 6L2 )H2, roe x meHaeTceqa or 16 mo 31 mom. %. PaHee 6bImo MOKa3zaHO, 4TO B
Tpoliecce TepMOOOPaboTKH 3THX ¢TeKom IpH 550°C B TeueHHe 24 4 GopMHpYeTCs THKBAIHOHHAS
CTPYKTYpa ¢ B3aHMOITPOHMKaIONMMH (asamu [2]. Hamrdne Takoi THKBAIMOHHON CTPYKTYPHL B
IByx(a3sHbIX cTeKax 00YCIOBIHBAET BO3MOKHOCTD TTOMYUEHH W3 HHX TMTOPHCTHIX crekon (I1C) co
CKBO3HOH TIOPHCTOCTBIO [3], MIA HampaBIeHHOTO CHHTE3a KOTOPhIX HEOOXOMUMO HMETh
MPEeACTaBIEHAE O 3aKOHOMEPHOCT X KHCIIOTHOTO TPaBIEHHAI HCXOIHBIX CTEKOI.

Crekira OBUIM CHHTE3HPOBAHbI METONOM BapKH W3 IIMXTHL B INIATHHOBBIX THUITAX B
CHJIMTOBOH TI€YH ¢ MEXAaHHYECKUM TePeMEIMBaHUEM pacitiaBa IpH Temrieparype 1320 4 500°C Ha
BO3JlyXe B T€UeHHE 2 3 U B 3aBHCHMOCTH OT KOHIIEHTpalu 6 L 2mocne 4ero GbIIM OTOXKKEHBL B
MyhenbHOI TTeun MpH TemiepaType 510 $50°C. Tlocme oTxkHTa ¢TeKma OBITH TepMOoOpaGoTaHbI
JUII MHHIHAITHH TIpoliecca (pa3oBOrO pasficleHHsa IpH Temieparype 550°C B TeueHme 24 1.
KuHeTHKa epexofia KoMmoHeHTOB ¢Tekna ( 1 D % 6 L) Hp kucnoTHbIH pacTBop OblTa H3y4eHa TIPH
BHINICTTAYHBAaHUH TIOTHPOBAHHBIX IDIAcTHH cTeKonm pasmepamMu 10x10x1 mm B 30 BOmHOM
pacTBope + & @pu KUITTUeHHH. B TeueHHe KUCIIOTHOH MPOpadoTKH CTEKNa Yepe3 OIpeleleHHBIE
MMPOMEXKYTKH BpeMeHH (1 4) B aMMKBOTHBIX TOpHHIx (15 mm) oOpabaTHIBAIOIIETO PacTBOpa
OTMPENENITH KOHIIEHTPAI[HH KOMITOHEHTOB (¢ HCIIONb30BaHHEM METOHMK, TPUBEACHHBIX B [3]). O
CKOPOCTH BBHITIETAUYHBAHUSA CYIMITH 10 KOMTHYECTBY KOMITOHEHTOB 4 H [)s TIEPEIIEAIIHX B PACTBOP ¢
€IHHHIIBI TIOBEPXHOCTH CTeKla ( 6) 3a ompeleneHHOe BpeMa. 3HaueHH4d ( 44 [ H) COMOCTABIAIH ¢
TEOPETHUECKH BO3MOKHBIM BBIXOAOM ( 4F p @®g, KOTOPHIH OlICHUBAIIH, HCXOAA U3 COCTaBa CTEKTa B
Mac. % M BeTHUHHBI TIOTHOCTH (T/cM ). [TapamMeTpsl MOPOBOTO MPOCTPAHCTBA: TTOPHUCTOCTh CTEKOM

u 00beM TIop ( Q ¢M /T) ONpPENeNnai BECOBBIM METOMOM, OTKIOHEHHE TIPH OMpeleIeHUH
3THX BENHMYHH He Mpepbliano + 3% 1 £0.03 ¢cM /T cOOTBETCTBEHHO. CTPYKTYPHBIE XapaKTEPHCTHKA
u mopdomorusa mop IIC Hcenemopanach NMyTeM aHATH3a PABHOBECHBIX H30TEPM aACcOpOIMH H
HOecopOIIMH a30Ta MPH TeMIiepaType AKUAKOTo azoTa (77 K), MOMy4eHHBIX ¢ TTOMOIIBIO MpHGOpa
@ XD QAKD RP29 $ M dupmer « 4 X D QAKID R,/ W U X 8618 Myidfrrudrkarmig
KpHCTaMMYecKnX (a3 B monydeHHbIX [1C Oplita MpoBeicHa ¢ ITOMOIIBIO METOIa PEHTTEHO(a30B0ro
aHammsa (PDA) (ycranoeka JIPOH 3, HIIO «BypepecTHHK», Pocchda, mamydeHne Cu.. 0Oaza
naHHex PDF

YCTaHOBIIEHO, UTO TIO0 Mepe YBETHUEHHA COMIEPKaHUA KPeMHEe3eMa B IBYX(a3HOM CTEKIE ¢
55 mo 70 mom. % BBIXOA KOMITOHeHTOB 1 Du ) Hp BBINenaumBarolii pacTBOP YMEHbBITACTCAL,
CKOPOCTH BBIMIETAYHBAHAA 3aMeJIIeTCd, YBETHUMBASTCSA KOHIEHTpallHd OKCHIOB &elesza B [IC
(moma ) H 2mpu srom BospactaeT). IpH yBeNHYEHHH KOHI[EHTpaIMH 6 L 2B HCXOIHOM CTEKIIE
Takke HabmoaeTca yMeHbIeHHe 06bema 11op (ot 0.45 10 0.17 ¢M /T), TopucTOcTH (0T 50 10 27%)
H cpelHero auameTpa mop (', HM) (¢ 22 g0 3 HM), HO YBEIMYEHHE IUIOINAAH YASIBHOH
MOBEPXHOCTH ( Gy, M /T) IIC (¢ 51 mo 148 m /r) (pucyHOK 1). B X0#e BRINETauMBaHUA 00pasLpl,
copepxarme 60 mon. % 6 L 21 meHee paspymatored. Y3 o0pasios, cogepxammx 65 1 0ollee MOIL

6 L Zymaerca momyuuTs o6pasipl [IC B BHIE 00BEMHBIX IUIACTHH. BBIJIO YCTaHOBIEHO, YTO BO
BCeX MOIMy4YeHHBIX [IC MpHCYTCTBYeT KpHCTalIHYecKad (aza MarHeTHTa (39 1346), comep:kaHHe
KOTOPOTrO YBEIHYHMBACTCd IO MeEpe YBEIMYSHHA KOHIEHTPAIMH KpEMHE3eMa B HCXOJHOM



cTeKe. MakcHMalmbHOe KOMMYECTBO MATHETHTa cOASPAUTCA B IIC, MOMYyYeHHBIX M3 MBYX(a3HBIX
CTEKOIL, COJIePKAINX 65 U BhIIIE MoI. % 6 L 2PaHee OBIIO TaKkKe YCTaHOBIEHO, YTO B HEKOTOPBIX

) H2

BL2@%2 @

1D24%2 612 +) H2 6L 2
.RQRQ 0 6XRO\DBHPHQRYDLNDD /. XULOHQNRPRDHQNRLEPR®HQNR
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1D249%2 6L 2

) H2 - -

7KRPPHV 0 .DQHNRS$. 91H2GDYINHU - FHIE®RBWR JXHFRXTXHURO - 6
3K\WLVRUSWLRQ RI JDVHV ZLWK VSHFLDO UHIHUHQFH WIEXMWKR QY BGX&
7HFKQLFDO 5HSRUW 3XUH $SS® &KHP 9 3

.UHVEHUJ 9 $ $QWURSRYD 7 9 &KDQJLDQ@ G RHMVRBRWRVRY \EHQBZRH
7KH HIIHFW RI GLIITHUHQW IDFWRUV OLFURBRURBRXVDQG OHVRSRURXYV 0D

)) (0
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