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IHOPHUCTOE CTEKJIO: IIOJIVUHEHHUE, XAPAKTEPUCTHUKH, IPHMEHEHHUE

Anrporropa T.B.!, Tnpcosa M.A.!
| Femumym xunviin cuiiramoe wd BB, Fpetenwmcoea, PAH, Canxm-Hemeptype, Poccun
e-mail: antr2@yandex.ru

The general information about the process of obtaining high silica porous glasses, their
characteristics and use in the development of ISC RAS in the creation of functional composites is
presented.

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
Pa3THYHBIMK COSTHHEHHAMH, BKITFOYasI MTePEXOMHbIE METAIHI [ 3-5].

[1C mpencraBnsaroT coboi MPOAYKTHl CKBOZHOTO XUMHUYECKOTO TPAaBICHHA (BBITETAUHBAHNA)
neyxdasHeix [[BC cTexkon co B3aHMOMpPOHHKarOMMMH azamMH [2, 6, 7]. OHm obmamaroTr
KOMIUIEKCOM YHUKAIBHBIX XapaKTepPHCTHK [2, 6], 4YTO B COYETaHHH ¢ PeryIHPYeMBIMA
MmapaMeTpaMHu CTPYKTYPBI TIOPOBOTO TIPOCTPaHCTBa [8, 9] JemaeT MX MepCrneKTHBHBIMH Ga30BBIMU
MaTpHIAMH A7 CO3MaHUSA HOBBIX KOMITOSHIIHOHHBIX CTEKIIOMATepHANoB, (QYHKIMOHAIbHBIC
CBOHCTBA KOTOPBIX OMPEAENIIOTCA CBOHCTBAMH BBEASHHOTO HaHOCTPYKTYPHPOBAHHOTO JoMaHTa | 1,
10 - 12].

JlaHHOE HalpaBIeHHE Ha MPOTIKEHUH MHOTHX IIeT Pa3padaThIBaIOCh H B HACTOAINEE BpeM4
yenerHo paspupaered B UXC PAH [2, 6, 13]. UccnemopaHud 1O CO3JaHHIO HOBBIX MATEPHATIOB Ha
OCHOBE MaTpuIyTiommoxkek u3 [IC mosBomumu chopMHpPOBaTh HayUHBIE OCHOBBI TEXHOIOTHH
TBEPAOTENBHO- KUIKOCTHBIX H TBEPAOTENBHO-TIOTUMEPHBIX Ta3epHBIX SIIEMEHTOB;
CBETOUYBCTBHTENBHBIX TETEPOTEHHBIX CPell A BBICOKOA(D(MEKTHRHBIX CTa0HIBHBIX OOBEMHBIX
rojorpaMm; (OTOXPOMHBIX KBapLOMIHBIX MATEPHANOB 4 Tolorpaduu; MHKPOOITTHYECKHX
SIEMEHTOB;, Y3KOTONOCHBIX CBeTOPUIBTPOB (cM. 0630pel B [1, 2, 6, 10, 13]). Paspaborku,
HAIIpaBIICHHbIE HAa TOIYYSHHE HOBBIX TEPMHYECKH-, XHUMHUYESCKH- W OHOIOTHYECKH CTaOWIIBHBIX
TUAIEKTPHUESCKHX [ 3, 9] M MarHUTHBIX [ 14] mem6pan u3 [1C, IerH B OCHOBY CO37aHH A Ha MX 6ase
HOBBIX CTEKIIOMATEPHANIOB H (YHKIMOHAIBHBIX 2IEMEHTOB, TIEPCIIEKTHBHBIX JIJII HCITOIb30BAHNA B
MUKPOMQOUAHBIX AHATMTHYSCKMX CHCTEMaX ¢ ONTHYSCKHM JeTeKTHpOBaHHeM Jisa  GHo-
XUMHYECKOrO aHanmuza (coemecmuo ¢ HUAIl PAH), B TOTHOCTBIO THANEKTPHUYSCKHUX BOTOKOHHO-
ONTHYECKUX JaT4YHKaX TEMITEPaTyphl, IPUTOAHBIX A1 MOHHTOPDHHTa B YCIOBHSAX BO3ICHCTBHA
CHIIBHBIX ODIIEKTPOMATHUTHBIX IONEH (coemecmuo ¢ HHY HITMOQO), B KauecTBe CTPYKIYPHBIX
SIEMEHTOB HMHTETPAbHO-ONMTHYECKHX cXeM, (OpPMHpPYEeMBIX TIPH BO3ACHCTBHH JTa3epHOTO
n3yueHud (cosmecmuo ¢ HHY HTMQO); MIOMUHECHEHTHBIX BHCMYT-COAECPAKAIINX KBAPL[OWIHBIX
CTEKOIl — TIPOTOTHIIOR TIpedhopM AN BOIMOKOHHO-ONTHUYECKHX CBETOBOAOB (cosmecmuo ¢ HI[BO
PAH), OHOaKTHBHBIX MeMOpaH - >(O(PeKTHBHBIX (HIBTPOB ANA BOTOIIOATOTOBKH (coemecmHo ¢
CH6Ia7Ty «JI2TH»), a TakkKe HOBBIX KOMIIO3HIIMOHHBIX MAaTEpHANOB ¢ (POTOXPOMHBIMH,
TTa3MOHHBIMH, CETHETORNEKTPHUSCKUMHA CBOMCTBAMH M €O CBOMCTBAMH MYIThbTHPEPPOHKOB,
oBNMafaroIX OMHOBPEMEHHO SMEKTPHYECKUM H MATHUTHBIM YITOpsAAoueHHeM [15-21].
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ONTHYECKHUE CTEKJIA CHEIUAJILHOI' O HASHAYEHHSA: KJIACCHGHKAIHIL
OBJIACTH ITPUMEHEHUA. ITPEAEJIBHBIE XAPAKTEPUCTHKH

Ap6ysop B.U.12
ICanrm-Hemepoypecratii cocydapemee HHoIT yHueepcume m 2paicoancroli aenayin unvi A. A Hoeuroea,
Canrxm-Ilemepoype, Poccua
240 «HITO Focyoapemeennviii onmudecrutt unemumym unm. C. H Baenioeay,
Canrxm-Ilemepoype, Poccua
e-mail: viarb@yandex.ru

The lecture presents an overview of catalogs of domestic optical, radiation-resistant, color and
laser glasses, on the basis of which optical devices, light filters and lasers are produced.

HaunGornee 3HaUMMONH 4acThIO ONTHYESCKHX MaTEPHANOB ABIAIOTCA CTEKIIA, HCIONb3YeEMBIE B
MPHOOPOCTPOSHHH CIEITHAITBHOTO HasHAUeHWA. JTO M ONTHYECKHE, M 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
HAaYYHO-TEXHUYECKOM OTHOIIEHHH CTPaHBI BRITYCKAIOT BCE Ha3BAaHHBIE KIIACCHl CTEKOIL, HO OOIIee
MPEeACTaBIEHAE O HIX MOZKHO ITOYYATh Ha IIPHMEPE CTEKON OTEYECTBEHHOT O ITPON3BOJICTRA.

Onruueckne crékaa [1 — 3]. K sromMy Kinaccy MaTepHanoB OTHOCATCI HEOpTaHHYESCKHE
OecliBeTHBIE CTEKIIa. TeXHOTOTHA HX IOIYYeHHd JOIKHA O0eCIeYHBATh BBICOKYIO OITHYECKYEO
OTHOPOTHOCTH — ITOCTOIHCTBO MTOKA3aTeNd MPEOMIECHUA 10 BCEMY 00BEMY OTIHBKH C TOUHOCTBEO
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
MIPETIOMIICHHUS Me— KO3(DMUIMEHT TUCTIEPCHH Ve». B 3aBHCHMOCTH OT PacIONOXKEeHHI 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

Jia UK obmactH paspaloTaHbl ONTHYSCKHE XallbKOTS€HUIHBIE CTEKTA [4], OTIHYAIOIHECH
OT OKCHJHBIX CTEKON Gomee MMPOKoi 08macThio mporryckaHus (o1 0.7 10 17.0 mMicm).

Paanannonno-cTolikHe cTékaa [S — 9], 3adacTyr0 ONTHYECKHE ITPHOOPEL JOIKHEI
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
SKCIIOSHIMOHHBIX J03aX OOIyYeHHd HOHH3HPYIOIIMM H3ITydeHHeM a0 10%P, Torza Kak HepeakH
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
«100» yeroiunpbl K Harpyskam g0 10°P, a crekma cepuii «200 u H» — g0 107 P mpe 06Iy4eHHH
raMmMa-KBaHTaMH U HefiTpoHamH (GykBa H B HasBaHHWU KaTanora). BOMBIMMMHCTBO CTEKON OOBIYHOTO
KaTaJora HMEIOT PajualliOHHO-CTORKHE aHAJIOTH ¢ 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) crékom-aHamorop MO3BONAST ONTHYSCKHH TTpHGOPD
TPakTaHCKOTO Ha3HA4YEeHHS TEPEBECTH B pa3pafl IMPHOOPOB CIEIHATbHOIO HA3HAYEHHA 3aMeHOH
JHMH3 U3 OOBIYHBIX CTEKOI JTHH3aMH TOH e TEOMeTPHH U3 HX PaHallHOHHO-CTONKHX aHaIOTOB.
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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
TaK’Ke HOMEpOM CTeKlla. Karanor ONTHYeCKHX CTEKON cONepAUT onmucaHHe Gonee 100 mMapok,
CTEKIIa B HEM pAcIIONaraloTcs B CIEeMYIOMeM TMopsake: yibTpaduoneTopsie (YOC), ¢pHONETOBBIE
(DC), curme (CC), cuHe-3enenble (C3C), 3enmensie (3C), xkemro-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.

Jlazepubie crékga [11]. C mMoMeHTa cO3JaHHA lla3epa Ha KpHUCTallle pPyOHHa YUeHBIe
Pa3HBIX CTPaH ITBITAIHCH MOTYYHTh TeHEPAllHIO CTHMYIHPOBAHHOTO W3TYUEHU A Ha JJIHHAX BOIH H3
BO3MOKHO 0ONee IMUPOKOTO CIEKTPAIbHOTO JUalla30Ha Ha aKTHBHBIX DIIEMEHTAX, W3TOTOBIEHHBIX
M3 CTEeKON, aKTHBHPOBAHHBIX (B TOPAAKE BO3PAcTaHHA JIMHBL BONHBI TeHepammy) Gd**, Tb*,
Yb¥*,Pr¥t, Nd**, Er*, Tm?", Ho*". IIpu 5ToM, KpOMe CTEKOI ¢ OJHHM H3 YKa3aHHBIX aKTHBaTOpPOB,
HCCIIEIOBAINCh TaKKe U CTEKNA ¢ ABYMA aKTHBAaTOpaMH, HallpUMED, UTTepOnii-3pOneBble, OIHAKO
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
Ta3epPHOMY CTEKITY — BBICOKHHM KBAHTOBBIH BBIXOJ JTFOMHHECIEHIMH, KOTOPHINH B CIIy4ae CTEKOIN C
HEOJHMOM, HTTepOHEeM, 3pOHeM JOCTHraeTcd CBEPXAKECTKHM 00e3B0KHBaHHEM PaciiiaBa CTEKIIA.

1. BecugetHoe onmiadeckoe crekno. Katamor pon pepakieii I'. T. Iletposekoro // Mockga: JoM OIMTHKH.
1990. — 134 c.

2. «Onmaueckoe crekno/OptischesGlas. Katanor CCCP/DDR // Mockga: Mammpabop.

3. Apfiyzoe B.H. OcHOBBI NPAKTHYECKOH CIIEKTP OCKOITHH ONTHYECKUX MaTepHanoB. Y ueGHoe rocobue // 13,
Yaupepcurera MTMO, Cankt-Tlerepypr, 2015. — 180 c.

4. XansKoreHHHbIE OTHYeckHe ctekia A MK-obmacta cniektpa. Chalcogenide optical glasses for infrared
region. Karanor // Cankt-Ilerep Gypr. TOM. HUTHOM. 000 «Crekno I'O».

5. Apb6yzoe B. H. OcHOBbl paIHallHOHHOTO OITTHYECKOTO MaTepHalloBeNeHHA. YdeOHoe mocodue. CaHKT-
IlerepGypr: M3g. MTMO. 2008. — 284 c.

6. Otpacnesoii ctaHgapt OCT 3-2369-85 «Crekno onmHdgeckoe. Meron onpefeneHds pajdalHOHHO-
OMNTHYECKOH ¥CTOHUHBOCTID.

7. Pyxopopgamui TexHd4eckHid matepHan PTM 3-48-70 «Crexkno ornmdueckoe ceprd 100. PaguaidoHHO-
OMTHYECKAadA YCTOHIHBOCTD K TaMMa-H3ITy UeHHIO.

8. Otpacneroi crangapt OCT 3-68-81 «Crexno onmHyeckoe cepHH 100. PeHTreHOBCKHIT MeTo| Ollp e/]eNeHHA
pajHALIHOHHO-OMTHYECKOH ¥ CTOHIHBOCTIH.

9. Otpacnegori craHgapT OCT 3-51-70 «Crekno onrHyeckoe ceprd 200 W H. PamgHaijHoHHo-oTTHYecKas
YCTOHYHBOCTBY

10. IIgeTHOE OIMTHYECKOE CTEKNNO H ocobble ctekia. Karamor rop pepakipeii I'. T. Tletpoekoro // Mockga:
Jom onrmrki. 1990 r. — 228 c.

11. Arbuzov V. L., Nikonorov N. V. Neodymium, erbium and ytterbium laser glasses / Woodhead Publishing
Series in Electronic and Optical Materials: Number 35 “Handbook of solid-state lasers. Materials, systems and
applications”. Oxford, Cambridge, Philadelphia, New Delhi. 2013. P. 110 — 138.



BHOAKTHBHBIE MATEPHAJIBI B CHCTEME Zn3(PO4)2 —-CAs(PO4)3F —
CAALSLOs 4JIA ITPHMEHEHHUA B CTOMATOJIOI'HHA

Apmurnosa M., Ham T.
Teure HMCKUL XUMUKO-TEX HOROZHYeC KU UHc mumym, Y30eKucman
e-mail: aripoval957@yandex.ru, tiny_nam@mail.ru

The aim of research is study of optimal parameters for synthesis of new Glass-lonomer Cement
based on Zn3(PO4)2 — Cas(PO4)3F — CaAl2Si>Os system and analysis of its physical-chemical
properties.

Tema CTOMATONOTHUECKMX MAaTepPHAIIOB - BaXKHEHIIHIL aclleKT BOCCTAaHOBUTEIBHON
CTOMATOIIOTHH. 3TO CIIOXKHBIA TIPEAMET, MOCKONBKY OH KacaeTcd He TOIBKO MEXaHWYECKHX H
XUMHYECKMX (YHKIHI, TO €CTh MMPOYHOCTH M TOKCHYHOCTH, HO U GHOCOBMECTHMOCTH. DTO TakKke
BKIIFOYAeT cOO0paKeHHd SCTETHKH, TaK KaK Bce OOIBINE M OOIbINe TpeOyeTcd TOUHBIX COBITAICHUH
IUI BHEIHETO BHAAa €CTeCTBEHHOTO 3y0a, IMOCKONBKY TAIMEHTHl 03a004YeHBl KOCMETHYESCKHMH
acTIeKTaMHM BOCCTAHOBIIEHMS 3y0a, MO KpaifHelt Mepe, B TOH XKe CTEMeHHM, 4TO M (YHKIIHEH.
PazpaboTka Hay4yHBIX M TEXHOIOTHYSCKHX OCHOB cHHTeza CHI] mpefcrapinder Hay4yHBIA H
MpaKTHYESCKHIT HHTEpec, IO3BOIIONIMKA  IMONYYHTh MaTepHall ¢  IIPOTHOSHPYEMBIMH H
PETYIIMPYEMBIMH CBOHCTBaMH.

Hcxomga w3 pmaHHBIX, OBII IIPOM3BEIEH CHHTE3 HOBBIX CTEKOI CHCTEMBI Zn3(POs4), —
Cas(PO4)3F —CaASi,0sg, a TakXKe cpaBHHUTEIBHBI aHAIH3 ¢ TEOPETHUSCKUMH JaHHBIMH.CHayamna
TIPOM3BOINMIIN CHHTE3 36 cOocTaBOB CHCTEMBI CTeKoll Zn3(PO4), —Cas(PO4)sF —CaAl»S120s. Crekia
OBITH TIPHTOTOBIICHBI ITYTEM CIDIABICHHS OTHX KOMIIOHEHTOB B KOPYHIOBBIX THITIAX, IIPH
Temrieparype mmasieHnd 1450 °C. [locne mnapneHud 0 00ecIieueHHA IIOJTHONH TOMOT€HHOCTH 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

Zua(POy ) CaAl Si0y

IEI 3{} 30 40 50 60 70 80 G0

PucyHok 1. O6nacTs cTeknooOpasoBaHHd B cHeTeMe Zns(PO4)>—Cas(POs);F-CaAl,Si;Os.

Bbima BHISABICHa 3aKOHOMEPHOCTH, YTO CTEKIIa, IMONMYYeHHBIE M3 GONBIICTO COACPKaHHA
bTopHIa, UMEIOT VIYUIISHHYIO ITPO3PAaYHOCTh, UTO MOATBEPKAACTCA TEOPETHUESCKHMH JaHHBIMH
Wilson and McLean, 1988. A 3HauWT, >TH CTEKIIAa MOTYT CIYAEHTh Oa30l 19 CO3JaHUA
PECTaBPAIMOHHOTO IIeMEHTa B JalTbHEHIIIEM ¢ HYKHBIMH 3CTETHYSCKHMH XapaKTePHCTHKAMH.
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V3VUEHHUE CBOMCTB H CTPYKTYPBI IOMAHECITEHTHBIX CTEKOJI
H CUTAJUIOB, CHHTE3UPOBAHHBIX C HCITIOJIb30BAHUEM
KPEMHHUH-OPTAHHYECKHX COEJMHEHUH

baGaxanopa 3.A., UOparnmosa O.
Tenurkenme Kult Xumvuko-mexronozuge kil upcmumym, Taanurenm, Y30exucman
e-mail: zebo.babakhanova@gmail.com

On the basis of organosilicon compounds synthesized glass-ceramic materials of composition
BaAl:Si>0s/LaBOs and SrA[2Si2Os/LaBOs with dual photoemission properties in the red and blue
spectral regions.

[MocnemHue TOMBI B CBA3H ¢ OBICTPHIM PasBHTHEM ITH(POBOTO TEIEBHACHHU, Ta3epoB, GhoTo,
Karofio- M DIEKTPOMOMHHOQOPOB  TOSABMIOCH  MHOXKECTBO — PaspaboTOK 1O CHHTE3Y
TFOMHHECIEHTHBIX MaT€PHAOB HA OCHOBE AIOMHHATOB, aTFOMOCHIIMKATOB, TallllaTOB INEIOYHO-
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(GOPOB CO CBEUCHHEM B HECKONBKUX OONACTAX CIEKTpa, ABISICTCS IO-
MIpEeKHEMY OYEHb aKTYaITbHOH.

TexHOIOTHA CHHTE3a METONOM KOHTPOIHPOBAHHOTO IIHPONH3a € HCIIONB30BaHUEM
akTHBHBIX HamomHuTenel  «Active-Filler-ControlledPyrolysis»  (AFCOP) GpIma  BIEpBBIE
MpeioAKeHa I TIOMyueHHA (YHKIIHOHATBHBIX MATEPHAllOB H KOMIIO3HTOB B padore Greil.
[lpuMeHeHHE  CHIIMKOHOB  (TIONMMCHIIOKCAHOB, TTOMHKAapOOCHIOKCAHOB, TOMHKapOOCHIIAHOB,
MONMCHIIA3aHOB, TOMHOOPOCHIIa3aHoB, IMONMHOOPOCHIOKCAHOB TIO3BON4ET € OTHOCHTEIBHOH
TETKOCTBIO CHHTE3HPOBaTh TEXHHYECKHE MaTepHaibl co cBa3aMu Si—N-Si, Si—C-Si, Si—-C-N-Si
(CHITaHbI, CHITOKCAHBI, CHIIA3aHBl M Jp.), TBepHOoda30BbIil CHHTE3 KOTOPHIX TPeOyeT 3HAUUTEIBHO
BBICOKMX Temiieparyp o6paborku (pbirme 1600 °C). OCHOBHOS MPEeHMYIINECTBO HCITOMB30BaHHA
CWIIHKOHOB B CHHTE3¢ TEXHWYECKMX 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-Si-Si02:Eu-SiON-ITO co ceeueHMeM B KpacHOH H CHHEH OOIIacTaxX CIEKTpa.
JIBOiicTBEHHOE CBEUeHHE B STHX MaTepHallaX O0ecIeuHBaroT IepeXOoibl BHYIPH LieHTpoB Eu’’ u
Eu?". TIpuMeHAeMbIe METOABI CHHTE3a IEOMHHECIIEHTHBIX MAaTePHAIIOB — TBEPAO(a30BBI H 301Ib-
Telhb TEXHOMOTMH. [IpudeM 3a4acTyio NS TONMYyYEHHS BbICOKO3()(EKTHBHBIX TIOMHHOGMOPOB
HeOoOXOAUM CTPOTHH KOHTPOIb CPEAbl M HAJIMYHE PEareHTOB BBICOKOH CTEIIEHH OUHCTKH.

DnexTpoHHad KoHurypanmsa Eu  [Xe]4f'5d%s?  cBHIETENBCTBYET O  BOSMOMKHOCTH
SIEKTPOHHOTO Nepexofia Mexay D u F momypopHamu. [Ipu BKIFOUEHWH B MATPHILY OKCHIHBIX
MaTepHANOB JABYXBAeHTHOTO WIH TPEeXBaJeHTHOIO €BPONHS BO3MOXKHA (POTOAIMHUCCHS B KpacHO
0GTIacTH CMeKTpa, cBM3aHHad ¢ Eu’’, a Takike B cuHeil 06IacTH — 4TO CBA3AHO ¢ HAITHUHEM HOHOB
Eu?’. Ofecnieunpasd HalMuHe HOHOB €BPONHS B Pa3IHUHBIX CTENMEHAX OKHCIEHHA BO3MOKHO
TOITY4YeHHE ITFIOMEHECIIEHTHBIX MaTEPHATIOB CO CBEYEHHEM B Pa3IMYHBIX 00IAacTIX CIEKTPa.

g cHHTe3a IMOMHHECIIEHTHBIX MATEpHaloB, aKTHBHPOBAaHHBIX HOHAMH €BPOITHA COCTaBa
SrAl>,S1,08/LaBO3, OBIIM HCIIONB30BAHBL PEAKTHBHBIE MAaTepHAallbl. MeTHI-TIOIHCHIIoOKcaHMK
(SILRES®, WackerChemieGmbH, Munchen, Germany), 7-Al>O3 (nano, 15 nm, Evonik, Germany),
H3;BO3 (RPNormapurAR), SrCOs3 (micro, BITOSSI) , La,O3 (micro, Sigma-AldrichChem., MO,
USA) 1 EwOs (nano, purity>99.9%, 45-58 nm, CometoxSrl., Milan, Italy).O6xur o6pasiios
ocyimectBanca mpu 1000, 1100 u 1200 °C B TeueHun 2 4. (pexum HarpepaHusa 5 °C/MHH.) B
TpyOuaroit meun. OGpasil H3y4aIMCh Ha crnekTpodmoopomerpe FP-6300, JASCO,
000pYIOBaHHOH Xe JaMItoi. OmMHccHd HaOmromamack mpH 612 u 450 HM, TIOMHHECHEHTHBIS
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CTHeKTPhl (DHKCHPOBAIHCh B JHamazoHe Mexny 320 go 700 M. PenrreHogasoBBIM aHam3
OCYINeCTBILUM Ha AudpakroMerpe BrukerAXSD8 Advance, Bruker, Germany; 4114 pacimgpoBKH
PEHTITeHOIpaMM HCIIONb30BaHa mporpamma Match! programpackage (CrystallmpactGbR, Bonn,
Germany). CTpoeHHe H CTPYKTypa MaTepHalloB H3y4anach C ITOMOINBI0 METOAa CKaHHUPYIOINEH
SMEeKTPOHHON MHKPOKOIMHH. MCTONb30BaH CKaHUPYIOIHMI SIeKTPOHHBI MHKpockon (Carl Zeiss,
lepmaHua) ¢ DHEPTO-TUCTICPCHOHHBIM 3IeMeHTHBIM  aHamuzaTopoM (Oxford Instruments,
BennkoSpHTaHH ).

Tepmoob- ATIOMOCHITHKATHAA
[lnaBieHte, Amomo-0opo- paboTka, dasa, ¢ comep. Eu>*
OKCHBI 1600 °C CHIHKATHOE 950 °C
CT eRJI0
BopatHaadasa, ¢
comep. Eu®"
KpemvHunii-
OpraHHYecKHe
coeTHHeHHs OMOCT&JJTSE?;?&?SGP%OTK& AJIOMOCHITHKATHAS
) dasza, ¢ comep. Eu**
PeakTHBHBIE
HAIOJIHHT eJTH BopamHaadasa, c
(BKJL O00paTHyIO comep. Eu®*
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
CTEKIIOKPHUCTAININYECKHE MaTepHalbl cocTaBa SrAlxSipOs/LaBOs3, akTHBHpOBaHHBIE HOHAMH
eBPOITHS, ¢ CHITBbHOM (hoTOMIOMHHECIICHIIHEH B KpacHOH 00MacTH H YMEPEHHONH TIOMHHECIISHITHEH B
CHHeH OO0ImacTH cIlieKTpa. BBelcHHE B cOCTaB MaTepHANOB KPEMHHM-OPTraHUYECKHX COSTHHEHWH
CTIOCOGCTBYET  CO3MAHHIO  CMado-BOCCTAHOBHTENBHOM aTMocephl H  TO3BONAET TIONYYHThH
KOMITO3UTHI ¢ ABOHHBIMH TepeX0faMHi — B 00IIacTH KPaCHOI'O M CHHETO CIIEKTPA.

Cunres matepuanop coctaBa BaAl,SiOg/LaBOs mpu 1000-1200 °C ¢ HcMOTb30BaHHEM
CHJIMKOHOB TIOKa3all, IIPH 3THX TeMIlepaTypaxX IPOHCXOINUT 00pa30BaHHE MHOTOKOMIIOHEHTHOTO
MaTepHala ¢ OCHOBHBIMH (hazamH GapHeBOTO IIeNb3HaHa M opTofopara MaHTaHa. ONTHMAIBHBIH
pe3yIbTaT ObII  TIOMY4YeH  TpH  TepmMooOpaloTKe  ITIpH 1000 °C, 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.
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MHOI'OKOMITIOHEHTHBIE XAJIBKOI'EHH/IHBIE IIJIEHKH
KAK HOBAA I'PYIIIIA XUMHUYECKHX CEHCOPOB

baiigaxos JI.JI.
Canrxm-ITemepoypzc kil cocyvoapemee b IecOmMexHuNec Kuti YHueepc umen,
Canrxm-Ilemeptype, Poccun
e-mail: chemwood@rambler.ru

The electrode properties of chalcogenide films are studied. The lower detection limit of cations is
10”7mol/L, while the Nernst region of the electrode function is 10°5-10"'mol/L.

Briepeele MOIMy4eHBI MeIb, CBHHEIL, cepedpo, KaIMHil W IHHKCEIEKTHBHBIE SISKTPOABI Ha
OCHOBE IUIEHOK PbS-Ag>S-As:S3, PbS-Agl-AsyS;, Cul-Pbl-AsySes, Cul-Agl-As:Ses, Pbl-Agl-
As;Ses, Cdl2-Pblz-AszSes, Znlo-Pbla-AszSe;, ocakIeHHBIX M3 PacTBOPOB XallbKOI€HHIHBIX CTEKOI
B H-OyTHIIaMHHE.

YCTaHOBIEHO, 4YTO HIAKHHHM Ipefen OOHapyXKeHHd KaTHOHOB JId OOJBINMHHCTBA
HCCIIEOBAHHBIX CEHCOPOB paBeH 107 MOMB/T, a HepHCTOBAa OOIAcTh DIEKTPONHOH (YHKIHH
cocrabigeT 107°-10~" soms/m [1].

Xapakrep 3NeKTPOAHOIO OTKIIHKA TIIEHOYHBIX XHMHYECKHX CEHCOPOB B BOIHBIX PacTBOpax
TO3BONAET 3aKIIOUYHTh, YTO TUIEHOYHBIE SIEKTPONBI MPAKTHYSCKH HE YCTYITAOT XallbKOT €HHTHBIM
CTEKILIHHBIM M KPHCTAIIMYECKHUM CEHCOPaM B H30HPaTEIbHOCTH.

C TIOMOINBIO PEHTTCHOBCKOH (OTORNMEKTPOHHONH H OKe-3MeKTPOHHOR CIEKTPOCKOIHH
HU3YY€HO BaJCHTHOE COCTOSHHE aTOMOB MENH W JOKa3aHa IPHMEHHMOCTh MOJAETH H3MEHEHHOTO
MTOBEPXHOCTHOTO CIIOA T 00BACHEHHI HOHHOH YYBCTBHTEITBHOCTH XallbKOTEHHAHBIX TICHOYHBIX
CeHCOpoB [2].

Ta6mia 1. KoadduipeHTs! cenekTHEHOCTH K, >' mmeHouHbIX anektp ook 40Cul-20Agl-40As,Se;

Memaronmii Chs, MOJIB/II No anekTpoga
KaTHOH 1 2 3
K* 1,0 6,710° 6,810 7,610
Ca** 1,0 6,210 6,410° 6,910
Pb?* 1,0 7,8107 7,9107 8,4107
Fe’* 104 1,6 1,7 1,4
Mn?* 1,0 1,510¢ 2,0:10¢ 1,9:10°6

1. Bbabipakos J.JI, IllkoneHHkoB E.B. BnexktpoaHbie cBOHCTBa TaloreHHIXalbKOTEHHIHBIX CTEKON H
aMop(HBIX TUIEHOK, MOy Y€HHBIX METO/IOM XHMHYecKoro HaHeceHH: // Disuka W xuvis crekna. 2018, T. 44, Ne 4.
C.422-427.

2. D.L. Baidakov, Yu.T. Vigranenko, O.P. Kovaleva and A.P. Lyubavina. Valence State of Copper in Cul-Agl-
As;Ses Chalcogenide Films and Membrane Surface Composition of Ion-Selective Electrodes According to the Data of
X-Ray Photoelectron and Auger-Electron Spectroscopy // Glass Phys. and Chem. 2022. Vol. 48. No. 4. P. 280-284.

CTEKJIOOBPA30BAHHIE B EOP- I KPEMHHIICOAEPKAIITX KOMITO3AIHAX:
KHHETHKA U TEPMOJHHAMHKA

banbkopckad M.b., Konmoeepraos /1.B., Hukomaes A.H.
Hucmumym xus cumuramoe ust H B, Ipebenupuroea, PAH, Canxm-Hemepoype, Poccua
e-mail: inbankov@gmail.com

The study of glass formation in Si-B-ZrB2 and Si-B4C-ZrB2 compositions modified by nanoscale
particles of oxides and carbon materials is carried out.

B cucremax kpemHuii — Oop — OOpHI LIMPKOHHI W KpeMHHH — KapOuj Oopa —Oopuj
IMPKOHNA IIPH TepM0o0o0paboTKe B BO3AYINHON cpefe IpH 550 — 1300 °C monydueHsl MaTepHalbl 110
3HeprocOeperaroIled TEXHOIOTHH, TOCKONBKY yi&e IpH 550 — 600 °C Ha IOBEPXHOCTHOM CIIOE
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dbopmupyeTcs in-situ cTeKTo0OpasyroIii GOpPOCHIMKATHBIN paciiiap Ha ocHOBe Si02 M B0Os,
KOTOPBIN TPH OXJTAKICHHA CITOCOOCTBYET CIIEKaHWIO 00pasioB. [[0AIMOBEPXHOCTHBIN CIIOH COCTOMT
W3 HEOKHCIICHHBIX M YaCTHYHO OKHCIIEHHBIX HCXOJHBIX KOMITOHEHTOB. CIIOH, TPHUIIEraIOHi K
TIOJITIOAKKE, TIPEJICTABIAET COOOH HEOKHCIIEHHBIE HCXOIHBIE KOMITOHEHTHI [1, 2].

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
KayecTBE 3aIlHTHBIX TOKPHITHIT Ha TpaHT U BHICOKOITHHO3EMHYIO Kepamuky (BI'K). ITokpsiThe
HAHOCHITH CYCIIEH3HOHHO-00KHTOBBIM MeTOA oM Ha rpadur mapku ['M3 u BI'K mopucrocthio 20%.
3TOT MeTOJ, OCHOBAaH Ha IIONMHOM HWIIH YacTHYHOM OIUIaBIIEHHH MaTepHalla ITOKPBITHA Ha
MOBEPXHOCTH TTOIIOKKH.

OmpeneneHa MOpPQOIOTHSA TOBEPXHOCTH TIOKPBHITHI Ha ocHOBe Si - BsC - ZrBr u
YCTAaHOBJIEHa X T'eTepOreHHad MHUKPOCTPYKTypa. Hapgamy co cTexnoo0pasyrolliM paciilaBOM Ha
ocHoBe Si02, B203, ALO; duxcupytored u c-ZrOz, m-ZrO,, a takxke ZrSiO4Ilpu 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
npepbnaeT 20 wr/em? IIpH MOZH(HIMPOBAHMH H3Yy4aeMBIX KOMITO3HIMI HaHOPasMEPHBIMH
YacTHIIAMH OKCHAOB aIOMHHH4 MW IMPKOHHA IIONYYEHBI MaTepHallbl ¢  YIIYYIIEHHBIMA
MeXaHHYeCKUMH cBoiicTBamu [3]. Tak TpH BBeJeHHH HAHOPAa3MEPHBIX YACTHI[ ATIOMHHHA
ADO3/ZrO; Mozyms YIIPYTOCTH KOMITAKTHBEIX 00pasloB YBeNIHUMBacTcd Ha 12 %, a mpezen
TIPOYHOCTH IIPH W3THOE Ha 34 %o,

1. ITarent P@ Ne 2471751 ony6mn. 10.01. 2013 Bron. Ne 1. Criocol noydeHH: 3aM[HTHOTO [TOKPBITHA H COCTAB
MIHXTHI 1A 3aMHTHOTO [TOKPBITHL.

2. ITatenr Pd Ne 2613397 omyGun 16.03.2017 Bron Ne 8. CriocoG M3TOTOBJIEHHS 3alHTHOrO MOKPBITHA H
MIHXTa AN ero oCyIec TBIEHH.

3. Iatent P® Ne 2778741ony6m. 24.08.2022 Bron Ne 24. Crioco0 NpHMOTOBIEHHA IMHXTHI 1A MTOJTYYeHHA
TeMIIepaTyPOy CTOHYHEBIX MaTEPHAIIOB H ITOKPBITHH Ha ocHoBe cHeTeMbl Si-B4C-ZrB,.

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

Bempmyxos AL
Hucmumym Xusin eblcorosuc mutx eeecme une LI Heeamotx PAH, Huowenuii Hoezopoo, Poccua
e-mail: velmuzhov.ichps@mail.ru

Methods for preparation of high-purity chalcogenide glasses with hydrogen impurities <0.5
ppm(at), oxygen <0.05 ppm(wt) and heterogeneous inclusions <10? pcs/cm® have been developed.

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
METaUIOB. 2TO ITO3BONAET HCIONB30BaTh X IJI M3TOTOBIIEHHA ONTHUECKHX YCTPOMCTB 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
H3y4eHUd B 00ImacTH 2—15 MKM OONBIMHHCTBOM OPraHHYSCKHX W HEOPTaHHYECKHX MOJIEKYID
TIO3BONSAET H3TOTABIHBaTh Ha OCHOBEe XC BBICOKOYYBCTBHTEIIBHBIE aHAITH3ATOPHI I OOHApYKEHHI
TOKCHYHBIX, HAapKOTHYECKHX W B3PBIBUATBIX BEIECTB, OCYINECTBIEHHSA HEMPEPHIBHOTO KOHTPOILSA
COCTOSHHUSA OKPYKAFOIIEH cpellbl B TOPOJAax, Ha MPeANTPHATHIX H TTPHPOIHBIX 00bheKTax [2].
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[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
TIPUMEHEHHH.

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,
IBIOTCS: BOAopoa B dhopme SH-, SeH- u GeH-rpymim, OH-Tpynmsl ¥ Bofa;, KHCIOPO, XHMHYESCKH
CBA3aHHBIN ¢ TepMaHHEM, TalIHeM, KPEMHHUEM, CelIeHOM, TEIUIYPOM;, IIPHMECh YITIepona B BHIE
CO,2 COS u CSy [3]. Ocobyro TpyImry IpHMeceH COCTABILIIOT I'eTepOreHHBIE BKIHOUEHUA. OHH
CHHMKaroT OOIIMH YPOBEHS Ipo3pauHocTH XC U CBETOBOAOB 3a cueT pacceaHnd MK msmyuenud [4].

TpaguimonHo XC MOTYYar0T B3aHMOACHCTBHEM IPOCTHIX BEIIECTB B BaKYyMHPOBaHHBIX
KBapIEBbIX amMITylnaX. | yromiaBKOCTh XallbKOT€HHIOB IT'epPMaHud H TalllHd TpeOyIOT ITPUMEHEHHT
BBICOKHX TeMITepaTyp CHHTe3a, AOcTHTaroImnX 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
TTaBIIeHUH TIHUXTHL ¢ TeTTepoM (aTFOMUHMH, xmopun Temtypa(IV)) U mocnenyromeit JUCTHILTAIIMHT
CTEKII000pa3yIOIIEro paciiiaBa. HemocTaTrkaMu criocoba ABIAIOTCA HEMOMHOE YAAIEHUE TeTTEPOB,
HX B3aUMONeHCTBHE CO CTEHKAaMH KBapIEBOTO pPEakTOpa MW BBICOKHE TEMITepaTyphl ITPOLIECCOB.
[IprHIMImaneHON MTpoOieMon TonydeHHd X(C, cOAepKallliX Tajllvii, ABiIdeTcd 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
COZEPKaHUEM MIPHMECEHN TPaHIMOHHBIMHU METOJaMH U TPeOYIOT pa3paboTKH HOBBIX ITOAXOA0B.

[lempto paGoThl OBIIO pasBHTHE (HAHKO-XHMHUSCKHX OCHOB H pas3paboTka CIIOco00B
MONIYy4eHHd O0cO00 HYHCTBIX CTEKOI Ha OCHOBE XalbKOTSHHJOB TepMAaHHd MW TalllHd,
00eCTIeUHBAOIINX HU3KOE COAECP/KAHUE ITPHMeCeH, IOTTOIMAONNX U PAacCEHBAIOINX H3ITyYeHHE
cpepHero MK muanasoHa. O0beKTaMH HeclleMoBaHHA ObUTH cTeKon cuereM Ga-Ge-S, Ga-Sb-S, Ge-
S-I, Ga-Ge-S-1, Ge-Se, Ga-Ge-Te, Ga-Ge-Te-1 u Ge-Te-Agl.

OcHOBHad Hay4YHad Hied pa3pabaTblBacMBIX CIIOCOOOB ITONYYESHHS CTEKOI 3aKIIo4aeTcd B
MIPUMEHEHHH JIETYYHX, JIETKOIUIABKHX H PEeaKI[HOHHOCIIOCOOHBIX COSIWHEHHH BMECTO IIPOCTBIX
BelllecTB. B KauecTBe TaKHX COSAMHEHHUN TTPEATIOKEHO HCIIONb30BaTh Homua repmManusa(1V), fomn
ramma([ll) ¥ MOHOXaTbKOTEHHIBl TepMaHHA. DTO CYIIECTBEHHO CHHXKAeT TeMIlepaTypy 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 0cO00 YHCTHIX TepMaHWU U ralmu. Hcmomezopanie Gels u Galsz
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 KPUCTAITMYECKUX CYIbGHUIOB U CETICHUAOB P-3IIEMEHTOB, KaK KOMITOHEHTOB
MXTE XC, B3aUMOACHCTBHEM COOTBETCTBYIOIIMX HOAMAOB ¢ ¢cepoi H celleHOoM [5];
° MIaBIeHHe TIPOAYKTOR TEPMHYESCKOTO PasToKEHHA CYIbGHA-HOTHAOR TepMaHHI

coctapa GeSL u GexS31h [6];
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o CHHTE3 MOHOXAIlbKOTEHHAOB T'epMaHWA ITPOIYCKaHHEM I1apoB XallbKOTeHa Hajl
TepMAaHHEM H HX TTOCIEAYIOINYIO ¢YOIMMAIHOHHYIO OUHCTKY H 3aTPy3Ky B peakTop | 7];

o XUMHUYECKHIT TPaHCIIOPT TallIHA ¢ HCMOTb30BaHHeM iomuaa rammua(lll) B kadecTBe
TPaHCIOPTUPYIOIIETO areHTa [8];

° XUMHUYECKHH TpaHCIIopT Temnypuga Tramma(lll) ¢ Helmomb3oBaHWEeM HoOmHAa
rammus([1) B KauecTBe TPaHCTIOPTHPYIOIIETO areHTa [9].

o XUMHUYESCKHIT TpaHCIOpT #Homuaa cepedpa ¢ MCIONB30BAHHEM B KauyecTBe
TPAHCIIOPTUPYIONHUX areHToB Honuna rammia(111) u Homuaa repmaHua(lV).

COBOKYITHOCTE pa3pabOTaHHBIX CIIOCOO0B ITO3BONHIIA IIOTYYHTE 00pasiibl 0CO00 YHCTHIX XC
¢ cofiep:KaHUeM TpHMecH Bozopoma B ¢dopme SH- u SeH-rpymm Ha ypoHe 0.1-0.2 ppm(at);
KHCIIOPOJa, XUMHYECKH CBA3aHHOIO ¢ KOMIIOHEHTaMHM CTeKda, He OGomee 0.05 ppm(wt);
TeTEPOTeHHBIX BKIIOUEHHI MHKPOHHOTO M CYOMHKDPOHHOTO pasMepa (> 60 HM) Ha yposHe 102
/ey’ JIOCTHTHYTOE cofiepikaHHe TpuMeceil B XalbKOTeHHIHBIX CTeKIaX Ha 1-2 MopsaiKa HIKe,
YeM B Ty4INHX o0pa3lax, MOIYYeHHBIX PaHee.

1. Le Coq D,, Cui S., Boussard-Pledel C. et al. Telluride glasses with far-infrared transmission up to 35 um //
Optical Materials. 2017. V. 72. P. 809-812.

2. Cui S., Boussard-Plédel C., Lucas J., Bureau B. Te-based glass fiber for far-infrared biochemical sensing up
to 16 pm // Opt. Express. 2014. V. 22. N. 18. P. 21253-21262.

3. Snopatin G.E., Shiryaev V.S., Plotnichenko V.G. et al. High-Purity Chalcogenide Glasses for Fiber Optics //
Inorganic Materials Inorganic Materials. 2009. V. 45.Is 13. P.1439-1460.

4. Ketkova L.A., Churbanov M.F. Heterophase inclusions as a source of non-selective optical losses in
highpurity chalcogenide and tellurite glasses for fiber optics // Journal of Non-Crystalline Solids. 2017. V.480. P.18-22.

5. Bemsmy#oB A.IT, YypGanor M.@., CyxaHoB M.B. ITat. P@ Ne 2513930 // Bromn. uzo6p. 2014, Ne 11.

6. Bemsmy#oB A.IT, YypGanor M.@., CyxaHoB M.B. ITat. P@ No 2618257 // Bron. uzo6p. 2017. Ne 13,

7. Bemsmy#oB A.IT, CyxanoB M.B.6 UypGanor M. @. ITat. P@ Nu 2648389 // Bion. nzodp. 2018. Ne 19.

8. Shiryaev V.S., Velmuzhov A.P., Tang Z.Q et al. Preparation of high purity glasses in the Ga—Ge—As—Se
system // Optical Materials. 2014. V. 37. P. 18-23.

9. Bemnmy#oB AL, CyxanoB M.B., TiopuHa E.A., Bnarun P.JI. TTaT. PO Ne 2648389 // Bion. u306p. 2022,
Ne 11.

Patioma evtnonnera npu (urancoeoll noddepaicke Poccuitickozo nayiHozo onda (npoexm womep 21-73-
10104).

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

Kuasau H.B., Eranan {x.P., lanogan K K., Kymxymanaan E.B.
Hucmumym o0ugeil u Heopzaniideckott xunit um. M T Maneerana, HAHPA, Epeean, Apyenua
e-mail: knigo5 l@mail.ru

Magnesium-aluminum-boron-silicate glasses and synthesis of transparent glass-ceramics for
microelectronics were studied. Phase transformations during the heat treatment of initial glasses
are studied.

[TpospauHeie CTEKIIOKEPaMHYECKHUE MAaTePHAIBL, TIOITY4eHHBIE HAIIPaBIIEHHON
KpHCTAIIM3allHEN CTEeKIa W OONaJalollHie BBICOKHMH ITPOYHOCTHBIMH M JIEKTPHYSCKHUMH
, TIEPCTIEKTHBHBI B Pa3lMYHBIX OO0TACTIX TeXHWKH. OTIHYAOIUECS BBICOKOH
JUCTIEPCHOCTBIO HAaHOPa3MEPHBIX KPHCTAIIIOB, MaJIbIM PacCeIHHEM CBETa H BRICOKON TEPMHUYECKOM,
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
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B ganHOM paloTe IIPefCTaBIEHBl pPe3yIbTAaTBl HCCIEAOBaHHA CTEKIIoO0pa3oBaHHA H
XapakTep KPHUCTAIUM3alMH CcTeKol cHeTeMbl (MgO-Al203)-B203-S10,, comepxaiiux (GTOpHIbL
IIENOYHO3EMEIIBHBIX METAJUIOB, PACIIONIOAKECHHBIX B O0IIacTH MeTacTaOHIIbHON JTHKBAIMH CHCTEMBL
1o pazpesy 2MgO-2A103-55102-2(MgO-Al,03)5B203. OmnpeaeneHa 001acTh COCTaBOB, B KOTOPOH
BO3MOKHO TIOTYYEHHE TIPO3PAYHBIX  CHTALIOB ¢ TPeOYyeMBIMH  (PU3HKO-XMMHYESCKHMH
XapakTepUCTHKaMH. JIIg CHHTe3a CTEKIIOKPHCTAIUIMYECKHX MATEepHalloB ¢  OIIPelelleHHBIMH
CBOMCTBAMH HCXOJHBIE CTeKIa OBUIM IIOABEPTHYTHL TEIUIOBOM oOpaboTke B oOmactu Tg-Tr
onpeeneHHoH MeTomoM AU hepeHIHaThHO-TEPMHUECKOTO aHalH3a, B TeueHue 120 MUH.

OINEeKTPOHHO-MHKPOCKOIIMUECKHM M CIICKTPallbHBIM aHallH30M BBIABICHO, 4YTO IIPOLECC
KpUCTAUIM3allMH  CTeKol, cofepxammX 2MgO2ADLO35B>0Os mo 25-30 mom.%, OpHBOIHT K
o0pa3oBaHUI0 MeTacTabHIbHON (ha3kl G—KOPAHEPHTA, KOTOPYIO MOMKHO MYTEM JOMOTHHTETbHOMH
TepMOOOpabOTKH  TepeBecTH B 0onee  YCTOHYHMBOE — HHUBKOTEMIIEPaTYPHOE  COCTOSHHE.
Kpucramiuzaimsa CTeKOT TPOXOAMT CTYIMEHYaTO, M TOCTIEeNOBATENbHOCTh BbIAeTHeHU (az Hu
(ha30BbIX MEPEXOA0B N4 BCEX CTEKON OfHMHaKoBa. KpucTtammuieckas asa p-KOpAUEPUT TIEPEXOAUT
B O-KOPIHEPHT ¢ ITIOBBIIICHHEM TeMIIepaTyphel TepMooOpaloTKH, a HaHOKPHCTAIUIBI KOPIHEPHTa
pasmepoM MeHee 50 HM BBIJEILANNCE W3 MaTPHUHOTO cTeKia. [IpH TemiiepaType KpHCTalllIM3alliu
700° 1 BEIIIE BRIIETAETCA IIPEUMYIIECTBEHHO MYILIHT.

Hig crexon, cogepxaigux 2Mg02A1,035B20335-50 mMom. % IIpH KpHCTalM3aliy CTEKON B
obmactH 600-700°C BBLAEIAIOTCS KpHCTAILIbl MyimHTa 3A103-2Si02 ¢ pasmepamu 20-50 Hm. C
TIOBBIIIEHUEM TEMIIEPATYPEL Ha 00pa30BaHHBIX LEHTPaxX KPUCTAIIM3AlHMA BELACIIAIOTCA KPHCTALIIBL
Kopauepura 2MgO-2A1,03:5510,, pasMepbl KOTOPBIX H3MEHAIOTCAd B Ipefenax  80-120 Hm
PaBHOMEPHO PaCIIpeIeIIeHHBIX B CTPYKTYPE CTEKIIA.

PesymbTaTel, IIONYyUEHHBIE B XOHE TPOACIAHHOH paloTH, IIO3BONAT CHHTE3HPOBATh
TEPMOCTOHKHE IIPO3pauHble HAHOCTPYKTYPHPOBAHHBIE CHTAUIBL JUIA OSINEKTPOHHOH TEXHHUKH C
OMpeNleIEHHBIMH ~ TeIUIOMM3HYSCKHMH — TTapaMeTpaMH — TTyTeM  TIpeKpallleHusa  JanbHeitrei
KpHUCTAUIM3allMH CTeKla Ha CTaAWH 00pa30BaHHA OIPEACIICHHOIO KOIHYECTBA M COOTHOIICHHA
HeOOXOAUMBIX KPUCTATUTHYECKHX (has.

3TOT TEXHOIOTHUYECKHHM TIPOLECC IIO3BONMT VIIPOCTHTh M VIIPABILATH ITPOH3BOACTBOM
CTEKIIOKPHUCTAININYECKUX MATEPHAI0OB ¢ HEOOXOMUMBIMH CBOHCTBAMH B 3aBHCHMOCTH OT BPEeMEHH
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

Kyparosa O.10.!
ICanran-HemepOypecruil cocyoapemeennsiil yuueepcumem, Canxm-Iemepoype, Poccua
e-mail: o.y.kurapova@spbu.ru

Modern synthesis strategies are a path to manufacture the advanced zirconia ceramics. The study
highlights the effect of synthesis on the crystallization and phase formation in zirconia systems.

B  Hactosiiee  BpeMS  BO3MOXKHOCTh  PacIMpeHHd  OONacTH  TeMIlepaTypHO-
KOHIIEHTPAIIHOHHON O0TacTH CYIECTBOBAHUA BBICOKOTEMIIEpaTypHbIX (a3 ZrO, ceromHg
MIPENICTARIAeT Kak QyHIaMeHTaIbHbIH, TaK 1 IPUKIagHOH HHTepec. Mcmonb30BaHe cOBPEMEHHBIX
MOMXOZOB K CHHTE3Y OKCHIHBIX IOPOIIKOB-TIPEKYPCOPOB TO3BOMIET 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
TIEPBYIO OUEPellb CTPATeTHH «CHU3Y-BBEpX» (@HTI. «bottom-up»), K KOTOPHIM OTHOCATCH METOIBI
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30Nb-Tellb CHHTE3a, THAPOTEPMABHOTO CHHTE3a, ITMTPATHOTO MeTofa (MeTofa [leunmHu) M T.1.
JOCTOMHCTBOM TaKMX METOJOB  SBISETCd BO3MOKHOCTH TOMOIEHHOTO — paclIpelelleHHd
KOMITOHEHTOB B MHOTOKOMIIOHEHTHBIX CHCTEMAaX, a TakKe HallpaBlIeHHasd KpHCTAIIN3alHsa
pasmHuHbIX (a3. [Ipu sToM AOCTHAKEHHE PABHOBECHS Ha (ha30BbIX TPAHUIlAX B CHCTEMax Ha OCHOBE
JUOKCHAA I[MPKOHHA HAIPAMYIO 3aBHCHT OT BBIOpAaHHBIX ITapaMeTpPOB CHHTE3a. B CBS3H C
BBIIIECKa3aHHBIM IIETIBI0 JaHHONH paboOTEL ABWIIOCH H3YUEHHE BIHAHHSA YCIIOBHH CHHTE3a Ha
TOCTIEIOBATENBHOCTh  (Pa30BBIX TIPEBpAIlleHHH, a Takke KpHCTAIIM3AI[MIO0 B TIPEKypcopax M
KepaMHKe Ha OCHOBe Z10)).

B kauecTBe 0OBEKTOB HCCIIEOBAaHHA OBLITH BEIOPAHBL ABYX- H TPEXKOMIIOHEHTHBIE COCTABHBI
mpeKypcopos: xXMexOy—(100-x)ZrO>, Me=Ca?', La*", Y3*, Ce*". Cunres moporkop Ha ocHoBe ZrO»>
MIPOBOJUIIM ¢ HCIIONB30BAaHHEM 30Ib-Tellb METOAa B BapHaHTe OOPaTHOTO COOCAXKACHHI C
TOCTISAYIOMEH pasmuHoi ofpaGoTkoit (odmmeHag cyimka (Labconco, 11 chamber (CIIIA),
KPHOXMMHYECKasd CYINKA B KUAKOM a30Te, THAPOTepMalbHasd U CONMbBOTepManbHad oGpadoTka). B
KayecTBE HCXOAHBIX peareHTOB Hcmomb3zoBam  ZrO(NO3)2x5.5H,O  (AcrosOrganics) H
KPHCTAIIOTHAPATHL COOTBETCTBYIOINUX CONNEH-TOMAHTOB, ¢ YNCTOTONH He HHKe 4u.J.a. Ha maHHOM
STalle BapPBHPOBANN CIEAYIOIIME IapaMeTphl CHHTEe3a - NMPHPOJa CONEH ITUPKOHWIA, H3MEHEHHE
HOHHOH CHIIBI PAacTBOpa MCXOAHBIX PEarcHTOB, KOHUEHTPAalHd OCaJWTENd, KOHIEHTPAIMd COTEH,
TeMIlepaTypa CcHHTe3a.Jlallee TOpOIKH OBUIM IIpOKalleHbl IpH  Temmeparype 400-1100 °C.
[Tonmy4eHHBIe TTOPOIKH-TIPEKYPCOPbI ObITH HCCIEMOBAHbB METOAAMH PEHTTEHO(Pa30BOro aHaIH3a
(POA, mudpaxromerp Shimadzu XRD-6000), cHHXpOHHOTO TepmMHuecKoro aHammza (CTA,
Netzsch STA 449 F1 Jupiter), cKaHHPYIOIIeH 31eKTPOHHON MHKpockormu (COM, ZeissMerin),
nasepHO cemumMenTorpaduu (PSD-aHami3, HoribalLA-950), PamaHoBckoit ciekTpockormu(Horiba)
H MeTOJ, CHATHA KPHUBBIX afcopOimu-gecopounu (ASAP 2020MP).

Meromamun POA, CTA B PaMaHOBCKOW CITEKTPOCKOIIMH ObIlla OJHO3HAYHO YCTAHOBIICHA
MOCTIEIOBATENBHOCTD (ha30BBIX IIPEBPAIllEHHH B TpeKypcopax Ha ocHoBe ZrO»: «amopdHasd dasza —
MeTacTabHIbHasd TeTparoHallbHasd MOAUGHKAIMA — cTa0HITbHasA MOHOKITMHHAS MOTH(PUKAIIHI?.
Metomom CTA u PSD mokaszaHo, UTO Temrieparypa KpHUCTAIIM3alMd CHHAKaeTcd Ha ~50 °C mpu
YMEHBINIEHHH KOHIEHTPallMi ocaaurend ¢ 5 go 0.2M, a takxke Ha ~100 °C 1mipH yMeHBINIEHHH
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
mobUIBHON  CYIIKM N4 ACTHApaTallid MPeKYypPcOpOoB  TIO3BONAT  JOOHTHCSA  TMOSBIECHHSA
TOMOMHUTENHHOTO (P (deKTa, COOTBETCTBYIOMIETO KPHUCTAITM3AIMH B CHCTEMaX Ha ocHOBe ZrO,.
Merogamu CTA, POA, COM, azcopOuuu-AecopOlHH ITOKa3aHO, 4YTO IOAO0P ONTHMAIBHBIX
YCIIOBHH 30IIb-TeIb CHHTE3a — BapHaHT OOpaTHOrO coocaxiacHud, 1M pacrteop ammmaka, 0.1M
pacTBOp CMECH CONIEH, TeMIlepaTypa CHHTe3a Iopgaka 1-2 °C | TTo3BOIgeT MOYYUTE ITPEKYPCOPHL C
BBICOKOH PeaKIMOHHOCIIOCOOHOCThIO, KEPAMHKH Ha OCHOBE MHOKCHJIA IHPKOHHA C 33JaHHBIMH
(PH3HKO-XUMHYECKUMH CBOMCTBaMH.

Pabioma estnornena npu hoodepacre I panma npesuderma PO Ona Monodsix yaervix (Rpoexm #osep 075-15-

2021-370).

INPUMEHEHWE METOJA MOJIEKYJIAPHOM JTUHAMUKH J1JIA HCCJIETOBAHIA
CBOHCTB ITIOJIMMEPOB B CTEKJIOOBPAZHOM COCTOAHHUH

Jlapun C.B.

Hucmumym evic OKoMoTeryIapHoix coedurenuii PAH, Canxm-Ilemeptype, Poccua

The report is devoted to main approaches to the investigation of the structure and performance
properties of polymeric glassy materials using the methods of atomistic computer simulation.

B HacTosmee BpeMA KOMITBFOTCPHOC MOACIIHPOBAHHE MCTOI0M MOJIGKy:IIHpHOﬁ JHHaMHEH €
HCIIONB30RBaHHEM  HaHOONee  JAeTalbHBIX  aTOMHCTHUSCKHMX  MOJSIIECH HCITOIIb3YCTCA  KadK
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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, HAIIPUMED, ¢ ABHKEHHEM Ienel momuMepa Kak IeTToro. 3avacTyio 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
e-mail: gmanukyan@sci.am

Glass formation areas of the new BaO/BaF> — GeO:> — Bi>O03, SrO/SrF> — GeO> — Bi>O3 systems
were studied in order to obtain new glasses with high optical permeability and high refractive index
values.

AKTyallBHOCTB PalOTHI CBI3aHa C Pa3BUTHEM ONTHKH H ONTOANEKTPOHUKH U TOITYYeHHEM
HOBBIX BHJIOB CTEKOI ¢ IMHPOKHUM CIIEKTPOM CBOMCTB, KOTOPBIe OYIYT XapaKTepH30BaThCA BEICOKON
MpOo3pavHOCThI0 B MK-mHarna3oHe 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
cucteM BaO/BaF2 — GeO2 — Bi203 u SrO/SrF2 — GeO2 — Bi203, B KOTOPHIX COBMECTHO BBEACHBI
OKCHIBL M (PTOPHIBI 3EMEHTOB ¢ PA3THYHBIMH HOHHBIMH PajiycaMH H CHIIOBRIMH Momavu (Ba®',
Sr?*, Bi*"), muarpaMMbl IIABKOCTH ABYXKOMITOHEHTHBIX H TPEXKOMIIOHEHTHBIX CHCTEM, BHIABIEHEL
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
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PETYIHPOBAHHUIO ONTHYECKUX TIOKasaTeNel M TOBBIICHHIO TPOMTycKaHusa crekon B MK obmactu
criekTpa. UsyueHo BIHAHHE (TOPHIOB, TEMIIEPATyphl M BPEMEHH CHHTE3a Ha «00e3BOKHUBAHHUEH
pacrinaBa (ynanenrie OH-TPYIIT) U Ha TIOBBITIIEHHE TTPO3PAYHOCTH CTEKOI.

Sel,

0 20 40 €0 806 100 ; \ \ \ \/ VARRY,
0,88a0/0,2BaF, wan% BLO, ] 20 a0 — 60 a0 100
0.85r0/0,25rF month Bi.O.

O~ creana
® - sERTIATELE O- aexnn
.-«

Pucynok. 1.06nacTH crekmoodpaszoBaHHA H 001acTh YCTOHYHBBIX K KPHC TAJUTH3ALIHH CTEKOJI CHCTEM
Ge0,-Bi,05-0.8Sr0/0.2SrF, 1 GeO,-Bi,05-0.8Ba0/0.2BaF,

Kak BugHO W3 pHCyHKa 1, 00ITacTH CTEKI000pasoBaHnd Kak B OWHAPHBIX, TaK H B TPOHHBIX
CHCTEMax TIPHJIETal0T K CTOPOHAM  KOHIEHTPAIMOHHOTO — TPEYTOIBHHKA, COJEpPKalllHX
okcupropuapt 0,.8Me0/0,2MeF, u B1,03. B cucremax Ge02-0,8Me0/0,2MeF, mpospauHble 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

e-mail:_ainep@igc.irk.ru

The lecture is devoted to the consideration of the features of polymorphic transformations in
natural quartz raw materials of various genesis and in quartz glass.

Oco00-YnCThIi TIPUPOMHBIA KBapll HUMEET IMIHPOKOEe ITPOMBIIUICHHOS ITpHMeHeHne. 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
paaHoIIpo3payHble O0TeKaTeNH pakeT. JIHOKCHI KpeMHH4, Olarofapd CBOHM CBOMCTBaM, IIIHPOKAd
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.

[MTonumopdhHbIe TIpeBpalliecHHd KBapI-KpHCTOSAHMT, a Takke TeMIlepaTypa M KHHETHKa
KPHCTAINIM3AllHH CTEKIa BO MHOTOM ONPEIETIi0T OCOOSHHOCTH IIPOLECCOB  OOOTAIlleHHI
KBapIEBOrO CHIPhSA W TOIMYYSHHUSI KBapIEBBIX KOHIIEHTPATOB. MHCTHTYTOM I'€OXHMHH BBIGBICH H
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JIOCTaTOYHO AETATbHO W3Y4YeH HOBBIM THIT O0CO0O-YHUCTOTO KBApLEBOTO CHIPhS — BBICOKOYHCTHIC
KkBapuuTtel Boctounoro CagHa [1-6]. Ha Gase 5TOoro ChIppA KBaplieBble KOHI[EHTPATHL BBICOKOH
CTETIEHH YHCTOTHL M MONMYYEHO «CYX0e» KBapleBoe CTEKIIO.

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

1. EX. Bopobbe, AM. CrmpuaoHoB, A.JL Hemomuampzx, M. KysbMHH CBepXUHCTBIE KBapLIHTHI
BocToyHoro Casna (Pecriy6mika Bypatis, Poceus) // JIAH. 2003, T. 390. No 2. C. 219-223.

2. AM. @emopoB, B.A. MakpeirviHa, A.E. Byaak, Al Henommaupix. HoBble AaHHbIE © TeoXHMHH H
MexaHH3Me GOpMHPOBAHHA KBapLIUTOB MecTopo:keHHd bypan-Capprar (Boctouneiii CasH) // JJAH. 2012, T.442. Ne 2.
C. 244-249.

3. Hemmonuamux A, Bonkosa M.T'., KaGoemor A.IL u ap. OnmHueckoe ¢TEKIO H3 KBapLMTOR BocTouHoro
Casna // dr3yuka 1 xaMus ctekia. 2018. T. 44, Ne 2, C. 169-177.

4. A, . Hennomuamux, M. T'. Bonmkora, A. IT. KaGoemos, A. M. ®emopoB. KBapLieBble KOHLICHTPAThl Ha
OCHORBE CJIMBHOT0 KBapLHTa // HeopraHndeckue MatepHamnl. 2018. T 54, Ne 8. C. 850-853.

5. M.I'. Bonkoga, A.J1. Henovuammx, A.M. @enopos H Jp. OnoHHble BKIIOYEHHA B «CYIIEPKBapLATAX»
mecTop oxreHHs Bypan-Capabik (Boctounsiii CaaH) // Teonorys 1 reodmsuka. 2017.T. 58. Ne 9. C. 1324-1331.

6. 111, AropxanaeBa, A.M. Denopos, A.M. MazykaG3oB 1 Ap. MexaHHsMbl GOPMHPORAHHA XHMHYECKH
YHCTBIX KBapIHTOB Bypan-Capapikckoro Mectopoxgienys // I'eonorus v reosika. 2020. Ne 10. C. 1316-1330.

IHEHOCTERJIO: IIPAKTHYECKHE ITPUEMBI ITPOEKTHPOBAHHA

Opmnos A /.
000 «Heopeanudecrue §yvERyUOHIIbEE Mamepuaisly, Mockea Poccua
e-mail: aorlov2004@yandex.ru

Foamglass technology is a multifactorial process. A method of serial firing of small samples for
testing raw materials and multifactorial optimization of foam glass technology are proposed.

MHoOTHE TONBI CBIPhEBOH 0a30il ITPOMBIIIIIEHHOTO IMPOU3BOACTBA TIEHOCTEKNa Obllla y3Kad
00TacTh HATPUMKAIbI[HACHIHKATHOH CHCTeMBl. (OIHAKO CerofHd, B YCIOBHAX TTI00AIBHOTO
PECYPCHOT O KpH3HCa, TEXHOIOIHA TIEHOCTEKIIa JOIKHA THOKO alalTHPOBaTh CAKMECTHON CHIPBEBOM
faze — MHHEPAIbHOH M TeXHOTEHHOH, 00eCIeUnBad PEUMKIIHHT MIMPOKOTO KPYyra MPOMBIITITEHHBIX
H KOMMYHaJIbHBIX OTXOJOB IIPH MUHHMAIILHBIX SHEpro3arpaTax.

3T0 3HAYMT, YTO CETOAHA KaXkKIOBIH ITPOEKT MPEIIPHATHA TpeOyeT He TONBKO ITPOBECTH
ropasfio 6onee IMHMPOKHI, YeM BUepa, BHIOOP CHIPheBOI Ga3bl, HO (haKTHUYSCKH CITPOSKTHPOBATH
HOBBII COCTaB MaTepHalla ¢ OINTHMU3ALNEH TEXHOIIOTHH 10 MHOIHM ITapaMeTpa [1].

Ha mepBBIi B3TIIAN, TIEHOCTEKIIO — CPAaBHHUTEIBHO ITpOcTad CHUCTEMa JJIS ONTHMH3AIHA H
MTPOSKTHPOBAHUA. DTO ¢TeKmodasa, cBOHCTBA KOTOPOH HaAeKHO PACCUHTBHIBAIOTCA TIO COCTaByY, M
rasopad (pasa, ompeaenaronas 0ObeMHYIO TIMOTHOCTD. [IpH 3ToM razopasd dasa, TOMUMO YASTBHOTO
o0BbeMa, UMeeT HCTPYKT YPHBIE TTapaMeTPhl — HallPUMED, PaclIpeIelieHHe ITop o pasmepam. ["azopad
¢daza TUHAMHYHO MeHAEeTCd B XOJ¢ BCICHHMBAHWA M ONpPEAENAeT He TONMBKO IMPOYHOCTh, HO H
CTPYKTYPY IOPOBOTO MPOCTPAaHCTBA, KOTOpad B Hiealle JONAKHA OBITh 3aKPBITON. Takum o0pas3om,
ra3opad (haza — 3T0 6olee OMHOTO MapaMeTPOB ONTHMH3AIIHH, BIMAIOIINX Ha CBOHCTBA TIEHOCTEKITA.

B TeXHOIOTHH TIEHOCTEKIa, MBI HMeeM, KaK MHHHMYM, €I1le OJHH ITapaMeTp —IHCIIEPCHOCTh
CTEKIIONOPOIIKa. B oHOCTaAMIHBIX (O0KUTOBBIX) TEXHOIOTHAX, KOT/la cTekIodasa CHHTE3UPYeTCs
OMHOBPEMEHHO ¢ 00pa30BaHUEM IIOP, MBI ITOIIYYaeM JAOTOIHUTEIBHEIE MapaMeTPhl ONTHMHU3allHH.
Taxum 00pazoM, KOTHYIECTBO MMapaMeTPOB BEIXOAUT 3a PaMKH Pa3yMHOTO.

Kak mokaspBaeT IpaKTHKa, BBIXOJA M3 «KaTacTPO(bl pasMepHOCTH» MHOTO(aKTOPHOTO
SKCIIEPHMEHTA — CO3JaHHE METOJUK CePHIHOTO IIPUTOTOBICHHUSA H HCITBITAHHA MaJIBIX CTaHIapTHBIX
00pasLoB, BIUIOTH JO ITOIHON aBTOMATH3AIlMH SKCIIEPHMEHTa [2].

JI MCTIBITAaHHS CHIPbS M MHOTO(AKTOPHOW ONMTHMM3AIMH TEXHOIOTHH TIeHOCTEKITa
MpearaeTcs MeETOA CepHItHOTO OO0XWTra MambiX cepuueckux oOGpasioB, TTO3BONIOIIHI
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OTPEAEIUTH TIOTHOCTD, IIOPOBYIO CTPYKTYPY H PeKHUM 00KHTa Ha OCHOBE 00Pa3IloB MacCOH OKOJIO
rpaMma | IpoOsl chIpbd He Oomnee 100 rpammos.

3apeplmaroliviii - 3Tan  MMOA00PaHOBOTO  COCTapa IIEHOCTEKIIa —  MalomacIinTafHOe
MOACITHPOBAHHE ITPOMBIIIIICHHON TEXHOIOTHH Ha CIElNHaTH3HPOBAHHOM  HCITBITATEIbHOM
000PYAOBAHHH — TPAHYIATOPax H BPaINAIONXCA IedaX 00K HTa.

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.

FOxeno-Yparscruit hedepanvrovill HAyIHGIT JeRmp MUHEPETozU U 2e03KoR0euY VpO PAH, Hucmumym MUHepaiozul,
Muace, Poccua
e-mail: armenakosipov32@gmail.com

The composition-structure-property relationships belong to the highest objectives for the today’s
glass science. The possibilities of Raman spectroscopy for studying glass structure are considered.

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-HHUOYAL TOMHONH 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
YacTOTHl BO30OYAKNAIOIIETO M3IIYUeHUS, NTOABHINCE B 1928 rogy [1-3] (pHCYHOK 1 HILFOCTpHPYET
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{. 1. 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(CeTKOOOpa30BaTelh)-KUCIIOPOAHBIX 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
CIIEKTPOB Ha TEPMHUECKYIO HACEIIEHHOCTh KOlleOaTenbHEIX YPOBHEH [4]:

Vv he
I =1, .—(Vo — v)‘l'[l —exp(ﬁ ]
rae I n lops — CKOPPEKTUPOBAaHHAA H W3MEPEHHAA HHTEHCHBHOCTH, COOTBETCTBEHHO, Vo - BOIIHOBOE
UMCTO ITHHHM BO3OYKIEHHS cieKTpa (eM'!), v - M BONHOBOE UHCIO B CIekTpe (cm™'), h —
nocroguHad [lmaHka, k& — rmocrogauHad bomsivana, 7 — aGcollOTHAd TeMIlepaTypa H ¢ — CKOPOCTh
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
coobuenne) // FEKypHan Pycckoro ¢us.-xum. odmectra. 1928. T. 60. C. 335.

2. Landsberg G., Mandelstam L. A new occurrence in the light diffusion of crystals // Naturwissenschaften.
1928. V. 16. P. 557-558.

3. Raman C.V., Krishnan K.S. A new type of secondary radiation // Nature. 1928. V. 121. N. 3048. P. 501-502.

4. Neuville D.R., de Ligny D., Henderson G.S. Advances in Raman spectroscopy applied to Earth and
materials science // Reviews in Mineralogy & Geochemistry. 2014. V. 78. P. 509-541.

Pafioma estnoanend e pamrax Grodxcemuott memot Nel P 1220408000 14-4.
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ONTHYECKHE METOABI UCCJIETOBAHUA CTPYKTYPBI U CBOICTB CTEKOJL
METO/BI KOJIEBATEJIBHOH CIIEKTPOCKOIIMHY C BPEMEHHBIM
PAZPEHIEHHEM.

[Nopomorxmit A.B.
Canxm-HemepOypecKuli :ocyOapcrieeHHblil YyHUGE PCUMeEN,
Canrxm-Ilemepoype, Poccua
e-mail: alexey.povolotskiy@spbu.ru

Optical methods (including vibrational spectroscopy) for studying the physicochemical and
functional properties of glasses are described both in a stationary regime and with a time
resolution.

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. MeTompl KomeOaTenbHOH CIIEKTPOCKOHH, BKIoUaromue UK-Oypbe CIEKTPOCKONHIO H
CTIEKTPOCKOIMHIO KOMOHHAITMOHHOTO paccesHuA cBera (KPC), MO3BOIMIOT H3y4aTh CTPYKTYPHBIE
0COOESHHOCTH CTEKOIN. Bce MepeyncIieHHbIe METOIBI IIPHMEHHMBI TS CTAllHOHAPHOTO H3MEpPEHUA
XapaKTEPUCTHK CTEKOI — CHCTEM HEPABHOBECHBIX ¢ TOUKH 3PEHH A 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 = Tge kel
rie K, — SHEPTHI aKTHBAIHH, HeoOXOANMas [T PeoAoNeHns 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/T — NECATKOB TTHKOCEKYH/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 m3MepeHnd MK criekrtpoB mpu momoinu Dypbe-clieKTPOMETPOB ¢
HAaHOCEKYHIHBIM Pa3pellieHHeM UM METOIOM «B O30y KICHUI-30HAHPOBAHUTY ¢ (PeMTOCEKYHIHBIM
pa3pelIeHHEM.
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BJMAHUE TUCIHEPCHOCTH HA KPHCTAJUIM3AIINIO CTEKOJI HA ITPUMEPE
KA/IMEBOBOPATHOH CHCTEMBI

[Tonaxkopa HU.T".
Hremumym xuvuy cumuramoe M. H B, Tpebenupuroea PAH, Canxkm-Hemepoype, Poccua
e-mail: ira_pp@list.ru

The unusual sensitivity of potassium triborate to the fineness of crystallizing glass particles raises a
number of questions about the possibility of representing phase diagrams for a monolithic state.

[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
(omyGnmukoBaHO B [1]), HO pAA CYIIECTBEHHBIX BOIPOCOB OCTANCA «3a KaApoM» ITyOIHKAIlHH.
[TocTapaemcd HX MEPEUUCTIHTH U ITO BO3MOKHOCTH OOCYIHTB.

B uvactHO#M GuHapHOit cucTemMe KoO-2B,03 - SKoO- 19B,03 (manee 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; (1)

Menkui mopormok  K3B — K2B + 5K19B. (2)

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
mo peakuuu (2). Ho mpu TOC oOpasopaHHe 4YacTHI[ HauMHAeTCd HAa 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.

1. TTonaxora .T., Tokapesa E.B. KpHctammsaiya cTekia H TBepAoGda3zoBbIi CHHTE3 NMPH H3YYeHHH (Ha3zoRbIX
parHOBecHH B KamdeBobopaTHoH cHereMe // Disvka H xuviHA crekna. 1997, T. 23, Ne 5. C. 506-524.
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APEBHEE CTEKJIO, ET'O IIPOU3BOJACTBO H U3YVUEHHE METOJAMH
APXEOJIOTHH H ECTECTBEHHBIX HAYK

Pymaniesa O.C.!
Hnemumym apxeonozuyt PAH, Mocrea, Poccun
e-mail: o.roumiantseva@mail.ru

A brief overview of the issues, research fields and methods for the archaeological glass, focusing on
its origin, manufacturing technologies, social and cultural significance for the ancient societies

[leppble CTEKNAHHBIC M3ACTHI, HM3BECTHBIC IO APXCONOTHUECKHM JaHHBIM, AaTHPYIOTCH
BpeMeHeM He TosfHee cepefuHbl 111 Thic. 1o H.5. OHM TPOUCXOIAT ¢ TEPPHTOPHH MecomoTaMuu
(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 ¢ IIPOU3BONCTBOM  CTeKNMa. JpepHHe
CTEKIIONENATebHBIe MacTepPCKhue CIIEIHATM3HPOBATNCh Ha BapKe CTEeKIa WM Ha IMPOH3BOACTBE
TOTOBBIX M3JACTHI W3 TonyhadpukaToB. Camble paHHHE CTEKIOBApPEHHBIC IIEHTPHI M3BECTHHI Ha
CeTONMHA Ha TeppuTopur Erumra — BTOPOrOo 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 U3ENS — YKPaIleHU, COCY/IbL,
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
natupyetcsa XIV B. 10 H.3. [ cHeIMaTMCcTOR B PaBHOI CTENICeHH 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 TMO3BONAET ONMPEAeNTUTh THII CHIPbS, B TIEPBYIO Odepelb — (PIIOCOB,
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.
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INPUBOP JIA HAHECEHWA MUKPOJIMH3 HA ITOBEPXHOCTDB
HK-ITOJIYIIPOBOJHHUKOBBIX THOJOB JJIA I'A30BOI'O AHAJIM3A

Cemenua A.B"2. Bu6e J[.B%., Kmurxop B.A 2.

| Hscmunym xuvny cuniramoe uv BB, Tpebermuroea, PAH, Canrm-Hemepdype, Poccua
*Canxm-IemepOypecrutl nonumexuudecrkull yaueepcumem Hempa Bemuroeo,
Canrxm-Ilemepoype, Poccua
e-mail: asemencha@spbstu.ru

A program has been developed for controlling robotic products for casting microlenses onto the
surface of photo- and LEDs emitting in the IR range.

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 aHanmHn3a BB B
KnuHuKe. [[okasaTerneM akTHBHOCTH CIIYKHT GOMBINOS YMCIIO ITYOIHKALMH, ITPOBEASHHE SKETOTHON
koHbepeHttuu Breath Anaysis Summit, U H3JaHHe CHEIMATM3HPOBAHHOTO KypHama Jornal of
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 HMK-matunkop. B Takmx ceHcopax oOecleunBacTcd 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 HMK-omromapel, Tak M HMCMOMb30BAaHUA CHEIHATbHBIX ONTHYECKHX CHCTEM Ha
OCHOBE MHKpONMHH3. O0e 3TH 3aJadyd MOryT OBITH PEIICHBI 3a CHeT paspaloTOK 3adBIIIEeMOHN
TPYIIITHL.

Brnaromapsg MHKpPOKaICYIHPOBAaHHIO BBICOKOITPEIOMIIOIINMA ONTHYECKHMHU cpefamMu MK
u3IydarTene 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 JBYX MPOeKIHi (TockocTh X 1 Y);

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

3. CrcremMa TOYHOTO TIO3HIIHOHUPOBaHU A paboTaeT IIpH Temiieparypax go 250 °C;
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4. OOpaTHOE HaBIIEHHE B JO3HPYIOMIEM COCYJe IO3BONSIET INEePEXOANUTh B PEXKHM «aHTH-
Kariay,

5. OObeM MaTepHalla I MHKPOIMH3bI KOHTPOIMPYETCd CpPeNCcTBAMH TEXHHYECKOTO
3PEHNL,

6. llomHOCTBIO TepMeTHYHad KamMepa IIO3BONIET CO3JaTh YCIOBHA KOHTPOIHPYEMOH
aTMOC(EPHL,

7. BeTpoeHHad cHeTeMa OXJIakIeHHE IIEKTPOHHKHA H MEXAHH3MOB ITEPEMEITIEHNU A,

8. KoHTpomb TemItepaTypsl ITOIIIOAKKH ,

9. Hamnumne BO3MOKHOCTH TPOSKTHPOBATh TPASKTOPHIO IEePeMEIeHHd H MHOTOKPaTHOH
BOCITPOM3BOAUMOCTH Pe3yIbTara.

PesymbTaTel MH3HPOBaHUA AHOMa ¢ KopitycoM TO-18 mpeacTaBieH Ha pHCYHKE 1.

PucyHok 1. @oTorpadusa HK-doTomioga Ge3 MHH3bI (ClieBa) 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 2TOM PacXOibl Ha YCTAaHOBKY IIHH3BI, €€ IOIMPOBKY,
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
«Herose Koye HMPUIHOIE MEXHOR0ZUY 1 petteruay npoepavivst TPITOPHTET 2030,

MHKPO- H HAHOMOJAHPHUIIHPOBAHHE CTPYKTYPBl OKCHUJHLBIX CTEKOJI -
HOBBIE ITPHJIOYKEHWA U ITEPCIIEKTHBBI

Cwraes B.H.
Poccuilc il xunko-mexnorozudec kuti yvaueepeumem us. LU Mendeneeea, Mockea, Poccua
e-mail: sigaev.v.n@muctr.ru, viad.sigaev@gmail.com

Bulk modifications of glass structure at the initial stages of glass-ceramic formation and local
micro- and nanomodifications by femtosecond laser radiation are briefly discussed.

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
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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 CHTAIIOO0pPa3OBaHHI HIH 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 HEMHHEHHO-ONTHYSCKHMH KpPHCTaUTaMi H OOITaJaroIie
KBaJpaTHYHOH OITHYECKON HEITHHEHHOCTBIO,

— AmomobopaTHble (XaHTHTOIMOAOOHBIE) CTeKIa ¢ MaKCHMATbHO BO3SMOKHBIM PacCTOSHHEM
Ln—Ln (Gonee 0,6 HM) M TIpo3payHas CTEKIOKepaMHKa C BBICOKMM cofepxkaHHeM GarO3 Kak
AaKTHBHBIC JTa3ePHBIE CPEIbl H BH3YAIN3aTOPhl Y D M PEHTT€HOBCKOrO H3ITYUCHH T,

— QopmupopaHHe  (eMTOCEKYHIHBIM  Ja3epHBIM  IIYIKOM  JIBYIIYUEITPETOMIIIOIIIX
TTOIIPH3AIHOHHO-3aBHCHMBIX  MHKPOCTPYKTYP B TEPMOCTOMKHMX MaTepHalaX (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;

— JlokanpHag Ta3epHO-HHAYIHMPOBaHHAI KpPHCTAIUIM3allMd CTEKOM 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-ONITHYSCKUMH ~ CBOHCTBaMH, KOHBEPTOPHI UYacTOTHL,
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-HHIYIIMPOBaHHOE TpaBliecHHe H (HOPMHPOBAaHHE ITONBIX MHKPOCTPYKTYP CIIOKHOM
TeOMETPHH B 00beMe CTEKOM AT IMMPUMEHEHHH B (DOTOHHKE, MUKPOQITIOHANKE H MHKPOMEXaHHKE.

Paboma estnonrera npu uxancoeoti noodepicke Mimcmepemed oOpasoeaniia U Hayku PO (npoeran FSSM-
2020-0003).

OKCHIHBIE CTEKJIOOBPA3ZYIOIHNIHE CUCTEMBI
ITPH BBICOKHX TEMIIEPATYPAX: HCITAPEHUE H TEPMOJHHAMIKA

Crongpopa B.JI.!2
[Hnemunmym xuniy cumramoe u BB, Fpedemyuroea PAH, Canrm-Hemeptype, Poccun
2Canrm-IHemepoypecrull 2ocydapemeennviit yrueepcumem, Canxm-Iemepoype, Pocecun
e-mail: v.stolyarova@spbu.ru

Information on the vaporization processes and thermodynamic properties of glass-forming oxide
systems containing SiO>, B>03; GeQO> P:0s5 with variety oxide modifiers was discussed up to
3000 K.

HGO,I[HOKpaTHO IIOKa3aHa OIMPSICIIAOaad pollb IMPOLICCCOR HCIMAPCHHA IIPH ITOIIYUCHHH H
SKCIITYaTallHH CTCKOIl ITPH BBICOKHX TCMIICPaTYpPax. B Hacrommee BpCcMA TepMO,I[HHaLIPILIeCIG’Iﬁ
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MOAXOJ K  PAacCMOTPEHHI0  (QUBHKO-XUMHYECKHMX  TPOLECCOB ¢ 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 CHCTEeM Ha OcHOBe SiO2, B203, GeOs, P2Os, comepKalimx Takxe
OKCHABI-MOAM(pHKaTOpel 1-5 rpymm Ilepuoamueckoit cuctemsl J|.M. MeHzaeneepa. OCHOBHEBIE
PE3VIIBTaTEl M 3aKOHOMEPHOCTH BBICOKOTEMIIEPATYPHOTO OITMCAHHA PacCMATPHBAEMBIX CHCTEM
TIOITYYEeHbl ¢ HCIONB30BaHHEM JAHHBIX, HaWJEHHBIX METOAOM BBICOKOTEMIIEpAaTYPHOH Macc-
crieKTpoMeTpHH | 1-8].

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 TakKke ITONYIMIHPHYESCKHX M CTaTHCTHKO-TEPMOTHHAMHYESCKHX TIOOXOIO0B AT
pacieTa UX TEPMOJMHAMHYECKHX CBOHCTB [ 1-8].

1. Stolyarova V.L. High temperature mass spectrometric study of oxide systems and materials // Rapid
Communications in Mass Spectrometry. 1993. V. 7. N 11. P. 1022-1033.

2. Stolyarova V.L., Semenov G.A. Mass spectrometric study of the vaporization of oxide systems, Wiley,
Chichester. 1994. 434 p.

3. Stolyarova V.L. Vaporization Processes and Thermodynamic Properties of Oxide Systems Studied by High
Temperature Mass Spectrometry / ECS Transactions. 2013. V. 46. P. 55-68.

4. Stolyarova V.L. High Temperature Mass Spectrometric Study of Thermodynamic Properties and
Vaporization Processes of Oxide Systems: Experiment and Modeling // The Open Thermodynamics J. 2013. V. 7. P.
57-70.

5. Stolyarova V.L. Vaporization and Thermodynamics of Glass-Forming Oxide Melts: Mass Spectrometric
study and modeling // J. Materials Science and Chemical Engineering. 2015. V. 3. Ne 7. P. 81-86.

6. Stolyarova V.L. Mass spectrometric thermodynamic studies of oxide systems and materials / Russ. Chem.
Rev. 2016. V. 85. P. 60-80.

7. Stolyarova V.L. Vaporization and thermodynamics of glasses and glass-forming melts in ternary oxide
systems // Applied Solid State Chem. 2017. V. 1. P. 26-30.

8. Stolyarova V.L. Review KEMS 2012 till 2017 // Calphad. 2019. V. 64. P. 258-266.

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

Teepparosny I0.C., CyvupHoB E.B.
Canrxm-ITemeptypzcruii 2ocvoapemeennsili yuuesepcumem, Canrm-Ilemepoype, Poccur
e-mail: y.tveryanovich@spbu.ru

Metals of copper subgroup form metallophilic bonds in the chalcogenide glass-network. The
appearance of metallophilic bonds significantly changes the mechanical and thermal properties of
glasses.

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
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IBIACTCA  CIIOCOOHOCTh  (OPMHPOBATh TPOUHBIE METAITOGWIBHBIE CBA3H.  KpHUTepHaIMH
BO3MOKHOCTH (POPMHpPOBaHHA METALIO(PHIBHBIX B3aHMOAEHCTBHI ABILIOTCA JOCTAaTOYHO MAlloe
paccTOAHHEe MeXKIY aToMaMH (He OONbIlle CyMMBI painycoB Bao-mep-Baanbca) M Mambrit
shdexkTUBHBIH 3apgn Ha aToMaX. KoOBaleHTHBIE CBA3H METallI-XalbKOTEH, OOpa3yIoIne
XaTbKOTEHUAHBIE CTEKIA, HMEIOT CTENEeHh KOBaIeHTHOCTH Ooree 90%, uTo o0ecleYyMBacT MalloCTh
sthdexTuBHOrO 3apama. Ceaseit Ag-Ag, YIOBISTBOPSIONIMX TIEPBOMY M3 KPHUTEPHEB, AOCTATOUHO
MHOTO B XalbKOTeHHJaX cepedpa, uTOOB ChOPMHPOBATh TPEXMEPHYIO HEMPEPHIBHYIO CeTKy [1].
CyIiecTBOBaHHE  METAIMOGHUIBHBIX  B3aUMOASHCTBHIT B XalbKOreHHAaxX cepebpa OO
TIOATBEPANCHO H KBAHTOBOXMMHYESCKHMH pacueTaMH [2]. B oTimure OT KOPOTKOASHCTBYIOINNX U
HaITPaBIEHHBIX KOBAJIEHTHBIX CBM3eH MeTalno(UIbHBIE CBA3H SABIAIOTCA HEHAIIPABICHHBIMH.
[ToaToMy XanmpKOreHHABI cepedpa o0lMafar0T aHOMAaIbHO BBICOKOH INTACTHYHOCTBIO [1]. Tak Kak
OCHOBHOH TPHYHHON 3TOH ITACTHYHOCTH ABIIOTCH OCOOSHHOCTH HE KPUCTAIIIMYECKONH PEIIETKH, a
XUMHYECKONH CBA3H, €CTECTBEHHO IIPEIIONIOANUTh, YTO OTH OCOOSHHOCTH H IOBBHOIICHHAL
IDIaCTHYHOCTh COXPAaHATCA TIPH TEpexofle K CTEeKI000Pa3sHOMY COCTOAHHUIO. JKCIIEPUMEHTAIBHO
MOKa3aHO, YTO IUIaCTHYHOCTH CTEKIIOO0pasHOM IUIeHKH AgrSe IPEeBOCXOMUT IUIaCTHYHOCTH
KPHCTAINIMYECKONH IUIEHKH TOTO K€ cOcTaBa. BBITIONHEHHE IEepPBOro KPHTEPHA CYINECTBOBaHHSA
MeTATOMHUITEHBIX B3aUMOACHCTBHIT Ag-Ag B PA3THUHBIX XalTbKOT€HUAHBIX CTEKIaX MOATBEPKICHO

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

CocTaE CTeKa PaccroaHHe MeKTY KonmuuecTro O/mixaliiix coceie Ag- Cchlika
aromania Ag (Cu) (A) Ag (Cu-Cu)

(Ag,S), (AsS)) 3.0 2.7-3.1 (3]
(Ag,S), ,,(AsSe) __ 3.30 2.7 [4]
Agl-As Se, 3 2.3 [3]
(A8,5¢); 1355821552 )y 75 3.02 4.2 [4]
(AgSe) (GeSe) 3.02 1.9 [6]
(Ag,Te) (AsTe) 3.03 2.8 [4]
(CuZSe)O.ZS(AsSe)O.75 2.70 1.0 (4]

OcHOBBIBadACh Ha TIONYYEHHBIX pesylbraraxX, apTopel [4] oTmedaror: “TlepBoi
MIPUMEYaTebHOH OCOOSHHOCTBIO ABIIFRTCA CYINECTBOBAHHE METallI-MEeTaIUIMYeCKHX PacCTOSHHI
T, KOTOPBIE OTHOCHTEIIBHO KOPOTKH B TOM CMBICIE, YTO COIOCTaBHMBI C ONHKaHIITHMHU
PAcCTOSHUAMH B MeTalTHueckoM Ag (2.89 A) unmu metammndeckoit Cu (2.56 A)”. Ilosromy He
YAUBHTEIFHO, YTO HaOMOZAETCI KPaTHOE YBEIMYEHHE TUTACTHYHOCTH XalbKOTEHHIHOTO CTEKNA B
pesyibTare (GOpPMHPOBAHHH HEHATIPABIICHHBIX METATMOGUIbHBIX CBA3e Ag-Ag TpH BBeJScHUH B
ero cocrab AgySe [7]. Bropad 0OCOOEHHOCTH XallbKOTEHHAHBIX CTEKONI € METaUIO(HILEHBIM
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,
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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.
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Pafioma evinonrnena npu noddepycke POD@H (npoexm wnomep 20-03-00185). HnepeHnua eoiROIHEHI €
Hayunonm napre CIIETY (pecypchsie yenmpsi: Onmudeckie M JA3EPHLIE MEHOOS HCCTICOOCOHUA €eHIECHHED,
Mescoucyumminaprstil pecypeHsill yesmp no HanpaereHuro "Hanomexrnonozun”, PenmeenoOudparyyonnsie Memoont
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PN3NKO-XUMHUYECKHE ACIEKTHI B3ANMO/JIEHCTBAA CHJIMKATHBIX
CTEKOJI CT'A300bPA3HBIMH PEAI'EHTAMH H 3JIEKTPOMAI'HUTHBIMH
IHOJIAMHA

[MTaparos B.A.
Beasyruiil cocyoape meennoiil yaueepcumem usenn Arexy Pycco, Bersyor, Pecnynura Mordoea
e-mail: sharagov@mail.ru

The article discusses the interaction of industrial glasses and of synthesized two- and three-
component silicate glasses with gaseous reagents, constant, alternating, and impulse magnetic

fields.

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
PEeaKIMH CHIIHKATHBIX CTEKOJ ¢ KHCIBIMH Ta3aMA H (TOPXIIOPCOAEPKAINMA 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 0GECI[BEYEHHOTO CTeKTa;, OYTBUIKH M3 TEMHO-3€TIEHOTO CTEKIa;, H3eIIs
W3 COPTOBOTO MTPO3PavyHOTO OOESCIIBEUEHHOTO W CHHETO CTEKOIN, PACcCEMBATENH M3 PO3AIIMHOBOTO M
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MOJIOUHOTO CTEKON;, M3MeIHA W3 IIPO3PauyHOrO OEeCIBETHOIO MEJHUIIMHCKOTO CTEKIIA U XHUMHKO-
1a00paTOPHOrO CTEKIA, H30IATOPEL M3 IIPO3PauHOr0 OeCUBETHOIO M MANOINENIOYHOTO CTEKOIL.
XUMHIeCKHE COCTARBI CTEKOI IpeficTaBlieHbl B [1]. O6beKkTaMH HCCISAOBAaHHN TaKKe IBIATHCH
CHHTE3HPOBAaHHBIE JIBYX- M TPEXKOMIIOHEHTHBIE cTeKlla cHcTeMbl Na)O-R,03-Si10;, rae RoOs—
AlO3 u By0s3. Jma TXO creknma nmpumeHw SOz, NO2, CF2Clh, CHF2Cl u rasopsie c¢MecH H3
(TOPXITOPIPON3BOAHBIX YITIEBOJOPONOB M AHOKCHAa Cephl. B KauecTBe HMCTOUHHKOB (TopHia,
XTIopHAa U OpoMHAa BOAOPOJa HCMONb30Bamd pacTBophl kucrmor HF, HCI, HBr. DkcnepHMeHTE
TIPOBOJNIHN B 1a00PaTOPHBIX H 3aBOACKHX YCIIOBHAX.

Tepmoxummueckad  00paboTKa  MPOMBINUIEHHBIX M CHHTE3HPOBAHHBIX  CTEKOIN
razoo0pasHBIMH pearcHTaMH H CMecAMH Ta3000pasHBIX peareHTOB IIPHBOOUT K 00pa30BaHHIO
MIPOAYKTOB Peakimi, comepxamuxNa" u K*. TIporecc BHIINETaUYHBaHHA CTeKIa Ta3000pasHbBIMI
peareHTaMH BKIIOYAeT PAA (PH3HKO-XUMHUYESCKMX SABNMeHUH. CKOPOCTh BBHIMIENAYHBAHUA CTEKIIa
mamuTHpyered Auddysnuei IMeToYHbIX KaTHOHOB W3 €r0 TOMIM K TOBEPXHOCTH. MeXaHH3MBI
XUMHYECKOTO B3anMOZeHCTBHA MpoMBITIIIeHHbIX c¢TeKoll ¢ CFLCly, CHF2Cl, HF, HCI, SO2 1 NO, a
TaKKe CMECAMH STHX Ta30B, B L[EIIOM aHAIIOTHYHEL H CBOAATCA K BBIIIECTAaUMBAHHIO TIOBEPXHOCTHOTO
CIOA CTeKIa Ha TnyOuHy g0 1,0 MKM IIpH CTeleHH €ro BhImenaunBaHugd A0 80 %. 4
CHHTE3HPOBAHHBIX CTEKON ToMNHHa BeIMeToueHHOr0o CF.Cly cmog mocturaer 30 MEKM, IIpHYEM
AlbO3 ycHIMBaeT BhIllleaunBaHue, a BoO3 — ocmalngeT.

TXO IpOMBIIIIEHHBIX CTEKIOU3ACIHN Ta3000pasHbIMH  peareHTaMu B TabOpaTOPHBIX
YCIIOBHAX IIOBBIIIACT MX BOAO- M KHCIOTOYCTOMYHMBOCTE B HECKOIBKO pa3, MPOYHOCTH IIPH
CTaTHYSCKHX H JHHAaMHUYeCKMX Harpyskax Ha 50-70 %, msmkporeepzocts — Ha 10-20 %,
TEPMOCTOHKOCTh — Ha 10—15 %. HanGomb1imit 5¢hdekT B MOBBITIIEHHH CBOHCTE CTEKIIA JOCTHUTACTCS
TPH BbIMIeTaunBaHuH ero cMecamu CF2CloeSOs.

B 3apoackux yemopHaX TXO CTeKIIHHOM Taphl (PTOPXIOpCOASp:KaIllMMH pearcHTaMH
TIOBBIIIAET B ASCATKH pa3ee XUMHUESCKYIO YCTOHUHBOCTE, MEXaHHUECKYIO IIPOUHOCTE - Ha 20-30 %,
MHKpPOTBepIoCcTh — Ha 10-20 %, TepMoctoikocTs — Ha 10-15 %. TXO mucrosoro crekna CF,ChHa
cTaguy (GOPMOBAHHUSA ITEHTHI COTMPOBOKIACTCA TIOBBITIIEHHEM €TI0 BOJOYCTOHUHMBOCTH B HECKOIMBKO
pas, IMPOYHOCTH IIPH IEHTPAIbHO-CHMMETPHYHOM H3THOe - Ha 30 %, IMpHYeM e¢ MHHHMAIbHBIA
YPOBEHBb BO3pacTacT BABOE. I[IOBBIIIEHHE SKCIUTYaTal[HOHHBIX CBOHCTB CTeKlla O0paloTKOH
bTopxIopcoepKAIIUMH peareHTaMH JOCTUTAeTCA TI0 ABYM ITPHHITUITHATLHO Pa3THYHBIM METOMAM:
BBOIENAaYHBAaHHUEM HIH IIPeo0pasoBaHHeM CTPYKTYPEL IIOBEPXHOCTHOTO CIIOA TOMIIHHON 10 0,3 MKM
IIPH He3HAUMTEIIBHOM M3MEHEeHHH €0 cocTaBa. Bo BTOpOM ciydae, MO-BHIAMMOMY, IIPOHCXOIUT
3aMEIleHHe Ha TIOBEPXHOCTH CTeKima rpynmn OH™ W yacTH HanOollee aKTHBHBIX MOCTHKOBBIX
aHIOHOB KHCIIOPOJA Ha aHMOHBI F | BCIE[CTBHE Uero IpeJoTBpallacTcs o0pasoBaHHe HanOolee
crmadpix ceaei =Si—OH.

YCTaHOBIIEHa 3aBUCHUMOCTh (PH3HKO-XUMHYECKHX CBOWCTB ITPOMBIIIINIEHHBIX CTEKON OT
PEKHUMOB TEepPMOXMUMHYESCKON O0OpabOTKH KHCIBIMH Ta3aMH H, COOTBETCTBEHHO, CO CKOPOCTBHIO
BBONIETAUYHBaHUA Na', COCTaBOM H CTPYKTYPOH €ro IMOBEPXHOCTHOTO ¢I0A. JIIg TMOmyueHHS
MaKCHMambHOTO 5(hdeKkTa B TOBBIINICHHH TEPMOMEXAaHHUSCKHMX CBOMCTE H  XHMHYECKOH
YCTOHYHBOCTH CTEKIOM3IEIHH TEePMOXUMHYECKYHD 0O0paloTKy Ta3000pasHbIMH —PearcHTaMA
HeOOXOUMO IIPOBOIUTE 10 PEKHMY, O0SCIIEUNBAIOINEMY HAHOOIBINYIO TONIIHHY BEIINEIIOYEHHOTO
CIIO4 CTEKIIa M CTEIEHD er0 BHIIIEIauHBaHU .

BridBIeHO CXOACTBO M paslHuKe B IIpolleccaX BBIINENIAUMBAaHHA CTEKIa Ta30BBIMH
peareHTaMH, BOAOH, pPasHBIMH pacTBOPaMH H BO3ACHCTBHEM IUIa3MBl SIEKTPHUESCKHX Pa3paioB, a
TaKXAe ¢ IIPOLIECCOM BOCCTAHOBIIEHHAI HOHOB CTEKITA Ta3aMH.

[Ipupoma B3aMMOACHCTBHA DSIEKTPOMAarHUTHBIX IIONeH € HEOPraHHYECKHUMH CTEKIIaMH
H3y4yamach  Majo.  OKCIIEPHMEHTEL B OCHOBHOM  BBIOIOMHAIMCE € MOJEIBHBIMH
MONMYMTPOBOMHUKOBHIMU M OKCHAHBIMU cTeKmamMu [2].IIpakTHueckoe HCIMONb30BaHHE MAarHUTHOTO
TIOJIA 14 YIIPOUYHEHU A CTEKIIAHHON Taphbl HAllMK OOITapcKUe YUeHBIE |3 .

Hanut mipoBeieHsI 1aGopaTOPHEIE H 3aBOIACKHE DKCIIEPHMEHTHI IO OIPENCIICHHEO BIIMAHNU A
BO3ACHCTBHA TOCTOAHHOIO, IIEPEMEHHOIO M MMITYIIbCHOTO MATHHTHBIX ITONEH Ha CTPYKTYPY H
GUBMKO-XUMHYECKHE ~ CBOWCTBa  TPOMBIIIICHHBIX ~ CTEKON:  TTMCTOBOTO,  ITPO3PAYHOTO
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O0SCIBEUEHHOI'0 M MOJIOYHOIO CBETOTEXHHYECKHX, IIPO3PAYHOrO OOECIBEUSHHOIO TapHOTO,
TEMHO-3€TIEHOr0 OYTBUIOYHOTO M OeCHBETHOIO MEIWIIHHCKOro. Pexumbl 0oOpaloTKH 0o0pasiioB
MarHUTHBIMH IIOIAMH B ITa0OpaTOPHBIX 3KCIEpHUMeHTax: Temrieparypa — 300-700 °C. moxyms
BEKTOpa MarHWTHOH HHAYKIMH — A0 0,16 T, mmurenbHocTh — 1-300 ¢.OCHOBHBIE TapamMeTphl
06paboTKH CTEKNOM3ACTHI Ha 3aBofax: Temieparypa — 450-700 °C, MOAYIb BEKTOpa MarHUTHOMH
uHAyKunHU - 10 0,25 TIL, pogomKUTENBHOCT — 1-8 C.

HccrnemopaHng ITOKasalld, 4TO TEepPMOMATHHTHad O0pabOTKa IIOBBIINAST MEXaHHUSCKYIO
IPOYHOCTh ITPOMBINUIEHHBIX CTeKImomsAenuii Ha 20-40 %, mukporBepmocth — Ha 10-20 %,
TEPMOCTOHKOCTH — Ha 5-10 %. Bo3aehcTBHE AIEKTPOMAarHUTHBIX ITONEH Ha CTEKIIO He W3MEHAET €TI0
XUMHYECKYIO YCTOWYHBOCTH. Ha ocHOBe maHHBIX Meroma HF-cekimoHnpopaHud |3| MOKHO
YTBEPAAATh, UTO TEPMOMAarHUTHaA 00padoTKa H3MEHAET CTPYKTYPY ITPOMBIIIUIEHHEBIX CTEKOIL

OrmpefeneHsl ONTHMAIbHBIE PeAMMBL M paspaboTaHa TEXHOJIOTHA TEPMOMATHHTHOH
00pabOTKH ITPOMBITILIIEHHBIX CTEKIION3ACTTHHA.

OCHOBHBIE ~ JOCTOMHCTBA MeTOJa TEePMOMATHHUTHOM  00palOTKH  CTEKIIOHM3ZEIIHI:
BO3MOKHOCTh TIOBBIIICHUSA SKCIITYaTAaIlMOHHOW HAACKHOCTH H3ACTHH CHOXKHOH (opmer Ge3
U3MEHEHHSA  TEXHOJIOTHMH HX  TPOM3BOJACTBA,CTabHUIMbHOCTH,  3(dekra B TOBBIIEHHH
TEPMOMEXaHHUESCKUX CBOMCTB CTEKJa, COXpPaHEeHHEe EeCTECTBEHHOIO COCTOSHHA IIOBEPXHOCTH
CTEKIIa;, He 3arpA3HACTCA OKPYKAIOINad Cpejia.

OOcyxmaeTcd  KOMOMHHpOBaHHad  oOpal0oTKa  IIPOMBIIUIEHHBIX — CTEKIIOW3ICIHH
ra3000pa3sHBIMH peareHTaMH U AIEKTPOMArHUTHBIMH TTONAMH TS JOCTHAKEHH GOTbInero s dekTa
B IIOBBIIIEHHH HX TEPMOMEXAHHYESCKUX CBOMCTB H XUMHUECKON YCTONUHBOCTH.
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Gynmymero: MoHorpadua. Opfecca, 2018.C. 44-54,
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INOJIMMEPHBIE HAHOKOMITO3UTHBIE CTERJIA C YJIYUINEHH BIMU
PHINKO-MEXAHHYECKHMH CBOUCTBAMH

IOmnH B.E., Baranos I'.B., ingenko A.JIL., CeetnnyHeri B. M.
Hucmumym evic oxonoueryiwipnvix coedurernuii PAH, Canxm-Ilemeptype, Poccua
e-mail: yudinve@gmail.com

Despite significant advances in the development of new polymer nanocomposites, many questions in
this area remain open. The lecture is devoted to the molecular mechanism of polymer
reinforcement.

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 TOIHMEP-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
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TMOBEPXHOCTH HAHOYACTHIIL JIIA YIYUIIIEHHSI HX COBMECTHMOCTH ¢ TIOMIMMEPHON MaTPHIICH, a Takke
PA3IIMYHBIM TEXHOIIOTHYECKUM TIPHEMaM BBEISHHA 3THX YacTHIl B IONHMEPHYIO MaTPHIY (in situ
TTONMHMEPH3allid, "pacTBOpHaA" U "paciinapHaa" TEXHOIOTHH HITH HX 00beIMHEHHE) I ITOTYIeHH
TUIEHKOOOPas3yIoOMX H OJOUHBIX MaTepHAIOB, BKITIOYAd METOMBI aAJUTHBHBIX TeXHOMOTHH (3D-
TIeYaTh).

SHauMTeNbHBIE M3MEHEHHI MEXaHHUeCKHX M JAPYIHX (GaphbepHBIX, AIEKTPOITPOBOMMIIHX )
CBOHMCTB ITONUMEPOB TIPH A00aBICHUH B IOJIUMEPBI BCETO OKOIMO 1-5 00beMHBIX % HAHOYACTHIL ¢
OONBIIOH YACIIBHOW MTOBEPXHOCTHIO M 3HAUHTEIBHOH aHH30TPOITMEH PasMEPOB YaCTO CBA3BIBAIOT ¢
MOSBIICHHEM TaK Ha3bIlBaeMOTO MEPKOIAIIHOHHOTO KrmacTepa. [103ToMy, Ha MpHMepe TTOMHMEPHBIX
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.

Jna chopMHUpOBaBIErocd B ITOCIISTHHE TOAbBI 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 HAIOIHUTEId — HaHOYACTHIBI OPTaHHYSCKOTO (XWUTHHOBBIE HaHOGMHOPHIIIEI) HITH
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
{coenamenue Ne 075-15-2020-794).

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

HOpuisH H.C.

Hacmumym xunvun cuauxamoe ust. H B, I'pebeniguroea PAH, Canxm-Hemepovpe, Poccua
e-mail: yuritsyn@mail.ru

The influence of the glass structure relaxation on the crystal nucleation rate is established. Below
the glass transition temperature, it manifests itself in a stepwise increase in the nucleation rate.

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
3apPOKACHUA € BBIXOJOM Ha IIOCTOAHHOE 3HaueHHe [y, Takoe IIOBEAEHHE CKOPOCTH
HHTEPIIPETHPOBAIIOCh A0 IOCIEAHEr0 BPEMEHM KaK YCTaHOBIICHHE CTAllHOHAPHOTO peXkKHMa
3apOKICHNA KPHUCTAIUIOB COTTIACHO KiaccHYecKon Teopued Hykneannn (KTH). TemmeparypHag
3aBUCHMOCTE /(7)) XapaKTepH3yeTCsI MAKCHMYMOM IIPH Tmax BOTIH3H TEMITEPAT PRI CTEKIIOBAHNA 1.
KTH maer xoporiee KOMHYECTBEHHOE OIMMCAHHUE 3apOABIINe0o0pa3oBaHus IIPH TeMITepaTypaxX BBIIIE
TeMIepaTypbl Tmax. [IpH TemmiepaTypaxX HHAE Tmax CKOPOCTH HYKIIEallMH (OmpelendeMas B
OrPaHHYEHHBIX NabOpaTOPHBIX HHTEpBalaX BpPEMEHH) CTaHOBHTCH MEHBINE TEOPETHUYECKH
MTPeICKa3hIBAEMO, M 3TO PACXOKACHUE PE3K0 BO3PACTAeT ¢ TIOHHAKEHHEM TeMIIepaTypsl (pHc. 1).
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Prcynok. 1. IlokasaHa sKkcriepHUMeHTaIbHO H3Mep eHHAA ¢ TALHOHAPHAA CKOP OCTh 3aposkIeHHA KPHCTAILIOE [ B CTEKIIE
COCTaBa AHCHIHKATA JHTHA, Li;0-2Si0,, B 3aBUCHMOCTH OT TEMITepaTypbl (KPY#KKH). CIUIOMHAA JIHHHA MTOKa3bIBAaeT

TeOopeTHYEeCKH M €J1CKa3 aHHY 10 CTAHOHAPHY K0 CKOPOCTh HyKnealiH [1].

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
Pe3yIIbTaTe H3MEHEHHA PAa3MEPOB CTPYKT YPHBIX €IHHHIL, OTBETCTBEHHBIX 3a KPUCTAILIH3ALHIO [2],
WIH H3-3a HW3MEHEHHA IPOCTPaHCTBEHHO-HEOMHOPOAHOW CTPYKTYPHI  CTEKIOO0PasyIOITHX
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 cTeKila (anbda — perakcallih) IIPH 3aJaHHOH TeMIEpaType
HykneallHd T < Tmax. [loaTOMy cuMTanock, 4TO Ipoliece 3apOAKIeHHA 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 3HaUeHHUH [ (pHc. 2a) [1].
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PucyHok. 2. 3aBHcHMOCTH paboTel 06pa3zoBaHHA KPHTHUECKOTO 3apofblma W, H cTALHOHAPHOH CKOPOCTH 3ap 0] eHHA
KpHUCTaINoB [iy B cTekne Li,O-2Si0; ot BpemeHH Tepmoodpabotk rpH 7= 703K (kg — nmoctosHHas BomblmaHa).
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[lomyueHHBIe pe3yIIbTaThl MOKHO OOBSACHUTH, €CIIH TIPENIIONIOAKUTH, YTO B CTEKIIE IIOCIE
3aBEPIIEHUA OOBIYHOW CTPYKTYPHOH pelakKcaliid, KOTOPYIO Ha3bIBalOT allb(a — permakcalren (1o
JaHHBIM H3MePEHHA TUIOTHOCTH €€ IPOROIIAUTEILHOCTE IIpuMepHO 20 U mpu 703 K), IIporcxoguT
JOTIONTHATENBHAA JIIUTEIbHAA PellaKcallid CTPYKTYPhl. (OHa IPOHCXOMUT B pPe3yilbTare CKauKoB,
TIePexXoN0OB CTEKIla M3 OJHOTO JIOKAIBHOTO MeTacTaOMIIBHOTO COCTOSHHA B Apyroe. Bo Bpema
Mpe0rBaHuAg B Ka&IOM U3 OTACIIBHBIX COCTOAHHN JOCTHIAcTCA CTAlMOHAPHOE 3HAUCHHE CKOPOCTH
sapoxacHA. [locle ckauka B HOBOE COCTOSHHE COBEpIIAeTCd MEPEeXol K HOBOMY OO0Iee BEICOKOMY
3HAUCHHIO CTallHOHAPHOH CKOPOCTH 3apoxicHHd. [Ipm ¢ > 600 uacoB HaOmomancd BBIXOJ Ha
MaKCHMAJlPHOS  3HAueHHEe  CTAllMOHAPDHOM  CKOPOCTH  3apOXKACHHI,  COOTBETCTBYIOIIEE
MeTacTabHIbHON KHUIKOCTH (PHC. 2). DTa CKOPOCTh COXPaHMIach MOCTOAHHON BIDIOTH M0 2200 4.
Ee BenmuumnHa GMmisKa K 3HaUeHHIO, paccurTaHHOMY 10 KTH (cm. puc. 1,2).

Hiid omucaHWd HM3MEHEeHHdI CTallHOHAPHOM CKOPOCTH 3apOKACHHA HeOOXONMMO BBECTH
MPEIONIOKEHHEe ©  CKaukooOpasHOM  HW3MeHeHHMH TapaMerpoB KTH 1mmpuH ykasaHHOM
CKauKooOpasHOM H3MeHEHHH CTPYKTYPEL. Ha pHe. 2 mokazaHo, A1g IpuMepa, W3MeHeHHe W .

[Ipu TemiiepaTypax BBIE Tmax SKCIEPHMEHT IO HYKIEAl[HH IIPOBOJAWICA B OCHOBHOM B
TIOIHOCTBIO PETTAKCHPOBAHHON KHIKOCTH M3-3a OBICTPOH Pellakcallii CTPYKT YPBL.

Dbdexr ckaukooOpazsHOrO H3MEHEHHI CKOPOCTH 3apOKIeHHS KPHUCTAIUIOB OBUT HEJAaBHO
TIOATBEPAICH B HATPHEBOKAIBIMEBOCHIIMKATHOM CTEKIIE [4].

Brudnne pemakcallid CTPYKTYPBL CTeKJa Ha CKOPOCTh HYKIICAllMH KPHUCTAIIIOB TPe0yeT
JalbHENIIETO SKCIIEPHMEHTAIIBHOIO H TEOPETHYECKOTO H3YUSHU 4.

1. Fokin V.M., Abyzov A.S., Yuritsyn N.S et al. Effect of structural relaxation on crystal nucleation in glasses
/I Acta Materialia. 2021. V. 203. 116472 (P. 1-13).

2. Fokin V.M., Abyzov A.S., Zanotto E.D et al. Crystal nucleation in glass-forming liquids: Variation of the
size of the “structural units” with temperature// Journal of Non-Crystalline Solids. 2016. V. 447. P. 35-44.

3. Abyzov A.S., Fokin V.M., Yuritsyn N.S et al. The effect of heterogeneous structure of glass-forming liquids
on crystal nucleation // Journal of Non-Crystalline Solids. 2017. V. 462. P. 32-40.

4. Rodrigues L.R., Abyzov A.S., Fokin V.M., Zanotto E.D, Effect of structural relaxation on crystal nucleation
in a soda-lime-silica glass // Journal of American Ceramic Society. 2021. V. 104. P. 3212-3223.

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

Axnmanckni A.B.
Hucmumym esicoroMoIe KVAapHoix coedureruii PAH, Canxm-Ilemepoype, Poccur
e-mail: yakimansky@yahoo.com

The values of the second harmonic generation coefficient in corona-poled films of chromophore-
containing polymers are determined, andits time-temperature and beam stabilitiesare
characterized.

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, |
H3MepeHsl ko3 HMIMEeHTHl TeHepallnd Bropoit rapmoHuku (['BI'), di3, AMA IDIEHOK 53THX
TOJIMMEPOB, TONSAPU30BAHHBIX B KOPOHHOM paspaae. [lmeHkn tommpHOoH 0.1-2.0 MEKM OBLTH
TIONMYyYEHBI Ha CTEKIHHON TOANOKKE METOJOM IeHTPH(pYTHPOBAHUA PacTBOPOB TIONMHMEPOB B
IUKITOreKcaHoHe. [Tondpusaiiig IUeHOK B KOPOHHOM paspaae nmposogunack 40-60 mMuH mpu 150-
200°C (B 3aBHCHMOCTH OT TEMIIEpPaTyphl CTEKIOBAaHHA KakIoro XpoMohop-coAepKaIlero
nomiMepa). HampsixeHne Ha BOIMh(PaMOBOM HTONBYATOM BIEKTPONde cocTaBIsmio 6.5 kB, a ero
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paccTOAHHUE O MTOBEPXHOCTH TUIEHKH | cM.

HJIO-cBolicTBa BTOpOro MopsAiKa IMOMIPH30BaHHBIX TTONMHUMEPHBIX TDIEHOK OBUTH U3YYEHHI ¢
MOMOITBEO M3MepeHHa chrHama ['BI' mmmmyibeHoro Nd3':YAG masepa (anwma BomHEL 1064 Hu,
JUTMTEIIbHOCTh UMITYIIbCa 15 HC, TNIOTHOCTh MOIITHOCTH Ha o0pasile 10 KBT;’CMz).

CHHTe3HpOBaHHBIE TTOMHUMUIBI TEPMUYECKH CTaOHUIIBbHBI (Ts = 290-350°C) U TermiocTONKH
(Tg = 165-215°C). HauGompume 3HaueHUA d33 (50 mv/B) OBUIH NMONy4YeHHI A TIONMMMEPOB C
KOBaJIEHTHO ITPHCOSTHHEHHBIMA 3,4- THIHaH0a300eH30TbHBIMH I'PYIITaMH.

J1s HEeKOTOPBIX TIOMMHMHIIOB GBI H3MEPEHbl HaCTOTHBIE 3aBHCHMOCTH BeTHYHH d33 B
HHTepBale 3HaUeHUH hyHIaMeHTambHOH YacToThl 800-1400 HM, Kak MOKa3aHO Ha PUCYHKE 1.

iﬂ@@@é@ -

PucyHok 1. Jucniepcus ko3 HUIeHTa KBap aTHYHOH HeMMHeHHoCTH, ds;, (CleRa) /A MOMHHMEIA TPHBETEHHOH
CTPYKTYPHI (cTIpaBa) B s—p (KBazpathl), H p—p (pomMObl) KoHQHTyp aipax. CrieKTp MOrIomeHHA [MoKasaH CTUTOMHOH
mHHeH. BepTHKanbHas THHHA COOTBETCTBYET JUTHHE BOJIHBI, TIPH KOTOPOH onpefienanH otHomeHHe dis/ds;.

[TokasaHo, 4TO 4aCcTOTHAA 3aBUCHMOCTD d33 CIBMHYTa B KPacHYEO 06TacTh MO OTHOIEHHIO K
CHEeKTpy mornormeHud. [loatomy HMmeercd o0IacTh YacTOT, B KOTOPOH IOMHMEP MPaKTHYECKH
MTpo3paueH, B TO BpeM4 KaK BeMMYHHa d33 eIlie JOCTaTOYHO BRICOKA.

Bee m3ydyeHHBIe OOpasiibl O0NIafar0T BechbMa BBICOKOW ITy4eBOH cTOHKOCTRRO. Mx HIJIO-
CBOHCTBa HEM3MEHHBI I1OCTIe BO3AeHCTBUA Oonee 10 ThICId HMITYIThCOB.
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N CCJIEJOBAHHUE JIOKAJILHOM ATOMHOM CTPYKTYPBI
BBICOKOIIPEJIOMJIEAIOIHX CTEKOJI METOJOM XAFS-CIIEKTPOCKOITHH

Amexcees P.O.!, Apaxan JI.A 2, [Haxtumsaan [.JO.!, Casuaxop B.U.!, Benurxanmy A A3,
Byraep JI.A.2, Curaes B.H.!

! Poccutickutt Xunuro-mexnonozudecrult yviaueepcumem wune L H. Menodeneeeq,
Mocrea, Poccua
2KOosenotit (hedepamouvtii yuugepcumem, Pocmoe-na-Hony, Poccun
SHHIT «Kypuamoecruit uncrunymsy, Mocrea, Poceun
e-mail: alexeev-roma@mail.ru

Data on the short-range order near Nb and La atoms in highly refractive glasses were obtained
using XAFS spectroscopy. These data explain the glass formation ability in a wide range of
compositions.

BrIcoKoMmpenoMIIoIIHe ¢Tekna (ng > 1,7) dpesBbMaitHO BOCTPeGOBAHBI B ONMTHHYECKOM
MpHOOPOCTPOSeHHH. KX  WCIONb30BaHHE TIO3BOIAET COKPAaTHTh KOJNMHYECTBO KOMIIOHEHTOB
OITHYECKOHN CHCTEMBI, CHUKad OOIIHH Bec H radapuTEl yeTpoHcTa [1].

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
ONTHYECKHX TIOCTOAHHBIX OOYCIIOBIEHAa MAKCHMAIbHO BO3MOMKHBIM COHSPKAHHEM TIAKEIIBIX)
KaTHOHOB B CTeKIe. BBeleHNe COSTMHEHHN «TEKEIBIX» DIIEMEHTOB B COCTAB CTEKOI NPHBOIUT K
3HAYHUTEIIBHOMY YBEIIHUEHHUIO ITOKAa3aTellsl ITPENIOMIICHHT, OZHAKO COIPOBOKIASTCA YCHIICHHEM
CKIIOHHOCTH K (ha30BOMY pasienceHuto. [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.

[TpumeHenne meromoB XAFS K BRICOKOIIPETOMITSIOIIAM CTEKIIAaM BEChbMa IEPCITEKTHBHO
I H3YYEHHUS TOKATIbHOTO OKPYKEHNI BOIN3H «TAAKEIBIX» aTOMOB M OLIEHKH CTEIIEHH €TI0 BIHAHAA
Ha CTEKII000pa3yIOIyI0 CIIOCOOHOCTh, YTO HAITISAHO HWUIOCTPHPYETCS Ha IIPHMEPE CHCTEMEI
La03-Nb205—B203; (LBN), B KoTOpoH OBUIH ITOIYUEHBI CTEKIA ¢ IOKa3aTeleM IIPEIOMIIEHHI OT
1,71 mo 1,98. OcHOBY cTpyKTyphl OnmxHero mnopdamka LBN crekon mo maHHeIM MK n XAFS-
criekTpockonu (XANES u EXAFS) cocrapnator rpymupopku BOs, BOs, 1 NbOs. Breaenue
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-O 1,87 A. Bo Bropoit
KOOPIHHAITHOHHOM chepe HalmiomaeTca ¢aaboe B3aHMOACHCTBHE, KOTOPOe, MO Beel BHAMMOCTH,
OTHOCHTC K BEPIIMHHBIM ¢Bm3aM Nb-O-Nb co cpemnum paccrosHuam 3,73 A. HuoGuesbie
OKTa3Phl COSTUHAIOTCA APYT ¢ APYTOM IIPEHMYINECTBEHHO T10 BEPIIHHAM, TaK YTO CPEeIHEE YMCIIO
CBa3ell  cocTaBlger  ~1,2. MogenupoBaHue — 3KCIIEpHMEHTalNbHBIX  cIeKTpoB  EXAFS
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-Nb-O 180° £ 10°. TTomo6Haa koHbHTYypaIua OMIAKHETO TOPAIKa BOKPYT aTOMOB
HHOOHA CIIOCOOCTBYET TOBBIIEHHIO CTEKIIOOOPasyIOINeH CIIOCOOHOCTH I COCTaBOB C BBICOKHM
comepxkanreM NbyOs.

bmxHWI aTOMHBIH TTOPAROK BONM3H aTOMOB lTaHTaHa B LBN cTekmax 3aMeTHO H3MEHIETCA
10 Mepe YBeNWYeHHd JONMH OKcHAa HHOOHA or 5 mo 30 momn.%: cpemHee paccrognne La—O
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
kpuctannos LaB3Os u LaNb3Oo, ¢ =xapakTepHOH g cTekla OONbINeH  CTEMeHbIO
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Pa3yIopsaIOYeHHOCTH [2].

1. Hartmann P. and other. Optical glass and glass ceramic historical aspects and recent developments: a Schott
view // Applied optics. 2010. Vol. 49, Ne 16. P. 157-176.

2. Alekseev R. O. et al. Local Atomic Structure of the High Refractive Index La,Os—Nb,Os—B,0s; Glasses //
Journal of Alloys and Compounds. 2022. P. 165357.

Paboma evtnoanera npy unancoeoil noddepicre MiHucmepemed HOyKU 1 eviciiezo obpazoeania Poccuu
{eparm FSSAM-2020-0003).

O CBA3H MMAPAMETPA I'PFOHAM3EHA C YIIPYTHMH MOJYJEIMH
CTEKJIOOBPA3HBIX TEJI

apmaes M.B."?, Marmmanos A.A.!, Yumerrop T A2

! Bypamcruil zocydapemee siotil yrneepcumem umesn Jopaeu Bansapoea, Yian-¥o3, Poccun
’Hemumym (usiieckozo mMamepuaiosedenus, CO PAH, Vian-Yos, Poccus
e-mail: darmaev@bsu.ru

For certain glasses, there is a linear relationship between the Griineisen parameter and the ratio of
elastic moduli (B/G). The nature of this bond for sodium aluminosilicate glasses is discussed.

[TapaMeTpbl TMHEHHONH TEOPHH YIIPYTOCTH, TaKHe KaK MOIYIH YIIPYTOCTH, CaMH IO celOe He
CB3aHBI ¢ TapameTpoM ['proHaif3eHa Y, KOTOPBIA ABIACTCH XapaKTePHCTHKOW aHTapMOHHW3Ma
KoneGaHUH PEMIeTKH W HEIMHEHHOCTH CHIBI MEXKAaTOMHOTO B3aUMOAeHCTBHI. OHaKO OBLIO
BBIABIICHO, UTO OTHOIIEHHE MOAYISA OOBEMHOTO CKaTH4 B K MOAYIIO ciBHra (, OKa3bIBacTcd
JTHHEWHO CBA3aHO C ITapaMeTpoM Y. B CBA3H ¢ STHM HMEeT ONpPeAClIEHHBIH HHTEPEC BBIACHEHHE
MPUPOABI  JaHHOH cB43H. Ha mnpuMepe HaTPHEBOATIOMOCHIHKATHBIX CTEKON  ITI0Ka3aHO
TIOATBEPAACHAE SKCIIEPHMEHTABHBIMH JaHHBIMH 00CYKIacMONH B3aUMOCBA3H [1].

W3 W3BECTHBIX TEOPETHUECKHX IIONOKEHHN YCTAaHOBIEHO, YTO OTHOINSHHE MOIyJIeH
yIpyrocTH (B / G) MOKHO BBIPA3HUTh CIEAYIONHUM 05pa3oM [2]:

2= M

[TpuHrMasg BO BHUMaHHe TOT (DakT, 4TO paHee Ha OCHOBAHMH JOCTATOYHO CTPOTHX TOIOXKEHHUH
TEOPHH VIIPYrocTH OBblTa YCTaHOBIEHa CBI3b KoapduimeHTa IlyaccoHa U, Kak Iapamerpa
JTMHEHHOH TEOPHH YIIPYTOCTH, ¢ HEIMMHEHHBIM ITapaMeTpoM [ proHaitzeHa v | 3]:

P-H(E) ®

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

2=2(%) @)

Otcrofia TP BHITIONHEHHH YCTIOBHA ¥ << 4.5 BbIpakeHue (3) mpuobperaeT BUM HYHKIIHH THHEHHOH
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. 1 mpeacrapneH rpaduK B KOOpAHHATaXx BHIPaKeHHT (4) I TPEeXKOMIIOHSHTHBIX
ctekoll NayO—-Al,03—Si10;. PacueTHBIE JaHHBIE H COCTAB CTEKON ITPHBEIcH B TaOmuIle 1.
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1.40

1.25
1.25 1.40 1.55 20 /3(9-27)

PrcyHoK. 1. 3aBHCHMOCTD OTHOLIEHHA YIIPYTHX MoyJeH (B/G) oT GpyHKUMH rapaMeTpa ¥ 1o COOTHOMIEHH!O (4).
JByx- 1 TpexxoMIIoHeHTHbIe cTekna Na,O — Al,Os; — SiO; ¢ pasHbIM Moll. %o OKHCTIOB B cocTage. Hymepalliid cocTaBoB
Ha PHCYHKE COBIIaJlaeT ¢ HyMepalHei B TabmHlle.

Tabmaia 1. Yripyrde monyid G H B, koadduirrenT [Tyaccona L v mapameTp ['proHaiizeHa ¢
qnda ctekon Na,O—AlLO;—Si0,. HMcnofb3oBaHbl JaHHbIE [4]

CocTag 10 CHHTE3Y, _ _
No MoJI. %o Y G’l'}z? 8 B’l_llg : n ¥
Na,O Al,O5 Si0,

1 15.0 0.0 85.0 261 342 0.196 1.28
2 15.0 5.0 80.0 271 370 0.206 1.31
3 15.0 10.0 75.0 297 386 0.194 1.26
4 15.0 15.0 70.0 297 416 0.212 1.34
5 15.0 20.0 65.0 304 425 0.211 1.34
6 15.0 25.0 60.0 315 470 0.226 1.40
7 25.0 0.0 75.0 240 359 0.226 1.40
8 25.0 5.0 70.0 258 394 0.231 1.41
9 25.0 10.0 65.0 273 411 0.228 1.40
10 25.0 20.0 55.0 294 405 0.208 1.32
11 25.0 14.0 50.0 304 432 0.215 1.35
12 25.0 30.0 45.0 319 490 0.233 1.43
13 35.0 0.0 65.0 235 398 0.253 1.52
14 30.0 5.0 65.0 255 413 0.244 1.47
15 20.0 15.0 65.0 298 390 0.195 1.28
16 17.5 17.5 65.0 293 418 0.216 1.35

Kak BHIHO Ha pHCYHKe, TpadHK 3aBHCHMOCTH HMeEeT BHJ, ITPAMOHN, HAKIIOHEHHOH K OCAM
nog yrinoM B 45° TIpomsBeieHBl TTONMBITKH HHTEPIIPETAl[MH TIPHPOABI JAHHOHN 3aBHCHMOCTH. B
MofleT bepnrHa-PoTreHOypra-bacspera cBash Imapamerpa ['proHai3eHa ¢ YIPYTHMH MOIYILAMHA
BBIPA/KAETCA YepPe3 3aBHCHUMOCTh Y OT OTHOIIECHWA TAHTCHIMAbHOH H HOPMAIbHOM KeCTKOCTEH
MeKaTOMHOH CBA3H A = (k:/ kn) [5]. OTHOCHUTENBHAA KECTKOCTh, B CBOK OYEpeldb CBI3aHa C
OTHOIMeHHeM Moayneit (B/G). @opmyna, TodyueHHad bemomecTHhx U TecnmeBoit (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.
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Taxum oGpazoM, ycTaHOBICHa ONHO3HAWHasd B3aUMOCBA3b VIIPYTHUX Mozeneit (B/G) u
napameTpa [ proHaii3eHa IS TPeXKOMIIOHEHTHBIX HATPHEBOAIFOMOCHIIMKATHBIX CTEKOI. Takad XKe
CBA3h XapaKTepHa AN APYTHX CTEKON IIPH BBIACPAMBAHUH YCIOBHA ¥ << 4.5 M MOXKeT OBITH
000CHOBaHA B PaMKaX H3BECTHBIX TEOPHI W MOJECIIEH.

1. Caxguros J.C., Japmaer M.B. Yrpyrue mogyH H napameTp ['proHaiizeHa cTekoo0pa3HbIX TREPbIX Te //
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OIINCAHHUE KO.JIEBAHJ_/IFI B CTEKJIAX
C IIOMOIIBIO CJIYHAMHBIX MATPHIY

Kontox JLA.!, Bemprioko SI.M.!
! Pusuro-mexnuecruit uncmumym un. A. ©. Hodde PAH, Canrm-ITemeptypz, Poccus
e-mail: conyuh.dmitrij@yandex.ru

We present a random matrix approach to study general vibrational properties of stable amorphous
solids with translational invariance using the correlated Wishart ensemble.

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
OuHaMHdeckoit wartpuilbl M. Hamwuwne Oecriopsgaka B aMOPGHBIX CHCTeMaX IIPUBOAMT K
CITyYalHOMY XapaKTepy MaTPHYHBIX DJIEMEHTOB M . B CBA3M ¢ 3THM, TEOPHI CIIy4alHBIX MaTpPHL]
MOXKET IIPHMEHATHCSA UL H3YYEHHA KONeGaTelbHBIX CBOMCTB CTeKon. ONHAKO He KakIbId
MaTpPHYHBIH aHcaMOIlb CIOCOOEH YYeCTh OcOObIe KOPPEIAIHH MeXKAY MaTPHUHBIMH 3IIeMEHTaMA
M;; B cTEKIax.
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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
THHHeH — gacToTa 6030HHOTO ITHKA. b) 3aTyxaHHe (I)OHOHOB 1" B 3aBHCHMOCTH OT BOJIHOBOTO BEKTOpa q TIpH
pa3HuHbIX 3HAYeHHAX [1apamMeTpa CHCTeMBI . [ [YHKTHpHOH THHHEH oTMedeHo paleeBcKoe paccesHie J” Ocq“ H
;udd)d;yBD}&[hlﬁ 3aKoH o< qz. BepmikanbHbIMH CTUTOMTHBIMH THHHAMHA 0TMeYeH BOIHOBOH BEKTOP COOTBETCTBYIOIIETO

KpOCCOBepa.

B pamMKax Imoaxofa TeOPHH CITYYAHHBIX MATPHI] MBI TTOKa3alHd, YTO TONBKO JBa HanOolee
BaXKHBIX CHMMETPHHHBIX CBONCTBA MEXAaHUYESCKON CHUCTEMBI — YCTOMUHMBOCTE BOIM3H ITOIOKECHIA
PaBHOBECHI H HWHBApPHAHTHOCTh ITOTEHIIHATBHOH SHEPIHH OTHOCHTEIBHO CJIBHTa CHCTEMBI,
BOCIIPOMBBOAAT OCHOBHBIE YHHBEPCAlbHbIE KolleOaTelIbHbIE CBOMcTBa cTeKod. llpm sTom
IUHAMHYecKasd MaTpHIla M TIpefcTaBldeTcd B BHIE KOPPeIHpPOBaHHOTO aHcamOna Burmapra
CITy4aiHbIX MaTpuil M = AAT [6].

YuurbiBad HauOolee BaXkHBIE KOPPEIdIMH MEXKDY MATPHYHBIMH  3IEMEHTaMH
OUHAMUYEeCKOH MaTpHLEl M, MBI HallllH aHaIMTHYECKHE BBIPAXEHHUT JUIA IUIOTHOCTH
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-Perema Mexny HI3KOUaCTOTHBIMH ClIa003aTyXaroUMH (DOHOHAMH H
Tuby3HOHHBIMH KoTeOaHHIMH Ha ©ollee BBHICOKHX dYacToTaX. [IpH »TOM B TIPHBEICHHON
TDTOTHOCTH KoIebaTeNbHBIX COCTOSHHI BOMH3H Nepexofa Mod de-Perensg BosHHKaeT GO30HHBIH ITHK
(puc. la), yacTOoTa KOTOPOTO VHHMBEpCAITbHBIM OOpa3oM KOPPETHPYET ¢ YacTOTOH KpoccoBepa
Hodde-Perend. Huke 4acTOTH KpoccoBepa HaOMIOMacTCA 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.
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HCCJIEJOBAHHE ®PATHJ/IBHOCTH XAJIBKOI'EHH/HBIX CTEKOJI

Marmanop A.A., Napmace M.B.
QIBEOY BO «Bypamcruli cocyodpemeeHiolil yruee pecumem usven Jopoaen bansapoeay, Yaan-Yo3, Poccua
e-mail: mashanov@bsu.ru

The present work is devoted to the determination of fragility by two different methods for
chalcogenide glasses of the As-S-TI, P-Se-Te and Sb-Ge-Se systems.

DparniibHOCTh  XaPaKTEepPU3yeT CKOPOCTh YMEHBINEHWSA BA3KOCTH TIPH  TIOBBIIICHHA
TEeMIIEPaTyphl U OIpPeleNdeTcsd TaHTeHCOM YyITla HaKIIOHa KpHBOH BaskocTH lgn — (Ty/T) BOMHM3H
TeMITEPaTyphl cTeKnoBanid 7 [1, 2]

_ 0olg(m)
agﬂjhr'

[To 3HaYeHUAM m MOKHO KIaccHQUITHPOBaTh cTeKNa. B meppoM MpUOIHKEHIH X JeTIAT 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
rpadhHK 3aBHCHUMOCTH lgn ot T/T (pHc. 1), SKCTIepHMeHTAIbHBIE JaHHEIE O BA3KocTH #(T) B 00IacTH
CTEKIIOBAHU A, BIUIOTH A0 T = T HCIIONB3yeM U3 Oassel [3].

1y

(1)

1 Pod
12 4

10 4

8 .
| .// y=31,52x-19,29

6 T T T T T 1
0.80 0.85 0.90 0.95 1.00 T
Pucynok. 1. Onpenenenue dpanuibHOCTHM A cTekia Sb-Ge-Se ¢ mpHMeHeHHeM MeTo/ja HAMMEeHbIIHX KBaIp aTOB.
Comepaxanre Sb — 10; Ge — 10; Se — 80 Mo %.

B3anMOCBI3b CKOPOCTH OXNaXkIeHHd ¢ M BPEeMeHH CTPYKTYPHOH pelakcallii 7
BBIpaxkaeTcsa OOIIIHM COOTHOITIEHHEM - YPaBHEHHEM CTEKITOBAHHA

qt, =9I, )
KOTOpOE OIpeliender IOABIEHHE CTEKIIOOOPasHOTrO COCTOAHMA IIPH Temieparype Ty B IIPOLECCe
OXITaZKIEHH A

Benvunna 07, IpHHMMacTcd PaBHOH HHTEpPBALy TEMIIEpaTyp, B KOTOpOM BI3KOCTh #(7)

MeHseTcs Ha ITopagok, oT 1013 go 102Ta-¢ 4],

oT, ~ T,,— T, (3)
rae T2 n T13 — TeMIlepaTyphl, COOTBETCTBYIOMME Ign = 12 u gy = 13.

Jlerko yOeIUTHCA, YTO TIOJCTaHOBKa B COOTHOIMEHHMH (1) ypaBHeHHMI Bumbsamica-JlaHmema-
Oeppu (BJIO) ang sapucumocthy (1) TTO3BONILT TPHHTH K COOTHOIIESHHTO

m=ST @)
G,
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C yueroMm 87g=C>/C1 I CTEKOI OTHOTO Kilacca BRITEKAST CIEAYIOINES COOTHOIIEHHE AT
orpeAeneHus ¢ paruibHOCTH

Tg
m=—, (5)
5Tg
Tadmia. Pacuer ppanimeHocTHAS-S-T1, P-Se-Te, Sb-Ge-Se, AsSe-TlISe cTexon
Crexno, MoJL% Ty, °C U m o (bopwn;rne (12)

As S Tl
40,00 60,00 - 172 0,306 17,43 15,34
36,90 57,93 5,17 134 0,309 22,45 18,50
33,90 55,93 10,17 128 0,311 29,21 2291
32,26 54,84 12,90 120 0,317 26,00 21,24
31,06 54,04 14,91 115 0,324 27,81 20,97
28,17 52,11 19,72 107 0,337 26,34 22,35
25,00 50,00 25,00 94 0,344 28,95 22,94

P Se Te
8,00 72,00 20,00 75 0,310 46,35 46,40
7,00 63,03 29,97 72 0,301 48,03 49,29
6,00 53,99 40,01 72 0,297 48,78 46,00
18,02 72,07 9,91 77 0,320 38,29 35,00
16,00 64,00 20,00 93 0,307 42,08 52,29
12,00 48,02 39,98 90 0,294 45,74 38,21
25,64 64,10 10,26 84 0,313 37,49 34,00
22,88 57,21 19,91 92 0,299 37,49 45,63
20,00 50,00 30,00 93 0,301 40,72 52,29
17,15 42,88 39,97 76 0,301 48,39 43,63
35,97 53,96 10,07 88 0,327 31,44 27,77
31,95 47,92 20,13 80 0,325 40,33 35,30

Sb Ge Se
10 10 80 118 0,311 31,52 36,83
5 15 80 135 0,318 27,71 33,71
15 10 75 130 0,296 31,65 38,25
10 15 75 149 0,305 30,63 34,64
20 10 70 151 0,295 33,07 43,18
15 15 70 172 0,297 30,99 35,93
10 25 65 305 0,291 31,96 35,56
16 20 64 275 0,286 35,07 42,57
25 15 60 228 0,284 37,76 42,00
20 20 60 244 0,286 35,90 40,43
15 25 60 250 0,283 37,31 39,27
10 30 60 284 0,288 33,00 38,31

[MTonmyueHHaa opmyna (5), cea3piBaroNad QpartwIbHOCTh CTEKON ¢ TMOTOCOH TeMIlepaTyp
0T HaXxOmUTCI B YHOBIETBOPHTEIBHOM COTTIACHH C HEIOCPEACTBEHHBIM OIpeleleHHeM m IIO

opmryme (1).

1. Angell C.A. Perspective on the glass transition // J. Phys. Chem. Solids. 1988. V. 49. N 8. P. 836-871.

2. Nemilov S.V. Structural aspect of possible interrelation between fragility (length) of glass forming melts and
Poisson’s ratio of glasses // J. Non-Cryst. Solids. 2007. V. 353. P. 4613-4632.

3. MDL ® SciGlass — 7.8 Institute of Theoretical Chemistry, Shrewsbury, MA, 2012.

4. Nemilov, S.V. Maxwell equation and classical theories of glass transition as a basis for direct calculation of
viscosity at glass transition temperature // Glass Phys. Chem. 2013.V. 39.N. 6.P. 609—-623.

Paboma estnonnena npu noodepxeke OI'BEQY BO «Bypamcruil ocVOApCIEEHHlll VHIGEPCUINEN UMEHU
Hoparen Bansapoeay epanm Ne 22-06-0502.
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N CCJIEJOBAHHUE ®H3NKO-XUMHIYECKIX 1 MEXAHHTYECKIX CBOICTB
B CHCTEME SrO-Al203-SiO2

banaGanoea E.A., Tropunua H.I'., TropHmHa 3.1., [Tomgakosa U.T'.
Hremumym xuvuy cumuramoe M. H B, Tpebenupuroea PAH, Canxkm-Hemepoype, Poccua
e-mail: balabanova.e.a@yandex.ru

Study of physicochemical and mechanical properties (TCLE, density, Young's modulus, melting
point) of samples in the SrO-Al203-Si0: system obtained by solid-phase synthesis.

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
HueenenopaHud JBigerca cuereMa SrO-AlO3-SiO2 (SAS). Marepuansl Ha ee OCHOBE 0OIagaroT
BBICOKHMH TIOKa3aTeTAMA (PH3HKO-XUMHYESCKUX, MEXaHHYSCKHX, TEPMHUYECKHUX H 3IEKTPHUECKHX
XapaKTePUCTHK. JKCIDIyaTallid JaHHBIX MaTepPHallOB IIPH BBICOKHX TeMIIepaTypax He BO3MOXKHa
6e3  JOMOMHHUTENbHOW  HHGOPMAIMH O  TEepPMHYESCKOHN, MeXaHWYeCKOH  yCTONUHBOCTH
KPHCTAINIMYECKHX COSTHHEHHH, BXONAINX B ¢OCTaB STOTO MaTepHala.

B nmaHHO# paGore meromom TBepmodazoBoro cuHtesa (IDC) B cHereme SAS GbINO
CHHTE3HPOBAHO 8§ 00pa3lioB, XUMHYECKHH COCTaB KOTOPBIX IIpeAcTaBlicH B Tabm. 1. B xauectBe
HCXOJHBIX peareHToB Helonk3oaln SrCOs3, Al,Os u kpHcTammuecKuit Si02 Mapok «ufga». g
TOMOTEHH3allMH HaBecKa C HCXONHBIMH peakKTHBAaMH IlepeTHpallach B IUIAaHETapHOW IIapOBOH
menbHUIE Retsch PM 100 B Teuerne 30 muHyr ¢o ¢KOpocThio 350 06/MHHYTY H 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
THITIAX TIpH Temiieparype 1250 C B TeueHne 12 dacos. MaeHTHQHKALNA KpHCTAUIHUECKHX (a3 B
CHHTE3MPOBAHHBIX O0pasiax IPOBOMUIIACh METOAOM peHTreHodasoBoro aHammsza (PDA) Ha
mudpakromerpe JPOH-3, ¢ momormbio Ga3bl JaHHBIX TOPOIIKOBO#H AudpakTomMeTprun PDF-2,

Hna  uccnemopaHUsa — (QU3HKO-XUMHYSCKHX M MEXaHHYECKHX  XapaKTEPHCTHK
CHHTE3UPOBAaHHBIE O0pa3Ipl MMOBTOPHO H3METBYAINCh B araTOBOM CTYIIKE JO TOHKOCTH 3€peH
nop4anaka 60-80 MKM, U CITPECCOBBIBAIIMCH B BHE MapallenenuIieob 2410 mm, maccom 0,5-0,7 mp
B 3aBHCHMOCTH OT IUIOTHOCTH o0pasija, Jallee OO0AMTraMch IpH Temreparype 650 C teueHne 2
JacoB.

BBICOKYI0O TepMOCTOMKOCTh MaTepHana, OIpelelsiercd, IIPekKIe BCEro, HH3KUMHA
sHauerusavu TKJIP (<10,0-107° °C™). Koodgumment TKJIP mcclefoBali Ha aBTOMAaTHUECKOM
YCTAHOBKE C HCITONB30BAHHEM TIPOTPaMMHPYEMOrO TepMOpEryIiaropa Tepmonar-16, KBapueporo
TUITaToMeTpa U HdpoBoro m3mMeputend Tesatronic TT-80 ¢ cOBCTBEHHBIM H3MEPHTEIIBHBIM IIIYTIOM
TESA GT 21HP Ha Bo3ayxe B HHTepBalle Temieparyp 30-720 °C mpH Harpepe ¢ IOCTOAHHOH
CKOPOCTBIO 3 Tpajl- MHH .

[TMOTHOCTh CHHTE3HPOBAHHBIX 0OpaslOB ONPEACIUIH  METOAOM THAPOCTaTHYESCKOTO
B3BEIIMBaHUA B STHIOBOM CIpTe IIpH Temreparype 25 °C, puc. 1. TouHOCTH OIpenelncHud
coctaniana + 0,001 r/cn?.

3HaueHHI M3MEPEHHBIX/ OMPEAEIEHHBIX (PH3HKO-XUMHYECKIX H MEXaHHUYECKHX CBOWCTB I
HCCTIeAYeMBIX 00pasiioB CHCTeMBI SAS ITpeicTapiIeHsl B Talll. 1.
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PucyHoOK. 1. 3aBHCHMOCTD 3HA9eHHE TTIOTHOCTH 0GP asLioB 0T comep:kaHua SrO, Mon%o
B cHcTeMe SAS.

OmnpeneneHne YIIPYTHX XapaKTePUCTHK HCCIIEeAYEeMbIX 00Pa3IoB IIPOBOIIIOCH aKyCTHIESCKHUM
METOAOM C IIOMOIUBI0 HM3MEPHTENI YacTOT COOCTBEHHBIX KoleGaHMH «3BYK-130». Ympyrue
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
IOwra [1]. Iomyyens! 3HaUeHH A MOAYILI KOHTa, HeeeqyeMbIX o0pasioB, B rpegenax 75-122 I'lla.

19 ycTaHOBIIEHHA TeMITepaTyp IUIaBIICHHS OOpaslioB M3YYAaeMOH CHCTEMBI, HCIOIb30BaIN
BBICOKOTEMITepaTyYpHEIH MuKpockon (BTM), KOHCTpYKIIHA Koroporo Oblma paspaboTaHa B
WUXC PAH [2]. TTorpenHOCTh OnpeieieHn s TeEMITepaTyprl cocTapiana +20 °C.

Tatmiia 1. QH3HKO-XHMHYECKHE CROHCTRA HCCIEMYEMBIX 0GP aslioB B CHCTeMe SAS

N Mon %o
" Temriepatypbl "
ol & . | <PasoBbif cocTaR TKJIP, 10° ¢! N Hnormoc;rh MOJ'[I:HI:II: o0beM,
| = Q | (ocHoBHbIE dazwl) . d, r/em Viaon, CM /MOJTB
2 < wn Trn, 'C
A1203;
1110 ] 54 36 StALSOs 5.00 1575 2.945 29.55
SI‘A]zOgSiz; 5.50
2120 48 32 StALO1e 1585 3.080 28.86
SreAl;53S12057;
3130 42 28 StALSIO; 6.18 1599 3.202 28.34
41 40 | 36 24 Sr,ALSIO 7.97 1541 3.295 28.09
5150 30 20 Sr,ALSIO 9.91 1570 3.482 27.11
6| 60| 24 | 16 Ssrfézig‘“ 10.58 1696 3.568 26.97
2 4
7170 | 18 | 12 SgiAslfg“ 11.16 1640 3.624 27.07
2 4
glg0| 12 | 8 Sr.ALO7, 1327 1625 3.713 26.92
SI‘3SIOs

AHAITN3 KOHI[EHTPAITHOHHBIX 3aBHCHMOCTEN (QH3HKO-XHMHYSCKHX H MEXaHHYSCKUX CBONCTB
HeclefyeMBIX o0pasloB B cHcTeMe SAS IoKasal, 4YTO ¢ YBEIHYEHHEM COJepKaHHI
SrO (Mon%) sHauenua TKJIP BospacratoT ¢ 5-10° 1o 13.27-10% T°!, mioTHOCTb yBenHUMBaeTCd ¢
2.945 no 3.713 r;"CM3, TeMIlepaTypa ILIaBIeHHd 00paslioB UMeeT TEHICHIMIO K YBEIIMUECHUIO, HO
HOCHT HEIIMHEHHBIN XapaKTep U IeANT B HHTepBale 1541-1696 °C.

1. TY 4276-001-31038427-2004. IMsmepurens dacToT coGCTBEHHBIX KoneGaHHH «3BYK-130». TexHUueckie
ycnosHa. — Beegen 2004, — M.: M31-80 cTagnapTos, 2004, — Sc.

2. Toporiog H.A., Kenep 3.K., Jleonos A.I1., PymaHues 1. @. BeicokoTemIiepaTypHBIH MHKP OCKOIT BecTHHK
AHCCCP. 1962. No3 .46-48
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TEPMOJHHAMHNYECKHAE CBOMCTBA CTEKJIOOBPA3VIOIIUX PACILIABOB
CHCTEMUBI SrO-ALOs3 ITPH BBICOKHX TEMIIEPATYPAX

Bopoxaiop B.A."2, Cronapopa B.JI."2, Jlonatnx C.U.2, Cemornn A.A.2, IlIyrypos C.M.2
[Hnemunmym xunil curamoe uvenn H B, Tpebemmuroea, PAH, Canrxmn-Ifemeptype, Poccun

2Canrm-IHemepoypecrull 2ocydapemeennviii yrueepcumem, Canxm-Iemepoype, Pocecun
e-mail: st011089@student.spbu.ru

In the present study, the vaporization processes and thermodynamic properties of the melts in the
SrO-AlLOs system were investigated by the Knudsen effusion mass spectrometry at 2450 K and
2550 K.

B Hactosmel pabore Macc-CHeKTpoMeTpuueckKuM > y3HOHHBIM MeTomoM KHyceHa
H3YUYEHBI TIPOLECCH HCITAPEHHd U TepPMOAHHAMHYESCKHE CBOHCTBA 00paslioB cHcTeMBl STO-ALOs,
copepxarmx 33.3, 20 u 10 mom. % SrO. O6pasibl OBITH MOTYYSHB METOAOM TBepAothasHOTro
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
aHanmsa [1].

Macc-crekrpoMeTprieckKuM >Ghdy3HOHHBIM MeTomoM KHyICeHa YCTaHOBIEHO, YTO COCTaB
mmapa HajJ paciuaBaMd cHcTeMBl StO-AlOs  COOTBETCTBYET cOcCTaBy Tra30BOM (a3l 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). (1)

Jig ucenegopaHusa oOpasiioB cHeTeMbl SrO-AlbOs; OBUT HCIIONB30BaH METO ITOIHOTO
H30TEePMHYECKOTO HCITAPEHU S, YTO ITO3BOIIIIIO OLIEHUTh H3MEHEHHE COCTaBa PacllllaBOB BCIISACTBHE
MTPEUMYTIIECTBeHHOTO HcmapeHua SrO. IlapimanbHble AaBIeHMS MONMEKYIIPHBIX (opm Tapa Ham
neenmenyemon cuctemon Sr, Al, AIO u Al,O ObUTH HalZEHBI METOJIOM CPAaBHEHHAI HOHHBIX TOKOB.
AKTHBHOCTH OKCHIa CTPOHIIMSA B paciilaBaXx cHCTeMbl SrO-Al,O3 ObIMM HaHIeHbl METOAOM
muddepeHIMaTbHOl Macc-CIIEKTPOMETPHH ¢ HMCMONb30BaHHeM SrO B KadecTBe CTaHAapTa.
AKTHBHOCTH OKCHJIa AIFOMHHHS B paclllaBaX PacCMaTpPHBAcMOM CHCTEMBI OBLITH PacCUHTAHEL ITO
ypaBHeHHIO ['M00ca-/[roreMa. 3TO MO3BOIHIO TONYYHTh 3HAaYEHHUI SHepruu ['mO0ca CMEIlleHHI H
n30BITOUHOW sHeprud ['mOOca mpu Temmeparypax 2450 K u 2550 K. IlomydeHHBIE 3HAYCHHA
TEPMOJNHAMHYESCKHX CBOHCTB B paciiaBaX cHcTeMbl SrO-Al,O3; B yKazaHHOM TeMIlepaT ypHOM
HHTEPBAJIe CBHILTEIBCTBOBAIM 00 OTPHIIATEILHBIX OTKIIOHEHHAX OT HAESAIbHOTO MoBeAeHNA [1].

1. Cromapoea B.JL, Jlomamin CIH., CentotiH A.A. U fp. McrapeHHe W TepMogHHaMHYECKHE CBOHCTEA
KepaMHKH Ha ocHoBe cHcTeMbl SrO-Al,Os; mpH BbICOKHX Temilepatypax // JKypHan HeopraHH4deckoil xmnnad. 2022.
T. 67. No. 12. Ilpunamo e newams.

Pafioma estnonre va npu nodOeplcke MiHuc mepemed Hayru 1 eoic e 2o oopasoeania PO (2panm Ne 075-15-
2021-1383 « QuSHKO-XUMURECKOE OHUCUHUE BbICUKOMEMAIRPIITTY PRI APUYECCOE & MHOZOKOMAOHERIMHbIX CUC T MUK
O H3EAEYeHNA M VIWINSAYUY YesuA U CIPOHYNA AP JUKEUOM@IL ROCA2 OCIEUET MANCERbIN aedpuil Hd (TNOMHBIX
anexmpocmanyuax (INES-7)»). Onpedenenue Qasoeoco cochmaea oOpasyoe esinoiHero Ha obopydoeanun PI]
«PermeenoOUPPAryUORHbIE MEMOOB UCCREOOCAHNAY, IMeMeHHvce anwinse — PII «HHROCQYUORAbIE EXHOTOZUU
ROMAC3UIHGIX HaHoMamepuanoey Hayunozo napra Canrm-Ilemepaypecrozo cocy0apCmeeHHozo YHUEEPCUE M
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CBONMCTBA H KHHETHKA KPHCTAJUIM3AIIAN KBAPITEBOI'O CTERJIA,
IHOJYYEHHOI O IIJIASMEHHOH IIJTABKOH ITECKA PAMEHCKOI'O
MECTOPOXKIAEHHA

Kono6os A.JO."?, Criuepa I'.A.2, [Tepenenmmba B.A.!
To40 «IHHYP», 2. Hepeoyparsck Ceeponoecrkolt otuacmy, Poccua
2Hncmunym xunuy cunuramoe unt H B, Ipedenupuiroea, PAH, Canxm-IHemepoype, Poccun
e-mail: art.kolobov@yandex.ru

A comprehensive physical and chemical study of the quartz sand of the Ramensky field, obtained on
its basis, opaque quartz glass and quartz ceramics.

BHIMTOMHEHO KOMIUIEKCHOES  (PH3MKO-XMMHYESCKOe HCCISMOBaHHEe KBapIleBOTO  IecKa
PaMeHCKOTO MecTOPOKIACHNA, TMOMYYEHHOTO Ha €r0 OCHOBE HEIMPO3PAavHOTO KBapIEBOTO CTEKia
(HKC) u wmspenuit u3 KBaplieBoit KepaMukd [1-5] ¢ HCIIONB30BaHHEM WHCTPYMEHTAITbHBIX
(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 PE3YIIbTATH Pa0OTHI IPEACTaBIIeHbl B Ta0nuiax 1 u 2.

Tatmiia 1. 3HaueHHA OTKPBITOH [OPHCTOCTH H COAECPKaHHA KpHcToO0ATHTa AN TepMoobpaboTaHHBIX 06p asioB
KBapI1IeBOTO CTEKITa

Pexrm TepMoobpaboTki TlopucTocTth, %6 [KomidecTBo KpHcTOOANHTa, %6
T, °C t, Hac OTKPBITAA
1200 1 0,83 0,0
1200 2 0,86 0,7
1200 5 1,24 1,1
1300 1 1,03 1,0
1300 2 1,04 2,0
1300 5 1,12 5,0
1400 1 1,35 6,0
1400 2 2,90 8,0
1400 5 3,66 23,0
TTocne 1 LKA «HarpeB-oxXIaAgeHHE
o 0,97
CO CKOPOCTBIO 10°/MuH
TTocne 10 1HKna «Harp eB-ooxnaH{,ueme» 2,50 10,0
c0 cKopocThio 10°/mMHH
TTocne 10 1HKna «Harp eB-OXNaKACHHE
o 5,17 35,5
CO CKOPOCTRIO 2,5°/MHH

HsyueHa xuHeTHKa KpucTammsalmi HKC B H30TepMHYSCKHX W JIHHAMHYECKHX
TEPMHYECKHX YCIIOBHAX. {714 OLUEHKH CKOPOCTH KPHCTOOANUTH3ALMH IIPEIIIOKEH TEMITEPaTYPHO-
BpeMeHHOH sKBHBaleHT (TBD), paBHBIH mponspeAcHHIO TemiepaTypsl (1, °C) Ha ATMTEIBLHOCTD
TepMoodpaboTkH (T, uac): TBD =T 1", rie n — mokazaTelb TEPMOHHEPTHOCTH CTEKIIA.

YeTaHOBIIEHO, YTO TIPH YBETHUEHHH TemMIepaTypsl (o1 1200 mo 1400 °C) u qmuTenbHOCTH
BRIIIepAKH (1, 2, 5 yacoB W 10 IUKIIOB «pasorpeBa-oXNakAcHUI») 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
JAaHHBIX TIPEIIOKESH OOIMUHA HaydYHO-OOOCHOBAHHBIM TOAXOA JId OIECHKH 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.
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Tatmeia 2. Pasmep mop M KPHCTAIOB KpHcToGamiTa H MUKpodoTorpadHH GparMeHTOR BHY TP €HHEH CTPYKTYPBI
KBapLIEBOTO CTEKIIa [10 pe3yIbTaTaM MaTepHANIOBEAUeCcKOro 3aKII0UeHHA

Pexam
Ne TepMoopaboTa IToper KpHcToGamHT Mukp odotorpadem
obpasiia T. oC t. Tac pasmep, | KomH4ecT pazmep ¥, YBenH4yeHHe Y BenHueHHe

’ ’ MEKM BO, %0 MEKM B 100 pa3 B 200 pa3
5 1300 1 10-600 1,0 3-5 (4%%)
4 1300 2 8-650 2,0 20-36 (28)

TIpyniep HeyaauHO
3 1400 1 10-700 6,0 30-40 (35) H3TOTOBJIEHHOTO
aHimda

2 1400 2 10-600 | 8,0-10,0 40-52 (46)
1 1400 5 10-500 23-30 60-72 (66)

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

[TonpoOHOe PHAHKO-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 H3MACIHHA, ITO3BOIMIH 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.

1. Konobor, AID. CpaBHHTeNbHad XapaKTepHCTHEA MECTOPOXIEHHI KBaplieBoro Irecka Poccrm pamm
TPOHM3BONCTBA KBapLieBoro crekna / AKD. KomoGop, T'.A. Ceruera. // MatepHamel Bceepoccriickofl HayuHOE
KoHbepeHIMH ¢ MEKIVHApOoIHBIM yuacTHeM «IV Bafikanbckiii mMartepHanoBemueckuii gopymy» (1-7 moma 2022 r.,
YnaH-¥m3 — o3, Baiikan) - ¥V nad-¥a3: M3patensctso Byparckoro HayuHoro eHtpa CO PAH, 2022, — 691c.

2. Kolobov, A.Y. Quartz glass obtained from Ramenskii sand on Dinur plasma torches: features of
crystallization on polished surface / A.Y. Kolobov, G.A. Sycheva // Physics of the Solid State. 2019. V. 61, Nol2. P.
2359-2362.

3. Kolobov A.Y. Features of crystallization and characteristics of quartz glass obtained on OAO Dinur plasma
torches from the quartz sand of the Ramenskii deposit / Kolobov A.Y., Sycheva G.A. // Glass Physics and Chemistry.
2020. Vol. 46, Ne3. P. 249-255.

4. Kolobov A.Y. Synthesis of Nontransparent Quartz Glass for the Productionof Refractory Quartz Ceramics /
Kolobov A.Y., Sycheva G.A. // Glass Physics and Chemistry. 2021. Vol. 47, Ne3. P. 209-218.

5. KomoGos, A.KHD. Sueiika kpucroGamdTa M MpPOTHBOpedHA (a3oBOro Iepexofia CTeKNIo-KPHCTOOAIHT B
KBapLIEROM CTeKJle, MOIyuYeHHOM Ha IutasMoTpoHax OAO «/JMHYP» M3 KpBapLeBoro recKka MeCcTOpOKeHHE
«PameHckoey / A.JO. KonoGog, I'.A. Ceruesa // Marepraisl VI MexayHapoHO Hay YHO-TIPaKTHIeCKOH KoHbep eHI HH
«KomrmekcHsle mpobnembl TexHochepHoi GezomacHocTH», BopoHexk, 21-22 gexaOpa 2020, gacts 1. — BopoHex:
IMsparenbeTEO BOp OHEKCKOTO TOCY Jap CTBEHHOTO TeXHHYECKOND YHHBepeHTeTa. — 2021, —c¢. 377-384.

55



BJMAHHUE MUKPOCTPYKTYPBI HA TEPMOCTOHUKOCTH H TEPMHYECKHIA
KO3PPHIHNEHT JIMHEHMHOI'O PACHIMPEHH A KBAPITEBOI'O CTEKJIA

Kono6os A.JO."?, Criuepa I'.A.2, [Tepenemmmsi B.A.!
loao «IHHYP», 2. Hepeoyparsck Ceeponoecrkolt otuacmy, Poccua
2Hucmumym xunun cuuxamoe uM. H.B. Tpebenmuroea, PAH, Cansm-Hemepoype, Poccua
e-mail: art.kolobov@yandex.ru

The microstructure has a decisive effect on the change in linear size and values of the thermal
coefficient of linear expansion, which will depend on the size of the crystals and por.

TepmoctoiikocTs 1 TKJIP He ABIMOTCA B CTPOTOM HAyYHOM TIOHHMAHHH (H3HUESCKHMH
KOHCTaHTaMH TIONMH(}A3HBIX, TONMHKPHCTAUIMUECKHX M ITIOPHCTBIX MAaTe€pUaloB, B YaCTHOCTH,
OTHEYIIOPOB, KEpaMHKH H CHT@UIOB. B KBapleBOM 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- U MHUKPOCTPYKTYPOIt M TMOpaMH 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. COrlacHO 5TOH TeOpHH, 00BeM H3AETHA Pa3OnT MHUKPOTPEIIHHAMA Ha JIeMeHTapHBIE
00BbeMBI — (hparMeHTHL. [IpH BOSHUKHOBEHHH TEPMHUYSCKHX HaIpIKeHHH, 00pa30oBaHHBIE OOBEMBI —
(bparMeHTHl — MOTYT HE3HAUYHTETBHO CABUTATHLCA TIO0 OTHOIEHHIO IPYT K Apyry 6e3 oGpa3oBaHUg
NOTIOTHUTENBHBIX ~ TPEIUMH.  [IOBBIIICHHE  TEPMHUECKOH  CTOMKOCTH, KaK  pe3yibTaT
MHKPOTPEIMUHOBATOCTH CTPYKTYPBI, JOCTHTAeTCAd HCIIONB30BAaHHEM CMeceld W3 IBYX H (onee
KPHUCTAUIMYECKUX (a3 ¢ pa3IHYHBIM TeMIIepaT YPHBIM KOd(QPHUIHEHTOM ITHHEHHOTO PacllinpeHnd, b
HaIlleM CIIy4Yae STOT BHOBb 00OPa30BaBIINICAI KPUCTOOAINT B MACCHBE CTEKIIA.

[Ip TIOBBIICHWH TEMIIEPAaTypPhl M BPEMEHH BBIISPAKKH BO3PAcTacT KOIMYECTBO
Kpuctofanmuta [1-2], IIPOMCXOMUT CIIEKaHWE YacTHI[ KpUCTO0almHTa JAPYT C JAPYroM, HX
He3HAUHUTEIBHBIH POCT, a TakKXke 00pa30BaHHe MHKPOTPEINHMH MeXNY KpucTamulamu. O0pasopaHHe
MHKPOTPEIMH B o0pasiaX, O0OACKEHHBIX IIPH BBICOKHX TeMIleparTypax, MOKHO OOBIACHUTH
HalpAKECHUAMH, BOZHHMKAIOIIMMH B 00paslie CTeKlIa BCICACTBHE 3HAUNTEIBHOM aHH30TPOIHH
eMMHUYHBIX KPHCTAUIOB KpHUCcToGanuTa (W/HITH MeTaKpHucToGamiTa). OTCYTCTBHE MHKPOTPEIIHH B
oOpasztiax, OOOXKKEHHBIX TIpH  Oolee  HHU3KHX  Temrieparypax  OOYCIIOBIIEHO — HX
METIKOKPHCTAIUIMYECKON CTPYKTYpoH. BclefeTBre Mamoro pasMepa KpPHCTAIIOB IIPOMCXOOUT
MeHbITIee MX abCOMIOTHOE PacllMpeHie B HAITPaBIeHHH KpUcTammorpaguieckux oceit. CHHUKEHHE
a0COMIOTHOTO paclllMpeHud IPHBOAWT K MEHBIIMM BHYTPSHHHM HallpOKEeHHAM B o0pasiax
KBapieporo crekmna. B obpasmax, o00AKKEHHBIX TIPH 0olee BBICOKOW TeMIlepaType, BHYTPEHHHE
HaIPAKEHNUA ITPH OXITAKICHHH IIPEBBILIAOT ITPEel IIPOYHOCTH MaTepHalla IIPH PacTIAKCHHH, UTO U
BBI3BIBAcT 00pa30BaHHEe MHUKPOTPEINHHOBATONH CTPYKTYpHL. Hammune B o0pasiaX 3HauMTEIIBHOTO
KOIIMYEeCTBa MHKPOTPEIUMH OKasblpacT OONBINOEe BIHIHHE Ha BCE OCHOBHBIE CBOHCTBa
TepM000paboTaHHOIO KBAPLEBOTO CTEKIIA.

[IpoBefieHBI pa3orpeB M IIOCHEAVIOINHE H30TEPMHYECKHE OOXHMIH 00pa3loB KBapLEBOTO
crekima. OOpasel] IpeacraBindeT coOOH IMapamienenures AnuHon 2042 s, OcHOBaHHE
Tapajuleleliniefa — KBajpar ¢O CTOPOHOM OKoimo 5 mm. OOpaslsl BBEITHIMBAIH W3 OUHINEHHOTO
OIlOKa KBaplLeBOrO CTEKNa cpa3y IIocie IUIABKH. [lepel KaXABIM H3MEpPEHHEM pa3Mep TOYHO
buKcHpoBanca ¢ TOMOIBIO INTAaHTEHIIUPKYIA. M3MmepeHHad Imdpa BHOCHIAch B ITPOTPaMMy
m3MepeHui. B TaOmuie 1 mpHBeAcHO OIMMCAHHE PEAUMOB JECATH LHMKIOB HEH30TESPMHUUESCKUX
O0AHUIrOB 00pa3slOB KBAPLEBBIX CTEKON, HCITONB3YEMBIX A4 IOIIYUCHHSA OTHEYIIOPHOH KBapLieBOH
Kepamvukd. [lon LMKIOM TIOHMMAaeTcd TIPOLecC pasorpeba ofpasija KBapLEBOIO CTEKIIa CO
CKOpOCThIO 2,5 °C/vuH A0 Temmepatyprl 1400 °C, KOoTOpas orpaHHYeHa BO3SMOKHOCTAMHU TIPHGOpa,
H TIOCTIeAYIONIMM OXJTaXkAeHHeM ¢ TIOCTOAHHOHM ckopocThio 10 °C/mmu mo 400 °C. lamee
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OXNaXkIeHHe TpHOOpa M H3MEPHTEIBHOH JUEHKH A0 KOMHATHBIX TEMIIEPaTyp IIPOHCXONNAT
£CTECTBEHHBIM 00Pa30M B Pe3ylbTaTe TEIDIOOOMEHA ¢ OKPYKAIOIICH CPEeon.

B tabmuiie | mpencraBieH pekHM HEHM3O0TEPMHUYESCKUX OOMKHIOB, ¢, 00paslioB KBapLEBOTO
cTeKIa. Pexum TepMooOpaboTKH B IIHKIe 1 — Harpes oT 30 go 1400°C 9 yac 8 MHH M OXTaXKIcHHS
or 1400 mo 400 °C 1 gyac 40 muH, Hroro mo mUKIY 1 — 648 MuH. KaXIbli MTOCISAYIOIUA TTHKIT
TOTy4aeTCcA MpHOaBIICHUEM ITHKIA 1.

Tatmiia 1. PekimM HeH30TePMHYeCKHX 0GKHIOB 00pa3IloR KBAPLIEBOTD CTEKIIA.
Nekna 1 2 3 4 5 6 7 8 9 10
t, MHH 648 1296 1944 2592 3240 3888 4536 5184 5832 6480

Ha pucyHke | mpemcTaBIeHBI 3aBHCHMOCTH W3MEHEHHS JHHEHHBIX pPasMEPOB 0OpasioB
KBapIEBOro cTeKila IOCle NecdTH IHKIIOB TepMOoOpaboTOK OT TeMIlepaTyphl. Pexum Harpesa:
2,5 °C/nvomH, peaum oxinaxaeHnsa — 10 °C/vuH. Hymepaling KpuBbIX Ha pucyHke: [1.1] — UK 1,
[2.1]— o 2, [3.1] —mwmkon 3, [4.1] — 1k 4, [5.1] — 1tk S5, [6.1] — 1mKkn 6, [7.1] — 1k 7, [8.1] —
1k 8, [9.1] — ki 9, [10.1] — ek 10.

dL/Lo /%

0.2

o A

-0.4

200 400 600 800 1000 1200 1400
Temnepartypa /°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] —tpkn 1, [2.1] —tpkn 2, [3.1] —wpikn 3, [4.1] —mpwn 4, [5.1] —pikn 5, [6.1]
—1MKn 6, [7.1] —mpkn 7, [8.1] —ipkn 8, [9.1] — ek 9, [10.1] — mpmcn 10,

Taxkum o0pazomM, pelrarllee BIMAHAE Ha H3MEHEHHE JTHHEHHBIX pPasMepoB (PHCYHOK 1) H
sHaueHH TKJIP B HecnemyeMbIx ofpasiiaX, OKasblBacT MHKPOCTPYKTYpa | 3—4], KoTopasd, B CBOIO
O4YEpeb, 3aBHCHT OT pPasMepa KPHCTAIIIOB U TIOp B 00paslle.

1. Kolobov, A.Y. Quartz glass obtained from Ramenskii sand on Dinur plasma torches: features of crystallization on
polished surface / A. Y. Kolobov, G.A. Sycheva // Physics of the Solid State. 2019. V. 61, No 12, P. 2359-2362.

2. Kolobov A.Y. Features of crystallization and characteristics of quartz glass obtained on OAO Dinur plasma torches
from the quartz sand of the Ramenskii deposit / Kolobov A.Y., Sycheva G.A. / Glass Physics and Chemistry. 2020.
Vol. 46, Ne3. P. 249-255.

3. Kolobov A.Y. Synthesis of Nontransparent Quartz Glass for the Productionof Refractory Quartz Ceramics / Kolobov
A.Y., Sycheva G.A. // Glass Physics and Chemistry. 2021. Vol. 47, Ne3. P. 209-218.

4. Tapacogckuii, B.I1. BiusaHHe MHKp OCTPYKTYPbI Ha KO3GHUIHEHT TETIoBOro JTHHEHHOTO pacIlHp eHHA KepaMHKH H3
THTaHaTa amomMuHdA [ B.I1. Tapacorckuid, E.C. JlykuH, A.B. Bensaxor // OrHeynopsl. 1984, Ne 12. C. 18-20.
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TEPMOJUHAMHYECKOE H BOJIOMOMETPHYECKOE HCCJIENOBAHHUE
CTEKJIA BaO-B203-Bi203

Konommma M.E 2, ITTymobekag K.@.!, TTnexopru A J].!, Kyteun A M.!,
Poctoxyma E.E.!, Banyesa K.B.!
! Hacmuntym xuvnu estcoxovucmoix eetjecme ust I Jeeamoix PAH, Huxenull Hoezopod, Poccua
2 Hugice 20podcrultt cocyoape mee troiil yaueepcumem umv. H H. Jlobaye eckozo, Huxenttt Hoezopoo, Poccua
e-mail: m.komshina@yandex.ru

The standard thermodynamic functions and temperature dependences of the density and CTE of
20Bi,03-(80-x)B>03-xBaO(x = 5,10,15,20 mol.%) glasses are determined in the temperature range
of 300-1000 K.

[Tpo3pauHbie B cMIeKTpaTbHOM AHamnazoHe oT 0.38 10 3.4 mxm GoparHble cTekma Bi2O3-BaO-
B>O3 HMEOT BBICOKYEO) PacTBOPHMOCTh B HHX PeIKO3EMEIbHBIX IEMEHTOB, HU3KHE SHEPTHH
(hOHOHOB, BBICOKYIO (H3HUECKYI0O H XHUMHYECKYIO CTa0HIBbHOCTh H HETHHEHHO-ONTHYCCKHE
CBOMCTBA, a ITOTOMY IIO JaHHBIM palot [1, 2, 3] mpeAcTaBllaoT QONBINOH HHTEPEC I PaspaboToK
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 ¢ TONYYEeHHEM ITONHOTO Halopa CTaHIapTHBIX
TEPMOAMHAMHYECKMX (DYHKIHI crexmoobpasyroiei cueTembl 20Bi203-(80-x)B203—xBaO(x = 5,
10, 15, 20 mom. %).

[Tomyuenne crexkon Bi;03-B203-Ba0, ofecreunBaroliice TOMOTEHH3AIIHIO KOMITOHEHTOB Ha
MOJEKYIIIPHOM YPOBHE, IPOH3BOAMIIN PacTBOpeHHeM IpeKypcopos Bi(NOs)s, H3BOs, Ba(NO3),
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 nonyueHHBIX cTekon 20Bi1203 — (80 — x)B,03 — xBaO mmpu x = 5, 10, 15,
20 mombH. % rorwmpomuposarcameronom ADC-UCIL. CormacHo maHHBIM P@A, Bce 0oOpasipl
SIBIANMUCH PeHTTeHoaMOPPHBIMU. CIHEKTPhl TPOMycKaHHd oOOpaslloB CTEKOT ¢  PasTHYHBIM
comepxaHrieM Ba(Q CBHISTEIBCTBYIOT 00 HMX IPO3pavHOCTH 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
20Bi203-(80-x)B203-xBaO (x = 5, 10, 15, 20 mon. %) BemWYMHa CKayka TEIJIOEMKOCTH
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
MOJAEITHHO-CTATUCTHYECKOTO TOAXOJa, OCHOBAaHHOTO Ha KBasHYACTHYHBIX IIPEICTaBIICHU X,
OTpaXkalolllnX IIPUPONY TEIUIOBBIX BO3OYANCHHH B CTEeKIle H paciviase.Hcnonszogartie
QHATUMUHECKUX SR ANCOHULT MOORTbHO-CMAMUCMUYecKoll meopu npyu HAtioeHHIX napamempax,
0becnedUsaioulx Xopouiee ONUCaHUe U3MePeHHbIX SHAYeHUTE C;, HO380a8eM Kpome CS paccuumants
cmandapmusie  mepmodunavudeckue  gyuxyy:  swmansmo  H(T) — H/'(0),  sumponuio
S(T) — SI’(0) suepeo T'ubbca G'(T)— H/'(0) ¢ 603MOHCHOCMBIO UX DKCMPANONAYUU KaAK
HuzkomemnepamypHyio obracme do 0 K, max u ¢ obracme pacniasa.
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Crexknopanmue:
T =741.5K T
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x=20 A(‘p(?'g) =81.5 Jlx/(monw-K)
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CrexnoBanme:

T =7509K

AC(T) = 85.9 Ta/(monb-K)

CrekJI0BaHHE:
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x=10

(] ERJIOBAHHE:
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| 1 1 I
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Temneparypa, K
Pucynok. 1. Kpugbie JJCK crexon 20Bi,05-(80-x)B,05-xBa0 (x =5, 10, 15, 20 MonbH.%0) TPH CKOPOCTH HarpeBa

5 rpaj/MHH.

400 500

[TMOTHOCTD CTEKON OTpeNeleHa METOAOM THAPOCTATHUECKOTO B3BEIMBAaHUA B BOJAE TIPH
Temrieparype 294 + 0.5 K. [IlorpemmocTs omnpefeneHus cocTaBlama £+ 0.01 r/ca’, 1pm
YyBCTBHTENBHOCTH IHGPOBRIX BecoB 104 1. Temnepamypuwii  xosgduypenm nuneiinozo
pacuupenus (TKJIP) cmexon onpedensiu Ha 20pU3OHMATLHOM OULAMOMEmMpPe U3 KEAPYe8ozo
cmerna ¢ mounocmwio £ 0.1 - 10° K. Tna pacuemos no modenu ucnons3osana useecmuas
gzaumocesize 0bvemHozo U auHelinozo roaghguyuenmos mepmuveckozo pacwupenus. KTP =

3-TKJIP.

Tabmara 1. DKcriepHMeHTATBHO H3MepeHHbIe ITTOTHOCTH () H Ko3bdHIHeHTs! TeruoBoroe pac mHpeHs (KTP)
MOy YeHHBIX cTekoI cHeTeMbl 20Bi,03—(80-x)B,0s—xBa0.

BaO copepxanue (x), p1ipu 293 K KTP-10°, K-!
MOJTBH. %0 +0.01 r/cn’ +0.30
5 4.31 19.44
10 4.55 20.77
15 4.72 22.11
20 4.95 22.86

Honyuennwvie dannvie — HeobxooUMaa UCXOOHAR UHpOPMAyUL Ol NPUMEHEHUS Memodos
XUMUYECKOL MepMOOUH AMUKU, GRTIOYAS 8¢ HePASHO8LCHYIO HACHTs NP QHATU3E U NPO2H O3UPOSAHUU
HNpoYeccoe NOMYYeHUs CIerIOKPUCMALIUYeCKUX MAMEPUATIO8 ¢ UCHOTb308AHUEM NePCHermueH ot
cmernoobpazyoueii cucmemvt BioO3—BaO— B20Os.
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BJIMAHHUE COJAEPKAHUA SiO2 HA XUMHUYECKYIO YVCTOHUHNBOCTH
AKEJIEJOCOAEPKAINIHX HATPHEBOBOPOCHJIMKATHBIX CTEKOJI

Konon M.IO.!, Cemenopa E.A.!, Bpasopckas E.JO.!, TTonsxopa U.T.!
| Femumym xuniin cuiiramoe ud BB, Fpetenwmcoea, PAH, Canxm-Hemeptype, Poccun
e-mail: marina-konon@mail.ru

The chemical durability of iron-containing sodium borosilicate glasses depending on SiO:> content
(55-70 mol. %) in the initial glass in aqueous 3IM HCI solution at boiling was studied.

HanHas paboTa IBIAeTCA MPOAOIKSHHEM HCCTIEA0BaHUA (pasoBoro pasfeneHHd U HH3HKO-
XUMHUECKHX CBOMCTB CTEKOI CHCTEMEI NaxO-B203—S102-Fe20;3 ¢ pasmuHemM comepxanueM Si0;,
Hayatoro B [1, 2], ¥ MOCRAINIEHa H3YUESHHIO UX XUMHUYECKOH YCTOWYMBOCTH K BOTHBIM PacTBOpaM
COIN4HON KHCIOTHL B KadecTBe O0OBEKTOB H3y4UeHHMA OBIIM BHIOPaHBI CTEKIa cOocTaBoB ONaxO-
xB203-(86-x)S10,-8Fe203, re x MeHdercd oT 16 go 31 mom %. PaHee OpuIO IOKasaHO, 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 ¢ MEXaHHYECKUM TePEeMEIMBaHUEM pacillaBa IpH Temrieparype 1320-1500°C Ha
BO3AYXE B TeUYeHHE 2-3 U B 3aBHCHMOCTH OT KOHLEHTpalMHu SiO;, MOCle Yero OB OTOXKKEHBL B
MyhenbHOI TTeun MpH TemiepaType 510-550°C. Tlocme oTHTa ¢TeKma OBITH TepMOoOpaGoTaHbI
JUII MHHIHAITHH TIpoliecca (pa3oBOrO pasficleHHsa IpH Temieparype 550°C B TeueHme 24 1.
KuHeTHKa epexofia KOMIIOHEHTOB ¢Tekna (Na, B, Si, Fe) B kucnoTHbIH pacTBop OblTa H3yUeHa TIPH
BBITETAYNBAHNN IIONHPOBAHHBIX IDIACTHH cTeKom pasMepanmu 10x10x1 mm® B 3M BoOZHOM
pactsope HCI mpu xuraueHnu. B TeueHHe KHUCIIOTHON MPOpadOTKH CTEKIa Yepe3 OIPeAcleHHbIE
MMPOMEXKYTKH BpeMeHH (1 4) B aMMKBOTHBIX TOpHHIx (15 mm) oOpabaTHIBAIOIIETO PacTBOpa
OTMPENENITH KOHIIEHTPAI[HH KOMITOHEHTOB (¢ HCIIONb30BaHHEM METOHMK, TPUBEACHHBIX B [3]). O
CKOPOCTH BHIIETAYHBAHUS CYIUITH 10 KOTHYECTBY KOMITOHEHTOB ( Qexp), MEPEIIEAIINX B PACTBOP €
EIMHHIIEI TIOBEPXHOCTH CcTeKNa (So) 3a omnpegeneHHoe BpeMa. 3HAUeHUA (Qexp/So) COMOCTABILAIHN €
TEOPETHUECKH BO3MOKHBIM BBIXOAOM ( Ocalc/S0), KOTOPHIH OIICHUBAIIH, HCXOAA U3 COCTaBa CTEKTa B
Mac. % M BeIHYHHBI IIOTHOCTH (I/ch). TTapaMeTphl OPOBOTO MPOCTPAHCTRA: TIOPHCTOCTD CTEKOI
(W, %) u oobem mop (V, eM’/T) OIpPelenal BECOBBIM METOIOM, OTKIOHEHHE IPH OMpe/elIeHHH
STHX BETIMYMH HE TPeBBIIano + 3% u +£0.03 cm’/T coorBeTcTBeRHO. CTPYKTYPHBIE XapaKTePHCTHKH
u mopdomorusa mop IIC Hcenemopanach NMyTeM aHATH3a PABHOBECHBIX H30TEPM aACcOpOIMH H
HOecopOIIMH a30Ta MPH TeMIiepaType AKUAKOTo azoTa (77 K), MOMy4eHHBIX ¢ TTOMOIIBIO MpHGOpa
«Quanta chrome NOVA 1200e» ¢upmbl «Quanta chrome Instruments, USA». UaeHTHOHKAIA
KpHCTaMMYecKnX (a3 B monydeHHbIX [1C Oplita MpoBeicHa ¢ ITOMOIIBIO METOIa PEHTTEHO(a30B0ro
aHammsa (PDA) (ycranoeka JIPOH-3, HIIO «BypepectHuk», Pocchda, mamydeHne CukK. 0Gaza
naHHBIX PDF-2).

YCTaHOBIIEHO, UTO TIO0 Mepe YBETHUEHHA COMIEPKaHUA KPeMHEe3eMa B IBYX(a3HOM CTEKIE ¢
55 go 70 mom. % BBIXOH KOMIIOHEHTOB Na n Fe B BBIINENaYWBaroINHi PacTBOP YMEHBIMASTCH,
CKOPOCTH BBIMIETAYHBAHAA 3aMeJIIeTCd, YBETHUMBASTCSA KOHIEHTpallHd OKCHIOB &elesza B [IC
(mona FeO mpu srom BospacrtaeT). [IpH yBenmHYeHHH KOHIeHTpaIiHu SiO2 B HCXOIHOM CTEKIIE
Tak:Ke HabGIoJacTcsS yMeHbIIeH e ofbeMa 1op (ot 0.45 10 0.17 em’/1), moprcrocTu (ot 50 10 27%)
H CcpelHero auameTpa mop (D, HM) (¢ 22 g0 3 HM), HO YBEIMYEHHE IUIOINAAH YASITBHOH
TOBEPXHOCTH Sy, MYT) TIC (¢ 51 mo 148 m*T) (prcyHoK 1). B X0fe BHIIENauMBaHHd OOpasIibL,
cofepxaruue 60 mon. % Si0; 1 MeHee pazpyinaroTcd. M3 o0pasLos, comepxallux 65 1 Gonee MO
% Si10; yraercd nmoayunTs oOpasuel [IC B BHAe 0OBEMHBIX IUIACTHH. BBIIO YCTaHOBIIEHO, UTO BO
BCeX MOIMy4YeHHBIX [IC MpHCYTCTBYeT KpHCTallIHYecKad (aza MarHeTHTa (39-1346), comep:kaHHe
KOTOPOTrO YBEIHYHMBACTCd IO MeEpe YBEIMYSHHA KOHIEHTPAIMH KpEMHE3eMa B HCXOJHOM
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cTeKe. MakcHMalmbHOe KOMMYECTBO MATHETHTa cOASPAUTCA B IIC, MOMYyYeHHBIX M3 MBYX(a3HBIX
CTEKOIL, COJepAKaIlluX 65 U BhIIIE MOI. % SiO,. PaHee OBLIO TaKXKe YCTaHOBISHO, UTO B HEKOTOPBIX
HCXOJHBIX ABYX(a3HBIX CTeKITax KpHCTamayeTcda TeMaTut (85-0987) [1]. [Tocie BhITeTaYHBaHHI
rematuta B [IC yxKe He OCTaeTcs, YTO MOKET CBHILTEIHCTBOBATH O TOM, UTO OH (hOpMHUpPYETca B
XUMHYECKH HecTOMKoH HarpueBobopaTHOH (ase cTeknma, M TIONMHOCTBIO H3BIECKAaeTCAd B
BHINIECTTAYHBAIOIIAN PacTBOpP IIPH TpaBlIeHHH. B TO BpeMd KaK KPHUCTAUIM3allid MarHeTHTa
MIPOHCXOJUT, TI0 Beel BEPOATHOCTH, B KPeMHE3EMHOM KapKace, YTO OOYCIIOBIMBAET IIPHCYTCTBHE

Fe3;O4 B IIC.
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PrcyHoK 1. 3aBHCHMOCTH MapaMeTpoB IMOP OBOTO MPOCTPaHCTRA M0y 4eHHBIX [IC oT MONMAPHOro cOOTHOIIEHHA
K=[Si02]/[B203].

Hzorepmsbl agcopOUnH T BeeX HCCIEAOBaHHBIX CTEKON HMEFOT TIETITEO THCTEepesHea. T akuM
obpazom, cormacHo Knaccubukaimi IUPAC [4] oMM oTHOCATCA K H30TepMaM IV THITa, KOTOpPHIE
XapaKTePHBL A1 ME30TIOPHCTHIX MaTepHaIoB. [1o Mepe yBelmMUeHHI KOHUEHTPAllHH KPEMHE3EMa B
HCXOJHOM CTEKIle HaOIoJacTcd YBEIHYEHHE ITUIOINAaIH YACIBHOW TOBEPXHOCTH M TIOHHKEHHE
CPeIHETO AWamMeTpa IIOp, YTO MOXKET OBITh CBA3aHO ¢ YBEIIMYCHHEM KOINHYECTBa KpPEeMHE3eMa B
HecTOMKONH (ase AByx(dasHOTO ¢TeKlTa. 35T0 OOYCIOBTHBAST YBETHUSHHE KOIHYECTBA ITOOYII
BTOPHYHOTO KpPeMHe3eMa, H YMEHbINIEHHE 3a30POB MEKIY HUMH, uTO dopmupyer mopsl [1C [5].

1. Koxon M. HO., TTomakora . T'., Cromap C. B., AHbumora M. H. KpHcTam3zalpa B CTEKIAX CHCTEMBI
Na;0-B,05-S10,-Fe,Os¢ pasmiuHbIM cofepxaHHeM SiO; // @UsHKa H xivHA cTekna. 2020. T. 46. Ne 6, C. 1-5.

2. Konon M. Yu,, Stolyar S. V., Semenova E. A., Dikaya L. F., Kurilenko L. N., Simonenko N. P., Simonenko
T. L. Physicochemical properties of glasses of the Na,O—B,03—SiO,—Fe,0; system with a varying SiO» content // Glass
Physics and Chemistry. 2021. Vol. 47. N. 6. P. 702-707.

3. Koxon M. HO. ®azoroe pasjeneHHe H GH3IUKO-XUMHYECKHe CBOHCTBA cTekon cHeTeMbl Na,O-B,05-SiO—
Fe,0s: mauc. kaHp. xum. Hayk: 02.00.04 / KoHon MapuHa FOpeeHa. — CaHkT-IletepGypr., 2016. — 139 c.

4. Thommes M., Kaneko K., Neimark A. V., Olivier J.P., Rodriguez-Reinoso F., Rouquerol J., Sing K.S.W.
Physisorption of gases, with special reference to the evaluation of surface area and pore size distribution (IUPAC
Technical Report) // Pure Appl. Chem. 2015. V. 87. P. 1051-1069.

5. Kreisberg V.A., Antropova T.V. Changing the relation between micro- and mesoporosity in porous glasses:
The effect of different factors / Microporous and Mesoporous Materials. 2014. V. 190. P. 128-138.

Pabomd estROIHEHA € PAMKIX 20CyYOapemeeriozo sadarur HXC PAH npu noddepacke Minotprayrku Poccuu
(Tocvoapemeennaa pezucmpaya Ne 1021050501068-5-1.4.3 (rpoexm FFEM-2022-0004)).
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ME3OIIOPHCTBIE BBLICOKOKPEMHE3EMHBIE CTEKJIA, JOIIHPOBAHHBIE
OKCHAOM BUCMYTA: COCTAB, CTPYKTYPA H 3JIEKTPOIIOBEPXHOCTHBIE
CBOHCTBA

Kysneriopa A.C.", Epmakopa JI1.3.2, Autponopa T.B.!
[ Hcmumym xusn cunukamoe um . B. TpeOenupuroea PAH, Canran-IemepOype, Poccua
2Canrm-IemepOypecruii cocyoape meessotii yrugepcumem, Canxm-Iemeptype, Poccua
e-mail: a_kuznetsova95@mail.ru

Bi>Os-doped porous glasses with various pore space structures were prepared. Structural and

electrosurface properties (conductivity, transport number, {-potential) in KNOj solutions have been
studied.

B Hacrogiueli pabore OB TIPOBEACH CHHTE3 KOMITOBUTHBIX BixOs-comepkalimx
ME30MOPHUCTEIX MeMOpaH ¢ BHCMYTOBHIMH aKTHBHBEIMH IleHTpamMu (BAILl) TOMHHECIICHITHH
COTTIACHO YyKe arnpoOupoBaHHOH MeToguke [1, 2]. B kauecTBe ™MaTpull OBUIH BBIOpaHBI
BBICOKOKpeMHe3eMHBIe MHKpO- (MHII) u maxpomoprcteie (MAIID) crekma, a Tak:Ke TePMHYSCKH
obpabotaHHble TIpH 750 °C MHKpomopHCTHe cTekma (MUIT/750). B paGore mpopeacHO
HCCTICAOBAHHE M COMOCTaBICHHE CTPYKTYPHBIX TapamMeTpoB (00beMHasd IOPHCTOCTh W,
KO>(QGHUIIMEHT CTPYKTYPHOTO COTIPOTHRICHHUA Jf, VaAeNbHad TOBEPXHOCTH Sy, KOdDHUIMEHT
H3BHITMCTOCTH K M CPeAHHH pajuyc TMOp 7) M 3IEKTPOKHHETHYSCKUX CBOWCTB (UHCIa TepeHoca
HOHOB KalHd B TIOPOBOM ITPOCTPAHCTBE M BIMEKTPOKHHETHUECKHH TOTEHIIHAN) CTEKITOOOpasHBIX
MeMOpaH, MOIUGHUIMPOBAaHHBIX U He Moau¢HIIMpoBaHHBIX Bi203, B pactBopax 0.1 — 0.0001 M
KNO:s.

B Tabnmuite 1 mpuBeAeHBI CBEJEHHA O CTPYKTYPHBIX ITapaMeTpaX H3YYeHHBIX TTOPHCTHIX
CTeKOIl. BHAHO, YTO AN KOMIIO3UTOB BEIHYHWHEI OOBEMHOW ITOPHCTOCTH W M YACIBHOH
TIOBEPXHOCTH S, HUKE, a CPEOHETO pajuyca IOP r, COOTBETCTBEHHO, BHIIIE, YeM AaHAIIOTHYHBIC
MapaMeTpsl 149 HCXOMHBIX MATPHI. 3TO, TTO-BHIMMOMY, CBI3aHO ¢ PACTBOPEHHEM KPEMHE3EMHOTO
KapKaca HCXONHBIX MATPHI[ B IIPOLECCE KOHTaKTHPOBAHHA OO0pasl[OB ¢ KOHIEHTPHPOBAaHHBIMA
pactBopamu Bi(NO3); x 2M HNO:s.

Tabmiara 1. CTpYKTYpHBIE [TapamMeTpbl MeMOpaH.

MemGpaHa w K S, MAT 7, HM
MITT 0.27 2.37 190 1.8
MIII-Bi,0; 0.26 2.08 139 2.4
MIATT/750 0.24 2.05 105 2.7
MII1/750-Bi,05 0.22 2.02 90 2.9
MAII 0.56 1.26 75 15.8
MATII-Bi,0O; 0.55 1.26 56 20.0

Anamuz poHTambHEIX COM HM300pakeHMiT 00paslioB HCXOMHBIX MATPHI[ H KOMITOZHTOB
MOKa3al, 4T0 MOMUGHIIMPOBAHHE CTEKON BHCMYTOM HE TIPHBOIHUT K H3MEHEHMIO XapaKTepa
CTPYKTYPBI TIOBEPXHOCTH, @ OCHOBHBIM (DaKTOPOM, BIMSIOIIMM Ha pasMephl TOPOBBIX KaHAalOB,
ABTIIRTCA TEMIIEPATyPHBIN.

Pesymprater 3J]C aHamsa paciipefeneHud BucMyTa Bi mo ckony MAII-Bi,03 mMeMOpaHbL
MOKa3bpIBatorT (puc. 1), UYTO aTOMBI BHCMYTa HAaXOAATCSI ITPEHMYITECTBEHHO Ha TIONYTOIIIHHE
o0pa3slia.
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Pucynok. 1. PactipefieneHre Bi rmo TommrHe (1 vmvi) MemOp adbl MATI-Bi,Os.

XyMHUUeCKHi aHaIH3 KOMITO3HTOB TIPOBOIHITH METOAOM PEHTEHO(ITYOPECIIEHTHOTO aHaIH3a
(P@nA). Comepxanne BixO3 B o6pasiie MAII-BiOs mpumepso B 10 pa3 6ombire, yem MHUII-BixO3
MemOpate (3.54 u 0.46 mac. %, COOTBETCTBEHHO). 3TO CBA3aHO Kak ¢ OOMbINeH 0OheMHON
TIOPHCTOCTHEO MaKpPOIIOPHCTOro ofpasia (cM. Tabm. 1), TaKk M ¢ TeM, YTO JOCTYII HOHOB Bi’" b
MHKPOIIOPUCTHIE 00pa3Ipl 3aTPYOHEH BCIEICTBHE HAMYMA B MX MOPOBBIX KaHallaX BTOPHYHOTO
KpeMHe3eMa.

Meromom peHTTeHO(azoporo aHamiza (PMA) Opmo  ofHapykeHO (OpPMHpOBaHHE
Kpuctammmyeckoit dasel  3-Bi2O3 B ofpasiie  MUII-BixO3.  JudpakTorpaMmbl  OCTaTbHBIX
KOMITO3UTOB TIOKasam, 410 obpasiml MHUIL/750-BioO; u MAII-Bi,O3 peHTTeHOaMOP(HBI.
MerozoM  peHTIeHOMOTOINEKTPpOHHOH — crekTpockonmuu  (PODBC)  ObIMO  MOATBEPKACHO
dbopMHpoBaHHEe OKcHAa BHcMyTa BipO3 BO Bcex KOMITO3HIIMOHHBIX —oOOpasiiax. [Iuku
dorosnekTpoHHOTO criekTpa Bi 4f ¢ sHeprueit cemu 160.2-160.5 »B u 165.4-165.8 3B
COOTBETCTBYIOT Bi 4172 1 Bi 4fs nma Bi2O3 [3].

AHanu3 pe3ylmbTaTOB HM3MEPEHHH M pacuera 3IEKTPOITOBEPXHOCTHBIX XapaKTEPHCTHK B
pacTBOpaX HHTpaTa Kallid — DIEKTPOIPOBOJHOCTH MeMOpaH, 4YHCEl IIepeHOca HOHOB,
SMEKTPOKMHETHUECKOTO TIOTEHI[HATIa — TTOKA3all, YTO OMPEACTIONUM (PaKTOpOM, BIHIIONINM Ha
cBoiicTBa MemOpaH, geigercd amga MUII m MHII-Bi;0O3 o0pasioB CTpyKTypa BTOPHYHOLO
KpemHe3zeMa B IopoBoM  mpocTpaHerBe.  Jma  MAII-Bi,Os  memOpaHBI, BEITHUHHEL
SIEKTPOIPOBOAHOCTH MEHBIIIE, YeM 14 HexomHOH MAITT MaTpHIls! BelneacTBHE GONBINETO pa3sMepa
Top, TOrZa KaK 3IeKTPOKMHETHYECKHE ITOTEHIMANBl B pacTBOpax HHUTpaTa Kalud OKasalHch
MPaKTHYESCKH PaBHBIMH.

1. TTarent RU 2605711. Criocol HM3TOTOBIEHHA NIOMHHECLIEHTHOTO BHCMYTCOAEpKallero KBapLIOHAHOTO
MaTepHalla Ha OCHOBE BBICOKOKPEMHE3EMHOT0 MOpHCTOrO cTekna/ AHtporosa T.B., T'npcoBa MLA., AHdrmosa MLH.,
Tonmosuna I'.@., Kypunenxo JLH., @upctos C.B.; 3aasm1. 12.05.2015; orydan. 27.12.2016, Bron. Ne 36. 17 c.: w1

2. Kuznetsova A.S., Ermakova L.E., Anfimova I.N., Antropova T.V. Electrokinetic characteristics of bismuth-
containing materials based on porous glasses // Glass Physics and Chemistry. 2020. V. 46. P. 290-297.

3. Deng F., Zhang Q., Yang L., Luo X., Wang A., Luo Sh., Dionysiou D.D. Visible-light-responsive graphene-
functionalized Bi-bridge Z-scheme black BiOC1/Bi,O; heterojunction with oxygen vacancy and multiple charge transfer
channels for efficient photocatalytic degradation of 2-nitrophenoland industrial wastewater treatment // Applied
Catalysis B: Environmental. 2018. V. 238. P. 61-69.

Pabome estROIHEHA € PAMKOX 20CyOapemee sHozo 3aoaniia HXC PAH npu noddepacrke Mimobprayru Poccu
(rapoexm  FFEM-2022-0004 (0081-2022-06(M). Hccredoeanua npogedersi ¢ HCHORb308dAHUEM 0O0pYOOBGHUA
pecyperbix  yeumpoe Hayunozo napra CHOIY «HanomexHonozuily, «MEMOOL! GHDINZI COCMOER GeHIEC Gy,
«@UBLNEC KIle MEFOOBT HCCAeOOCUHIA ROEEPXHOCTIUY 1 «PeHmze HOOUDPAKYLOHHEBIE MEIOObI HCCACOOEURUAY.
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CHHTE3 CTEKOJI Cul-GazS3-GeS:
1M MEXAHMW3M HX PACTBOPEHHA B H-bYTHJIAMHHE

JrotasuHa A.I1.!, Baiinakos JI.J1.'
!Canrxm-Hemepypecrutt 20cyOaqpemeeHH Il e COMeXHUNECKUI YHIgepCIHmen,
Canrxm-Ilemepoype, Poccua
e-mail: chemwood@rambler.ru

The glasses Cul-GaS3-GeS> were synthesized. The mechanism of glass solution in n-butylamine
was studied. The authors assumed that sulfides dissolved by the mechanism of dimensional
reduction.

CornacHo CBeJeHHAM, MONMYUSHHBIM B padoTax [1, 2], B3auMOAcHCTBHE TalOreHHAHBIX H
XANbKOTEHUAHBIX CTEKIIOO0pasHBIX CHCTeM ¢ H-OYTHIaMHHOM IIPOHCXONUT ITI0 MEXaHH3MY
MTPOCTPAaHCTBEHHOTO BoccTaHOBIeHHA (dimensionalreduction). BuHapHOe coeTUHEHNE PeaTHPYeET ¢
N SKBHUBAICHTAMHM arcHTa TPOCTPAHCTBEHHOTO BOCCTAHOBIEHHUSA ANA (HOPMHpPOBAHHMSI TPOWHOTO
JIOYepHETO coefnHeHnd. CXemMa Ipoliecca IIpeIcTaBlIeHa Ha prc. 1.

xtn

MX, InA X > A MX
Binary Parent L Ternary Child

Dimensional Reduction Agent
{A is more electropositive than M)

PrcyHok. 1. MexaHH3M IMp OCTPaHC TREHHOT'O BOCCTAHOBIEHHA: MX, — GHHapHOE P OTUTENECKOEe CoeMHHEHHE; A, X —
areHT IPOCTPAHCTBEHHOTO BOCCTAHOBIEHHA; A,M X i— TpoHHOE JouepHee cOeHHEHHE.

B Hactodiell paloTe BIEPBBIE IMOMYYECHBI TaloreHUAXANbKOreHHAHbE cTekmaCul-GasSs-
GeS> ¢ pa3HMUHBIM COOTHOILIEHHEM CYIb(OHAOB Tallliigd U repMaHud, cofepxainue no 40 mom. %
Cul. Meroamka CHHTE3a CTEKON Ha OCHOBE CYIb(QUIOB Talmud W TepMaHHSA OfMHcaHa B [3].
W3yueHEl BpeMd H XapaKTep PacTBOPEHHSA CTEKON B H-OyTHIIAaMHHE, ONpPeAClieHAa MaKCHMalbHasd
KOHIIEHTPalli4d pacTBopa.

YCTaHOBIEHO, YTO JJI4 TOIYy4YeHHd pacTBopob crekol Cul-GarSs3-GeSop H-OyTHIIaMIHE
TpeOyeTcd ANATENBHOS KHIIGYeHHe B TeueHHe 5-10 4acoB, B 3aBHCHMOCTH OT COCTaBa CTEKIIa.
MaxkcuManbHasg KOHIEHTPAaIlMd pPacTBOPOB cocTakiger(,2 Momb/m Amg crekma 40Cul-30GazSs-
30GeS,, mpHUeMero B3aUMONCHCTBHE ¢ H-OYTHIIAaMHMHOM HauMHASTCAd YAKE IIPH KOMHATHOH
TeMIrepaType.

MoxHO TIPEAIIONOANTE, YTO TTOABIIEHHE 3elIeHON OKpacKH B pacTBopax crekon Cul-GarSs-
GeSocBHALTENBCTBYET 00 00pa30BaHMM KOMIUIEKCHBIX coefuHeHHi Cul ¢ H-Oytumammuom. [lo
MEXaHHU3MY ITPOCTPAHCTBEHHOTO BOCCTAHOBISHHUSA B PACTBOP TEPEXOAAT CYMbQHIB Talmud H
TepMaHHA.

1. Tulsky, E. G. Dimensional Reduction: A Practical Formalism for Manipulating Solid Structures. //
Chemistry of Materials. 2001. Vol. 13. Ned. P. 1149-1166.

2. Pan, Ch. Solution-based Chalcogenide Thin Film Deposition: A dissertation submitted to Oregon State
University in partial fulfillment of the requirements for the degree of Doctor of Philosophy. // Oregon State University.
Corvallis. 2017. 150 p.

3. Baifmakora O.J1., Teepbarosrd HO.C., YepHos C.B., Boprcosa 3.V . CreknooGpasoBaHde B cHcTeMax GeS,-
Ga;S3-MnCl, (MnS) // Beet. JIT'Y. Cep.4. 1988. Nl 8. C. 120-122.
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ONPEAEJIEHUE KOO®OPUITUEHTA JIMHEMHOI' O TEIJIOBOI'O PACIIIHPEHNUA
CTEKOJI GA-GE-TE-I METOJ10M JUJIATOMETPHH

[Harpyiues J1.O., KyrbuH A. M., [Inexosnu A.B., Bemsmykop A.IL
Hucmumym xusn estcorosycmolx eemjecme unt. I Heeamotx PAH, Huowenuii Hoezopoo, Poccua
e-mail: patrushev@ihps-nnov.ru

Dilatometric investigation of glasses based on germanium and gallium telluride was done. CLTE of
these glasses was calculated using developed methodology.

XalmpKOTeHHAHBIE CTEKIA HA OCHOBE TEIUTYPHUIOB TaUHSA W TepPMaHHS IIPEICTaBILIIOT OOJBINON
HHTepec Oarofapd CBOMM CBOHCTBAM. OHH ITPO3payHbl B OIMMAHEM H cpelHeM MK-mHamasoHax or
3 10 25 MKM, BBICOKHM 3HA4YeHHEM ITOKa3aTelld MPEIIOMICHHI W O0llafatoT BBICOKOM XMMHUECKOH
YCTOHYMBOCTRIO. OHM HaXomgar TIPHMeHEHHEe B KauyecTBE BOIOKOHHO-OITHYECKHX CBETOBOJIOB,
CEHCOPOB I aHAIIH3a AUIKHX H Fa30BbIX cpell B MK-CIeKTpocKomun | T. 1.

[Ipp  W3TOTOBIEHHH  BOJOKOHHO-ONITHYECKHX  CBETOBOAOB  HEOOXONHMO  YYHTHIBATh
BONMIOMETPHYECKHE CBOIHCTBa MaTepHanoB OOOMOUKH M CEPALIEBHHBL, OCOOEHHO, KO(hDhHIMEHTH
THMHeHHoro Ternoporo pacimipenng (KJITP). HempapHbHBIH oG0P MarepHaoB I CBETOBOAOB
MOKET TIPHUBECTH K HEKEMAaTEbHBIM AeeKTaM B TTPOIIecce SKCIUTYaTallliH CBETOBOIA.

O6BeKTOM HCcCTeNOBaHUA ABATHCh ¢cTéKTa GaisGeioTersxIx (x =0 — 6 at. %), CHHTE3HPOBAHHBIE U3
BBHICOKOUMCTHIX  TIPEKYpPCOpOB IO  MeTOAMKe, OImMcaHHOH B pabore [1]. HMcxomHeie
oumaToMeTpudeckue Kpupble (JIK) M4 JaHHBIX CTEKON OBUIM TIONMy4YeHbI Ha KBApIEBOM
TOPHM30HTAIBHOM JHIATOMeTpe ¢ TouHocThio = 1.1 - 107 K. Pesymprarel ompemeneHms
Ko>(QOUIIMEHTORB NHHEHHOTO TEMTOBOTO PACIIMPEHHA TIPEACTaBeHBl Ha PHCYHKE (ITTOTBIMH
burypamu obo3HaueHsl KJITP, momyueHHbBIe HHTEPBAIbHBIM METOMOM, THHHAMH — TIOTYYSHHEIS
mpeobpaszopaHreM HcxofHbx  JK). TlomydeHHBIe JaHHBIE TIO3BOISIOT — CITPOTHO3HPOBATH
TEPMHYECCKHE HalPAKEeHHA, CBG3aHHble ¢ pasHuled KJITP o0omoYkH W CepAlUEBHHBI ITPH
H3TOTOBJIEHUH H SKCIDTYaTallHi CBETOBOAOB.
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I K
Pucynok 1. TenmepatypHan 3agHcHMOCTb KJITP ctékon Ga;sGejoTers.«Jx (x =0 — 6 at. %)
1. A.P. Velmuzhov, M.V. Sukhanov, V.S. Shiryaev, A.D. Plekhovich, Preparation of high-purity germanium

telluride based glasses with low oxygen impurity content // Journal Non-Crystalline Solids. 2021. 553. 120480.
Pafioma estnoanerd npu Qurarcoeoil nooddepicke eparma PH® N 21-73-10104.
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CBOHMCTBA CTEKOJI CHCTEMBI As-Se-SbBr3
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2HITO Focyoape meennviii onmudecrkuit unemunym ust. C.H Baewtoea, Canxm-Ilemepoypz, Pocecun
e-mail: samigullin 1 8@yandex.ru

Glasses were prepared by vacuum melting. Glass formation is obtained up to 12 mol.% SbBr3. The
glass density decreases with increasing SbBrs; content. Glasses are fusible.

XanbKOreHHJHBIE CcTeKla ¢ fodaBlieHHeM SbBr3 B chHcTeMy As-Se B IEPCIEKTHBE MOTYT
OBITh IMPUMEHWUMBL B OITHKO-3IIEKTPOHHBIX TEIUIOBH3HOHHBIX CHCTEMAX H IMPHOOpax PasMYHOrO
HaszHaueHUA. MX JocTOMHCTBa: HU3KHE ONTHYeckHe morepd B MK-oOmactu or 0,7 mo 17 mxm,
BBICOKOE 3HauUeHWE HETHHEeHHOTO TIOKa3aTelld IIPeTIOMIICHHS, XHUMHYecKad CTaOHIBHOCTD.
JIerKOTITaBKOCTh H TEPMOCTOMKOCTh TalOTEHCOAEPKAIIHX CTEKON TO3BOJAET IPUMEHATh HX B
KauecTBe UK-KIleeB 114 cKIleMBaHHA ONTOIEKTPOHHBIX KOMIIOHEHTOB M IONYYEHHA MHKPOIHHS.
Brnaromapd comepXaHHIO B COCTaBe TallOTeHOB, cTeKIa oO0IafaloT XOopolled aAresned K
MOITYITPOBOIHUKOBBIM MaTepHallaM.

lenpro HccnefoBaHWA ABIASTCA aHAM3 CBOMCTB CTEKOII CHCTEMBI As-Sec HoOaBKaMH
SbBr3.

[lepen cHHTE30M BBICOKOUHCTHIM MBITIBSAK H CEIEH ITOMEIANH B KBapleBhle aMITYIIBl ¢
MOCTIEIYIOIINM TIPOTPEBOM IMHXTHL B BaKyyMe TIepe]l B3ATHEM HeOOXOAHMOTO KomHuecTBa SbBr3.
CTexma CHHTE3HMPOBAIMCh ITPH MaKCHMAIIbHON TemiiepaType cuHTesa 700 °C, ¢ 3aKallkoi paciuraBa
Ha BO3yXe. 3aKalKa paclliapos mponssoaunacek or 400, 450 u 500 °C. B 3aBHCHMOCTH OT cOCTaBa
CTEKJIa OTAHralnuch IpH Temreparype oT 100 mo 160 °C. IIMOTHOCTE CTEKON H3MEPATIH METOJOM
THAPOCTaTHYESCKOTO B3BEIMBaHN4, cIlleKTpel MK mpormyckaHud perucrpupoBamn Ha Oypbe-
criekTpoMeTpe MCM-1201, xpupble AU dhepeHIHATLHO TepMudeckoro aHamm3a (JITA) monydam ¢
TTOMOITIBIO YCTaHOBKH “TepmMockaH-2". TemMrepaTypy BIaBIHBaHUA MONychepHUIecKOTO HHASHTOpa
(Hayaa aedhopMaIliKi CTEKIIA) H3MEPAIH ITPH TIOCTOIHHOW CKOPOCTH Harpesa 3 K/MHH.

Crekma OBITH TTONYYEHBI 0 MaKCHMAaTbHONH KOHIIeHTpaIimH SbBrs 12 mom.%. [InoTHOCTE
CTeKON MeAHT B Tpefienmax 4.37 - 4.62 r/cM’, MMed TEHIEHIMIO K YMEHBIICHHIO TIPH POCTE
coflepKaHn g OpoMuIa cypbMbl OT O 110 12 Mo %.

WK crHekTpsl TOTHOIMEHUT B 06TacTH 2 — 25 MKM ¥ ¢TeKOT (AsS40Se60)100-x(Sb2sBrzs)x u
(As205€80)100-x(Sb2sBr75)x OBLIHM TTOZOOHEL CIIEKTpaM CTEKON AsioSeso M As2oSego, COOTBETCTBEHHO.
CHeKTpbl TOTTOMEHHT ¢TeKOT (A$20S€80)100-x(Sb2sBr7s)x MpuBenieHb Ha puc. | B CpaBHEHHH CO
CIIEKTPOM CTEKIIa As0Sego.

(Asrcseao}ga{Sb:sB r75)1 _/\‘,_/'\____/

{Asf‘Dse&:)E!(Sb?ﬁBr:‘b)fl -~
8] (AsiSe)SB.Br), N\
(As,;Se, ),(Sb,

s0lsd

(As:"_'seun ]lac-(Sb;!sB Tos ), o

4 (As, Se,),(Sb,Br,.),,

I'}puee,qe HHaA ONTHUYEeCKan NNOTHOCTE
@
1

T
1 3 5 7 g 11 13 15 17
OnuHa BOnNHbI, MEM

Prcynok. 1. FK-CrieKTpbl [TOIMIOMIEHHA CTEKOIL.

Beenerrie SbBr; MpHBOMHMT K TTOHMAKESHHIO TeMIlepaTyphl cTekIoBaHud (Tg) or 168 mo 139
°C ¢ pocToM cOJepKaHUA B CTeKNNax OpOMHIa CYpbMBI. B TO ke BpeMs NpH BBEISHUH B CTEKIa
cucTeMbl As-Se (B CTEKITO As3sSess) TOTBKO CYPHMBI B KOTHYECTBE JIO0 6 MOM.%. TemIeparypa
CTEKIIOBaHW 4 HE MEHIETCA U OCTAeTCd B CPelHEM paBHOH 143 °C.
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Temmeparypa Hauama Aedopmailuu cTeKom AsxSeioo-x pacteT oT 70 mo 225°C mpu
YBEIIMUCHUH KOHIICHTPAIlMH MBIIbIKa OT 5 10 25 mMoml%. IIpu BBegeHHH OpomMHIa CYpPBMBI
TemIlepaTypa Hayala Ae(opMalluu clieTka MoHM:Kaercd oT 170 mo 140 °C mpH yBeNHYeHHH
KOHIIEHTPalluH OpoMuIa cypbMBL 10 12 mon. % B cTeknax (As20Seg0)100-x(Sb2sBrys)x. Crexia mpu
5TOM He KPHUCTaIUIH3 YEOTCH.

HccrmenoBaHHBIE CTEKNMa TIEPCMEKTHBHBI AN MPOH3BOACTBA METOAOM ITPEIIH3HOHHOTO
MIPECCOBAHNA JINH3 H OKOH JAJIA Pa3THYHBIX MpHOopoB UK-0nTo3nekT poHNKH.

OINTHUYECKHE CBOMCTBA CTEKOJI CHCTEMBEI B203-Si02-ZnO-NaBr

Kmmxop B.A', Apuenkop B. B.!, Ceneropa T.10.!
ICanrm-nemeptypecrutt Hommexnidecruil yuneepeumem Hempa Bemurozo, Canxm-IHemepoypz, Poccun
e-mail: seva.archelkov@gmail.com

The influence of NaBr content on the refractive index and density values in a series of glasses based
on system (100-x-y)(B203-Si0z)-yNaBr-xZnO was established.

Chepa  MmpakTHUECKOTO  TPHMEHEHMS  OOPOCHIHKATHBIX  CTEKOT  OOIMpHa -
OITOAKYCTHYECKAad OIEKTPOHUKA, TBEPHOTEIBHBEIE Ila3epbl, BaKyyMHAd TEXHHKa, OINTHUECKHE
CTEKJIa, IIOMHHECHUEHTHBIE MaTepHalbl W MHKpONeKTpoHHMKa [1]. Takke OHHM gBILIIOTCA
TIEPCIIEKTHBHEIM MATEPHAIIOM I ONTO3NIEKTPOHHKH M COIMHEYHOH DHEPIeTHKH B KayecTBe
TTAaCCHBHOM ONTHYECKOH cpelbl A (GOpMHUPOBAHHUS Pa3sTHYHBIX KBaHTOBOPA3MEPHBIX KIAaCTEPOB U
KpHUCTAIOB. J{aHHBIH BHJ CTEKON 4BIIAeTCAd OOBEKTOM MHOTHX HCCIEHOBAHHH IIOCIHEAHHX IIET
Hamren Onarofapd CBOMM YHHWKaJIbHBIM CBOHCTBAM: XHUMHYECKOWM CTaOWIIBHOCTH, BBICOKOH
MEXaHHYEeCKOH IIPOYHOCTH, HHU3KOMY KO(DOMHUIMEHTY TEMIIOBOTO PACITUPEHHA, BBICOKOH
OITHYECKON ONHOPOJHOCTH, TEXHOIOTHUHOCTH TIONYYEHHI H INHPOKOMY TeMIIEpaTypHOMY
THATa30Hy dKCIUIyaTalud [2, 3].

HIId TIpakTHYeCKHX 3ajad OITHUYECKOTO IPHOOPOCTPOSHHA BaXHBIMH XapaKTepHCTHKAMHU
MaTepHala JBIISIOTCA er0 ONTHUECKHE U CIIEKTPallbHBIE CBOMCTBA. B YacTHOCTH, BOIIPOC CO3MaHHUA
MaTepHalIOB ¢ BBICOKMM ITOKa3aTelleM IIPEIIOMICHHA, BapbHPYEeMBIM B IIHPOKOM JHAlla30HE, a
TaKkKe OCOOBIM XOJOM IJHCIIEPCHOHHOM 3aBHCHMOCTH IIPEIACTABIALT BBICOKYIO ITPAKTHUESCKYIO
3HAUMMOCTbD.

OKCHIHBIE CTEKI0OOPa3HBIE CHCTEMBI ABIAIOTCA XOPOIIO H3YUESHHBIMH, a HX OCHOBHBIE
XapaKTePUCTHKH OOIIen3BecTHB. OfHaKO g pafa chelr@uueckux 3afiad (TpaJHucHTHBIC
BOITHOBOJBL, OIITHYESCKHE BOIIOKHA C BBICOKHM ITOKa3aTelleM IIPENIOMIEHH, HH3KOIUIaBKHE
TIOKPHITHS M 5Mald) WX TIPUMEHEHHE OrpaHHuYeHO, TOATOMY TIOCIENHHE TONBl TTPOBOIATCS
HCCIIENOBaHN A OKCHTaIOTeHUIHBIX CTEKOI [4]. OTMEUeHHBIH KITacC CTEKOI MTO3BONSAET OOBEIUHATD
B ce0e TeXHOIIOTHYECKHE U ONTHUECKHUE TTPEHMYINECTBA O0CHX CHCTEM.

B nmanHON paboTe MPUBOAATCA PE3YIbTATHl HCCIEHOBaHHA (DH3HKO-XHUMHYECCKHX CBOHCTB
crexitooOpasHoi cucreMel (100—x—y) (B203—Si102)-yNaBr — xZnO. B palore Takxe IIPOBEIEHO
SKCIIEPHMEHTABHOE OIPEACIICHHE CIIEKTPAllbHBIX CBOMCTBA CTEKON, YCTaHOBIIEHO BIMAHHE
cofepxaHrid NaBr Ha BenWUMHY ITOKa3aTeld IIPeIOMIICHHA W IUIOTHOCTH B CEPHH CTEKON, Ha
OCHOBaHMH Tpadrka Tauc M mpapuia YpOaxXa [5] paccuMTaHO 3HAYCHHE INMPHHBL OITHUESCKOH
3aITPEIIEHHON 30HBI.

OCHOBHBIM pe3yIIbTaTOM PabOoTEL CTAll0 YCTaHOBIIEHHE OOIIAaCTH COCTAaBOB € ITOKa3aTeleM
TIpenoMIeHHs Gomee 1,62 H MHKPOTBepHocThIo 490 Kr/Mm?. Tak:ke IMpoBeieHa 0TpadoTKa PekIMOB
TIONYYEeHHd CTEKOJ, KOTOopad MPEIITCTBOBANa YIETYUYHBAaHHIO TaloreHHJa B IIpoLecce
BBICOKOTEMITEPaTYPHOI'O CHHTE3a M ITO3BOIAIA IOIIyYaTh 00paslbl ¢ HASHTHUHBIMH OITHUECKHMHU
XapaKTEePUCTHKAMH.

1. Colak S. C., Akyuz 1., Atay F. On the dual role of ZnO in zinc-borate glasses //Journal of Non-Crystalline
Solids. 2016. T. 432. C. 406-412.
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2. Zaid M. H. M. et al. Synthesis, mechanical characterization and photon radiation shielding properties of
Zn0-AlL05;-Bi,05-B,0; glass system /Optical Materials. 2021. T. 122. C. 111640.

3. Sailaja B. et al. Physical, structural and spectroscopic investigations of Sm3+ doped ZnO mixed alkali
borate glass //Journal of Molecular Structure. 2015. T. 1096. C. 129-135M.

4. B. KypymknH, A. B. Cemenua, JI. H. boyiHos, M. [, Mixaiinos CBHHelLcofiepKallHe OKCHIaNoreHHHbIE
crekna / // @usrka U xumuA ctekna. 2014, T. 40. Ne 4. C, 558-565.

5. Urbach F. The long-wavelength edge of photographic sensitivity and of the electronic absorption of solids
//Physical Review. 1953. T. 92. No. 5. C. 1324

Paboma vt estnoaneHd npu nodoepicke cpanmd Hpesudenma PO 012 MOTOOBIX VIEHbIX KAHOUOMNOE HIYK
Ne MK-2869.2021.1.2.

CHJ/IMKATHBIE CTEKJIA, AKTHBUPOBAHHBIE HOHAMM INIEPEXO/1HBIX
H PEAKO3EMEJIbHBIX METAJLIOB

Tepernyk A.M.!, Jlapnonos I1.C.!, Berunnnnkos M.I1.2
Vapesedenue obpasoeanua «Beropyccrult 2ocyoapemeennvili mexHonozudecrui vaugepcumenty, Munck, berapyes
2 Poce iffcrull Xumuko-mexHotozude kil yaneepeumem wd JILAM Menodeneeea Mocrea, Poccus
e-mail: an.tereshchuk@gmail.com

The present work is devoted to the synthesis and investigation of the properties of luminescence
glasses when the additions are in the form of combinations of transition and rare earth metals ions.

CTeKkla M CTEKIOKepaMHKa, aKTHBHPOBAHHBIE HOHAMH IEPEXOAHBIX H PEAKO3EMETIBbHBIX
METaJUIOB B TIOCHETHHE TOABL, HaOHpaceT Bce OONBINYIO TOMYIAPHOCTH A4 IIPHMEHEHHI WX B
KauecTBe MIOMHHOGOPOB, Mpeobpasyionmux YO umi MK u3mydeHHe B BHIUMBIH AHAINa3oH A
ONTORNIEKTPOHHKH H Ja3epHON TeXHUKH. (OOCHOBHBIM IIPEMMYINESCTBOM TaKHX MaTepHalloB
IBTIFeTCA: IMMPOKHI AMAIla30H COCTaBOB, THOKME TEXHOIIOTHH HX IIPOM3BOACTBA; CITOCOOHOCTH
H3TOTORIATH 00Pa3Ibl KaK B BHAES MOHOIUTOB, TaK H CTEKIIOBOIIOKHA.

CHIIMKaTHBIE CTEKIa 4BIIAIOTCA HauOolee IMHPOKO HCIOIb3YEMONH TIPYINIOH CTEKOM,
CTHEKTPAIbHO-TIOMUHECIIEHTHBIMI CBOHCTBAMH KOTOPBIX MOMKHO VIIPaBIATH IyTeM ITomdopa
cOocTaBa CcaMOM MAaTpPHIlbl, THIIA W KOHIUEHTPalMH HOHOB-aKTHBaTopoB [1-3]. Ilepexomuele
PEIKO3EMENBHBIE MTEMEHTHL, BBOAHMBIE B CHIIMKAaTHOE CTEKIIO, MOTYT HaXOAHThCA B BUAEC HOHOB U
XpoMOGOPHBIX IIEHTPOB Pa3MTHYHOTO COCTaBa MM OOPa3OBBIBATh HEOONMbBINMHE KIacTephl aTOMOB
WM HAHOKPHCTAIITHYLCKHX (as.

Hacrodmmag pa®oTa ITOCBAINIEHA CHHTE3Y H HCCIENOBAHHIO CBOMCTB CHIIMKATHBIX CTEKOII,
JOTHPOBAaHHBIX KOMOWHAIMH HOHOB TEPEXONHBIX H PEOKO3EMENBHBIX METAUIOB B IIMHPOKOM
IUaTIa30He.

Hccrmenyemple CTEKIa H3TOTOBICHBI HAa OCHOBE OapHii-alIOMOCHIIMKATHOH MATPHIBL ¢
BBeJIeHHEM KOMOWHAIHH OKCHIOB Sc203, Y203, CeO2, LnO2, MnO2, Eux03, SmxO3 IIpH pas3miyHbIX
COOTHOINIeHNAX. CTeKla CHHTE3HPOBaHbl B Tra3oBbIX Ieyax MpH 1450-1500 °C ¢ BRIEpAKON TIpH
MaKcHMalbHOH Temrieparype 1 4. Crekma orxwuranu mpu 600 °C B TeueHHe 5 4 B My(eTbHBIX
SIEKTPHYECKHX ITleuaX. [IOMydeHHBIe CTeKla HMEIOT INIOTHOCTh 3105-4027 Kr/m’, IMOKasaTelsb
MIpeToMIIeHHS B HHTepBane 1,621-1,629, temmepaT ypHbI K03hQHITHEHT THHEHHOTO pacIupeHHs
(81,2-99,5)-107 K. CrpykTypa cTeKon H3ydeHAa METOJOM paMaHOBCKHII CIIEKTPOCKOIIHH.
YCTaHOBIIEHO BIWAHHE Ilap HOHOB-aKTHBAaTOPOB ITPH PasiIHYHBIX HX KOHIEHTPallMIX Ha
CHEKTPAIbHO-TIOMUHECIIEHTHBIE CBOHCTBA CTEKOIL.

Cnemyer OTMeTHTh HaM4YHe WHTCHCHBHON TIFOMWHECIIEHIIMH ITPH PasIHYHOM COYETaHHH
HOHOB IlepHd / MapraHIla / e€BpOIMA / caMapHsa B CTEKIe TpH BO3OYEISHHH YO CBETOM.
PacnimipeHsl 3HaHHA © BaleHTHOM MW CTPYKTYPHOM COCTOSHHH HOHOB IIEPEXONHBIX H
PEIKO3EMENBHBIX MeTaUIOB. OIpeleeHO ONTHMAlIBHOE COOTHOINEHHE OKCHAOB IEPEXONHBIX H
PEIKO3EMEIBHBIX METAIIIOB AII ITONYYeHHI CTEKON ¢ 3aJJaHHBIMH JTFOMHHECIICHTHBIMHU CBOHCTBaMH
U (HU3HKO-TEXHUISCKHMH CBOHCTBaMH.

1. Trusova E., Vaitkevi¢ius A., Tratsiak Y., Korjik et al. Barium and lithium silicate glass ceramics doped with
rare earth ions for white LEDs // Optical Materials. 2018. Vol. 84. P. 459-465.
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2. Tratsiak Y., Korzhik M., Fedorov A., et al. On the stabilization of Ce, Tb, and Eu ions with different
oxidation states in silica-based glasses // Alloys and Compounds. 2019. Vol. 797. P. 302-308.

3. Tratsiak Y., Fedorov A., Dosovitskiy G., Moretti F., Trusova E. MO-SiO, and MO-SiO,—Gd,0; (M = Ca,
Ba) Scintillation Glasses / Engineering of Scintillation Materials and Radiation Technologies. Proceedings of ISMART
2016 / M. Korzhik, A. Gektin eds. — Springer proceedings in Physics. Springer International Publishing AG., 2017.
P. 160-166.

Pafioma estnoanaemca ApY noooepicke epanma EPOOQH-POOH MNe T2]1 PM-156.

BJIMAHHE CYJIbOUIA TEPMAHUA HA CYITEPHMOHHYH) CHCTEMY
GeS2-SbaS3-Agl

Mapsues T.B.!, Mapkos B.A. 12
!Canrxm-Hemeptypecrutii Homme xuirvecruil yuueepcumem Hempa Benurozo, Canxm-IHemepoype, Poccun
2Hncmumym xuniild cumramoe un. H B, Fpebemiguroea Poceutickolt axadesmu wayr, Canrm-ITemeptyp:, Poccus
e-mail: talibfarziyev@gmail. ru

The influence of germanium sulfide on the physicochemical properties of the glass GeS>-Sb>S3-Agl
has been investigated. Such glasses will use in ion-beam technologies and in aerospace
engineering.

Ha ceromnammHuii AeHb pa3padoTKa TBEPAOTEIPHBIX HCTOYHHKOB TSAKEIBIX HOHOB ABIIRTCA
AKTyalbHOH 3aZlaucii HAyKH W TEXHUKHU. TaKHe HCTOUHHKH MOTYT OBITh B OYAYINEM HCITOIb30BAHBI
B HOHHO-IIYYEBBIX yCTaHOBKaX B KadecTBe KaTofa M B a’dPOKOCMHYECKOH ITPOMBINUICHHOCTH B
KayecTBe ABUTATEIBHBIX CHCTEM 4 armapaTos ¢opmara CubeSat.

THITHYHBIN TBEPOOTEIIBHBIM HOHHBIM HMCTOYHHK IIPEJCTABIIAET COOOH 3a0CTPEHHBIN
SIEKTPOR W3 cepedpa ¢ HaHECEHHBIMH Ha HEr0 TBEPHOTENBHBIM BIIEKTPOIHTOM, MOOHITEHBIMH
HOHaMH KOTOPOTO ABILIFOTCA HOHBI cepefpa, M BRITATHBAIOIIMI 3IeKTpoA. OJHAKO CYIIECTBYIOT
TpeOOBaHUA K TBEPAOTEIBHOMY SIIEKTPONNATY 14 €r0 INPHMEHEHHS B HOHHBIX HCTOYHHKAX:
BBICOKOE 3HAYeHHE YACIBPHOW HOHHOM ITPOBOXHMOCTH, MAJo¢ 3HAueHHE 3HEPrHH aKTHBallHH
HOHHOH ITPOBOXHMOCTH, OTCYTCTBHE TOKCHYHBIX 3JIEMEHTOB W OONbINad Macca HCITYCKaeMBIX
HOHOB. JlaHHEBIM TpeGOBaHHAM YAOBIETBOPAST CTEKIIOOOPAsHBIA CYIIEPHOHHBIN SIEKTPOIMT GeSs-
SbyS3-Agl, MOOHIBHBIMH HOHaMH KOTOPOTO ABIIAIOTCA KaTHOHEL cepelpa. B HaHHOM SIEKTpOImTe
CYNb(HU CYypbMBI ABTACTCA CTEKMOOOpasopaTeneM, CyIb(QHI repMaHia cTaSHITH3HPYET CHCTEMY U
OTKPBIBAET JOIMOIHUTENBHBIE KaHalbl IPOBOJUMOCTH JJIS ITOABHAKHBIX HOHOB, TE€M CaMBIM
YBEIMYNBAd YACIBHYID HOHHYIO ITPOBOAHMOCTE CHCTEMBI, a 3acueT Homupma cepedpa CHCTEMa
ABTISIRTCA CYITEPHOHHOM.

[lempio paGoThl OBITO OIEHUTh BIHAHME CYTb(HIa TepMaHHI Ha (OH3HKO-XUMHUESCKHE
XapaKTEPUCTHKH (yIelIbHAd HOHHAA ITPOBOAUMOCTE, 3HEPrHA aKTHBALlMA U Ap.) cHcTeMbl xGeSs-
27.5Sb2S3-(70-x)Agl, tme x =5, 7.5, 12.5, 17.5. CHHTE3 CTEKON OCYINECTBIAIN B IIPEIBAPHUTEIBHO
BaKyyMHPOBAaHHBIX KBapIIEBEIX aMITYIIaX, IIOMEIEHHBIX B BBICOKOTEMIIEPATYPHYIO TPYOUaTyIO TIEYb
IpH Temreparype 985 °C B TeueHHE 6 4acoB. 3aKallflloch CTEKIO B OXIIaKISHHONH Boje a0 1-2 °C.
J1g yMEHBIIIEHH A MEXaHHYECKHX HaITPSUKSHHS TTONYYEHHBIE CTEKIIA OTKUTaIHCh B Ieyr Ha 20-30
°C HHKe TeMITepaTyPhl CTEKIIOBAHHA.

C momormpio auddepeHIMaTbHO TEPMUUSCKOTO aHalHW3a Obla TONyYeHa TepMOTpamMMa
CHHTE3UPOBAHHBIX CTEKON CO CKOPOCTBIO Harpesa S5 TpaaycoB B MHHYTY (pucyHOK 1). Cyma mo
TepMorpaMme, Temreparypbl crexinopaHvd (Tg) M Kpucrammmsaimu (Tx) yBenwuUMBaKOTCI C
YMEHBIIEHHEM COACpXKaHHA Homuza cepelpa, TemrepaTypa IumaBleHHd (Tm) ymeHbImaercd C
VBETTHUCHHEM COePKaHUA CylmbQHIa TepMaHHA B CHCTEMe JJIHHA THKOB KPUCTALTH3AIMH
Cy/KaeTcd.
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Pucynok. 1. Tepmorpamma cTeKI000pa3HbIX 3JEKTP OIHTOB.

OmpeneneHne YASTbHON HOHHOM IMTPOBOIUMOCTH HCCTIEAYEMBIX CTEKON OCYINECTBIANH C
HCTIONB30BAHHEM METONa HMITSMAHCHON CIEKTPOCKOIHH, ¢ IOMOIBI0 KOTOPOTO OMPEHeNstoT
AKTHBHOS M MHHUMOE 3HaYeHHS COTIPOTHRICHMIT TIPH HM3BECTHOH TeomeTpuu ofpasia. Jlamee
cTpomncs rojiorpad HMIIeZaHCca TIPH PasHBIX Temreparypax. llpumep roxorpada HMIemaHca
MpeNCTapleH Ha PHCYHKE 2, HaTWYHe TONMYKPYTra H TIONAPH3AIHOHHON BETKH XapaKTepH3yeT
TTPEUMYTIECTBEHHOW HOHHBIN THIT MTPOBOAMMOCTH. OGpaTHOE 3HAUECHHE YAETbHOTO COMTPOTHRICHH A
COOTBETCTBYET 3HAUSHHIO YACTHHON HOHHOIM TIPOBOIHMOCTH.

y
R =9027 Ohm g

2", kOhm

)

2 kOhm

PucyHok. 2. I'padmk Koyna-Koyna coctaga 2.5GeS2-27.5Sb2S3-70Agl npH KOMHaTHOI TemMIiepaType.

Jamee Oblma IIOCTPOSHA TeMIlepaTypHad 3aBHCHMOCTh IorapudmMa YACIBHOW HWOHHOH
SMEKTPOIMTPOBOMHOCTH XalTbKOTEHUIHBIX CTEKON (PUCYHOK 3), MO HAKIOHY KOTOPOTO OMpeleNneHbl
3HAUEHHS SHEPrHd aKTHBAllWH HOHHOW ITPOBOMIUMOCTH. [lo ypaBHeHHIO HepHcera-SHHINTEHHA
MTOCYHTAHBI KO3(GGHIIHEHTH TU( GY3HH TIOABHKHBIX HOHOB cepebpa. Pe3ynbTarsl IpeicTaBIeHs B
Tabmite 1.

= 5Ge52
o 7.5GeS2

2344 +  12.5GeS2
—4— 17 5GeS2

L 2

0, 0;129 D,DE)BD 0.0‘2}31 D.DIUSQ 0,0:333 0.0‘034
T, 1K
PucyHok. 3. TemriepatypHas 3aBHCHMOC T JIorapHdMa YAeTbHOH HOHHOH [P OBOJIHMOCTH CTEKOJL

70



Tabmaga 1. 3HaueHHa PU3HKO-XHMHYECKHX XapaKTepPHCTHK cHeTeMbl GeS,-SboS;-Agl.

CocTas, MOJL % 6-10%, Cu-cm’! D.- 101, en?fc E.'1073, 3B
5GeS,-27.58b,S;5-67.5Agl 1.440 4.76 68
7.5GeS,-27.5Sb,S3-65Agl 1.109 4.94 50
12.5GeS,-27.5Sb,S;-60Agl 1.107 5.35 51
17.5GeS,-27.5Sb,S5-55 Agl 0.778 5.84 50

[To TabmuIie BBIOTE BUAHO, UTO YASNbHAd HOHHAS MTPOBOIUMOCTD, Ko3(drueHt mud dysmm
HOHOB cepelpa, DHEPrud akTHBAlMH YMEHBINAOTCA IPH CHHZKEHHH MOIAPHON JONMH Homuma
cepefpa B cTeKIIooOpasHOH cHeTeMe. DHEprud akKTHBAllHH BTOPOTO, TPEThEr0 M UYETBEPTOTO
SIEKTPOIIHTAa HM3MEH4eTCS Ha HallPaBICHHO M3-332 MAIOro KOINWYECTBa H3MEPEHHH YAEIbHON
HOHHOH ITPOBOHMOCTH.

B pesymbTare TpojenaHHOW palGoThl OBIIO OICHEHO BIHAHHE CYIb(HIa TepMaHHI Ha
(OUZMKO-XUMHYECKHE XapaKTEPUCTHKH CYTIEPHOHHON CTeKITooOpasHoi cueTeMbl GeSs-SboS3-Agl. B
OyayImeM IDIaHUpPYeTcsS paspaloTaTh METOJA OCakIeHHA CTEKIIo00pasHOro 3IEKTPOIHTa Ha
3a0CTPEHHBIN cepeOpAHBIH DIEKTPOA H HCCIeA0BaTh SMHCCHIO TIOJBHAKHBIX HOHOB B BaKyYMHOH
KamMepe.

1. Li Z., Lin C. Formation and properties of chalcogenide glasses based on GeS2-Sb2S3—Agl system //
Materials Letters. 2014. Vol. 132. P. 203 — 205.

2. Zhang Y., Jiao Q., Ma B. Effective ionic transport in Agl-based Ge(Ga)-Sb-S chalcogenide glasses //
Journal of the American Ceramic Society. 2019. Vol. 102, No. 12. P. 7065 — 7070.

3. Li C, Zhu E. Fast Ag-ion-conducting GeS2—Sb2S3-Agl glassy electrolytes with exceptionally low
activation energy // The Journal of Physical Chemistry. 2018. Vol. 122, No. 3. P. 1486 — 1491.

OCHOBBI ®H3HKO-XHMHYECKOI'O MOJAE/IMPOBAHHA CTPYKTYPHI
BOPOCH/IMKATHBIX CHCTEM

berunHckmit B.A., HltenGepr M. B.. Tymmuipia A.A., Kopomesa O.H.
FOviero-Vparooruil ghede paotbrstil Hayansill e smp MuHepaiozunl U zeosronoziu YpO PAH, . Miacc, Poccua
e-mail: shtenberg@mineralogy.ru

Physicochemical modeling of silicate and borate systems was performed on the “Selector-C”.
Further work aimed at combining the results will allow the calculation of the borosilicate system
Structure.

BopocHIMKaTHBIE CHCTEMBI, B HACTHOCTH CTEKIIA, ABIISIOTCSA OCHOBHBIM THIIOM MATPHIL I
3aXOPOHEHHUSA PaJHOaKTHBHBIX oOTXoA0B [1]. Tlpm sToM BaxHBIMH (DaKTOpaMH ABJIAIOTCS
YCTOHYMBOCTh  CHCTEMBl K  KpPHUCTaUIM3allik, pPacTBOPSHHIO.  bonbImoe  KONMHYECTBO
SKCIIEPUMEHTAITBHEIX PaboT MOCBAIEHO H3YUYEHHIO CTPYKTYPHI MAaTPHIL, HX CBOHCTBaM, IpoOIeMamM
XUMHYECKOH YCTOHYHMBOCTH MATepHallOB IO BosAciicTBHeM pH cpemsl u PT-yemosuit [2].
[TpoBomumMbIe B ATOH OGNMACTH HSKCIIEPHUMEHTHI TPeOyIOT OGONBIIMX BPEMEHHBIX H (HHAHCOBBIX
3aTpar. MeToJ QH3HKO-XUMHYECKOTO MOJESTTHPOBAHHS B Pealli3alliyi Ha TIPOr PAMMHOM KOMITIIEKCE
«CenekTop-C» aBrgerca OIHNM U3 Hanbomnee 3 HeKTHBHBIX TEOPETHUECKUX METONOB 1A PEIICHUA
Pa3sMYHBIX 3a/lad II0 MCCIEAOBAHHIO PAaBHOBECHH, ITPOIECCOB ITPeo0pa3oBaHUA BEINECTB B
3aKPBITBIX U OTKPBITHIX cHcTeMax [3]. C 1enbio QH3HKO-XUMHUECKOTO MOACTHPOBAHUSI CTPYKTYPHI
TPEXKOMITOHEHTHBIX OOPOCHIHKATHBIX CHCTEM  OBIIM CQOPMHPOBAHBI MOJESITH INEITOYHOH
CUITHKaTHOH [4] u 1memouHoit GopaTtHoH [5] cucreM. CTPYKTYPY INETOUHBIX CHITMKATHBIX CHCTEM
yIOOHO IIpEAcTaBIATh B BHIe paclipefencHud ("-emuHun. Ha prcyHKe 1 TOKasaH IIpHMep
MOZEINPOBAHNA PAcIIPelelieHHA CTPYKTYPHBIX eIHHHI cHeTeMBI LipO-SiO2 B COIOCTaBICHHH C
SKCIICPHUMEHTABHBIMH JaHHBIMH |6]|. BumHo, uTOo c pocrtoM comepxaHHa LixO IIPOHUCXOOUT
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SaKOHOMCPHOC H3MCHCHHEC KOHIICHTPallHH Q” -CHHHHIT COITaCHO PeaKIHAM
AHCITPOITOPHHOHHPOBAHH A:

2Qn — Qn+1 + Qn—l (1)
20'=20'+ 0 2)

Kommnonent, %o

0 10 20 30 40 50 60 70 80
Li,0. mom, %

PucyHok. 1. Mogenupogatie Q" — pacrpefeneHis cHeTeMbl Li, O-SiO;.

Ha pucyHKe 2 IIpefcTaBIeHbl Pe3yIIbTaThl MOACIIMPOBAHUA CTPYKTYPHI cHeTeMEI Li2O-B20:s.
[lepecuer XMMHYECKUX COSIUHEHHH B CTPYKT YPHBIX T'PYILIEL ITOKa3BIBACT, UTO TPEYTONBHHKH BO3
TIOCTEINEHHO 3aMelnatoTed TeTpadapaMu [BO4]™. IIpu comepxaHuu okKcupa THTHA okono 30 u 40
MOI. % TIOABIAFOTCA TPYIIBI ¢ ONHHM H JABYMA HEMOCTHKOBBIMH aTOMAMH KHCIIOPOJAa
COOTBETCTBEHHO. PaccuWTaHHBIE paclpelleleHHI OOpaTHBIX CTPYKTYPHBIX SIWHHI] HaxXOmATcd B
XOpOIIEM  COOTBETCTBHH €  DKCIEPHMEHTAIBHBIMH ~ JAHHBIMHM, IIOMYYEHHBIMH  METOHNOM
CIIEKTPOCKOITHH KOMOHHAIIMOHHOT O PacceaHUA CBETA.

100+B:0
801

60+

KomnoHeHT, %

40-

20+

0 ( 10 20 30 40
Li,0, mon. % Li,O, mox. %

PucyHok. 2. MojieTHpoBaHHe CTPYKTYPBI cHeTeMbl Li;O-B,0; B BH/le XHMHYECKHX KOMITOHEHTOB ()
H B BHJIE€ CTPYKTYPHBIX MPYITIHpPOBOK (G).

[TocTpoeHHBIE B «CeneKTop-C» MOJAETTH CHITHKAaTHOH U OOPaTHOH CUCTEM, B KOTOPBIX OBLITH
BBEJICHBI TIOMPABKH HA OCHOBE Pe3YIbTATOB CIEKTPOCKONHH KOMOHHAIIHOHHOTO PACCESHHUA CBETA,
MO3BOIMHIHN ¢chopMUPOBaTh Ga3y MaHHBIX CTPYKTYPHBIX €IMHUI] CHITUKATHON M GOpaTHON CHCTEM B
HEKPHCTAIDIMIECKOM COCTOAHUH. [[OITyueHHBIe pe3yIbTaThl MO3BOJIIIOT 3a49BIATh O KOPPEKTHOCTH
MIPHMEHIEMOr0 METOfa M CO3Al0T TIPEATNIOCHINTKH IS CO3MaHUA (PU3HKO-XUMHYECKON MOmenH
CTPOCHU A MIESTIOYHOH OOPOCHITHKATHON CHCTEMBL

1. Ojovan M. L, Petrov V. A., Yudintsev S. V. Glass crystalline materials as advanced nuclear wasteforms //
Sustainability. 2021. V. 13. No. 8. 4117.
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2. Matzke H., Vernaz E. Thermal and physicochemical properties important for the long term behavior of
nuclear waste glasses // J. Nucl. Mater. 1993. V. 201. P. 295-309.

3. Bychinskii V.A., Tupitsyn A.A., Koroleva O.N., Chudnenko K.V., Fomichev S.V., Krenev V.A. Specifics
of representation of thermodynamic functions in the method of thermodynamic potential minimization // Russ. J. Inorg.
Chem. 2013. V. 58. P. 824-829.

4. Koroleva O.N., Bychinsky V.A., Tupitcyn A.A. Thermodynamic modeling of M20-SiO2 (M — Li, Na, K)
melts as applying to mixed alkali systems // J. Non-Cryst. Solids. 2021. V. 571. 121065.

5. Koroleva O.N., Shtenberg M.V. The structure of glasses M,0-B,0O; (M — Li, Na, K): estimation of
thermodynamic characteristics of alkaline borates and physicochemical modelling // J. Non-Cryst. Solids. 2023. (in
press).

6. Koroleva, O. N. The structure of lithium silicate melts revealed by high-temperature Raman spectroscopy /
0. N. Koroleva // Spectroscopy Letters. —2017. — Vol. 50, No. 5. — P. 257-264.

Pabtoma estnoanena sa ciem cpedcme epanma Poccutickozo rayinozo gonda Ne 22-17-20005.

IHHOJYYEHHE AMOP®HOI'O THOKCHIA KPEMHHA PA3/IMYHOLI' O
H30TOIIHOT'O COCTABA

[MTymopckadg K.@., Kommmaa M.E., Cyxanos M.B., Tpormn O.10., bymanos A. /.
Hucmumym xunnn estcoroducmorx eewfecme unt I''I Heeamoix Pocouticroil akadenadl HQyK,
Huernrit Hoezopod, Poccua
e-mail: k.shumovskaya@yandex.ru

Samples of amorphous silicon dioxide were obtained from ""'Si, 23Si, #Si, 3'Si. In their IR spectra,
there is a shift of the absorption bands to the low-frequency region with respect to *8SiO..

AKTyalIbHOI 3alauci HeOPraHHYECKOH XUMHH M MaTePHATIOBEICHU S ABIIACTCA MONYUSHUE U
HCCIIENOBaHUE CBOMCTB COSAHHEHUH ¢ BRICOKOM H30TOIHONM M XMMHYSCKOW YHCTOTOW. IlomydyeHne
H H3yUeHHE CBOHCTB MPOCTHIX H CIIOKHBIX BEIECTB ¢ MOJUGHIPOBAHHBIM H30TOITHBIM COCTaBOM
MpecTaRnaeT (GyHIAMEHTAIBHBIN M IIPHKITaJHON HMHTEpPeC BCISACTBHE OTIMYHA HX (H3HKO-
XHMHYECKHX CBOHCTB OT MaTepHalloB C €CTECTBEHHBIM M30TOIHBIM COCTaBOoM |1—4].
[lepclieKTHRHBIM HAaIlpaBIIeHHEM B 3TOH 00JacTH ABIACTCA TOMYYeHHE M H3YUCHHE CBOHCTB
H30TOIMHO OOOTaIeHHOrO JAHOKCHIA KPEMHHMI H CBETOBOJOB Ha ero ocHoBe [4—7]. CormacHo
THTepaTyPHBIM JaHHBIM I CBETOBOJA, B KOTOPOM CepHIiCBMHA H3TOTOBIeHa H3 -°Si't0,, a
obomnouxa 13 24Si'®0, pacueTHad BENHUHHA OTHOCHTEIBHOTO H3MEHEHH TTOKA3aTEN ITPETIOMIEHHA
coctaBuT 3-(10° — 10%). KpoMe Toro, TakMe MaTepHailbl OONafaioT Gollee IMMPOKHM OKHOM
MMPO3PAYHOCTH M MEHBITMMH ONITHYSCKHUMH ITOTEPSMH.

B pamkax pgaHHOH paGoThl OBUIM IONMy4eHBl OOpaslbl amMopdHOro S10; H3 IIPOCTOTO
BemmecTha "Si, 28Si, 2°Si, 3°Si u 28398i, pacTBOpeHHEM KpPEeMHHA B CMECH a30THOH H IITIABHKOBOIL
KHCIIOT ¢ TIOCTISMYIOIHM OCakKAeHHeM JTHOKCHIa KPeMHHA aMMHakoM. OcaloK IeHTPH( yTHPOBAIH
H TIPOMBIBAIIH JTHCTHITHPOBAHHON BOAOH. IlomydeHHBIE OCaAKH JHUOKCHAA KPEMHHSI PasTHYHOTO
H30TOITHOTO COCTaBa BRICYIIHBAIH M ITpoKamuBaii Ipr 700 °C. OrpefielleHHe W30TOITHOTO COCTaBa
00pastos nmpopoauim MetogoM MC-HUCII, maHHbIe TTpeicTaBIIcHbl B TaOIHIE 1.

Ta6maia 1. JlaHHbIE 10 H30TOMHOMY COCTaBY HCXOMHBIX BentecTs 28Si, 2°Si, 2°Si M momyueHHbIX H3 HHX ¢ OeTHHEHHI.
Copep:xaHHe H30TOIIa KpeMHHA, aT. %o

28Si BSi0, 2Si 2Si0, | ®%Si0, 30Si 30Si0,

S 99.9980+0.0010 [99.9956+0.0010f 0.12+0.01 ]0.1540.01 |41.1140.22] 0.0154+0.001 0.033+0.001

2Si 0,0018+0.0002 ]0.0032+0.0003 | 99.34+0.01 ]99.2940.01] 0.0340.01] 0.039+0.001 |0.041+0.001

30Si 0.0002+0.0001 ]0.0012+0.0002| 0.54+0.01 ]0.5640.01 }58.86+0.22] 99.946:+0.02 [99.926+0.002}

Hzoton

Meromom MK cIieKTpOCKONMH OBIIH ITONMYYEHbI M OXapaKTepPH30BaHbl CIIEKTPBI 00pasoB
JUOKCHAAa KPEMHHA PasTHYHOTO H30TOMHOTO cocraBa. MK crekTpockonnd gpidgeTcd OTIHYHBIM
METONOM 14 M3YYECHHS H30TOIMHOIO 3aMEINeHWd B JAHOKCHIE KPEMHHA, ITOCKOIBKY B JaHHOM
XUMHYECKOM COSJUHEHHH CYIIESCTBYET TONBKO JBAa THIIA aTOMOB, KaXiIBIH W3 KOTOPBIX HMEET
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cTaGHIIBHBIL 3aMemaeMbIit H3oTolL. JInd ™ Si0,, 2°Si0s, °Si0; u 2%%Si0, HabmogaeTca cMeleHHe
TIOTIOC TIOTTIOIIEHHS Ha BemnuuHy 0.12-20.79 cM™! B HM3KOYaCTOTHYIO OBIIACTD MO OTHOIUEHHIO K
THOKCHIY KpeMHHA-28. BemnunHa cIBHra 3HaAUHTENBHO OTIIMYAETCA OT TEOPETHYESCKOTO 3SHAUCHHU A,
PACCUHTAHHOTO M3 COOTHOINIEHHA TIPHUBEACHHBIX Macc. COTNMacHO JaHHBIM PEHTTeHO(ha30BOrO
aHamm3a, 00pasIpbl ABIAOTCA aMOPOHBIMH H HE COIep kaT KPUCTAITHYSCKHE BKITFOUCHHA.

1. D.C. Allan, J.T. Brown. Patent USA Ne 0022562 (03.02.2005).

2. Berezin A.A. Isotopic engineering // J. Phys. Chem. Solids. 1989. Vol.50. P.5-8.

3. Ilnexanog, B.I". I3oTormueckas vikeHepHa // Y eriex disHueckix Hayk. 2000. T.170. Nell. C.1245-1252.

4. Patent Ne 20030002834 USA. Low loss isotopic optical waveguides : No 10/068746: filed 05.03.2002:
published 02.01.2003 / T.G. Brown, B.A. Painter III; T.G. Brown, B.A. Painter III. — 19 p.

5. Ryan C. Ogliore. Identification of Large Isotope Anomalies in Quartz by Infrared Spectroscopy // Applied
Spectroscopy. 2019. Vol.73(7) P.767-773.

6. Sang M. Han, Eray S. Aydila. Detection of combinative infrared absorption bands in thin silicon dioxide
films // Applied Physics Letters. 1997. Vol.70(24). P.3269-3271. doi: 10.1063/1.118424.

7. Robert K. Sato, Paul F. McMillan. An Infrared and Raman Study of the Isotopic Species of a-Quartz // J.
Phys. Chem. 1987. Vol.91. P.3494-3498.
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BJIMAHHNE CTABIJIM3APYIONNUX JOBABOK HA CBOMCTBA KCEPOTI'EJIEH
H ITOPOHIKOB HA OCHOBE c¢-ZrO:

Anxunopa O.A.!, ®enoperko H.10.!, Msan C.B.2, Benoycopa O.J1.!
[Hnemunmym xuniy cumramoe u BB, Fpedemyuroea PAH, Canrm-Hemeptype, Poccun
2Canxm-Hemepoypee rull 20cyOapemee HEGI Mexnono2udeckuil unemunym ( Texuuecruit yiueepe umen,),
Canrxm-Ilemepoype, Poccua
e-mail: alkhimova.j@gmail.com

The influence of the stabilizing additive on the water content in xerogels, as well as on the particle
size of xerogels and powders, has been established.

Kepamrka W3 IHOKCHAa IMPKOHHWA HAXOOUT IMHPOKOE ITPHMEHEHHE B IPOMBIIIIEHHOCTH
Omarozapd COYETAHUIO BBICOKOH IPOYHOCTH, TBEPAOCTH, TPEITHHOCTOMKOCTH H KOPPO3HOHHOH
CTOMKOCTH B IIIHPOKOM HHTEpBaJIe TeMITIEpaTyp. MaTepHalbl Ha OCHOBE KyOHYECKOH MO (PHKAIIH
ZrO2 HCIIONB3YIOT B OCHOBHOM ITPH W3TOTOBICHHH TBEPHLOOKCHIHBIX TOIUIMBHBIX SIIEMEHTOB,
ra30aHaIn3aTOPOB, BBICOKOTEMITEPaTYPHBIX SIIEKTPOXHMHYECKHX YCTPOHCTB, a TaKkKe B KAaueCTBE
OTHeyIIopoB. g coxpaHeHHd KyYOHUECKOH CTPYKTYPEL ZrO» IIPH HOPMAJBHBIX YCIIOBHAX HanOoIee
YacTO HCITONB3YIOT CTaCHIH3HPYIOIMTUE AOOABKH, B KauecTBE KOTOPBIX MOTYT BBICTYITATh OKCHIIBL
pelKo3eMeNbHEIX dMeMeHTOR (P33). B HacToMINee BpeMa XOPOITo H3yUeHBI cHCTeMbl ZrOr—CeOr u
Z1r02-Y>03, 0JHAKO BIMAHHE OKCHIOB IPYIHX P33 MIM MX coueTaHHd Ha CBOMCTBA KCEPOreEleH,
TIOPOIIKOB H KEPAMUKH Ha X OCHOBE HYKIAETCA B JAIBHEHINIEM JeTAITBHOM HCCIEOBAaHHH.

B nmaHHOW pa®oTe METONOM COBMECTHOTO OCaXIEHHA THAPOKCHAOB C IOCIEHYIOIeH
HH3KOTEMITEPaTyPHO 00paloTKOH OcalKoB OBUIH IMOIIYYEHBI KCeporeln B chucTeMax Z10r,—CeOs,
7Z102-Y203, ZrO>—Yb203, ZrO>—Gd;03, ZrO>—Ce0r-Y>203, ZrO»—CeOr—Yb203, ZrO»—Y,03—
Gdy0s. TepmuuecKkoe MoBeAeHHe Keeporenei OBIIIO HCCIeMOBaHo MeTofaMH AH((epeHIHATBHOT O
tepmuueckoro (JITA) u TepMmorpaBHMeTpHUecKkoro aHammsza (ITA), ompedeleHBI KHCIOTHO-
OCHOBHBIE XapaKTEPHCTHKH TIOBEPXHOCTH YacTHI[ W CPEIHHH pasMep THAPOIHHAMHYECKOTO
InameTpa dYacTHil. [locime oO&Hra IONy4eHHBIX Kceporened mpu 600°C ObpUIIO IPOBEACHO
SIEKTPOHHO-MHKPOCKOIIMYECKOE  HCCIENOBAHHE  ITOBEPXHOCTH  YacTHI[, C  IIOMOIIBIO
PeHTreHO(ha30BOr0 aHamM3a OmnpeAeleH (asoBBI COCTAR MOMYYEHHBIX IMOPOIIKOB, PaCCUHTAHBI
pasMephl o0MacTeit KorepeHTHOro pacceauud (OKP) dacTHI[ ITOPOIIKOR 10 ypaBHeHMIO CellIKoBa-
[Teppepa.

[ToBepXHOCTh YaCTHI[ BCEX ITONYYEHHBIX KCeporelled XapaKTepHs3yeTcd codYeTaHHeM
KHCIIOTHBIX I[eHTpoB JIplonca W BpeHeTema. YCTaHOBIEHO, YTO KONHYECTBO KHCIOTHBIX IIEHTPOB
bpencrema (—OH rpyrin) DpUOIH3HTEIILHO OJHHAKOBO JJI4 BCEX COCTaBOB, a KHCIIOTHOCTH
MOBEPXHOCTH YacTHI[, OOYCIIOBIEHHAA IPHCYTCTBHEM Ha HHX KHCIIOTHBIX ULEHTpoB JIpFomca
(KaTHOHOB METAllOB), 3aBUCHT OT BKMaJa CTaHJApPTHOrO 3ISKTPOHHOTO TOTEHIMala KaTHOHOB,
HCIIONB3YEMBIX A CTaOHUITM3allHA JUOKCHIa IIUPKOHNA. [lorepa macchl ipr TI'A He IIpeBbIIacT
23.3% png cucTeM, He cofepXkKalluX Y203, B TO BpeMd KaK KCEPOTel, B COCTaBe KOTOPBIX OH
MIPHCYTCTBYET, XapaKTePHU3YIOTCA BBICOKHUM coflep:kaHueM BoAbl (30.7-33.7%). BeposarHo, naHHBIE
KCEPOTENH JBIIIIOTCA 00lee THTPOCKOIIMYHBIMA M CKJIOHHBI K HHTE€HCHBHOMY TIOTTIOIIEHHIO BIIATH
W3 BO3Ayxa, MO0 cofiepkaT GOlNbIliee KOMHIECTBO XUMHUSCKH U (DHU3HUESCKH CBI3aHHON BOIBI.

'maponrHaMHYECKHIT AHAMeTP YACTHIL ITONTYYSHHBIX KCEepOTellell HaXOAUTcd B JHAalla30He
251£1.6 — 760+22.5 HM, IIPH 3TOM KCEPOTEIH, XapaKTePU3YIOIIHECI BEICOKHM COAEPKaHHEM BOJEL,
He 00pa3syroT KpPYIHBIE ariloMeparhbl, YTO MOZXKeT OBITh CBSA3aHO C Pa3pPBIBOM HEYCTOWYMBBIX
KHCIIOPOJHBIX MOCTHKOB IIPH VIIbTPa3sBYKOBOW 00paloTKe. DBOIBIIMM THAPOIHHAMHYESCKHM
JUaMeTpoM oOOTafaroT YacTHIIBI, ITONYYeHHBIE C MCIIONB30BAaHHEM OKCHJa TaJONHHUSA HWIH
COYETaHHI OKCHJAAa TaJONHHHSA ¢ OKCHAOM HTTPHSA. YCTAaHOBIIEHO, YTO HYacTHIBI KcepoTelel
cocTaBoB ZrO2—Y 203 1 ZrO—Y b0z UMEIOT THAPOAHHAMHYSCKHH JraMeTp 278+6.7 u 5324+54.5 Hm
COOTBETCTBEHHO, OJHAKO IIPH BBEACHHH OKCHAAa IEPHA B 3TH CHCTEMBI THIAPOAHHAMHYECKHN
THaMeTp 4JacTHl] Kceporened B cucTeMe Zr0,—CeOr—Y203; yBenmuuuBaerca A0 525+£24.3 HM, a
THAMETP 4acTHIl Keeporeneh B cucTeMe ZrO2—CeOr—YboO3 yMeHbIaeTea 10 278+6.9 HM.
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[To pesymbratam POA MOPOIIKH BCEX COCTABOB, IOIYYEHHBIE TMOCTEe O0KHMIa KCEpOrelei,
COCTOAT M3 arlIOMEPHPOBAHHBIX YacTHI[ TBEPHOTO pacTBopa c-ZrO> 0e3 IMpHUMecH MOHOKIHMHHOH
thaspl. ATIOMEPATHl UMEIOT OKPYITYIO (hOopMy M HeGOIBINOe paclpeielicHHe TI0 pa3MepaM, O HeM

CBUIIETENCTBYIOT Pe3ynbTaThl COM (pucyHoK 1). OKP cocrapmsger 9—17 Hm,

PucyHok 1. Muxpodororpadum (C3M) nopouwikos B cHetemax ZrO,—Ce0, (a), ZrO,—Y,0; (8),
Zr02—Yb203 (B), Zr02—Gd203 (1")

BriGop craGwinsupyroliell no0aBKH II03BOIAET PETYIIMPOBAaTh COACPAKAHHE BOOBL B
KCEpOTEISX, IIPOLECCHl arlloMEpalii, W, B KOHEYHOM HTOTEe, pPa3Mep YacTHI[ ITOY4aeMBIX
TTOPOIIIKOB.

Paboma estnonnera npu nodoeprere Munobpraysu PO e pavrax Focsaoanun HXC PAH 0081-2022-0006

BAPHEBOCHJ/IMKATHBIE 'EPMETUKH JUIA SJIEKTPOXHUMHYECKHX
YCTPOHUCTB HA OCHOBE YSZ

Berpena A.U.!, Caeropa H.C.!, Kpaitnosa JI.A.!, Kyssnmu A.B.!, Benaxop C.A.2
! Bameruil cocyoapemeesrotii yrueepcumem, Kupoe, Poccun
*Hucmumym estcoromesmepamyproil saexmpoxuntin VpO PAH, Examepuniype, Poccun
e-mail: a.vepreva98@mail.ru

Barium silicate high-temperature glass seals for YSZ ceramics are studied by XRD, SEM, and EDS
methods. No interaction is observed at the YSZ|seal interface after exposure at 1000°C for 125 h.

Brimi TOmy4YeHBI BBICOKOTEMITEpaTypHbIe cTekna cHeTeMbl (50-x)Si02-30Ba0-20MgO-

xAO3/B203 (mac.%) amg ckiaeHkn KepaMUKH YSZ (OKCHA IIMPKOHHA, CTaOHITH3HPOBAHHBIH
OKCHIIOM HTTPHS) B YCTPOHCTBaX, paboTarolMX P BRICOKUX Temiieparypax (1000°C-1100°C). 3a
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OCHOBY OBINO B3ATO MOMYUeHHOE pPaHee ¢TeKo cocTapa 45S102-15A1,03-25Ba0-15MgO (mac. %)
[1].B maHHOI padoTe paccMOTPEHO BIMAHHE YacTHYHOTO 3aMelneHHa SiO2 Ha AOs3 n B2Os3(3 u 4
mMac.% ¢ MapkupopKamu 3A, 4A 1 3B, 4B cOOTBETCTBEHHO) Ha TEPMHUSCKHE CBONCTBA H PEOIIOTHIO
TIONMYYEHHBIX CTEKIOrepMeTHKOB. [lo pesymbraTam AumaToMeTpuu (Tabmmila 1) TepMHUSCKHit
koabuiinenT muHelHoro pactmupenua (TKJIP) crekmokepamiecKnx oOpasiioB BBIOIE YeM Y
00paslioB, BBIPE3aHHBIX M3 CTEKIA, 3a HCKIIFOUeHHeM oOpasima 3B. Jlyullel TepMHUecKOH
coBMecTHMOCTBEO ¢YSZ (TKJIP ~9-10x10° K!) u3 cTeKnokepamuk, obmagaioT cocTaBhl 3A H 3B,
YTO MOXKeET OBITh CB3aHO ¢ MeHee aKTHBHBIM (Pa3000pa30oBaHHEM B JaHHBIX 00pasiiax.

Tadmiia 1. TepmudeckHe Xap aKTEPHCTHKH CTEKO

C'ocTaB BTM,°C (£10°C) JCK, °C(£2°C) TKIIP <107 K™ !(+0,1)
Ts Tus T, T. CTexmo CreknokepaMHKa
3B 1150 1175 725 910 8,3 9,5
4B 1200 >1250 720 925 9,5 9,9
3A 1170 1190 740 915 8,4 9,4
4A 1120 1160 740 930 8,7 8,2

Ha »mxpodororpadHIxcTeKIOTePMETHKOR IIOCTe  OTIMBKH  CTeKla (PHCYHOK la),
TIONMYYEHHBIX B PeXKUMe OOpaTHO OTPakKeHHBIX SMeKTpoHOB (BSE), MokHO HaGMOMaTh TOTOCH
pasTUUHON HWHTEHCHBHOCTH,M KaK TIOKashIBaeT METOM BIeMeHTHOro aHammza (EDS), cBermbie
obmacTH oforalieHsl OapHeM, a Oornee TeMHBIE — KpeMHHeM.W3 MONy4eHHBIX JaHHBIX MOKHO
MIPEITONOKHUTE, YTO B JaHHOM o0pasiie ¢a30Boe pasdeleHHe ITPOH3OIIITO HEMTOCPEICTBEHHO TTOCIIE
BapKH cTeKlla, B IIpollecce ero OXaxkAeHHd. Kpome sToro, Ha pHeyHKe la IIPHCYTCTBYIOT
KPHCTAJIITBI HTONMbYaToH Gopmbl; cormacHOEDS, smemMeHTHOE cooTHOMeHHe Mg:Si:O B KpHcTalnax
MIPUOIM3HTENBHO paBHO 34:20:45 mac.%, 4TO COOTBETCTBYET cOoeAUHEHHIO MgrSi0O4 M3 pHcyHKOB
16 w 1B BHIHO, 4YTO KpHCTAIBl CHIIMKaTa MarHHS YBEIHUWBAIOTCA B pa3sMepax IIpH
TepmMooOpaboTke. JlaHHad MHKPOCTPYKTYpa XapakKTepHa I oOpasiob, cojepxkamux AlLOs3 B
coctaBe. CTekma, cojepxkaiue OOp, HWMEIOT aHAOTHYHBIE KpHUCTaH4Yeckhe  (hasbl,
TIpeCTaBIeHHBIE coefHHEHHEM Mg>Si104.

T TR A SR e el

Pucynok. 1. Mukpodotorpadus crexna 4A B pexinve BSE (a) nmociie 0TIIHBKH ¢ KapTaMH pacrip efleJIieHHA 3J1IeMeHTOR;
(6) ckneiikaYSZ|cTeKIo 4A|YSZ; () rocne Boizepsiai 125 u Ha nogyioke YSZ.

BrIgBIEHO, UTO TTPH TEPMOOGPaloTKe MO pekuMy ckieiku (1240°C) n mocne BHASPKKHB
tedeHue 125 4 (mpu 1000°C) Bce cOCTaBbl XUMHYESCKH HHEPTHBI TI0 OTHOIICHHIO K KEPAMHUIESCKOMY
MaTepuany YSZ (He HaGmoaeTcd mubdy3UuH WIH MPOAYKTOR B3auMoIeiicTBu). KpHeranmizaimsa
He TIPUBOJUT K 3HAUNTEIbHBIM pacxoxIecHuAM 3HaueHMH TKJIP cTexma U cTeKIOKepaMUKH, O UeM
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TOBOPHT OTCYTCTBHE TPEIMH B MecTax cKIeiku. (Da3oBoe pas3ficlieHHe B CTEKNaX HauHHaeTCd YKe
Mmochue WX OTAMBKM, KaK M KpUcTalmuzaima Mg SiO4, KoTOpad YCHIIMBaeTCd TIIOCIE
TepMooGpaboTKu. [lomyueHHBIE JaHHBIE He MafoT ITOMHOrO TPeNcTaBIeHHS O TIOBEJEHHH
6apHEBOCHITHKATHBIX CTEKITOTEPMETHKOB B YCIOBHMAX SKCIUTYaTalldH, MO3TOMY Tpefyercd Gormee
MoAPoSHOE HCCIEIOBaHNE TaHHOH CHCTEMBI.

1.Qi S., Portnikova N.M., Ananyev M. V et al., High-temperature glassy-ceramic sealants SiO,—Al,O;—BaO-
MgO and SiO,—ALO3;-Zr0O,—Ca0O-Na,O for solid oxide electrochemical devices // Trans. Nonferrous Met. Soc. China.
2016. V. 26. P. 2916-2924.

HCCJIEJOBAHHE KATHOHHOI' O Pb-Cd 1 AHHOHHOI'O Br-Cl 3AMEINEHHU A
B HAHOKPUCTAJUIAX IIEPOBCKHTA CsPbBr3;, CPOPMHUPOBAHHBIX
BO ®TOPOPOCPATHOM CTEKJIE

pikiH A JO.!, Konotkosa E.B."2, Makypur A.B.2
ICanrmn-HemepOypeeruii :ocyoape MEeHHbIT MEXHOROZUNeCRULT UHCIURYM (MexHudec i yrueepeumem,),
Canrxm-Ilemepoype, Poccua
2 Viugepeumem HTMO, Canxm-HemepGype, Poccun
e-mail: dadykin99@mail.ru

The synthesis of fluorophosphate glasses doped with CsPbBr3 nanocrystals and the effect of thermal
treatment and Br-Cl and Pb-Cd substitution on the optical properties are considered in this work.

HanHokpucTalmisl epobckuta coctaba CsPbXs (X = Cl, Br, 1), chopyupoBaHHBIE MeTOAAMH
HAaHOXWUMIH, B TIOCTICAHHUE ITATH JeT MPUBIICKAIOT MIMPOKOe BHUMAaHHE HCCIeAoBaTeNeif. DTH HOBBIS
MMOTYITPOBOMHUKOBBIE MaTepHadbl O0Mafal0T YHHKAIbHBIMH MArHUTHBIMH M ONTHYECKHE
CBOMCTBaMH, BKITFOUad HX BHICOKHIT KBaHTOBBIH BBIXOJ (hoTomomuHectieHIIMH (PL QY, 10 90 %),
V3KMH CITEKTP HBIYYCHHA, PErYIHPYEMBbIM aHMOHHBIM W KaTHOHHBIM 3aMEIIcHHEM, a TaKKe
pasMEpHBIM KBaHTOBHIM a(dexkToM [1]. BmiugHHe aHHOHHOTO M KaTHOHHOTO 3aMeIleHHI I
H3MEHEHH XapaKTEPUCTHK HaHOKPHCTANIOB ITEPOBCKUTOB CTAl0 TPEAMETOM MHOT OUHCIICHHBIX
HCCIeIOBaHHH.

B Hartel paGore mpH MOMOIIH KaTHOHHOTO 3aMelleHHd Pb-Cd n aHHOHHOTO 3aMerneHn s Br-
Cl ymamoch IOMYYHUTH CABHT CIeKTpa (OTOMOMHHECIICHIIMH B CHHIOO OOTacTh cIiekTpa. Jma
samerteHna Pb-Cd Obut mmonmydueH casur ¢ 525 go 460 Hm, a mig 3amenneHnd Br-Cl ¢ 525 g0 456 Hum.
B xome wHccaemopaHHSA BBIABICHO CHHKEHHE KBAHTOBOTO BBIXOJAa ITPH TIOCTIEAOBATEIIBHOM
VBEITHUCHUH KOMMYecTBa KaIMHAd H XJIOpa, 3aBUCHMOCTH KBaHTOBOTO BBIXOZa ITPEICTABIICHBI Ha

pucyHKe 1.
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PucyHok. 1. KBaHTORbIH BbIX0 A7A cTeko ¢ HaHokpHeTautamH CsPb, Cd,Br; (a) 1 CsPbBr; Cli (6)
TIPH P a3IHYHBIX 3HAYEHHAX X.

80



[Tpy xaTHoHHOM 3amMertieHHH Pb-Cd ¢ yBemmieHHeM KOMTHISCTBa KaAMHA KBaHTOBBIH BRIXOM
YMEHbIIAeTCA Oollee Pe3Ko, HeM TPH VYBEMUYEHHH KOHICHTPallMH XJIopa IIPH aHHOHHOM
samertichid Br-Cl. B ¢BM3H ¢ 3TUM aHHOHHOe 3amerieHHe Br-Cl Gomee IpeamouTHTENBLHO I
TTONY4YeHHS TIOMHHO(OPOB CHHETO I[BETA.

1. S. Yuan et al. In situ crystallization synthesis of CsPbBr3 perovskite quantum dots embedded glasses with
improved stability for solid-state-lighting and random upconverted lasing // ACS Appl. Mater. Interfaces 2017. Vol. 10.
Ne. 22, P. 18918-18926.

BJIMAHHE AL2O3/Y203 HA KPUCTAJUIM3AITA RO CTEKOJI CHCTEMBI
Si02-ALO3-Zr02—-Ca0-Na20-Y203

Iy6osies J1LIO.! Benpepa A.1.2, Caeropa H.C."?, Kpaitnosa JI.A.?, Kyssmuu A.B.2
! Bamcrult cocvoapemeennvie yuueepeumen, Kupoe, Poccun
HC HILIRYIR XUMLLL IREEPOO20 METE U MEXAROXUMLL, . Hoeocubuper, Poccua
2 00 CO PAH, H (7] P
e-mail:d.dubovtzev@yandex.ru

The crystallization of these glasses was studied after holding at 850 °C for 125, 250, 500 and
1000 h. The behavior of the glass sealant in contact with NiO-YSZ and LSCFM was also
investigated.

TBepmOOKCHIHBIE TOIUTHBHBIE 3IIEMEHTBL (TOTD) ITPEICTaBIIAIOT co00H
BbICOKO3(D (heKTURHBIE HCTOYHHKH SHEPTHH, HHTEPEC K KOTOPBIM BO3PAcTacT B MOCHeTHES BpeMA U3-
32 3HAUUTEILHOTO pocTa sHepromorpebneHud. Jna s>ddextnBHOTO (yHKIIHOHHpoBaHHI TOTD
HeOoOXOAUMO OOECIEYHTh Ta30INIOTHOE COSJHHEHHE EIUHWUYHBIX 3IIeMEHTOB. I 3THX Ienei
MPUMEHAOTCA CTEKIa W CTEKIOKEpaMHKH, Onarofaps BO3MOXKHOCTH pas3paloTaTh COCTaB C
nogxoammumMu cBoiicTBanm (TKJIP, Temmeparypa ckimeiku). BaKHBIM HTalloM B HCCIISTOBaHHH
MIPUMEHHUMOCTH TaKUX TEPMETHKOB ABJIIETCSA H3YUEHUE KPHCTAUTH3AMOHHOTO TTOBEACHHS CTEKIIA,
a TaKkKe ero cTabHITBHOCT B KOHTAKTe ¢ PYHKIMOHAILHBIMH MaTepHanami TOT D,

B kauecTBe HCXOIHOTO 0OBheKTa UCCISAOBAHMS OBITO BEIOPAHO CTEKIIO CHCTEMBI 59,6 S810,—
11,0A1,03-6,6Zr0>-3,4Ca0-15,4Na;0—-4Y>03 (mac. %), KOTOpoe SABIACTCA MEePCIeKTHBHBIM
TEPMETHKOM ¢ HH3KOH CKIOHHOCTBEO K KpHcTalwimzaluu [1]. M3BecTHO, 4TO pelKO3EMEIBHBIE
SIIEMEHTHL  OKa3BIBAIOT  ITONIOAKWUTEIIBHOE  BIMYHHE  Ha  CBOHCTBA  alFOMOCHIIMKATHBIX
CTEKIIOTEPMETHKOB Olnarofiapd CIIOCOOHOCTH CHHKATh KPHCTAINIH3allHI0 H CTaOHIH3HPOBaTh
sHaueHne TKJIP. Tak, Y203 crmoco0eH MofaBIaTh HEKENATETPHY KPHCTAIUTH3AIMIO B CTEKIIE, YTO
BaXHO M4 IIONYYEHUA CTEKIOTepMeTHKa ¢ TpeldyeMbIMH cBoMcTBamu. B maHHOM pabote
HeeTeAyeTes BIHAHMe 3amelieHud AlO; Ha Y203 Ha KpUCTAIMH3AIMIO H XUMHUYECKYIO
YCTOMUMBOCTD CTEKON cHeTeMbl 59,6810,—(11,0—x)A103-10,6Zr0,-3,4Ca0—-15,4Na,O—xY203(x =
2, 4,6 8; 10 mac.%) B KOHTaKTe ¢ MaTepHaaaMu TOT3.

CrerneHb KpHCTAUITHYHOCTH TePMETHKOB PAacCUHTHIBAIN IO MeTony Pardo[2]. B Ttalmwue 1
MIPEACTABIEHBI CTEMEHH KPHCTANIHYHOCTH OT BPEMEHH BBLACPAKH AN TEPMETHKOB € PasITHYHBIM
comepxanreM Y203, CormacHO MpeAcTaBIeHHBIM JaHHBIM, TEPMETHK, COASPKaIlni 2 Mac.% Y203,
OCTaBpancsd TPeHMYINecTBeHHO aMOp(HBIM BIIOoTh Ao 250 u. Ilpu gambHelImeM yBeTHUYCHHH
BPEMEHH BBIJEPAKKH HAOIMOMaeTcd pOocT KpHUcTalIndecKon ¢asel. [IpoTHBOIMONOKHOE MOBEACHHE
JEeMOHCTPHPYET CTeKno, cofepxainee 10 mac. % Y203, KOTOpoe MMeeT HauOONBINYIO CTEIIEHB
KPHUCTAIIMYHOCTH VAKEe B IEpBbie 125 4 BBIAEPAKH. [IpH HalbHEHINeM YBEIIHYEHHH BPEeMEHH
BBIIEPKKH PE3KOTO POCTa JONMM KpUcTamnmuieckod ¢asbl He Habmopanock. C TOUKH 3pEHHA
crabunmsaiid TKJIP B yCITOBHAX IIHTEITBHON PabOThL 3TO ABIASTCA HECOMHEHHBIM TLTIOCOM.
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Tabnmia 1. CrerneHb KPHCTAJUTHYHOCTH MEPMETHKOB OT BpeMeHH BBIZEPHKKH NMPH TemriepaTtype 850 °C.

CopepxaHde CTereHb KpHC TAILTHYHOCTH, %0

Y,0;,mac.% 1254 2504 500 4y 1000 4y
2 5,1 6,4 15,3 31,0
4 26,8 30,7 33,7 41,5
6 21,3 32,2 39,8 46,8
8 20,8 31,2 47,3 49,3
10 43,2 45,3 48,7 49,4

Jma omeHkH (a30BOr0 cocTaBa CTeKTa B KOHTaKTe ¢ aHOAHBIM MarepHamomM TOTD
(NiO(Ni)-YSZ) npoBefieHB HCCIENOBAHNA B OKUCTUTEIBHON U BOCCTAHOBUTETHHON aTmochepax
nocye BeiAepAKd mpu 850 °C B TeueHuM 125 U (pHCyHOK 1).

125y, BO3AyX
6 mac.% Y,0, 8 mac.%Y,0, 10 mac.% Y,0,

2 mac.%Y,0,

4 mac.%Y,0;

NiO-YSZ s T | NiQ-YSz M
P i P UM
125y, H,
8 mac.% Y,0, 10 mac.% Y,0

2 mac.% Y,0, 4 mac.%Y,0, 6 mac.%Y,0,
—-*l-

5 Sl oy et 2 ~i | L5 5 N I= af « 5 S5 Y. SRR . .
Pucynok. 1. Mukpodororpadri coemH Tek10|NiO-Y SZ roclie BRIJEPKKH B Ted
850 °C Ha Bosayxe H B BOCCTAHOBHTENBHOH aTMocdepe

-

CormacHO TIONIYYeHHBIM JaHHBIM, BCE COCTAaBBl HMMEIOT XOPOINYIO aiAle3Hio K
GYHKIMOHATHHBIM MaTepHanaM TpH 1254 B OKHCIIHTEIbHOH M BOCCTaHOBHTEIHHOH aTmMoc(epax.
XUMHYecKoe B3aMMOJCHCTBHE CTEKNa ¢ aHOJHBIM MATEPHAIOM OTCYTCTBYET. [locie BBIAEPKKHA B
armocepe Ho HaGmomaeTed HeGONBITIOE MTPOHUKHOBEHHE TEPMETHKA B TTOPBI aHOMA, UTO CBA3aHO ¢
YBETTHUEHHEM TTIOPHCTOCTH KepMeTa Tocie BoceTaHoBIeHHd N1O 1o MeTammuieckoro Ni.C poctom
cofiepxaHua Y203B COCTaBe CTeKTa KOMMYECTBO KpHCeTammH4yeckoi ¢asel, oforaménHoit Ca
(cormacHO maHHBIM PCMA), yBEIMUNBAIIOCh, UTO cOrlacyercd ¢ JaHHbIMH POA. CpemHuit pasmep
KPHCTAIIIOB B CTEKIE YBenHIHuBacTcd ¢ 15 10 30 MKM.

1. Krainova D.A. et al. Long-term stability of SOFC glass sealant under oxidising and reducing atmospheres //
Ceram. Int. Elsevier Ltd. 2021. Vol. 47. N. 7. P. 8973-8979. .

2. Navarro P. F. et al. Effects on the thermo-mechanical and crystallinity properties of nylon 6,6 electrospun
fibres reinforced with one dimensional (1D) and two-dimensional (2D) carbon // Materials (Basel). 2013. Vol. 6. N. 8.
P.3494-3513.

Pafioma estnoanena npu noddepicke Poccuiickoeo nayenozo tonda fapoexm Ne 21-79-30051).
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OIITHYECKH OJHOPOOJHOE I'AJUITMEBOI' EPMAHOCHJIMKATHOE CTERJIO /IJIA
HAHOCTPYKTYPHPOBAHHOI'O IIPEOBPA3OBATEJIA Y®-C H3JIYUEHHA

Urnarpepa E.C.!, Tonyoes H.B.!, Upanymknna H.E.2, 3uaraunosa M.3.13, Jlomarnna E.B !,
T'ony6es B.M.%, Curacs B.H.!

! Poccutiic Kutt xunuro-mexsonozudec kil yuueepeumem unenn [ H. Mendereeea, Mocrea, Poccun
2Hncmumym OGuoxuasii 4 (QUBUOTo2UL MURPOOP2arLsnmoe unenit I K. Crpabuna PAH, Iyuuno, Poccus
S@usuvecrati uncmumym unenn IT.H. Jlebedeea PAH, Mocrea, Poccut
e-mail: ignateva.e.s@muctr.ru

Optical glass was fabricated, and on its basis a prototype of the UVC viewerhas beencreated. Data
on the biological resistance and chemical durability of this glass and glass-ceramics are presented.

DakTHUeCKH, A0 HacTOAIIEr0 MOMeHTa ¢TeKna B cHceTeMe LirO-NaxO-Gay03-Ge03-Si0s,
CHHTE3HPOBAHHEIE ¢ MCIONMB30BAHHEM THIIIEH OTHOCHTENBHO OoOmbImoro ofbema (~250-
300 mMII),McOEPKATH  «MOIIKY» HWIH PeHTTeHorpadHuecKH He (QUKcHpyeMoe HeGONmbIToe
KOJIMYECTBO MHUKPOKPHCTAIIOB, XOTSA M OBUIH CYIIECTBEHHO OO0llee OJHOPONHBIMH, YeM CTEKIIA,
CHHTE3HpOBaHHBIe B ~50 M THIIIAX[1, 2]. Hacrodmiag paGoTa MOCBAIIEHA TIOTYUSHHIO OTTHYSCKH
OTHOPOAHOTO CTEKIa M CO3MAaHMIO Ha €ro OCHOBE MaKeTa ONMTHYeCKoro TpaHcdopmaropa YD-C
H3IYYECHU A B BUAMMYRO 00nacTh. [Ipeobpasopanue Y D U3IyUeHHA COTHEYHO-CIIEIIONO HAIa30Ha B
BHJIUMBIN JHAIa30H MEPCIIEKTHBHO A9 MOHHTOPHHTA TEXHHYECKOTO COCTOAHNSA BEICOKOBOIBTHOT O
000pyIOBaHHA, O30HOBOTO CIIO4, KOHTPOJSA TEXHOIIOTHH BBICOKOTEMIIEPATYPHOIO ITPOH3BONCTBA,
MTPOTHBOMOKAPHOTO MOHUTOpHHTa M T.A. [3]. KpoMe cCHeKTpambHO-TIOMHHECIICHTHBIX CBOMCTB
pa3paboTaHHOTO MaTepHala B paboTe IPeACTaBIeHb JaHHbIe 00 YCTONUHBOCTH HCXOMHOTO CTEKIa
M TIOMYYEeHHOH CTEKITOKepaMHKH K OHONOTHYECKMM M XUMHYECKHM (hakTopaM, 4YTO BaXXHO ¢
MPaKTHYSCKOH TOUYKHU 3peHHA. CTOMT OTMETHTD, YTO cpeli OMM3KUX TallTHEBOCHIIMKATHBIX CHCTEM
H3VISHHIO XHMHUSCKOH YCTOHUHBOCTH ITOCBAITICHO BCETO HECKONMbKO pador [4, 5]. Takue maHHBIC
UL TallMeBOrepPMAHOCHINKATHBIX CTEKOI H CTEKIOKEPAaMHKH BOOOIIE OTCYTCTBYEOT. XOTA
BO3MOKHOCTh Pa3pacTaHHA IIPH COOTBETCTBYIOIUX VCIIOBHAX IUIECHEBBIX TI'PHOOB Ha CTEKIIaX
ONTHYECKUX TIPHOOPOB OTMeYeHa Ve JaBHO, YCTOMYHBOCTh TalUIMEBOCHIMKATHBIX H
ralJIMEeBOTEPMAHOCHIIMKATHBIX CTEKON M CTEKIIOKEPaMHKH K TPHOHOH KOPPO3HH COBCEM HE
H3y4cHA.

[TomyyeHHoe cTekno, cormacHo ['OCT  23136-93, XxapakTepusyeTcd  CIHEIYOITHMH
mapaMeTpaMy: IBYIYUENpenoMIeHHe — 2 HM/CM, ONTHYeCKas ONHOPOAHOCTh — 2 Kar.,
OSCCBHIIBHOCTh — 3  KaT., IIY3BIpHOCT — la Kar. OIGHKY XHMHYECKOH YCTOMYMBOCTH
(KHCTIOTOCTOMKOCTH) TalUTHEBOTEPMAHOCHITMKATHOTO CTeKIa HMCTEKITOKePaMHKH TTPOBONUINA TIO
MeTOMHKe, OIMHcaHHOR B pabore [S5]. [ToTepu macchl oOpaslioB MPHBHIACPKKE B pacTBope HNO3
(5006. %) cOmMOCTaPUMBI ¢ M3BECTHBIMH JAHHBIMH JUIS TallMEBOCHIHKATHBIX CTEKOIL
Y ¢TaHOBJIEHO, YTO TalNIMeBOTePMAHOCHITHKATHOE CTEKIIO H TIOTyYeHHad Ha €70 OCHOBE ITpO3padHas
CTEKIIOKEpaMHKa 4BILItorcad  rpubocTorkumu. CormacHo [OCT  9.048-89  rprGOCTOMKOCTD
oleHMBaeTcd B 1 Oamn. PaspaGoraHHad CTEKIOKEpaMHKaJeMOHCTPHPYET PaBHOMEPHOE CBEUSHHE
1o 06paslly H BEICOKOE CBETOMpOITycKkaHHe (~87-90%) B BUANMON 0OIAcTH TIPH TOMIHHE 00pasiia
~1,3 mm.

1. N.V. Golubev, E.S. Ignat'eva, V.M. Mashinsky et al Pre-crystallization heat treatment and infrared
luminescence enhancement in Ni?*-doped transparent glass-ceramics // J. Non-Cryst. Solids.2019.V. 515. P.42-49.

2. HB. TonyGeg, E.C. MrHatbera, A.A. Maypyc 1 ap. OnTHYecKoe CTEKIIO ¢ HAHOKpHCTaLIaMH v-Ga,Os i
BHzyamsalH Y O-C usnydends / // Ctexio H kepavika. 2020. Ne 11. C. 8-11.

3. D. Guo, Q. Guo, Z. Chen et al. Review of Ga,0s-based optoelectronic devices // Materials Today Physics.
2019. V. 11. 100157 (19 p.)

4. Dy6poro C.K. O KHCIOTOYCTOHYHBOCTH MIEIOYCANIOMO- H TAJUTOCHITHKATHBIX cTeko i/ OH3. H XHM. CTeKIa.
1978. T. 4. Ne 4. C. 460-464.

5. Lapp J.C., Shelby J.E. Acid durability of sodium and potassium galliosilicateglasseses // J. Am. Ceram. Soc.
1987.V.70.1. 4. P. 271-274.

Paboma esinoinerna npy gunarncoeoil noddepacke Pocculickozo (horod DyHOAMEHRIMILHBIX HCCAe doeaHIL]
feparm 20-03-00809).
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BJIMAHHIE YCJIOBHIA AKUAKOPAIHOI'O CHHTE3A ITOPOIIKOB HA ®H3UKO-
XUMHMYECKHE CBOUCTBA KEPAMHKH B CHCTEME ZrO: — CaO — MgO

Kysnenopa B.A. "2 Benoycosa O.J1.2, ®enoperko H.10.2
ICanran — HemepOypeckil :0cyOApC MEEHHITE MEXHOTOZUYE CRULE UHCIUMYM (MexHudeckiil VHugepeument),
Canrxm-Ilemeptype Poccun
2Hcmumym xuaiu cuauramoe ust H.B. Ipebenmmroed PAH, Canrxm-IHemepoype, Poccun
e-mail: va-kuznetsovaa@yandex.ru

Precursor powders were obtained in the ZrO> — CaO — MgO system by co-precipitation. The effect
of low-temperature treatment of precipitates on the properties of ceramics has been determined.

Kepamrka Ha OCHOBE CTaOHIM3HPOBAHHOIO AHOKCHIA IUPKOHHA UMEET IMHPOKHI CIIEKTP
MTPHMEHEHH A GIarofapsa COUeTaHHI0 (PH3HKO-XHMHYECKHI CBOMCTB, TAKHMX KakK BBHICOKAsd MTPOYHOCTD
H TBEPAOCTH, ITOBHIINIEHHAA TPEIHHOCTOHKOCTH, YCTOHUHBOCTH K H3HOCY H KOPPO3HH H T.11.

(OCHOBHBIM CIIOCOOOM CTa0HIN3alMH HEYCTONUHBEIX KyOHUeCKOH ¢-ZrOs U TeTparoHalbHON
t-ZrO> MoaudHKaIMi gBIAeTCA BBEASHHE PaslMUHBIX IJIETHPYIONMX A00aBOK, CIIOCOOHBIX K
H30MOPQHOMY 3aMellieHHI0 Zr* B CTpYyKType KpHCTalIM4ecKod permerku ZrO,. Ha IpakTHKe
Hanfonee pacmpoCTPaHSHHBIMH CTaOHIH3aTOPaMH ABIAIOTCA OKCHABI H30BaleHTHBHIX (CeOz) M
reTepOBalleHTHRIX MeTamnoB (Y203, pexke Ca0O, MgO). B pmanHoif paGoTe B KauecTBe
CcTaOHIH3aTOPOB OBLIM BBIOPAHBI OKCHIBI KallbIMd W MarHH4d. [10-OTAeITbHOCTH KaXKAbIH W3 HHX
AKTHBHO MCIIONB3YeTCd KaK CTaOWIM3HPYIOIMH KOMITOHEHT LMPKOHHEBOH Kepamuiku [1-3]. Hma
cucTeMbl Zr0>-Ca0-MgO B ImTepaType IIPakKTHUECKH OTCYTCTBYIOT MNAHHBIE O IIONYYEHHH H
CBOHMCTBAaX KePaMHKH.

[lempro maHHOW palOTHI SBILUICA CHHTE3 ITOPOIIKOB METOAOM COBMECTHOIO OCaXkKIEHHA
THAPOKCHAOB B cHcTeMe ZrO, — CaO — MgO, monyyeHHe KepaMHKH, OLIEHKa BIHAHHA
HH3KOTeMITepaTypHOH 00paGoTKH 0CaJKoB Ha (hasoBBEIM cocTaR M (DH3HKO-XMMHYSCKHE CBOMCTBa
MOITY4eHHBIX MaTEPHAJIOB.

B KauecTBe HCXONHBIX PEaKTHBOB OBLIH HCIIONB30BAHBI a30THOKHCIIBIE CONH IMPKOHHA
(ZrO(NO3)2:2H20)  mapxu «uma», Kambima (Ca(NOs3)-4HoO) wmapku  «ufa», MarHus
(Mg(NO3)3-6H,0) mapku «uga». Cxema CHHTe3a IIpecTaBlieHa Ha PHCYHKE 1.

' N F
Coocaxaeane Zr0Q,/CaO/MegO
L NaOH g ) Lfb“ﬂm PORATIE Kpuoobpaborka
- = = \_ J
C pocANaCHEE Zr0,/MgO CMemHBAHRE 0CATKOB PuasTpoBanmEe
NH,OH B MATOMHOM PACTBOpE & s K\
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Pucynok 1. Cxema cHHTE3a

OTpUnbTpOBaHHBIE OCATKH TOCTE 3aMOPaKUBaHNUI ObITH MOABEPTHYTH cyIke Tipu 120°C.
OO0AMT TOTYYEeHHBIX Kceporenel mposomim mpH 600°C M BpeMeHH BBIASpPAKH | 4. CriekaHue
3aTOTOBOK, C(OPMOBAHHBIX METONOM ONHOOCHOTO IIPECCOBAHHA — TTOPOIIKOB-TIPEKYPCOPOB,
OCYINECTBILUMH ITpH TemriepaType 1600°C u peiaepxke 1 udac.

PenrreHogaszopblif aHAM3 TOKa3al, YTO BO BeeX Mmoporkax mpu 600°C ocHOBHOM (azoit
gapngercd ¢-ZrO2 BHE 3aBHCHMOCTH OT MeToZa o0padorku ocagka. IIpu 1600°C momumo ¢-ZrO B
KepaMHUYecKHX 00pasiiax YBeMHIHBAETCA KOTHYECTBO MOHOKITHHHON (hassl (m-ZrO).

[TpuMeHeHHE KpHO- H HH3KOTEMIIEPATYPHOH 0O0pabOTKH OCaJKOB TO3BOIHIIO ITONYYHTH
aKTUBHBIE K CIIEKAaHHIO TIOPOINKH. KepamuueckHe oO0paslbl H3 ITOPOIIKOB, HMEOIINX B
MPEABICTOPHH HH3KOTEMIIEPAaTYPHYIO 00palboTKy oOcafkoB IIpH -25°C, 00mafaroT 3HaueHHAIMH
KaKyIIeHcd IITOTHOCTH, OTKPBITON TTOPUCTOCTH W BOAOIOTIIOIIEHH 1 MEHBIITHMH, YeM 00pa3Ibl, TAE

84



TPH cHHTe3¢ ObIIa MCIONb30BaHa KpHooOpaborka. Hanbomnee IIOTHOCIIEYEHHAd KepaMuKa Obllla
MOTy4YeHa METOAOM COBMECTHOTO OCaXKACHHA BCeX TPeX KOMIIOHEHTOB CHCTEMBI ¢ TOCTIEAYIOIeH
KpHooOpadOTKOH OcajiKa.

1. Liang Zhao, Shuang Yao, Jing Du Modification Effect of Nanometre Zirconia on Ca-PSZ Ceramics//
Materials Science Forum. 2019. Vol.953. P.59-64

2. CapueHko, H. JI. TpeHHe H H3HOC AHOKCHALTHPKOHHEROH Kep aMHKH, CTaGHIH3HP 0BaHHOH OKCHAOM MarHua /
H. JI. CaBueHko, K. M. ITatora // BecTHHEK HoBoOCHGHpPCKOTO rocymap cTREHHOTO YHHBep cHTeTa. Cepuia: @i3uka. 2008,
T.3. Nel.C.109-114.

3. Cabmuua, T. HO. CBoiicTBa crieueHHOH KepaMHKH Ha OCHOBE JHOKCHAA LIMPKOHMA, CTaGHIH3HPOBAaHHOTO
oKHCBI0 MarHuA / T. KO. CabniHa, A. I'. Mensarkor, H. JI. CagueHko // @yHmaMeHTaIbHBIE [P 06IeMbI COBPEMEHHOTO
marepHanosenedna. 2008, T. 5. No 2. C. 92-96.

Pabtoma estnoanena npu noddepaicke Munobprayku P@ e pavirax Ioczadarua HXC PAH 0081-2022-0006.

HCCJIEJOBAHHUE JIMTHH-TOHHOM ITPOBOTUMOCTH CTEKJIOKEPAMHKH
Li1,s5+xAlo,5sGe1,55ixP3x012 (x = 0-0,2)

Kysneropa E.C.12, Pamazanopa C.K.""2, Bmacopa C.I".!, ITepumna C.B.2
"Vpanveruil hedepatorbilt yHueepcumem uMenl nepeozo Hpesudenma Poccun B H. Exvyuna, Examepuntype, Poccun
2 Hncmunym evicoromesmnepanyproil srexmpoxuaaint YpO PAH, Examepuntype, Poccun
e-mail: leno4kakuznetsova2019@gmail. com

Li;5+xAlo5Ger 5SixP3x012 solid electrolytes were obtained by glass crystallization method. The
influence of the SiO: content on the electrical conductivity of glass-ceramics has been studied.

B Hacrodiee BpemMa akTHBHO HCCTeAyeTcd CTeKIIoKepaMiuKa coctaba Lii 5Alo5Gelr,s(PO4)3 co
crpykrypoii  NASICON B KauecTBe TBEpPAOrO DISKTPOIMMTAa M CO3JaHHA IIOTHOCTBEO
TBepAogasHbIX HCTOUHHKOB ToKa [1]. HamGombiad mIpOBOAMMOCTE TBEPABIX 3MEKTPOIIHTOB
TOCTHTALTCA TIOMYUeHUEM CTEKIOKepaMHYecKHM crmocobom [2,3]. YacTHyHOE 3aMelleHHe HOHOB
P> Ha moHBI Si*'MOXKET MPHBOIMTE K YBEIMYEHHIO IIPOBOIUMOCTH, YTO PaHee OBIIO BHIABICHO Y
THTHH-aTIoMO-THTaHOo(ochaTHON ¢cTeKITOKepaMHKH, JOTTHPOBAHHON OKCHIOM KpeMHHA [4].

Bpimm monyueHsl cTeKnoKepaMuuecKue 00pasipl Lii sixAlo,sGer,551xP3xO12 ipu x = 0-0,2
METOZIOM HaITpaBPleHHOH KpHCTaITH3aIlHM MOHOIMTHOTO cTekma mpu 750 °C, 3 °C/vmH, 2 4.
DINEKTPOTIPOBOTHOCTh HCCIIEA0BAHA ¢ TTOMOIIBIO HMIIEaHCHOM CIIEKT POCKOIIMH Ha ITOTEHITHOCTATE-
ransBaHocTare ElinsP-5X B temmeparyproMm auarnazoHe 25—-150 °C mpu vacrorax 0,25-1000 kI'w.
B kxadecTBe D3NIeKTpomoB Hcmonb3zoBallack (Ga-Ag Tmmacta. TemmepaTypHasd 3aBHCHMOCTB
MMPOBOANMOCTH TIONTYYEHHBIX 0OpasloB IIpHBEJlcHa Ha pHCyHKe 1. DHeprud axkTHBaliu
MMPOBOANMOCTH BBIMHCIIEHA IO YITIY HAKIOHA MPAMON B KOOpOWHarax AppeHHyca W ITOKazaHa Ha

pUCYHEKE 1.

In(sT), | Cron K|

E,=33,6 xllw/mom

274 2’.6 218 370 3’.2 3’.4
1000/T, K"

PucyHok. 1. TemaeparypHasi 3aBHCHMOCTE IIPOEOAHMOCTH B KOOPAHHATAX ApPpeHHyCa
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YCTaHOBTIEHO, YTO BIEKTPOIMPOBOAHOCTh cOoCTaBa TpH x = 0,1 BBINE ITPOBOTHMOCTH
HEeOMUPOBAHHOTO TBEPAOTO 3MEKTPOINTa, a TIPH AaTbHeHIeM YBEMHUSHHH COAepKaHUA JOOaBKU
CHH KaeTcd. [ImaHupyeTcd HCCeOBaTh MUKPOCTPYKTYPY H CTPYKTYPY TBEPABIX 3MEKTPOITHTOR A4
00BACHEHH HEMOHOTOHHOM 3aBHCHMOCTH TIPOBOTHMOCTH.

1. Zhang Z., Shao Y., Lotsch B. et al. New horizons for inorganic solid state ion conductors // Energy Environ.
Sci. 2018. V. 11. P. 1945-1976.

2. Mariappan C.R., Yada C., Rosciano F., Roling B. Correlation between micro-structural properties and ionic
conductivity of Li; sAlysGe; s(PO4)s ceramics // J. Power Sourc. 2011. V. 196. P. 6456-6464.

3. Pershina S.V., Antonov B.D., FarlenkovA.S., Vovkotrub E.G. Glass-ceramics in Li;AliGe,x(POs); system:
the effect of Al,O; addition on microstructure, structure and electrical properties // J. Alloys and Compounds. 2020.
V. 835. Ne 155281.

4. Fu J. Fast Li" Ion Conduction in Li,0-AL,0;-TiO,-Si0,-P,0, Glass-Ceramics // J. Am. Ceram. Soc. 1997.
Vol. 80. P. 1901-1903.
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_BJIMAHUE TEMIIEPATYPBI TEPMOOBPABOTKH HA CIIEKTPAJIBHBIE
CBOHCTBA MAPI'AHIIA B JINTHU-ITHHK-' EPMAHATHBIX CTEK/IOKEPAMHKAX

KynennHa E.B., badxnnaa A .H., 3eiparopa K.C.
Vrueepcumem HTMO, Canrxm-Ilemeptype, Poccua
e-mail: katrinakulpina@yandex.ru

The simultaneous presence of Mn®" ions with red luminescence at 670 nm and Mn*" with long
persistent green luminescence at 540 nm is found in lithium-zinc-germanate glass-ceramics.

Housl Mn*" akTHBHO HCIIONB3YVIOTCA B KauecTBe albTEPHATHBBI PEAKO3eMENbHBIM HOHAM
TTPH pa3padoTKe KPUCTATITHYECKHX KPACHBIX TFOMUHOGMOPOB ONarofaps HATHIHEO TIOMHUHECIIEHIMH
B oOmactu 650-700 Hm. [Ipu 3ToM HauOoOIee IOAXOAAINEH T4 CTaOWIM3alHH HMEHHO
YEeTBIPEXBAIEHTHOIO COCTOSIHHA HOHOB MApraHIla CUMTAeTCd TepMaHaTHad MaTpHIla B CHIIY
GIM30CTH HOHHBIX pajuycoB Mn*'m Ge*'. OpHako mpu Iepexofe K CTEKIOKPHCTATITHYECKHM
MaTepHallaM BCTaeT MpodiieMa BOCCTAHOBIIEHHA HOHOB MapraHila B MaTPHIIE IO COCTOIHHA 2+ HIH
3+, KoTOpBIe 9BILAIOTCA Oonee cTabHIbHBIMH. HMOHBI Mn?kak TPABUIIO HE HMEIOT ITFIOMHHECIICHIINH
H3-32 CHIIBHOTO PAcCIEIUIeHHI OCHOBHOTO M TEPBOTO BO3OYKIEHHOTO YPOBHEH, MEAKIY KOTOPBIMH
HMeeTcs HeCKONbKO PaspellieHHBIX Mepexonos [1]. Monsl Mn?" B aMopdHBIX MaTpHI[aX OONaJaioT
MIMPOKOH TIOTIOCON FOMHHECIICHIIHH, O0YCIIOBIICHHON YacTHYHO CITHH-Pa3spelIeHHBIM MEPEX0H0M,
KOTOpPBI CHIIbHO ITOABEPKESH BIHAHHIO OKPYXKEHHSA. Takum oOpa3oM, BapbHpPyd COCTaB H
CTPYKTYPY IIOKalbHOTO OKPYKEHH4, MOKHO B IIMHPOKHX TMPEAENaX H3MEHATh IOJOKEeHHE
MaKCHMyMa ITOJTOCHL JTFOMHHECI[CHITHH Mn?" ot 605 10 685 HM [2].OaHako B OTIHYHE OT UHCTO
aMOPQHBIX, B CTEKIOKEPAMHYCCKHX TePMAHATHBIX MaTepHalaX TaKXke BO3MOXKHO TIONYYHTH
HHTEHCHBHYIO 3elIeHYIO IIOMHHECIIEHI[HEO HOHOB Mn?" [3].

B Hacrogmel paGore OBUIM CHHTe3HpPOBaHBI cTeKla cocTaBa(30-x)Li0—xZnO-70GeOy,
aktHeHpoBaHHbe 0,1 Mom. % MnO». MccnenoBaHie MmonydeHHBIX cTeKol MetogoM JICK mokazamno
HAIIMYHE ONHON SK30TePMHYECKON 0O0IacTH, MaKCHMYM KOTOPOH CABHTAETCS B CTOPOHY BBICOKHX
TEeMITEPaTyp MPH YBEIHYEHHUH COIepKaHHA OKCHJIa IIMHKa B COCTaBe cTeKila. B cHIly pasHooOpasns
TEMIIEPATYPHBIX  JHAIla30HOB  SK30TEpPMUYECKHX  OOmacTed cTekila Ob  00paloTaHb
MOIUTEPMHYECKHM CITOCOOOM B TPAIHESHTHOM TeYH B TeYEHHE OJHOrO Yaca ITPH TeMIlepaTypax oOT
450°C go 640°C.JInmg Kaxmoro cocTapa MOKHO BBIZIEIMTH TPH OOTAacTH B 3aBHCHMOCTH OT
TEMIIEPATYPBl TepMo0oOpabOTKH: 00IacTh HCXOAHOTO CTeKlla ¢O c¢llaboH KpacHO-OpaHKEBOH
moMuHeceHIHeH (450-530°C), ofmacTh CTEKIOKEpaMHKH ¢ APKO-KPacHOM IJIOMHHECIICHIMER
(530-580°C) 1 00macTh CTEKIIOKEPAMHKH ¢ APKO-3€TIeHON JIOMHHeCLeHIMeEN(580-640°C). Mexay
BTOPOH M TpeThel oOmacTIMH eCTh IePEXONHBIA AHAla30H, T/ TIOMHHECIICHIIHA BH3YAIbHO JAcT
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OpPaHKEBBIH 1[BET.

Ha puc. 1 mpencTaBlieHbl CIIEKTPH IFOMHHECIIEHIIMH HCXOMHOTO CTEKIIa H CTEKIOKEPAMUK,
TIONYYEHHBIX TIPH PasiIMYHBIX TeMIIepaTypaxX TepMooOpaloTKH, Ha IpuMepe cocTaBa 15LiO—
15Zn0O-70GeO,. B wucxomHoM cTeKne HaOmomaeTcd cllabad IMIHpOKad TIOMHHECIIEHIIHA ¢
MakKCHMYyMOM Ha 650 HM CXoOKad JIOMHHECIICHIIH ¢ MaKCHMyMOM ITpH 620 HM B IHMTEpaType
acCOIMMPOBAach ¢ MepeXxoaoM “Ti(G)—0A1(S) HOHOB Mn?* B OKTasApHUeCKOM OKPYKeHHH. [IpH
Pa3NOXKEHUH CIEKTPa ITOTTIOMEHH HCXOZHOTO CTeKla OBUIM  OOHapyXKeHBl TPH IIOIOCHL
TIOTTIOMIEHHA ¢ MakKCHMyMaMH Ha 467, 571 m 667 HM, IOCIETHHE IBE W3 KOTOPBIX MOTYT OBITh
OIHO3HAYHO OTHECEHE! K IIOMIONTEHHIO HOHOB Mn>". TakuM 06pa3oM, HOHBI MAPTaHIa B HCXOTHOM
CTEKIJIE HaXOMATCA B COCTOSHUAX 2+ U 3+. [locie TepmooOpaboTKH IIpH Temiieparypax 530-580°C B
CTEKTPe MIOMHHECIEHIHMA CTEKIOKEPAMUKH ITPHCYTCTBYET OfHA y3Kad I0J0ca ¢ MaKCHMYMOM B
paifoHe 667 HM, KOTOpas MO BCeM NMPH3HAKAM COOTBETCTBYET MepeXxony “Eo(G)—*Ase(F) HOHOB
Mn*" B OKTasApHYECKOM OKDYXKEHHMH. DT0 TO3BOISET IIPENIIONOKUTh, HYTO B IPOIECCE
TepMooOpabOTKH MOHBI MapraHila IIPHOOPETAIOT CTENEHh OKMCIeHUS 4+, 3aHMMAasd SKBHBAICHTHBIC
nosuunu HoHoB Ge*' B MaTpuie crexma. IIpM IIOCHEAVIOMEM VBEIMYEHHH TEMIIEPaTyphL
TepMOoOOpPabOTKH HMHTEHCHBHOCTDH IIOJIOCHL IIFOMHHECIIEHIIMH Ha 670 HM CHHXKaeTcd, OJHaKO
MofBIdeTca IMpoKad Moloca B obmacTH 540 HM, cOOTBeTCTByIOmad HoHaM Mn?' B
TeTParOHAlbHOM OKPYKEHHH. [akKol pe3ylbTaT MOKHO OOBACHHUTE TeM, YTO B IIPOIECCE
TepMOOOPabOTKH 4acTh HMOHOB MapraHIla 3aHHMaeT IIO3HIIHH HOHOB Zn’'B CTPYKTYpe MaTepHalla.
OpmHaKO pasHHIla B HOHHBIX pajuycaxX MapraHIla M I[IMHKA OOIbINE, YeM JJII MapraHila i TepMaHH4,
MOATOMY YTOOBI ITPOW3OIIIA TaKad IepecTpoiiKa, HeoOXOmuMBl OoJee BBICOKHE TEMIIEPaTYPHL
TepMooOpaboTKH, 4eM AT MOTYYeHN I KPACHOH TFIOMHUHECIEHIHA YETHIPEXBAIEHTHOTO MapraHIla.

WCXo0dHOe CTEKNO
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PucyHok. 1. CrieKTpbl TIOMHHECLIEHITHH HCXO/IHOTO JIHTHE-1IHHK -TepMaHa THOTO CTEK/a, aKTHBHPOBAHHOTO HOHAMH
MapTaHIIa, H CTeKITOKEP aMHK, T10JIY YeHHBIX TMPH Pa3IMYHBIX TEMIIEpaTypax TepMoolpalboTKi.

1. Fridrichoval., Ba¢ikP., ErtlA., et al. Jahn-Teller distortion of Mn3*-occupied octahedra in red beryl from
Utah indicated by optical spectroscopy // J. Mol. Struct. 2018. Vol. 1152. P.79-86.

2. Sevastianova I., Aseev V., Tuzova I. et al. Spectral and luminescence properties of manganese ions in
vitreous lead metaphosphate // J. Lumin.2018. Vol. 205. P.495-499.

3. Zhuang Y., Ueda J., Tanabe, S.Multi-color persistent luminescence in transparent glass ceramics containing
spinel nano-crystals with Mn?* ions / Appl. Phys. Lett. 2014. Vol. 105. P.3-7.
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CHHTE3 SMAJIEBBIX MOKPHITHI J1JIA U3TEJINI
XO3AUCTBEHHO-BBITOBOI'O HAJHAUYEHHU A

Apunopa M. X.!, Hanmos 111.5.2
| Tensircenmerai xunro-mexnonozusecruti uncmumym, Taukenm, Vaberucman
2 Tenurer MoKl XumUKo-MexHoRo ekl uscmumym, Touikenm, Vaberxucman
e-mail: shoxruxnaimov820@gmail.com

The regularities of glass formation in the system SiO>-Al>O3—Na;O-TiO>-K>0-CaO-B>03;—P:05
have been established.

B HacTosIee BpeMa CHHTE3 CTEKIOSMANEBBIX ITOKPBITHH, Onarojapsd CBOMM YHHKAIbHBIM
CBOHCTBaM, B YaCTHOCTH: XHUMHYECCKOH CTOHKOCTH, MEXaHHYSCKON ITPOYHOCTH H ¢ DKOJIOTHYESCKOH
TOYKH 3PEHHA TIPEACTaBILIOT OOJBINON TEOPETHYSCKHA W IIPAaKTHYSCKHH HHTEpec A
SMATTHPOBAHN4 X039 CTBEHHO-OBITOBBIX U3ICIIHHA.

CHHTe3 ¢TeKON AN MOKPOBHBIX 5Malleif OBIT OCYIIESCTBIICH B MabOpaTOPHBIX YCIOBHAIX.
OcHopornt mocmyxuima cHereMa Si02—-AlO3—Na,O-TiOr—Ko0—-CaO-B20s-P20s, Hma cuHTesa
TTOKPOBHBIX 3Maneit ObIIMH UCIIONB30BAHBI CIIEIYIOINE ChIPhEBhIE KOMITOHEHTRI, KBapIEBhIi MTeCOK
JIKEepONCKOrO  MecTOPOXKIeHHA, HM3pecTHak — KalmKamapbHHCKOTO  MECTOPOXKACHHS,  cOfla
KyHrpagckore mecropoxacHud, oTxoApl IllypraHckoro szapofa, GOpHad KHCIOTa, OKHC THTaHa,
MOTaIl. XUMHIESCKHE COCTaBbl CHHTE3HPOBAHHBIX CTEKOM IPHBEACHBI B TalM. 1.

Tatmia 1. XuMHIeCKHH COCTaR CHHTE3HP 0BAHHBIX CTEKOI

CocTag XuMHYecKHH cocTaB,Macc %
Ne SiO, Al,O5 Na,O K,O CaO TiO, P,0s MgO NiO Fe,0; B,0O3
1 45,9 4,1 17,4 3,9 0,69 12,85 0,21 0,76 0,07 0,05 14,07
2 39,95 3,44 22,2 2,70 1,7 14,50 0,58 1,2 0,65 0,15 12,93
3 44,43 2,97 18,87 4,68 1,03 17,65 1,32 0,65 0,34 0,19 7,87
4 41,98 3,11 16,9 3,79 0,88 16,55 2,43 1,34 0,89 0,21 11,92

Bapky QpHUTTH OCYIUECTBILUIM B CHIIMTOBOH IeuH IIpH Temieparype 1320°C ¢ BELASPAKON
1,5 yac. OU3HKO-XUMHUESCKHE CBONCTBA SMAJIEBBIX IIOKPBITHI IIPHBEACHEI B TaOIIHIE 2.

Tabmaia 2. GH3HKO — XMMHYECKHE CBOHCTEA SMAJIEBbIX [TOKPBITHH

ITnomans 0TKONIA IMATEBOTO . .

KucnoTocToit IMenodectoit

Coctag | PacTeKaeMocTh,mm TIOKPBITHA o ) o

o Koctudpurt, % KOCTBOPHTT, %o
OT MOBEPXHOCTH CTaNH, %0

Nol 54 45 31 27
Ne2 59 40 26 32
Ne3 44 20 40 28
Neq 57 35 42 24

B pesymbTare ITpOBEISHHBIX HMCCIIEAOBAaHWNH OBUI BBIOpaH OINTHMANbHBIM cocTaB Ne 3 co
CTEAVIOIUMH  (PH3HUKO-TEXHHUESCKUMH  TlapaMeTpaMH;, Temmepartypa o0xura — 840 °C;

pacTeKaeMocTh — 44 MM; KMCIIOTOCTOHKOCTh — 40 %; 1emo4ecTOMKOCTh — 28 %, OTBEYaIoIlHe
tpebopanmto ['OCTA 52569 —2018.
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JIAJEPHAA MUKPOOLPABOTKA ITPO3PAUYHBIX CHTAJLUIOB
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Direct femtosecond-laser writing in transparent glass-ceramics was presented. Laser-induced
amorphization has been proposed as the main mechanism responsible for the refractive index
modification.

[MocmemHue MOCTHXKEHHI B OONACTH MHKPOMOTH(HITHPOBAHHUSI CTPYKTYPBI ITPO3PAYHBIX
IUDIEKTPUKOB  CBEPXKOPOTKHMH — JIa3ePHBIMH  MMITYJIIbCaMH  OOYCIIOBIMBAIOT — aKTyallbHOCTb
HCCIIEOBAaHUI TTpAMON ITa3epHOM 3allicH KAaHANBHBIX BOIHOBONOB H JAPYTHX HHTETPAllbHBIX
ONTHYECKUX KOMIIOHEHTOB B 00beMe IIpO3payHbIX CTEKIOKPHCTAIDIMYECKHX MaTepHalloB
(cutammon) [1]. Tlomck mmyTeit yIOyuIlleHHSA XapaKTEPHCTHK CHTAINIOB 3a CYeT H3MeHEHH
XUMHYECKOTO COCTaBa, ONMTHMH3AIMH YCIIOBHI HYKIICAllHH H POCTa KPHCTAIJIOB, a TAaKKe Ja3epHast
MHKPOOGPadoTKa OTKPBIBAIOT IMTHPOKHE BOSMOKHOCTH IS HX OVAVIIIX ITPUMeHeHHH [ 2].

Curaiwisl ¢ OIMH3KHM K HyTI0 KoddduimenromM Termnoporo pacimperud (TKJIP) apoarorcd
MIEPCIIEKTUBHON CPENOH A4 Ma3ePHOM 3allMCH HHTETPAllbHBIX OIITHYECKUX CXEM AT TPHMEHEHHA B
MM POKOM JTHAIIA30HE TEMIIEPaTyp, Kak OImarofaps cTabHIIbHOCTH CBOMX Pa3MepOB, Tak U Ornarofapd
TOBBIIIEHHOH MEXaHWYeCKOHW W TEePMHHYECKOH IIPOYHOCTH IO CPaBHEHHIO ¢ OZHOPOIHBIMH
cTeKmamH. HemapHO Hamu OBIIO TTOKa3aHO, YTO BO3AcHcTBHE (emTocekyHAHOrO (DC) maszepHOTro
H3ITYYEHN A ITO3BOIAET CO3MaBaTh CTPYKTYPhL, 0ONaalollie BOIIHOBOAHBIMH CBOHCTBAMH, B 00BEME
curamma B cucTeMe LixO-Al03-SiO> (JIAC) ¢ okonoHymnepbiM 3HadeHHem TKJIP [3].
Anopduzaliusg  KpucTalmmnyeckol  (asbl  P-3BKPHIITHTONONOOHBIX TBEPABIX PacTBOPOB ITOT
JeficTBHEM TTasepHBIX HMITYIhCOB BOMHM3M (hOKyca TasepHOro IMydKa OblMa TpemIokeHa Kak
OCHOBHOW MeXaHHW3M, OTBETCTBEHHBIH 3a IIOKaIbHOES CHHKEHHE ITOKas3aTelsd IpeIOMICHHSI Ha
BEIMUHHY BIUIOTE A0 0,005 OTHOCHTEIBHO HCXOQHOT O IIOKA3aTeld IIPEIIOMICHU A

B Hactogmen paGore momoOHad JoKanbHad aMopdu3aind Obllla MPOASMOHCTPUPOBaHa B
curamne cuereMbl ZnO-MgO-AlLO3-SiO; (IIMAC). Cpeid H3BECTHBIX CHTANIOOGPA3YIONHX
cucteM [IMAC cHcreMa TIpecTaBIgeT OcOOBIH HHTEpeC A MIPUMEHeHHI B (POTOHHKeE, TaK KakK B
HEll BO3MOKHO TIONYYEHHE CHTAIUIOB C ITOBBIIIEHHBIMH MEXAaHMYSCKHMH XapaKTePHCTHKAMH.
Bergendarormiecd KpueTalMuecKne (asbl cariguprHa Win rannta B [IMAC cHTamwmax moBBIIIAOT
MHUKPOTBEPAOCTh MaTepHana po 950 HV. 3amuck TpPeKOB B CHTANle  OCYINECTBIAIACH
chOKYCHPOBAHHBIM JIa3epHBIM TIYUKOM ¢ SHeprueit mmarymbeoB 200-500 wHJK, dacToOTOMH
cepopaHnd 10 kI’ 1 cKkopocThio cKaHMpoBaHWA 500 mrm/c. [TpaMoe MOATBEPAACHUE Na3epHOH
amMopdm3alliy KpucTammiueckoit gassl B [IMAC cuTanme garoT H3o0pakeHHI 00IacTH JTa3epHOTO
BO3ACHCTBHA IO JaHHBIM TTPOCBEUNBAIOIIEH STTEKTPOHHOI MHKpPOCKOMHH. JIM(pakiMoHHAI KapTHHA,
MOMyYeHHAsd AN HeMOAUGHUIIMPOBaHHOW O0OMacTH, GHUKCHPYeT OTpakeHHd, OOYCIIOBIECHHbIC
MIPACYTCTBHEM HAHOKPHUCTAUIOB TaHWTa, TOrAa KaK AU(PaKIMOHHAad KapTHHa, TONYyYeHHAd It
CEPILIEBHHBI TPeKa, TIONTBEPKAACT eT0 TOMHYI0 aMop(HOCTh. CyIecTBEeHHOE OTIHYHE OT Ja3ePHOrO
vomudmimpoparna [IMAC curamia or JIAC cHTalIma COCTOHMT B TOM, 4TO BosfgicTBHe DC
nMiTybeoB Ha [IMAC cHramn NpHBOAWUT K YBEIHYCHHIO ITOKA3aTelld ITPEIOMICHHS, BEIMYMHA
KOTOPOTO 3aBHCHT OT YHEPIHHA MM ITYTIbCOB, JOCTHrad MakKCHManbHOrO 3HaueHHA 0,0013, uro MoKHO
HCTIONB30BATh JJIA ITPAMOH JTa3ePHOM 3alMCH CEPALEBHHBI KaHATBHOTO BOITHOBOAA B 00BEME CHUTAILIA.

1. D. Tan et al, Ultrafast laser direct writing in glass: thermal accumulation engineering and applications // Laser
Photonics Rev. 2021, Vol. 15 (9), P. 2000455.

2. E. D. Zanotto, Bright future for glass-ceramics // Am. Ceram. Soc. Bulletin. 2010, Vol. 89 (8), P. 19-27.

3. A S. Lipatiev et al. Direct laser writing of depressed-cladding waveguides in extremely low expansion lithium
aluminosilicate glass-ceramics // Opt. Laser Technol. 2021, Vol. 138, P. 106846.

Patoma estnoanena npu noddepaicke Pocculicrozo nayarozo (onoa (coenauerue Ne 19-19-00613-11).
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BJMAHHUE CIIOCOBA OBPABOTKH OCAJKOB 1 KCEPOTI'EJIEM
HA CBOHCTBA KEPAMHKH HA OCHOBE ¢-ZrO2 B CHCTEME Zr0O2-Ce02-AL203

Mapyrosa A.H."2 Bemnoycopa O.J1.2, ®enoperxo H.10.2
ICanran — HemepOypeckil :0cyOApC MEEHHITE MEXHOTOZUYE CRULE UHCIUMYM (MexHudeckiil VHugepeument),
Canrxm-Ilemepoype, Poccua
2Hcmumym xuaiu cuauramoe unt H.B. Ipebenmmroed PAH, Canrxm-IHemepoype, Poccun
e-mail: ania.parunova@mail.ru

Xerogels, powders and ceramics in the ZrO>-CeQ>-Al20;3 system were obtained and the influence of
the method of treatment of precipitates and xerogels on the properties of powders and ceramics was
studied.

B Hacrogimee BpeMs KepaMHKa Ha OCHOBE TETParoHaIbHOH MOMMGHMKAIIMH JHOKCHIA
IMPKOHHA ABIAETCA HaHOOIllee TEPCIEKTHBHBIM KOHCTPYKIMOHHBIM MaTepHalloM. OHa oOmazaet
TOBBIIIEHHBIMA TPEITHHOCTOMKOCTBIO, H3HOCO- H TEPMOCTOMKOCTBIO, KOPPO3HOHHOCTONKOCTBIO,
BBICOKMMH 3HAUYeHHAIMH ITPOYHOCTH H TBEPHOCTH, a TaKkKe OHOCOBMECTHMOCTBIO, UTO TTO3BOILIET
HCIIONB30BaTh KEepaMHKy Ha OcHOBe Zr(O; B SHAONPOTE3HPOBAaHWHM H B OPTONEIHYECKOH
CTOMATOJIOTHH.

BemeneTBHe TOTO, 4TO MHOKCHA IMMPKOHHUSA 0OMafaeT TMOMHMMOPOHU3MOM, HEOGXOMHMO
BBeZlcHHE N00aBoK i cTalbunmsaiu -ZrO;. B maHHOW padoTe B KauecTBe CTaOWIH3HPYIOINSH
noGaBKH ObLT BBIOpaH oKcHj 1ieprd CeOs.

[empro paGoThl 9BIIgeTCd OTYYEHHE Keeporene, TOPOIIKOB H KepaMUKH B cucTeme ZrOs-
Ce02-Al203, usyueHue (a30BOr0 cocTapa, UCCIENOBaHNE BIMAHUA clocoba 00paboTKH 0CcalKoB U
Kceporeneht Ha QU3HKO-XMMHUYECKHE CBOHCTBA KEPaAMHIESCKUX MaTEPHAIIOB.

CHHTE3 OCYINECTBILUIH METOAOM COBMECTHOTO OCaXIeHHA THIAPOKCHIOB H3 PacTBOPOB
a30THOKHCIIBIX CONEH BOJHBIM PAacTBOPOM aMMHaKa. Jlanee MPUMEHATH ABa MOAXoJa K 00paboTKe
0CaJKOB M KCEPOTENeH: MEXaHOAKTHBAIMIO H YIBTPa3BYKOBYIO 00paboTKy. B meppoM cioydae
0CcaJOK OT(QHUILTPOBBIBAIM, IIPOCYIIMBAIH B CYIHWIbHOM IMKady ImpH 150°C n IOmy4eHHBIH
KCEpOTellh IOABEpralli MEXaHOaKTHBAIMW B BHOpPOMENbHHIIC. Bo BTOPOM cloydae OCafoK,
HaXOIAIMIICA B MaTOYHOM pacTBOpe, ObIT 00padoTaH YIbTPa3BYKOM, 3aTeM OTHOHIBTPOBAH H
MIPOCYIIIEH B TaKHX Ke yelIoBHAX. M MeXxaHOaKTHBalHd, H YIbTpa3ByKoBad 00paloTKa MPHBOIAT K
Pa3pyIICHHIO arlloOMeEPaToB H KPYIHBIX YacTHI[, YTO IIYUIE CKa3hIBacTCA Ha ITPOLECCE CIIEKAaHH4, a
TaK/Ke ITO3BOISET MONYYHTHh 00paslpl ¢ HU3KAMH ITOKa3aTeldMH BOJOIIOTIONMEHNA W OTKPBITON
nopuctocTH | 1]. Keeporemn B ofonx cnydadgx oOxuranmu 1pH Temreparype 600°C ¢ BBIIEPKKONH B
TedeHHe | 4. U3 MONMy4eHHBIX MOPOIIKOE (OpMOBaH 00pasibl CYXHM OXHOOCHBIM IPECCOBaHUEM
Ha THAPaBIHYSCKOM TIpecce B CTallbHOM Mpecc-popmMe U criekany ux B pH 1600°C Ha BO3AYXE B
TedyeHHe | yaca B KOPYHJOBBIX THITIIX.

[To pesymbTaTamM peHTTeHO(A30BOTO aHaTH3a YCTAHOBIEHO, YTO B TIOPOITKaX Mocie 08KHTa
mpu 600°C mpHCYTCTBYeT KyOHYecKad MOAM(GHKALNA JHOKCHAA LUpKOHUA c¢-ZrO;. [locme
criekannd mmpu 1600°C B monmydeHHOH Kepamuke HaOmromaeTcd oOpa3oBaHHE TETParOHAIBHOIO
TBEPIOTO pacTBOpa £-Zro.95Ce00502 M HE3HAUMTETbHOE KOMHYECTBO MOHOKITMHHON MOAHGMHKAIIH
THOKCcHIa UPKOHNUA m-Z1Os.

YCTaHOBIEHO, YTO MEXaHOAKTHBAI[MA KCEpOTeleld TIO3BOIAST IIONYYHTh CIIEYEHHYEO
KepaMHKy ¢ KaxyIleiica miotHoctbio (5,81 r/em?), oTKphToi moprcTocTeio (0,30 %) M HH3KHM
pogomnormomeHrem (0,05 %), B TO BpeMd KaK KepaMHUecKHe OOpaslipl, B TPOIecce MOMYUeHHA
KOTOPHIX OBIT HCIONB30BAH YIIHTPasBYK, HMEIOT KaKyIIyIocs IIOTHOCTh MeHbINe (5,68 I/cy’), a
OTKPBITYEO TTOPUCTOCTS (1,22 %) v pogomnornommenue (0,21 %) — Gomblie.

1. AGmuena, @. M. M3yueHHe Bo3meHcTBHA YIbTPa3ByKa Ha [P OLIECChI MPUTOTORICHHA KepaMHYECKHX Mace /
®. 1. AGmuera, 3. A. BaGaxaHora // XHMHUecKad TEXHONMOTHA M TeXHHKA: MaTepHasbl JOKTaAoB 84-H HaydHO-
TeXHHYeCKOH KoHbepeHIHM, MocBANeHHOH 90-metHemy 1oGuneto BI'TY w® i Gemopycckoil Haykd (¢
MEK/Y HApOHBIM y4acTHeM), MuHck, 03-14 despana 2020 r. - Munck: BI'TY, 2020. C. 64-66.

Pabtoma estnoanena npu noddepaicke Munobprayku P@ e pavirax Ioczadarua HXC PAH 0081-2022-0006.
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YIIPABJIAEMAA KPUCTAJIVIH3AIIH A CTEKJIA BaO-B:03-Bi203; B HHTEPBAJIE
TEMIIEPATYP IIEPEOXJIAYKJAEHHOI'O PACIIJIABA ITPH HAJIHYNH
JOINOJIHUTEJIbHBIX ITEHTPOB 3APOJABIINIEOBPA30OBAHHA

Mnexopnu A.JI.!, Kyrsun A.M.!, Kommmrma M.E.""?, Poctoxuma E.E.!,
[ITymosekag K.@.!, Banyepa K.B.!
| Fiemumym xunitin ebicorodtemuty eeecme ust I’ Heeamvix PAH, Husenutt Hoezopod, Poccut
2Hayuonars Hotil Heeledoeamenseriult Hudicezopoderuil cocyoapemeennoitt yruge peumem usi H H. Jlobaveecrozo,
Huernrit Hoezopod, Poccua
e-mail: plekhovich@ihps-nnov.ru

The crystallization kinetics in the BaO-B20s3-Bi:O3 glass was studied by DSC and XRD. The
temperature dependence of the crystallization rate was determined using the developed method for
DSC data.

HccrmenopaHne KHHETHKH KPHCTAUIH3AIMH ABIAETCI KIFOUOM [T pa3pab0OTKH HOBBIX
CTEKITOKPHCTATIIHYSCKUX MaTEPUATIOB ¢ 3aJaHHBIMH (DYHKITMOHAITBHBIMK CBOHCTBaMU. [IpH cHHTE3e
CTEKITOKepaMHUKH Ha OCHOBe spOHii amomouTTpueBoro rpaHata(Er:YAG) u crexna BaO-B,Os—
Bi,O3rpedyercane TOTBKO BRG0P ONTHMATBHOTO COOTHOIIEHHSA CTEKITO M KPHUCTAITYecKOit (hasel,
HO H TIOWCK HauOoNnee YCTOHYMBOIO COCTapa CTEKIA A4 IIPEeNOTBPAIleHHS KPHUCTaLTH3alHA
HEIENEBBIX KOMITOHEHTOB W3  CTEKIIO-MAaTPHIbI, MW3MEHAIOINX CBOHMCTBAa  IOIYYaeMOTO
MaTepHaita.OfHaKo, B clIydae cO cTeKnooOpasyromned cuereMoli BaO-B203-Bi2O3 BO3MOXKHEL
ofpasoBaHUs GOPaTOB, KOTOPble ABIMOTCH 3G (PEeKTHBHBIMH TFOMHHOGMOPAMH, B CBI3H C 3THM
TOCTHKEHUE TIPH CHHTE3¢ KOHTPOIMHPYEMOTO (3alaHHOTO) XHMHHYECKOTO M (ha30BOrO cocTaBa B
MOITYy4aeMOM MaTepHAale, IBIIALTCA aKTyallbHON 3alayuci.

[TpumeHeHHe pa3pa0oTaHHOH TPHKITIAAHOH MOAENH O0palOTKH KHHETHYECKHX JaHHbIX
JCK[1] m1g TMIporHO3HMPOBaHHA TEMIIEPaTYPHO-BPEMEHHOTO PEeAKMMa W pealln3allid  Ha
MPaKTHKEKOHTPOIH PYEMOH KPHCTAIITH3AIMUABIIAETCA IETBIO HCCIIEOBAHH .

B paGore png creknoobpasyromei cucteMbl BaO-B203—Bi203 meromom JICK HeememopaHa
KHHETHKA KPHUCTAIUTH3alMH H TTOCTISAYIONIETO TINMaBIeHHd 00pasyrommxcea (a3 MpH H3MEHEHHH
COCTaBa CTEKNa, ¢ YYETOM AOIMOIHATEIBHO BBEAESHHBIX I[EHTPOB KPUCTAILIH3AIHMHA, HMHTHPYIOIIHX
KPHCTATTHYECKYIO (asy.

Hia momyueHnd crekon Bi1,O3;—-B203;—-BaO wcmomszopam BogHBIE pacTBOPHL Bi(NO3)s,
H3BO3; wu Ba(NOs),, TMpUTOTOBIEHHBIE W3 COOTBETCTBYIOIMUX TMPEKYypcopoB oOcd |
OHIHUCTUIDINPOBAHHOW BOABL. [10CTIe HHTEHCHBHOTO NEPEMEIIMBAHNA ITPHTOTOBIIEHHYIO B 3aJlaHHOM
MOIIBHOM COOTHOINEHHH CMECh KOMIIOHEHTOB, TOMOTEHH3HPOBAHHYIO Ha MONIEKYIIPHOM YDOBHE,
3aIMBaM BO (hTOPOIIAcTORBIE (hOPMBI H TTOMEINATH B Tedb IIPH TemIieparype 150 °C g0 momHoTo
BBICBIXaHHA. BBICYIIEHHBIM 00pasel] JUCIEPTHPOBATH B IIIAHETAPHOH METBHHIIE W HArPEBallH B
neyn o 950°C amg monmydueHHs paciiiaBa. 3aTeM pasTHBaId B (opmy, Harperyio mo 350 °C.
[TomyueHHBIE OOpasiBl CTEKON OTKHTAIM B TEUSHHE 3 U TIPH TOM Ke TemMIteparype. Takum o0pa3om,
OBIUTH TIPUTOTOBIEHBI ¢TeKma ¢cocTapob 20B1203—(80-x)B203—xBa0O (x =5, 10, 15 mom. %).

Tepyuueckuit aHamH3 06beMHBIX 00pasloB MPOBOAUIH Ha Ipubdope Netzsch DSC 404 F1
Pegasus (cMm. puec. 1) mpH ckopocTsax HarpesaHusa S5, 7.5 u 10 rpag/mun. IlpemBapurenbHas
KanuOpopKa IpuOopa IO 3TalloHaM OOeclieuriia TOYHOCTh H3MepeHHd Temreparypsl = 0.5 °C.
PazpaGoraHHasd MeTomuKa OOpaGOTKH JaHHBIX BKIMoyaeT mapameTp CQOu (MKB-¢/MT),
00eCTIeUHBarOIINi KalTHOPOBKY HHCTPYMEHTAIIBHON YYBCTBHTEIBHOCTH B ITPOLIECCE ONPEACIIEHNA
KHHETHYECKUX MTapaMeTPOB KPUCTAILIH3AlHH W3 IEPeOXIIakIeHHOIO paciljlaBa cTeKIa.

OOpaszyrompecd ITpH KPHUCTAIIH3allMH K3 IePeOXNakIcHHOTO paciviapa (aszbl 00paTob
0apud W BHCMyTa 3aperHCTpPHpOBaHbl MeTojoM P@OA Ha clenManbHO 3aKpHCTAIIN30BAHHBIX
o0paslax B TPOTrPaMMHO-YIIPABIIIeMOH TIEUH, ClIeAy4 TEMITePaT yPHOMY PEKHMY, OIPEILIeHHOMY B
Xozie paboTHI.
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Pucyrok. 1. JICK cHrHan (CHMBOMNBI) TIPH CKOP OCTH HarpeBaHHA 5 K/veH. JInHeM — pacueT.Hitxke, doTorpadim
obpasos ctekol 20Bi,05—(80-x)B,0s—Ba0 (x =5, 10, 15monpn%0) nocne JCK HeenenoBaHHA B IVIATHHOBBIX THIJLX
10 OKOHYAHHH TeMIIepaTy PHOH Ip orpaMMbl (Harper co CKopocThio 10 rpag/mMuH Ao Temriepatypbl 1000 K H
TIOCNENY oI ee OXIAKICHHE €O CKOPOCTRIO He Gonee 15 rpam/MiH).

PazpaGoraHHad HaMH TeOPETHYECKH OOOCHOBAaHHAad MeTOIHKAa OOpalOTKH TepMOTpaMM B
O0NacTH COBMEINCHHBIX IHMKOB KPUCTAUIM3allMA-IUIaBICHHE, TpUMEHEHHad K o0paslam
rpaHyIHpoBaHHOrO cTekila BaO—B203-Bi203, mo3poniina BEIBHTE KHHETHUESCKHE 3aKOHOMEPHOCTH
B TMMapaMeTpax KpPHUCTAUIH3AIMOHHBIX IIPOLECCOB TIPH HAIWYWH JOMOIMHHUTEIBHBIX IIEHTPOB
3apOABIIcO0Pa3OBaHU 4, CBOMCTBEHHBIX APOOIeHbIM o0pasiaM. B 3THX YCIOBHAX OITpeAeIIeHBI
COCTABBl CTEKOIl, OONaJalollie YCTOWYMBOCTBIO K KPHCTalUIM3alliH, a IO IapaMeTpaM TEOPHH,
TOITYYeHHBIM TIpH 00paOOTKE TIMKOB, BBIUMCIEHBI OINTHMAalbHBIE TeMITEPaTyPHO-BPEMEHHBIE
PEKHMBI CHHTE3a CTEKOL.

1. Plekhovich A.D., Kut’in A.M., Rostokina E.E. et al. Controlled crystallization of BaO-B,0s;—Bi,0sGlass in
the temperature range of a supercooled melt in the presence of additional nucleation centers // Journal of Non-
Crystalline Solids. 2022. N. 588. P. 121629.

Pabtoma estnoanena npu noodepaicke Poccuiicrkozo Hayunozo Qonda (cpanm nomep 20-73-10110).
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CHHTE3 TEKOPOTUBHOI'O CTEKJIA HA OCHOBE BA3AJIbTA
«OCMAHCAHKOI'O MECTOPOXKJIEHHNA»

Pysmarop D.M.!, Aprmosa M.X. !
! Tenuresme kuil xunuro-mexnonozudeckuit unemumym, Taumxenm, Vaberxucman
e-mail: eldor bbk@mail ru

The composition of the main component basalt was determined. The regularities of glass formation
in the system Quartz—Basalt—Sodium have been established.

BaszambT — Mmopofia BYIIKaHUYECKOTO ITPOHCXOKIeHN, 0o0pasopaHHad B BHAE 0as3allbTOBBIX
Tap. XWUMHUeCKasd MHHEpAIOrHd paccMaTpHpaeT Ga3albTOBBIE ITOPOABI, KaK >(Qy3HBHEIE,
HICHTHYHBEIE Ta00po MPUPONHBIE KaMHH. [[peToRasa ramma Oas3allbT HE OYCHB IMHPOKA, 3aTO UMEET
OTJIHYUTEIBHBIA UepHBIA IBeT. CTpyKTypa OasanbTa pacCMaTpHBacTCAd KaK TOHKO3EPHHCTAd, B
HEeKOTOPBIX CIIy4asgx CTEKIoBaTad BepxHAd dacTh 0as3allbTOBHIX JIaB MOXKET HMETh HEKOTOPBIS
B3IIYTOCTH, KOTOpPBIe O0pa3oBallich B IPOIECCe HCITapeHHSI BOJHBIX M Ta30BBIX DIIEMEHTOR H3
pacImaBIeHHON MarMeI [1].

B Hacrosimiee BpeMdA CHHTe3 ACKOPaTHMBHOTO CTeKiIa, Omaromaps CBOMM CBOMCTBaM, a
HMEHHO: PasHOOOpasHi0 IBETOB, CBETOIPOITYCKaHWIO M SKOTOTHYHOCTH, TEOPETHUECKH TaKKe
HMeeT MTPaKTHYECKOe 3HAYCHHUE I CTPOUTEIbHON OTPaci U IIPeAMETOB JOMAITHETO O0HXOA.

HsroToRNeHHe JeKOPAaTHBHBIX CTEKIAHHBIX KOMITOZHIMI TPOBOJUIOCH B TaGOpaTOPHBIX
yernopHax. Ha OCHOBe CIIeAyrOIMMX KOMIIOHEHTOB Obllla ITocTpoeHa cucrema Kpapir-bazanst-Coga.
JITg IeKOopaTHBHOTO ¢TeKIa UCTIONb30Baloch CIIeMVIONee ChIphe: KBapIieBhlit Mecok J:KepoicKkoro
MeCTOpOXKAcHHA, bazampT OcmMaHcaliKoro mectopoxicHAd, Coma KyHrpaackoro. XHMHUYECKHA
COCTaB CHIPBhA IPHBEAEH B TalIL. 1.

Tabmma 1
XHvHdeckHi cocTag,Macc %
KonrioHeHTnI - -
SlOz A1203 Nazo Kzo CaO TlOz PzOs MgO SO3 Fe203 Mn203 CI‘203
Bbazanet 45,71 120,83 | 3,39 | 0,42 | 8,92 | 0,79 | 0,0625 | 4,95 | 0.14 | 8,30 | 0,1743 | 0.0471
Kpapuessiii necok | 97,16 1,1 0,1 0,18 ] 0,36 - - 0,24 - 0,16 - -
Copa KyHrpaackoro - - 57,2 - - - - - - - - -

CTreKIgHHble IIMXTHl TOTOBHIM IpH Temreparype 1400°C B CHIHTOBOM ITeuM,
HCIIONIb3YEMOMH 1A IPHTOTOBIIEHHA CTEKNIa B Ta00paTOPHBIX YCIIOBHAX.

Coctap HCCIICTOBAaHHBIX IIHMXT CTCKIIA ITPHBSICHO B Tadml.2. HHXe
Tabmiia 2. CocTag MHXTHI CTEKA.

Odpaser, macc.%o
I'H bazanet K BapLieBbIii necok Copa Kynrpagckoro
1 80 10 10
2 70 10 20
3 70 20 10
4 60 10 30
5 60 20 20
6 60 10 30
7 50 10 40
8 50 20 30
9 50 40 10
10 40 10 50
11 40 20 40
12 40 30 30
13 30 20 50
14 30 40 30
15 20 20 60
16 20 40 40
17 10 30 60
18 10 60 30

93




Coma

PucyHok. 1. O6macTb cTeKI000p a30BaHHS.

C HccemoBaHHOH CHCTEMBI BHIHO, UTO OOIAcTh CTeKIo00pasoBaHHd IMpokad (puc. 1).
H3ydeHO, UTO B COCTAaBHBIX TOYKaX B OOIMacTH CTEKIoo0pasoBaHMs, TAe KolruecTBo NaxCOs3
GOMBITE, MOKHO TIOMYYNUTD ITPO3PavHOe M IBETHOE CTEKIIO, TAe MHOro Ga3anbTa — YEPHOE CTEKIIO H
rae MHOrO S102 — CTEKIIO ¢ BEICOKON BA3KOCTBIO. [Iporiece H3rOTOBIIEHUSA CTEKIIAHHBIX KOMITO3HIIHH
MoKa3an, 4YTO MOXKHO IIONy4aTh HE TONBKO CTEKIOKPHUCTAIUIMYECKHE MaTepHalmbl A
MMPOMBITIIIEHHOCTH, HO M ASKOPAaTHRHbBIE CTEKIIIHHBIE MaTEPHAIIBL TSI apXUTEKTYPHI H AU3aiHa.

1. https://catalogmineralov.ru/mineral/bazalt.html.

BJMAHUE ®TOPHIA KAJIbIIUA HA CHHTE3 H KPUCTAJUVIM3AIIHIO CTEKOJI
CTPOHIHHHA/IIOMOCH/IMKATHOI'O COCTABA

CepepenxoB U.A.!, Yertoropa E.B.!, 3aiiuyk T.B. !, Anamxmna A A2, CrmpugoHos IO A 2
TAQ «OHITIT «Texnonoeuay um. A. I Posaumisay, O0nusck, Poceua
2 Poce e kUl XUMUKO-TMEX HOTO2HYe CRULE YHIlgepe1mem
v JLH Menodereeea Mockea Poccua
e-mail: ivan-severenkov@mail.ru

The influence of CaF> on the melting and crystallization properties of glasses of the SAS
composition is considered. The effect of the additive on the quality of castings is visually assessed.

PaspuTHe paguO3NeKTPOHUKN TPeOyeT pa3paloTKH M BHEAPEHH IMMPOKOTO CIIEKTPa HOBBIX
MaTepHaloB, OOIaJafoIUX YIYUIIeHHBIMH TIOKa3aTeIaMH (DH3HKO-XHMHUSCKHX, MeXaHHUSCKHX,
TEPMHUYSCKHX H MeKTPHUSCKUX XapaKTepHCTHK [1-2].

[TpumeHAeMasd B HACTOAIIeEe BPeMA PaJHOITpO3padHasd THTHI- U MarHHHaTFOMOCHITMKaTHaA
CTEKIIOKEpaMHKa ¢ XOPOIIMM  YPOBHEM  PaJHOTEXHHUYSCKHX  XapaKTepPUCTHK, oOO0IamacT
HEeIOCTaTOYHO BbIcOKOH, 1100 °C, amd coOBpeMeHHBIX PaJHOTEXHHYSCKHX MaTepHalloB
TeMITepaTypoit SKCIDTyaTal|H.

B cBO3M ¢ 3THM  BO3pOCIa  aKTyalbHOCTh  HCCIEAOBaHHA H  pa3paboTKH
CTEKITOKPUCTAINTMYSCKUX MaTePHallOB Ha OCHOBE CTEKON B CTPOHIHHATIOMOCHIIMKATHON CHCTEME
(SAS) [3]. OmHakO H3BECTHBIE COCTaBBI CTEKON HMEIOT TEXHOIOTHYECKHEe OrpaHHYSHHI H3-3a
BBICOKOH TeMIlepaTyphl cHHTe3a, Oomee 1600 °C.

B Hacrodrmei padoTe MpeAnoKeHa MOTH(GHKAIIMI OJHOTO H3 6a30BBIX COCTABOB SAS cTeKIa
MyTeM KOHTPOIHPYEMOTO BBeAeHHI (Topuaa Kambima (CaF,) B KauecTBe MOTHGBHIMPYIOICH
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no0aPKH, HE HU3MEHMIOMMX (a30BBIM €OCTaB CTEKIOKPHCTAINIHYECKOrO MaTepHala, H3YYeHO
pmaHne CaF, Ha cTekmoo0pa3oBaHHE W KPHCTAUIM3AINED CTEKON CTPOHIIHHATIOMOCHITMKATHON
CHCTEMBI.

Cunres o6pasIioB ¢TeKon 6a30BOr0 cocTaBa U COCTABOB ¢ COMEP KaHMEM MOTUGBHIHPYIOTIEH
nobaBku oT 1 1o 4 macc. % (Tabmira 1) BEITOMHITH B TabOpaTOPHBIX ANEKTPHUSCKUX TIedaX ITPH
Temrieparype 1560 °C ¢ BEIISPAKOH 2 Yaca.

Tatmiaa 1. CocTaRbl SKCIIEPHMEHTANBHBIX CTEKOI
KonmrmoHeHTHI BaszoBbiii CocTaBel ¢ MogHGHLHPY oI el modaBKoid, Macc. %0
COCTaRB, Macc.
%

Si0; 36,8 36,4 36,1 35,7 354
ALO; 313 31,0 30,7 30,4 30,1
SrO 22,1 21,9 21,7 21,5 21,3
TiO, 9,8 9,7 9,6 9,5 0.4
CaF, : 1 2 3 4

Brumo yeraHoBIIeHO, uro godaska CaF, yoydllaeT IIpoBap M OZHOPORHOCTH CTEKIIOMACCHL,
IO CPAaBHEHHIO ¢ 0a30BBIM cOCTaBOM. [IpH BBIpaOOTKE STH cTEKIa HMEIOT HaHMEHBIIYIO BI3KOCTB,
CHHKAFOIIYIOCA ¢ YBETTHUEHHEM KOIHYECTBA JOOABKH, a TaKke HE 3aKPHCTAIIN30BBIBAIOTCA TIPH
OTTIHBKe 00pasiloB, TOrAa Kak o0pasilbl CTEKOI 6a30BOro cocTapa (63 106apOK) HMMEIOT YaCTHUHYIO
00BeMHYIO KPHCTAIITH3AIIHIO (TabmHIa 2).

Tabmiia 2. PesynbTaThl SKCTIEPHMEHTAIBHBIX Bap 0K

Baszogeifi cocTag Crexna ¢ MomudHIIHpY fomell qoGarKkoil, Macc. %0

e >

PRt

Hcnombsya meton auddepeHIHanbHON cKaHUPYIoIehl KanopumeTpur (JICK) ompenencHbl
XapaKTepUCTHYECKHUE TEMITEPaTyPhl KPHCTAIIN3AlHH SKCIIEPHMEHTAIIBHBIX CTEKOI H YCTaHOBIIEHO,
YTO ¢ YBENMMYEHHEM KOMMYecTBa (DTOpPHAA KalbIMd BBOJWUMOTO B COCTaR CTeKlTa HalNIOmacTcs
CHHKeHHEe TeMITepaTyphl cTeknoBaHHg (Tg), a Takke CMeIlleHHe HK30TePMHUYSCKHX IHKOB (TK) B
00nacTh HU3KHX TeMITEpaTyp, B CPaBHEHHH ¢ 0a30BBIM cOCTaBOM. M3 3TOro clemyer, 4TO TIpH
TOITYYeHHH W3 HUX CTEKIIOKPHCTATIHYECKOTO MaTepHalla, TEMIIEpaTyphl 3apobleo0pa3oBaHid U
TeMIIEPATYPhl KPUCTAIMH3AIMH MOAHGHUITHPOBAHHBIX COCTABOB OYAYT HHXKe, HYeM y 0a30BOrO
COCTaBa.

Takum 00pasom, SKCIIEPUMEHTAlBHO ITOKa3aHO, 4YTO HCelonb3oBaHHe CaF, B KadecTe
MOTUGbHIHPYIOTICH no0aBKH YITYUITAET MpoBap H TOMOT€HH3AIHIO CTEKONI
CTPOHIIMHAIIOMOCHIIMKATHBIX ~ COCTAaBOB IIPH TEXHONOTHYECKH TPHEMIIEMBIX TeMIlepaTypax
CHHTE3a, a Takke e TIPHCYTCTBHE B YKa3aHHBIX KOIHYECTBAX IIPHBOAHMT K YIYUYIICHHIO
KPHCTAIIM3al[HOHHON CITOCOOHOCTH.

1. Cyspameuer EI., XapuroHor J[[.B., Jswmrpues A.B. Coctrosnde paGor B o0macTd CcHHTe3a
paaHoIpo3paHbIX MAaTEPHANIOE H Iep CIIEKTHEBI CO37aHHA HOBBIX KOMITOZHLI ¢ VIIVUIIEHHBIMH PagHOTeXHHYeCKHUMH
XapaKTepHCTHKaMH. //KOHCTPYKIIHH H3 KOMITO3HLIHOHHBIX MaTepHanoB, 2008, Ne2, c1p.45-53

2. Kabnos E.H., I'pamenkos J.B., Mcaega H.B., Commiies C.C. IlepcrieKTHBHBIE BbICOKOTEMIIEPATypPHBIE
KepamMHYecKHe KOMITO3HLHOHHbIE MaTepHabl //PoccHICKHI xHUMHYecKHH ypHai 2010. T. LIV. Nel. C. 20-24.

3. Yeaposa H.E., I'pamenkor J.B., Mcacga H.B., Opmosa JLA., Capruicor ILJ, BricokoTemrieparypHble
pajHOTpO3payHble MaTePHAITbI: CETO/IHA U 3aBTPa //ABHalHOHHbIE MaTepHalbl H TexHoMordH. 2010. Nel. C. 16-21.
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ONPEAEJJEHUE KHHETHYECKHX TAPAMETPOB KPUCTAJVIN3AIIANA
CTPOHIHHUHA/TMTOMOCHJ/IMKATHBIX CTEKOJI CIIOMOIINBIO METOJA
OIITHYECKOI' O ITPOIIYCKAHHA

CepepenxoB U.A.! Kmemasos K.B.!"2, Cremanenko A A2
TA0 «OHITIT « Texnoaozuay um. A. I Posaunay, Obauscr, Poccua
HATA HIAY MU OH, Obuunck, Poccua
e-mail: ivan-severenkov@mail.ru

The results of experimental determination of SAS glass-ceramics kinetic parameters by methods of
DSC and spectroscopy have been compared. It is shown that the activation energy values are
similar.

CTEeKITOKpHCTATIHYECKHE MaTepHANbl CTPOHIMHAIOMOCHIIMKATHON CHCTEMBI  OONajaroT
BBICOKHMH TIOKa3aTelAMH (PH3HKO-MEXaHIUECKUX, TEPMUUESCKUX U SIIEKTPHYECKHX XapaKTePHCTHK,
fmaromapsd 4YeMy HX TpPHUMEHEHHE B PaJHOTEXHHUeCKOH cdepe ABIAIOTCS TEPCTIEKTHBHBIM.
OmnpeneneHne SHEPTHH aKTHBALHH TTOMOraeT TTOCTPOUTh KHHETHYECKYIO MOJeNb KPHCTAIITH3alliH,
KOTOpad IoJIe3Ha T OlpeielIeHNd ONTHMAaIbHBIX PEAKHUMOB TEPMOOOPa0OTKH ITPH CHTAIDIN3AIlHH.

B kauecTBe METONa OMpelelleHHd Hadalla KPHCTAIUIW3AllHd M KHHETHYECKHX ITapaMeTPoB
MIPEeATIaracTca UCIONb30BaTh H3MEPEHHE MPOITYCKaHHA B 3aBHCHMOCTH OT TEMIIEPaTyphl oOpasiia.
Ha pucynke | mpencraBieHa cXeMa YCTaHOBKH JJId OIPENeHeHHI IMPOIycKaHHSA. B KauecTBe
HCTOYHHKA H3IIYYEHHI | HCITONB3yeTcd Ila3ep ¢ MIMHOW BOIMHBI 530 HM. JlazepHOe H3ITyUEHHE
TomagacT Ha o0pasell 3, KOTOPBIH HaXOAWTCA B ITEUH 2, YITPABIIIEMOW 4epe3 CHCTeMy OOpaTHON
CBS3H ¢ IOMOIIBI0 KOoMITbIoTepa 6. Ha BBIXOZle M3 ITeUM pacIioiaraeresd ONTHYeCKOe KBaplEBOe
BOIOKHO 4, KOTOpOE TiepelacT Mpoleiinee H3TydeHHe 0T 06pasiia Ha creKTpodoToMeTp 5.

HccnmenoBaHng MMPOBOMWITHCE Ha 00pa3laxX CTPOHIIHHATFOMOCHIIMKATHOTO CTeKia 0a30BOro
COCTaBa, a Takke ¢ MOAHGHIMpYIOMMMH Hobapkamu CaF, (2%) u CaF, (2%) + ZnO (1%). na
ONpEeNeHeHNd DHEPIHH AaKTHBAllWH KPHCTAIUIW3allHi TepBOoH (a3l 0a30BOTO  cOcTaBa
CTPOHIIHHAITFOMOCHIIMKATHOTO  CTEKITa TPHMeHIH MeToll Kuccnuaxepa |1]. Xapakrep KpuBoH
MTPOMYCKaHUA OT TeMIIepaTyphl MoKa3aH Ha pHcyHKe 2. JIma cpaBHeHHS Ha TpaduKe TpefcTaBpleHa
KpuBagd o0pasifa monydueHHad meromom JICK. BuaHO, 4TO TemIepaTypa Hadala H3MEHEHHA
MPOITyCKaHH4 B 00paslie COBITaJacT ¢ HadalloM KpHucTammsainud 1o KpusbiM JICK. B tabmwuie 1
MIpeACcTaBIeHbl TEMITEpaTyPhl Havana KpPHCTAIUIM3alHK TIPH PasHBIX CKOPOCTSIX HArpeBa, a TaKkKe
3HaYeHH 4 SHEPTHH aKTHBAIMH KPHCTAIUIM3AlHH, KOTOPBIE JOCTaTOYHO OITH3KH.

I—a

PrcyHok 1. Cxema Juid orp efieJIeHHs OITTHYECKOTO TP Oy CKaHHA TPH HarpeBe.
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PrcyHok 2. TemmepaTypHad 3aBHCHMOCTD OITTHYECKOTO [P OITY CKaHHA, COBMeEIIeHHas ¢ AaHHbIMH J[CK

Tatmiua 1. 3HaueHHe SHEPTHH aKTHRALTHH H HAauasa KPUCTaILTH3alHH, 10y YeHHbIe MeTooM JCK
H ¢ TIOMOIIbIO METO/A OTITHYECKOTO TIPOITY CKaHHS.

TenmepaTypa Hauama KpHC TAJUTIA3ALIH, °C ?;Ili{'c:ll)e;ﬂ];lde CraHnapTHOE
MeTo, OTKIIOHEHHE,
A 5 °Clvmm 10 °Civrm 20 °Civam aKTHBALIH, Tt
KK/ MO MOTD
JCK 884 916 940 265 1
Ormieckoe 883 905 944 253 2
TIp Oy CKaHHe

Jma o6pasiop ¢ GYHKIIMOHAILHBEIMH J00aBKaMH HCCIISMOBAaHO ONTHYSCKOS TIPOITyCcKaHue. Y
oOpasztia ¢ gpobaBkod CaF,+7Zn0O HaOmrofacTcd CHHAKCHHE IIPOIYCKaHWA TpH Ooree HHU3KHX
TeMIlepaTypax, 4eM Yy oOpaslia 0a30BOTO C€OCTaBa, 4YTO OOYCIIOBIIEHO Oolee paHHEH
KpucTammmzaliieii. B cBoro ouepenp ama ofpasia ¢ goGaskoit CeO, HaOmromancd pocT
CBETOITPOITYCKAaHU 4, YTO MOKET OBITh CBSA3aHO ¢ JIOMHHECHEHIIMEH, XapaKTepHOH AId J0OaBOK
HOHOB IEPEXOMHBIX H PEAKO3EMEIBHBIX DIIEMEHTOB [2].

Taxkum oOpa3zoM, BKCIIEPHMEHTAIIBHO IIOKa3aHa BO3MOXKHOCTh HCIIONB30BaHHSA METOAa
ONTHYECKOTO CBETOMPOITYCKAaHWA AN pacyeTa SHEPIHH aKTHBAllHH W TeMIepaTyphl Hadalla
KPHCTAIITM3AI[HN JII CTPOHIIHAFOMOCHIMKATHBIX CTEKON. JJaHHBIH METOJ JacT 3HAUeHHI SHEPIHI
aKTHUBAI[HK M Hayalla KPUCTAJUIM3allii CPaBHHMEBIE CO 3HAYEHHAMH IOIyYeHHBIMHA MeTogoM J[CK,
YTO OMPEHeTIeT ero BO3MOKHOE HCITONTb30BAHHE B KaUeCTBE allbTEPHATHBHOTO.

1. Kissinger H. E. Reaction kinetics in differential thermal analysis //Analytical chemistry. 1957. T. 29. Ne, 11.
C. 1702-1706.

2. KmeikoBa A. M., CHgopoB A. ., IllaxBepgoB T. A. JlroMHHeCLIEHTHbIE CBOHCTBA CHIHKATHBIX CTEKON C
HOHAMH LIePHA H CYPBMBI // HayuHO-TeXHHYeCKHE BeCTHHK HHOOPMAI THOHHBIX TEXHOIOTHE, MeXaHHKH H OITTHKH. 2014,
Ne 3. C. 76-80.
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BJIMAHHE MUKPOKPEMHE3EMA HA CBOIICTBA IIOPHCTOI'O
CTEKJIOKOMITIO3HTA, ITOJIYUEHHOI'O HA OCHOBE MAPHIAJINTA,
IO OJTHOCTAAHUHHOH HEJIOYHOH TEXHOJIOI' T

Cxupmia K.B.'?, Kassaza O.B.!
| Haymonanosoitl ucce doeamenscruii Toreruil nomumexsuieckuil yaueepeumemn, 2. Toscr, Poccua
2 Tomcruiil eocyOapemee Hisiil qpxumermypro-cmpoumenssoitl yausepeumem, 2. Tovmcr, Poccua
e-mail: skirlin.kirill@mail.ru

The effect of the addition of silicon fume on the properties of a porous glass composite is described.
The resulting material is characterized by increased strength (up to 30 MPa).

B HacTofImee BpeMS B NMPOW3BOACTBEHHON ITPaKTHKE CHHTE3a NEHOCTEKIIa HCIONb3YeTcd
IBYXCTaJHIHAA TEXHOIOTHSI, OCHOBaHHAd Ha HCIIONB30BaHHH JOPOTOrO H MAallOAOCTYITHOrO
BTOPHYHOTO CTEKIO00d, K KOTOPOMY TIPEIBABIAIOTCA BBICOKHE TpPeOOBaHHSA IO XUMHYLCKOMY
cocTaBy. [locneqHne HaydHBle H3BICKaHHSI AUKTYIOT TPEHJ Ha pa3paboTKy COCTaBOB Ha OCHOBE
JOCTYITHOTO TIPHPOJHOTO W TEXHOTEHHOTO CBHIPhSI IO MEHee 3JHEPrOoeMKON ONHOCTaIHiHON
TEeXHOJOTHH ¢ MHHHMAIBHBIM COACpKaHHEM IEIOYHOTO KOMITOHEHTa. M3BECTHBI cOCTaBBI Ha
OCHOBE JTHaTOMMTa, IEPIINTa, TPelela, Mecka U T.4. [1-3]. JanpHelllee paclinpeHHue CHIPheBOH
0a3pl 3a cueT pa3pabOTKH HOBBIX COCTAaBOB Ha OCHOBE JOCTYITHBIX H HENOPOTHX ITPHUPONHBIX H
TeXHOTEHHBIX KPEMHE3EMHCTBIX CBHIPBEBBIX MATEPHAIOB ITO3BOIMT VACHIEBHThH H YIPOCTHTH
MIPOIIECC, PACIIIMPUTD Teorpaduio MPOH3BOACTB.

B KkadecTBe MEPCIEKTHBHOTO KPEMHE3EMHCTOIO CHIPbS PacCMOTPEH KPHCTAIHYECKHH
MapIaTuT W BHICOKOAKTUBHBINH aMOpPGhHBIH MHKPOKpeMHe3eM. MCIONb30BaHHE KPEeMHE3EMHCTOIO
CBIPbA KPUCTAJUIHYECKOTO CTPOEHUA 00ecIeUHBacT IOBBIIIEHHBIE MEXaHMUYESCKHE XapaKTePHCTHKA
CHHTE3HUPYEMOIO CTEKIOKOMITO3HTa, B TO BpPeMd KaK BBEJEHHE B COCTaB BBICOKOAKTHBHOIO
aMOpQHOTO MUKPOKPEMHE3eMa TTO3BOIAET HHTEHCH(HITHPOBATh MPOIECCHl CHITHKATOO0Pa30BaHUs
H TTOITyYeHH 4 SBTEKTHYESCKOTO PacIllaBa.

[lems — ycTaHOBHUTH BIMSIHHE MUKPOKPEMHE3EMa Ha CBOHCTBA ITOPHUCTOTO CTEKIIOKOMITO3HTA,
MOITY4eHHOTO Ha OCHOBE MapIIaluTa, IO OFHOCTATUIHON IMIETOYHOH TEXHOIOTHH ¢ TTIOHHKESHHBIM
COZEPKAHNEM ITILIIOYH.

B paGore uccnemopaH MapimanuT EIGalllMHCKOrO MeCTOPOXKICHHYI H OTXOJ bparckoro
AIFOMHHHEBOTO 3aB0J[a — MUKPOKPEMHE3EM, XUMHYSCKHH COCTaB KOTOPHIX ITPHBEACH B TaOImIE 1.

Tabmira 1. XHUMHYECKHH COCTaR ChIPbA.

Chiphe CojiepaHHe OKCHI 0B, Macc. %o
SlOz A1203 F6203 Ca0 MgO A TLIL
MHKP OKP EMHE3ZEM 94,2 0,5 0,40 1,2 - 3,6
MapIIaT 95,7 2,1 0,3 1,0 0,4 0,5

OmHAM W3 TMEPCHeKTHBHBIX METOMOB ITONYYEeHHI ITOPHCTOTO CTEKIOKOMITOZHTA ABIIeTCA
MIETTOYHAd TEXHOIIOTHS, COTTTaCHO KOTOPOH B PE3YIbTaTe B3aUMOACHCTBHA KPEMHE3EMA ¢ TOPIIHM
(97-98°C) pactBopom NaOH, o006pa3yiorcd THAPOCHIHKATHI HaTpHUd (KHIKOCTEKONbHAg
KOMITO3HUIIMA) M Telb KpPeMHHEBOH KHCIOTH Mo peaktmam (1) u (2). O6pasyrommasacs
AUAKOCTEKONIbHAd KOMITOSHIMSA BBICTYITAET B KauyecTBE CBA3YIOIIETO 14 HENPOpPearHpOBaBIIHX
yacTuI SiO2 U B KauecTBe ra3o00pa3oparens, 3a cUeT BbIACICHHUSI MapoB BOABI 1O peakimH (3) ¢
ofpas3oBaHHEeM CHIIMKAaTOB, KOTOpBIE TIPH JalbHelimem HarpeBanuu (o 788°C) maror
3BTEKTHYECKHHA paciUuiaB. MaTepuan IOMy4dalH B Pe3yibTare TepmMooOpaboTku IpH 850°C B
TeueHHH 30 MHHYT.

Si0,+ NaOH + mH,0——Na,0-nS10, - mH,O (1)
Si0,+ 2H,0——Si(OH), ()
Na,0-nSi0, -mH,0 —— Na,O-nS10,+ mH,O 3)
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SKCIIEPUMEHTAIIBHO YCTaHOBIIEHO 00pasoBaHHe IMTOPUCTOH CTPYKTYPBI TOTOBOTO MaTepHana
MMPH  CHHXKEHHH  COJCP/KAaHHA  IMETOYHOTO  KOMITOHEHTa M YBEIMYEHHSA  KOIMYeCTBa
KPEMHE3EMHCTOTO KOMIIOHEHTa B HCXOJAHON KOMITOSHMIIHH B AHaIta30He cooTHOINeHHH Si02/NaxO
or 43 mo 7,3. Jlnd cocTaBOB ¢ JAaHHBIMH COOTHOINEHHIMH TIPH 3aMeHe MaplllanuTa Ha
MHKPOKPEMHE3eM B HHTepBane of 5 mo 30 macc. % yCTaHOBIEHBI 3aBHCHMOCTH H3MEHEHHS
TDTOTHOCTH M TIPOYHOCTH 00PasIoB MOPHCTOTO CTEKITOKOMITO3HTa (PHC. 1).

1100
1000
900

30,0

250

e 2200
= =
= 2150
'§ 700 ;
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= 500 =50
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Conepixadne MIKpOKPEMHE3eMa, Mace. % Conepaaniie MIKpOKpeMHesema, Macc. %
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3
PucyHoK. 1. 3aBUCHMOCTH CBOHCTR MOPHCTOrO CTEKTOKOMITO3HTA Ha OCHOBE MapIlaliiTa OT CoflepAaHHA
MHEKP OKp eMHesemMa, A Si0,/Na,0=4,3-7,3: 1 — InoTHoCeT, KIYsm®; 2 — np odHocTH, MITa; 3 — koaddripierTa
BCTIeHHBaHHA, %o.

Koodmigent Beniehneanis, %o
T
=

C yMeHBINIEHHEM KOIIHYECTBAa INETTOYHOTO KOMIIOHEHTA M COOTBETCTBEHHO YBEIHYEHHUA
SiO2/NaxO or 4,3 10 7,3 IIIOTHOCTh MaTepHala yBelmHuHBaeTcs o 600 g0 1000 KI/M>, a MpOYHOCTH
yMeHbImacTed ¢ 30 mo 7 MIla. BeefieHHe MHKPOKpEMHE3EMaA TIO3BONAET CYIIECTBEHHO ITOBBICHTH
Ko>( GHUIIMEHT BCTICHHBAHUA 3a CHET CTaOHIM3UPYIONIEro ASHCTBHA MTUCTIEPCHBIX YacTHIL U §onee
SKCIIPECCHOTO 00pa30BaHuA pacillaBa CHIMKATOB. COTTIacHO ITONTYYEeHHBIM JAHHBIM, YCTAHOBIICHO,
YTO YacTHYHAd 3aMeHa MapllajinTa Ha MHKPOKPEMHE3€Ma IIO3BONMET IIOIYYHTH ITOPHCTBIN
CTEKIIOKOMITO3UT ITO ONHOCTaAHHHOW TEXHOIOTMH IIPH ITOHHKEHHOM COIEPKAaHWH IEIOYHOTO
KOMITOHEHTa. ONTHMAIBHBIMU AN TIOIYYEHHS ITOPHCTOrO0 MAaTepHala ABILIIOTCA COCTABBL C
cooTtHoIeHHEM S102/NaxO 4,3 H ¢ 3aMeHON MapllialiTa Ha MUKPOKPEMHE3eM B KonruecTse 5-10%.
Tl JaHHBIX COCTABOB MOMYYeH CTEKIOKOMIIOSHT ¢ TIIOTHOCTEIO 450-500 KT/M> M MPOYHOCTEHIO TIPH
cxathH 4-3 MIla cooTBETCTBEHHO.

1. Manevich V.E, Subbotin R.K., Nikiforov E.A. et al. Diatomite - siliceous material for the glass industry //
Glass and Ceramics. 2012. V. 9. P. 168-172.

2. Kazppina O.B., Bomnang C.H., JymkiHa M.A., Bepemarid B.J. HMcnonbzoBaHHe AHCIIEPCHBIX OTCEBOB
CTJ OHTENBHBIX TMECKOR JUTA MOy YeHHA TTEHOCTEKIOKPHC TAILTHYECKHX MaTepHaIoR // CTp OMTeNEHBIEe MaTepHanbl. 2014,
Brim1-2. C. 93-97.

3. Kazaniepa JLK., CropoxkeHo .. TermoH3onAl[HOHHBIA MaTepHal Ha OCHOBE OITOKOBOTO ChIpbA //
CTpourensHble MaTepHabl 2013, B 5. C. 85-88.

Paboma esinoinena npu No0O0epHcKe 20CYOUPCIEEHHO20 300GHNA MUHUCHePCHEd HOVKY U GbICHIE2O
obpasosanua PO (FEMN-2022-0001).
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ITPO3PAUYHAA I'AJIVIMEBOI' EPMAHOCHJIMKATHAA CTEKJIOKEPAMHUKA C
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2Poccufickutt xumiro-mexnoaodeckuii yaueepeumem un JI I, Menoeneeea, Mocrea, Pocout
e-mail: e.timchishina@glassinfo.ru

Transparent glass-ceramics with increased y-GaxOszcontent has been developed, which
demonstrates a twofold increase in the luminescence intensity compared to the sample of the basic
composition.

CoszflaHHe HOBBIX CTEKITOKpPHCTAITHYeCKHX MaTepHanoB (CKM) ¢ 3aJaHHBEIMH CBOHCTBAMH
TpeOyeT H3Y4YEHHA IPOECcCOB KPUCTALIH3AIMHA CTEKOIl CIOCHEAYIOMEN paspaloTKON PeKHMOB
TepmooOpaboTku. CpoiictBa CKM BO MHOTOM 3aBHCAT OT XapaKTEPHCTHK BBLACIIAOINCHCA
KpHUCTAIMHYecKOi (a3pl, 4TO OOYCTaBMUBAcT HEOOXOMUMOCTh YBEIHUSHHMSI €6 CONep:KaHHus.
OpHako B clydae Mmpo3padHbix CKM BaXHO COXpPaHHTh BRICOKHH KO3 (HIIHEHT ITPOMTYCKaHH A, UTO
0o0ycIaBIHBAacT HeOOXONUMOCTh Ppa3paloTKH TONXOJAINETO COCTaBa CTEKON W pPekHMa HX
TepMo0oOpPabOTKH, 00eCIICUMBAIOIINX IONY4YeHHd Itpo3pauHbix CKM ¢ BBICOKHM coOfepKaHHEM
KpHCTaIMH4ecKoit dassl [1].

OmHON U3 CHCTEM, MPEACTABIIOINUXOCO0OBIM HHTEpEC A ITONYUYSHHA B HEH MPO3pavHbIX
CKM ¢ IeHHBIMHA CIIEKTPaTbHO-TIOMHHECIEHTHBIMHA cBOMCTBaMH gpigercd RoO-Gax03-X 02 (R=Li,
Na, X=Si, Ge) ¢ BbIcOKHM cofiepxkaHHueM Gar03. [Ipu coOmOAeHNH ONPeIEIEHHOTO COOTHOTIIEHH A
Ga;03/Me;O B TIONYUEHHBIX Ha OCHOBE STOM CHCTEMSBI CTEKJIaX BBIIESIAIOTCA HaHOKPHCTAIIBL
v-Ga;03, XapakrTepusyiolpecd OONBINOH IMMPHHOH 3allpPEeIeHHOM 30HBI W COOCTBEHHOH
THOMHHECIIEHIIHEN TTPH BO30YAKICHUN H3TydeHHeM TOIbKO ¥ (D-C guartazoHa, 4yTo OO0YCIIaBIHBACT
HUBKYIO UYBCTBHTEIBHOCTH K TPUPOTHOMY YD-(hOHY M TO3BONSICT PETHCTPHUPOBATh HM3ITYUSHHE
COITHEYHO-CIIETIOTO AHAaIta30Ha |2].

Kak oxumaercd, yBenmWueHHe cofepkaHusA Ga,O3; B cOCTaBe HCXONHBIX CTEKON (IpH
COXpaHeHMH  cooTHommieHnd  Ga03/NaO = 2/1)  TIO3BONMT  TIOBBICHTH  CTETEHb
3aKPHUCTAIIH30BAaHHOCTH TIPH COXPAHEHHH BBICOKOTO CBETOIPOITYCKAaHHA. Takum 00pa3oM IENBIO
HCCIIEIOBAHUA ABIASTCA H3YUYeHHE KPHUCTAUIM3alliH CTEKONI ¢ BBICOKHM COJEp/KaHHUEM OKCHIa
rammmsa B cucteMe Ro0-Gax03-X0, (R=Li, Na, X=81, Ge) mia nmomyueHnnd npospaunoro CKM ¢
TIOBBITIEHHBIM COAEpKaHUeM KPHCTAITHIecKoi (assl H cpaBHeHHE ero ¢cBOHCTB ¢ o6pasiom CKM
Ha OCHOBE cTeKIa 6a30Boro cocTapa 7,5L120-2,5Nar0-20Ga,03-35510,-35Ge0, (Mo, %).

B palore BBIABIEHO, YTO ¢ POCTOM comepxkaHHd (Ga)0O3; 3HAUNTEIBPHO YXYOLIAcTCA
CTEeKII000pasyIoIad cIoco0HOCTh paciiiapa, OMHOBPEMEHHO cojiep:kartero LirO u NaxO. OmHako
nomHag 3aMeHa Li120O Ha NaxO 1Mo3BoigeT MoayuaTh HHBEPTHBIE CTeKIa, coflepskaliue 10 50 mMom.%
Ga0s3, MpakTHUYecKH 0e3 MpU3HAKoB (ha30BOTO PasdelieHUA. Y CTAHOBICHO, UTO ¢ YBETHYECHHEM
Gax03 10 ~30 MoT .% 3HAYMTEIbHBIX H3MESHEHHH B TOCIEA0BATEIbHOCTH (ha30BbIX IIPEBpallcHH
He TPOUCXOMUT. JlalbHEeHII &Ke pocT colepkaHud GarO3 B cOCTaBe CTEKIa H3MEHIeT IIPHPOLY
Ve TIEPBHYHO BBHIACTAFOMNXCA (a3, cpelld KOTOPBIX Kpome 7-Ga,O3 IPHCYTCTBYET H KPHCTOGAIHUT.
B pesymerare OblI paspaboTaH cOcTaB cTeKna, comepxarmii 30 mom% GarOs, TepmooldpaboTKa
KOTOpOro B OOINacTH TeMIepaTyp SK30TEPMHYECKOrO IHKA ITO3BONSET IONYYHTH ITPO3PAYHYIO
cTeknokepaMiuky (T = 80% IpH TOMIMHHE 2 MM), TIOMHHECIIHPYIOIIYIO ITPEHMYIISCTBEHHO TIO,
poszielicTBHeM Y D-C mamydeHHA. [IOBBINIEHHOE cOMEpKaHHEe HAHOKPHCTAIUIOB PasMepoM ~5 HM
00yCIaBIHBAET YBETHUCHHE WHTET PAJIbHOH MHTEHCHBHOCTH TOIIOCH TFOMHHECIIEHITMH TIPHMEPHO B

ABa Pa3a IO CPaBHCHHIO € 0a30BBIM COCTABOM.

1. Berthier T, Fokin V. M, Zanotto E. D. New large grain, highly crystalline, transparent glass-ctramics // J.
Non-Cryst. Solids. 2008. V. 354. P. 1721-1730

2. TengY. Self-assembled metastable y-Ga,O; nanoflowers with hexagonal nanopetals for solar-blind
photodetection // Adv. Mater. 2014. V. 26 P. 6238-6243.

Patioma estnoinera npu roodeplicke Mimucmepemed Hayri U esiciiezo otpasoeania Poccuu (FSSM-2020-
0003).
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BJIMAHUE IKBHUMOJIAPHOI1 3AMEHBI EPOMA HA MO/l HA OIITHYECKHUE
CBOHCTBA BOPOI'EPMAHATHBIX CTEKJIOKEPAMHK CO CMEITAHHBIMH
ITEPOBCKHTAMH CsPb(Brxli«x)3

Xapucopa P.J1.! Ba6kmma A.H.! 3p1panosa K.C.!
I Vaugepcumem HIAMO, Canxm-Iemepdype, Poccua
e-mail: harisovarufina@gmail.com

A series of borogermanate glasses with mixed perovskite nanocrystals was investigated.
Substitution of bromine for iodine leads to a red shift of emission spectra and an increase in
quantum yield.

CMeraHHbIE CBHHI[OBO-TalIOMTHBIE TIEPOBCKHUTHI BBIJEIIOTCA cpemu
TFOMHHECIEHTHRIXHAHOKPHCTAIUIOB IPKHMH Y3KHMH ITOITOCAaMH TFOMHHECIICHIINN H BO3MOKHOCTBEO
MEPECTPOMKH  JIMHBI BOJNHBI H3IIyYEHHd BO BCEM BHJIUMOM JHMalla30HE ITYTEeM H3MEHEHHT
cocrasa [1, 2]. COOTBETCTBEHHO, JaHHbIE HAHOKPHUCTAIIBI HMEHOT OONBIINOH ITOTEHIIHANl 4
CO3[TaHU4 Pa3IHYHBIX ONTHYECKHX YCTPOHCTB, B TOM HYHCIE CBETONUONOB, COTHEYHBIX OaTapei,
Ta3epoB M MHKPOTa3epoB, MOMHHO(GOPOB M MHOTHX Apyrux [3]. B manHoit paGore OBLTH
HCCIEeN0OBaHbl  CMEINAHHBIE IIEPOBCKHUTHBIE HAaHOKpHUCTAUIBL CsPb(Brxlix)s, IONyUeHHBIE B
foporepMaHaTHOH MaTpPHIIE.

BhrzieneHHe HaHOKPHCTAIOB ITPOMCXONWIO B CTEKle cHceTemMbl 6,67 Zn0O-5,81 Na,O—
31,3 B203-50,53 GeO; mom% IpH OTAWIE CTeKIa, a TakKke BO BPeMd JOIOIHHUTEIBHOH
H30TEPMHYECKONH TepMOOOpabOTKH IIPH Pa3lIHUHBIX TeMIlepaTypax W3 AuarazoHa 470-550 °C B
TeUeHHe OJHOTO Haca B MydembHOI meun. CHHTE3 caMOro MCXOTHOTO CTEKIa TPOXOMWI ITpH
Temeparype 950°C B ¢CTEKPHTOBBIX THITIAX. Mcclienyemad cepua cofep&ana cTekiia ¢ pasiIHuHbIM
cootHomeHueM Br/l B HaHokpucTanmax CsPb(Brx I1x)s3, tae x = 1; 0,5; 0,4; 0,3; 0,2; 0 (cormacHo
pacuery 1Mo cOCTaBy IMMXTHI).

CITEKTPBI ONITHYECKOMN IUIOTHOCTH CTEKOIl OBIIIM H3MEpPeHBl Ha clieKTpodoroMeTpe Lambda
650 (PerkinElmer) B criekrpampbHoM qHamnazoHe 300-800 Hm ¢ mmarom 1 mm. a9 perHcTpaiiyiu
CTIEKTPOB TIOMHHECIICHIMU M BO3OYKACHHI OBUI HMCIMONb30BaH cHeKTpodnyopumeTp LS-55
(PerkinElmer). AGCOMIOTHBRIH KBAaHTOBBII BBRIXOJ H3MEpPeH Ha CHCTeMe H3MepeHHI aGCOMIOTHOTO
KBaHTOBOro BeIxoga PL C9920-02G, -03G (Hamamatsu).
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PrcyHok. 1. (a) CrieKTphlI JTIOMHHECLIEHI[HH C TEKJIOKEPaMHK C TIEP OBCKHTHBIMH HAHOKPHCTAJUTAMH, TT0JTY Y€HHBIMH
riocie TepMootpabotri pH 470°C B TedeHHe 1 4.(6) 3aBHCHMOCTH KBAHTOBOTO BbIXO7A 3THX CTEKIOKEPAMIK OT
MOJIAPHOTO COOTHOIIEHHS TAJIONeHOB B HAHOKPHC Tanax. JIHHa BOJHBI Bo3 0y #feHHd B 00oHx cydadx 410 Hu.

Ha PHCYHEKC la IIPEACTAaBIICHBL CITCKTPEL ITIOMHHECICHITHH CHHTC3HPOBAaHHBIX
CTCKIIOKCPAMHEK. BH,I[HO, HTO 3aMCIICHHE 6poma HomoMm B IICPOBCKHTaX IIPHBOJIHT K CABHIY
MaKCHMYMa ITOIIOCEI JTIHOMHHCCICHIIHH B JIITHHHOBOIIHOBYHY of0macTh oT 518 HM A4 4HCTO

101



OpPOMHIHBIX HAHOKPHCTAIUIOB A0 683 HM AT YMCTO HOAUIHBIX HAHOKPHCTAIUIOB. CTOHT OTMETHTS,
YTO YBEIIMUYEHHE TEMITEPATYPhI JOTIOIHUTEIBHON TepMOOOpaboTKH cTekmokepaMuK ¢ 470 mo 550°C
MIPHBOJUT TAaKAKe K CMEIIeHHIO B KPacHYEO 00IIacTh — BIUIOTH A0 40 HM 14 OTASITBHBIX 00pasloB —
BCIIENICTBHE KBAHTOBOTO PasMepHOro s dekra.

PucyHok 16, B CBOKO oOuepemp, IEMOHCTPHPYET 3aBHCHMOCTH KBAHTOBOTO BBIXONA
THOMHHECIIEHIIMY CTEKIIOKEepaMHK JIIA 00paslioB, IPOIISAHX TepmooOpaborky mpu 470°C. U3
rpaduKa cleyeT, 4TO B CMEIMAHHBIX HAaHOKPUCTAINax YBEeTHUYeHHE KOHIICHTPAIMHU TaloreHa ¢
OONBIIMM pafHycoM ITPHBOAUT K YBEITHYEHHIO KBAaHTOBOTO BBIXOAa. AHAIOTHYHAA 3aBHCHMOCTH
HaOIrOAanach M i1 00pasiioB, IMPOIIEAIIHX TEPMO0OpaboTKY ITPH OOIBIIHMX TeMITepaTypax.

BONBIMHUHCTBO TTOMYYEHHBIX CTEKIIOKEPAMHK HMEIOT JOBOIBHO OONBINONH KBAHTOBBIM BBIXOL
UL TIOXOOHBIX HAHOKPHUCTALIOB, BBIAEIIEHHBIX B CTEKIIOOOpa3HOM MATpPHIE, T.€. IONOOHBIE
foporepMaHaTHBIE CTEKIIOKEPAMHKH €O CMeIlaHHBIMH HaHOKpHcTalmlaMu CsPb(Brxlix)3 aBiarorcd
MEPCTIEKTUBHBIMH MaTepHalaMHA 9 CO3MaHHd HWCTOYHHKOB H3IIYYEHHI C IIepecTPaHBacMBIM
CIIEKTPOM.

1. Li X. et al. CsPbX3 quantum dots for lighting and displays: room-temperature synthesis, photoluminescence
superiorities, underlying origins and white light-emitting diodes //Advanced Functional Materials. — 2016. — T. 26. —
N. 15. — C. 2435-2445.

2. Eperon G. E. et al. Formamidinium lead trihalide: a broadly tunable perovskite for efficient planar
heterojunction solar cells //Energy & Environmental Science. —2014. —T. 7. — No. 3. — C. 982-988.

3. Protesescu L. et al. Nanocrystals of cesium lead halide perovskites (CsPbX;, X= Cl, Br, and I): novel
optoelectronic materials showing bright emission with wide color gamut //Nano letters. — 2015. — T. 15. — Ne. 6. —
C. 3692-3696.

Pafioma estnoanena npu urarcoeoii noodepaicke Poccuticrozo Haydrozo douda (npoexm Ne 19-72-10036).

PA3ZOBBIE HAHOHEOJHOPOJHOCTH B OKCHJHBIX CTEKJIAX: CO3JAHHE
OIITHYECKHX MATEPHAJIOB C YIIPABJIAEMBIMHW CBOHCTBAMHX

Maxrumeaad K0, Curaee B.H.
Poccuilcrail xunairo-mexnorozudeckuti yaueepecumem us. J . Mendeneeea, Mockea, Poccua
e-mail: georgiy.shahgildyan@gmail.com

A brief review of the phase inhomogeneities which could be formed in oxide glasses is given in this
work. Phase separation, crystallization, nanoparticles and nanopores formation are discussed.

(Da30BBle HAHOHEOAHOPONHOCTH, 3aMETHO OTIMYAOINHECS IO COCTaBY WIH CTPYKTYpe OT
OKPYAKaFOINeH UX CPelbl, MOTYT OKa3blBaTh KOIOCCAIBHOE BIHAHHE Ha PE3YIIbTHPYIOIIHE CBOMCTBa
CHCTEMBI, KOTOPad MxX 00benHgeT. Ocobyio poib (HOPMHUPOBaHHE TAKHX HEOMHOPOTHOCTEH HTpaeT B
pa3paboTKe HOBBIX ONTHYESCKHX MATEPHAIIOB Ha OCHOBE OKCHAHBIX CTEKOI: HallpaBIeHHOE
dbopnmpoBanie (HazoBbIX HaHOHEOTHOPOJHOCTEH PasMMUHOrO TeHe3Hca OTKPhIBAECT BO3MOKHOCTH
JUTS UICTHHHOTO ITPOEKTHPOBAHNA ONTHYECKHX MATEPHAIIOB C YITPaBIIeMBIM CBOHcTBamH. OIHAKO,
HECMOTPS Ha OOWIHE HCCIENOBaHWH B 3TOM OONNacTH, B TOM YHCIE ¢ IPHMEHEHHEM pa3lIHYHBIX
TOAIXOM0OB K MOJETTHPOBAHUIO TIPOIieccoB (opMHUpOBaHHA (PazoBbIX HaHOHeOAHOpomHocTeit [1], B
HACTOAIIEee BpeMA OTCYTCTBYET aJleKBaTHOE OIMCAHHE KaK THUIIOIOTHH TaKHX HEOJHOPOTHOCTEN, TaK
H METOAO0B X GopMHpOBaHu4. B 2To# cBA3H, B TaHHOK padoTe IIpHBeeH 0030p HEKOTOPBIX (ha30BhIX
HaHOHEOJHOPOAHOCTEH, HalpakleHHOe (OPMHPOBAHHE KOTOPBIX OOCCTIEUHBAET BO3MOKHOCTD
CO3JTaHH4 ONTHYESCKHX MATEPHAIIOB C 3aJJaHHBIMH CBOHCTBaMH.

I. SlpneHWe IMKBallMd B OKCHIHBIX CTEKIaX, H3BECTHOE Ha TIPOTSKEHHH JJIHTEIBHOTO
BPEMEHH, BCerfla pPacCMaTPHBAOCh B KauecTBE HWHTESPECHOTO M HCCIEeNOBaHHMA O0BEKTa,
MIPEABAPIONIETO  BOSHUKHOBEHHE  MHBIX  (DYHKITMOHANMBHBIX  (Da30BBIX  HEOJHOPOMHOCTEH
(kpucrammmieckux (a3 MMM HaHOMop). ONHAKO, COBPEMEHHBIE HCCIEHOBAHHA TOKA3BIBAIOT, UTO
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JTHUKBAIMA B CTeKITaX MOXKET CaMOCTOSTENFHO paccMarpHBaThes Kak (hasopasd HEOTHOPOTHOCTD,
CITOCOOCTBYIONIAA TOHKOH HAaCTPOMKE CBOWMCTB OITHYECKMX MAaTepHaloB. Tak, paa HeclelOoBaHWH
MTPOIEMOHCTPHPOBAI BO3SMOKHOCTh 3HAUHTETBHOTO TOBBITICHHSA MEXaHHYECKUX CBOHCTB (TIpemen
MMPOYHOCTH,  MHKPOTBEPHNOCTH M JIp.)  ONTHYECKH  TIPO3PAaYHBIX  CTeKON  Omarojaps
TEPMOHHTYITHPOBAHHOMY (hOPMHPOBAaHHIO B HHX JTHKBAITHOHHON CTPYKTYPHL [2,3]. AmopdHBIe
(ha30BBIe HAHOHEOMHOPOAHOCTH, CPOPMUPOBAHHBIE B cTeKmaX cHCTeMbl KoO-NbyOs-SiO2, TpHaaoT
OITHYECKHUM MAaTepHanaM HEIIMHEeHHO-OIITHUSCKHE CBOMCTBA, XAapPaKTePH3YIOIMHECAd CHIHAJIOM
TeHepaIMH BTOpoi TapMOHHKH [4]. UHMITMHpPOBaHHe TMKBAIUH B ¢TeKIax cucTeMbl ZnO-ALOs3-SiO-
¢ gmoGaBkamu TiO> u AuClz, TO3BOIMET VYIIPABIATH IIONMOKEHHEM IIOIOCH JIOKAIH30BAHHOTO
TIIA3MOHHOTO Pe30HaHca (QOPMHUPYIOIIMXCS HaHOYACTHIL 307I0Ta, OOeCTeurBasd CIBUT MaKCHMyMa
nmonockl B AuamazoHe 100 HM |5]. D1oT sddekT mocTHTaeTed 3a CHeT NOKANBHOTO TOBBIIICHHSA
TIOKa3aTeld IIPETIOMIIEHHA B ITMKBAlMOHHBIX 00IacTaX, oforammeHHBIX T10, UTO OKa3bBAcT BIIMAHHE
Ha PE30HAHC [TOBEPXHOCTHBIX TUIa3MOHOB B HAHOYACTHIIAX 30I10Ta.

II. @opyupopaHie B CTEKIaX HAHOKPHUCTAIUIOB PA3MUHON IIPHPOABL IBIIACTCA ONHHM H3
CaMBIX PacTIPOCTPAaHEHHBIX CITOCOOOB CO3MaHMI (PYHKITMOHATHHBIX (ha30BbIX HAHOHSOMHOPOMTHOCTEH,
KOTOpBIE O0ECIeUMBAIOT BOSHHUKHOBEHHE B CTEKIaX HOBBIX CBONMCTB M HX TOHKYIO HAacTPOHKY.
Kimaccruecknm IMOAXOA0B K CO3JaHHIO TaKHX HEOMHOPOMNHOCTEH ABIAETCH CHTAUIOBAd TEXHOIOTHAL,
BKITIOUAIONasd B ce0d TeMmIeparypHyro o0paloTKy, B pesylbTaTe KOTOpPOH B 00BEME CTEKIIa
BO3MOXHO  (OpPMHpPOBaTh  MUAIEKTPHUECKHE,  TOTYIPOBOAHUKOBBIE WM METalUTHYECKHE
HaHOKPHCTALIEL [6]. TToMHMO KOHTPONIA 3a PEKUMOM TeMIleparypHOH o0pabOoTKH TaKHX CHCTEM,
BaXXHBIM (DaKTOPOM CTAHOBATCA Mallble J00aBKH B cOCTaBe CTekma. Tak, HeZlaBHO ObIIO MOKa3aHo,
yro a00aBku g0 4.5 mon.% AbQO; B ramueBorepMaHaTHOE CTEKIIO, 3HAUMTEIBHO BIHAIOT Ha
hopmMIpoBaHHe HaHOKPUCTATOB Y-Gax03: GHUKCHpYyeTes YBENHUYSHHE HX KOHIIEHTPAIMH U CYKeHHE
paclpeielieHHd II0 pasMepaM, YTO IIPHBOAUT K MHOTOKPATHOMY YBEITHUCHHIO HHTCHCHBHOCTH
TFOMHUHECTISHITHH MaTepHanop [7]. C ApYyroit CTOPOHBI, TOKAMBHBIH, TIPOCT PaHCTBEHHO-CETIEKTHBHBIH
HarpeB CTEKOIl, KOTOPBIM OCYINESCTBIAETCA C IIPHMEHEHHEM JIa3epOB CO  CBEPXKOPOTKHMH
JITUTETEHOCTSIMH  MMITYIIBCOB  (TTHKO- HWITH  (heMTOCEKYHIHBIMH), of0eclleunBaeT (HOpMIpPOBaHHE
(YHKIMOHATTPHBIX HAHOKPHCTAINIOB B 3aflaHHONH O0TacTH, YTO OTKpPBIBAeT IYTH M4 CO3IaHHS
TPeXMEPHBIX (POTOHHBIX CTPYKTYP. TaK, HemaBHO OBUIO MOKa3aHO Ta3epHoe GOpMIPOBAHUE B CTEKIIE
TIEPOBCKUTOINOAO0HBIX HAHOKPHCTAIIOB, XUMHUSCKHI COCTaB KOTOPBIX BAPBHPYETCA B 3aBHCHMOCTH
OT PEeANMOB Ja3epHOM 0O0palOTKH, YTO B CBOIO OUepelb IIO3BOJAET HacTpanBaTh IIONOKEHHE
MaKCHMyMa TIONMOCHL TTIOMHHECIICHIIMM B IHPOKOM JHamnasoHe or 470 mo 700 mm [8], ¢
BO3MOKHOCTBIO CO3JaHHA MHKPOPa3MEPHBIX CBETONHOLOB M JHCIUIEEB BBICOKOTO Pa3pelleHUL
Toueunoe dopMHpoBaHHEe HAHOPA3MEPHBIX KPHUCTAIUIOB OTKPHIBACT BO3MOKHOCTH I CO3JaHHA
IIMPOKOr0 Kpyra METOAMK 10 CBEPXIUIOTHOM 3allMCH M XPAaHEHWIO JaHHBIX B CTEKIaX. Olarofapsd
CIIEKTPaIbHO-IIFOMHHECLIEHTHBIM CBOHCTBaM, KOTOPBIE HHHIHHPYIOTCA JIOKAIIbHO IIPH 00pa30BaHHH
(ha30BEIX HAHOHEOAHOPOJHOCTEH B BHE KIIACTEPOB MIIH KBaHTOBBIX TOUEK, BOSHHKAKOT BO3MOKHOCTH
[0 MHOTOMEPHOMY KOJZHPOBAHHIO JAHHBIX, HCIIONB3YSA PasIHUHBIE Pa3pATHOCTH HHTCHCHBHOCTH
TFOMHHECLEHITHH HAaHOCTPYKTYP. TakK, HEeNaBHO ITOKa3aHa BO3MOMKHOCTE CO3JAaHUA OITHYECKOH
TaMATH IIyTeM Ja3epHOM 3alucH B OOpaTHOM CTEKIEe KIIAcTepoB cepefpa, eMKOCTh KOTOPOH
cocrapmger Gomee 10 T'o/ea’ [9].

1. ITopHcTOCTh, OOBIUHO HECBOMCTBEHHASA JJIA CTEKON, TaKAKe MOKET paccMaTpHBarhbCcd B
KadecTBe (PYHKIMOHATBHOM (a30Boi HaHOHEOMHOPOTHOCTH, 3HAYUTEIFHO BIHAIONIEH Ha cBOHCTBa
ONTHYECKHX MaTepHanoB. Tak, (opMHpOBaHHE HaHOYAcTHI[ cepefpa MIH 30l0Ta B IOpax
HAaHOIIOPUCTBIX CHJIIMKATHBIX CTEKOI, OTKPBIBACT BO3MOXKHOCTE JIIA CO3JaHHA S(PHEKTHBHBIX
TIOATIOMKEK ATIA CIIEKTPOCKOIHH THIaHTCKOTO KOMOHHAIIMOHHOIO PacCeaHH A, KOTOPBIE HCITONB3YIOTC
TIPH ACTEKTHPOBAHUH CBEPXMAIBIX KOHIIEHTpaIMii BelectB [10], a ocaxeHHe B TOpaX HOHOB
MIEPEXOMHBIX METAIUIOB MTO3BONET TPH MOCTIeYIOMIEH TeMITepaTypHOH KOHCOTHIAIINH (DOPMHPOBATh
OKCHHBIE CTEKIIA ¢ BBICOKHM COIEpKaHHeM aKTHBATopoB |11]|. HaHOMMOpE! Takke HTparoT OOIBIMYEO
POITb B 3a/Iauax Ja3epHOoit 3armicH ) YHKITMOHABHBIX OObEKTOB: AeHCH(PHKAIIN A TIOPHUCTON CTPYKTYPHI
TIO3BONAT ¢O3/1aBaTh BOMHOBOAHBIE aPXUTEKTYPHI ¢ BEICOKHM ITPOCTPAHCTBEHHBIM paspertneHueM [12],
a BO3MOXKHOCTH OBICTPOTO M BOCIIPOH3BONUMOTO (HOPMHPOBAHMS HAHOCTPYKTYP C BBICOKHMH
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3HaUSHHIMH (Pa30BOit 3aJIepKKH JelacT MOPHCTOS CTEKIIO OMHHM H3 TepPCIIeKTHRHBIM KaHHIaTOBR
JUT4 3aITHCH U XPaHeHW A JaHHBIX | 13].
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CHHTE3 BOJIOKHHCTOI'O MATPHUYHOI' O KAPKACA B COCTABE MYJLJIMTOBOI
KEPAMHUKHN METOJOMIIJIASMEHHOI'O IIJIABJIEHUA

[Texosios B.B.,Ckpurmankopa H.K., Bonokutun O.I'., I'adapos P.E.
Torcruti cocyoapemeeHHsill dpxyme Ky pHo-cinpoumenorotil vauee pcumem, Tovex, Poccua
e-mail: shehovcov2010@yandex.ru

The paper presents the results experimental studies of the synthesis fibrous matrix framework in the
composition of mullite ceramics by the plasma melting method.

Mymmr kak marepHall, OONajacT BBICOKHM COIPOTHBIIEHHEM IION3YYECTH, XOPOIIeH
CTOMKOCTBIO K TEIUIOBOMY yIapy M MalbIM OclTablIeHHEM ITPOYHOCTH IPH BBICOKMX TeMIlepaTypax,
YTO TIPHBIIEKAeT BHUMAHHE YYEHBIX €O Beero Mupa. OJHAKO IMOIyYeHHE MYILINTA, OCIIOKHISTCA
BBICOKOM Temmieparypoif Havama cuHTe3a >1373 K (6e3 yuera m00apoK), JOCTHXREHHE U
MOAJiepKaHHE KOTOPOTO ABIACTCSA SHEprozaTpaTHBIM IpolleccoM. B pabote [2], mokasaHa
BO3MOKHOCTh ITIPHMEHEHHS 3JHEPIUH TEPMHYECKOM TIIMasMbl ITPH IUIABICHHH TYTOINIABKOTO
AITFOMOCHIIHKAaTHOTO CBHIPhA. Takum o0pa3oM, LENbI0 JaHHOW pPaldoTHL 4BIAETCA PacCMOTPEHHE
BO3MOKHOCTH CHHTE3a MYIDIMTOBOH KEpaMHKH H3 PaclpOCTPaHEHHOrO ITPHPOSHOrO MaTepHala
METOAOM TITA3MEHHON TUIaBKH IIIHXTHI.

B xayecTBE HCXOMHOTO CHIPbS HCIIONH30BANCEH: OEMUT (Al2O3 ~ 88,45) H MENTKO3epHUCThIH
KBapLeBbIM MecoK (Si02~ 96,88 mac. %). Ha ocHOBe BRIOpaHHBIX MaT€pHalIlOB H3TOTABIHBAIACh
IMxTa B  CTEXHOMETpPHUECKOM  cooTHomeHHe  N=Al,03/Si0,=3. DOKcllepHMeHTallbHbIE
HCCIIENOBAaHUA TIPOBOJUIINCE HA OPHTHHAIBHOM 3JIEKTPOIDIa3MeHHOM cTeHAe. Ha puc. 1, «a
mpencTapieHa (oTorpadua SKCTIEPHMEHTATBHOTO CTEHJa, BKITIOYAOMIETO:  BSIEKTPOAYTOBOH
IIa3MOTPOHC JHaMeTPOM COIlIa 5 MM (KaTox), TpadHroBBIi THIenb o0beMoOM 55,9 e’ (aHoxm),
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neroyHuK nmuTanid CUT 160.1IpopeneHHbIe KOMIDIEKCHBIE HCCIEOBAHWA ONTHMH3ALMH IIPOLIECCa
TTaBJICHHA IIHXTHL, ITOKa3alld, YTO ONTHMAITBHBIM PEKHUMOM IUIABIIEHHUA 8 T HCXOZHOTO MaTepHalla
gapngercd: cunna Toka 80 A, HanpaxeHue 100 B 1 BpeMd BO3AeH cTBHA IDIa3MEHHOTO TTOTOKa 60 C.
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Pucynok. 1. @otorpadms npoliecca CHHTe3a MyJUIHTORBIX 0GP a3LOB (d); 37€KTPOHHBIH CHHMOK [TOBEPXHOCTH
CHHTe3HpYyeMoro o0pasia (§); SHep TOJHCIIePCHOHHBIH PEHTIeHOBCKHH CITEKTP (&).

Mopdomnorusg mpencTapIeHa UYETKMM — paslelicHUeM HHTEBHIHBIX KPHCTAIUIOB —MYTUINTA,
PacCIONOKEHHBIX B MOHOHMTHOM aMOp(HOM Kapkace (puc. 1, 6). DnemMeHTHBIN cocTaB (puc. 1, ),
TIOIYYEHHBIA CO CTIEKTPAbHONH 00macTH 30>30 MKM, TIOKA3all HaITMUHE CIESAYIOINIX JEMEHTOB: Al ~ 35,
Si ~20 u O ~ 40 mac. %. Ilpucyrcterie B coctape yriepoma C ~ 5,6 mac. % OOGYCIOBIIEHO
HCTIONMb30BaHHeM Tpaduroporo Turmd. Takum oOpasoM, AaHHOe MOPGOIOTHYECKOe coueTaHHe (as,
TIO3BOTISIET  @PMHUPOBAaTh  CTEKNNO(asy TMepKOTHPOBAHHBIMA — KPUCTAUIMYSCKUMH — BOMOKHAMH, @
TIEPEXOMHBIA CIIOM MEAKITY HUMH, TOIBKO YIIYUINAET ailre3HOHHBIE CBOMCTBA KEPAMHYSCKOH MATPHIIBI B
TIETTOM.

1. Sahoo S.P., Pradhan S., Mukherjee J., Rawat V.S. Enhanced lasing action in Cr: forsterite laser using
temporally separated pump pulses // Optics and Laser Technology. 2022. V. 151. 108050.

Paboma esinoinena npu No0O0epHcKe 20CYOUPCIEEHHO20 300GHNA MuHUCEPpCMed HOVKY 1 GbICHIE20
obpasosanua PO (FEMN-2022-0001).

JTHHAMHKA OXJIAYKJTEHUA ITOJIOH YACTHIIHI SiO:2
ITOCJIE BBIXOJA U3 30HBI BBICOKOTEMIIEPATYPHOI'O HAI'PEBA

[Texopuoes B.B.!,AnTonos J.B.?
[ Toneriit 20cvOape MEeHHbI APXUMEKIYPHO-CMpoUmeasHotii yuueepeumem, Toamcx, Poccus
’Hayuonars Hotil Heeledoeamenserilt Toneratii notumexnideckuil yuueepeumem, Tover, Poccun
e-mail: shehovcov2010@yandex.ru

The paper presents results of mathematical modeling of dynamics of cooling and the formation
temperature field in the volume of hollow SiOaparticle after leaving the high-temperature heating
zone.

B panHel pabore [1] SKCIIEpHMEHTAIIBHO MCCIEA0BAHO BIHIHHE PEAUMOB 00pabOTKH
arTOMEPHPOBAHHOTO TOPOIKa Ha MOP(OIOTHIO MOMydaeMbIX MONMBIX 4YacTHIl SiO>. OcHOBHOM
IpoOIeMOH TIPH MIPOBEACHUHN SKCIIEPUMEHTOB ¢ IIOIBIMH YacTHIAMH S10; IBIIeTCA HX YacTHUYHAA
WK TI0NMHAd Aeopmarnd chOpMHPOBAaHHOTO TBEpAO(a3HOro KapKaca ITOCIIE BBIXOABI H3 30HEI
BBICOKOTEMITEPAT YPHOTO HarpeBa. OYeBHAHO, UTO 3TO JOCTUTAETC 3a CUET CO3JaHHI TEPMHYECKUX
HAIIpAKCHHH B KapKace M OCTaTOYHBIM JaBIIEHHEM B Ta30BOH IIONOCTH, JeHCTBYIOIEIO Ha
BHYTPEHHIOK CTEHKY IIONOH YacTHIBI. PacCcMOTPETh paslMyHBIE TeMIIepaTyPHBIE PEAKHMBI H
JUHAMHKY OXIaXKICHHA IeNecoo0pasHo ¢ IPHMEHEHHEM YHCIIEHHOTO MOJASNHpoBaHUA. Llembro
HacTOAMeH paboThl ABIIETCA ONMpelclicHHe AWHAMHKH OXIIaKACHWA ITONOH dacTHIBI Si0; Imocie
BBIXOJa H3 30HBI BEICOKOTEMITEpaT YPHOIO HarpeBa.
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JIIg ormMcaHWd TIpollecca OXJTaXKIAeHHI 4acTHIBI SiO; ITOCHe BBIXOZAa W3 30HBL Harpepa
HUCIIONB30BalIcd KOMMEPYECKHH IPOrPaMMHBIA  IMaKeT N4 YHCICHHOTO MOZSITHPOBAaHHUA
AnsysFluent. Ha puc. l,@ IIpefcTaBIeHBl 3aBHCHMOCTH BPEMEHH fepg 3ABEPIINCHHA IIPOLIECCa
oxnaxaeHnd yacTHUBL S10240 TemMriepaTyprl300K oT pampyca 4acTHIEL, KOTOPBIH BapbHPOBAlIC B
IHuanaszoHe oT 25 MkM 10 100 MKM ITPH PazIHYHON TONIIHHE 000TI0YKH A, =R, — Ry = 2R,"0, T1e
5=0;0,1; 0,2, R,~BHEeIHNH pauyc YaCTHIIEL, R, —pafinuyc Monoi yactu. Ha puc. 1,6 peacTapieHa
JHHAMHKa H3MEHEHH A TEMIIEPATYPBL 7' B LICHTPE YacTHIIBI JUIA ciIydad Rp,=50 MKM.

1900 T
1500 | "
w4 E CMI'lcpaTypa TUTaRIICHHA
< 1100 + '\\
N
700 £ % \
F ~
300 Fa S

0 100 200 300 400 500
f,c

a
PrcyHOK. 1. 3aBHCHMOCTH BpeMeHH 3aBepIlleHHs MPOoLecca 0XNaxeHHs YacTHUBI Si0yA0 Temrepatypsl 300 K ot
pajyca 9acTHLIBI PH pa3H4HOH TonmuHe obomaoukH & = 0; 0,1 1 0,2 (@) ¥ IHHAMHKa H3MeHeHH: TeMITEpaTyphl B
LIeHTpe TIoNoE gacTHLB! Si0,7714 ciydas R/~=50 MM (6)

[TomyyeHHBIE PE3YIBTATHl CBUACTENBCTBYIOT, YTO TOMIHHA OOOIIOYKH CYIIECTBEHHO BITHAET
Ha BpeM4 3aBEPIIEHH TIPOIecca OXTakIeHNT YacTHIIH S10,. C yBemMYeHHeM paJnyca YacTHIBI OT
25 vxM g0 100 MKM pa3sHOCTh MEXEAY BpPeMeHaMH 3aBEpIIeHHI OXIaXKACHHA MOKET NOCTHIATh
A=76 %. llomyueHHBIE PE3yIbTATHl IIO3BOIAIOT OIPEICIINTE CIHSAYIOINHH 3Tal  paboTHl,
CB3aHHBIN ¢ JETalbHbIM OGOCHOBAHMEM (M, COOTBETCTBEHHO, OMMHCAHUEM) TTOCTAHOBKH 3aJauH O
Mpoleccax B IUIGHKE paciDiaBa, OOpa3ylomiehHcd Ha TOBEPXHOCTH TIONBIX YacTHIl, ¢ YYETOM
WHTEHCUBHBIX (ha30BBIX TIPEBPAllcHUH W B YCIOBHAX CMEIMaHHOTO  (KOHAYKTHBHOTO,
KOHBEKTUBHOTO M PpaJHallHOHHOrO) Temmoo0MeHa ¢ HCMapeHHeM Ha BHEIMHeR cBoSomHOM
TTOBEPXHOCTH.

1. lexoriior B. B. MccneqoBaHie BAHAHMA SHEPTHH TEPMHYECKOH TLTa3MEBI Ha Mop GonorHio H Gha30BbIi
COCTAB ANHOMOCHIHKATHBIX MHKpocdep // CTekno H kepamuka. 2022, T. 95. Ne 7(1135). C. 51-57.

Patioma estoanena Apu ROOOEPHCKe  2OCYOAPCIEEHHO20 3a0anua Munucmepcmed HQYKU W €OICHIEZO
oOpazoeanua P@ (FEMN-2022-0001).

TJIASMOXHMHYECKHII CHHTE3 CTEKJIOKEPAMUKH Mg:SiO4

[lexopiop B.B., Ckpuniarkosa H.K.
[ Toneriit 20cvOape MEeHHbI APXUMEKIYPHO-CMpoUmensHotii yuueepe umem, Tonmcx, Poccus
e-mail: shehovcov2010@yandex.ru

The paper presents the results of experimental studies of the plasma-chemical synthesis glass
ceramics with dense packing of rhombo-dodecahedral Mg>SiO4 crystals.

CHHTe3 CTEKITOKPHCTAIIMYECKHX MaTepHanob cHCTeMbl MgO—SiO, gBIAeTCA aKTyaIbHOM
3amaueii BBHUAY INHPOKOW cdephl HX TPUMEHEHHSI BO MHOTHX BBICOKOTEXHOTOTHYHBIX
npousBogicTBax |1-3|. B HacTodimel padoTe ITpefCTaBIeHBl Pe3yIbTaThl KCIICPHMEHTAIbHBIX
HCCIEeN0OBaHUH, ITOCBAICHHBIE CHHTE3Y CTEKIIOKepaMHMKH cHeTeMsl MgO-SiO> H3 paciiiaba
PacpoCTPaHEHHOTO  TIPUPOJHOTO  ChIpbSA  (MarHesuT MgCOs, Keapiepbli mecok  Si0y),
TIONMYYEHHOTO B ¢peJie TEPMHUECKOH Tma3Mbl arMOc(pepHOro AaBieHUI. OTMETHM, YTO YITOMHHAHH
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O BO3MOKHOH pealm3al[ii TaKOoTo MeToa MOIYUSHHA CTEKIIOKEPaMHUECKOr O MaTepHalla aBTOpaMA
He OOHapyAEHO.

HItd TIpOBeIcHUA CePHH IKCIIEPHMEHTAIBHEIX HCCIeNOBaHH IIPOBEIcHa H30TepMHYSCKad
BBIZIEPAKa MarHesuTa 1pu 1273 K B TedeHne 3 4 ¢ nensro pasnoxeHnda MgCOs; Ha MgO u CO,. Ha
BTOPOM 3Talle MaTePHAIIBl CMEIHBAIIHCh B CTEXHOMETPHUIECKOM cooTHOIeHHnH MgO / Si0; ~ 1.34,
YTO  COOTBETCTBYET  TEOPETHUECKOMY  cocTaBy  (operepuToBoit  Kepamukn — MgrSiOs.
[IpuroToBIeHHAA IHXTa MPOXOAMIa TOMON B TUIaHETApHOH IMMApoBOH MeNbHUIlE A0 (paKiu
meHee 71 MKM. [[omydeHHBIH MOPOIIOK TPaHyIHpOoBaicd 4epes Jaf0opaTOpHOS CHTO ¢ PasMEpOM
SUSHKH 2 MM 14 TOr0, UTOOBl HCKITFOUHTH BBIAYBAHHE €70 W3 30HBI IIA3MEHHOIO BO3AcHCTBHA. B
KayecTBE CB3YIOMIETO HCIIONB30BANCS TOMMBHHHUIIOBBIN CIHPT Mapku 6/1, MpHUMEHSIeMBIH TIpH
(hOpMOBKe TIOPOIIKOB Mg KepaMHKH. [IomydeHHBIH arIoMepHpPOBAHHBIN ITOPOIMOK Maccoi 7 T
3achIMancsa B TpadHUTOBI THTEND (aHOA) M MTPOU3BOAMICA 3aITyCK SMEKTPOAYTOBOTO TIa3MOTPOHA
(katoja). ITapamMeTphl SKCIIEpHMEHTa COOTBETCTBOBANM: cHIla Toka 100 A, Hampsxenue 120 B,
pacxoj TUIasMoo0pasyIoNero rasa — Bo3AyX 12 a/MuH., Bpemd TmapneHug 30 ¢. B mporiecce
SKCIIEPUMEHTOB (DHKCHpOBalach TeMIlepaTypa BHEIIHEH CTeHKH TPadHUTOBOTO THTIIS METOMOM
nH(pakpacHoit TepMomeTpun (mupomerp GM 2200, amamasoH wsmepeHua 200-2200 °C).
Temmeparypa BHEITHEH CTeHKH TpadHUTOBOTO THTIA B TeueHHe 30 s TPH paccMaTpPHUBAEMbIX
MmapameTpaxX cocTaBnger 2320423 K, mocne OKOHYaHH4 BO3IEHCTBHA TUIA3MEHHONH AYTH CKOPOCTH
OCTBIBaHHA THTTIA cocTaRmgeT 286.6+5 K/c. IlpH JaHHBIX IMapaMeTpPHUSCKHX XapaKTepPHCTHKaX
SKCTIEpPUMEHTa Ha BBIXOJE TONydaroTed momycheprueckie oOpaslilpl: JHaMeTp / TOMIuHa 25 /12
mm, Macca 6.5£0.3 r, o6beMHag MITOTHOCTE 3.35 r/cM. TlomydeHHBIe 00pasilbl UCCIEAOBATHCH Ha
CKaHUPYIOMEM SIEKTPOHHOM MHKPOCKOIE ¢ BHEPTOAUCIIEPCHOHHBIM aHamm3oM (Quanta 200 3D,
CIIIA).

Mopdonorna yacTHIl HCXOJHOTO MarHe3UTa H KBapIeBOro TMecka (puc. 1, @) mpeacTapieHa
CIIONCTON  CTPYKTYPOH  INIOTHO-CTPYKTYPHPOBAHHBIX —IIPH3MaTHUSCKHX  armomeparob. [lo
pe3yIbTaTaM SHEpProAHCIIEPCHOHHOTO aHamm3a (o0macTh crekTpa 130x100 MKmM), B cOCTape
MarHe3HTa H KBapIeBoro mecka JOMUHUPYIOT O, Mg H Si, COOTBETCTBEHHO, a TAKKe TIPHCYTCTBYIOT
B KONMMYECTBE JONEH W eJWHMI] MaccOBbIX MporeHTOB Al, Ca, Fe. [lo maHHBIM CKaHHPYROINEH
SIEKTPOHHOM  MMKPOCKOITHHM,  TIOBEPXHOCTH  CHHTE3HPYEMOrO  KepamMuueckoro  ofpasiia
TIPeCTaBlIeHa TUIOTHON YITAKOBKOH pOMOO-I0AeKadApPHUSCKHX KPHCTAIUIOB pasMepoM a = 237413,
b=179.2+15.5 mxkm. CormacHO JaHHBIM SHEPrOTHUCIIEPCHOHHOTO CIIEKTpa ¢ ITOBEPXHOCTH
KpucTanna (06macTh criekTpa 80x75 MKM), SIeMeHTHBIN cocTaB cooTBeTcTByeT O ~ 38.28, Mg ~
32.49, Si ~ 29.23 mac.%, uTto xapakrepHo A1d dasel MgrSi0O4. [lonyueHHbIE SIEKTPOHHEIE CHUMKH
(puc. 1, &) TOBEPXHOCTH CKOMa CHHTE3HPOBAHHOTO 00pasila CBHACTENLCTBYIOT O (pOPMHPOBAHHH
IIIOTHOTO KapKaca ¢ YEeTKHM IMHEHHBIM PacmolokKeHHeM cQepHuecKHX BKITIOUYEHHI, B IICHTPE
KOTOPBIX PAcTIONOKEH PYOeI|(CKOINIeHHE KPHCTATMUECKUX (a3, KOTOphle KPHCTAIUIH3YIOTCA B
HayalbHBIH IIEPHOJ, OXIaKICHNHA paclliiaba).

CHATBIIT  SHEPTOAMCIIEPCHOHHBI  CTIeKTp (puc. 1, ) CIOBEPXHOCTH CQepHUECKHX
BKIIOUEHHH CBHIESTEIBCTBYET © JOMHHHpPOBaHMH Si~ 34.19 mac. % TI0 OTHOIIEHHIO K
Mg ~ 17.04 mac. %, uro XapakTepHO Ama cocraBa MgSiOs. DneMeHTHBIH cocTaB  (hasl,
paBHOMepHO O0TeKarolllel JaHHbIe BKIFOUSHHA, COOTBETCTBYET Si ~ 22.68, Mg ~ 32.29 mac.%, uro
THIHYHO 11 MgrSi0O4. B o0omx cimydagx mpHcyTeTBYIOT IpuMecH Al, Ca, Fe, KoHIeHTparmg
KOTOPBIX He TPEBBIINacT 2 Mac.%, 4TO OOYCIOBICHO HCXOOHBIM COHNSPKaHHEM HCIIONB3YEMBIX
MaTEepPHAIIOB.
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PrcyHok. 1. PesynbTatsl cKaHHPY IOIEH ATeKTPOHHOH MHUKPOCKOIHH H 3HEPTOIHCIIEP CHOHHOTO aHAIHEA.
& — CHIMOK TOBEPXHOCTH JacTHL] HCXOHBIX MATEPHANOE; & — CHHMOK [MOBEPXHOCTH CHHTE3HPOBAHHOTO KePaMHYIECKOTO
00pasiia; & — CHAMOK MOBEPXHOCTH CKOJIa CHHTE3HPORAHHOTO KepaMHIecKoro o0pasLia;
& — SHEPTOHCIIEP CHOHHBIE CTIEKTPBI COOTBETCTBEHHO

B pesymbTare MpoBeIeHHBIX SKCIIEPHMEHTAIBHBIX HCCIIEOBaHNH ITOKa3aHa BOSMOKHOCTE CHHTE3a
CTEKITOKepaMHUKH cHeTeMbl MgO—SiO; 13 MarHesHTa U KBapleBOro Mecka MeTOAOM TITa3MEHHOH TUTABKH.
CormacHO JaHHBIM MIEKTPOHHOH MHKPOCKOIHH, B TIPOLECcee KPHCTAUIM3AIMH PAciiIaBa CO CKOPOCTHEO
286.6+5 K/c Mopdhomoria MmoBepxHOCTH MIPEACTaRIeHa TIIOTHONH YITAKOBKOH POMOO-TOAeKadIpPHUSCKIX
KpHcTammoB Mg:SiO4 (OTCYTCTBYET OTKPBITaA MOPHUCTOCTH). [1pH 5TOM BHYTPEHHHMI KapKac MaTpHITBI
XapaKTepH3yeTcd HalM4HeM IDIOTHOTO KapKaca ¢ YETKWM IIMHeHHBIM PacoNOKeHHEM CepHYecKHX
BKITFOUEHHI, COOTBETCTBYIONMHMX (hase MgSiO;. [TomydeHHbIe pPesymbTaThl MPEACTABIAIOT HHTEPEC A
PasBUTHA TEXHOIIOTHH CHHTE3a CTEKITOKEPAMHUYECKHX MATEPHAIIOB.

1. Sahoo S.P., Pradhan S., Mukherjee J., Rawat V.S. Enhanced lasing action in Cr:forsterite laser using
temporally separated pump pulses // Optics and Laser Technology. 2022. V. 151. 108050.
2. Huh Y., Hong K.J., Han M.S., Kang S. Formation mechanism and microstructure of a forsterite film in

grain-oriented electrical steel / Thin Solid Films. 2022. V. 752. 139258.

3. Nguyen M., Sokolaf R. Corrosion Resistance of Novel Fly Ash-Based Forsterite-Spinel Refractory Ceramics
// Materials. 2022. V. 15. N. 4. 1363.

4 IMlexopuor B.B., CkpurHekosa HEK., YmvacoB A.B. CuHTes amomomarHesHansHoH Kepavukd MgAlO; s
cpefie TepMHYecKOi rumasmMel // BecTHHK ToMCKOTO rocyf1apcTBEHHOIO apXHTEKTYPHO-CTPOHTENBHOTO YHHREPCHTETA.
2022.T. 24. Ne 3. C. 138-146.

Paboma esinoinena npu No0O0epHcKe 20CYOUPCIEEHHO20 300GHNA MuHUCEPpCMed HOVKY 1 GbICHIE20
obpasosanua PO (FEMN-2022-0001).
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AUHAMWKA HAT'PEBA U IIVIABJIEHHA YACTHILBI SiO2
BIIOTOKE TEPMHYECKOMH I1JIA3MBI

[Texop1io B.B.
Torcruti cocyoapemeeHHsill dpxyme Ky pHo-cinpoumenorotil vauee pcumem, Tovex, Poccua
e-mail: shehovcov2010@yandex.ru

The paper presents physical and mathematical model of the dynamics heating and melting an
agglomerated SiO: particle in thermal plasma flow.

B HacTofIlee BpeMd ITPH cO3ZaHHH HOBBIX TEXHOIIOTHH IPOM3BOACTBAa KOHCTPYKIIMOHHBIX
MaTepHalloB M TIOKPBHITHH IIMPOKO HCMONMB3YIOTCA ToNble  MHKpochephl. HccmemoBaHHa
TEXHHYECKUX H TEXHOMOTHYECKHX AcleKTOB IMOMyYeHHS MHKpocep H3 TYTOIMNaBKHX OKCHIHBIX
COSIMHEHHH ¢ TIPUMEHEHHEM BBICOKOKOHIEHTPHPOBAHHBIX ITOTOKOB TEPMHYECKOH ILITA3MBI
(T = 5000 K) gpnsorcd akTyalbHBIMH. B paGote [1] mpennoxkeHa (QH3HKO-MaTeMaTHYecKad
MOJIENb JHHAMHKH JBHKCHHS, HarPeBa U ITABICHHA OMUHAPHON arllOMePHPOBAHHON YacTHIIBL B0
OCH X ITOTOKa TEPMHYECKON TUIa3MBI ¢ IIETBE0 COKPAICHHT BPeMeHH OTPabOTKH TEXHOIOTHYECKHX
MapaMeTpoB TUIA3MEHHOIO BO3ASHCTBHA Ha arllOMePHPOBaHHbIe YacTHIRL. Ha OCHOBe IpeioKeHHON
MOJICTIH ITPOM3BEACHBl YHCIIEHHBIE PacueThl AMHAMHUKH HarpeBa M IUlapleHHd dacTHIBL Si0>. Ha
pHc. 1 TpencrapieHa AUHAMHKa HarpeBa 4acTHI[ ¢-Si0;, ABHAYINUXCA BAOIL OCH X INTA3MEHHOTO
MOTOKa ¢ 3aJaHHBIM TIPOHIEM TEeMIIEPaTypsl M CKOPOCTH TIPH TEXHOIOTHYECKOM pPEKHUME:
MOITHOCTh ImmasMoTpoHa 23,5 kBT, termmosoe KIIJ[ 63,1 %; cpemHemaccoBad TemIlepaTypa H
CKOpOCTh TmasmMeHHOH cTpyn 6700 K m 515 w/c cooTBercTBeHHO. UHCIEHHBIE pacueT
MIPOM3BONMIINCE A9 HWCXOAHBIX arliOMEePHPOBAaHHBIX dYacTHll: IopucrocTh [1=0-0.4; mmamerp
qacTHL Dpo=50—150 Mrm.
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PrcyHok. 1. 3aBHCHMOCTD MHHAMHKH ABHAKEHHA, Harpega H IUIaBJIeHHA aroMepHp 0BaHHoH qacTHLRI ¢-Si0O;
nopHcTocThio [T=0 1 TT=0,4 0T KOOP/IHHATHI B[O OCH X: @ — JIONIA PacIUTaBIeHHOH MAcChl YaCTHIIBL, £ — TeMIlepaTypa
TIOBEPXHOCTH H CKOPOCTD YACTHLERL [ — Dp¢=30 MiM; 2 —100 Mrn; 3 —150 Mrm

AHalTn3 TONYYEHHBIX JaHHBIX TIO3BOIIMN YCTaHOBHTH, UTO TEMIIepaTypa IOBEPXHOCTH Ty,
TIOPHUCTON YaCTHIIBL JOCTATOYHO CTPEMUTEITBHO HOCTHTAET Ty Timers OT MECTA BBOJA B IIITA3MEHHYIO
CTPYIO, OJHAaKO TIPH PacCMOTPEeHHH (OPMHpPOBAHHSA PpacIlIaBIeHHOH MAacChl ¢ HaCTHITBI
Ha0mozaeTed MPOTHBONONOKHAA cHTyalud. C yBermmueHHEM Dpo < 100 MKM MOXKHO HaOIOZATh
CYITISCTBEHHYIO pasHHMIy B JONle paclmaBIeHHOH Macchl. JaHHBIH 5>(dekT cBM3aH ¢
BO3SHHKHOBEHHEM I'PaJHeHTa TeMIIEPaTyPhl B IIOPHUCTOM YacTHIlE. Takum oOpa3omM, IIPH MOTYIeHHH
TTOTBIX YaCTHII M3 arlioMepaToB HeOOXOMUMO VIEHATh BHUMaHHE HCXOMHOH TTOPHCTOCTH YaCTHII.
YacTHIBI ¢ MEHBINEH ITOPUCTOCTBHIO PasTOHMIOTCI MeIJIeHHee, CKOPOCTh HacTHIIBI ITPAMO
MMPOMOPIIHOHATbHA €€ HCXOMHOM Macce. PasHOCTh CKOPOCTH CITIONIHBIX M TTOPHCTBIX YACTHI] MOKET
JOCTHTaTh B 3aBUCHMOCTH OT MX JHaMerpa U MopHeTocTH A= 20120 %.

1. B. A, Apxamos, C. C. bognapuyk, B. B. IllexoBuoeB H ap. MoaemdpoBaHHe NpoLiecca MOIyYeHHA TT0JbIX
YaCcTHI] KpeMHe3seMa B IUIasMeHHOM roToke. Yacte 1. JIHHaMMKa ABHMEHHS M HarpeBa ITOPHCTBIX HacTdi] //
Termodusika H aspomexanrka. 2019. T. 26. Ne 1. C. 147-160.

Heeredosanue estnonHe Ho 3a cyem epanma Poccuiicrozo Hayanozo donda (npoerxan Nz 20-79-10102).
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MOJIVUEHUE BUCMYT BAPHI1 BOPATHOM CTEKJIOKEPAMHIKH
C AMMOMOUTTPHEBBIM I'PAHATOM

IITymopekag K..!, Koymmma M.E.12, TInexopru A.JT.!, Kyrsun A.M.!,
Pocroxuna E.E.!, Banmyepa K.B.!
! Hacmuntym xuvnu estcoxovucmoix eetjecme ust I Jeeamoix PAH, Huxenull Hoezopod, Poccua
2 Hugice 20podcrultt cocyoape mee troiil yaueepcumem umv. H H. Jlobaye eckozo, Huxenttt Hoezopoo, Poccua
e-mail: k.shumovskaya@yandex.ru

A series of samples of BaO—-B>03-Bi>0s glass ceramics with Er:YAG was obtained in different
temperature conditions 700—1300 °C and chemical and phase transformations were investigated.

Jma pelleHMd KoMIDIEKCa MaTepPHAIOBEHYECKHX 3aJad B ONTHYECKHX YCTPOHCTBax H
TEeXHHKE HCIIONB3YIOT CTEKIOKEPAaMUKH, OOTaJarolliie PIIoM ITPEHMYINECTB IO CPaBHEHHIO C
TPaAHIHOHHBIMA MaTepHalaMi. B CBA3H ¢ 3THM B HAcTOAINEe BPpeM4d BaKHOH HayUHO-TeXHUUECKON
3amauecit apmIAeTca paspaboTka aJeKBaTHRIX (PEHOMEHOMOTHUECKHX MOJeNeit (DH3HKO-XHUMHUECKHX
MIPOIECCOB, JIe/KAIMX B OCHOBE TOMYYEHHA CTEKI0OOpasHBIX (POTOHHBIX CTPYKTYP, a TaKke
METONOB H TIONXOJOB K CO3JAHHIO HOBBIX CTEKIOOOpPA3HBIX MaTepHAllOB M DIIEMEHTOB I
thoroHrKH. OTHUMH U3 HHTEPECHBIX COSTMHEHMH KBaHTOBOH 3IEKTPOHHKH U Ta3epHOH HHAESHEPHH
aBAeTcsd, (QYHKIMOHAITbHBIE CTEKIOKepaMUKH Ha OcHOBe crekna BaO-B03-BirOs; u rpaHaTa
Er:YAG. Tak 1enpio paGoThl ABIATOCh UCCIENOBaHHE XHMHYCCKHX M (ha30BBIX TIPEBpaIlicHUI U
TIONCK TEMIIEPaTYPHBIX PEAUMOB CHHTE3a I[IPH IIOIYUEHHH JaHHBIX MaTepPHAIIOB.

B pamkax maHHOH paOOTHI OBIITH BBEIOPAHBI COCTABHI JJIA IONYYEHHA HOBBIX CTEKIIOKEPaMHK
Ha ocHOBe ErYAG Hu cTekma cHceTeMbl BaO-B»03-BixO3, ¢ HCIIOMb30BaHHeM Oas3bl JaHHBIX
SciGlass nexonda us pana GH3UKO-XHUMHYECKHX XapaKTePUCTHK: [, p, TIOKa3aTeNsd IIPETIOMICHHUS 7.
Hcenenopanbl XMMHUYecKHe M (a30Bble TPEBpaIleHHs, a TakKe TPOBENEH TTOHCK ONTHMAbHBIX
PEEKHMOB TepMOOOPaOOTKH ITPH MTOITYYeHHH JaHHBIX MaTEPHAJIOB.

MeTtomom ropg4el IPOIMTKH OblTa ITONYy4YeHa cepud O0pasioB CTEKIOKepaMHKH BaO—
B>0O3-Bi20O3 — Er:YAG B pasHbIX TemiepaTypHBIX pexmmax oT 700 mo 1500 “C (PucyHok 1).
HcxomHbIMH KOMITOHEHTaMH M4 TIONy4eHHI OOpasloB ITOCTHYXAKWIH KepaMHKa cocTaBa
(Yo.5Ero.5)3Al5012, Tipolieiinasg BEICOKOTEMIIEPATYPHYEO 00paboTky 1pH 1100°C, U cTeKIo cocraBa
20B1203-65B203-15Ba0O.

T00 800 Q00 1000

\-‘_../'/- \

1100 1200 1250 1300

1450 1500
Pucynok. 1. @oTorpadum o6pasios crekiokepamuk BaO—B,05-Bi,05; — Er:Y AG, rosy4eHHbIX MeToAoM ropadei
NP OIMHTKH B pasHbIX TeMIIEPATYPHBIX pexrmax oT 700 qo 1500 °C.

Meromamu P@A u JICK OBIIH HcCIleOBaHbl TEIUTOBBIE TTPOIIECCHI TTOTYYEHHBIX 00pasioB,
CBI3aHHBIE ¢ (POPMHPOBAHHEM CTEKITOKEPAaMHUIECKOTO MaTepHalla TIpH TepMuUuecKoi obpadoTke. Ha
TepMorpammax (PHCyHOK 2) cmecu crekma BaO-B203-Bi2O3; u chopmipoBaHHOTO TpaHaTa
Er:YAG mipu temmepaTypax ot 650 °C mo 1020 °C nabmtogaercd obpasopanne (Y, ErN)BO;. [Ipu 7=
1050 °C — xapakTepHbIit THK hopmupoBaHud (assl rpaHara Er: Y AG, o0yCIOBIEHHBIH PeCHHTE30M
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u3 (Y,En)BO;. IIpu temmieparype cbitie 1300 °C Habmomaerca yObITh MacChl 3a CUET MCIApEHHA
KOMITOHEHTOB CTeKlna. MOXKHO TIpeAIoNnoANUTh, YTO IMPOHCXoguT pacmanx (Y,Er)BOs;, a
obpasyrommiica B,O3 yneryuusaercsd BCIEACTBHE €70 HU3KON YCTOMUHBOCTH B JaHHBIX YCIIOBHAX.

700
| - 800
M

- — 900
g —_— —1000
@ : r : —_ =, 1100
g 200 __———366- 400 /50'0' —600— 700 800 1200
a | —1300
— 1400

] Temmneparypa, °C 1500

PucyHok. 2. Tepmorpamabl 06pasiioB crekiokepaMik BaO-B,0;-Bi,0; — Er: Y AG, nouy 4eHHbIX MeToA0M ropadeii
MPOMHTKH H3 cMecH cTeknia BaD-B,03;-Bi,05 1 cdopmeip oBaHHoro rpaHaTa Er:Y AG B pasHbIX TeMITep aTypHbBIX
pesxpmax oT 700 no 1500 °C.

[IpoBefieHO HccIenoBaHUE IMTOBEPXHOCTH ITONYYEHHBIX OOpaslioB METOAOM CKAaHHPYIOINEH
SIEKTPOHHON MHKpockonmnu. Ha smkpodororpadmax (PucyHok 3) HaOGmioAaeTcd 3HAUHTEIbHOES
YBEIIHUYEHHE pasMepa M KOIHMYECTBA IIOP € POCTOM TeMIepaTypsl, IIPHYeM, AN 0o0pa3sLoB,
MONMy4eHHBIX TIpH 7 = 1250 °C Ha MOBEPXHOCTH BHIHHBI MONychepHISCKHEe BOPOHKH CO CPeTHHM
qrameTpom 15-30 MKM, o0pa3yromuxcd IPH KPUCTAUIH3allid CcBOOOAHOrO 00beMa. TeMHBIC
BKIOUEHH A 000TallleHbl O0OPOM H, TIO-BUAUMOMY, ITPEACTaRII0T coboi B,Os.

200 um 1 2 3

e

PrcyHok. 3. MﬁKpodjomr‘pad)md obp aBL[-;)B CTEKJIOKEPAMHKH 20Bi203:65B203—15BaO-Er:YAG, T10JTy YeHHBIX B
Pa3HYHBIX p e:KHMax Tepmoobpabotki: [ — =700 °C, 2— T=1100 °C, 3 — = 1250 °C (110 BepTHKaIH).

B pamxax pgaHHOH paloTHl  OMpeleneHBl TeMIlepaTypHble HHTEpPBAlBl  CHHTE3a
CTEKITOKEPAMHUKH ¢ YHeTOM BO3MOKHBIX (Da30BBIX M XUMHUYECKHX TIpeBpalticHuit. DopMUpOBaHHE
COeMMHEHUT GopaTOB ¢ KaTHOHaMH UTITpUSA H  3pOHda, sBImommxcd  S(OGeKTHBHBIMU
Mpeodpa3oBaTesIMH BBICOKOIHEPTETHYECKOTO U3TYUYEHHA B BUIUMBIH CBET, B TIPOIIECCE CHHTE3a
CTEKITOKEPAMHUKH ABTIIETCS MEPCIeKTHBHBIM HallpaBIIeHHEeM JalbHEHITTHX HecTeOBaHHH.

Patoma estnoanena npu unancoeoii noodepicre PH® (rpoexm Ne20-73-10110).
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HCCJIENOBAHHUE BO3MOKHOCTH UCIIOJIb3OBAHHA THATOMUTA
B KAYECTBE OCHOBHOI'O KOMIIOHEHTA CTEKOJIBHOH INIUXTHI

Annpees E.B., Xaxunaxmerosa P.@., Bmacosa C.I'.
Vparscrkuil ghede pasrsiil yeueepcume m umeHl nepeozo Ipesudenma Poccun B H. Exsyuna
UHCIUTVIT HOGHIX MINEpUAnoe 1 mexnoroeutl, Examepuniype, Poccua
e-mail: egorl2a@mail. ru

The work was carried out with local materials of the Ural deposit. On the basis of diatomite, glass
was synthesized, which can be used for the manufacture of heat-insulating material.

B maHHO#t paGore OBIT TOCTARIEH BOIPOC O BO3MOKHOCTH H3TOTOBIICHHS CTEKON H3
MalTOKOMITOHEHTHON INMMXTH ¢ IENbI0 TOCHSAVIOMIETO ITPOU3BOACTBA TEINTOH3OIAIMOHHOTO
MaTepHana. McmonesoBaHne THaTOMHTa KaMBIIIIIOBCKOIO MECTOPOKICHHA B KaUYeCTBE OCHOBHOIO
KOMITOHEHTa CTEKOIMBbHON IIHXTHI 1A BBeleHNUA S10; TaéT BOSMOKHOCTH 3aMEHHUTH JOPOr OCTOAIIHMI
KBapLeBbIH IecoK [1].

3e+0057

Meas. data:0-1-1-1421-1/Data 1

BG data:0-1-1-1421-1/Data 1 _—
Calc. data:0-1-1-1421-1/Data1 ——

2e+005

1e+0054

0e+000

10 20 30 40 50 60
2-theta (deg)

Pucynok. 1. PeHrreHodazoRblil aHaIH3 1p 00b JIHATOMHTA

BpIo M3yUeHO HEeCKOMbKO Mpos muaromuTa. Ucxoma us gaHHbX PDA (puc. 1), yacts SiO»
HaxoiuTcd B amopdHoit daze. B 3aBUCHMOCTH OT MecTa 3alleTaHHd, TPOOHI OTIHYAIOTCH
coflepkaHueM amopbHoit ¢azsl SiO2 or 5-20 %. D10 MOXKeT cKazaTbed Ha TeMIlepaTypHBIX
0COOCHHOCTSIX CHHTE3a. B cocTaB JAHAaTOMHWTa BXONAT KpHUCTAIDIMYecKHe (as3bl:  Kpapil,
MOHTMOPHIUIOHHT, POCTHT, CTHIIbOHT.

CTeKkoNnbHad IMXTa COCTABIANIach COTTIACHO XHMHUYECKOMY COCTaBy IIEHOCTEKNa [2] u3
TPAIUIMOHHBIX CBIPHEBBIX MATEPUAIOB (TIONEBOI MITIAT, JOTOMHT, H3BECTHAK, MPaMOpHasI KPOITKa,
cynbaT HaTpHA, cofla M MpP.) B PasHBIX KOMOHHAIMAX. OT IATH A0 TPEX KOMITOHEHTHOH, cO
CTEKII000eM U §e3 HeTo. Y IOBIETBOPHTEIbHBIE PE3YIBTATHl OBIIN MOMYUYEHEI I HECKOIBKHX, HO ©
VUETOM JKOHOMHYECKOM OIICHKM BBIOOP OCTAHOBIIEH Ha TPEXKOMIIOHEHTHOH. (CTéEKIa,
CHHTE3HPOBAHHEIE M3 ATOH LUMXThl, HEe YCTYIAIOT 1O CBOHM (PH3HKO-XUMHYSCKHM CBOICTBaM [4]
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CTEKIIAM, IIPHTOTOBIEHHBIM W3 MHOTOKOMIIOHEHTHOH INMXTHL ¢ JOOaBIeHHEM CTeKIIo004.
[loprilieHHe cofepxaHue B auaToMHTE FerO3 He cKaspBaeTcd OCOOBIM 00pa3oM Ha (H3HUESCKHX
CBOMCTBaX TOTOBOTO CTEKla, M3 KOTOPOro OyAeT IONy4eH MEHOCTEKIOIEeOeHb, HO ITOABIILTCA
HACBIIICHHBIH TEMHO-3€NEHBIH OTTEHOK, IIPH 3TOM CTEKIO OCTaéTcd IPO3pauHbIM, TeMIeparypa
BapKH CHUKaeTcd.

PaccurTaHHBle ~ JaHHBIE  TPAaKTHYSCKH  COBIIQJAIOT € OKCIICPHMEHTAIBHBIMU.
HWIaToMeTpHUESCKHE HCCIEeIOBaHUA ITOKa3alld, UTO TeMIlepaTypa CTEKIoBaHHA paBHa 554°C, a
HCXOAd Hu3 TpabHUecKOM 3aBHCHMOCTH BI3KOCTH OT TEMITEpaTyphl, HMeem 555°C (puc. 2).
Temriepatypa cuHTe3a cocTapuia 1350 °C, OTIHB CTEKIIOMACCHL IIPH 3TOM JOCTAaTOYHO XOPOILMH,
HO C TIOBBIIIEHHEM TEeMIIEPaTYpPhl OTJIHB YyiydllaeTcd. CBHIIM M KPYIIHBIE IIY3BIPH B CTEKIE He
HaOImrofanuch. MHTeppan (opMoBaHHA TeXkHT B mpHiemax 10% - 107°IIs, uro cormacyercd c
JMTEpPaTYpHBIMH ~ JaHHBIMH [2, 3].CrnemoBaTellbHO, CTEKIIO MOKHO HCIIONB30BAaThCA LA
BCIICHUBAHN A U ITONYUYEHHA ITIEHOCTEKOIBHOrO IIeOHA.

15

10.5

e

111] 500 J] TTO B0 950 1040 1130 1220 1310 1400

T

PHcyHOK.2.3aBHCHMOCTBBA3KOCTH PAcIiaBa OT TEMITEP aTyPhbl

[TMOTHOCTE CTEKIIAHHOM KallUlH, PacCUMTaHHAd aJJHTHBHBIM MeTONOM [4],cocTaBHila
2,6 T/p. KooQGHIMEHT TepMHYECKOTO PACIPEHN, HallIEHHBIH ¢ TOMOIIBIO AHUIATOMETPHYECKOM
KpHBOH, paBeH 98*107 1/rpaz.

B cocTrap TpEXKOMITOHEHTHOM IMHXTHL AN CHHTE3a JAHHOTO CTEKIIA BOIINIA JHATOMHT
CMEIIaHHOH ITPOOBI, MHUKPOKAIIBIMT W COJla KallbIIHHHpPOBaHHAa4d. [[OIyueHHe CTEKIIHHOW Macchl
MOAXOAAINETO KadecTBa (€3 HCIIONB30BaHHSA CTEKOIBHOTO OO0 ITOATBEPAITAET COCTOATEIBHOCTH
BBIOPaHHOTO COCTapa.

1. JIT'IIporacoBa. ChIpbeBble MaTepHalIbl AN CTEKONbHOH MpOMBINUIEHHOCTH YueGHoe mocobue/.
Exarepuntypr: YI'TY, 2000, 50c.

2. denpigosrd B K. TTeHocTeKIo — TexHOTOTHA H npumMeHeHHe / B.K. Jemumoruy, H.IT. Camguenko. M.: BHII
DCM, 1990. 45c.

3. C. T. Bnacora. OCHOBbl XHMHYECKOH TEXHONOTHH cTekna: ydeGHoe TocobHe / ExarepuHOypr:
HMsparensctBO Ypan. yH-Ta, 2013. 108 c.

4. OMIHKO-XHMHYECKHE CBOMCTBA CTEKOT MeTOoOHMUYeckHe VkazaHHA / cocT. B. A, HepabuH, M. HO.
YrmiHekux, O. JL ITapamonora. EkatepuHGypr: YI'TY — VIIH, 2008. 48 ¢.
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BOPOCHJ/IMKATHOE CTEKJIO KAK MATPUIA JJIA 'AJIOTEHHIHBIX
IIEPOBCKHTOB

Apuenkos B.B.!, Kyrmxos B.A.!, Cemeropa T.1O.!

!Canrxm-Hemeptypecrutii Homme xuirvecruil yuueepcumem Hempa Benurozo, Canxm-IHemepoype, Poccun
e-mail: seva.archelkov@gmail.com.

The CsPbBr; nucleation in B203-SiO2-ZnO-NaBr glass system was carried out by heat treatment.
Regimes for the synthesis of nanocrystallized glasses were developed.

JIroMHHECIIEHTHBIE MaTePHAIBl ABJLIOTCS OTHHMH W3 TIAaBHBIX O0OBEKTOB HCCISHOBAHHN
MOCTIEHUX JeT B 00NacTH ONTO3IeKTPOHUKH. Chepa MpUMeHEHHT TaKHX MATepHalIoB OOIMpPHA -
Ta3ephl, HOTOMECTEKTOPDI, JUCIIIICH, COTHEYHBIE SIEMEHTH H CBETOAUOAB BUAMMOrO crekTpa [1].
Borpocy monyueHHd BBICOKOI(DHOEKTUBHBIX M CTa0HIBHBIX BO BPEMEHHM ITFOMHHECIHPYIOIHX
MaTEepHANOB TMOCBAIIEHO OONBINOE YHCIIO MPUKTMAAHBIX U (QyHAaMeHTaTbHBIX palor. OIHUM H3
HAIIPaBIIeHHH UCCIIEAOBAHHNH B 0ONACTH HOBBIX HCTOYHHUKOB H3ITYYEHHA BHAHMOIO CIIEKTPalbHOI O
IHara3oHa SBIAeTCA TONMyYEeHHEe HU3KOPasMEPHBIX KPUCTAIUIOB M HAaHOMOMHHO(OpOB. PereHnio
JAaHHOW ITPOOJIEMBI YACIIASTCd OONBINOE KOMMYECTBO CTaTed M B MX YHCIIO BXOOIT padoThL,
TIOCBAINICHHBIE (DOPMUPOBAHHIO HU3KOPA3MEPHBIX TOMHHECITHPYIONNX HCTOYHHKOB H3TYYSHHS
BHIMMOTO AHAIa30Ha CIIEKTPa B PasTHYHBIX TBEPAOTEMbHBIX MaTpHIax [2].

HanOonsinwii ITOTEeHIIHAl A4 TAaKOoro ITPHMEHEHHA HWMEIOT OOpPOCHIIHKATHBIE CTEKIIA
Onarofapd CBOMM OCOOBIM CBOMCTBAaM: BBICOKOH YCTOHUHMBOCTH K KPHCTaLTH3Al[HH, HH3KOMY
KOA(QGHUIIMEHTY TEMNOBOTO PacIMpeHHs, XHMHYEeCKOH CTaOHIbHOCTH, BBICOKOH OINTHUECKOH
OMHOPONHOCTH, IIPO3PAYHOCTH B BHIWUMOM CIIEKTPe, TEXHOIOTHYHOCTH ITONYYeHHd H BBICOKOH
MEXaHHYECKOH ITPOUHOCTH [3].

BopocHIMKaTHEIE CTEKITa - IMHPOKO W3BECTHBIH MaTepHall, KOTOPBIH aKTHBHO HCCIIEAYeTCd B
KauyecTBE MaTPHIBL AT HYKIIEAl[WM HaHOCTPYKTYP. OTMeUYeHHBIH Kilace CTEKOI HCIOIB3VIOTCH B
OMTORNMEKTPOHHBIX YCTPOHCTBAX, CEHCOpaxX M BaKyyMHBIX TTpuGopax [4].

B nannol paGore MpoBOAATCA PE3yIIbTaThl HCCTIENOBAHNHA CTEKIIO00pasHON cHeTeMel BoOs-
Si02-ZnO-NaBr B KoHTeKcTe CcTaOHIbHON MATPHIIBI I (hOPMHPOBAHHA TIOMHHECIIHPYIOIHX
HaHOKPHCTAIUIOB Tallor eHUIHBIX ITEPOBCKUTOB cocTaBa CsPbBrs.

OOpasupl cTeKON TONy4allH METOAOM TBEPAOTEIBHOTO BBICOKOTEMITEPaTYPHOIO CHHTE3a
mpu T=1200°C B meuyn >IEeKTPOCOIIPOTHUBICHHA B BO3AYINHOH aTMochepe. B KauecTee
KOMITOHEHTOB AT (hOPMUPOBAHHS TAOTEHHUAHBIX TIEPOBCKUTOB OBIITH BHIOPAHBI TakKHe COSTUHEHNA
kak PbBr;, NaBr, CsNOs.

B xome paboThl GBI CHHTE3HPOBAaHa cephd 00pasloB CTEKON ¢ Pa3IHYHBIM COIEPKaHHEM
NaBr, u3y4eHBl UX CIIEKTpallbHBle H OITHYECKHE CBOHCTBa. Ha OCHOBe aHamM3a XapaKTepPHCTHK
JaHHOH cepHH 00pa3IloB ObLla ompefielieHa 00IacTh cOCTaBOB, ONITHMAIBHBIX AT HYKIICallnH B HUX
MIEPOBCKUTHBIX KBAHTOBBIX TOYEK IO WX PEONOIHYECKHM XapaKTepHCTHKaM. CTOHT OTMETHTH, UTO
TIOITYYEeHHBIE COCTABBI CTEKOI HCCIEOBAHBI BIIEPBEIC H HE OIMCAHBI B IIMTEPaType.

OCHOBHBIM Pe3yIIbTaToM PaloTHl ABIIETCA TONY4YeHHE O0pasloB CTEKNa, COASPKAaIlero
HU3KOpa3MepHble KpHCTaTbl CsPbBri, KOTOpbBIi ONpemensucs METOAOM PEeHTTeHO(ha30BOro
aHanm3a. [Ipn BO3OYKICHHH TONYITPOBONHHKOBBIM JTa3€pOM ¢ JIHHOH BOIHBL 405 HM MOIy4YeH
CIEKTP TIOMHUHECIEHITHH, MAKCHMYM KOTOPOTO HAXOAWIICA B 3€TIeHOH O0TIacTH CITEKTpa.

1. Zaid M. H. M. et al. Synthesis, mechanical characterization and photon radiation shielding properties of
Zn0O—A1203-Bi203-B203 glass system // Optical Materials. 2021. T. 122. C. 111640.

2. D. Chen et al. Promoting photoluminescence quantum yields of glass-stabilized CsPbX3 (X= Cl, Br, I)
perovskite quantum dots through fluorine doping, Nanoscale 11 (37) (2019) 17216-17221.

3. Karasu B. et al. Past and present approaches to borosilicate glasses //El-Cezeri. 2020. T. 7. Ne. 2. C. 940-
969.

4. Motokawa R. et al. Nanoscopic structure of borosilicate glass with additives for nuclear waste vitrification
//Journal of Non-Crystalline Solids. 2022. T. 578. C. 121352.

Pabomd estROIHEH € PAMKOX 20CYOUPCIEERHO20 3AOARNIA Hil RPpogederle (hVHOGMEHIWILHBIX UCCAeOO6aHLIT
0784-2020-0022.
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PA3ZPABOTKA BBICOKOUYHUCTBIX CTEKOJI CHCTEMBI Ge-As-Sb-S
AJIA CO3TAHHA HHOPPAKPACHBIX BOJIOKOHHBIX CBETOBOJOB

brmarun P./1., Kapakcuna 5.B., Kypranosa A.E., ITnexopnu A 1., [TTupges B.C.
Hucmumym xunnn estcoxoducmoix eeutecme unt ' Heeamoix, PAH, Huxenuii Hoezopod, Poccua
e-mail: blagin.roman@gmail.com

Novel Ge-As-Sb-S glasses and methods for their preparation in high-purity state are developed. The
glass samples with low content of impurities and low tendency to crystallization are prepared.

XalmpKOreHHIHBIE CTEKIIA, XapaKTePH3YIOIMECS BBICOKHM ITpoIycKaHHeM B cpegHed UK-
o0IMacTH, HH3KOH »HeprHeit (OHOHOB M BBHICOKOH OINTHUYSCKON HENMHHeHHOCTHIO, SBIIIIOTCA
HauOoIee TEPCTIEKTHBHBIMH MaTepHalaMH JIII pa3paboTKH (hOTOHHBIX YCTPOHCTB cpemHero MK-
JMara3oHa — CHCTEM HOYHOTO BHJIEHH4, BOJOKOHHBIX JTa3ePHBIX U IIFOMHHECI[EHTHBIX HCTOYHHKOB
H3IIYYEHN S, T€HepaTOpPOB CYNEPKOHTHHYYMa, BOTOKOHHBIX CEHCOPOB H IHUpoMeTpoB [1-3]. Jma
CO3/TaHH4 BOJIOKOHHO-ONTHYECKHX JIa3epOoB U CHCTEM Iepeladd Ja3epHOro H3ITyYeHHI TPeOyroTed
MaTepHallbl ¢ BBHICOKMMH TepMO-QH3HUESCKUMH XapaKTepHCTHKAMH M BBICOKOH IasepHO
MMPOYHOCTBEO. B Hacrogiliee BpeMd H3YYEHO MHOXKECTBO CTEKIIOOOpa3HBIX OHHApHBIX H
MHOTOKOMITOHEHTHBIX XaJIbKOIeHUIHBIX cHcTeM. [lo maHHBIM [4], XalnbKOTEHWAHBIE CTEKIIa Ha
OCHOBE CEpPHBI 00IamaroT Goree BEICOKHMH TEPMHUYSCKHMHI H MEeXaHHYECKHMU XapaKTePHCTHKAMH, a
TaK/Ke TOBBIIIIEHHON XHMHYECKOH CTaOHIIbHOCTBIO, UeM CENIEHUAHBIE U TEIUTYPHAHBIE CTEKIIA.

Lenbro paGoTHL OBLIO MONYUCHHE H HCCIENOBAHNHE BRICOKOUNCTHIX CTEKON cHcTeMBI Ge-As-
Sb-S. Ha cerogHainHuii AeHb CTEKIIa 3TOH CHCTEMBI B IIMTEPaTyPE He OIMCaHBl. BBUTH BEIOpaHEl H
TOTTYYEHBI CTEKITA cOCTaBOB (Ge10AS23SbeSe1 U Ge13AS20SbaSe3.

[Tpu mony4eHHH cTeKon OBUIM WCITBITAHBl PaslMYHbIE METOJUKH CHHTE3a, OCHOBaHHBIE Ha
3arpysKke KOMITOHEHTOB IIHXTH H CTEKITO00Pa3yIOMIEro paciiiaba MOCPeACTBOM U CTUILTAIIN OHHBIX
METOJOB, a TaKKe TPAHCIIOPTHBIX Peakiuii [1, 5].

BBl monmydyeHsl o0pasiipl ¢TeKol B opme cTepkHel auamMeTpom 17 MM H amuHO#M g0 100
MM. XMMHYSCKHH COCTaB CTEKON M COACpKaHHE B HUX IIPUMecel MeTallIOB OIPEASIIIA METOOM
aTOMHO-OMHCCHOHHOM CIIEKTPOCKOIMNH ¢ HHAYKTHBHO CBI3aHHOH IUIasMoi. CofepxaHne IIpHMecer
METaInoB ObINO HHXKe Tpelena oOHapy:xkeHUS MeTomukh (<(0.01-0.1) ppm(wt)). OnTHYECKYIO
MTPO3PauHOCTh C¢TeKON Hecneaopanu Ha MK-Dypre cniekrpomerpe Tensor 27 (Bruker) B AHamasoHe
2-10 mxy. HammeHslnee cofiepKaHHe ra3000pa3yIOIINX IIpHMecel OBIIIO TOCTHTHYTO B 00pasiie,
TOITYYeHHOM H3 JIOTIONTHUTEITBHO OYHINEHHBIX HCXOIHBIX BEIECTB ¢ HCIOIb30BAHHEM BaKyyMHON
3aTrPy3KH TepMaHHA Yepe3 ero MOHOCYIbGHA. TepMUUuecKHe TOUKH CTEKON OMPEAENsiTH METOMOM
JCK nipu ckopoctH Harpeba 10 rpag/muH. JJCK-KpHBBIe TIOTYUSHHBIX CTEKON He cOAep:KaT TTHKOB
KpUcTaUIM3aliH. TemilepaTypa CTEKIIOBaHHA CTeKOIl cocTaBideT: 242°C mia GeioAs21SbeSes,
244°C pus Gei2,5A820SbaSe3.5, 239°C s Ge1oAs23SbeSe.

[lomyueHnsle cTekma cHCTEMBI Ge-As-Sb-S 110 YHCTOTE, COCTaBY M CBOMCTBAM IIPHIOIHEL
JUIS BBITSAKKH W3 HHX BOIIOKOHHBIX CBETOBOJOB MIA Tepefadyd H3IydeHHud cpemHero HK-
JIHara3oHa.

1. YypGaroB M.Q@., ITTupsaeR B.C. BICOKOTHCThIE XaTBEKOTeHHAHBIE CTEKNA /1A BOJOKOHHOH OIITHKH, INlaRa B
KHHre «BblcokouHc TeIe BelecTBa). M.: «Hayuneid mupy. 2018. C. 817-851. 994 c.

2. Shiryaev V.S., Sukhanov M.V., Velmuzhov A.P., et.al. Core-clad terbium doped chalcogenide glass fiber
with laser action at 5.38 um // J. Non-Cryst. Solids. 2021. V. 567. P.120939.

3. Leonov S.0., Wang Y., Shiryaev V.S. et.al. Coherent mid-infrared super-continuum generation in tapered
suspended-core As-Se fibers pumped by five-optical cycles Cr:ZnSe laser // Optics Letters. 2020. V.45. P. 1346-1349.

4. Brilland L., Smektala F., Renversez G., et.al. Fabrication of complex structures of holey fibers in
chalcogenide glass / Opt. Exp. 2006. V.14, P. 1280-1285.

5. Velmuzhov A.P., Sukhanov M.V., et.al. Preparation of REE-doped Ge-based chalcogenide glasses with low
hydrogen impurity content, J. Non-Crystal. Solids. 2019. V. 525. P.119669.

Patoma estnoanena npu noddepaicke Poccuiickozo nayarozo honda (npoexm rosep 22-12-20035).
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HHTEHCHOPHKAINAA CTAJHH CTEKJIOOBPA3OBAHWUA
B ITPOIECCE ITIOJYYEHH A bOPOCH/IMKATHOH ®PHUTThHI
CIIOCOBOM HHAYKIITHOHHOI' O HAI'PEBA

Bopogoit B.JO.!?, Kaspmeaa O.B.!
! Hapuonans #otil uccaedoeamenscruii Tonerutl nomumexsudec il yaueepcumem, 2. Tomer, Poccua
2 Tomcruil 2ocyOapemeensiil apxume Ky pRO-cIpoume ToHotil yiugepcumem, 2. Tomcx, Poccua
e-mail: borovoy-1995@mail.ru

The possibility of obtaining a frit by method of induction heating has been established. High rates
of the glass formation process in the melt are shown, which indicates of efficiency of the method.

H3BecTHO, UTO IMMHTHPYIOINEH CTaJHeH Ipollecca BapKH CHIIMKATHOTO CTEKIIa ABIIACTCA
cTeKIoo0pazoBaHHe. PacTBOpeHHe B CHJIMKATHOM pacllllaBe KBapLEBOI'O IlecKa, KaK ¢aMOoro
TYTOIUIABKOIO KOMITOHEHTa INMXTHI, 3aHHUMAaceT B cpefgHeM okomno 70 % ofwero BpeMeHH.
JMMTETbHOCTD CTEKNOO0pa30oBaHUs TaK K& XapakKTepHa M B clydae BapKU CHIIMKAaTHOW (PHTTHI,
HEeCMOTPA Ha TO, YTO CONBIMMHCTBO COCTAaBOB OTHOCHTCA K JIETKOIUIABKHM. AKTYalbHBIM OCTAacTCAd
BOMPOC HMHTEHCH(HKAIMK TIPOIecca CTEKIIOO0pa3oBaHUd ¢ HCIIONb30BaHHEM HETPATUIMOHHBIX
CIIOCO00B HarpeBa IMXTH [ 1].

[lemb — yCTaHOBUTH TMTPHHIMITHABHYIO BO3MOXKHOCTH TIOMYUYeHU A (GDPUTTH GOPOCHITHKATHOTO
cocTaBa CIIoco00M HHAYKIIMOHHOTO HarpeBa.

B kauectBe 00BEKTa HCCIe0OBaHHA BHIOpaHa OOPOCHIMKATHAd SMallb, MCIIOINb3yeMad I
TTOKPBITHA CTAIBHBIX TPYO CIEAVIOIETO cocTana, Macc. %: S10, — 51,7; Al,O5 — 2,3; B,O3 — 10.,8;
Na,O - 13,2; K,0 - 2,6; ZnO — 5; CaO — 3,8; MgO - 0,6; TiO, —4,7; MnO, — 2,6; NiO —1,1; CuO-
0,8; CoO - 0.8.

[Tpu momyueHHH (GPUTTH JAHHOTO COCTaBa TPATHIMOHHBIM CIIOCOBOM CTEKITOO0Pa30OBaAHHE
OCYIIECTBIAETCA BO BPAINAOIINXCA CTEKIIOBapeHHBIX edyax IpH 1000 — 1500 °C B TeueHne 3 4acoB
I TIOTYYeHHA paciinaBa GpuTTH [2].

B paGore mIpUMeHATach HMHAYKLIMOHHAd II€Ub CO CIEAVIOIMUMH XapaKTePUCTHKAMH:
mormHOCTh — o 100 kBt, Yacrora Toka — g0 60 KI'm. ITpn HarpeBaHHH CTEKOIBHBIX IMHXT,
BKIIOYasA TIHXTY N4 TOMy4eHHd QPUTITH PacCMOTPEHHOTO COCTapa, OO0pasyeTcs BBICOKOE
KOIIMYECTBO Ta30B, B IEPBYIO ouepelb Takux Kak COp, H>O. Peskoe HarpeBaHHMe IMMXTHL O
Temreparyp cBbime 1000 °C mpHBemeT K CHIIBHOMY BCKHITAaHHIO paciliiaBa, 4To He(e30IacHO H
MOZKET TIOBIMATH Ha ONHOPOAHOCTE pacTBopa. [losToMy MIMXTY IIpeABapHTEIbHO KOMIIAKTHPOBAIH
H TepmooOpabaTeiBanu IpH 750 °C, B TeUeHHE JBYX YaCcOB.

[TomyueHHBI MTOMy(QadpHKaT IMMXTH 3arpykalli B IpaUTOBEIH THremb o6beMoM 0,25 T U
HarpeBalmy DISKTPHUSCKUMHM TOKaMH, WHAYLIHPYEMBIMH II€PEMEHHBIM MAarHHTHBIM ITOJIEM.
[ToBefleHHe IMMXTHL IIPH HarpeBaHWM OIMMCcaHO B Talll. 1., U3 JaHHBIX KOTOPOW BHAHO, YTO IIPH
HHAYKIHOHHOM HarpeBe OTCYTCTBYET OOMIIBHOE BBLACIICHHE Ta30B, B TEUCHHE 3 MHUH IIPOHCXOOUT
TIOJHOE TUIaBIeHUE JeTa3HPOBaHHON IIHXTHL.

Tatmiia 1. OrycaHHe TTOBEICHHA MIMXThI B MPOLIECce HHAYKITHOHHOTO HarpeRa

Bpemda, MHH MolllHocTh Harpega, KBt TIpouiecc
0_2 3 PazorpeR THria o KpacHOTO KajleHHA M OIUIABIIEHHE
MIHXTHI 10 Kpasy THLIH.
3 3 TTonHoe M1aBJeHHE NHXTHI, OTCYTCTBHE KHITEHHS.
3,30 3 (Cnaboe KHTIEHHe, BbIfIeJIeHHe Ta30RBbIX Iy 3bIPKOB.
4 3 Y CHIIEHHOE KHITEHHE, VKPYITHEHHE ITy3bIp e
5,15 2 HezHauHTeNnbHOE CHIZKEHHE KHTIEHHA.
6,15 2 Cnaboe KHIIeHHe pacruiaga
7 3 OKoHYaHHE KHITEHHA pacllilaga.
8—-9 3 TlosiRmeHHe OTHENbHBIX Fa30BbIX RKIIOUEHHH.
10 - CIIHB B BOJY.
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Ja TonydeHHd CTEKIOTpaHylIgTa pacillaB CIIMBAM B XONOAHYK BOAy. Pacioias
JOCTAaTOYHO JIETKO BBITHBASTCA W3 THIJIA, 3TO TOBOPHT O €T0 HU3KOM KO3(PQHIIHEHTE BA3KOCTH, UTO
CBA3aHHO ¢ BBICOKOH TeMITEpaTypOH Harpesa, Kotopad cocTapisiia 1800 °C, mpogomAnTEIbHOCT
Bapkn cocTapuia 10 w»mH. Das30BBIi COCTaB CTEKIIOTPaHYIATa IIPENCTABISET ITOITHOCTHEO
amMopdHYIO (hazy, YTO MOATBEPAKIASTCA JaHHBIMH PeHTTeHO(ha30BOTO aHami3a (puc. 1).

— MWW %%
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10.00 20.00 30.00 40.00 50.00 60.00 70.00
206

PucyHok. 1. PeHTreHorpavma GpHTTSI, TTOJTY4eHHOE HHITY KUMOHHOE BapKOoi

OpuTTa HMAlEBOTO IOKPHITHA, HAaHECEHHAad Ha CTAIBHYI TIOIJIOAKKY M3 IIOPOIIKa
TIONMYyUeHHON (PPUTTHI, OTBeHaeT HEOOXOAMMBIM TpeOOBaHUAM IO TaKUM TIOKa3aTelsaM Kak
pacTekaeMocTh (47 M), KodQdHIMeHT Tepmudeckoro pacrmuperns (105-107 °C') u He
OTJIHYAETCA OT CBOMCTB 3MaJIH, ITOIIYYEHHON TPAaIHIMOHHBIM cIioco0oM. 119 cpaBHEHH A TPOBEIcHa
Bapka (GPHTTH HCCIEAYEMOTO COCTaBa B DIIEKTPHYSCKOH IeUd B KOPYHAOBOM THINe IpH 1300 °C,
TONHAd MPOHOIDKHTENFHOCTE BapKH cocTaBuma 12  wacoB. [IpomonAHTEPHOCT CTaJHHU
CTeKIIo00pa30BaHWd CcOCTaBMIa 3 4Yaca, BKIIOYad CTAIHIO OCBETIIEHHA W TOMOTCHH3AI[HIO
(BBLIEPKKA IIPH MaKCHMAaIbHOH TemiiepaType 30 MIH).

Taxkum oOpazom, IIOKa3aHO, YTO IIPOLECC CTEKIO00pa3OBaHHA TIPH BapKe IHXTHL B
rpaHTOBOM THTTIE ¢ HCIIONB30BAHHEM TOKOB BRICOKOI uacTOTHI 22,8 '] MporekaeT B cpefiHeM 60
pa3z OBICTpee IO CPaBHEHHIO ¢ IIPOJOIIAKUTEIBHOCTBIO IIpOIecca B KOPYHIOBOM THIJIE B
SIEKTPHYECKOH MevH. Y CTaHOBIeHa BO3MOKHOCTH IONYYeHHI GPHTTHL CITOCOO0M HHAYKIIHOHHOTO
HarpeBa. MHAYKIMOHHAA TIIaBKa IS TIEPHOAWYECKOTO Harpepa IMHXTHL H PaciUlaBa ITOKa3BIBACT
BBICOKHE CKOPOCTH IIpoliecca CTEKI000pa3oBaHd H HE3HAUMTENLHOE BpeMa IIpeObIBaHHA pacIllaBa
B TpauTOBOM THITE. DTO YKa3blBacT Ha BBHICOKMH YPOBEHb SHEProd(p(eKTUBHOCTH MaHHOTO
criocofa.

1. BonoknmiH OJ. OH3HKO-XHMHYECKHE 3dKOHOMEPHOCTH IIONYYEHHA CHIHKATHBIX PAaclllaBOB B
HI3KOTEMITEPATYPHOH ITasMe H MaTepHAIOB Ha HMX OCHOBE: JHMCCEpTaLlA Ha cOHCKaHHe YVHeHOH cTeleHH JoKTopa
TeXHHYeCKHX Hayk: criell. 05.17.11 / O. I'. BomokHTHH ; TOMCKHI MoCcyIapcTBEHHBIH apXHTEKTYPHO-CTR OMTEIBHBIE
yHHBepcuteT (TTACY) ; Hayu. koHe. H. K. Cxkpurmrikosa. — Tomcek: B. 1., 2015.

2. Rossi, S., Scrinzi, E. Evaluation of the abrasion resistance of enamel coatings // Chemical Engineering and
Processing: Process Intensification 2013, Vol. 68, p. 74-80

Paboma esinoinena npu No0O0epHcKe 20CYOUPCIEEHHO20 300GHNA MuHUCEPpCMed HOVKY 1 GbICHIE20
obpasosanua PO (FEMN-2022-0001).
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OIIPEJEJIEHHE XUHMHYECKOI'O COCTABA BOPCOAEPKAINUX CTEKO!I
METOJAMH LA-Q-ICP-MS H EPMA

Koponepa O.H. !, Apremben JI.A. !, Bymaros B.A. 12, Illupucasaposa 3.5. !
TFOxeH0- PAH, Poccus,
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2Hacmumym 2eoRozui 1 ceoxurgiit unt. axadesira A H. 3aeapuyrozo YpO PAH, Poccua,:. Excne puntype
e-mail: viladislavtalica@gmail.com

The procedure and features of chemical analysis of boron-containing glasses are discussed. A
number of glasses of Na>O-B203-GeO>-SiO> and Na>O-B:03-GeO: systems were used as the
studied materials.

Bopcomepxkaliiie CcTeKNa ABIEOTCH  BaXHBIMH  (DYHKIIMOHATBbHBIMM — MaTepHAIaMH,
MIPEACTABILAOINUMHY HHTEPEC I PasIHUHBIX OTPaclel IMPOMBIIUIEHHOCTH. OIHAKO, 3a4acTyIO HX
CHHTE3 3aTPyJHEH HECOOTBETCTBHEM TONMy4aeMOro (haKTHMHYECKOTO COCTapa 3aloKeHHOMY
BCICNCTBUE BBICOKOI MeTydecTH Oopa M ero coefuHeHHH [1]. AKTyalbHBIM SBIACTCA
HeOOXOAMMOCTh KOHTPOISA COCTaBOB ITONYYEHHBIX MaTE€pHAllOB ¢ YYETOM pSIa aHAIHTHYECKHX
CIIOKHOCTEH. AHATMTHYSCKHE METOABI YacTO MMEIOT IIPOOIIEMEI ¢ BOSMOKHOCTBIO MIIM HH3KOH
TOYHOCTBEO OIPEJENeHHd IIeTKUX DIIEMEHTOB, HMEIOIMUX BaXHOE 3HaueHHE B H3TOTOBIEHHHU
TPOMBITIIIEHHBIX CTEKONL llenmpro Harmmel paloThl CTal0 YCTAHOBIEHHE OCOOCHHOCTEH M
BO3MOKHOCTEH ONpeAeNeHnd MaKpPOXHMHYECKOTO COCTaBa OOPCOJEPAAIMX CTEKON ¢ ITOMOIIBEO
METOJla Macc-CIIEKTPOMETPHA ¢ HHIYKTHBHO CBSA3HOM IITa3sMOH ¢ IIPHMEHEHUEM TTa3ePHON aOIaiiu
(LA-Q-ICP-MS). [na moATBepAICHHSA PE3yIbTaTOB HCIIONB30BANCE JaHHBIE 3SIEKTPOHHO-
30HAOBOTO PEHITEHOCTIEKTPaTbHOTO MHUKpoaHanu3a (EPMA).

Hig uccrnenopaHug OBUIM CHHTE3HMPOBaHBL CTEKIa B cHceTeMax NaxO-B203-GeOx u NayO-
B203-Ge02-Si0;. PeakTHBH KBaTH(PHKAIMH «X4Y» B HEOOXOJAMMBIX ITPOIMOPIIHAX CILTABIISIH B
MIIaTHHOBOM THTTE B MydembHOH meun [IKJI-1.2-12 mpu temmeparype 1200 °C mo momHo#
TOMOTEHH3Al[HA PaciliiaBa. PEHTTe€HOCTIEKTpallbHBIH MHKpOaHalli3 00pasioB ObL BeIIONMHEH B [[KTI
«['ecaHammMTHK» Ha MuUKpoaHammn3aTope Cameca SX100 ImpH yckopsroleM HarpsaaxeHHH 15 kB u
TOKe ITyuKa SIeKTpOoHOB Ha oOpasiie 40 HA ¢ pachoKycHpoBaHHBIM ITyukoM 10 mxmM. Mace-
CIIEKTPANBHBI aHalM3 cOCTaBa OOPa3lOB ITPOM3BOAWIICA € IIOMOIUBIO Ja3epHON alIAMOHHON
cuctembl New Wave Research UP-213, cowleHeHHOH ¢ KBaJpyIIOIBHBIM MacC-CITEKTPOMETPOM
Agilent 7700x. Usmepernsa mpopomumich Ha Nd:YAG UV masepe ¢ amuHONH BomHBI 213 HM. B
Ka4ecTBe BHEIHErO CTaHAapTa HCIONb30BallMCh MEAAYHAPOIHBIH CTaHIapTHBIM MarteprHan NIST
SRM-610, a Takxe BHYIpwIabOpaTOpPHBIE CTaHAApPThI, IIPSACTABIICHHBIE IIPHPOAHBIMHU
KpHUCTalllIaMH JaTONMTa U JaHOYpHTa.

['maBHOH CIOXKHOCTBIO TPH aHalH3e XHMHYECKOTO COCTaBa CTEKON IMOLOOHOTO cOcTaBa
IBTIIRTCA ONpeldeleHue colepkaHud Oopa. 14 yCTaHOBIEHHMS KOPPEKTHOCTH 3HAYEHHI
omnpeaeneHna 0opa OBITH HCCIIeNOBaHbl 00pa3lbl MPUPOSHBIX MHHEPANOB JaTONUTa H JaHOYPHTA.
Beino mokaszaHo, uto mpu Hcrnonb3zoBaHHH NIST SRM-610 B KauecTBe BHEIIHErO CTaHAapTa
MIPOHUCXOJUT CHCTEMAaTHYECKOE 3aHMKECHHE PEe3yNbTaToB IO 0OpPY B MHHEpallax M HCCIIENYeMBIX
cTeKIax. BO3MOKHBIMU (haKTOPaMH 3aHU KEHUA TIPH GONBITHX COACPKAHUIX IBIAIOTCA MaTPHYHBIE
5((eKTh, CBA3aHHBIE C PasIH4YMEM CTPYKTYPBI, COCTaBa, (PH3HMKO-XHMHYECKHX CBOMCTB H
Pa3IUYHON cTeneHu ablIqlii B CTaHAAPTHRIX 00pa3lax, MIPHPOIHBIX GOPOCHITMKATHRIX MHHEpPalaX
W M3YYEHHBIX CHHTETHYECKHX cTeKnax. [[pumeHsdemad B paboTe METOHKaA AeTallbHO 00CyAIanach
B pabore [2]. Hcmomb3zoBaHWe maHOypHTa B KaueCTBE BHEIHErO CTaHAapTa IIO3BOIIIO
MHHAMWA3HPOBAaTh TPOOIEMBI, CBA3AHHBIE C PA3IHYHBIM COJAEpXKaHHEM 0opa B CTaHIAapTHBIX H
HCCIIeyeMBIX o0pasiiax. DTO MOATBEPAKIAIOT TOCHEAYIONHE Pe3YIbTAThl ONpelelleHnd 0opa B
MIPHPOAHOM JaToiHTe. [akum oOpasomM, Oonee KOPPEKTHOH ABIIETCI MeTOAHKa H3MEPEHHS H
pacdera cocTapa CTEKOM ITO JaHOYPUTY B KauecTBe BHEIHETO cTaHAapra Aid Oopa U NIST SRM-
610 — AT OCTAITbHBIX 3JIEMEHTOB, HOPMHPpOBaHHbIE Ha 100 % OKCHIHBIX (OPM STHX 3TIEMEHTOB.

O4eBHIHO, YTO peallbHbIE KOHIEHTPAIMH 0Oopa IOoCIle CHHTEe3a 3HAYNTEIbHO OTIIMYAI0TC OT
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COCTABOB, 3AIOKEHHBIX B HCXOMHOM MmMxTe. g HecllenyeMbIX B pabore cTekon 1-8 morepu Gopa
IO CPaBHEHHIO ¢ 3aJJaHHOW HCXOMHOMN IMMXTOW H3MeHar0Ted OoT 13.5 10 32.2 OoTH. % IIpH CHUKEHHH
33J[aHHOTO coflepkaHnd Oopa B mmmxTe oT 16.1 go 4.9 mac. %. DTUM 00BACHIETCH 3aKOHOMEPHOES
3aBBIIEHHE CONCPKAHUH OCTAIbHBIX XHMHYECKHX 3JIEMEHTOB, BXOIAIINX B COCTAB CTEKOIL.

PesynbTaTel XMMHUECKOTO aHaIn3a H3YUEeHHBIX CTeKOI, ImonyyeHHsle EPMA u LA-ICP-MS
METOaMH, TTO3BOIIOT ITPEATIONOKNTD, YTO KOIIMYECTBO ITOTEPh Gopa IIPH CHHTE3E CTEKOIl CBA3aHO
¢ ero alcOMOTHBIM COJEP/KAHHEM B IIMXTE. 3aBHCHMOCTh KOIMYecTBa IIOTEeph Oopa OT €ro
COAEP/KAaHUA TI0 CHHTE3Y, OIpeleNeHHasd I HcclIedyeMBIX B JaHHOH padoTe o0pasIioB, MOKET
OBITH BRIpaKeHa HKCIIOHEHIMaIbHON (pyHKImeH, MpeacTaRIeHHON Ha pHCyHKe. OOpasell ¢TeKa,
COAEPKAINN HaHMeHbBIIee KOTHYIECTBO 00pa «II0 CHHTE3Y», OUEBHIHO ABIIIeTCA UCKITFOUEHHEM 3
HaOIOMaeMON 3aBUCHMOCTH. MOKHO TTPEATIONOAKNTD, YTO OONBINEMY COASPKAHUIO Oopa B IMHXTE,
XOThb W COOTBETCTBYIOT OOJBIIMHE TOTEPH IIPH CIEKaHWH W BBIACPXKHBAaHWH pacllllaBa ITPH
TemIepaTypax okomno 1200° C, HO PIHAHHE Ha KOHEYHBIH COCTaB CTEKOI ITPH 3TOM OKa3bIBAacTCH
MHHAMaIBbHBIM. Torga Kak A4 MaTepHalloB, COACPAKAIWX MEHBIIHME KOIMMYecTBa Oopa «IIo
CHHTE3Y», €ro IOTEPH MOTYT OBITh 3HAYMTEIBHBI M OKa3blBaTh 3HAYMTEIIBPHOE BIWIHHE Ha
CTPYKTYPY H CBOMCTBA.
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PrcyHoK. 1. 3aBHCHMOCTh BENHYHHBI IT0TepH (opa I[PH cTaHAapTHOH METOIHKE CHHTe3a H0p cOZlep KAl CTEKON
OT 3aJJaHHOTO coflepsKaHHA Jopa «T10 CHHTE3Y ».

Taxkum oOpazom, IO pe3ylnbTaTaM IIPOBEACHHBIX HCCISNOBAaHWI M COMOCTaBIEHHHU
PE3YIBTATOB OIIPEACIIEHHI COCTAaBOB ITPHPOAHBIX OopocHImMKaToB MerogaMu LA-Q-ICP-MS u
EPMA, OBIIO YCTAaHOBICHO, YTO HauOOllee TOUHBIH PE3yIbTaT HMX COCTaBa OBUI IIONYYEH ¢
ucnonb3zopaHreM NIST SRM-610 u gaHOypHTa B Ka4ecTBe BHEIHUX CTaHIAPTOB. B CBI3H C DTHM,
HCTHHHBIH XHMHYECKHMH cOcTaB OoOporepMaHaTHBIX MW OOpPOTepPMAHOCHIIMKATHBIX — CTEKOII
OIIPeeNndllcd HMEHHO C MCIOIB30BAHMEM STOM METONHKH pacueTa. MceXomd M3 TMOTYyUeHHBIX
PE3YIIbTaTOB XHMHYECKOTO COCTaBa, MOKHO OLIEHHTh YMEHBINEHHE KOHIIGHTpallMH 0opa B CTEKIIE
BO BpeMS €ro CHHTE€3a IIPH CTaHAapTHOM MeETONe 3aKalKH paciviaBa. [lomydeHHBIE HamH
PEe3VIIbTaTEl MOTYT MCIONB30BAaThCAd IIPH CHHTE3e OOpcoepkallliX MaTepHaloB 3aJaHHBIX
COCTaBOB, UTO ITO3BOIHT H30e#KaTh 3HAUHTLITBHOTO OTKIIOHEHU A OT TIPOrHO3HPYEMBIX ITapaMeTPOB.

1. Lee SK., Kim H.N,, Lee B.H., Kim H.-I., Kim E.J. Nature of Chemical and Topological Disorder in
Borogermanate Glasses: Insights from B-11 and O-17 Solid-State NMR and Quantum Chemical Calculations // The
Journal of Physical Chemistry B. 2010.Vol. 114. P. 412-420.

2. Koponera O. H. AprembeB 1. A. Bymator B. A. OcoBeHHOCTH OINpemeneHHA XHMHYECKOTO COCTaRa
GopcomepxKanx cTekoa MetomoM LA-Q-ICP-MS // @usHKa M xanHA cTekma. 2021, T. 47, Ne 3. C. 286-298.

Pafioma  evinornena 3a cdem cpedcme cpanma  Poccuiickozo nayinozo onda Ne 22-17-20005,
https://rscf.ru/project/22-17-20005/.
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JIOKAJIBHAA 3AITHCH OIITHYECKHX MUKPOCTPYKTYP HA OCHOBE
HAHOKPHCTAJLIOB CYJIb®PHIA KAIMHA B CHJIMKATHOM CTEKJIE
PEMTOCEKY/JIHBIMHA JIAJEPHBIMHW HMITYJILCAMH

Berunnnukos M1, Jlmmarees A.C., [Haxrunpgga .10, Jlotapes C.B., Curaes B.H.
Poccuticraiii xuvitro-mexnonozudeckuii yvauee peumem uM 1 H. Menoeneeea, Mockea, Poccua
e-mail: vetchinnickov.maxim@yandex.ru

In this work we show that direct laser writing in 2 wt.% CdS-doped silicate glass induces local
changes of optical properties resulting in luminescence and retardance in the laser-written
domains.

AKTyallbHBIM HalTPaBICHHEM COBPEMEHHOIO OITHYECKOTO MATEPHANOBEACHHUSI SABILSCTCA
HU3YUEHHE TIPOIECCOB, TPOTEKAIOIIMX TIPH  B3aUMONSHCTBHH  ¢(hOKYCHPOBAHHOTO ITA3EPHOTO
W3ITYYEHNS, U ONTHYECKH ITPO3PAYHbIX AUANEKTPHKOB, B HaCTHOCTH CTEKOIL B 3TOM OTHOINEHHH
0COOBIIT MHTEPEC TPEACTABIAIOT (HOTOUYBCTBUTETbHBIE OKCHAHBIE CTEKIIA, CONEp:KaIliie JOo0aBKy
TIOITYIIPOBOMHUKOBBIX COSIHHEHUH. M3BecTHO, YTO 3TH MaTepHallbl O0NTaJar0T YHHKaIlbHBIMH
ONTHYECKUMH  CBOMCTBaMH, KOTOpBIE  ONPEAEIIOTCAd  Pa3sMepoM  ITOTYIIPOBOIHHUKOBBIX
HaHOKPHUCTAIIOB, OOpasyIoNUXcsA B HX 00beMe BCIeNcTBHE AHGDPY3HOHHO-KOHTPOIHPYEMbBIX
MPOIECCOB TIPH TepMH4YeCKOH 00palOTKe CTEeKON BOIM3H TeMIIEpaTyphbl CTEKIOBaHHA. B TO XKe
Bpems OmaromapsAd MHOTO(QOTOHHOMY MEXaHH3MY TIOTTIOMIEHHSA SHEPTHH TTa3epHOTO H3TYYSHHS
CTAHOBUTCA BO3MOMKHBIM ITPOCTPAHCTBEHHO-CENMEKTUBHOE (DOPMUpPOBaHHE IOMYIIPOBOTHUKOBBIX
HAaHOKPHCTAIIIOB B 00BEME OKCHIHBIX CTEKOIL, YTO MOKET ObITh HCIIOIB30BAHO AT MPaKTHYECKOTO
MTPHMEHEHH A JAHHOTO KIacca MaTepHanop B (hOTOHHKE, MHTETPAbHON ONTHKE M IS XPaHEHHSI
nH(popmarm [1].

HemaBHo B paborax [2, 3] 6vIn npeamoxkeH A(hGEeKTHBHEI MOAXOA K MPOCTPAaHCTBEHHO-
CEeTIeKTUBHOMY () OPMHPOBAHHIO HAHOKPHUCTAIIIOB B CHITMKATHOM CTeKIe B cHeTeme Ko,0-Zn0-B20s-
S10,, comepxaruero godasky 4 macc.% (ceepx 100%), mox neficTBreM (HeMTOCEKYHIHBIX Ta3ePHBIX
HMITYIIbCOB, He TPeOYIOIUH AOTOMHHUTEIbHOW TepMOOOpabOoTKH Tocle OONyYeHHA. 3allHCaHHbIC
TaKHM CITOCOOOM MHKPOCTPYKTYPH XapaKTePH30BAINCh HAIHYHEM ITFOMHUHECIICHIINA B BHIHMOM
IUara3oHe W JBYIIYUEIPEIOMICHHSA, MeIeHHad OChb KOTOPOrO 3aBHCENa OT IIIOCKOCTH
MONIpH3allii  JTA3epHOTO TIydkKa. Hacrodimagd paGoTa TIOCBAIIEHA H3YYSHHEO BO3MOKHOCTH
(hopMHPOBaHHUI MUKPOCTPYKTYP CO CXOJHBIMH ONMTHYSCKUMH XapaKTePHCTHKAMH B CTEKIE TOTO Ke
cOCTaBa, HO ¢ IIOHHAKEHHBIM BJIBO¢ cofiepxaHneM CdS.

MukpomoauUIHpOBaHHe CTPYKTYPHI CTEKTa OCYITIECTBIANACh ¢ MTOMOIIBIO YCTAHOBKH Ha
Base Yb:KGW ¢emrocekyHaHOro nasepa Pharos SP, HacTpoeHHOro Ha TeHepamuro 10'-10°
HMITYIbCOB ¢ 3Heprueit 20-400 H/lx, AmuTembHOCTBIO ~180 the U wacToroit mopToperna 100 kI,
JlazepHBIit my4doK (hOKyCHpOBalca B 00beM o0pasiia Ha TTYOHHY ~150 MKM ¢ TTOMOIIBIO 0OheKTHBRA
Olympus LCPLN20XIR (N.A.=0.45). OpHeHTal|d IUIOCKOCTH IONIPH3alMH JTa3epPHOrO IIyYKa
BapbHpPOBAIach ITYTEM BPaIleHH A TIOTYBOITHOBOH TTITACTHHBL.

BpIIO0 yCTaHOBIEHO, YTO B pe3ynbTaTe BO3ACHCTBHA C(OKYCHPOBAHHOTO H3ITYUCHHS
(heMTOCEKYHIHOTO Tasepa BOMH3H TEPETSKKH MydKa TPOHCXOAMT O0pa3zoBaHHE KOMBIEBUIHBIX
MHKPOCTPYKTYP, BBITSHYTBIX BIOJb HAIIPABIEHUA PacliPOCTPAaHEHU A JTa3ePHOTO IMyYKa, JHAMETPOM
or 1,5 mo 15 MM, OOIafaroImMX JKenToH OKpacKoH (IpH oOIy4eHHH ofpasiia cTekma 104-10°
UMITYTIbCAMH) U MFOMHHECICHIIMEH B clieKTpalbHOM MHarasoHe 455-800 HM mpH BO30YKICHHH Ha
JImiHax BomH 400-410 Hm. Meromom ONTHYECKOH ITOMIPH3AIMOHHOH MHKPOCKOIMH OBUIO
BBIABICHO HamuuHe (a30BoH 3aMepKKH W 3aBHCHUMOCTh OpPHEHTAIMM MENISHHOH OCH
IBYIIYUEITPETIOMIIEHHS CBeTa OT OPHEHTAIlMH TUIOCKOCTH TTONAPH3AlMH JTa3epPHOTO H3IYYEHUT AT
MHKPOCTPYKT YD, 3arHcaHHbIX 10%-10° uMimymscamu. B Xofie HeCle0BaHkA GBI H3YIEHO BIHAHHE
SHEPTHM M YHUCIIa Ja3ePHBIX HMITYIIBCOB Ha OINTHYSCKHE XapaKTePHCTHKH MHKPOCTPYKTYP, H
YCTAHOBJIEHBI PEAKUMBI, 00LCIIEUHBAOIINE JOCTHACHHE MAKCHMAIIBHBIX 3HaUYeHHI HHTEHCHBHOCTH
MOMHHECHIEHITMH M (a30BOH 3aJepKKH B ABYIYUETIPETOMITIONMHX 00TacTax. CoMocTapleHHe
XapaKTEePHUCTHK MHUKPOOOIacTel, 3allMCcaHHbIX B CTeKIax ¢ Jobaskamu 2 U 4 Mace.% CdS, mokasano
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He0oOXOAUMOCTh BO3ACHCTBHA OOMBINETO YHCITA HMITYIIECOB IS ITOSBICHAS OKPAcKH H, B CPEITHEM,
Qonee HU3KHE 3HaueHHAI (Has0BOM 3aJlepAKH B MHKPOCTPYKTYpaxX, 3allHCAaHHBIX B CTEKIE C
MEHBIMM COJIePKAaHHEM BBeIcHHOH no0aBKH. [IpH >5TOM HHTEHCHBHOCTH JTIOMHHECIEHITHH
Ta3epPHO-MHAYLHPOBAHHBIX MHUKPOCTPYKTYP UMENa ITPaKTHYECKH OJHHAKOBBIH YPOBEHb IS 00OMX
COCTABOB.  YCIIOBMS  3allMCH, HeOOXOAMMBIE [Nl BO3HMKHOBEHMS  (ha30BOTO  CABHTA
IBYIIYUCITPETIOMIICHHS, TaKXKe HE IIPeTEpIelN 3HAYMTEIbHBIX H3MEHEHHH IIPH YMEHBINEHHA
cofiepxanua CdS B MOTHPHITUPYEMBIX Ta3€PHOM ITYUKOM CTEKITax.

1. Philips K.C. et al. Ultrafast laser processing of materials: a review // Advances in Optics and Photonics.
2015.T. 7. Ne 4. C.684-712.

2. Vetchinnikov M.P. et al. Direct laser-induced formation of CdS quantum dots inside silicate glass // Optics
Letters. 2018. T. 43. No. 11. C.2519-2522.

3. Lipatiev A.S. et al. Direct precipitation of CdS nanocrystals in glass by ultrafast laser pulses // Materials
Letters. 2022. T. 307. C.130974.

Paboma evtroanera npu noddepxcke Pocculickozo honda yrdanesmaisisix uccaedoeanilt (Fpanm POOH
21-53-12026).

BJIMAHHE ITAPAMETPOB JIAJEPHOI'O U3JIVUEHUA HA OIITHYECKHE
XAPAKTEPHCTHKH MUKPOCTPYKTYP, COOPMHUPOBAHHBIX B CH/IMKATHOM
CTEKJIE, TOIITHPOBAHHOM OKCH/J1OM CEPEBPA

Berunnnukos ML, [MTaxtunpaan 1. 1O., Jiunmateep A.C., Jlotapes C.B., Curaes B.H.
Poccuticraiii xuvitro-mexnonozudeckuii yvauee peumem uM 1 H. Menoeneeea, Mockea, Poccua
e-mail: vetchinnickov.maxim@yandex.ru

In this work we study the dependence of optical properties of domains laser-written in 0.1 wt. %
Ag>0-doped silicate glass on the pulse repetition rate and pulse duration of the writing laser beam.

Merton (eMToCeKyHHOTO Ta3epHOTO MOJH(HUIIMPOBAHNUA B TIOCHEIHNE ACCATHUIICTHS CTall
MOITHBIM ~HHCTPYMEHTOM IS  IIPOCTPAaHCTBEHHO-CENIEKTHBHOIO — YIIPABIEHHd CBOMCTBAMHA
MaTepHalloB M pa3paboTKH TPHHIMITHATEHO HOBBIX (DOTOHHBIX YCTpoHCTB. OcCOGHIH HHTEpec
MPEACTAaBIAFOT CTEKIIA, CofepKaliue Jo0aBKH ONaropofHBIX METAUIOB M OONaJarollue
YHAKAIIBHBIMH OIITHYECKUMH CBOHCTBAaMH, KOTOPBIE OIPEASIIIOTCA PasMEpPOM TEepPMHYECKH-
HHAYIMPOBAHHBIX HAHOKIACTEPOB M HAaHOYACTHIL. JloKambHOe (hOPMHUPOBaHHE MHUKPOCTPYKTYP Ha
OCHOBE HAaHOPa3MEPHBIX 4YacTHI[ ONarOpONHBIX METAUIOB B 00beMe CTEKON OTKpPhIBAacT
BO3MOKHOCTB IS CO3MAaHHA MHTETPAlbHBIX BOMHOBOAOB, ONTHYECKHX NMEPEKITIoUaTenei, a TakKe
peann3alii OITTHYECKON ITamaTH |1].

B onmaHHOIi palore TIpeJCTaBIEHBI Pe3yNbTaThl JKCIIEPHMEHTOB IO  IA3€PHOMY
MHKPOMOAHU(HITUPOBAHHEO CTPYKTYPHl CHIMKaTHOro crekina B cHeTeMe KoO-Zn0-B203-Si0s,
comepxartero modaBky 0,1 macc.% AgO (cBepx 100%). Crexino GbIIO CHHTE3HPOBAHO BapKoi B
3MEKTPUYECKON TIeUH ITpy Temrieparype 1270°C ¢ BEIepAKOH B TeueHHe | yaca. MHKPOCTPYKTYPHI
3aIMMCHIBATHCE B 00beMe CTeKNa COKYCHPOBAHHBIM TTYUKOM (heMTOCEKYHIHOTO NMaszepa Pharos SP
¢ paGoueit AMMHOM BOMHBI MamydeHHa 1030+2 HM, HaCTPOESHHOTO Ha TeHepaiiio 10° MMITyIBCOB ¢
sHeprue 100 H/{&, yacToTOH MOBTOpeHHd uMIyiIbcoB 50-1000 kI'y u gmiremsHOCcTEIO 180-
2000 ¢c. JlasepHbii My4oK (HOKycHpoBalcd Ha TIIyOHHY ~150 MKM B 00OBEM CTEKIIa ITOCPEACTBOM
oosextHBa Olympus 20X ¢ uwucnoBor ameprypod 0,45, OpHeHTalMd IUIOCKOCTH IIONAPH3AaLH
Ta3epPHOrO W3IYYEHHA BapbHPOBallach ITyTeM BPaIlleHAA ITOTYBOHOBOH TIITaCTHHEL.

B pesymbrare BO3IEHCTBHSA NA3epHOTO M3IYyUeHHSA B 0ObeMe CTeKNa ObUI chOpMHPOBaH
Ha0Op KONBIEBUIHBIX MHKPOCTPYKTYP AHAMETPOM OT 3 10 8 MKM, XapaKTePU3YIOIMNX I HATMIHEM
OKpacKH W JIOMHHECLEHIMEH B CIEKTpalbHOM AuarnasoHe 455-800 HM IpH BO3OYAICHHH Ha
mmmHaxX BOIH 400-410 HM. AHamH3 ¢OPMUPOBAHHBIX MUKPOCTPYKTYP ITOKa3al, YTO HE3aBUCHMO OT
YCIIOBUH ITa3epHOro OOMydeHHI MaKCHMAllbHad HHTEHCHBHOCTH ITFOMHHECIIEHIIMH JOCTHTAeTCd B
ofmacTH HxX TepH(epHH, YTO XOPOIIO COTTMAcyeTcs ¢ TONYUSHHBIMH paHee MaHHBIMH [2].
Y cTaHOBJIEHO OTCYTCTBHE MOIIPH3AIHOHHO-3aBHCHMOTO IOBYIIYUETIPEIIOMICHHI  JTI4
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c¢(hOPMHPOBAHHOTO MacCHBa MHKPOCTPYKTYpP, paHee HaOMOAaBIIETocad TPH (HeMTOCEKYHIHOM
TA3ePHOM MOTH(PHIIMPOBAHUHN COACpAKalllnX cepedpo IMHKOpochaTHRIX c¢Tekon |3|. BeigeieHo,
YTO IOBBIMIEHHE YaCTOThI ITOBTOPEHHA UMITYTIbCOB ¢ 50 1o 1000 K[’ U CHUKEHHE UX JTTHTEIIBHOCTH
¢ 2000 mo 180 ¢ crmmocoBCTBYST BO3PAcTaHHIO JTHAMETPa MHKPOCTPYKTYP. AHATOTHYHAA
TeH/CHINA HaOMoAalach U AN W3MEHEeHHd HHTEHCHBHOCTH ITFOMHHECIICHIIHH MHUKPOCTPYKTYP, 3a
HCKIFOYEHHEM ClTydad BO3AESHCTBHA Ha O0pasell cTeKila JTa3ePHBIX HMITYIIBCOB ¢ MaKCHMallbHOH
YacTOTOH TOBTOPEHHAI H MHHHMAIbHOW ATMTENBHOCTREO. HanGompie 3HaUeHHd HHTEHCHBHOCTH
TFOMHHECUEHIMH HaOIFOJAllHCh AT MHKPOCTPYKTYD, 3allHCAaHHBIX Ja3ePHBIMH HMITYIIbCAMH C
mmmTembHOCTRI0 180 ¢ M uacTroroif mopropeHHdg 500 k', OOHapyKeHHBIE 3aBHCHMOCTH
XapaKTePUCTHK ¢(hOPMHPOBAHHBIX MHUKPOOOTACTEeH OT YCIOBHH NMasepHOH BKCIIOZHIMH, OUEBHIHO,
CBA3aHBI ¢ H3MEHEHHEM TEeMITepaTyphbl B 00NacTH BO3eHCTBHA TTA3ePHOTO ITY4Ka U, KaK CIEJCTBHE,
M3MeHEHHEM Pa3sMepPOB 00pa3yIOLMX e HAaHOKIIACTEPOB cepebpa Agm™'.

1. Marquestaut N. et al. Three-dimentional silver nanoparticle formation using femtosecond laser irradiation in
phosphate glasses: Analogy with photography // Advanced Functional Materials. 2014. T. 24. Ne 37. C. 5824-5832.

2. Lipatiev A.S. et al. Laser-assisted formation of luminescent domains in metal- or semiconductor-doped
silicate and phosphate glasses // Journal of Physics: Conference Series.2021. T. 2015. C. 012163.

3. Shakhgildyan G.Yu. et al. One-step micro-modification of optical properties in silver-doped zinc phosphate
glasses by femtosecond direct laser writing // Journal of Non-Crystalline Solids. 2018. T. 481. C. 634-642.

Patoma estnonnerd npu GuRaHC 06011 noddepaicke Mimvcme pemeda obpazoeanua 1 rayri PO (npoexm FSSM-
2020-0003).
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New Bi-containing composites (BCs) were synthesized by an impregnation of the silica porous
glasses followed by heat treatment (50-900°C). The luminescence and spectral properties of BCs
are studied.

B paGore momydeHBI HOBBIE BHCMYTCOACPKAIHE KOMITOSHITHOHHBIE MaTepHanbl (BKM) ¢
TIEPEMEHHBIM COJEPKaHHEM OKCHIA BHCMYyTa IO TEXHONOTHWHM [1, 2] Ha OCHOBE MaTpHI[ M3
CHUITHKATHBIX TTOPHCTHIX cTekon (I1C). Curres BKM BHITIONHEH ITYTEM TPOITHTKH MOPHCTRIX CTEKOI
6e3 gobaBok (mamee [1C 8B-HT) u ¢ mamsivu goGaskamu P,Os 1 propua-noHos (ganee [IC-HOD).
Heyxdasaeie ctekna 8B-HT u HOO cocrapa (1o aHammsy, mac. %): 6.74 NaxO, 20.52 B0s,
0.15 AlLO3, 72.59 S10; u 6.77 Na2O, 24.71 B»203, 67.93 Si0,, 0.16 [F|, 0.43 P,Os cOOTBETCTBEHHO
Mo MaHHBIM [3, 4] GBITH U3TOTOBJICHBI B 3aBOACKUX YCIOBHAX TIO TEXHOIOTHH BApKH OMTHYECKHX
crexoll. Marpuisl [IC-8B-HT u [IC-HO® monmydeHsl ITyTeM CKBO3HOIO XHMHYECKOTO TPABIICHHUSA
(BBITIIENauMBaHKA) TMAcTHH AByX(asHbx crekon 8B-HT u HD® B BogHbIX pacTBopax HNO3 mpu
kurraeHnu. 3atem [1C 8B-HT u [IC-HO® nmpomeBannd B IHCTHUINIMPOBAHHON BOAE, ITOABEPrallH
CYITIKE Ha BO3AYXE H B cyIMIbHOM mikady mpu 120 °C B Teuenue 1 u (IIC 8B-HT-120, IIC-HDD-
120). Marpuuer I[IC 8B-HT-120 u [IC-HO®-120 o0magaroT cleAYIOIIHMH ITapaMeTpaMu I1op:
nopHeTocTh W = 30 % 1 W = 30 %, yAenbHad IIOBEPXHOCTB MOP Spo. = 200 MY/T M Sys = 55 M2/T,
cpemHMit AuameTp Top D = 3-5HM u D = 12 HM cOOTBeTCTBeHHO [3, 5, 6]. Ilo maHHBIM
xunvHdecKoro aHamnsa [1C-8B-HT-120 u TIC-HO®-120 comepxart, mac. %: 0.30 Na20, 3.14 B20s,
0.11 Al,03, 96.45 SiO2 u 0.55 NayO, 6.85 B203, 92.56 SiO2, 0.04 |F|, cnemsr (< 0.01) P20s [6].
O6pasipl BKM monyueHBl IpH KOMHATHOM Temileparype B HofgkuclieHHbBX 0.01-0.5 M BogHO-
CONIEBBIX pacTBOpax TMeHTarujpaTa HWTpaTa BHCMyTa. 3areM cepud oOpasuos BKM  Owlma
MOABEPrHYTa TeIUIoBOH o6pabGoTke (MO CHelMaIbHO pa3paboTaHHBIM pekumam [1, 2]) mpu
temreparypax T ot 400 mo 900 °C B BosayIIHOM (OKHUCTHTENBHOMN ), MHG0 B HHEPTHOH (Ar) HIH
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BOCCTAaHOBHTENBHOM (N2) aTmMocepe ¢ pasMHUHBIMH HM30TEPMHUSCKHMH BRIACPKKaMH. TerioBas
oopadotka BKM mu IIC mpu T or 850 mo 900 °C mpHBOAUT K IIOMHOMY 3aKpBITHIO IIOP H
MOMYYEHHIO MOHOUTHBIX KBapoHaHEIX BKM u crexon (KC).

[TpoBeaeHsI HeceAopaHHa BKM MeTOmMOM ONTHYSCKOM CIIEKTPOCKOITHH (CIIEKTPOGhOTOMETP
C®-2000, usMepeHHd B CIIEKTpalbHOM AxarnasoHe 250-1100 HM, HaWMEHBIING CIEKTPabHBIN
paspermaeMeli HMHTepBall 1 um). BeimomHeHsl uccnegoaHngd BKM  seromom Omxued WK
CTIEKTPOCKOITHHM ¢ TIOMOINBIO crekTpodoromerpa MCM-2211 («MHOPACIIEK», Poccug) co
CTIeKTPAlbHBIM paspeliieHeM 2 e . Mayuener UK criekTps nporyckania BKM B o6acTH 4acToT
11000—4000 e [TposBenmeHbl HecnepoBaHnd BKM MeTomoM IMFOMHHECHIEHTHOH CIIEKTPOCKOITHA
(TTONMyUYeHBI CIIEKTPBl JTIOMHHECHEHIMH) Ha crekTpodmyopmerpe RF 6000 (SHIMADZU Corp.;
HCTOUHHK BO3OYKISHHA — KCeHOHOBad Jamria 150 BT, cliekTpalbHasd MMpHHa IMerd: 1.5-3.0 HM).
Hccnepgopanna BKM meTomamMu TIOMHHECIIEHTHOH, ONTHYeCKOH W OmmHen UK criekTpocKomin
TPOBOJUIN Ha o0pasiiax TomuuHon 1.50 + 0.15 MM IIpH KOMHATHOHN TeMITepaType.

YeraHoBPIeHO — BUMAHMe — THma  marpuisl  ([IC-8B-HT-120, [IC-HO®-120) Ha
TFOMHHECIEHTHBIE U cIIeKTpalbHble cBolicTBa BKM B 3aBHCHMOCTH OT HX XHMHYECKOTO COCTaBa H
peEkHMa TepMooOpaboTKu. MeToJoM ONTHYECKOW CIHEKTPOCKONHH BBISBIICHO, YTO BHCMYT B
KOMITO3UTaX HAXOJHTCS B PAsITHUHBIX (GopMax: cepHuecKHe KOMTOHIHbIE YaCTHIIE BHCMYTa, Bi',
Bi?*, Bi" noner, Bis®" monmkaTtHOHEL, AEMephl BHcMyTa. Merogom OmmaHei UK CIIeKTpoCKonny y
KOMITO3UTOB HACHTH(GUIMPOBaHB KoNeGaHMs, XapaKTepHble M TIOTTOICHHS BHCMYTOBBIX
aKTHBHBIX I[EHTPOB, ACCOIMHPOBAHHBIX ¢ KPEMHHEM H JTHMEPOB BHCMYTa.

[TokazaHo, 4YTO TepMOOOpPabOTKAa CHHTE3MPOBAHHBIX MaTEepHAllOB Ha BO3JyXe HIHM B
aTMocepe azoTa/aproHa CTUMYITHPYET IPOIECChl BOCCTAHOBIICHUSA HOHOB BUCMYTa. B pesymibTare
HabmIofaeTcad TOCTHEOBAaTeIbHOE TIOABIEHHE TIONMOC IMOMHHECHeHITMH (YD, CHHe-3eIeHOM,
OpaHXeBo-KpacHOH, BUK mioMUHECIIEHITHH) I PasTHYHBIX Temrieparyp oTxura. B [1C marpuie,
comepxkarmeit mpuMecn ochar- H (DTOPHI-HOHOB, IIPOLECC BOCCTAHOBIeHHA Bi’'—Bi*'
MPOHCXOMHT Gomee »pheKTHBHO 10 cpaBHeHHIO ¢ 6a30Boit [1C mMarprileit 6e3 M06aBOK, ITOATOMY
nerupopaHHad [IC maTpuila MOKeT OBITh TEPCIIEKTHBHON A4 TIONYYEHHS aKTHBHBIX CPEX C
TIOBBIIIEHHOW JONIeH BHCMYTOBBIX aKTHBHBIX IIEHTPOB, B TIPEATIONOXKEHHH TOTO, YTO B
(hOpPMHUPOBAaHHH AaKTHBHOIO IIEHTPa Y4acTBYET BOCCTAHOBJICHHad (opma BHcMyTa. (OOHapyXeHO,
yTo cHHTe3 cTeknoodpasHbX [1C matpu HO® u S8B-HT, comepxaliix HOHBI BUCMYTa, B ITOTOKE
Ar B N; [pHBOAUT K TMOIBICHHIO IIOIIOC KpacHOH IFOMHHECHEHIMH H  BO30YKICHHA
TFOMHHECIEHIMH, XapaKTepHBIX A4 HoHoB Bi®". KpacHad moMHHeCIeHIMS Oblla HHTEHCHBHEE B
o0paslaxX, TPUTOTOBIIEHHBIX B MOTOKE Ta3a Np, TI0 CPAaBHEHHIO aHAIOTOM, IONYYEHHOM B ITOTOKE
aproHa.
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Andemora WMH., Tonopuna I.®@., Kypunenko JLH., ®wupctor C.B.; 3aiBka Ha maTeHT P® Ha wm3obpereHHe
Ne 2015117713/05; saapm. 12.05.2015; onyG. 27.12.2016, Brom. No36. 17 c.: 1.
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ONTHYECKHE CBOMCTBA BHCMY TCOAEPKAIHX KOMIIO3HTOB HAa OCHOBE BBICOKOKPEMHE3EMHBIX IIOPHCTBIX CTeKo.//
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JTUHAMHAKA BCOEHABAHIA *KHJIKIX IIOPOOBPA3YIONIX CMECEN
AJEA ITEHOCTEKJIA

I'ompuman B.M.!, Tomeriman H.C.!, Snenxo B.C.!
! FOxero- Poccuiic kil cocyoapemeennvitt nommexnyec xult yamueepcumem (HITHD) usveny MH. Haamoea,
Hoeovepracck, Poccua
e-mail: boriuspost@gmail.com

The dynamics of foaming of liquid foaming mixtures "waterglass - glycerol” was studied. The
processes occurring during heating of mixtures at an initial temperature of 20 °C and 600 °C were
described.

TexHOIOTHA TIeHOCTEKTTa, co3faHHad B 1930-e roasl M., KHTalTropoackum, OCHOBaHa Ha
BBICOKOTEMITEPAT YPHOM BCIICHHBAHHH IUIACTHYHOH CTEKIIOMACCHI Ta3aMH, BBIICTHUBIMHMHACI ITPH
Pa3loXKEeHUH TopoodpasoBaTelsd. BelllecTBaMU-TIOpOOOPa30BaTEAMH, CIIOCOOHBIMHA BBIICTIATH
razoo0pasHble TPOAYKTHL TIPH HarpeBe, MOTYT BBICTYIIATh PAs3IHYHBIE KIIAacChl BEINECTB, Kak
TPUBHAIBHBIE (IMETTOYHBIE H IIENOYHO3EMENTbHBIE KapOOHATHI, YITIEPOA B Pa3sIHYHBIX (hopMax), TaK
U crienupuIeckue (HUTPUIBL, KapOHIIBI, OKCHIBI TIEPEXOMHBIX METAIIOB U T.11.).

[TpoMBITIITEHHOE TTPOM3BOACTBO TIEHOCTEKIIA B IIOHABILIIONIEM OOJNBIIHHCTBE CIYyYach
OCHOBAHO Ha NPUMEHEHWH YIIEPOIHBIX ITOopoo0pa3oBaTelel, YTO TMOATBEPAKIAET Gollee BRICOKYIO
MPaKTHYHOCTh 3THX BemiecTB. Yallle BCero B KauecTBE YINIEPOTHOTO IOpoo0pa3oBaTelsd
HCIIONB3YETCSA CaXka, OCHOBHBIM ITPEHMYIIECTBOM KOTOPOH 4BIAETCA BBICOKAd THCIIEPCHOCTS,
KOTOPOH, BIIpOYEM, HEAOCTATOYHO, H HEOOXOANUM JOTOITHHUTEIBHBIH TTOMOIL.

ANBTEpPHATHBOW TBEPABIM YIJICPONHBIM ITOPO0OOpa30BaTellaM SABILSIOTCA OPraHHYECKHE
AUJKOCTH, CPEIH KOTOPBIX MOKHO BBIAEIIHTH TTMIEPHH. X MpUMeHeHHe 00eCIIeUnBaeT CO3JaHHe
paBHOMEpPHOH TOpoO0pas3yIoMel IUICHKH Oe3 yIBTPaTOHKONO IIOMOJTa, a TaKAKe II03BOIAET
MIPOBOJMTH BCIICHUBAHHE Cpa3y IO JOCTHACHHH TpeOyeMOH BA3KOCTH cTeKIlomMacchl. ONHAKO ITpH
HCIIONIb30BAaHHH B KadecTBe ITopoo0pa3oBaTeld YHCTOrO TIIHIICPHHA BCIICHHMBAaHHA CTEKIa HE
MIPOHCXOUT, H HEOOXOAHMO BBEJICHHE JOMOIMHATEIBHOIO KOMIIOHEHTA — KUJKOIO CTeKa. B ceasu
C 3THM LENBIO TaHHOH paloThl 4BII4eTcd H3YYeHHE AWHAMHWKH BCIICHHBAHWA CMECEH «KHIKOE
CTEKIIO — TTIHIEPHH» H OIMCAHNE OCHOBHBIX CTAJHH IIpoliecea.

Jig veenenoBaHud ObLITH BBIOPaHBI YETHIPE COCTaBa, IIPeACTaBIcHHbIE B TaOmuie 1. beiin
HCIIONIb30BaHbl TIHIEPHH YHCTBII M HaTPHEBOE AKHUAKOE CTEKIIO ¢ CHIMKATHBIM MOAYIIEM 3 H
cofiepkaHueM BOJBI 55 %. Tepmiieckasd o6paGoTKa cMecei Bellach MYyTeM HX 3arpy3KH a) TIpH
KOMHaTHOH Temmeparype 20°C u 6) B meub, pasorpeTyio Ao 600 °C H maabHeHINero Harpepa co
ckopocThro 10 “C/MuH. 3arpyska CMeCe B 30HY BBICOKHX TeMITEpaTyp O0YCIOBIeHa CIIEIHUKON
BCIICHUBAHHA IICHOCTEKOIBHBIX IIHMXT, TepMOOOpaldoTKa KOTOPBIX HauMHaeTcd B oOmacTH 600-
650 °C. Cxema KaueCcTBEHHBIX H3MEHEHHH CTPYKTYPBL CMECeH IIPeIcTaBIIeHbl Ha PHCYHKE 1.

Tabmiia 1. CocTagbl AKHAKHX Top 000p a3y IONHX cMecC e,

0 o
KOMIOHEHT CopiepaHHe KOMITOHeHTa, Mac. %o, B cocTaBe, No
1 2 3 4
Aakoe cTeKo 100 90 50 0
I'miiepuH 0 10 50 100
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PucyHok. 1. Cxema TepMHUecKH 00y CIIORIEHHBIX H3MEHEHHH B HHIIKHX IT0Po0o0paszy I0MHX CMeCTX

AHanM3Upyd IUMHAMHKY HarpeBa CMecel OT KOMHATHOH TeMIIEpaTyphl, MOXKHO BBIACIHTH
CICAVIOIHE KavueCTBEHHBIC H3MEHEHHd B CTpyKrype. [lo moctwxkeHnn Temreparypel 180 °C B
CMECSX, COIEPXKAIHX JKUAKOS CTEKI0, HauWHAeTCd IIPOLECC BCIICHHBAHHA, OOYCIIOBIEHHBIN
HCITapeHHeM XHMHYSCKH CBa3aHHOH BoApl [1]. IIpu »ToM HcTapeHHe GH3HUSCKO# BOABI ITpH = 100
°C He BIMIET Ha CTPYKTYpPY. JampHelimi Harpes A0 220 °C BeleT K YBENHYeHHIO 00beMa TICHHI,
KOTOpad 3aTeM ocTaeTcd ¢cTabHuIbHOMH 10 640 °C (pucyHOK 1). UHCTHI TIHIIEPHH MTPH TTOBBIIISHHH
TEMIIEPATYPhl HAUMHAST HCITApAThCAd M IOMHOCTBEO Hcrmapdercd npu 220 °C. Ilapwl rimmiiepHHa,
ocTarollliecd B Kamepe Ieyd, HedesaroT IpH 400 °C, uro oOYyCHOBIEHO HX TEPMHYSCKHM
pasnmoxkeHHeM [2]. Y coctaBa 3, coaepxarmero 50 mac. % TIMIEPHHA, MPOIECC €TI0 HCIIapeHHd
TaKke TpHCYTCTBYeT. OmHako 1o gocTuxeHHH 400 °C oOpasopaBImadcd T€HA ITOCTEIIEHHO
OKpaIlMBacTCAd B KOPHYHEBO-CEPBIH 1BeT. [Ipollece OKpallliBaHNA CBSA3aH, BEPOSATHO, ¢ MTHPOIN30M
THIepHHa BHYTPH AHIKOTO CTekma. B cocrape 2, comepxkarnem 10 mac. % IHIlepHHa, €ro
HCIIapeHnd He HaOMIofacTed, HO ITPOLeCC OKpalllMBaHHd CMECH ITpH Temrieparype Boiie 400 °C
MPUCYTCTBYET. [Ipn TemrepaType Bhile 650 °C MeHBl BCEX COCTaBOB HAYMHAIOT OCEHaTh 3a Cuer
pasMATUEHHA MacChl CHIIMKaTa HaTpHd. OceflaHue 3aBeplmaeTced Ipu 890 °C.

[Ipu 3arpyske cmMeced cpa3y B 30HY BBICOKMX Temaieparyp (600 °C) HaOmomaroTcd
CIeMYIOIIHe Tporecchl. CocTaBhl, COAEpIKaIllhe KUAKOS CTEKNO (cocTaBhl 1, 2 M 3) HAaUMHAIOT
PE3KO M HMHTEHCHBHO BCIICHHBaThbcd. [IpH STOM XIIOIbA BCIIEHEHHOH MACCHl OTPBIBAIOTCH OT
KHUILAINEH CcMecH W yieTaroT. BcermeHwBaHue amuTed 60-70 CceKyHA, IIOCHe Yero IieHa
cTaOHITH3UPYETCSA U B JallbHEHIIIEM OceflaeT aHaIOTHYHO o0pa3sliaM, HarpeBaeMbIM OT KOMHAaTHOH
TeMIepaTypsl. O0pasipl, COAEpAKAIHE CMECh KHUIKOTO CTEKIa M ITHIIEPHHA, OKPAIHBAIOTCA B
TeMHBIH 1BeT. UHCThIi IHIepHH (cocTaB 4) TakKke CaMOBOCIINIAMEHASTCS, YCTONHUHBO TOPHT B
TedeHHe 20 CEKYHI W TOITHOCTBIO BBITOpacT. CocTap 3 TakK&e CaMOBOCIUIAMEHIETCS W TOPHT,
BCIICHHBAHHE CMECH ITPH STOM BechMa cllaboe. BocIlmaMeHeHHe ITPOHCXOAUT 3a CYET ITapoB
TTIHIIEPHHA, HAKOTUIEHHBIX B 3aKPBITOM ITPOCTPAHCTBE TTEYH.

YcTaHOBIIEHHBIE 3aKOHOMEPHOCTH TTO3BOIIAIOT BRISBUTH (DaKTOPHI (POPMHUPOBAHHA TIOPHCTOM
CTPYKTYPHL II€HOCTEKIIa ITPH HCIONB30BAHHA ITOPOOOPa3yIoIIHX CMecel «KHUAKOE CTEKIIo —
TTIHIEPHH». B YacTHOCTH, IOKa3aHO, YTO IIPH HCIOIB30BAHMH CMECEH C ITOBBIIIEHHBIM
cofiepKaHHEeM TIHIEPHHA TIPOUCXOAUT €ro YIeTYYHBaHHE M pa3lokeHHe (BOCIUTaMEHEHHE).
JKuaxoe cTekno MpH HarpeBaHHM (HOPMHPYET BCIIEHEHHYIO MAaccy, a TaKke HHTHOHPYET IPOoIlece
PasmoKEeHUA TIHIIEPHHA. 3a CHET STOTO MPOUCXOMUT (hOPMHPOBAHUE TIOPUCTOI CHITMKATHOH MacChI,
B KOTOPOH yZepKaHbl TOpoo0pasyIoIIie Taskl OT JerHApaTallii KHAKOTO CTEKIIA H pasliokKeHHA
TTHIEPHHa, a TakKXKe OCTaTOYHBIM VINepoi, BHITOMHMOMNN (QYHKI[HIO MOMOTHHUTEIBHOIO
YIIEPOAHOTO MTOpoodpasoBaTems.

1. Mohsin H., Maron S., Maurin I. et al. Thermal behavior of waterglass: foaming and xerogel-to-glass
evolution // Journal of Non-Crystalline Solids. 2021. Vol. 566. # 120872.

2. Yatsenko E.A., Goltsman B.M., Klimova L.V., Yatsenko L.A. Peculiarities of foam glass synthesis from
natural silica-containing raw materials // Journal of Thermal Analysis and Calorimetry. 2020. Vol. 142(1). P. 119-127.

Pafioma estnoanena npu noddepicke Poccuiickoeo nayunozo onda (npoexm nomep 21-79-00004).
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HAITOJIHUTEJIb CTOMATOJIOTHYECKOI'O KOMITIO3HTHOI'O MATEPHAJIA HA
OCHOBE CTPOHIIHEBOA/IIOMOBOPOCHJ/IMKATHOI'O CTEKJIA
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Glasses based on strontium-aluminum-borosilicate system for use as fillers of composite filling
materials were developed.

B pecraBpalMOHHON CTOMATOIIOTHH Bee Hallle NPUMEHSIOT KOMITO3HTHBIE MaTEpPHAIbI,
COCTOSAIIHE M3 TIOTMMEPHON MaTPHIIBL, HEOPTaHWYECKOr O HATIOHUTENS M CBA3YIOIIErO BEIIECTBa -
armpeTa. HarolmHHTENb, B KaUYeCTBE KOTOPOTO MPEUMYINECTBEHHO HCIIONB3YIOT CTEKIIO, OKA3hIBAacT
CYIIECTBEHHOE BIMAHHE Ha IIPOYHOCTHBIC, TEMMOQH3HMUECKHE M CTETHUECKHE CBOHCTBA TUTOMOHI.
[ToaTOMY OCHOBHBIM HallPaBIEHHEM YCOBEPIISHCTBOBAHNS KOMITOSHI[HOHHBIX CTOMATOIOTHYECKHX
MaTepHalloB ABNAeTCI pa3padoTka cocTapa HarmomHuTenda [1]. B KkauecTBe HaIOMHHTENeH
TPaJUIIHOHHO HCIIONB3YIOTCA ANIOMOCHIHNKATHBIE CTEKIA. biarojapd comepKaHHIO B COCTaBe
OKCHIOB CTPOHIIMS IIOBBIIACTCA PEHITEHOKOHTPACTHOCTh CTEKNa, YBEIMYHBACTCAd XHMHYECKAd
CTOHKOCTH M YMEHBINAaeTCd HX TOKCHUHOCTS [2,3].

[empro paGoThl gBIAETCA Pa3paloTKa CTEKIIOHAIONHUTENA I CTOMATOIOTHYECKOTO
KOMITO3UTHOTO MaTepHaiia Ha 0cHOBE cHCTeMBI StO-Al>O3-S10,.

J19 TIOBBITIIEHHA TEXHOIOTHYECKHX IapaMeTPOB CTEKla B €ro cocTaB OBUIH BBEIEHBI
OKCHIBI OOpa, THTaHa W IUPKOHHA. OKcup, 6opa B KomudecTBe A0 10 mom. % IMO3BOIIET CHHU3HTD
TEeMITEPaTyPy BapKH H IONYYWTH IIPH 3TOM CTEKIO ¢ BBICOKHM 3HAaYSHHEM ITPOITYCKAaHW4, YTO
TOBBIIIAET IIPO3PAYHOCTh KOMITO3UTHOTO CTOMATOJIOTHYECKOTO MaTepHalla H YIIYYIlaeT €ro
5CTETHYECKHE XapaKTePUCTHKH.

Bapxky crekna cocraBa 505102 - 21ALOs - 15SrO - 11B203 - 2TiO; - 1ZrO> mMon.% Benu B
KopyHAoBOM THrie o0beMoM 300 mur mpu Temmeparype 1500 “C B TeueHume 60 mmH. [locre
BBIPa0OTKH Ha METAITMYECKYIO TUIMTY CTEKIIO OTAMUIaNH 4 4 IpH TemirepaType 550 °C, 1mocie yero
OBUTH H3MEpPEHBl er0o TemmopH3Mueckne M (QH3HKO-XUMHYECKHE XapaKTEPUCTHKH: TeMIlEparypa
cTexnopanna Tg=743°C, TKJIP 0=5,8-10 K, mmotHoCcTh p=2662 KT/M°, na=1,55, BOZOCTOHKOCT
— | rugpommrHyeckuii Kiace. CTEKIIO XapaKTepH3YeTcd BBICOKHMH 3HaueHHAMH (Oomee 80%)
CBETOMPOITYCKAaHHA M PEHITeHOKOHTpacTHOCTH (530%). IlomHocThio muddy3HBIN XapaKTep
PEHTTEHOBCKUX TTOPOITIKOTPaMM CBHALTENHCTBYET 00 aMophHON ITpHPOe MaTepHaa.

OLIEHKY OCHOBHBIX TEXHHYECKHX CBOHCTB ITPOBOJAMIN Ha KOMITOZHIIMOHHOM MaTEpHAIE,
TIOITYYeHHOM ITYTEM CMEIIMBAaHHA B YCTAHOBIIEHHBIX COOTHOIICHHSAX CHHTE3HPOBAHHOTO CTEKIIA,
W3METTBUCHHOTO B JIBa 3Tala A0 pasMepob 1+40 MKM, ¢ IOMHaKpPUIIOBOM KHCIIOTOH. Pe3sylbTrarsl
HCIIBITAaHHH KOMITO3HTa CBHAETEIIBCTBYIOT O XOPOIIEM COTTIACOBAaHHH CBOWCTE CTEKIIOHAITOIHHUTEID
H OpraHn4YecKon MaTpHIlBl. [TpOUHOCTh KOMITO3HTA ITPH H3THOe cocTasuima 53 Mlla, mmpu paspeibe —
138 MIla. AxresnoHHad MIPOYHOCTH COSTUHEHNA KOMITO3HTA ¢ TBEPIBIMA TKaHAMH 3y0a JJOCTUTAET
22 MlIIa. BomomormioleHne 0 BOAOPACTBOPHUMOCTh KOMITO3HTa COCTABIIAIOT 17,59 MKT/MM 1 2,12
MKT/MM° COOTBETCTBEHHO.

[lepeuncieHHad BBONE COBOKYITHOCTH CBOMCTB CTEKIIa M KOMIIO3HTA CBHACTEIBCTBYET O
MEPCIIEKTUBHOCTH €70 HCTIOIBb30BAHN A B KauecTBE INIOMOHPOBOYHOTO MaTepHala.

1. Properties of packable dental composites / K. K. Choi [et al.] // J. Esthet. Dent. 2000. Vol. 12. P. 216-226

2. TTotopogckan M. 4. CroMaTonorHueckoe MaTepHaIoBeieHHe: yueGHoe rocobHe. — IMsotap MeauinHa, 2007
(2008). — 192 ¢

3. Tlat. 2028981 Poccriickaa @epepapia, MIIK C 03 C 3/095, 3/09. CTekno mpeHMYLIECTBEHHO A
HAMOMHHUTEIeH — KOMITO3MIIMOHHBIX — CTOMATONMOTHYECKHX — MaTepHanok’  Ceipuikeii  AIL;  3adBHTeNns H
rnaTteHTooGmanaTenb CrIpHLKHE Anekcefi ITetporHa. — Ne 5064558/33; saapm 13.07.1992; ony6. 20.02.1995, -6 ¢.

Paboma evtnoanera npy unancoeoil noddepicre MiHucmepened HOyKU 1 eviciiezo obpazoeania Poccuul
(o dozoeopy 0421 om 15.04.21).
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The effect of phosphorus oxide additives on the properties of fillers of glass ionomer cements as a
filling material has been examined.

[Ipotiecc MaccoBOTO Tepexofa OT IMHK(GOChATHRIX TIIMOMOHMPOBOYHBIX MAaTEPHAIOB,
KOTOpble OBUIM OCHOBHBIMH CPEICTBAMH B CTOMATOIOTHH Ha IIPOTSAKESHHH TouTH 80 mneT, K
CTEKIIOMOHOMEPHBIM IieMeHTaM (CHIL) mponsoren 6marogapa HX BBICOKOH OHOCOBMECTHMOCTH C
TKaHAMH 3y0a, XOpPOIIEH aJresuH, HETOKCHYHOCTH MW KapHeCcCTaTHYECKHM  CBOHCTBAM,
MIPEMATCTBYIOINM Pa3sBUTHIO BTOPHYHOTO KapHeca BCIEACTBHE BBICBOOOKISHNSI HOHOB (ropa H3
HAITOTHUTEINA B IIpoLiecce SKCIUTYaTalliy INIOMOBL, PErYIIHPYEMOH PEHITEeHOKOHTpacTHOCTH [1]. Ha
POCCHICKOM PBIHKE CTOMATOJOTHYECKHX MaTepHalop OONbINyK 4YacTh 3aHumMaror CHI]
3apyOeKHOTO TTPOM3BOACTBA. KoOmWuecTBO 3apyOeKHBIX ITaTeHTOB, IMOCBAINeHHBIX CHI] Ha
HECKOIIBKO ITOPAAKOB GOMNBIIE, ueM 1MaTeHToB P 110 aHaIOTHYHOH TeMaTHKE.

CoOBpeMeHHBIE CTOMATOIIOTHYECKHE CTEKIIOHOHOMEPHBIE IIEMEHTHI IIPEACTABIIAFOT COOOH
KOMITO3UTEL Ha OCHOBE BOJHBIX pPAcTBOPOB ITONHMEPHOH KHCIOTHI W MEIKOIHCIIEPCHOTO
CTEKI4HHOTO IIOPOINKa, KOTOPBIE B pe3ylbTaTe CMEINeHHA o00pasyloT BA3KYIO  IIacTy.
CTeKIIoNopoIIOK, KaK HAIIOMHUTENb, OMPEAENIeT MEeXaHHYECKHE XapaKTePHCTHKH, ICTETHUYECKHE
MapaMeTphl (1Ber, MPO3pPavyHOCTh H (bhIroOpeceHIHA) H SKCILTyaTal[HOHHBIE
(PEHTTEHOKOHTPAacTHOCTh, KpacBOe IIPWIICTaHHWe, TIIPEMATCTBHE Pa3BUTHA KapHeca, BpeMA
CXBaTHIBAaHUA) CBOMCTBa pecTaBpallMOHHOTO MaTepHana [2]. Ha mmpokoe ucmonb3opanue CHIL]
HAKIIAJBIBAIOT OTPAaHHYeHHA CBOMCTBEHHBIE HM HEJOCTaTKH: HH3Kasd IIPO3PAaYHOCTh H3-32 BBICOKOH
KPHUCTAIHM3AI[HOHHON CITOCOOHOCTH CTEKIIa ¢ BBICOKUM COJiepKaHHeM (hTopa M BBICOKHE (CBBIIIE
1600 °C) temriepaTyphl BapKu ¢Tekoln. B maHHONW paboTe paccMOTpeHa BO3MOKHOCTH TOTYYEHHA
CTEKITOOOPasHBIX HAMOMHUTENEH B (QTOPCTPOHIMEBOATIOMOCHINKATHON CHCTEME ¢  IIETBIO
CHHJKEHHA TeMIlepaTyphl BapkH cTekKol go 1500 °C, DOCTHKEHHMA BBICOKOH IIPO3PauYHOCTH H
MIPEIM3HOHHOTO BapbupobaHns 3HaueHH mx TKJIP 3a cuer BBemeHUSI B cocTaB oKcHIa (ocdopa.
JlOTIONMHUTENFHOE BBEACHHE B cocTap  (QocaToB MOKET CMOCOGCTBOBATH — IMOBBITIIEHHIO
OHOCOBMECTHMOCTH, ITPOYHOCTH MaTepHalla H €ro IPO3PavyHOCTH TPH CHHKEHHH TEMITEPaTypPh
CHHTE3a.

Hamu ycraHOBIIeHO, UTO c¢Tekna cocTaBoB 40Si0; — (20-x)AL0O3; — (7+x)P20s5 — 20SrO —
13AlF;, tie x = 1,25; 2,5; 5% (conepxanne P,Os Bappupyercs oT 6,8 1o 11,8 M01.%) MOTYT OBITH
TIONYYEHBl TIPH TemrieparypaxX Bapku 1480-1500 °C. Bapku NIpoBOAWIIM B KOPYHAOBBIX THITIAX
ofbemom 300 Mt ¢ BEIpabOTKON B MeTalmyecKyio Gopmy. ITonyueHne ¢TEKOT IPU TeMITEpaT ypax
Huxe 1500 °C 4gBngeTcd MPHHIMITHATBHO BakKHBIM 14 JallbHEHINEH WX ITPOMBIIIICHHON
peanmzalii. B IMOTYyYeHHBIX OTIMBKAX CTEKON OTCYTCTBOBAIH HHOPOIHBIC BKIFOUEHHA M CIEIBI
Henposapa. [Iporyckanrie oOpasios T coctasuino okoino 90 %. 3HaueHUI PeHTTEHOKOHTPAaCTHOCTH
JUT4 Kaxmoro odpasia npepsnnaii 300 %o.

C yBenmMueHHeM colepkaHuA OKcHAa (ochopa IyTeM 3aMEIeHHA OKCHIA aTIOMHHHSA
MIPOHCXOIHUT YMEHBINIEHHe TTOKas3aTeNd IpeloMIeHHI (ng) ¢ 1,54 1o 1,51, 4To XOpOoITo cormacyercs
CO 3HAYEHUAMH TI0Ka3aTEld IIPETOMIIEHHA TTOTMAKPHIIOBOH MaTPHIBI H O0SCTIEUHBALT YIIYUIIICHHBIE
3CTETHYECKHE XapaKTEepPUCTHKH IUIOMOMPOBOYHOrO MarepHana. TKJIP TOmydeHHBIX CTEKOI
MOHOTOHHO BospacTaer ¢ 44 mo 61-107 K (pucyHok 1), 4TO MO3BONAET IIPEI[H3HOHHO
«IOMCTPAanBaTh» COCTaB, a, clieopaTelbHO, H TKJIP crexmonanomuurens, mon TKJIP momiMepHoH
MaTPHIIBL.
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PucyHoK. 1. 3aBHCHMOCTD TEMITEPATYPHOTO JIHHeHHOTO K03 dHIIHeHTa pac IIHPeHHA OT coflep:kaHHA okcHpa docdopa

OI_[eHKy BpPpEMCHH TBCPICHHA (P]HTepBaJI OT MOMCHTA 3aBCPIICHHA 3aMCIMHBaHHA IICMCHTA
JO0 MOMCHTa HCUSSHOBCHHA OTIICHATKa HIIIBL OT ]'[pHGOpa Buka Ha IIOBEPXHOCTH LEMCHTHOTO

obpasiia) ® TPOYHOCTH TIPH CKATHH TPOBOJMIH HAa  CTEKIOHOHOMEDHOM  I[EMEHTE,
MMPUT OTORIIEHHBIM CMEIIIEHHEM ITOTHAKPHIOBON KHCIOTHL ¢ ITOTYYEHHBIMH MEIKOTHCITEPCHBIMH
CTeKIOonopomKaMi. CpefHee pabouee BpeMs COCTaBHIO S5 MHH, a IIPOYHOCTh Ha ¢KaTHE HAXOAUTCH
B AHara3zoHe oT 96 go 106 Mlla, 4TO COOTBETCTBYET TEXHHUSCKHM TPeOOBAHUAM, ITPEABABIICMBIC
K ITOMOHPOBOYHBIM MaTepHallaM M ITO3BOIIeT PEKOMEHI0BATh HX JAJIA ITPOMBIIIICHHOTO OCBOCHHA.

1. Sidhu S.K. A review of glass-ionomer cements for clinical dentistry/ S.K. Sidhu, J.W. Nicholson// J Funct
Biomater. 2016, Ne 7, P. 1-15.

2. Caluwe T.De. Addition of bioactive glass to glass ionomercements: Effect on the physico-chemical
properties and biocompatibility/ T. De Caluwe, C.W.J. Vercruysse, 1. Ladik, R. Convents, H. Declercq, L.C. Martens,
R.M.H. Verbeeck // Dental materials. 2017. Ne 33.P. 186-203.

Paboma evtnoanera npy unancoeoil noddepicre MiHucmepemed HOVKI 1 ebicHiezo obpazoeaniia Poccui
(o dozoeopy 0421 om 15.04.21).

BJIMAHUE BbIOPA OPTAHHYECKOI'O PACTBOPHUTEJE HA CBOMCTBA
OPT AHOCHJIMKATHBIX IIOKPBITHH HA OCHOBE ITOJIMMEPA
JJECTHUYHOI' O CTPOEHHA

Bormxos B.1.!, [Toneraep K.A2, I'neGosa U.B.!, Cokonos I'.C.!, Xopomrasusa IO.B.!,
MTnnosa O.A.!

[ Hcmumym xusn cunukamoe um . B. TpeOenupuroea PAH, Canran-IemepOype, Poccua
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The influence of the choice of an organic solvent for organosilicate compositions based on
organosilicate polymer and the temperature of heat treatment on their properties is shown.

OpHa W3 3HAUMMBIX 3a]a4, CTOAINNX IIepell YeNOBEYECTBOM, — 3allliTa MATEPHAIOB OT
KOpposHH U GHooGpacTaHud. OpraHocHIMKaTHEIe TTOKpRITHA (OCII), paspaboranusie B UXC AH
CCCP B cepemrHe MPOIIIOTO BeKa, YCIEIMHO HCIIONB3YIOTCA B KaUeCTBE 3IEKTPOH3OIISIMOHHBIX
MaTEPHAIIOB, 3TH TOKPBITHA OTITHYAOTCA KOMITIEKCOM IIOJIE3HBIX CBOMCTB (aTMOC(EPOCTOMKOCTS,
TEMIIEPATYPOYCTOHUHBOCTD, PaJHallHOHHasd CTOHKOCTh). [Ipomomkas M pasBHBas HCCISTOBAHHA
MPEAMIECTBEHHHKOB 10  COBEPIICHCTBOBAHHEO DKCIDTYAaTAl[HOHHBIX CBOHCTB M TEXHOIOTHH
nomyuerrsg OCII, MBI H3y4adH BIHAHHE PasTHUHBIX (DaKTOPOB Ha MX (HUBHKO-XUMHYECKHE H
3MeKTpOohH3HISCKHE XapaKTEPUCTHKH | 1, 2.

B manHOW pabGore IpoBefieHO cpaBHeHMe cBoMcTB  OCII, TOIY4EeHHBIX W3
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OPTAaHOCHIIMKATHBIX KOMIIO3HIIMH HAa OCHOBE KPEMHHHOPraHMYeCKOrO ITONHMEpPa IIECTHHYHOTO
CTpocHUd TonupeHmwIcHiceckBHoKcana ([IMCCO) mpu  HCIONB30BaHHH — JBYX — Pa3HBIX
OPTaHHYECKHUX PAacTBOPHTENEH — Oollee TOKCHYHOTO TOITYOIa H MeHee TOKCHYHOT O KCHITONa.

Beimi  HccneoBaHbl  (DH3HKO-MEXaHHUECKHEe CBOHCTBa (Yrol CMauHBaHHS, TBEPHOCTD,
anresud). OlleHKa VyIjla cMauMBaHHA (0) TPOM3BOAMIACE ¢ TIOMOIBI0 ToHHOMeTpa JIK-1,
OCHAIlICHHOTO  KOMIIbIOTepHOIH  mporpammoii  DropShape, cormacio T['OCTy  7934.2.
OTHOCHTENBHYIO TBEPAOCTh TOKPBITHI OMpPeAeATi M0 MasTHUKOBOMY TpuGopy (mo Ilepcosy),
IFOCT 52166, AAresvro TOKPBITHH OMPEeJelAid ¢ IIOMOINBED aAre3HOMeTpa — II0 METOAY
PelIeTUaThIX Hapes30B, H OLEHHBAIH 110 YeThlpexOambHOH cucTeMe, ['OCT 15140.

AJnresnd TIOKPBITHH, HE3aBHCHMO OT BBIOOpa PacTBOPHUTIENEH, OKa3alach BBICOKOH M
cocTaBmia 1 Gamn. Yron cMauWBaHHSA W TBEPAOCTH TIPH PasHBIX PAcTBOPHUTENAX ITPEICTaBlIcHa B
Tabmite 1.

W3 Tabmuiiel 1 BUAHO, YTO MOKPBITHA BHE 3aBHCHMOCTH OT BBIOOpPa pacTBOPHUTEIA O0IalatoT
JIOCTAaTOYHO BBICOKOW OTHOCHTEILHOH TBepAocThIo 0,3-0,4. OCII, momy4eHHbIe ¢ HCIIOb30BAHHEM
TONYONa, SBIMIOTCA THUAPOQIIBHBIMH, KaK He TOJBEPTHYThIE TepMooOpaboTKe, TaK M TIOCIE
TepMo00paboTKH B AxarnasoHe 50-500°C. OCII, H3roTOBIeHHBIE Ha OCHOBE KCHIIONA, H3HAUAIIBHO U
BIDIOTH J0 400°C, aBmsmiuch THapodoSHBMH. [Tocne ToBBIMeHMS TemiepaTypsl Ao 400-500°C
HaOIIOAANOCh 3HAUMTEIIBHOS CHHJKEHHE YIIa CMauMBaHHA A0 32 IpagycoB, T.e. IIOKPBITHA
CTAHOBWITHCH THAPOMHITbHBIMH.

Brima MccneopaHa TemMIiepaTypHad 3aBHCHMOCTh ITOBEPXHOCTHOTO corpotublieHnd OCII B
JTHara30He TeMIIEpaTyp OT KOMHaTHOI 10 500°C, ¢ AMHTeIbHOCTRIO BEIACPKKH 2 Haca (PHCYHOK 1),
¢ TIOMOIIBIO SNEKTPOMETpa — H3MepHTeNd GONBIHX compoTHpleHHi Kiethley 6517B ¢ gueiikoit
Model 8009.

Tatmia 1 — @uzmuko-MexaHHIeckHe cBoficTBa OCII Ha ocHoBe IIQCCO cdopMHpOBaHHBIX C
HCTIONB30BAaHHEM Pa3HBIX PACTBOPHTENEH H NMPH pa3siHYHBIX TeMIIepaTypax.

TI®CCO B TonvoIE TI®CCO B KeHnogie
Tenmepatypa ¥ron cMauiBaHHA TrepaocThb Yron cMayHBaHHA TrepnocThb
(rpagycer) (oTH.€71.) (rpagycer) (omH.€71.)
KomHaTHanA 78,9 0,28 121,2 0,32
50°C 79,4 0,31 102,3 0,29
100°C 82,8 0,33 117,6 0,31
150°C 71,8 0,31 106,6 0,35
200°C 81,8 0,33 112,5 0,35
250°C 67,2 0,31 95,9 0,36
300 °C 76,6 0,36 113,7 0,36
350°C 88,8 0,28 103,2 0,28
400 °C 89,1 0,31 96,2 0,31
450 °C 74,4 0,31 34,4 0,33
500 °C 85,1 0,29 32,5 0,47
1.0E+13 +
2 =
H B s
H B
& 1.0E+11 e LR L + IIOCCO ma
@ [ | * ¢ 0 TomynTe
BIIDCCO Ha
1.0E+09 - » KCHIIOTIE
0 200 600
t,°C

PrcyHOK. 1. 3aBHCHMOCTD IMOBEPXHOCTHOTO JEKTPHYECKOTO COMPOTHRIEHHA (S) MOKphITHA Ha ocHoge [1IDCCO Ha
PasHBIX PACTROPHTENAX OT TEMITEPaTyPbl hOpMHp OBaHHHA (t).
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W3 pucynka 1 sugHO, uto OCII, TTONYYEeHHBIE ¢ HCIIONB30BAHHEM OOOHX PacTBOPHTENEH,
ABIOTCA  ApdieKkTpHueckuMd  (101°-10'""  Om) go  300-350°C, 3aTeM  IIOBEPXHOCTHOE
COITPOTHBIIEHHE MTOKPHITHI Ha OCHOBE TONyolla yMeHbInaerca 10 10° Om. OCII, cHHTe3HpOBaHHbIE
C MCIOIb30BAaHHEM KCHIIOIA, IBIIII0TCA 0ONee BEICOKOOMHBIMH. Jlake moclle TepMooOpaboTKH TIpH
500°C OHH COXPaHSIOT ZHAIEKTPHYecKHe cBoicTra (>10!! Om).

Taxum oOpasom, mma OCII Ha ocHoBe [TMCCO, He3aBHCHMO OT BBHIOOpa OPraHH4ecKOTO
pacTBOpUTENd, OOHApyKeHa TeHJEHIIMA K YMEHBIIEHWI0 3HaYeHHH HX IOBEPXHOCTHOTO
3MEKTPUYECKOTO COIPOTUBIICHUA ITPH HarpeBaHuH oT 400°C U BhOIe. 3TO CBA3aHO ¢ BBITOpaHHUEM
oprannueckor acth [TOCCO. g coxpaHeHHA BBICOKMX 3HAYEHHH YIEIBHOTO COIPOTHBIICHHUA
(10'2-10"3 OM) peKkoMeHAyeTCS MPOBOAMTH TepMooOpaboTky stix OCII He Bhime 350 °C. Bruto
MOKa3aHo, YTO BEIOOP OPraHMYeCKOr0 PacTBOPHUTENS CYIISCTBEHHO BIMIET Ha YIONl CMAayHBaHHA U
snekTpudeckue cpoiictea OCII Ha ocHoBe [TDCCO. O6bICHEHHE MeXaHH3Ma PH3HKO-XHMHUSCKHX
MIPOLIECCOB, IIEKAINX B OCHOBE HaWJEHHOTO ABIEHHS, TpeOyeT NOTOMHHUTEIBHBIX HCCIeTOBaHHUH,
KOTOPBIE B HACTOAINEE BPEMS IPONOITKAIOTCAL

1.Bomukor B.I., I'neGoga ILE., Cokonos I'.C., XopomasuHa HO.B., ITTunora O.A. TepMocToHKHE MMOKPBITHA
Ha ocHoBe IT@CCO xama sKCIUTyaTallid B Mopckoid Boge// OyHKIHOHANBHbIE MaTepHalbl: CHHTE3, CBOHCTBRa,
rpuMeHeHHe. Tesucnl qoknazoB XIX BeepoccrHiickoid MomonexkHoH Hay uHOH KoHbepeHIH, MoCcRAMeHHOH 110-1eTHIo
CO AHA pOKIEHHA A.X.H., rpodeccopa A.A. ArmeHa. CII6: MIXC PAH, 2020, ¢ 191-192.

2 Boumrkors B.M. 1 ap. Temriepatyp oy cTOHYHBEIE 3IIEKTP OH3OIALIHOHHEIE [TOKPBITHA Ha ocHoBe [IQCCO mna
SKCIUTVATallHH B MoOpcKoii cpene // Xumia mnsa GCHONOTHH, METHLHHBI, SKOMOMHH H CENbCKOTro x03AHcTRa. COOPHHK
TE3HCOB AOKNAJ0B BToporo MeIyHap oJHOT0 CHMITO3HYMa, TTocBAIeHHoro 100-1eTHIo co JIHA poMeHHA akajeMHKa
M.T. Boponkoga. CII6.: IXC PAH, :2021, ¢ 61-62.

HOBBIE BHMAT'HUTHBIE HAHOKOMITIO3HUTHI

[menko O.A., Kypunenko JL.H., Audrmosa U.H., Autpornosa T.B.
Hremumym xuvuy cumuramoe M. H B, Tpebenupuroea PAH, Canxkm-Hemepoype, Poccua
e-mail: Zubanova_ OA@mail.ru

New composite materials comprising manganese oxides (Mn:Oy, x = 1, 2, 3; y = 2, 3, 4) are
synthesized based on high-silica magnetic nanoporous glasses. The chemical composition and
magnetic properties of new materials are studied.

AKTyallBHOCTh PabOTBl OIPENENIeTcd IEePCNEKTHBHOCTRIO ITPUMEHEHHS KOMITOSHTHBIX
OUMArHETHKOB B KauecTBe (YHKIMOHAITbHBIX 3IEMEHTOB TIPH CO3MaHWH 3HEPTrOHE3aBHCHMOH
pesucTHBHON mmamMarH THila MRAM (Magnetoresistive Random-Access Memory), ReRAM
(Resistive Random-Access Memory).

B ogmaHHON paboTe HOBbIe HaHOKOMIIOSHTHL (HKM) ¢ OWMarHWTHBIMH CBOHCTBAMH
CHHTE3UPOBAHBI TI0 pa3paboTaHHON HaMH METOAMKe (OPMHPOBAHHA OKCHIOB MapraHIla BHYTPH
MOPOBOTO TIPOCTPAHCTBA AHIISKTPHUSCKHX TOPHCTHIX cTekon ([IC) (cm. B [1]). PesymprarTel
HCCNTemoBaHua (azoporo cocraba Takux HKM meromom POA MOATBEPIHUIH MPUCYTCTBHE B HHX
MHKPOKPHCTAIIHYeCKHX (a3 MnO2, Mn,O3 H cMelllaHHOro oKcHga Mn?"Mny*"O4 (Mn304) |1]. B
HacTofmeH pafoTe B KadecTBe host-MaTpHI[ AN TPOTHTKH OBUIM HCIOIB30BaHbl MAarHUTHBIC

TIOPUCTHIE CTEKMTa (3a CUeT MPUCYTCTBUS B COCTaBE MaTPHIL arTIOMEPaTOB Kemes3a B (pase MarHETUTa
Fes304 |2|) apyx Trnos MUII u MATI (Tabnwa 1).

Tabnriga 1. CocTaB M0 aHATH3Y W LIaPaMEeTPhl TTIOPHCTOH CTPYKTYPhI MAaTHHTHBIX [TOPHC TBIX CTEKOJL

CocTag, mac. % TTapaneTpbl MOPOROro P OCTPAHCTEA
Tun I[1IC . TloprctocTh | YaenbHas MoBepxXHOCTh | CpeHHI JHaMeTp
Nazo B203 SlOz F6203 FeO W, % rop Sy,q, sz'rl" rop D, M
TIC-MIIT | 0,73 4,97 | 9191 | 2,25 0,4 33 90 5
TIIC-MAII | 0,89 5,26 | 80,65 | 10,30 | 2,64 55 60 5 H 50-60

Iprmedarse 1: TaGnuifa no gaHHBIM [3].
ITprmeuarsie 2: o6ozHaveHHe THroB [1C nipHBesieHo cornacHo TepmyHoaorid C.I1 XnaHosa [4].
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CormacHO pe3yllbTaTaM XWUMHYSCKOTO aHalW3a CHHTe3HpoBaHHbIX HKM, mposemeHHOrO
IDTAMEHHO-() OTOMETPHYSCKHM  METOMOM, B o0pasifaX, He3aBHCHMO OT THIa [IC-mMaTpHIreL,
comepautrcsa ~ 0,11 mac.% okchpa mapradiia (B Tiepecdere Ha MnQ). YCTaHOBIECHO pasmHYHE
BHEIHETO BHAA IETelh MAarHUTHOTO THCTEPE3Hca MCXOMHBIX MAarHUTHBIX [IC H HaHOKOMITO3HTOB
Ha UX OCHOBE, KOTOPOE CBHIECTENBCTBYET O TOM, YTO Ha MarHHTHbIe cBolcTBa HKM B3ammHOE
BIMSIHHE OKas3blBaeT HalH4He JBYX MAarHUTHBIX nogcucTeM (FesOs n MnyOy). Pesymbrarhl
HW3MEPEHN I MarHUTHOTO THCTEPE3Hca ITPH KOMHATHOM TeMIiepaType TOKa3bIBalOT, UTO B CPaBHEHHH
C HUCXOJHBIMH MAarHWUTHBIMH [IC, CHHTE3HMpOBaHHBIE HAHOKOMITOZHUTHL OOllee MAarHWUTOKECTKHE H
o0magaroT GONBIIIMM MAarHHUTHBIM OTKIIHKOM. A HMEHHO, KOSpIHMTHBHAA ciina HKM yeemmunBaeTca
Ha 25% ® cocTtaBigeT 225 3, ocTaTOuYHad HaMarHHYEHHOCTh YBENMYHMBAcTCA ITOYTH B 2.5 pasa,
HaMarHHYEHHOCTh HaCHITIICHHA YBeIIMUHBASTCA BIBOS H cocTapIror 2,41 sm.en/Tr u 10,320 »m.en/T,
COOTBETCTBEHHO. [lomydeHHBIE pPe3ylmbTaThl TO3BOJIIOT YTBEpAKmarh, 4uro HOBEle HKM,
CHHTE3HPOBAHHBIE Ha OCHOBe MarHeTHTcomepkKammpux [1C-marpui tvmos MHWIT u MAIL myrtem
(hopMHpPOBaHUA B TIOPAaX OKCHAOB MapraHIla, SBITIOTCA OHMArHETHKAMU.

1. ITmenko O.A., ApcentseB M.IO., Kyprnenko JLH., Autporioga T.B. HoBble KOMIIOSHLIHOHHBIE MaTEPHANEI
Ha OCHOBE HAHOTIOPHCTBIX CTEKOM, COAEpKallHe OKCHAbI MapraHila // DHsHka H xumMHA cTekna. 2021, T. 47, Ne 5,
C. 525-532. DOI: 10.31857/S0132665121050127

2. Ilatent RU 2540754 «Crioco8 MOMYyYeHHA BBICOKOKPEMHE3EMHOTO TMOPHCTOTO CTEKIa ¢ MarHMTHBIMH
cBoficTBaMHy» / AHTporioBa T.B., AHdumora ILH., dposgora ILH., Kocteipera T.T., TTomakora M.T., TTmeHko O.A.,
Cronap C.B.; 3aaBHTEIs H MaTeHTooGIagaTenb HHCTHTYT XHMHH CHITHKATOR MM. 1. B. I'peGeHmpkora PoccHiickoid
aKajieMHH HayK; 3aABka Ne 2013154214, zaasn. 05.12.2013; onyGm. 10.02.2015, Bron. Ne 4,

3. Rysiakiewicz-Pasek E., Cizman A., Antropova T., et al. An insight into inorganic glasses and functional
porous glass-based nanocomposites / Materials Chemistry and Physics. 2020. V. 243. Article 122585.
doi:10.1016/j.matchemphys.2019.122

4. TTopHcTeie cTeKNa H HX CTpyKTypa / Koanwoe CII. /[ Wiss.Ztschr. Friedrich-Schiller-Univ., Jena, Math.
Naturwiss. Reihe. 1987. Bd 36. H 5/6. S. 817-830.
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POPMHPOBAHHUE MOJIEKYJIAPHBIX KJIACTEPOB CEPEBPA ITIOJIMMEPHO-
COJIEBBIM METOJOM B HAHOIIOPHCTBIX CTEKJIAX
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Composite materials containing molecular clusters of silver, silver nanoparticles and zinc oxide
have been synthesized. Spectral-luminescent properties of composites are investigated.

H3BecTHO, UTO ITOPHCTHIE CTeKla oOMafaloT PasBHTON ITOPHCTOH CTPYyKTypoit [1], uro
TO3BONAET HCIONB30BaTh MX B KauyecTBE MaTpHI[ 14 CO3JaHMd Ha HX OCHOBE Pas3lMYHBIX
(bYHKIMOHATBHBIX KOMITO3HTOB [2].

MonekyngpHele KacTepsl cepelpa, COCTOAINHE W3 HeOONBINOTO KOIWYECTBa aTOMOB H
HOHOB, ABILAIOTCA ITPOMEXKYTOUHBIM ITPOAYKTOM IIPH 00pa3oBaHHH HAHOYACTHI[ Ag W3 aTOMOB H
noHoB cepebpa |3]. CTpyKTypa W ONTHYECKHE CBOHCTBA MOJICKYILIPHBIX KIacTEPOB cepedpa
CYIIECTBEHHO OTIIHYAOTCd OT CTPYKTYPBI M CBOHCTB HaHo4dacTHI] Ag |[4]|. MomekyndapHbie
KITacTepbl HeOONBINX PasMEPOB IIOTTIOMAIOT CBeT B Y@ JAHamasoHe H IPOIBIIOT BBICOKHE
TFOMHHECIEHTHBIE CBOMCTBa, 4YTO IIO3BONIET HMX HCIIONB30BaTh B PasIHYHBIX CEHCOPHBIX
MIPHITOKECHAIX.

[TockombKy MONEKYIApPHBIE KIacTephl cepedpa B3aHMOACHCTBYIOT APYT ¢ APYTOM H ¢
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OKPYKarollleH Ccpelol, aKTyalbHOM CTaHOBHTCA 3afaua [0 MX crabwmisaimu [5]. OxHHM H3
BO3MOKHBIX BapHAHTOB PEIIEHWd OSTOH 3aJadd MOXKeT cTaTh (OPMHPOBAaHHE MONEKYIIIPHBIX
KITacTepoB cepebpa BHYTPH HaHOMOPHCTHIX CTEKOIL, HTPAIOIIHX POIb MATPHIIBL, ¢ HCIIONB30BaHUEM
MOIMMEPHO-COTIEBOTO METOA.

B kauecTBe OCHOBBI TS KOMITO3HTA HCIIONB30BANOCh HaHomopHcToe crekno (HIIC) tuma
MHII (o6pasibl B BHAC IIMACTHH TOMINMHHON 1 MM), XapaKTepHayiolieeca oOIieH MOPHCTOCTHIO
29 %, yaenbHOI MOBEPXHOCTHIO TTOp 164 M2/T M UMEIOITIee CPeIHIIT pasMep op 3 HM.

Jma MoguGHKaIlMH TTOPHCTOrO ¢Tekna (Zn0O-Ag) KOMITIOHSHTaMH ITPHMEHSIICS TTOIHMEPHO-
CONEBO METOJ, MCTONb30BAHHBI HamMH paHee B [6]. B KauecTBe MCXOIHBIX MaTEepPUATIOB A4
CHHTE3a KOMIIO3HTOB HCIIONB30BAIN BOJHBIN pacTBOp, cofepxkamuii Zn(NO3)2, AgNO3 n
BBICOKOMONEKYIApHBIH  (Mw=1300000) momupmHwtmippommgon (I1BIT). Tlpouenypy cHHTe3a,
BKIOYAIOIIYIO IMPOIUTKY HITC 1 mocneayromnyro TepmMooOpaboTKy, OCYINECTBIIIN B COOTBETCTBHH
¢ [7]. Ucrnonp3oBami TakoH pekHUM TepMOOOpPabOoTKH, KOTOPHIH TTO3BONIeT H30eKaTh pa3pylllecHH
oOpaslila W OOeCIleunBaeT IIONHOE PaslokKeHHe HHUTparoB MeTtamop W IIBII u  ymaneHue
ra3z000pasHBIX IPOAYKTOB.

W3MepeHHe CTIEKTPOB TIOTJIOMIEHNUS OCYIECTBIANOCh Ha criekTpodoTtomerpe Perkin Elmer
Lambda 900 B chnextpaapbHoM AuamasoHe 200—-800 wm. JIngd HcclemOBaHHA CIEKTPOB
(hOTOMIOMHHECTIEHIMH TTPUMeH A4 (hIyopeclieHTHBIH criekTpodotomerp Perkin Elmer LS-50B.

Ha pucyHKe 1 mpefcTaBieHBI CIEKTPHI JTIOMHHECIEHIIMH ¢ JJIHHAMH BOIH BO30YKISHUA
385, 390, 395 um 400 um. Ha criekTpax HaOmOJaeTcd HECKOIBKO IIONIOC JFOMHHECIICHIIHH B
quamasoHe or 560 mo 620 HM. Hamiune pasnmuUHBIX IIONOC JTIOMHHECIICHIIMM Ha CIEKTPE
0o0bsIcHAeTCA (GOPMHPOBAHHEM PA3MHYHBIX MOICKYIAPHBIX KIAcTEPOB, CTa0HIH3AI[HH KOTOPBIX
crocoGeTBYeT (popMupoBaHHe HaHOKpUCTaITop ZnO [ 8] v HamMYHe TOPHCTOR MaTPHIHL.
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PucyHok. 1. CHeKTphbl TIOMHHECLIEHI THH CHHTE3HP OBAHHOTO KOMIIO3HTa HAa OCHOBE MTOPHCTOTO CTEKJIa I10cie
TepMoobp aboTKH

[TokazaHo, UYTO TONMMMEPHO-COTICBOH MeTOJ| IMO3BONAeT C(OPMHPOBAaTH B MaTpHIE H3
HAaHOITOPHCTOTO CTeKla M COXPaHHUTh ITOCNIe TepMOoOoOpadOTKH MOIEKYIApPHBbIE KIIacTepel cepedpa
Agn (n<5). QOTOMOMHHECHIEHIIMA STHX KIIacTepoB HaOMIOMaeTcAd B BUANMOM AHalla30He CIIEKTpa
TIPH BO3OYAKISHUH KENTHIM/OpaHKEBHIM CBETOM. BOAOPacTBOPHMEIN OpraHHYeCKHil TTOMHMep —
TMOMHBHHUIITHPPOIMAOH — HIPacT POIb HU3KOTEMIICPAaTYPHOTO CTa0HITH3HPYIOIIETO arcHTa B
pactBopax. IIpHM BBICOKHX TeMIlepaTypax CTaOWIHM3alia HeOOINbIIHX JTOMHHECITHPYIOIIHX
MONEKYIIIPHBIX KITacTepoB Agn JOCTHTaeTCd 3a CUeT HMX ITPOCTPAHCTBEHHOTO PasAelicHHSI ¢
HCITONMB30BaHHEM TTOPHCTON MaTPHITEL, a TakKe (hOPMHPYIOITHXCA OKCHIHBIX HAaHOKPHCTAIIOB ZnO
B Ka4eCTBe HaHOOAPbEPHBIX CIIOCH.

1. Kreisberg V.A., Antropova T.V. Changing the relation between micro-and mesoporosity in porous glasses:
The effect of different factors // Microporous and Mesoporous Materials. 2014. V. 190. N 1. P. 128-138. DOI:
10.1016/j.micromeso0.2014.02.002.
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30JIb-I'EJIb MgO-Al203-Zr0:-SiO: IIOKPHITH A
U YITPOUHEHHI S KBAPIITEBOII KEPAMIKI

Epcrpombes C.K.12°, BomemaxuH B.M.2, Cricomarsm C.0.2, Nanmmosmy J.I1.2°, Jemunos B.B.2,

Caparobpekmii A.C.>** Byneira J1.B.2, Jlykenscknii K.B.2
"Vaueepcumem HIMO, Canxm-IHemepoype, Poccun
ZHITO 7 FOH um C.H. Basuroea®, Canxm-Hemeptype, Poccun
SCanrm-Ie mepOypeckitll 200y0aPC MESHHBIN MEXHOTO2UYe CKULE MHCTUMYIN (eXHIYec Kiil yHuge peumen),
Canrxm-Ilemepoype, Poccua
‘Hcmumym xuau cuauramoe ust H.B. Ipebenmmroed PAH, Canrxm-IHemepoype, Poccun
e-mail: evstropiev@bk.ru

The influence of sol-gel MgO-Al>03-ZrO>-SiO>2 coatings on mechanical strength and phase
composition of quartz ceramics was studied.

KBapiieprle KepaMHKH IIMPOKO HCIONB3YIOTCA TPH CHHTE3E CTEKNa, B METAUIYPTHH H B
MMPOYUX OTPaciIX ITPOMBIIUICHHOCTH. ONHHM W3 OCHOBHBIX HEJOCTaTKOB IOJOOHBIX KEpamMHK
IBTIIeTCA WX HH3Kad MeXaHH4YecKad ITPOYHOCTh M HH3Kad TeMIlepaTypHad cTaOHIbHOCTH [1,2].
[TpuurHOH »TOrO gABHIgeTcd (asoBBI TEPEeXO] OT KPHCTAINIMYSCKOH CTPYKTYPHI KBaplla K
CTPYKType KpucroOanura [3]. Hcrmons3oBaHHe 30Ib-Telb I[OKPBITHH ABIAETCA OOHHM M3
MIEPCIIEKTUBHBIX CIIOCO00B MTOBBITIEHHS IIPOYHOCTH KBAPLEBBIX KEPaMHK.

Hcronp3oBaHie 305b-Telb  MOKPBITHH cocTaba MgO-AlO3-ZrO2-S10; mnpearmonaraet
HCIIONb30BaHHE HEJOPOTHX H IMHPOKOJOCTYIHBIX ITPEKYPCOPOB. 30NH, HCIONB3YEMBIE B XOAE
TaHHOM paloThl, OBITH MOTYYEHBI MTYTEM CMEINMMBAHHA BOTHBIX PacTBOopoB Mg(NO3), AI(NO3)3,
ZrOCly, mnomusuHummpponugoHa (IIBIT) ¢ pactBopom TerpadTokcucunaHa (TD0OC) B
H30ITPOMTHIoBOM crpre. Jumernadopmamia (JIMDA) 6bIT HCTIONH30BaH B KauecTBe JOOABKH T
KOHTPOIIA CTalWH BBICYIIMBAaHWI MW IIPeJOTBpaIllcHHd pacTpecKuBaHua Trend, [IBII Obin
HCTIONB30BaH I cTalHIHM3aIMK (hOPMHPYIOITNXCA HAaHOYACTHIl. BBICYINIEHHbIE TeMH U 00pasibl
KEpaMHUKH, TPOITHTAHHOW 3014MH, OBIIH TOABEPTHYTHI TepMOOOpadOoTKe B TEYEHHE 2-X YacOB B
SMEKTPUUYECKON MyheTbHOM TeUuH MpH pa3sTHYHbIX TEMITEpaTypax.

CormacHO JNaHHBIM PEHTTEHOCTPYKTYPHOTO aHallW3a, CBIPBIe TENH, a TaKXKe TelH,
TepMooOpaboTaHHble TPH TemIeparype 600 °C IOMHOCTBIO COCTOAT U3 aMopbhHOH (ha3bl.
Kpucrammuzalma HauMHaeTcd TIpH  TemepaTypax oT 900 °C. B gudpaxrorpammax
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TepmMooOpaboTaHHbX IpH 600 °C xepamuk ¢ mokpeiTHeM MgO-Al,03-ZrO>-Si0, HabmomaeTca
3aMETHOE YMEHBINIEHHE OTHOCHTEITbHOH HHTEHCHBHOCTH ITHKOB (pa3bl KpHCTOOAINTa 10 CPaBHEHHEO
¢ HCXOOHOH Kepamukon. Taxkum oOpasoMm, IIOKPBITHE IIPEIATCTBYET KPHUCTOOAIMTH3AMA
KBapIeBON KePaMHUKH B XOE TepMOOOpabOTKH. Pe3ylibTaThl HCITBITAHHA MEXaHHYECKON ITPOYHOCTH
KepaMHK Ha W3THO ITpeacTaBlieHbl Ha PUCYHKe 1.

26

n
o

=
o

Bending strength, MPa
=

3 7
Different types of ceramics processing

PucyHoK. 1. Pe3syabTaThl MCTIBITAHHIA MeXaHHTEeCKOH NP 0YHOCTH KBAPLIEBOE Kep aMMKH: 1 - HCXOAHBIH oGpasel]
KepaMHEH; 2 - KepaMHKa, 00paboTaHHas 307eM; 3 - HexXoHaA Kepamika rocie TO (1200 °C, 1 4); 4 - HexonHan
Kepavika rocne TO (1200 °C, 1 g+ 600 °C, 2 1); 5,6,7 - Kepamiika, o0paboTaHHaA 30JAMH ¢ pa3IHYHBIM
COOTHOIIEHHEM KOMITOHEHTOR;

W3 Pucynka 1 BHEHO, 4TO HcCIONb30BaHHE IOKPBITHA MgO-Al,03-Zr0»2-Si02 mo3BOIgeT
3HAYHUTEIIBHO IIOBBICHTH MEXAHHYECKYIO ITPOYHOCTh KBapIleBOH KepaMuKH. Takum oOpa3om,
MpeATlaracMoe  TOKPBITHE MOXKeT OBITh HCIONB30BAHO IS IIOBBIIMIEHHA TeMIIEpaTypPHOH
cTaOHITPHOCTH U YITPOUHEHH A KBaPLEBOH KePaMHUKH.

1. Xu H,, Liu J., Guo A., Du H., Hou Z. The slip casting rate for quartz ceramics// Refractories. 1973. T. 14. C.
509-512.

2. Egctporser C.K., BoneiHkux B.M., [TlamkeH A.B., TatunH FO.A., Jdykensckiii K.B., KopoGeiHikos AL,
IMonakor B BmiaHHe omHOCTagMEHOH 00paGoTk KBapLIeBOH KepaMMKH reneoOpasyIONHMH pacTBOpaMH Ha
MPOYHOCTHBIE XapaKTepUCTHKH // HayuHo-TeXHHYecKHH BeCTHHK HH(OPMAIHOHHBIX TEXHOIOTHH, MeXaHHKH, OITTHKH.
2014. Ne5. C.46-51.

3. Dehghani P., Soleimani F. Effect of cristobalite content on physical, dielectric constant, and bending
strength of fused silica ceramics formed by slip casing method//Advanced Ceramics Progress. 2021. T. 7. No22. C. 16-
22.

Paboma esinoinenda Apu noddepicke Koaumema no Hayke u evicuieli uwirone IHpaeumenscrmea Cankm-
Hemeptypea (npoexm womep 00-000).

TJIASMOXUMHYECKHII CHHTE3 CTEKVIOKPUCTAJUVIMYECKOI'O
MATEPHAJIA C AHOPTHTOBOH $PA3Z0H

[MTexostios B.B., Ckpurmnkosa H. K., CemeHoBRIX M.A.
[ Toneriit 20cvOape MEeHHbI APXUMEKIYPHO-CMpoUmensHotii yuueepe umem, Tonmcx, Poccus
e-mail: semenovykhmark@gmail.com

The paper considers the possibility of synthesizing the anorthite phase in the composition of a glass-
ceramic material obtained by plasma melting of a granular charge.

B npempiayimx paborax [1, 2] OBIIM YCHEIHO MOMYyYEHBI PacIiaBbl M3 TYTOIDIABKHX
CHJIMKATHBIX MAaTepHAloB ¢ HCIIONb30BAHHEM SHEPIHH TEPMHUSCKONH TmiasmMbl. Mcmomb3oBaHHE
TEPMHYECKOI TIIa3MbI TIO3BOIIAET MOMY4aTh PACIIaBhl B CPelie CO CPeTHEMACCOBOH TeMIlepaTypoit
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or 4500 mo 6000 °C, 4ro IMO3BON4ET IONY4YaTh T'OMOIE€HHBIE KOHJICHCHPOBAaHHBIE MaTepHalbl ¢
Pa3IYHBIM XHMHYECKHM COCTaBOM. B CBA3H ¢ STHM LENBIO JaHHOW PadoTHL 4BIAETCA Pealli3alisl
CHHTE3a QHOPTHUTOBOI (hashl MpPH ITPOM3BOACTBE CTEKIMOKPHCTAIMYECKON KEPaMHKH METOAOM
TIIa3MEHHOTO BO3AeHCTBHA Ha KOMITOHEHTHBIE TIHXTHI

B KxadecTBe CHIPHEBBIX MATEPHANIOB MCIONb30BamHch: CaQ — M3BecTh HerarmmeHad, AloO3 —
THHO3eM, S10> — KBapleBhIit MeCOK. XUMHYECKHH COCTAaB HCIIONb3YEMBIX KOMITOHEHTHBIX ITHXT
OpU1 TIOZOOpaH Takum oOpa3omM, 4YTOOBI COCTaBbl IIOMAJalld B KpaWHHEe TOYKH OONacTH
KpHUCTaUIM3alHH aHOPTHTA Ha AHarpaMMe COCTOIHHA TPEXKOMITIOHEHTHOH cHeTeMBl CaO — ADO3 —
S10,.

JlaHHBIe COCTaBBl IIOABEPTrallUCh TPaHYISIMH H TIOCHEAVIOINEMY TeMIIepaT yPHOMY
BO3JICHCTBHIO ¢ HCIIONB30BaHUEM IDIA3MEHHOH YCTAHOBKH. B pesylbrare 4ero OBUTH ITONYYEHEBI
CTEKITOKPHCTATIIHYeCKUE MaTePHaIBl PasTHYHOTO (ha3oBOTO cocTaka. M3yueHHe KPUCTATITHISCKHX
da3z B cocTaBe TINMAUEHHBIXMATEPHATIOB OCYITIECTBIIIOCh C HCIIONB30BAHUEM PEHTTEHOBCKOM
mudpakromerpun (Shimadzu XRD 6000, SmoHus) u sHeprogucepcHoHHoro anammsa( Quanta 200
3D,CLIA).

Ha puc. 1 T1pedcraBleHBl — Pe3yNbTaThl  PEHTTEHOBCKOH  AHGPaKTOMETPHHH
SHEPTONUCIIEPCHOHHON CIIEKTPOCKOIMH 00paslfa, KOTOPEIM IO CBOEMY XHMHYECKOMY COCTaBy

HCXOJHOH KOMITOHESHTHOM IIHXTHI COOTBCTCTBYCT aHOPTHUTY.
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PucyHok. 1. Pe3yIbTaThl pEeHTTeHORCKOH AH(PaKTOMETPHH H SHEPTOAUCIIEPCHOHHOTO aHAH3a
CHHTE3HP OBAHHOTO 06pa3siia aHOPTHTOBOH KePaMHKH

B pesymbTare TPOBENEHHBIX HCCNEAOBAHUI YCTAHOBIEHO, YTO TIPUMEHEHHE SHEPTHH
TEPMHUYECKOI IIMa3sMbl IO3BOIACT OCYIIECTRIATH CHHTE3 CTEKITOKEPaMHYECKON KepaMHKH ¢
aHOPTUTOBOI (hazoit. Da30BbIi cOcTaB KePaMHMKH MPEHMYIIECTBEHHO TIPeIcTaBIeH aHOPTUTOM, YTO
TaKXKe MOATBEPKAACTCA Pe3yIbTaTaMH CTIEKTPOCKOITHH.

1. Brmacos B.A. W 1p. CHHTe3 CTEKIOKPHCTAIUIMYECKHX MATEPHANIOB H3 pacIUlaBa, IIONYVYEHHOIO C
HCTIONE3 0BAaHHEM  BBICOKOKOHLIEHTPHPOBAHHBIX HCTOYHHKOB Harpega // lI3BecTHAa BbICHIMX Y4eOHBIX 3aBeeHHI
Orizyka. 2015, T. 58. No 9-3. C. 79-82,

2. Ilexoeuor B.B. HMccnepgopaHre BIMAHHA 3HEPTHH TepMHYecKoH riasMbel Ha Mopdonordmw H o ¢dasoBbld
COCTAB AJTIOMOCHITHKATHBIX MHKP occep // CTexyo H Kepamuka. 2022. T. 95. Ne 7 (1135). C. 51-57.

Paboma esinoinena npu No00epHcKe 20CYOUPCHEEHHO20 300GHNA MUHUCTEPCIEE HOVKY 1 GbICHICZO
obpasosanua PO (FEMN-2022-0001).
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NCCJIEJOBAHHUE CTPYKTYPEI MOJH®HUKAITHI, SATTHCAHHBIX B
HAHOIIOPUCTBIX CH/INKATHBIX CTEKJIAX PEMTOCEKYH/HBIM JIAJEPOM

CronxyH C.1.!, ®enoros C.C.!, Inmarses A.C.!, Muxaitmop 10.B.!, Muxaitnos A. A
JImmatbepa T.O.!, Jlorapes C.B.!, Curaep B.H.!, Caiipyrapos P.P.2
T@IBEOV BO «Poccuiickuil XumMUKo-mexsonozveckuil yuusepcumem um. [, H. Menoereeeay, Mockea, Poccun
2HHIT «RKypuamoscrkuil uscmumymy-HPEA, Mocrea, Poccua
e-mail: lipatievas@muctr.ru

Laser-induced polarization-controlled modifications in nanoporous glass were investigated. The
evolution from an anisotropic cavity to a nanograting with an increase of number of pulses was
shown.

Hanomoprcroe cummkarHoe crekno (HIIC) »To mMarepHal ¢ YHHKATbHBIMH CBOHCTBaMHM,
O0YCIOBIEHHBIMA €I0 TPEXMEPHBIM KapKacOM ¢ BBICOKOPa3BHTON IMOBepXHOCTHhO0. HIIC Harmio
IPUMEHEHHUE B PA3IIMYHBIX OO0IacTIX HAYKH U TEXHWKH, HallpUMep B OHoMeuIIHHE [ 1], onTHKe [2]
u 1.0. B mocnemguue roasl mHTepec K HIIC yeumnea Omaromapd BO3MOMKHOCTAM JIOKAIIBHOTO
MOTUGbHIMPOBAHUSI €r0 CTPYKTYPHl (PeMTOCEKYHIHBIMH Ja3epaMH ¢ IIETbI0 H3TOTOBIEHHA
OMTHYECKHUX BOMHOBOJHBIX CEHCOPOB [3] ¥ 3amucH uHpopmMaiiny [4]. Jna 3amucH HHGOPMAIIHH B
HIIC mpenmoxkeH MOMXOA, OCHOBAaHHBIH Ha HCIONB30BAHUH IBYIYUEIIPEIIOMICHHUSI (HOPMBI,
BOSHHKAIOIETO B MOTUGMMITMPOBAHHBIX  (DEMTOCEKYHIHBIMH  Ja3epHBIMH  HMITYIThCaMH
MHKpOOONacTaX. B OpHeHTallMd MeAJICHHOH OCH ABYIYUEIPETIOMICHHSA TaKOHM MHKPOOOIIAcTH,
KOTOpad Bcerda TNEepHeHAMKYISPHA ITONSAPH3AllHA 3allMCHIBAIOIIETO JIa3ePHOTO ITydyKa W TaKHM
ofpa3oM MOXeT OBITh 3aJaHa TIPH 3aITHCH, MOXKHO KOTHPOBaTh HECKONMBKO OHT HH(OpMAIRHH.
YCTaHOBIIEHO, YTO TOIAPH3ALMOHHO-KOHTPOIMPYEMOE JBYIIYUCITpEIOMICHHE HaOIlFoJacTcd B
HaHOIMOPHUCTOM CTEKIIE TTOCTIE BO3ALHCTBHA yiKe 2—3 (PeMTOCEKYHIHBIX HMITYTTBCOB U BOSHHUKALT U3-
3a 00pa3OBaHHU aHW30TPOIHON ITOITOCTH, BBITAHYTOH MEPIEHANKYIAPHO TNIOCKOCTH TTOIAPH3al[HI
STUX HWMIIYIBCOB [5]. AHaTOTHUHBIH cmoco® 3amMcH  HHGOPMAllMH ¢  MHOTOYPOBHEBBIM
KOJUPOBAHWEM IIpe[Iaralicd W I KBapleBoro CTeKlla, HO HAHOIMEPHOAMYECKHE CTPYKTYPHI,
MW3BECTHBIE KaK HaHOPEIeTKH M TaKke OOmafarolie IByIydelpeloMiIecHHeM (QOpPMBI, B
MOHOIHUTHOM KBapIIeBOM CTEKIIE MOZKHO 3allMcaTh TOIBKO ¢ IOMOINBIO HECKONBKUX AECATKOB
(heMTOCEKYHIHBIX HUMITYIhCOB [6]. Taxum oOpas3om, HaTHYHE HAHOMOP B 00beMe KBapieBOTO
CTeKIla BIAETCA KIIIOYEBBIM  (PaKTOPOM, CIIOCOOCTBYIOIMM — OBICTPOMY  (DOPMHPOBAHHIO
nByIydenipenomiaeHusa Gopmbl. Tem He MeHee (yHIaMEHTANbHBIMH HEH3YUSHHBIMH BOITPOCAMH
OCTAIOTCS TMTOHUMAHHE BIHAHHA TTapaMeTPOB HAHOMOPHCTOM CTPYKTYPHI ¢TeKTa Ha (hOpMHpPOBaHHE
AHU30TPOITHON TIONMOCTH, @ TaKKe BO3MOXKHOCTD M MEXaHW3M TpaHCQOpMallHHd TIOTOCTH B
HAHOPEIIETKY IIPH YBETTHYEHUH YHCIIa BO3JEHCTBYIONINX Ta3epHBIX HMITYIIbcoB. B maHHONH paboTte
HIIC ObI0 HM3TOTOBICHO ¢ MCIONB30BAHHEM TPaAWIHOHHON TEXHOIOTHH BBIIICIaUHBaHHA
HaTPHEBOOOPOCHIIMKATHOTO CTEKIIA, TOABEPKEHHOTO ITHKBAalMK. OO0paslpl H3roroBileHHoro HIIC
TOJIBEPrannuch TepmMooOpaldoTKe IPH HEeCKONBKHUX Temreparypax or 700 go 800 °C B TedeHHe
OMHOTO 4Yaca, YTO TIO3BOIMIIO IONYYHTh 0OOpaslpl ¢ pPasiM4HBIM  Pa3sMEPOM HaHOIIOP,
MTPOABILTIOIIEMCS B pasHOit 06beMHON yeanke. JIma masepHOro MUKpPOMOMUMGHIIMPOBaHHA Hadopa
obpastop HIIC ucronbzopancd (heMTOCeKYHAHBIA pereHepaTHBHBIN yeumuTenh Pharos SP (Light
Conversion Ltd). Pabouag amiHa BOTHBI Haszepa cocTapmgia 1030 HM, dacToTa ClefoBaHHA - 1
MTI'1, mmurenpHOCTh UMITYIIbCa - 180 dc. JlazepHblid nydu doxkycuposancd o0beKTHBOM Olympus
50x (N.A. = 0,65 B rnybuHy oOpaslla CTeKlla, YCTaHOBISHHOTO Ha IIPEIH3HOHHOM
TpeXKoOpIuHaTHOM mosuimoHepe ABL1000 (Aerotech). JIBymyduenpenomileHHe Ia3epHO-
HHAYIMPOBAHHBIX MOAM(UKAIMIT pPETHCTPHPOBATH € TOMOINBIO CHCTEMBI KOMHYECTBEHHOTO
MHKpOaHalM3a ApyiaydenpenomieHHd Abrio (CRi), mocne uyero MOAU(HKAIMH BBEIBOJWIH Ha
MOBEPXHOCTH ¢ TTOMOIIBIO MTPEIH3HOHHON TTONMHPOBKH 1A UCCIIEAOBAHHA UX CTPYKT YPBI METOJaMH
ATOMHO-CHIIOBOH M DIEKTPOHHOH MHKPOCKOITHH. Y CTaHOBIEHO, YTO IpH TepmooOpadorke HIIC
npu 740-750°C B TeueHHe 1 daca MOKHO MONYy4HTh oOpaser] HIIC ¢ BUAMMOHN OIaleclicHIHEH |
MHHHAMAaIBHBIM pa3sMepoM HaHoONop. B sTom oOpasie ermme Oblla BO3MOXKHA Ja3epHasd 3allHCh
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TOMAPHU3AIIMOHHO-KOHTPOTTHPYEMBIX  ABYIYUESTIPEIOMITTIONTNX  MOJUGbHUKAIMI  2-3  NMasepHbIMH
HMITYIIbCaMH. [IOBBIIIIEHHE TeMITepaTyphl TepMooOpaboTKu 0 775 °C WIH BBIINIE MPUBOIWIO K
VBETHUECHHEO MHHMMAIbHOTO  HHCIa HMITYIbCOB, HEOOXOAMMOro g  (pOpMHpOBaHHA
JIBYIIYULITPETTOMITIIOIISH MHUKPOOOIIACTH, B HECKOIBKO Pa3, YTO XapaKTepPHO A HaHOPEIIETOK.
[MTokaszaHo, 4TO YBENHUYEHHE KOMUYECTBA TA3EPHBIX UMITYIIBCOB, (HOPMUPYIOIIHX MOIU(PHUKAIINIO, B
nuarnasoHe 20-50 UMITYIIbCOB TO3BOIMET MEPEHTH OT aHW3OTPOIHONW IOJIOCTH K HAaHOPEINETKE C
MEPUOJOM OKOIMO 350 HM ITpH BRIOPaHHBIX YCIOBHAX 3allMCH, H M3y4YeHa CTPYKTYpa IEePeXOIHBIX
MOAH(HUKAITHIA.
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IHHOJYYEHHE OCOBO YHCTHIX CTEKOJI CHCTEMBI Ga-Ge(Sb)-S

Tropyuna EA., Bemsnmyxos AL

Hucmumym xunn esicoroducmeix eetgecme uni I'I Heeamoix PAH
e-mail: tyurina@ihps-nnov.ru

Method for preparation of high-purity Ga-Ge(Sb)-S glasses was developed. The impurities content

in glasses was: hydrogen in the form of SH-groups <0.5 ppm(at), heterogeneous inclusions <10°
3

pes/em’.

Crexma cuereM Ga-Ge-S u Ga-Sb-S 4BIIOTCA TIEpPCIEKTHBHBIMH MaTepHallaMH  IJId
HH(ppakpacHOH ONMTHKH. BakHeHImeit xapaKTepHCTHKON STHX CTEKOI, BIHIOINISH Ha ONMTHYSCKHE
CBOWMCTBAa M OMPEHEldIoled WX MPaKTHYECKOe IPUMEHEHHE, ABIFeTCA COAEPKaHHE ITPHMECEH:
Bogopoma B ¢opme SH-rpyrin u GeH-rpymn, Bombl 1 OH-1pymm; KeclopoZa, XHMHUSCKH
CBA3AaHHOTO ¢ TepMaHHEM, CYpPbMOI M KpemHHeM; yriepofa B ¢opme CSy; u COS, reTeporeHHbIE
BKIFOUEHH I MHKPOHHOTO H CYOMHUKPOHHOTO pasMepa. OTAETbHBIH HHTEPEC MPeIcTaBIIOT CTEKIIa
cucTeMBL GaxSbaoxSe0, OOYCIOBIICHHBIH CMEIIEHHEM JIHHHOBOIHOBOTO Kpad IIPOITYCKaHud ¢ 12
Io 14 MKM, IO CPaBHEHHIO CO CTEKIIaMH, COACPAKAIUMH CYIIbQHUIBl TepPMaHHd U MBIIIbAKA. JTO
pacIiupAeT BO3MOKHOCTH IIPHMEHEHHA TaKUX MaTepHallos B oItTHKe cpepHero UK nuamazona.

[lembio paGoThl GBITO HCCISAOBATh (BH3HKO-XUMHYESCKHE CBOMCTBA, KPHUCTAITH3AIHOHHYIO
yeToHunBOCTh cTeKOoll cHCTeMBl GaxGeqoxSeo M GaxSbaoxSeo (x = 0-15 ar.%) u paspaborarsh
METONHUKY MX TIONYYEeHHI ¢ HU3KUM cOJepKaHHeM IpuMecel. g pa3paboTKH METOTUKH ObLITH
BeIOpaHsl cTekna GasGessSeo U GagSbiaSeo. KpuTepuamu BrIOOpa KOHKPETHBIX COCTaBOB OBIIH
YCTOHYMBOCTH K KPHUCTAIDIN3AllMH H IIPO3PaYHOCTh B 00IAcTH 2-12 MKM.

CormacHO  TTONYYEHHBIM  pe3ylbTaTaM,  XapaKTEPUCTHYSCKHE  TeMIlEpaTypsl |
KpHCTAINM3allHOHHad YCTOHUHMBOCTE CTEKON CHCTEMBI Gay(Gey-xS100-y ¢ COAEPAKAHHEM cephl 58—60
aT.% CYIIECTBEHHO 3aBHCAT OT XHMHYECKOTO COcTaBa. |emrepaTypa CTEKIOBaHHA o0pasliob
YBEIMYNBACTCA TPH YMEHBINCHHH COIEPKaHW4A Talllnd M YBEIIMYEHWH aTOMHOH IOIMH CEPBI OT
369°C  (GesoSe0) mo 309°C (GagGe3sSsg). YCTaHOBIEHa TIPHPOAa M TOCIENOBATENbHOCTD
(hopMHpOBaHHUA KPHUCTAITHYeCKUX (ha3, 0OpasyIoMXCca MPU 3aKallke paclilaBa M OTKHTE CTEKOI.
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YBenuueHne COJepKaHHA TalllHd B CTEKIIaX ¢ OZHOH CTOPOHBI IIPHBOJMT K CHHAKEHUIO HX
KPHCTAIIM3Al[HOHHOH yCTOWYHBOCTH IIPH HarpeBaHWH, ¢ APYTOM — yMEHBIIAeT BEPOATHOCTH
o0pa30BaHA I KPHCTAIUIOB ITPH 3aKallKe pacIllaBa.

OmnpeneneHsl KOHKPETHBIE COCTaBBl CTEKON, HauOollee TOAXOMAINHE JANA  BBITSIKKA
BONMOKOHHBIX ¢BeTOBOJIOB: GaxGesoxSeo (X = 0-15 ar.%). BriepBble ycTaHOBIEHa W KOMMYECTBEHHO
OXapaKTePU30BaHa IMKBAI[HA B 3THX CTeKIax. OmpeielleHbl YCIOBHA 3aKalIKH CTEKII000pasyIoIero
paclilaBa M OTXAHWIa CTEKOJ, IIO3BONMIOINIME ITONMy4YaTh oOOpasipel Oe3 KPHCTAIIHYECKHX |
JIMKBAIIMOHHBIX BKIFOUEHHH pasmMepom Gomee 0.1 Mrm.

PazpaGoran criocol momyueHHsA cTekon Ga-Ge-S u Ga-Sb-S BKmouaroruit: 1) cHHTE3 U
3arpy3Ky B peakTop cynbbuia repmaHua(ll) u cymbduaa cypbMbI(IIl); 2) cHHTE3 cynbduma
ramma(11I) BzanmopeticTerenm Hoauma rammiaa(Ill) ¢ cepoif. J{II OIEHKH ONTHMANBHBIX YCIOBHIH
CHHTEe3a OBIIO IPOBEIEHO TEPMOJHHAMHYECKOES MOICIUpoBaHHe cHcTeM Ge-S, Sb-S u Gals-S
METONOM KOHCTAHT paBHOBecHS. [lomydueHsl o0pasibl CTEKON ¢ COJlepKaHnEM IIPHMECH BOJOPONa B
tdopme SH-Tpyrm Ha ypoeHe 0.1 ppm(at); TeTePOTeHHBIX BKITFOUESHHH MUKPOHHOTO (1-100 M) U
cyOMuKporHoro (0.1-0.9 mMkm) pasMepa He Gomee 100 mryk/cy’®. K HacToAeMy BpeMeHH 5TO
TYYIHA pe3yIbTaT, JOCTHTHYTHIN JITII CTEKON YKa3aHHBIX CHCTEM.

Pafioma estrorHeRda ApU UAAHCOEOH ROOOEPIHCKE HAYUOHARLHO20 Apoermd «Hayra u yHUugepcumenoly &
POMKOX CO0AHHON AAOOPAamopLill BoiCOKOYUC IBIX X(WIbKOZEHUORBIX CIEROL 011 omonuri cpednezo HE duanazona
feoc. 3adarue Ne 075-03-2021-412).

IHHOJYYEHHE OCOBO YHCTHIX TEJUIYVPHIHBIX CTEKOJI C HU3KHM
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Tropuna E.A., Bememyxos A.lL, Cyxanos M.B.
Hucmumym xunn esicoroducmeix eetgecme uni I'I Heeamoix PAH
e-mail: tyurina@ihps-nnov.ru

Method for preparation of high-purity Ga-Ge-Te, Ga-Ge-Te-1 and GeTes-Agl glasses has been
developed. The oxygen impurities content in glasses was <10 ppm(wt).

[TepCIIeKTHBHBIMH ONTTHYSCKHMA MaTepHaIaMA JIJTd 00IacTH 8—15 MKM 4BIIAIOTCA CTEKIIa Ha
OCHOBE TEIUTYPHIOB TePMAaHU4 U TallInd ¢ A00aBKoH Homuaa cepedpa. BOTOKOHHBIE CBETOBOIBI U3
TAaKUX CTEKOJN HCIIONB3YIOTCA IS H3TOTOBICHHA ONTHYECKHX CEHCOPOB, ¢ IOMOIIBIO KOTOPBIX
OMPEAEIAIOT XHMHYECKHH COCTaB KHUAKHUX H Ta3000pasHBIX CMeceH METOJOM CIEKTPOCKOITHH
HApYIIEHHOIO TOIMHOIO BHYTPEHHEro orpaxkeHud [1]. IlepcrieKTHBHBIM HallpaBIE€HHEM B STOH
o0nacTH gBIIdeTcd pas3paloTKa BOJIOKOHHBIX CEHCOPOB JJIA aHAlM3a KPOBH, KIETOK M TKaHEH
YeIIOBEKa, COCTaBa BBIABIXAa€MOTO BO3JyXa, KOTOPBIE TIO3BONAT TIPOBOOUTH JHATHOCTHKY
Pa3THUHBIX 3a00NeBaHmit, B TOM YHCIIe OHKOIOTHUECKHX, Ha PAHHUX CTaJusIx [2].

BaxHelieli NpHMechl0 B CTEKIIaX Ha OCHOBE TEIIIYPHIOB TIepMaHHA H TalllHd,
OKa3bIBaroIllei HanOollee HETaTHBHOE BIWAHHE Ha OITHYECKHE CBOMCTBA, ABIALTCA KHCIIOPOL,
XUMHWYECKH CBA3aHHBIM ¢ KOMITOHEHTaMH CTEKIA. 3Ta IPUMECh HMEeT HHTEHCHBHBIE IIOIOCHI
TIOTIIOMIEHUA ¢ MaKCHMyMaMH B 00macTax 7.8 u 12.6 MM (Ge-O), 13.6 mxm (Te-0), 15-20 mrm
(Ga-0). llpemenpHO MOOMYCTHMOES COEpXKaHHE IIPHMECH KHCIOpPoJa B CTEKIIaX Ha OCHOBE
TeIUIYPHAOB TePMAaHWA H TalUHd, HEe OKa3BIBAIOINESE HETaTHBHOE BIIMAHHE Ha HX ONTHYECKHE
CBOMCTBa, HaXOAUTCA Ha ypoBHe <10 ppb(wt). TpafullHOHHEIH clIOCO0 MONYUEHHA TEILTYPHIHBIX
CTEKOIl, PBKIFOYAFOINNH TIIIABJIEHHE IIPOCTHIX 0OCO00 YHCTBHIX BEIIECTB B BaKyyMHPOBAHHBIX
KBapIEBbIX aMITyIIaX, He TIO3BOIIET JOCTHTAaTh TaKOTrO COJEPAKaHNA IIPHMECEH.

Hempro uccnegopaHnsa ObIIIO pa3paldoraTh CITOCOOBI MONMYYEHHA 0c000 YMCTBIX CTEKON Ha
OCHOBE TEIUIYPHAOB TepMaHHI W TalUIHA, OOeCTIeUHBAIOIINEe COJEPKaHue TPUMECH KHCIOPOAa He
fonee 10 ppb(wt). O0pekTaMu HecnenoBaHuI ObITH cTeKIa cocTaBoB GaijoGeisTers, GaioGeisTerslz
n (GeTeq)90-Aglio, oOmamarollie BBICOKOH IS TEIUIYPHAHBIX CHCTEM KPHCTAUTH3allHOHHON
YCTOMUHMBOCTRIO [3].
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PaspaboraH croco0 momyueHHd oco0o YHCTBIX cTekon chereM Ga-Ge-Te u Ga-Ge-Te-l.
Croco$ 3akmiodancd B CHHTe3e crekinooOpasHoro crmmaBa GajoGejsTers, ero TepMHYeCKOM
PasMOKEHHH C BBIACTICHHEM TelIypa M Telnmypuaa repmanua(ll) M mocmemyroried 3arpyske
HeleTy4yero Temnypuia ramma(lll) MeTomoM XUMHYeCKOTO TPaHCIopTa ¢ MpHUMeHeHHeM Homuma
ramma([ll) B KauecTBe TPAHCIIOPTHPYIOIIEro areHra. Jmd MOmydeHHS 0co00 UYMCTHIX CTEKOI
(GeTes)o0-Aglio paspaboraH crocol, BKIFOYAOINUH CHHTE3 M TPAHCIIOPTHYIO 3arpysKy HoAwuxa
cepebpa mpomnyckanuem #ommmos rammia (III) u Homuma repmanusa (IV) Haa MeTaIHYSCKHM
cepeOpoM. XUMHYECKHH TPaHCIOPT HENeTYYHX KOMIIOHEHTOB INMXTHI ITO3BOISET TPOBOJUTH €€
ITTyOOKYI0 OYHCTKY OT IIPHMECH KHCIOpOJa W COXPaHATh TOYHOE COOTHOIICHHE MEKIY
KOMITOHEHTaMH CTeKma. [lomyueHBl oOpaslbl CTEKOII ¢ COAEpKaHHEM ITPHMECH KHCIIOPOJa,
XUMHYECKH CBI3aHHOTO ¢ TepMaHeM, He Gomee 10 ppb(wt) M OTKITOHEHHEM COCTaBa OT 3aJaHHOrO
s3HaueHn 4 He Gonee 0.5 ar.%.

1. Cui S., Boussard-Plédel C., Lucas J., Bureau B. Te-based glass fiber for far-infrared biochemical sensing up
to 16 pm // Opt. Express. 2014. V. 22.N. 18. P. 21253-21262.

2. M. A. Mackanos, C. H. Contag, Fiber-optic probes enable cancer detection with FTIR spectroscopy, Trends
in Biotechnology. 2010. V. 28. N. 6. P.317.

3/ Velmuzhov A.P., Sukhanov M.V., Plekhovich A.D, Zernova N.S., Churbanov M.F. Preparation and
investigation of the properties of Geys.xGayTers.yly Glass System (x=35, 10, 15, y =0-6) // Journal of Non-Crystalline
Solids. 2019. V. 503-504. P. 297-301.

Pabtoma estnoanena npu unarcoeoii noodepicre Poccutic koo Hayanozo gonda (zpanwm Ne 21-73-10104).

CHHTE3 ®OCPATHBIX CTEKOJI IJII COPTOBOM ITOCY/EI

Xaxnaxmerosa P.D., byryesa A A., Bmacosa C.I'.
Vparnscrkuil hedeparcrsiil yruee pcumem umveni nepeozo npesudenma Poccuy B, H. Exsyuna, Examepunoype, Poccua
e-mail: r.fkhazhiakhmetova@urfu.ru

The paper studies the possibility of synthesis and "bridging" of opal and milk glasses in order to
manufacture tableware and art products. The glasses were synthesized on a silicate-phosphate
basis.

Korga-to coBeTckad mocyfla MoMb30Balack OONBIIMHM CITPOCOM, a BO BpeMeHa elle Golee
JaBHUE OCOOBIM MHTEPEC ITPEACTABILIIH BBICOKOXYIOKECTBEHHBIE H3AEIHI MOIIOYHOTO IBETA H C
sthdexktom omamoBocTH. Ha kadempe TeXHONOTHH CTeKNa YpalmbeKoro heaepaabHOro
YHHBEPCUTETA BEAYTCA HCCIeoBaTeNbCKUE Pa3paloTKH 10 CO3JTAHHI0 TaKMX CTEKOI, TeM OOIee ¢
MOCTYIUIEHHEM 3adBOK OT IIPEANPHATHU. (CYWTaeM, Halo ITOAHHMAaTh POCCHHCKHH PBIHOK C
HCIIONIb30BaHHEM TPAIHIMH BEAYIIHX ITPOM3BOIUTEIEH COPTOBOTO CTEKIIA.

B manHON paboTe IMPeIoAKEHBI HECKOIIBKO COCTAaBOB CTEKOMN [1,2], CHHTE3HpPOBAaHHBIX C
HCIIONIb30BaHHEM KBapIIeBOTO TIecKa, Mella M IOoTallla, A4 TIyIIeHud U 3(@deKTa OmaloBOCTH B
IMXTY A00ARIATH KpeMHedTOpHCTHIH HaTpuii M Qocdar kamma CreKlma CHHTE3HPOBATH B
CHITHTOBOM TIEUH, OTKHUTAIH B My(elbHOI.

TemmepaTypa cHHTe3a cocTaBHIa oT 1350 g0 1400 °C. Orxur mpopoguim 1mpu 520-550 °C
B 3aBHCHMOCTH OT XHMHYECKOTO cOCTaBa. J[OBOJKA OCYIIECTBILIACh ITPH pa3HbIX TeMIlepaTypaxX u

BPeMeHH BBLIepAKH: 0T 700 g0 800 °C, o momydaca 70 5 4acop. [1o pe3ymbTaTaM SKCIIEPHMEHTOB
OTOMpaINCh KadecTBEHHBIe OOpa3lbl pa3sHOW CTEMEHH IIPO3PAYHOCTH, IIONYyYEeHHBIE C
HAaWMEHBIIIMMH SHeprosarpaTaMu. Jd cHUXKeHHd ce0ecTOMMOCTH cTapallich HCIIONb30BaTh, IO
BO3MOKHOCTH, HE caMble JOPOTHE TIYIMUTEIN H CBIPBE ¢ TeM, YTOOBl B MHHHMAaIbHOM KOIIHYECTBE
BCe-TaKu JOOABIATH I CO3JaHN A KPACHBBIX OTTEHKOB OKCHJBI PEAKO3EMEIBHBIX DIIEMEHTOB.
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Pucynok 1. @oto 06pasLIoB [oce JOBOAKH: a — IpH 750 °C, 180 v, ; 6800 °C, 120 »a.

Ha pwuec.l mpemcraBiIeHBl OMAllOBBle CTEKIIA OJHOTO COCTaBa pa3HOM CTENeHH
3arTYIIEHHOCTH B 3aBHCHMOCTH OT BBIACPAKH-TOBOAKH: 0a30Boe 0e3 KpacHTend H ¢ H00aBKOH
OKcHIa >pOu4. [0 HaBOIKH 3TOT o0pa3el] HMET JIETKYIO OITAIIOBOCTh H PadyKHOE CBEUCHHUE.

Bee cHHTesHpoBaHHBIE CTEKIIA MCCIENOBAHBL OIBITHBIM M pPacueTHBIM IIyTeMm |2, 3]:
OTMpeleNieHbl  TUIOTHOCTh, XapaKTEePHCTHUECKHE TeMIIepaTyphl, KO(MGUIMEHT TepMHYECKOTO
pacllUpeHHs, BA3KOCTh IIPH Pa3MATUCHHH CTeKIa, XUMHYECKad CTOHKOCTh, ITOBEPXHOCTHOE
HATSKEHHE, KpHUCTAIDIN3allHOHHAd CIIOCOOHOCTH, PAcCUATAHBI IPEJENl ITPOYHOCTH ITPH CZKaTHH,
COITPOTHBIIEHHE Pa3pPhIBY, TEIUIOEMKOCTh, a TaKkKe BBIPaOOTOYHBIE HHICKCHI [4] M1 H3yYeHHA
BO3MOYKHOCTH BBHIPAGOTKH Ha BBICOKOIPOH3BOIUTENBHBIX CTEKITO(POPMYIOIINX MalliHaX. OOpasibl
ToiBepraly peHTreHodasopoMy aHamuzy u JICK. Jlyurme ofpasibl OTBeUaloT TpPeOOBAHHAM,
MPEABABIIAEMBIM K COPTOBOH ITOCYIE.

1. CripaBoYHHK M0 TIPOH3BOACTBY cTekna: B 2 T. Tom 1 / Pemxon Kurafiropopckuit M. v ap. M
Tocctpornsspat, 1963. 1026 c.
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ICanrmn-Hemeptypeeruii :ocyoape MEeHHbIT MEXHOROZUNe CRULT UHCIURYM (MexHudec kil yrueepeumem,),
Canrxm-Ilemepoype, Poccua
2Hcmumym xuaiu cuauramoe ust H.B. Ipebenmmroed PAH, Canrxm-IHemepoype, Poccun
e-mail: yarikh2001 @mail.ru

The incorporation of additional components as functional additives makesit possible to expand the
scope of organosilicate coatings.

JIIg  3alliuTel  W3ACIIHA, OOOPYHOBAaHHA, COOPY/KEHHH B CTPOMTEILCTBE M APYTHX
TPOMBITIIIEHHBIX OTPACIIIX HCIIOIB3YIOTCA OpPraHOCHIIMKATHBIE ITOKPBITHA (OCIT).

Marpuily STHX TOKDBITHH COCTaBIIIeT TPEXKOMIIOHEHTHAA CHCTEMa, COAepIKallad
KPEeMHHIHOpTaHHYeCKMH TTOTMMEP (TTOMHMCHITOKCAHOBBIH JTaK ), CHIITHKATHBIE, OKCHAHBIC HATTOTHHTEIH
U (QYHKIHMOHATbHBIE HEOOXOMUMbIE NOGARKH, ONPENSIIONe CIelHGUKY TMTPUMEHEHHUI KaXkmoit
MAapKH TTOKPBITH A

B obmem Buge OCII XapaKTepH3yIOTCd KOMIUIEKCOM OCHOBHBIX Ba/KHBIX CBOHCTB —
TIOBBIIICHHOH TEPMOCTOMKOCTHIO, aTMOC(EPOCTONKOCTBIO B PasHBIX KIMMATHYECKHX 30HAX,
TUBIEKT PHYECKHMA TTOKa3aTeILIMH, JOCTaTOYHBIM YPOBHEM (bU3HKO-MEXaHHIECKHX
XapaKTEPUCTHK.

BeeneHHe JOTIOMHUTENBHBIX KOMIIOHEHTOB B KauecTBe (DYHKIIMOHATBHBIX JOOABOK
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MO3BON4eT paclmpuTh oO0macTH TIpuMeHeHnd OCII [1]. [IpoBeligHO HCCIEAOBaHHE IO
MOIH(PHKAIHA paHee pa3padOTaHHOH OPTraHOCHIHKATHOM KOMITOZHIIMH, B KOTOPOH B KadeCTBE
MIIeHK00OPa30BaTeNsd HMCMOTB30BaH  MOMUANMETHII(D CHUIICHIIOKCAHOBBIH — TTaK,  CHIIUKATHBIM
HAIIOJTHUTENEM ABIANICH TAllbK, 3 OKCHAHBIMA KOMITOHEHTAMH— OKCHJ XpoMa W NHOKCHJ THTaHa.
[Tomy4yaemoe TIOKPHITHE 00NagacT CISIYIONHNMA CBOHCTRaMI: aaresud K moamoxke (I'OCT 15144)
— 1 6ann, mpourocts mpu yaape (IOCT 4765) — 40 cM, yAenmbHOe 0OBEMHOE COITPOTHRICHHE
(TOCT 50499, TOCT 6433.2) — 10! Onr*cm, Tepmocroiikoets — 300 °C, yrom cvaunbanma — 88°,
popornornomeHue (I'OCT21513) — 0,8 %, TBepmocts mo mpudopy TMJI ¢ maarHukom [lepcosa
(I'OCT 5233) 0,29 otH.ex.

BBefieHre B 3Ty KOMIIO3HIIHIO B PAacCYMTaHHOM KOIMYECTBE TEPMOIWHAMHYECKH
HECOBMECTHUMOTIO € OCHOBHBIM CBS3YIOIIHUM TIOMMEPA, HMEIOINEr0 HH3KOE ITOBEPXHOCTHOE
HAaTSKEHHE, TO3BOIIMJIO  TIONYYHTh TPaJUEeHTHOE TIOKPBITHE ¢ TIOHHKEHHBIM  YPOBHEM
TIOBEPXHOCTHOM SHEPTHH, ONarofapd YeMy Yrol cMauyHBaHUA, XapaKTepHU3YIOmnit THAPOodHOoGHOCTD
TIOKPHITHSA, TIOBEICHICA A0 106°, BMecTe ¢ 5THM CHH3HICS KOS(QHIMEHT TPeHHA, MPOABHIINCH
aHTHaJT€3HOHHBIE CBOMCTBA MOBEPXHOCTHOTO CIIOA IIPH OTHOBPEMEHHOM COXPaHEHHH Ha IIPESKHEM
YPOBHE aJIe3HH IOKPBITHSA K TOMIOKKE, IJHANEKTPHYESCKHX IIOKasaTelel, TBEpPIOCTH H
TEPMOCTOHKOCTH (TTIOKPBITHE 1 ).

[Tomy4yeHO MOKPBITHE ¢ YITYYIIEHHBIMH TTOKa3aTEISAMH 110 BOAOIOTIOINEHHO TTPH BBEACHHA
B HCXOJHYIO KOMITO3HIIUEO STTOKCHAHONW ¢MOITBI. M cIBITaHN g ITOKa3alli CHUZKEHHE BONOIOTTIOIICHAS
B HOBOM IIOKDBITHH IO CPaBHEHMIO ¢ MCXOJHBIM Ha 30%. 3HaueHHe yIIa cMauMBaHHA — 96°,
aAresnd K TIOJUIOXKKE HEe H3MeHHWIIach, TBEPHOCTH cocTaBhia 0,3 OTH.eN., yAeIbHOe O0BEMHOE
COIMPOTHBIIEHHE OCTANOCh TO e (TTOKPBITHE 2).

Tatmiifa 1. CBOMCTRa MOKPBITHE

CgolicTBa HMcxoaHoe MOKpBITHE TTokpeimiie 1 TTokpbiTiie 2

Anresus, 6alUbI 1 1 1
IIpouHocTs NpH yAape, cM 40 40 40
TrepaocTs, 0TH.€1. 0,29 0,29 0,3

YroJ cMauHBaHHA, Ipajy cbl 88 106 96
Boponornomente, %o 0,8 0,8 0,6
V1. oGbeMHOe COIp OTHRIEHHE, OnM™CM 1014 1014 1014
TepmocTolKoCTh, °C 300 300 350

Taxum ofpasom, IeleHanpaBIcHHOe MOAHPUIMpoBaHHe perentypbl OCII TpH BBeJeHHH
HeGOBINMHMX KOMHYSCTB (DYHKITHOHATBHBIX A00aBOK JAéT BO3MOKHOCTD VIIYUIIHTH HMEIOIIHECT
nokasaHugd OCII, HeoOxoauMble AN KOHKPESTHOW CHTYAllMH, W JaXe TONYYHTh ITOKPBITHA C
HOBBIMH CBOHCTBaMH.

1. Crerm C.H., 3uranmuyHa M.P. @yHKiHMoHanbHble A00aBKH JINA JJaKOKpacOo4HbIX MaTepHaloB. KaszaHs.
2021. 103 c.
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NCCJIEJOBAHUE OKCH/HBIX IIOKPHITHI C 3AJAHHOM ITPO3PAYHOCTEIO
B PAZJIMYHBIX OBJIACTAX Y@-JHAITAZOHA, ITOJIVAEHHBIX
IKCTPAKITMOHHO-ITHPOJIMTHYECKHM METOJOM

Xpamko H.H.!, Msxun C.B 2 Iarpymesa T.H.!
! Banmuticrutl eocvoapomeennotii mexuuveckuti yuteepcumem «BOEHMEXy uv 1T ®@. Yemunoea,
Canrxm-Ilemepoype, Poccua
2Canram-ITe mepOypeckuil 200y0apc MeeHHsI MeXHOTOZUYE CKULL UHCTUMYIN (MEXHUYECKuL] yHUge peumen),
Canrxm-Ilemepoype, Poccua
e-mail: khrapko nn@voenmeh.ru

Quartz glass transparency in different UV regions is selectively adjusted by the deposition of ZrO,
CuO, TiO», Y203, ZnO and NiO nanocoatings of various thickness by extraction-pyrolytic method.

YrnbTpadguoneToBoe M3TYUEHHE MOKET KaK ABIATHCA BPEAHBIM (haKTOPOM OKpYKarorlieit
CPemBl, TaK W HCIIONB30BaThcd B PasIMUHBIX LEIAX 14 HYAJI YEIOBEUECTBA. B CBA3H ¢ 3THM
BaKHOM 3alauch 4BIgeTcd pa3paboTKa MaTepHallOB H IIOKPBITHIH, 00eCIIeYHBAOIUX KaK 3aIlUTy OT
YO-u3nyueHH4, TaK H CEIEKTHBHYIO ITPO3PAaYHOCTh B OIPeAeIeHHBIX 00macTax Y O-1HarasoHa.

B manHOl paGore OBUIM HCCIENOBAaHbI ONTHYSCKHE CBOMCTBa B Y O-AHaria3zoHe g p4dia
MIPO3PaYHBIX B BHAWUMON OOIIacTH CIIEKTPa OKCHAHBIX ITOKPBITHH, HAHECEHHBIX Ha IIPO3PAYHBIE B
YO-guamnazone (10 110 HM) IOMIOARKH M3 KBapleBOTO cTekma (Mapka KVY-2) sKCTpaKI[HOHHO-
MUPOTMTHYESCKHM MeTONOM. J{aHHBIM METOJ] HAHECEHHd IIOKPBITHH BBITOZHO OTIIMYAeTCs
SHEProaGPEeKTUBHOCTHIO TIpoliecca M ACIIEBU3HON HCXOMHBIX KOMITOHEHTOB. [IokphITHA ZrOs,
CuO, TiO2, Y203, ZnO 1 NiO HaHOCHIIH TTOCPEACTBOM IPOBEACHU I HECKOIBKHX ITHKIIOB ITpOLecca,
BKITFOYAOITAX ITONYYSHHE SKCTPaKTa W3 BOJHBIX PACTBOPOB CONEH MeTAINIOB ITYTeM CMEIIEHH I HX C
SKCTPareHTOM (OpraHHuYecKHe KHUCIOTHI) B 3aJlaHHBIX ITPOTIOPIMAX, Uil CTHMYITHPOBAHHSI
SKCTPaKIMH W W3BICUECHNA METAIUIOB B CHCTEMY BBOJAHTCA SKBHBAIEHTHOES KOTMYECTBO IMEIOYH —
pactBop NaOH, 3aTem npoBoANTCA MOBTOPHOE CMEIIEHHE CO CBEKUM PACTBOPOM HEOPTaHHYECKOH
COMH JUII TIOMHOTO 3aMeIleHHd KaTHOHOB HATPHA W3 DKCTPaKTOB. [lomydeHHBIE 3KCTPakTHI ¢
3alaHHON KOHIIGHTpPalluel MeTallla IOJBEPraloTcd MPOBEPKE Ha COASpKaHHE MeTalllla METOJOM
AtomHOM abcopOrmu. [ImeHKOOOpasyroIHe pPacTBOPBL HAHOCATCA Ha CTEKIISHHBIE ITOITOXKKH
METOMOM HaKaThIBaHW4 ¢ TOCTIEAYIOMNUM OTXRUTOM IpH 600°C. TomupuHa Mmoy4yacMbIX TTOKPBITHA
OITpeAenaIach YUCIOM IMKIIOB TIpollecca M BappHpPOBaach B IIpeJenax OT MpHOIH3HTeIbHO 60 10
150 Hm.

OrnrTHYecKHe CBOMCTBa IIONYYEHHBIX OOpaslioB  H3ydalmu MeTofgoM Y D-BHAMMOH
CTIIEKTPOCKOIHMM ¢ HCIONb30BaHHeM crekrpodoromerpa CD-56 (JIOMO, Cankr-IleTepSypr).
[TomyyeHHBIE CIIEKTPBI, MPHBEASCHHBIE Ha PHC. 1, TMOKa3BIBAIOT, YTO HAHECEHHE HCCIEAYEMBIX
MOKPBITHH TIO3BONAET B IIHPOKHX TIpPelieNax pPerylliHpoBaTh ITPO3PAavHOCTh HCITONB3YeMBIX
KBapIUEBbIX CTEKOI B Pa3iMYHBIX oOmacTax Y@D-muama3oHa. B YacTHOCTH, MaKCHMAallbHOE
CHUKEHHE TPO3PauHOCTH B 00macTH okommo 200-300 HM mocTHTaeTcd ITPH HAHECEHWH ITOKPBITHI
CuO u NiO (mpu >TOM HaHeceHHe OKCHIa MeIH CHIKAeT IIPO3PauHOCTh M B BHANMOHW O0IIacTH
CTIeKTpa), a Haubollee BBICOKad ITIPO3PavHOCTh B JaHHOH o0macTH HaOmoAaeTcsA B CIIydae
HaHeceHHA Y20s3. Jng oOpasia ¢ IOKPBITHEM JHOKCHJa THTaHa HaOIFOJAaeTCd XapaKTepHOE
«IUIaTOy IIOTTIOIIEHH A B 00JIacTH OKOoIo 225-260 HM.

Crnenyer oco00 OTMETHTB, UTO € YBEIHYEHHEM TOIIUHMHBL IOKPHITHH ZrO2 n CuO unx
IPO3PAYHOCTh CHHZKAeTCd, B TO BpeMd KaK B clIydyae HaHeceHHI clioeB Y203, ZnO u NiO
HaONIOMaeTcA 3HAUUTEIBHBIH POCT ITPO3PAaYHOCTH 00PasIoB ¢ YBEITHYESHHUEM TONIIHHEI ITOKPBITHAL
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PrcyHok. 1. ¥ @-cniekTpsl 06pas1ioB ¢ NoKpeITHAMH ZrO; (@), CuO (6), TiO,, (B), Y205 (1), ZnO (@) 1 NiO (e) B
CPaBHEHHH €O CTIEKTR OM HCXOHOH MOAJIOKKH KBapLIEBOTO cTeKIIa (3K)

HOJIYLIGHHBIG PESYIIBTATEL  ITOKASBIBAIOT  BOSMOAKHOCTDE  VIIPABIICHHA  CCIICKTHBHBIM
HPOHYCKaHHeWHOTHOL[[e}[HeM KBapUCBOro CTCKIa B VD-o0macTH CIICKTPa, YTO IMPCACTaBIIACT
HHTCPEC AJIA CO3JaHHA MaTCPHAIIOB C OCOOBIMH OTNTHYSCKHMH CBOﬁCTBEiMH, TICPCIICKTHBHBIX 1114
IIPHMCHCHHA B Pa3IIHYHBIX 00ImacTaX TEXHHEH, BEIIIOYad VD-1aMITel MeIHITHHCK OO Ha3HaYCHI A,
CIICITHAIEHEIS CBeTO(bHJIprBI, CpEACTBa 3alllHTEI OT VCD-HBJIYLIGI{PIH HT.I.

1. Tlewens T.M. MomenHpoBaHHE SKPaHHPY IOMHX TIOKPBITHET €O CIOCOGHOCTBIO HHTEpdep eHIHOHHOTD
rameHHs OTp &KEeHHOTO H3TyYeHHd yb- AHanazoHa ;ymH sosH // Joknager BIYIIP. 2016. T. 1. C. 26-31.

2. Kotmikos, E.H. PazpaGotka MeTOIHK J03MMETPHpOBaHHA AWariazoHoB A, B 1 C ymbpTpadmoneroBoro
w3y ueHHa ComHua // Hay uHoe npubopocTtpoerde. 2005. T. 15. Ne 4. C. 94-97.

3. XompknH, A 3KCTPaKUHOHHO-THPOJHTHYECKHET METON MONYUEHHA OKCHIHBIX (VHKIIHMOHATBHBIX
mMaTepHanos // Xuvudeckad TexHonornd. 2018, T. 19. Ne 13. C. 596-602.
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HCCJIETOBAHHE BOIMOXHOCTH ITPHMEHEHHA CTEKJIOBU/IHBIX
TOIIVIMBHBIX HIJIAKOB JJIA IIOJIVUHEHH A BCIIEHEHHBIX I'EOITIOJIMMEPH BIX
MATEPHAJIOB

Senxo JILA.', Hosuxop O.B.!, T'ompiman B.M. !

| Koreno- Poccrsickull eocyoapemee ioitl homumexsveckuil vaueepeumem (HITH) wvernn MH, Tamoeq,
2. Hoeovepracck, Poccua
e-mail: boriuspost@gmail.com

The possibility of obtaining foamed geopolymer materials based on TPP fuel slags is considered.
The method of their synthesis is developed, and their physical and mechanical properties are
studied.

YTonpHad TeHepallid Ha CETONHAHHN MOMEHT 3aHHMAET KIFOUEBOE MECTO B MHPOBOM
MTPOU3BOACTBE RIEKTPOHEPTHHU. [1o TaHHBIM MeXIYHapOIHOTO SHEPTeTHYECKOTO areHTCcTRa (IEA,
MDA), B 2020 roay aona HeoclmaleBalollieit yrombHONH TeHepalH cocTaplger 35,2 % [1]. Tlpu
STOM YTOINbHAA TBEPAOTOIUINBHAA DSHEpPreTHKa ABIAETCA KPYIHEHIneM HCTOYHHUKOMTPP pama
TEXHOTEHHBIX OTXOJIOB, TAKMX KaK 307a YHOCA, TOMNMHBHBIE (KOTENbHBIE) TIITAKH U 30MOMITaKOBbIE
cMecH, 00pa3oBaHHBIE ITyTEM CMEIIEHHA 307bI H INIaKa H OTIpaBIIgeMbIe Ha 3000TBAbI
CHCTEMaMH THApPOyIalleHHd. M3BecTHO, YTO €XKEerONHO B MHpe oOpasyercd Oonee | MIpA TOHH
OTXOJIOB YTOIIbHOM DHEPTETHKH, B TOM YHMcle B Poccriickoi Mefepaiiii — 22 MITH TOHH . [TpH aTOM
00BEMBI UX TTepepalboTkH B PO HeBeMMKH H cocTaBror 10—13 % [2].

OmHuM 13 TeHHESHITIHX OTXO0Z0B YTOIbHON TeHepallii SIBIAFOTCA — TOIUIHBHBIE (KOTETBHBIE)
noraki. OHA TPeACTaBIMIOT cO00H MHHEPAIbHYH) HECTOPacMyI0 4acTh YITId — CTEKIOBHIHBIA
amMopQHBIIT MaTepHan, o0pa3OBaHHBIN B KamMepaX CrOpaHHs KOTIIOB BIEKTPOCTAHIIHH. T OTUTHBHBIE
IITaKu o0pa3yIOTCA B pe3yIbTare cleKaHWS OTHAESIIBHBIX YacTHI[ Ha KOIOCHHKOBOH PEMIeTKE ITPH
BBICOKHMX TeMIIepaTypax, Kak Ipapmio, 6omee 1000 °C [3].

[TepcnieKTHBHBIM 4BIIgeTCd cITOcO0 MepepaloTKH TOIIHBHBIX IIDIAKOB B TEOMOIHMEPBI —
HOBBIH KJIacC MaT€PHAIOB, TTOTyYaeMbIH ITyTEM IIETTOYHON aKTHBAIMA allFOMOCHIIHKAaTHOTO CHIPBA,
KaK TIPHPOIHOTO TPOHCXOAACHNA (KaOTHHbI, TTONEBOIMIAaTHRIE TOPHBIE TIOPOABI M T. X.), TaK U
TEXHOTEHHOTO TIPOUCXOKISHHUS (301TbI, TOINMMBHBIE H METAUTYPrHUECKHE IITaKH, 30MOMITaKOBbIE
CMECH H T. [II.).

[eomomumepbl  TPEACTaBIAIOT  COOOH  CTEKIIOKPHCTAUTHYECKHE  AFOMOCHIIMKATEL,
cocTosIMe M3 TeTpasapoB [Si0O4]™ u [AlO4]°. OHHM coemMHEHBI MeXKIY cO0OH KHCIOPOTHBIMH
MOCTHKaMH, CBa3H Si-O-Al 3aMKHYTH B IIeMd M Konblla [4]. ['eomomumepsl MOTYT HaiiTH
MIPUMEHEHHE B CTPOHTENLCTBE 3MaHWH M COOPYXKEHHH, JAOPOr, B KaYeCTBE TEIIOM3OIIAINOHHBIX
MaTepHaJIOB H T.JI.

g uccleoBaHnd BO3MOKHOCTH ITONYYEHHI TEOIOIMHMEPHBIX MaTepHaloB OBLT BBEIOPaH
TOIUIMBHBIN ITaKk HOBOUEpPKACCKOH TOCYIAAPCTBEHHON PaHOHHOH SIEKTPOCTAaHIMH. XHMHYECKHA
COCTaB MCIOIb3YEMOrO TOILIHBHOTO TIITAKa ITPHBEAEH B TabmuIe 1.

Tatmiia 1. Xungeck i cocTaB TOIUHMBHOTO ILmaka HoBouepkacckoid TPOC.

Konrio SiO, ALO; MgO Na,O Fe,03 CaO K,O TiO, SO; P,0s IOmI
HEHT

Comep 54,56 19,21 1,64 0,98 11,92 3,72 3,35 0,98 0,08 0,12 3,44
JKaHHe,
%
Macc.

CHHTE3 cepHH BCIIEHEHHBIX TEOMONHMEPHBIX MAaTEPHANIOB OCYIIECTBILIIA CIEAYIOITHM
IyTeM: KYCKOBOH TOIUIMBHBIN IITAK TTOABEPramd JpoOIeHHIO A0 pasMepa KycKoB 20 MM, gaiee -
MIOMOITY IO pa3Mepa dacTHI] MeHee 250 MKM, B OTJEIbHOH €MKOCTH TOTOBHIIM PAcTBOP IMIEIOYHOTO
aKTHBaToOpa, IyTeM cMelneHnd 50 % pacTBopa THApOKcHAa HaTpud U 50 % pacTBOpa EKHAKOTO
CTEKIIa, IMETOYHOH aKTHBAaTOP CMEIMBAIH C CYXHM TOIUIMBHBIM IINTAKOM, B IIONYYEHHYIO CMEChH
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NOOaBIAA BONY, JAO IONYYEHHI OXHOPONHOHW TeOlONMMEPHON TacThl, B KOTOPYIO BBOJHIIH
MeHoo0pas3oBaTellh — AMFOMHHUEBYIO NyApy Mapku I[TATI-1. [Tomy4eHHYIO CMECh ITOMEIAIH B
KyOHueckne (hOpMBI, ¢ pasMepoM TpaHeit 30 MM M IOABeprami CyIIKe B TeueHHe 24 YacoB ITPH
temreparype 80 °C. McXOmHBIM CHIPREBOM COCTaB TeOMOIIMMEPHOIO MaTepHalla ITPEACTABICH B

Tadmite 2.
Tatmiia 2. ChipbeROH COCTAR MEOTNOTHMEPHOTO MaTepHaa

Hazganue T ormBHBIA IMenouHoH aKkTHBATOP ITeHooGpazoBaTeshb IyApa
KOMITOHEHTA MITaK ANIOMHHHERAA
CopepxaHde, AKupakoe crexno 50 % NaOH (B riepecuere Ha

%% macc. 75 BOJHBIH pacTBOp CYXO€ REelIeCTRO) 2,5
22,5 2,5

MexaHHU3M BCIICHHBAHHS reononmepHoﬁ CMECH 3aKIoYacTcd BO B3aHMOACHCTBHH
AIOMHHHEBOH IIYAPEL ¢ THAPOKCHIOM HaTpHA H 06pa303a}meM TETPAarvnAPOKCOAIIIOMHHAaTa HaTPHA
H ra3006pa3Horo BOOOPOda, BCIICHHBAKOIICTO CEIPBCBYHY CMCCh!

2A1+2NaOH+6H,0 = 2Na[Al(OH)s]+3H,

[Tomy4yeHHBIe 00pas3lbl 00IAMArOT Pa3sBUTOM IOPHCTOH CTPYKTYPOH, CPeHEH IUTOTHOCTHIO
369 kr/m°, cpemHeit mpourocthio 1,12 MIla. MaKpocTpyKTypa IMONY4eHHOTO T€OMOTHMEPHOTO
MaTepHalla IPHBEJIcHa Ha PHCYHKeE 1.

PucyHok. 1. Makp ocTpYKTYpa reornoIHMepHOr0 MaTepHaia Ha OCHOBE TOIUIHBHOTO IILTAKa.

Taxkum 00pa3oM, yCTaHOBJIEHa BO3MOKHOCTH IIONYYEHHSA BCIICHEHHBIX T€OMOHMEPHBIX
MaTepHallOB Ha OCHOBE OTXONOB YIOINBHOM TeHepallid — TOIDIMBHBIX IIDIAKOB. PazpaboTaH
CBIPBEBOM COCTAaB CMECH, ITPOBEJIEH CHHTE3 T'€OMOIHMEPHBIX MaTepHalloB, H3YYEHBl HX (H3HKO-
MeXaHN4YeCKHe CBONCTBA: CPEIHd INIOTHOCTh 00pasLoB — 369 KI/M>, cpefiHad IIPOYHOCT 00pasIoB
— 1,12 MITa.

1. IEA — International Energy Agency: [Onextponnsiii pecypc]. URL: https://www.iea.org. ([aTta oOpajeHus:
08.09.2022)

2. Yatsenko E. A. et al. Improving the Properties of Porous Geopolymers Based on TPP Ash and Slag Waste
by Adjusting Their Chemical Composition //Materials. — 2022. —T. 15. — Ne. 7. — C. 2587

3. Tepk C. A., Cyvonuii B. A. HcceneopaHHe cocTaBa H CTPYKTYPBl OTXONOB TOILTHEHO-3HEP FeTHYECKOTO
KOMILTIEKCa € TIPHMEHEHHEM 3JIEKTPOHHO-MHKPOCKOITHYECKOTO H 3JIEMEHTHOTO aHani3a //13BecTHA RbICIIHX ¥ueOHbIX
saBeieHH. CeBepo-KaBkazckiii perdoH. TexHuyeckde Haykd. — 2013, — Ne. 4 (173). — C. 76-79.

4. Yatsenko E. A. et al. Processing of ash and slag waste from coal-fired power plants into functional
geopolymer materials //IOP Conference Series: Earth and Environmental Science. — IOP Publishing, 2022. — T. 1061. —
Ne. 1. — Ne. 012052.

Pafioma evInOIHEHA € PAMKAX pediti3ayiil HpOernd RO COSRAHERII0 ¢ APeOOCTARIen i U3 (edepaioHo20
Brodoicema :panmoe € opme cyvocuduil e coomeememennt ¢ nysrmorm 4 cmamsy 781 Fodxcemuozo Koderca
Poccuiicroil  Qedepayuit  « VeRe pOOHO-HEUMPAALHLIE  MEXHOAOUN  PEYUKTUHZA  KPVAHOMOHHANCHOIX  OMX000€
MORIUEHOI IHEPeMUKIL ¢ HOJIVYICHUEM (DVHKYLOHIOHBIX 2eOROALMEPHBIX Mamepuwioey om «29» wona 2022 2.,
Ne 075-15-2022-1111.
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OYHKITHOHAJIM AN A IIOBEPXHOCTH CTEKOJI C HY CEPEBPA
BEJIKOM TMBP J1JId BHOCEHCOPHBIX ITPHJIOKEHHUH

Bemoxopa 0.10.!, Jiixauép A.U.!, TToaposa O.1.2, Haméxuu A.B.!
! Drsuro-mexnudecrait uncmunym um. A. ©. Hogde PAH, Canrm-ITemeptypz, Poccu
2 Huemumym yumonozu PAH, Canrm-Iemepoype, Poccus
e-mail: velyuhovaolga@yandex.ru

This work is devoted to the investigation of Ag-nanoparticles glass substrates functionalization with
TMBP as a sensitive element of a biosensor system for the analysis of human biological fluids.

OmHOM W3 aKTyalbHBIX 3aja4 COBPEMEHHOH OHOTEXHOIOTHH ABIAeTCd paspaboTKa
BBICOKOUYBCTBHTEIILHBIX CEHCOPHBIX CHCTEM /14 aHAlIH3a HU3KUX KOHI[EHTPAI[H OHOXHMHYECKHX
KOMITOHEHTOB B OHONOTHYECKHX KHUIKOCTAX HeNoBeka. CpefH TPHHIMIIOB (YHKIMOHHPOBAHHA
TaKHX YCTPOHCTB — OHOCEHCOPOB, MOXKHO Ha3BaTh XHMHYECKHE, 3JIIEKTPOXHUMHYECKHE H
ontHdeckre. Hanbormee paciipocTpaHeHHBIE - SIEKTPOXUMHYSCKHE CEHCOPEL, TIPH IIHPOKOM Habope
TOTMOKUTENBHBIX (haKTOPOB, UMEIOT BBICOKYIO TOTPEIIHOCTD TIOKA3aHHM, TIPH 5TOM ONTHYECKHE
YCTPOWMCTRA, TPaJUIMOHHO, HMEIOT BBICOKYIO TOYHOCTH W BOCIPOH3BOJUMOCTH ITapaMeTpOB.
[ToaToMy B Harmel paGore MBI OTZANH MPEAIIOYTEHHE paspaboTke OHOceHcopa, paboTaroIlero Ha
MPHHIMITE  BO3OYAKIEHHI, JOKalIH30BaHHOTO IDIA3MOHHOTO  Pe30HaHca B cepe0paHbIX
HAaHOYACTHUI[AX.

[TOBepXHOCTHBIM  TUTa3MOHHBIM PE30HAHCOM HA3bIBAIOTCA PE30HAHCHBIE KoneOaHu4
SIEKTPOHOB ITPH BO30YKACHHH BHEIHEH SIeKTPOMATHATHON BOIHOHN ITOBEPXHOCTHOTO ITIa3MOHa
Ha €ro pe3oHaHCHOH yacToTe. Oco00 HMHTEPECHO PAcCMOTPEHHE BO3OYAIEHHA TMOBEPXHOCTHBIX
IUIa3MOHOB BHYTPH YacTHI[ OIarOpOAHBIX METAIIIOB, HAlIPHMED, cepebpa, 00NafarolMX pa3sMepaMA
MHOTO MEHBINE JITHHBI BOMHBI BO30YKIAIOIIETO cBeTa. B 3ToM ciiydae KoneGaHHMI HE
paclpoCTPaHAIOTCd, W X PE30HAHCHOE BO30YAKISHHE Ha3bIBArOT JIOKAIH3OBAHHBIM ILTa3MOHHBIM
pe3oHaHCOM. bBraromaps cBOMM YHHKAllBHBIM CBOHCTBAaM HaHOYACTHIBI cepedpa ABIAIOTCA
MEPCIIEKTUBHBIMH CTPYKT YPaMH 714 cO3JaHH I CHOCEHCOPa.

Jna co3maHug OHOCEHCOpPa, CTEKIIGHHBIE TIOIOAKKH OUHINAFOTCSA ¢ IMOMOINBIO alleTOHAa U
H30TIPOIMITIOBOTO  CIHPTa, IMOCHe Yero TOMEINAIoTead B My(PembHYIO TIeUb N NPOrpeBaHHs.
[Iporpersle cTékima omyckatorcd B pacimiaB AgNOsz (5 mol%) + NaNOs (95 mol%) mpu
temmeparype 370°C Ha 20 MUHYT T4 TTPOBEICHUA MIPOIIEAYPEl HOHHOTO OOMeHa. BTOPBIM 3Tarom
(dbopMHpOBaHHA Ha CTEKIIAHHOW TOMIOAKKE MOHOCTOA HAHOYACTHI[ SABIAETCA BOCCTAHOBICHHE
cepeOpa B BOAIHBIX IMapaX. MeTomoM pacTpOBOH AMEKTPOHHOH MHKPOCKOITHH OIpPeleieH CPeaHUH
pasmep cpOopMHpPOBaHHBIX HAHOYACTHIL: 25+5 HM. J[n49 pHKcallMH HAHOYACTHI[ Ha IOBEPXHOCTH
HeOOXOJUMO TIOKPHITh TTOIIOKKH ITOMTHMEPHON BOZOHEPACTBOPHMOM TUIEHKON MomHamiga-6 (PA-
6). [INEHKH HAHOCHIHMCh METOAOM IIeHTpH(pYTHpOoBaHHT M3 1% pacTBopa PA-6 B MypaBbHHOMN
kucnore. [Ipu ckopocTH BparneHns HeHTpruyru 4000 of./MHH. TONIHHA THIEHKH COCTaBIIeT 20+5
HuM. TecToBbIE HCCTIEMOBaHNA 110 MTPOTEKAHHIO KHAKOCTH BAONH TTOBEPXHOCTH TOIOKEK TTOKA3alIH,
yro cthopMHpOBaHHas TTONMMMEPHAA TUIEHKa HaJEKHO 3aKpelliAeT HaHOYACTHIIBI Ha TMTOBEPXHOCTH U
Omarozapd TONINWHE ITONHMEpa, COM3MEPHMOM ¢ JHAMETPOM HaHOYACTHIL, HE CHHXKaeT
3 eKTUBHOCTD BO3OYKIACHUA TITa3MOHHOTO Pe30HaHCa (YyBCTBHTEIBHOCTh CEHCOPA).

Texkymuii, OHOTOrHYeCKHMH 3Tall paloThl IMOCBAINEH (YHKIIHOHATH3AIHA IIOBEPXHOCTH
pazpaboraHHOH paHee BHCOKOd(pdeKkTHBHON MOATOXKKH OHoceHcopa [1]. B kadecTBe
aHATTH3HPYEMOTO BEIECTBa YAOOHO B3ATh TIIIOKO3Y, KaK ONHH W3 KOMITOHEHTOB OHOIOTHYECKHX
AHMIKOCTEH YeTloBeKa, HEHHBa3HBHBIN 3a00p KOTOPOH M 3HaHHE KOHLICHTPAIlMH IIO3BOIIUT OOIIBHEIM
nrabeToM KoM(pOPTHO U 0e30MTacHO KOHTPOIMPOBATh CBOE 3[]0POBBE.

B kauyecTBe UYBCTBHUTEIBLHOTO 3IIEMEHTa Ha TIIOKO3Y MBI BHIOpANH Tperanosa (MalbTo3a)-
cesphIBatoriit  Gemok  (TMBP), KOMITIEMEHTapHBIM TIIOKO3e MW CIIEIH(HUSCKH ¢ Heit
B3aUMONCHCTBYIOIIHI. HeCcOMHEHHBIM TOCTOMHCTBOM HCIIONb30BaHUd TMBP 119 ceHcOpHBIX
3alay ABIIOTCA BBICOKad CTaOHMIIBHOCTh €ro CTPYKTYPHl K Pa3slIMYHBIM JeHaTYPHPYIOIIHM
BO3JICHCTBUAM, a TaKKe BBICOKad KOHCTAHTAa JUCCOLMAIMK TIFOKO3BI, 3HaueHHE KOTOPOH
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COOTBETCTBYET YPOBHIO COJIep KaHHA caxXapa B KPOBH 3JIOPOBBIX MOAeH M GONBHEIX AHadeToM [2,3].
B xome pabotsl orpabarbiBaliachk ITpOLeAypa HMMOOWIH3AIHA OClIKa Ha CTEKITIHHBIX TTOMJIOKKAX.
[lepen HaHeceHHMeMOENKa IIPOBONWIN IIPOLEAYPY aKTHBAIMH ITonumMepaPA-6,4TO0B YBETTHUHTH
YHCIIO aKTHBHBIX aMUHOTPYIIIL, JJI4 YETOIONIOKKH ¢ MONMHMEPOM IToMelnatored B 1-2 M pactBop
CONTIHOW KHCTTOTHL Ha 30 MMHYT, W Jallee IIPOMBIBAIOTCA JHCTHIUIHPOBAHHOW BOMOH 4
BOCCTAaHOBJIEHNA HelTpanbHoro pH. [lanee GeloK ¢ KOHIleHTpalueH, pacTBOopeHHBIN B 10 MMTris-
HC1 6ydepe (pH 7.5) 10 xoHeHTpaImH 0.6 MI/MIT HAHOCHIICA B BHJIe Kallmi o0beMoM 200 MKIT Ha
pabouyio OOIacTe ceHcOpa W BBIACPKHBAICA [O IIOMHOTO BHICBIXaHWI B TeueHHe 1 daca ¢
TIOCIIEAYIOIINUM IIPOMBIBAHHEM B JUCTHILUIMPOBAHHON BOJE B TEUEHHE 15 MUHYT.

HIId OLIeHKH XUMHYecKoro 3akperuieHnd TMBP Ha mopepxHocTH mmommmepa PA-6 Ovlmm
MIPOBEAEHBL HCCIIEA0BaHNA XUMHUSCKHX TPYIII ¢ IToMoIipio MK-Oypre criekTpockorvu. B ceasu ¢
Magoi tommmHOM (Mo 200 HM) IIeHOK OBIT MCIIONB30BAH METOJA HapyIIEHHOTO ITOHOTO
BHyTpeHHero orpaxkenna (HIIBO). Ha pucyHke mpemcraBiaeHBl MK-criekTpsl mid: ofpasiia ¢
TOHKOW TUIEHKOMW TmonumMepa PA-6; oOpasiia ¢ TMBP, HaHeceHHBIM Ha TTOBEPXHOCTD IOMMEpPa, H
o0paslia, IPOMBITOTO IJHCTHIDIMPOBAHHOW BOAOH Ioclie HaHeceHHd TMBP Ha moBepxXHOCTBH
nomvMepa. BHIHO, UTO aKTHBAIMA TTOIMMEPa IIPUBOAUT K 3HAUMTEIIBHOMY 3aKpeIUICHHIO OelKa Ha
TIOBEPXHOCTH IIONHMMepa, IIPH 5STOM IIPOMBIBKA B BOJE CMBIBaeT YacTh OelKa, O UeM
CBHJIETENLCTBYET TallleHHe JIHHUH MOTTIOIIEHNI Ha JIIHHaX BOIH 1670 1 1540 e (preyHOK 1).

N F—=F &6 @onm
! ' = == PA6 + TMBP
0.0136 |- ! B == PAB + TMBP (+rpombiska)| |

0.0102 |- \ ) 4

0.0068 | b RES .

lTor.molj erike (0T H.64.)

0.0034

0.0000 e

1400 1470 1540 1610 1680 1750 1820 1890 1960

Bonxosos uncrno (M)

Pucyrok 1. MK-crieKTphl KpeMHHEBBIX IMOJIOAEK, MTOKPITHIX: MoHMepoMP A-6,6emkom TMBP nosepx PA-6 ¢
CYIIKOH Ha Bo3ayxe, a Takske TMBP ¢ npombIBKoH B JHCTHILIHP OBAaHHOH BOAE.

Taxum oGpazom, MeTogom MK-Dypbe CIIEKTPOCKOINH MMOKa3aHO, YTO OelTOK, BRIOpaHHBIA
HaMH B KauyecTBE YYBCTBHTEIBHOIO DIIEMEHTa OHOCEHCOPHON CHCTEMBI, YCIIRIIHO CBA3BIBACTCA C
MTOBEPXHOCTHIO TIOIIOKKH OHOCEHCOpPa Ha OCHOBE CTEKONI ¢ HAaHOYACTHI[AMH cepedpa, MTOKPBITHIX
TOHKOH IJIEHKOH ITOIMMepa MOIMaMHI-6 H aKTHBHPOBAHHOT O COIIAHONH KHCIIOTOM.

HccnmegoBaHUg  BBITIONMHEHB ¢  HCIIOMB30BaHHEeM obopymopaHHa (deaepambHoro LIKTI
«MarepHanopeicHHE U IHATHOCTHKA B IIEPEIOBBIX TEXHOIIOTHIX .
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B. 6. C. 1180-1186.
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MO3ANYHOE CTEKJIO HA OCHOBE CTEKOJIbBHOI'O BOA

Kvurvposa A A, I'appukosa A.H., Biacosa C.I.
Vparnscrkuil hedeparcrsiil yruee pcumem umveni nepeozo npesudenma Poccuy B, H. Exsyuna, Examepunoype, Poccua
e-mail: anastasi-cat@mail.ru

The scientific article is devoted to the study of the technology of using cullet in the production of
mosaic glass. The process of heating and sintering of glass fight and pigments is shown in detail.

CeromHa CTEKIO ABIASTCA ONHUM M3 HAaHOOIee PacIipoCTPaHEHHBIX MaTePHAIOB, KOTOPHIM
OKpyKaeT HaC ITPAKTHYeCKH IIOBCIOAY. brarofapsd cBOMM VHHKallbHBIM CBOMCTBAM CTEKIO
TTOITYYHITO IMIMPOKOE PacIipoCTpaHeHHe BO MHOTHX ¢(pepax MPOMBIIIIIEHHOCTH H ObITa.

B maHHOW pabore IMpeioKeHa TEXHOIOTHI HCIONb30BaHHd 004 THCTOBOTO OCCIBETHOTO
CTEKIIa B IIPOU3BOACTBE MO3AHKH.

Mosankoi HasbIBaeTCA Y30p, BHUTOKSHHBIH Ha paslHUHBIX IOBEPXHOCTIX (CTeHaX, IOy,
notonke) [1]. MaTepHazoM AT MO3aHKH MOKET CITY’KHTh KakK KepaMHKa H KaMHH, Tak H CTEKIIO.

Jig cozmaHna 00pasloB MO3aHYHOIO CTEKIa HaM IoTpedyercd: OeCIBETHBIN CTEKIIOOOM,
IIBETHOH IMUIMEHT, TabopaTOpHbIE BECH, CTYIIKA ¢ ITECTHKOM, JelafKka, KepamoOymara, hopMoUKa,
MydenbHasa meub W TepyaTku [2, 3]. PaspaGaThiBamachMeTOAMKa IS MAajoro IPOH3BONCTBA.
TexHomorHdecKkad ¢XeMa:

1 BspenmipacM HeOOXOIHMOe KOTHYECTBO CTeKnof0od H IHIMeHTa Ha BecaX B
OTPEAEIIeHHOM COOTHOIIEHHH,

2 cMelMpaeM CTEeKI000H M THMIMEHT B CTYIIKE, TINATEIBbHO PacTHpacM IIECTHKOM 0
OTHOPOTHOM MacCHI,

3 moAroTaRIHBacM JeIaIKH I GOpMOBaHHI 0OpPasIloB;

4 yKImaabIBaeM ITONYUHBIIYIOC CMeCh CTeKIIO00d M MHIMeHTa B GopMOUKY H (hOpMHpYEM
GaTOUKHIIPSIMOYTOMBHOH (DOPMBI;

5 roToBble 00pasupl CTaBHM B MY(EIBHYIO TI€Ub, HArPEBAcM CTYIIEHYATO, BBIICPAHBACM
MMPH MAKCHMAITbHOH TeMITepaType;

6 oxmaxmacM o0paselr,

7 TOTOBBII OOpasell IMTpH HeOOXOAUMOCTH pacKallbiBacM Ha KYCOUKH HYKHOTO pasMepa.

JImgd  SKCIepUMEHTOB OBIIIO TTOATOTOBIIEHO HECKONbKO MapTHH OOpaslloB ¢ Pa3HBIMH
IMMTMEHTaMH, TIPHYeM KaXJasd HOBasd TapTHA Obllla HM3TOTOBIIEHA, YYHUTBIBAg OMMOKH
MpeapIayInei. JJoOnpanucy  LENbHOCTH — O0pasiia, JOCTaTOYHOW ITPOYHOCTH, OHOPOJHOCTH
CTPYKTYPBI, TIISAHIEBOH POBHOM TOBEPXHOCTH, KaueCTBEHHOTO I[BETA, «IIPABHUIIBHOTO» HE
PaKOBHCTOTO CKOIIA, aHAITU3HPYS PE3YIbTaThl, H3MEPAA CBOHCTBa IMTOTYYSHHBIX CTEKOIL.

JlydiliHe MO3aMYHBIE CTEKla ITONYYHIIHCh IIPH TEMIIEPAaTYPHOM PEKUMECIIEKaHUA. OT
KOoMHaTHOH 1o 775 °C ¢ BBIJEpKKaMH, O0IIee BpeM4d CIICKaHMACOCTABHIIO TIOP4Ka TPEX 4YacoB,
oxnmaxaeHne —3,5-4,0 yaca ¢ BeIAepAKOH mpu 540 °C ang cHatug HanpsxkeHuit. CTpeMHIHCch
TOTYYMTh HaHMEHEe SHepPro3aTPaTHBIN PeKHM, COKPAaTHB B KOHEUHOM cueTe BpemA paldoTHl OT
CYTOK 10 6-7 4acoB.

PucyHok 1. Mozadka H3 TIoJTy 4eHHbIX 00pasios. GparMeHT MaHHO.
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PucyHok 2. TTIpoduns usMeperuii POA obpasia ¢ goGaBkoii okcHa Keesza 2 Yo

PenrreHogaszopblit aHami3 06pas3loB TOKa3al COXPaHEHHE CTEKITOOOpa3’HOrO COCTOSHHA
(puc.2) ¢ HeGONBIMMM KOMTHYECTBOM KPUCTAITHUECKHUX (ha3, BbI3BAHHBIX, B OCHOBHOM,
TPHCYT CTBHEM ITMTMEHTOB, YTO IMO3BOIMET Ha3biBaTh MPoayKT MO3AWMYHBIM CTEKJIOM.

1. JlazapeBa E.A. TexHOMOrHA M3rOTOBJIEHHS XY/IOAECTBEHHbIX M3/l W3 cTekia: Y4el. rocobue / E.A.
Jlazapesa. HoBouepkacck: FOPT'TY, 2002. 100 c.

2. 3ybexrH AJIL, TonoBanoBa C.IL, Jlasapera E.A., PaGora A.B. TexHoMoraA H3TOTOBIEHHA H
Xy IOKECTReHHOH 00patoTkH cTekna. BRemeHHe B CrielManbHOCTE: ¥ uel. rmocodue / A.IL 3yGexaH, C.IL T'omogaHoRa,
E.A. JIazapegra, A.B. Pa6osa. Hopouepxacck: IOPT'TY, 2004. 160 c.

3. Ceprees KO.T1. BrimosHeHHe XyA0:KeCTBeHHBIX H3Aem i 13 crekna / FO.IL Ceprees. Mockga, 1984. 240 c.

JIAJEPHAA 3AIIUCH ABYJIVUEINIPEJIOMJIEAIOINUX CTPYKTYP C IOHHKEHHBIM
CBETOPACCEAHHUEM B OB BEME KBAPIIEBOI'O CTEKJIA MAPKH KY-1

Osepopa A.W., Jluntatees A.C., @eporop C.C., Jlumatsepa T.0., Jlorapep C.B., Curaece B.H.
Poccutickutl XusMurko-mexnorozudeckulil yaueepeumem wvenn JLH. Menoenzeea Mocrea, Poccua
e-mail: vlad.sigaev@gmail.com

In this work, birefringentmodifications with polarization-controlled slow axis orientation and
reduced light scattering were inscribedin KU-1 silica glass by femtosecond laser pulses.

Ha ceromHammHuii MOMEHT HauOolee IEPCIEKTHBHBIM METOAOM B OONAacTH CO3MaHUA
GYHKIMOHATBHBIX MHUKPOCTPYKTYP B CTEKITaX M MaTepHallaX Ha MX OCHOBE SBIIETCHA JOKaTbHOE
Ta3epHOe MOAMGMHUIIMPOBAHUE HX CTPYKTYPHL. Tak, mpH GoKycHpoBKe (heMTOCEKYHAHBIX Ta3ePHBIX
HMITYIIbCOB B 00BEeM KBapIeBOrO CTeKla BO3MOXKHO (QOPMHpPOBaHHE PAsTHYHBIX THIIOB
MOAH(PHUKAIMIT B 3aBHCHMOCTH OT peXkHMa Ja3epHOro oOImydyeHHd. Cpeld OCHOBHBIX THIIOB
MOMUGbUKAIIMIT  BBIEIAIOT — M3OTPOIHOE  M3MEHEHHE — TIOKasaTeNd — TIpeloMIeHHd  (THII
I),aHH30TPOITHBIE HAHOTIEPHOAHYECKUE CTPYKTYPBI — HaHOpeMeTKH (Tt 1) u mMuxpomopbl. OcoOslii
HHTEPEC BHI3BIBAIOT HAHOPEIIETKH, OOMaJaroliie IBYIYUCIIPETOMICHHEM (QOpPMBI, YTO JaeT
BO3MOKHOCTh CO3/aHH4 OITHYECKOW ITAMATH € MHOTOYPOBHEBBIM KOZHPOBAHHEM H (Da30BBIX
ONTHYSCKMX oIeMeHTOoB |1,2]. HemaBHO B VCIOBHAX HH3KOANMepTypHOH  (HOKYCHPOBKH
(heMTOCEKYHIHBIX TTa3ePHBIX MMITYIbCOB OBIT OOHapyXKeH HOBBIH THIT MOAHMDHKAIMK (Tak
Ha3bIBaeMBbIi THTI X), 0OIaJAIOHI TOMIPH3aIIHOHHO-KOHT POITHPYEMBIM ABYITYUETIPETOMICHHEM U
TIOHWKEHHBIM II0 CPAaBHEHHIO ¢ HaHOpPEIIeTKaMH cBeTopaccedHueM |3]. DOTH  CBOMCTBa
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O0YCIOBIIEHBl CTPYKTYPOH MomubHKaIlMii, KOTOpas IpelcTaBlicHa HAHOMOPAMH, BBHITAHYTHIMH
TIePIIEHIUKYIIAPHO OPHEHTAlMH ITOILIPH3allHi 3allfCBIBAIOINETO JTa3epHOro Myuka. Moandukarma
THa X B CPaBHEHWH ¢ HaHOpEIeTKaMH Oolee TEPCHeKTHRHA M M3TOTOBICHHA (hasoBBIX
KOHBEPTEPOB IOILIPH3AllUHN ITa3ePHOT0 H3IIYUEHHI H JPYTHX ONTHYECKHX IEMEHTOB CO CIIOAKHBIM
nmpobHIIeM ABYITYULIIPETOMICHHA, a TaK&Ke A4 3aITucH HHbOopMaImH [4].

[Tomumo TMapaMeTpoB Ja3epHOTO BO3ACHCTBHA BaXHBIMH (DaKTOpaMH 4 IOTYyYeHHS
IBYTYUESTIPETIOMIIONTNX MOTUPHUKAIM ¢ 3aJaHHBIMH TlapaMeTpaMH B KBapIEBOM CTEKIIe
SBIIAIOTCA TPUMECHBIH COCTaB M CBOMCTBAa KBapLEBOTO CTEKIIA, KOTOPBIE OIPEASIAIOTCA IIPEEIE
BCErO METONOM €ro cHHTe3a [5]. Jlo HacToAIero BPpeMeHH 3aIlich MOTU(UKAIMi THla X Oblla
MIPOAEMOHCTPHPOBaHa TOIBKO B KBapLeBOoM crekine Mapku Viosil. B manHol paGore Oblia
MTPOBEPEHa BO3MOKHOCTh M YCTAHOBIIEHBI PEKMMBI NTa3epHOH 3almicH MoAH(pHKaIlMii THIIa X B
OMTHYECKOM KBapIIEBOM CTEKIIE PoccHiickoit Mapku KY-1, KOTopoe H3roTaBmUBacTCs MapodasHbIM
metomon 13 SiCla.

JIIIa 3alMcH TIOIafoK pasMeponM 200x200 MKM? ¢ ITOMOINBIO THHEHHOTO CKaHHPOBAHHS
Ta3epHBIM ITYYKOM ¢ ITaroM | MKM U CKOPOCTBIO 1-6 MM/C HCTTONB30BaICcA PeMTOCEKYHAHBIHN Ta3ep
Pharos SP. JIMHTeTbHOCTh TTa3ePHBIX HMITYITLCOB ¢ AMMHHOM BomHEI 1030 M cocTapnama or 300 mo
500 ¢c mpu dacToTe cleMoBaHHA UMITYIhCcoB 200 KI'Il. DHeprud HMITYILCOB BapbHpPOBallach B
uHTepBane ot 600 mo 1000 H/x. (DeMTOCeKYHAHBIE HMMITYILCH (POKYCHPOBAIHCH B 00BEM
KBapleBOoro CTeKla ¢ TIOMOIIBIO achepHUeCKOH IMH3EI ¢ UHCIIOBO# anmepTypoii 0,16.

B Xome sKcrepuMeHTOB OBUIM YCTAHOBIIEHBI TPAHHYHBIE YCIOBHA JAa3epPHOM 3aIlHCH, IIPH
KOTOPBIX TIPOUCXOIAT TIePeXoAbl OoT Momubukaimu Thra | ¥ tumy X u or tuma X K tumy I
[MoHmREeHNE AMUTEMPHOCTH UMITYTbCOB N0 400 (e 3HAUMTENBHO CyXKaeT MHara3oH (popMHpPOBaHUS
MOAH(HKAITHT THITA X 110 SHEPTHH M CKOPOCTH CKaHHPOBAHHA, a TTpH AMHTenbHoCcTH 300 ¢¢ OhIH
MOITY4eHb MOAHGHKAITMH TONMbKO THITal. [TpH 3TOM MOBBIIIEHHE SHEPTHH UMITYILCOB ¢ 600 HIK 10
800 H/Ik MTpH ATMTETbHOCTH HMITYIIECa 500 ¢¢ TpedyeT MOBHIICHH I CKOPOCTH CKaHHPOBaHHA ¢ 4,5
MM/CIO 5,5 B BBIINIE MM/C 1A CTaOHIBHOM 3almicH MOTHGHKAIMH THITa X M TIpeoTBpaleHus
o0pa3oBaHUa HaHOpeleToK. JIma mMomubuKaIiimi THia X OB ONMTHMH3HPOBAH PEKHM JTa3epHOH
3aIUCH U JOCTHTHYTa (a30Basd 3aliepKKa JIBYTYUSITPEIOMIIEHHA 10 25 &+ 2 HM.

PucyHok 1. 3armicaHHbIe Ta3epHbIM Iy 4KOM (a30BbIe OITTHYECKHE 3JIEMEHTHI, TPEICTARIEHHbIE OJJHHM CJI0EM
MoardHkarHi THa 11 (cneBa oT Geaoi MMHHH) H HECKOTEKHMH CITOAMH MOIHOHKaLEH THIIa X (crpaBa OT
oemoii miHHH). PazoBasdt 3a7epiKKa 3alHCaHHBIX OMITHYECKHX JIEMEHTOR COCTARIAET oT 140 10 170 Hu.

Taxnm o6pazom, OblTa MOKa3aHa BO3MOKHOCTE H HalleHbI YCIIOBHA 3allHCH MOAH(DHKAITHIT
tuma X (puc. 1) B kBapieBoM cTekne KY-1.
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OTPABOTKA TEXHOJIOI'HH ®OPMOBAHHA KPYIIHOI'ABAPH THBIX
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In this work we carried out the synthesis of milk glass, silenced by calcium, sodium, ammonium and
aluminum phosphates, which by its visual characteristics was close to the historical samples.

[Tpn AeKopHpOBaHWH BHYTPEHHHX YOPAaHCTB MHOTHX JBOPLIOB YACTO HCIIOIB30BAIH CTEKIIO
(BUTpakH, CTEKIIAHHBIEC TTAaHHO, KOMOHHHI). Ha MpOoTaKeHHH pAfla BEKOB 3TOT XPYIIKHI MaTepHal
pazpymmaicd. HekoTopble My3eH H My3eHHBIE KOMIUIEKCH IO CHX TOp 0e3 pecTaBpallHOHHBIX paboT
cO BpeMeH BOHHBL. Harpumep, CuHui KaOuHeT [{apcKocellb CKOro ABOpIia IOl Mo, PECTaBPAIlHIO
TONIBKO B HACTOAIEe BpeMdI B €ro BHYTPEHHEH OTAENKe OBLIO, MCIOIB30BAHO MHOTO CTEKIa
CHHETO M aMETHCTOBOrO IBeTa. OJHAaKO JIBBHHAA AONS IPHUIIIach Ha MOJIOYHOE cTeKmo. M3 Hero
BBITOITHEHBI OOIHI[OBKA CTEH, TIOTONOK, IIPEIMEeTHl HHTEPhepa.

MonouHoe (TIYIIIEHHOE) CTEKIIO MMeeT B OTPaKeHHOM CBeTe MaToBO-Oemblii 1BeT. [lpu
MTPOU3BOACTBE TAKHX CTEKOI UCTIONB3YIOT (hochaThl, PTOPHIB U IIHHK-CYIb(QHIHOE TIYITIEHHE.

[empro Harmedt paGoTHl 4BIIIOCH BOCCO3IAHHE MOJOYHOTO CTEKIA, KOTOPOE IO CBOMM
BH3YalbHBIM XapaKTEPHCTHKAM, B HacTHOCTH (hakTypoit M OemisHOM, ObINO OBl MPHOIHAKESHO K
HCTOpHYeCKHM oOOpasiiaM. Hamu Obll BRIOpaH COCTaB, HCITONB30BABIIMWCA TIPH IPOH3BOJCTBE
MOJIOYHOTO CTeKiIa B 18 Beke Ha [loTeMKHHCKOM 3aBojie. B XoJie MPOBEASHHBIX paHee paloT OBLIO
YCTAHOBIIEHO, YTO CTEKIIO, CHHTE3HPOBAHHOE B 18 - 19 BekaxX cOocTOHUT M3 OKcHIOB: NaxO, AlLO:s,
Si02, P20s, K20, CaO, MnO, Fe;03, As203, PbO [1].

Tak Kak B HacTodIlee BPEMSI HCIIONB3YIOTCA CHHTETHUECKHE XHMHUYECKHE PEareHTHl, TO U3
COCTaBa CTeKla OBbIIH HCKIIOYESHBI COSAMHEHHI, KOTOPBIE PaHBINE HCIONB30BATH B KauyecTBE
o0eclBeynBaTenel (OKCHI MBIIbAKA, OKCHI MapraHija). B KadecTBe 0OeCIBEUHBATENA
HCIIONB30BaIu B paboTe OKCHJ| CYPBMBI, OBIIIO CHHTE3HPOBAHO JBE CEPHH: ¢ HCIIOIb30BAHUEM H O3
HCTIONB30BaHNA OOecliBeUrBareneit (MccaefoBaHusa MOKas3amd, YTO OKCHA CYPHMBI HE OKashIBacT
HHUKAaKOTO BIIMSIHHA Ha TPO3PavyHOCTh CTEKIIA W CTENEHb €ro 3arilyllleHHd, Bce JallbHEHIHE
HCCIIeNOBaHN g TIPOXOAUITH Oe3 yuacTH4 o0eclBeunBareiieii). B KauecTBe chIpbd 14 BBOJa hochara
HCTTONB30BATHCh (hOChaThl KaTbITHA, HATPHUI AMMOHHS U aITFOMHHH L.

CuHTe3 00pasloB MIPOBOIWITA B OJHY 3aChITIKY B KOPYHIOBBIE THUTIIH B DIIEKTPHYLCKON TIEUH
nmpu Ttemmeparype 1400 °C B TedyeHHe 2 dacop. OTIHBKa IMPOUCXOMHIIA B Pa3OTrPETYIO
METAITIHYECKYI0 (POPMY € TOCTIEAYIOIINUM OTKHIOM B 3JIEKTPHYSCKOM My(elne MpH TeMIlepaType
500 °C.

[Tocne cHHTE3a B XOAE JOMOIHHTENBHOH TEPMHYESCKOH OOpabOTKH MBI BBISACHHIH, YTO
CTEKIIa, THYIIEHHBIe TPH ToMOoImH ¢ocdara HATPUA M aMMOHHA OONaNar0T BH3YATHHBIMH
XapaKTepUCTHKAMH, HaHOOIee P OIHKEHHBIMA K HCTOPHYECKHM 00pasiia.

[lo pesymbprataM TpeABapUTEIBHBIX HCCISJOBaHWH Hamu OBUIO IIPHHATO peIleHHE
CHHTE3UPOBaTh BTOPYIO CEPHIO CTEKOMN, COJEPKAINX PasTHMYHOEe KOMHuYecTBO (ocdara HaTpHA.
Mocdar Hartpusg OB BHIOPAH MO CIEAYIOMIMM TPHYHHAM. 3KOHOMHYECKH Gollee BBITONEH, HeM
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ocTanmbHble (pocaThl, BU3YAIBHO-TIONMHTEPMHYECKHM METOJOM OBLTO OMpENENeHo, YTO CTEKIa,
comepxamue (gocdaTel HaATPHA UMEIOT MEHBIMYIO TEMIIEPATYPy IOITHOW KPHCTAIIM3allii. Bhlla
pazpaboTaHa cepHs ¢ TIEPEeMEHHBIM CoiepKaHueM oT 2 10 8 mMacc. % okcHia dhocdopa.

C MOMOIIBIO TTONMUTEPMHUYECKOTO METOla HaMH ObITa OITPelelleHbl TEMIIEpaTypHbIe 00NacTH
KpHCTAIIM3allHH, Ha OCHOBAaHWH KOTOPBIX OBILNIa IPOBEJleHa CepHd TepMO0oOpaboTOK B JHAIA30HE
temrepaTryp or 700 °C mo 800 °C ¢ pasnu4HbIM BpeMeHEM BBIZIEPAKKH 10 4 4acoB.

HamnOomnsInel cTeNeHpro 3arilyIleHHOCTH o0Tafalin 00pasiipl, coAepKaline 6 U 8 macc. %
okcHfa hocthopa, KOTOPhIE MTOABEPITTHCE BEAepAKKe TpH 800 °C B TeUeHHH 4 YacoB.

J714 CHHTE3HPOBAHHBIX CTEKOI OBLIH HCCIeOBaHBI MTOKa3aTelIH OSIH3HEL ITPEACTaBIcHHBIE
B TaOmHIe. M3 MONMyYeHHBIX Pe3ylibTaTOB BUHO, YTO CHHTE3HPOBAaHHBIE CTEKIIA OOMee 3arllyIIeHbl,
HX ITOKa3aTellb OeTTU3HEL B 1,5 pasa Beile. J[aHHBIE CTEKIa MOTYT B JalbHEHIIIEM HCIIOIb30BAaThCA
TaM, TAle HeOOXOANMO PacCcerBaTh CBET: TEPETOPOAKH, OONMMI[OBKA CTEH M IMOTONKOB, TMaOHBI,

CTOMCIMMHMIIEL H T. A.
Tabmaia 1. BellisHa CTeKOIL.

Odpaszel 3HaueHHA NOKa3aTeNa
BemisHa, %o
HcTopHuecKkoe CTEKJIO 65
000 «KpHcTawm 69
BCT2NaPé 77
BCT2NaP8 95

1. Apozgor A.A. Pycckoe MolouHoe M onmanoBoe crekno XVIII Beka // JleKopaTHBHOE HCKYCCTBO H
HpeaMeTHO-TIP ocTpaHC TBeHHadA cpena. Bectmrk MIXITA. 2019, No 2-2. C.228-238.

PEMTOCEKYHIAHAA JIASEPHAA IBETHAA MAPKHPOBKA
KBAPHHEBOI' O CTERJIA

Yanunuesa A.E., Jlunmareepa T.O., Jlumatees A.C., @egoror C. C., Jlotapes C.B., Curace B.H.
QI'EQY Poccuiicruiil XumMuKo-mexnorozudec kil yvaueepeumem uvenn JILH. Mendereeea, Mockea, Poccua
e-mail: t.lipatieva@yandex.ru

The parameters of color laser marking of KU-1 silica glass are revealed. A polarizing film glued on
both sample surfaces allows to observe color images in unpolarized light.

HcTopuga cTeklla Kak XyJOKESCTBEHHOTO M (DYHKIMOHATBHOTO MaTepHala HacUMTHIBAET
Oomee 5000 mmeT, B TeUeHHE KOTOPBIX, COBEPIICHCTBYA TEXHOIIOTHH M COCTABBI, IIIOAH HAYYHIIHCh
CO3/TaBaTh MHOKECTBO Pa3IHUHBIX MPeIMETOB ObITa U HCKYCCTBa. B HacToAllee BpeM, ¢ OBICTPBIM
Pa3sBUTHEM TEXHOIOTHI M ITPOMBITIIICHHOCTH, ITPOHCXOMNT SBOMIOITNA COBPEMEHHOIO HCKYCCTRa, U
COBpPEMEHHBIE XYAOKHHKH CO BCETO MHpa BHEAPIIOT HOBBIE XYNOKESCTBEeHHBIE ITpHeMHI [1]. HoBBIe
BO3MOKHOCTH JII CO3ZaHHMS MaTepHalloB Ha OCHOBE CTeKlla ¢ YHHUKaIbHBIMH CBOMCTBaMH
OTKPBIBAIOT  METOMBI  JTA3€PHOTO  MOAH(GHMIIMPOBAHHA, KOTOPBIE TIO3BOTIOT  CO37aBaTh
MHOT O VHKITHOHATBHEIE CTPYKTYPHI H OOBEKTHI ¢ PasIMYHBIMKM CBOHCTBaMH B 00BeMe cTekma [1].
JlokambHOE HM3MEHEeHHe IBeTa CTEKON ITof ACHCTBHEM Ia3epHOTO H3IYYEHHSI MOXKET OBITh
00YCIOBIIEHO PasHBIMH MexaHH3MaMH: HHTephepeHIei ¢cBeTa Ha JUGPAKIMOHHON permeTke [2],
BBITaJCHHEM OKpalllMBAlOIIMX MHKPO- HIIH HAHOYACTHI[ |3|, TOABIICHHEM IIEHTPOB OKPacKH,
co3MaHueM oOmacTeit ¢ JMBYIYUENPEOMILIIONMMA HaHOpemeTkamu [1,2] u ap. B mocnemHem
ClIydae OKpacKa ITPOSBIACTCA ITPH HaOIoAeHHH o0paslia B CKPEIIeHHBIX ITONIpH3aTopax Onaromaps
pasmuuHOi (hasoBoit 3aMepKKe, KOTOPYIO HCIHITEIBAIOT KOMIIOHEHTHI CBETOBOH BOIHBI BHIUMOTO
JHarazoHa ITIPH TIPOXOKACHHH Uepe3 JBYIYUCIIPEIOMIMIONIYIO CTPYKTYPY. Ecm  dasopag
3aflepkKa Ha ABYITYUSIIPETIOMISIONISH CTPYKTYpe paBHa A/2, TO B CKPeMISHHBIX IONIpH3aTOpax
HaOMIoMaeTca MaKCHMAalbHad HHTeHCHBHOCTD CBeTa Ha JITHHE BOMHEI A, a eClH (hasopad 3ajepikka
paBHa A, TO HHTEHCHBHOCTH CBeTa Ha BRIXOJe MHHHUMANbHA.
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B maHHOW paloTe HCCIeOBaHbl PEKHMBI BO3ICHCTBHA Ha KBapllieBoe CTEKIO Mapku KVY-1
(heMTOCEKYHAHBIX TTA3ePHBIX HMITYIIBCOB, TTO3BOJLIONINE BHITIONHATh B HEM IBETHYIO MapKHPOBKY
3a cYeT 3allUCH JBYIYYSITPEIOMILIOINX HAHOPEIETOK. JId MapKHpPOBKH HCIIONB30BATH
bemTOoCeKyHAHBIT Mazep Pharos SP, paGoratolmuit B pexkuMe (GOPMHUPOBAHHA HAHOPEIIETOK: ¢
IHTETHHOCTHIO HMITYIBCcOB 800 dic, ¢ HacToToi cnemopanna 200 kI't 1 sHeprueit 550-1400 /X
Ha JuHe BOMHBI 1030 HM mpH GoKycHpoBKe acepHduecKoit muH30H 10X ¢ UHCIIOBOH anepTypoi
0,16 Ha TmyOomHe 200 MKM B 00beMe oOpaslia Kpapleporo cTekna. OOpasel] IepemMellann
OTHOCHTENTPHO TyYKa ¢ TIOMOINBI0 MOTOPH30BAHHON TPeXKOOpAWHATHON TmaTdhopmbl Aerotech
ABL1000 co ckopocThio 2 MM/C. 3allMCh HAHOPEIIECTOK IPOBOJHIIH B JBa CIIOA ¢ PacCTOSHHEM
MEAKIY clnoaMu 25-100 MKM, ¢ ImaroM MexAy Tpekamu 1 mMxm. J[mg aHamis3a 1BeTa MapKHPOBKH
HCITONMB30BATH ONMTHYSCKHI TTOIIpH3allHOHHEIH MHKpockor Olympus BX51.

B pesympraTe masepHOW MapKHPOBKH IpH HaOMIOASHWH O0pasila KBapleBOro CTeKIa B
CKPEIIEHHBIX TIONIpH3aTOpax HaOMIoJaeTcsd IHpPOKad IBETOBad TamMMa OTTEHKOB JKeNToro,
OpPaHXeBOTO, KpacHOTo, (HOIMETOBOTO M CHHETO B 3aBHCHMOCTH OT PAaCCTOSHHS MEXKIY
JIBYIIYUETIPETTOMIIAIOIINMA CIIOAMH H SHEPIHH MMITYIIbCa, UCIIONB3YEMOH A X 3altcH. Bmecte ¢
TeM BOKPYT W BHYTPH 30HBI Ia3€PHOTO BO3JIEHCTBHA BOSHHKAIOT HAIIPSKEHHA, KOTOPBIE YXYIIIAIOT
OMHOPONHOCTH IIBETa. PElMTEH 3Ty MpOOIeMy MOZKET OTHKHI 00paslia IPH YCIOBHH HaXOXKACHUA
peKuMa, KOTOpBIH 3(dekTuBHO yerpaHST OBl Na3epHO-HHAYIUPOBAHHBIC HAIIPSKSHHUSI TIPH
COXPaHeHHH JBYITYUEITPETOMIEHHA U (POPMBI 3alTHCaHHBIX HAHOPEIIETOK.

Ja pH3yaHM3allii IBETHOTO H300pakeHHd B HEMOIIPH30BAaHHOM JHEBHOM cBeTe Ha o00e
MOBEPXHOCTH OOpa3lla cTeKla HaKIeWBalach IIONIPH3AIMOHHAd IUIeHKa. [akum o0pasom,
MIPEATIOKeHHAd MeTOJHKa TO3BONIeT IONy4aTh IBETHBIE H300pakeHHd B KBapleBOM CTEKIE 3a
CUET YIIPaBIAEeMOr0 HasepHOTO (OPMHPOBAHHA 3afjaHHOrO Tpodiida (a3oBoH 3aIepKKH H
OTKPBIBAET BO3MOKHOCTH JJI4 IPUMEHEHHS B OONACTH XYyHOKESCTBEHHOH OOpal0OTKH CTeKIa,
IBETHOH MapKHPOBKH H BRICOKOCTaOHIbHOM 3alTHCH HH(MOPMAIMH I apXHBHOT O XPaHEHHU A

1. Shakhgildyan G, Lipatiev A, Lotarev S, Fedotov S and Sigaev V (2020) Glass: Home of the Periodic Table.
Front. Chem. 8:384.

2. Cerkauskaite, Ausra (2018) Ultrafast laser nanostructuring for photonics and information technology.
University of Southampton, Doctoral Thesis, 206pp.

3. Qiu J., et al (2004). Manipulation of gold nanoparticles inside transparent materials. Angewandte Chemie,
116(17), 2280-2284.

Paboma estnoinend npu noddepiicre Mimuic mepcmed HAyKY 1 ebiciezo o0pasoeaniia Poccuticroit @edepajui
(FSSM-2020-0003).

®PUTTA - QJIEMEHT JEKOPHPOBAHU A XYTOKECTBEHHBIX U3 TEJIAI

Punaropa H.B., Jlenmpiiepa E. A.
OI'BOY BO Heanoecruiil 20cyvOapeiee HEOIH XUMUKO-MEXHORozHecKuil vauee pcumem, Heanoeo, Poccua
e-mail.filatova@isuct.ru

The paper considers the process of creating an artistic product using two frits.The manufacturing
technology and the resulting visual effects are described.

OpuTTa — 3TO CTEKIO000PA3HEIN MaTepHall, KOTOPBIH ITONYYAeTCsA IIPH TDIABICHHHA Macchl U
ee OBICTPOM OXTaXKAEeHHH. [ KepaMHUeCKHX JeKOPATHBHBIX MOKPHITHI (PUTTa UMEET IIHPOKOE
npuMeHeHHe. (DPUTTEL ABIAIOTCA OCHOBOM A M3TOTOBICHHA Tasypeit (g maitomikw, dasmca,
nonmyhapdopa),Takke BOSMOKHO €€ HCIOIb30BAHHE B KauecTBe OTACTBHOrO KOMITOHEHTa Jis
TIOKPHITHA KepaMHUUECKOH TUIHTKH ¢ LETBIO IIPHAAaHNI € JeKOpaTHBHOTO BHAa. Ha qaHHEBIH MOMEHT
OHa BCTPEYAETCA Pa3HBIX Pa3sMEPOB, IIBETOB M CTENEHH MTPO3PAYHOCTH, YTO TO3BOISET €€ aKTHBHO
HCTIONB30BATh I CO3JaHUS Pa3IHUHBIX JAeKOPaTHBHBIX 3()(PEKTOB KaK Ha GOMBIMNX 00beKTax, TaK
H CYBEHHPHOW MTPOIYKITHH HEGOIBINOTO pa3Mepa.

B mpoekTe paccMOTpeH Tpoliece co3maHua d(hdeKTa «3acTHIBIEH BOABI» Ha KEPaMHYECKOM
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OCHOBAHHUH.
JI1g paGoThI HCITONB30BAIIH IBa BHIa PPUTTHI ¢ pasHON (PpaKIHei:

1. fecCBUHIOBas, OOPOCHITHKATHAS, TIPO3pauHasd PpHTTa B BUIE CTEKISIHHON KPOIIKH ¢
pasmepom gacTuil 0,5 — 0,9 nn;
2. tdpurra I'JIb-4, Gemas, B BUe CTEKIIHHON KPOIIKH paszmMepom 0,25 — 0,50 mm

3a ocHOBY paloThl OBllTa B34Ta MOpPCKad TeMaTHKa, KOTOpad B HTOTe IIOMOTJa PacKphITh U
MOMYEPKHYTH XYAOKECTBEHHBIN 3aMBICET TT0 CO37aHNI0 3 deKTa «3acTHIBITEH BOABI».

Ha mepBoHayaIbHOM STale METOAOM PYYHOTO (OPMOBAaHHA Ha TOHYApHOM Kpyre Oblma
H3TOTORJIEHAa KepaMHUecKad IMHalla, B IIEHTPe KOTOPOH METOJIOM Hallella PacIIONOKHITH O0BEMHYEO
MOPCKYIO KepaMHYECKYIO 3Be3ny (pHc.l). Jmg 3aKkperuieHHsa KepaMHIecKoro OOHTaTensd MOPCKHX
TTYOHH HCITONB30BaNach KiKemh. CHOpMOBaHHBEIN BHICYIIEHHBIH TonmydadpHKaT OBIT paciTHCcaH
IBETHBIMH aHTOGaMH, TS GONMBINero MpUmaHusa >¢QQekTa HATYpPaTHCTHUHOCTH. Jlamee H3AemHe
TIPOIIIOYTHIBHEI OOKHT TIpH Temiieparype 1050°C. OpHTTY HaKTaJbIBalld Ha H3AeHe B IBa CIOM.
[epppim cnoem ITiDIa GecCBHUHIOBAA (DPUTTA, ¢ JOOABICHHEM B YTITYOICHHAXMEKTY TYUaMU 3BE3/IbI
HeGombIoro kKomudecTea (puTTH ['JIB-4.Bricota cmog (pHTITHICOCTaBHIa 1,5CM, IMOMYUYESHHOES
H3MlelHe OTTPABIATH Ha OOXKHT TpH TemmepaType 980°C.B xoae obxura QpHUTTa paBHOMEPHO
pas3ImiIack 1o MHale, Ha MTOBEPXHOCTH CTEKIIa IIOABHITMCh HEOOIBIINE TPEIHHEL B BHJIE TIOIOCOK JIO
3vM. B XymoKecTBEHHOM MHpE IIeK, KpaKie, TPEIIHHBL, TY3bIPH He CUMTAIOTCA Me(eKTOM, OHH
JOTIOTHUTEITBHO ACKOPHUPYIOT H3ACIHe, HMHUTHPYSI HaTypalbHBIH PHCYHOK KaMHA HWIIH CO3JaBad
sthdexr crapunbl. [lomck Takux MAeheKTOB TPHBOAMT K CO3MAaHWIO HOBBIX JEKOPAaTUBHBIX
MaTepHANOB, KOTOPBIE B X0fe 00KHTa TMPOABIIAIOT PasTHYHBIH (¢ EKTH HMMHTAIIHH TIOBEPXHOCTH.
Bropoit ¢moit GpHTTH BEIKTAIBIBANCA ¢ GONBIIMM cofepKaHHeM Kpormku ['JIB-4,110 ¢paBHEHHIO ¢
Tpo3pauHoit GPUTTOHR, I MpHAaHUI 6elecocTH H AddekTa MOPCKOH TeHBI B «3aCTHIBIIEH BOJIEY.

Pucynok. 1. Kepamudeckas Mopckas 3Be3na PrcyHok. 2. @puUTTHI Moce of:KHra

BricoTa BTOpPOTO €04 cOCTapldIa 1 ¢M, OOKHT OCYIIECTBILIICA ITPH TOH Ke TeMIIEpaType ¢
BBIJICP/KKON TPH MaKCHMallbHOW TemriepaType 30 muH. [locime o0XKHra ImpoH30III0 HHTEHCHBHOE
CMeIIIeHHEe TIPO3pauHoi W Gemoit pUTTH, HMHTHPYIOMIEH MOPCKVIO TIEHY BHYTPH CTEKIITHHOTO
crod. Ilex B TTOTHOH Mepe MPOABHIICA B TIIYOHHE CTEKIIOBHAHOTO CIOM, IIPH 3TOM PaCcIONIOKEeHHE HX
OBITO XAaOTHYHOE, a JAJIMHA COCTaBHia 2 — 3 MM. HapyKHad NMOBEePXHOCTh H3JINHSA OCTaBallach
rnafKoh, 0e3 BUAMMBIX JIe(eKToB. MToropasd TOIMIHHA CTEKIAHHOTO CIIOM ITOciHe 2-X O0KHIOB
COCTaBUIIO OKOMo 2 cM. OTckoka (DPUTTHI OT KepaMHuecKoH Macchl He HaOmroAaloch, (pHUTTa
PaBHOMEPHO pacIIPeAEIMIach IO BCEH MOBEPXHOCTH H3ACIH AL

Jnsa TpefoTBpaIlieHHs PAcClOSHHS H PacTPECKMBAHUA CTEKIOBHIHOTO ClOdA, (DpPUTTHI
noaoupanucek Omm3kumMA 1o K'TP. Pasmep 4acTHIL Tak Ke TTOBIIHAI Ha IBET H PasMep BHYTPEHHETO
IleKa B TOTOBOM H3JCTHMH. BBIIO YCTAHOBIEHO, YTO ¢ YBENMHYSHHEM pasMepa 4HacTHIl (PPUTTHL,
MIPOHCXONUT YBETTHYEHHE AJTHHBL BOIIOCSAHBIX TPEIIUH B TONIIE MaTepHala. CeTh TOHKHX TPEIHH B
CTEKIIOBHIHONH TOMIEe MaTepHalia IMO3BOIACT TONMyYaTh H(PQeKT MPO3pavHOCTH JEKOPATHBHOTO
CTEKIIIHHOTO CIOS M JaeT BHU3YalbHBIH 3¢ dekT Boapl B muane. CoueTaHHe ABYX ACKOPATHBHBIX
GpUTT Ha KepaMHYECKOH TOBEPXHOCTH JaeT HE TONBKO KpacHBBIH A((EKT «3acTBHIBIEH BOMBI»
(puc.2), HO ¥ IPHBOAUT K BOHUKHOBEHHIO 3(phekTa «MOPOZHOTO y30pa», KOTOPhIe B JalbHeHIIIEM
MOZKHO HCIIOIB30BaTh AJIA APYTHUX BUIO0B OOBEMHOIO JEKOPHPOBAHHA KEPAMUKH CTEKIIOM.
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Kpyriasia ¢ToJ1

«CoBpeMeHHbI HAYYHBbIi1
myseil B Poccum»



My3eH CIy:KAT COXPAHEHHIO, H3YUeHHIO H MONMYJISAPH3ANMH NAMATHHKOB ecTecTBeHHOM
HCTOPHH, MATEPHAJbLHOI H TYXOBHOH KYJbTYPbI. B pasHbIX My3efiX O-Pa3HOMY peaH3yeTcs
noTeHmMAaa UX GonI0s. OJHH COCPETOTAUHBAIOTCH HA cOOPe H XPaHeHHH KOJUICKIHIl, Apyrie
- Ha padoTe ¢ MACCOBBIM MOCETHT €JIeM, TPEThH - HA HAYYHO-HCCJIeI0BATeIbCKOil padoTe.

Bonpocel k o0cy:xaennio B pamkax KpyrJioro croga:

B yem cienmguka pasiMuHbIX Mys3ees Ha /lasbaem Boctoke Poccun?
Kaxum aBJIsieTcd H KAKHM MOReT ObITh KpaeBeI4eCKHl My3eil?
Yro codoii mpeacTaB/ageT ceroHA HAYYHbIH My 3eil?
Kak opranmsosan mMy3el H Hay4YHas padora B HeM B Bocrounol Azun? Kakosbl
(YHKIMH COBPEeMEHHOT0 MY3€efl ¢ TOUKH 3PeHH Y1eHoro?
Kaxk npuMeHenHe HOBBIX TE€XHOJIOTHI MOKeT IOMOYb PEAJIH3ANHH OCHOBHBIX
MY3eHHbIX PYHKIHIA?

«KamMyaTckHil KpaeBoH My 3eil BUepa, ceroJHs, 3aBTpa»
Makcum KOpsepru CoOOIIEBCKHH,
mupekrop KI'bBY «Kamuarcknii KpacBol 0ObeTUHEHHBIN MY3eii»

Hcropua mysed HacuurhiBaeT Oomee cra jeT. B 1911 r. mo wHHMIMaTHBE TyOepHaTopa
Kanmuarckoit o6mactn B. B. IlepdbmnbeBa M MeCTHOH HMHTEIITMISHIMH OBITO IMOMOKEHO Hadalo
00NacTHOMY HayYHO-TIPOMBIIIICHHOMY My3e0. [IepBBIMH ero 3KCIIOHAaTaMH CTAllH ITPeIAMETHI,
NEepeNaHHbIE Ty TEIeCTBeHHHKaMH W YYeHBIMH, HeClleJoBaBIMMA KamuaTKy B Hadaine XX Beka. B
JalbHEUIIIEM, TIOCTIe HECKONBKHUX Mepees3noB, B 1982 rony KamuaTckuii o0IacTHOH KpaeheUeCKHit
My3eH BoO3BpalllacTcd B 3faHHe OBIBIICH KaHIEIIpHH TyOepHaTOpa, TI€ H pacrollaraceTcd B
HACTOAIIIEE BPEMI.

Myseit obmagaeT GOIBINM MYy3¢HHBIM COOpaHHEM, KOTOPOe HacuMThIBaeT Oomee 120 Teicau
VHHKAITbHBIX MY3eHHBIX TPeAMETOB MO MCTOPHH Kpad. B (oHmax mysesa cofpaHbl MPeAMETHI IO
apXeONIOTHH, STHOTpadHH KOPeHHBIX Hapomop Kamuarku, yHHKambHBIE KHHUTH XVII-XXI BB.,
KHUBOTIHCHBIE M Tpaduieckue paboThl KaMYaTCKHX XyMOKHHUKOB, MEMOPHaIbHbIE KOMICKIMH H
apxuBHble (oHabsl. KI'BY «KamuaTckuit KpacBol OOBESIHHCHHBIM My3€i» H3y4aeT ITPHPOLY,
HeTOpHIO KamMyaTKH M KyIIbTYPY HapOLOB, TIPOKHUBAIOIINX Ha €€ TEPPUTOPHH.

Kpaepoe  rocymapcTBeHHOe — OIOIKETHOE — yupekleHHe — «KamyaTcKMi — KpacBOH
O0OBSIMHEHHBIN My3ei» COOMpacT, COXpaHAeT, U3ydacT MW IMyONHKYeT MaTepHAIbHbIE MTaMATHHKH
HCTOPHH H KYIIbTYPbI, OOBEKTHI IPUPOABI KaMuaTKH,

CIIOCcOOCTBYET COXPAHEHHIO HEMATEPHAIBHOIO KYIIBTYPHOT O Hacleand KaMyaTku,
Mpo0yARIAET U MOAIEPANBAacT HHTEpec OOMIECTBEHHOCTH K HeTOPHH KaMyaTKH

«Hay4Hnbie ucciaeaopanua B My3see HacTruTyTa Heropun IBO PAH»
HOpuit I'eHHagpepny HUKUTHH, 3aBeayrompi HayuHbeiv My3eeM MHCTHTYTa HCTOPHH,
apxXeOIIOTHH U 3THorpaduu Hapoaos JlansHero Bocroka JIBO PAH
Anexcanapa Banaryposa, maGopaHT My3ed UHCTHTYTa HCTOPHH, apXeOIIOTHH M 3THOTpahHH
Hapomos JaneHero Bocroka JIBO PAH

Myseit apxeomormu M sTHOTpadmu HMHCTHTYTa HCTOPHH, apXeOTOTHH W 3THOTpaduu
Hapomos JlambHero Bocroka JIBO PAH Opin cosmaH IO MHHIIMAaTHBE OCHOBATENd H IEPBOTO
THpeKTOpa HWHCTUTYTa akalemuka AWM. Kpymmanopa W OTKpeIT 15 Hog0pa 1979 roma. B
dhopmrpoBaHuN (HOHAOB M OPOPMICHHH SKCTIOZHIMH My3ed B Pa3HbIe TOABI MPHHUMATH aKTHBHOE
YHACTHE U3BECTHBIE CTICI[HATTHCTHI B OGIACTAX apXEOOTHH U STHOTPaduH.

OCHOBHBIMH (PYHKIMAMH My3ed ABILIIOTCA: YYeT M XpaHeHHE apXeONOTHYeCKMX |
STHOTpapUUECKHX KOMIMEKITHH, TTOTYYeHHBIX B Pe3yIbTaTe MONEBRIX HCCISIOBAHMI CIISIHAHNCTOB
HHCTUTYTAa, SKCIIO3UIINA HaHOOJIEe TIPeCTaBUTEIbHBIX MaTepHAllOB U HaydHasd padoTa.
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Brnarogapg HaKOIUIEHHBIM B PE3YIIbTaTe MHOTONETHHX TIONEBBIX HCCIEeNOBAHHI apXeolloroB
M 3THOTPaoB MHCTUTYTa (QOHAAM, a TAKKe TECHBIM HAYUYHBIM CBI35AM HAYUHBIMH YUPEKICHHAMU
Kurag, Kopen, Amonnn u UHetnTytamu JIBO PAH, mysel uMeeT BO3ZMOKHOCTh OCYINECTBIIATH
COBMECTHBIE TIPOSKTHL II0 H3YYECHHIO Pa3sHOOOpa3HBIX apXeONIOTHYECKHMX MATEPHAIIOB M3
MAMATHUKOB IMHPOKOTO BPEMEHHOTO IHAIA30HA, B TOM YHMCIEe H3JSIMA H3 CTeKila, KepaMHKH,
PAaKOBHH, KOCTH M KamHA. Kpome TOro, B pamkaxX cOTpyAHHYecTBa ¢ MHcTHTyTOM Xmnmu J[BO
PAH, wMy3ell T[OCTOJHHO TIPOBOAWT HMCCIEAOBAaHUA [0 COXPaHEHHWID W  KOHCEpPBalluH
apXxeollorHieckoro Meraivia. OOIiee YHCIIO eJWHMI] XpaHeHHd — Oomee 500 ThIcAY, a OCHOBHOH
(bhoH My3ed HacuMTEIBaeT 6omee 3000 eqHHHII.

«Hay4Hblii My3ell ANOHMH IJ1a3aMH PYCCKOT0 YY€HOT 0»
HOpuit Bukroposnd JIaTyImko, 3apeAyrOIIAN Ta00opaTOPHER aHTPOIIOIOTHH CeBepHOH
[Macnbukn UHCTHTYTa HCTOPHH, apXeolIoTHH U 3THorpaduH Haponos lambHero Boctoka JIBO
PAH

CBOH TTEKIIHH 110 HCTOPHH COIMANbHON M KYIIbTYPHOH aHTPOIOIOTHH A4 OOBIYHO HAaUHHAKO C
paccKaza O HaIMOHANIbHBIX MIKOMAX, HOO HIOAHCHI CTAHOBICHHA 3THX MIKON KpalHe BaXHBI A
TMOHMMaHHA TIpeIMeTa STHONMOTHYECKON HayKH. YCIOBHO MOMKHO BBIACIHTH AHTIIO-CAKCOHCKYIO
Hay4qHYI0 TPAIUIMIO, ¢ TOApasfclicHUeM Ha OpPHUTAHCKYI0 M aMEpPHKAHCKYIO, €BPOICHCKYIO
KOHTHHEHTAITBHYIO ¢ TOoApasAclicHHEM Ha HEMEIKYI0 M (paHIly3cKylro. He BcE€ OMHO3HAYHO ¢
POCCHHMCKOH Tpajulliel, HOO CTaHOBIECHHE M Pacliaji COBETCKOrO T'OCYAapcThBa CTAlH pyOerKaMH,
MMPEBPATHBIINMHA TIOTIE  OTEYECTBEHHON STHOIOTHH B CBOSOOpasHBIH calaT W3 Pa3IHYHBIX
BPeMEHHBIX H TPEIMETHBIX Kycoukop. OJHaKO eclMH OpaTh TOYKOH OTcU€Ta COBETCKYIO
sTHorpaduio ¢ e ICHTPHPOBAHHEM Ha CTEPKHEBOM TIOHATHH «3THOCa», TO, KakK HH
MapagoKcanbHO, OUeHb ONMM3KON €l OKaKeTcd STHOIOrHI KHurad U oT4acTH AMOHWH, TAE ITOHATHE
«HapoAa» TaKKe ABIACTCA [SHT PallbHBIM.

OmHAM W3 BeIyIIHX aHTPOITONOTHYeCKHX IIeHTpoB ATP gBngercd HalfmoHanmbHbINH My3cH
sTHOMOTHH (MuHMaky) B Ocake. JlJaHHOe yUpeKISHIE XOPOIO 3HAKOMO CIIEI[HATHCTaM-3THOIIOTaM
He TOIBKO SITOHMH, HO M BCETO MHpPa, M Yepes JIpa rofla OyJeT oTMedaTh CBOE IMATHACCATHIIETHE. B
HACTOIIIEM COOOIIEHHH MHe OBl XOTEIOCh JaTh KPaTKyo MH(GOPMAIIHIO O JaHHOM VUPSKISHHH U
HaIpapIeHHAX €ro padoTHI, a Take OIbITE PasOTHI B HEM.

«Peasmzanua Hay4Holl pyHKknun B Mysesix /lanbHero Bocroka:
ONBIT CPABHHUTEJILHOT0 AHAJIH3A»
Huxwra Jleonnpopru CBUCTOB, 3aBeIyIOIIHNA GHUITHAIOM [ 0CYapCTBEHHOT O MYy3e4-
3aroBeIHUKa HeTOpHH JlambHero Boctoka mm. B.K. ApceHbeBa

CormacHO KITACCHYSCKOMY OITPEACIICHHIO, MYy3eH CIy’KaT COXPAaHSHHIO, HM3YYCHHIO H
TOITYTIAPU3AIHH TTAMATHUKOB €CTECTBSHHOH HCTOPHH, MaTepHAIbHOH M AYXOBHOH KyImbTYphl. TpH
HallpaBlIeHHI pPaboThl — coxXpaHeHHe (doHmoBag pabora), H3yueHHe (HaydHad pabora) H
TIOTYTIAPH3AIA  (SKCIIO3HITHOHHO-BEICTaBOYHAA paboTa) TIO-pasHOMY COYETalOTCA B PasHBIX
My3eqdx. B JoKmaze MBI paccMOTPHM ITONXOARI K OpraHM3alld HaydyHOH paGoTHI Ha ITpHMEPE
HECKONBKHX My3eeB JlambHero Boctoka. Takum oGpaszom, B HACTOAINIEM JOKITAe MBI IIPSAITPHMEM
TIOTTBITKY OIEHHUTh PasTHYHYIO CHEIM(HUKY My3eeB, H HX MECTO B HAyUHO-HCCIIECAOBATEhCKOM H
OOGIIECTBEHHOM IPOCTPAHCTBAX PETHOHA.

«PYHKIIHH COBPEMEHHOT0 MY 3€fl ¢ TOUKH 3PEeHHSA MOJIOIOT0 YI€HOI0»
ApwuHa BagumosHa JIeBUEHKO — MITaIIHH HayYHbIH COTPYAHHK MHCTHTYTa HCTOPHH,
apxXeOIIOTHH U 3THorpaduu Hapoaos JlansHero Bocroka JIBO PAH
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PaGorad ¢ My3eHHBIMH KOMIEKIHAMH W SKCITOZHIUAMH KaK ¢ HayYHBIMH HCTOYHHKAMH,
YUEHBIN CTAIIKHBAETCA ¢ IPOOIIEMON He BCETa TOYHOW aTpHOYIIMA MpeaAMeTa KOIUIEKIHH. O OKH
B TIIEPBHYHON aTpHUOYIHH M MOCIIEAYIOMIeH HHTEPIPETAIMA TIPEAMETOB CO3NAI0T ITPOOIEMBI TIPH HX
BBEJICHHH B HAYYHBII 000pOT. DKCIIOHMPOBAaHHE MPEAMETOB ¢ HEBEPHBIM OITHCAHWEM B COYSTAHHH
C yCTapeBIIMM JAH3alfHOM HCKaXkaeT BOCIPHATHE HW3y4aeMOH KyIBbTYphel. Paccmarpupad
BHIIICTIDHBEAEHHBIE  TPYJHOCTH, MBI BHOBb XOTHM TIOZHATH  KJIIACCHYECKHH  BOIIPOC
(YHKITHOHATPHOCTH COBPEMEHHBIX My3€€B ¢ TIO3HIIHH HCCITEeI0BATEN L.

«My3ellHble KOLIEKIHH B 3D: ONBIT H NEePCeKT HBbI HCNIOJIb30BAHHD
AnHa UnpnHuvHa [TaHKHHa — MITAIITHH HayYHBIH COTPYIHUK MHCTUTYTa HCTOPHH,
apxXeOIIOTHH U 3THorpaduu Hapoaos JlansHero Bocroka JIBO PAH

TexHomorun 3D MOAECTHPOBAHHUSA TIO3BOIIOT CO37laBaTh TOUHBIE IM(POBBIE KOIHH
MPEIMETOB U3 MY3eHHBIX KOIIIEKIHH. [I[pUMEHEHHE HX B COBPEMEHHON My3eHHON ITPAaKTHKE HMEET
P4A TIPEHMYINESCTB IIPH PEIIEHHH CYIMECTBEHHBIX IpOOIeM, B T.4. IMPOOIEMBI COXPaHHOCTH
YHUKQIBHBIX apTehakToB, MPOOIEeMBl OTPaHHYEHHOCTH MY3eHHOTO ITPOCTpPaHCcTBa M IMHPOKOH
JOCTYITHOCTH OKCKIIFO3HBHOTO MaTepHalla, IIOBBIIIICHHE KOTHHTHBHBIX KadecTB My3eHHOH
SKCIIOZHIIAN TIPH JEeMOHCTPAlliH TIPEIMETOB ¢ BO3ZMOMKHOCTBIO IIPOCMOTpa €T0 CO BCEX CTOPOH.
Takke UMeeTca BO3MOKHOCTD ITOCHEAYIONIETO CO3MaHnd KOIMH pafla My3eHHBIX IIPeAMETOB H X
PacIpocTpaHeHU A, B TOM YHCJIE B BUJE CYBEHHPHOH MTPOAYKIMH. O THYHOM OITBITE HCITONB30BaHHA
JIAHHOW TEXHOIIOTHH MTOUAET PEUb B HACTOAIEM COOOIIEHHH.
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Kpyriasia ¢ToJ1

«PoJs /1110 B noBbIILIEHUH
KBATU(PUKALUHU U IOATOTOBKE
KaJAPOB VIl CTEKOJILHOH OTPAC/IN.
HoBbie popMbI B3auMOAECiiCTBHUS
npopuiabHbIX yupexaenuii CII10,
BY30B, HAay4yHBIX Opranu3anmii
H NpeanpusaTHd OTPaACTIH»



Jdomo/HHTe/IbHOe  NpodeccHOHATILHOe  oOpazosanHe (/[IIQ) HampapiIeHo Ha
YJOBJIET BOPEeHHE 00pa3oBaTe/IbHbIX H npogre cCHOHAJIBHBIX noTpedHoCTelH,
npoecCHOHAILHOE PA3BHTHE 4e/I0BeKa, o0ecnedeHHe COOTBETCTBHA €ro KBaJHpHKAIHH
MEHSIONIHMCSH  YCJIOBHAM NpodecCHOHANBHOH [JeATEJIbHOCTH H CONHAJLHOH cpelbl
IIporpammbl JIIIO mnmeroT pazaejieHde HA JB€ KAaTeropMH: MNpPOorpaMmMbl MOBbIIIeHHS
KBATHPHKAIIHM H NporpaMmMbl NpoQecCHOHAIBHOH MepeloroTOBKH, PpPaiiH4YalT 1o
JJIMTEJILHOCTH H (opMe, H T0/EKHBI YIHTHIBATH MOTPEOHOCTH CIAYHIATEIeH H padoToaaTeiei.
Paszpadborka u peasmzanusa nporpamm /IIIO ocymecrsisierca kak o0pa3oBareibHbIMH
YUpe:RIeHHAMH, TAK H OPraHH3alHAMH, HMEIOIMMH MPAB0 HA NPoBe/icHHe 00Pa30BaATE/IbLHOH
JefIT eJIbHOCTH.

B pamkax Kpyrioro croJia mpenjiaraercl o0CyJHTb P CBA3AHHBLIX MERIY CO0OH
BOIPOCOB:
Kakosa HHIIIA HAYYHBIX Opranuzamui B cucreme J[I1O?
Ectb i moTpedHOCTh YupeskaeHuii CITO B pa3sBHTHH COBMECTHBIX POTrPaMM ¢
HAYYHbIMH HHCTHTYTaMH?
Ectb Ji 3anpoc Ha nporpammbl II10 or npeanpuaTHii orpacym?
Kak 1 Ha KaKkHX NPHHIHNAX BLICTPOHTH CeTEBOE B3aHMOJeCTBHE MEKIY BCeMH
YYacTHHKAMH Nponecca?
KaxoBbI IoAX0bI K pa3padoTke/mpoeKTHPOBAHHIO Tporpamm JAI1O?
KakoBbI 3aK0H01aTe/IbHbIEC H OPTAHH3ANHOHHbIE TOHKOCTH YTBeP:KICHHA H
peasmsanuu nporpamm A110?

;Iomgg!qm@[:

A.X.H. Bacuymica bopucosHa bapanosckas (3apeyromad [[eHTpoM KOIIEKTHBHOTO TOTb30BaHH
(bH3HMUSCKHMH MeTOJaMH HCCleJoBaHHI BelllecTB M MaTepuanor MOHX PAH) - «PasBHTHE
CHCTEMBI JIOMOJIHHMT €JIbHOTO NPOoJPecCHOHAILHOIO o0pazoBaHus B HHcTHTYTEe 00mIeld H
Heopranuveckoii xumuu M. H.C. Kypnakosa PAH)» - (IHCTaHITMOHHO)

A.x.H. Exkatepuna AgnexcanaposHa Koznosa (podeccop PAH, 3am. pykosoautend Llenrpa HTHU
«Boopol KaKk OCHOBAa HHU3KOYTJIIEPORTHON SKOHOMHKH» II0 00pa30BaTEIIbHOMY HalTpaBIICHUIO)
«Co3nanHe HOBbIX o0paszoBaresibHbIX KypcoB Ilentpom HTH «Bomopoa kak ocHoBa
HH3KOYTJIEPOTHOMH SIKOHOMHKW) - (THCTAHIMOHHO)

K.X.H. Hataqba BaamumuposHa duiarosa (3apeayioad Kadeapoit TeXHOIOTHH KepaMHKH H
SIEKTPOXUMHUSCKHX  TIPoM3BoAcTB  HMI'XTY) - «/lomoHHTeIbHOe TpodecCHOHATIbHOE
o0pa3oBaHie, KaK CIocod coXpaHeHHs Ka4eCTBA MOATOTOBKH CIENHATHCTOBR) - (O4HO)

k.9.H. Haraaba Cepreesna Kiammoga (TIpOpeKTOp TIO PasBHTHIO OOPa30BaTEbHBIX IPOTPaMM,
HaualnbHHUK yueOHoro yipaeliennd CIIGIYIIT]) - «Oprammzaopa JAIIO B CaHkr-
IleTepdypreckoM rocyJapcTBeHHOM YHHBEPCHTeTe NMPOMBIILICHHbIX TeXHOJIOTHIl H JM3aiiHA.
ONbIT H NePCHEeKTHBbI PA3BHTHA - (OUHO/TUCTAHITHOHHO )
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k.0.H. EBrennii Aniekcanaposu4 boposuuesB (3aMecTHTENb TeHepalnbHOro aupekropa OUI] KHI]
PAH) - «Onbir Kosibekoro Hayunoro nenrpa PAH B peamzanun nporpamm JAI10» -

(THCTAHIMOHHO)

HOpuit Anekceesnd Puabuakos (aupexrop 'AIIOY BO I'CK) — «CHeremMa moAroTOBKH
CIEeNHAJHCTOB B ['0cyIapcTBeHHOM ABTOHOMHOM MPOPeCCHOHATLHOM 00pPa30BaTeIbHOM
yupe:xaenud Buaamumupcekoii odjiactH ['yceBCkoil cTeKoJbHBbIH KoLIe:R Hvenu [.dD.
Yexsiopay - (IHCTAHIMOHHO/OUHO)

K.XH Teopruii HOpbepuu IIaxraapaaH (3aMeCTHTENb IMPOPEKTOpa IO  PasBHTHIO
00pa3oBaTeIbHBIX TIpOrpaMM M MeXKIyHapomHOH jAearenbHocTH PXTY) —  «beclioBHoOe
MeHJeJIeeBCKoe 00pa3oBaHHe: OT paHHel NPOoQOpPHEHTAIHH MKOJILHHKOB 10 NMOATOTOBKH
CIEeNHAJIHCTOB Il 3e/IeHbIX MpodeccHin - (0UHO)

Ilpencenarenn: Haraaba I'epanbaosna TropauHa — K.X.H., 3aMECTHTEND JUPEKTOPa 110 HAYYHOH
pabdore UXC PAH
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Awntporopa T.B., I'mpcosa M.A.

OINITHUYECKHE CTEKJIA CIIEITHAJBHOT'O HASHAUEHHUA: KIIACCUPUKAITHSL.
OBJACTH ITPHMEHEHHA. ITIPEJEJBHBIE XAPAKTEPHCTHKH

ApOyzoe B .

BHOAKTHBHBIE MATEPHAJIBI B CHCTEME Zn3(POy); “CAs(PO4);F —CAALSLOg JJI51

IMPUMEHEHHSA B CTOMATOJOI'HHA

Apmmopa M., Ham T.

H3VUEHHE CBONCTB H CTPYKTYPHI IIOMHHECIIEHTHLIX CTEKOJI
N CHTAJLJIOB, CHHTE3UPOBAHHBIX C HCITOJIB3OBAHHUEM
KPEMHHUH-OPTAHHYECKHUX COETUHEHHUI

Babaxanora 3.A., MGparumora @.

MHOTI'OKOMIIOHEHTHBIE X AJTBKOI'EHUAHBIE INTEHKH

KAK HOBAY I'P¥TITNNA XHMHYECKHX CEHCOPOB

Banmakos J1.JL

CTEKJIOOBPA3BOBAHHE B BOP- H KPEMHHICOJEPKAIITHX KOMITO3HITHAX :
KHHETHKA H TEPMOAHMHAMHUKA

Banskorckag U.b., Konosepruos J1.B., Huxkonaee A.H.

OCOBO YHMCTBIE CTEKJIA HA OCHOBE XAJILKOT'EHHIOB 'EPMAHI A
U TAJLJIHA AJIA OIITUKH CPETJHET'O HK JHAITABOHA

Bemsmyxor A Il

HAHOCTPYKTYPHPOBAHHE CTEKJIOKPHCTAJLJIA B 3ABHCHMOCTH
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CHCTEMBI
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Kypamnosa O.1O.
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I'EPMAHATHBIX CUCTEM

Manvesu ['.T"., I'puropsae T.B., Barpamsad B.B., Toposx B.I1., Eranan 1% .P., Kusaa H.E.
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Opnos AT
CHEKTPOCKOIINA KOMBHHAIITHOHHOI'O PACCESIHHS CBETA
B HAYKAX O CTERJIE

OcHiior ALA.

OIITHYECKHUE METOJbI HCCJIEJOBAHHUY CTPYKTYPBI U CBOHCTB CTEKOJL.
METOJIbI KOJIEBATEJBLHOI CIIEKTPOCKOIIHH C BPEMEHHBIM
PA3IPEIIIEHHEM.

Ilopomomkmi A.B.

BJIUAHHE JUCIIEPCHOCTH HA KPHUCTAJLJIH3AITHEO CTEKOJI HA ITPHMEPE
KAJIUEBOBOPATHOM CUCTEMBI

IMTomsxopa U.T".

APEBHEE CTERKJIO, EI'O ITPOU3BOACTBO H HAYUEHHE METOIJAMHA
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OIITHYECKHE CPEIEI
Axumanckrii AB.

CERIIHA1

HUCCJETOBAHHUE JOKAJBHON ATOMHOW CTPYKTYPEI
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Amexceen P.O., Aparsad JLA., [Maxruneasn .10, Capuakor B .M., Bemrxannu A A, Byraes JLA.,
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CTEKJIOOEBPA3HBIX TEJI

Japmaes M.B., Mamranop A A., Ynmertos T.A.
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Komrox JI.A., BensTrokoR S.M.
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BanaGanoea E.A ., Trwopuuna H.I ., TropruHa 3.I'., [Tomaxkopa U.T".
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CHCTEMBI SrO-AlLO; ITPH BBICOKHX TEMITEPATYPAX

Bopoxuoe B.A., Cronapoea B.JL, Jlomarun C H., CemotrH A A., Ilyrypos C.M.
CBOWICTBA U KHHETHKA KPHUCTAJIJIU3AITHHN KBAPIITEBOT'O CTEKIIA,
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MECTOPOAKIEHH A
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KomoGor A JO., Crruepa I A, TlepememuuEHB. A.
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KO®PHUIHUEHT JHHEHHOI'O PACIIIMPEHHUY KBAPIIEBOI'O CTEKJIA

KomoGor A JO., Crruepa I A, TlepememuuEHB. A.
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BaO—B203—Bi203

Konrmmaa MLE., ITymoeckag K.@., [Inexopru A J., Kyreru A M., PoctoxuHa E.E., banyesa K.B.
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Harpyies J1.O., KyteuH A M., [Inexopuu A B., Bemmyxos AL

CBOVICTBA CTEKOJI CUCTEMEI As-Se-SbBr;

Cavrynmwe M .3, Muxaiinoe M. [, Bemsix A.B., Cemernua A B.

OINITHYECKHUE CBOMCTBA CTEKOJI CUCTEMBI B,0;-Si0,-ZnO-NaBr

Knnurkoe B .A., ApuenkoB B. B., Cenmerora T.1O.

CHJIMKATHBIE CTERJIA, AKTHBUPOBAHHEBIE HOHAMH ITEPEXOIHBIX
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Tepermyk A.M., Jlapuonos [1.C., Berunuaukos M.I1.
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Dapzues T.B., Maproe B.A.

OCHOBBI PH3HNKO-XHMHYECKOI'O MOJEJUPOBAHHUSA CTPYKTYPEI
BOPOCHJIHKATHBIX CUCTEM

BrrumHckmit B.A ., [Iten6epr M.B., Tymrmsm A.A., Koporepa O.H.

IMOJYYEHHE AMOP®HOI'O THOKCHIA KPEMHHA PASJTHTHOI'O H30TOIITHOTO
COCTABA

ITymorckad K.@., Kovmmaa M.E., Cyxanos M.B., Tpounm O.IO., BymaHoe A 1.

CEKIHA 3

BJIHSHHUE CTABHJIHU3HPYIOIIUX JOBABOK HA CBOMCTBA KCEPOTEJEN

H ITOPOIIKOB HA OCHOBE c¢-Zr0O,

Ammopa 10.A., @emoperko H.IO., MaxwH C.Bz, Bemoycosa O.JL
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Hvborner JTIO. Benpera A U., Caetora H.C., KpatiHora 1. A., Ky3smom A.B.
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Trnvmumnirima E M., HrHateepa E.C. 100
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C ATIIOMOHTTPHEBBIM I'PAHATOM
ITymorckad K.@., Kovmmmaa M.E., [Tnexopru A JT., Kyteru A M., PoctoxnHa E.E., banyera K.B.

CERIIHA 4

HCCIEJOBAHHE BO3MOXKHOCTH HCITOJB30OBAHHA THATOMHTA
B KAUYECTBE OCHOBHOI'O KOMIIOHEHTA CTEKOJIBHOW IINXTHI

Anmpees E.B., Xaxnaxmerora P.@., Bomacopa C.I'.

BOPOCHIHKATHOE CTERJIO KAK MATPUIIA JJIA T'AJIOI'EHHAHBIX
IIEPOBCKHTOB

Apuenkoe B.B., Kmmakoe B A, Cegeroea T.1O.

PAIPABOTEKA BBICOKOUHCTEIX CTEKOJI CHCTEMEI Ge-As-Sb-S
JAJA CO3TAHHU A HHPPAKPACHBIX BOJIOKOHHBIX CBETOBOIOB

Buarwn P J1., Kapakcuna 2.B., Kypranoea A E., [Inexopuu A I1., [Tupsaes B.C.
HHTEHCHP®PHUKANNA CTAAHH CTERKIOOBPA30OBAHH S

B IIPOIECCE MMOJYUYEHHUSI BOPOCUJIUKATHON ®PUTTEI
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Bopoeoii B .1O., KazpnviHa O.B.

OIMTPEAEJEHHE XUMHYECKOI'O COCTABA BOPCOJAEPAKAIINX CTEKOJI
METOAAMMHM LA-Q-ICP-MS 1 EPMA

Koponera O.H., Apremser J.A., Bymaror B.A., [TTupuGazapoea 3.5.
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Berummnurop M I1., JInmatees A.C., TaxruneasH I FO., Jlotapes C.B., Curaee B.H.
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CTERJIE, JOITHPOBAHHOM OKCHIOM CEPEEPA

Berummnukop M IL., IMMaxruneaad I IO, JIinmarees A.C., Jlotapes C.B., Curaee B.H.

HOBBIE BUCMYTCOAEPAKAIIHE ®OTOJOMAHO®MOPEI HA OCHOBE ITOPHCTBIX
CTEROJI, JETHPOBAHHEIX ®#OCPHAT- H $TOPHI-HOHAMHA

I'mpcopa M.A . Andmmora U.H., Kypunenxo JI.H., Juxas JL.®., AnTpornora T .B.
JUHAMHKA BCIIEHHBAHHY “KHJIKHX ITIOPOOBPA3YIOIIUX CMECEH

JAJA IIEHOCTERJIA

lomeivad B5.M., Tomeipvad H.C., Anenko B.C.
HAITOJHHUTEJL CTOMATOJJOTHYECKOT'O KOMIIO3HTHOT'O MATEPHAJIA HA

OCHOBE CTPOHITHE BOAJTIONMOBOPOCHJIHKATHOI'O CTERKJIA

JummHa 3. M. Bpycennera ALJI., Capnurkos B .H., Kimmmernko H.H., Curaes B H., Byz0B A A, Uyes
B.II.
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SuanHa 2. M., Hepanoea E.JI., Capnakor B.H., Knmvenxo H.H., Curaes B.H.,PomaneHKO A A,
Byzor A A, Yyes B.IL.
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COJIEBBIM METOJOM B HAHOIIOPHCTBIX CTERJIAX

Caparoeckmii A.C., Autpornioga T.B.

30JIb-TEJIb Mg0-Al0:-Zr0,-Si0, TOKPHITHA JJIA YIIPOUHEHH S KBAPIIEBOH

KEFPAMHEKH
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OPTAHOCHJIMKATHBIX IIOKPBLITHI

Xavuoymww A .A, Kpacumeunkosa JILH., Tunosa O.A.

HCCJEJOBAHHUE OKCHUIHBIX IIOKPHITHH C 3AJAHHOMH ITPO3PAYHOCTBIO
B PABJIHYHBIX OBJIACTAX ¥@-THATIABOHA, ITOJIYHUYEHHEIX
SKCTPAKITHOHHO-ITHPOJIUTHYECKHMM METOJ0M

Xpanko HH. Maxwx C.B., Ilarpyiuesa T.H.

HCCIEJOBAHHE BO3AMOXKHOCTH ITIPUHMEHEHHA CTEKJIOBHAHBIX
TOILJIHBHEIX ITLVTAKOB JJIA ITOJIYUYHEHHSA BCIIEHEHHEBIX I'EOITOJHMEPHBIX
MATEPHAJIOB

HAuenro JILA., Horukoe FO.B., I'onmsipvan B.M.

CERIIHA 5

P YHKITHOHAJJHU3ANIHA IIOBEPXHOCTH CTEKOJI C HY CEFEEPA
BEJIKOM TMBP JIJII BHOCEHCOPHLIX ITPUJIOYKEHU

Bemmoxora O.1O., Jluxauée A M., [Topapoesa O.H., Hamgxne A B.

MO3AHYHOE CTERJIO HA OCHOBE CTEKOJIBHOI'O BO#I

Kyurypora A A, lappurkoea A.H., Bomacopa C.I'.

JABEPHAY 3AITHCEH ABYJIYUEIIPEJONMJIAROIINX CTPYKTYP C IIOHHKEHHBEIM
CBETOPACCEYSHHEM B OFBEME KBAPIIEBOT'O CTEKJIA MAPKH KY¥Y-1

Osepopa A H., Jlumarteee A.C., @egotor C.C., JImmateesa T.O., Jlortapes C.B., Curaes B .H.
OTPABOTKA TEXHOJIOI'HH @OPMOBAHHS KPYITHOTABAPHTHERIX 3ATOTOBOK
H3 PABHOMEPHO 3ATJI¥IIIEHHOI'O MOJOYHOT'O CTERKTA

Trmornerko J1.C., Tarmnenera H.O., Jammnoend J1.I1., Emoxoera H.B.

OPEMTOCEKYHIHAA JJASEPHAS IIBETHAYA MAPKHUPOBKA KBAPIIEBOT O
CTEKJIA

Ymmmepa A.E., Jlunateepa T.O., JInmatees A.C., @emoror C. C., Jlorapes C.B., Curaes B.H.
$®PHTTA — SJIEMEHT JEKOPUPOBAHHUSA XYJTOKECTBEHHBIX U3JEJIHIA
Dunaropa H.B., JlennBiera E. A.

KPYTJIBIN CTOJI «CoBpeMeHHBIH HAyUHEL My3eit B PoccHm»

Kpyrasiii cron «Pons JIIO B MOBHINEHHH KBATH(GHKAIMH H O OTOBKE KaIpOBR A CTEKOIBHOH
oTpactH. HoBile dopMel B3amMopeticTBHA TpoHIBHEIX yupexmeHmii CI1O, BY30B, HayJIHBIX

OPraHH3aIHH H IIPe I PHATHI OTPACIIID
ABTOPCKHUH YKA3SATEJIBb
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Coopuuk Te3ucoB Hay4uHoil ko bl-KOH(pepeHIIHn
€ MeKIYHAPOHBIM Y4aCTHEM
JUISI MOJIOJIBIX YY€HbIX

«DYHKIMOHA/TbHBIE CTEKJIA U CTERJI000pa3HbIe MATePHAJIBI:
Cunres. Ctpykrypa. CBolictBay
GlasSPSchool

Opwurunan-maker mojrorosnen UXC PAH
199034, r. Cankr-IletepOypr, Had. Makapora, 1.2
Bepcrxa: benoycosa O.JI.
Odopmnenne: Tropuuna 3.1°., Bemoycosa O.JI.

IToamicano B ewats 10.2022 1.
Gopmar 64x84 1/8. bymara odcerrad. [Teuats mudgpoas.
Yen nied. 1. 25,8, Tupax k3.
3akas Ne 5507.
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