OEJIEPAJIBHOE ATTEHTCTBO
10 TEXHUYECKOMY PEI'YJIMPOBAHMIO 1 METPOJIOT'

TOCYJIAPCTBEHHAS CJTY)KBA
CTAHJIAPTHBIX CIIPABOYHbBIX JJAHHBIX
(TCCCJT)

YK 537.32.323

TABJINIBI CTAHAAPTHBIX CITIPABOYHbBIX JAHHBIX

TEJUTYPUTHBIE CTEKJIA CUCTEMBI TeO, + R,0 Y UX PACTIJIABBL.
TEIJIOIIPOBOJIHOCTD B IMATIA3OHE TEMITEPATYP OT 300 10 800 K 1
KOHIIEHTPAIIMN OKUCJIOB I[EJIOYHBIX METAJIJIOB R,O
B MOJL %: Li,O (20, 25); Na,O (12, 16, 20, 28); K,0 (13, 16, 19, 22);

Rb,O (12, 16, 19); C2,0 (12)

I'CCCH 327- 2017

(OKOHUYATEJIbHAS PEJJAKIIUSL, Tema RU.3.010-2018)




PA3PABOTAHBI ®T'VIT «tBHUMUMC» (ITHC-2016, Tema 3.17.180- 4.016.16)
c yuactuem crnenuanuctoB HWucruryra ¢usukn  um. X.M.  AmMupxaHoBa
Jlarectanckoro HayuHoro IieHTpa Poccuiickoit Axamemuun nHayk (D JIHII PAH)

(aBTOpHI: K.¢0.-M.H. Maromenos S.b., k.d.-m.H. ['amxues I'.T".)

PEKOMEHJIOBAHBI x  yrBepxkaeHutro  @PenepanbHblM  TOCYAApPCTBEHHBIM
YHUTApHBIM NPEINpUATHEM «Bcepoccuiickuii HaydHO-UCCIIEI0BATENbCKA HHCTUTYT

Metrpoaornyeckoit ciyxosn (OI'YIT «BHUUMCy)

OJOBPEHDBI skcnepTHO KOMUCCHEN B COCTABE :
kaH. TexH. Hayk B.A. [leryxoBa, nokt. ¢pu3.-mart. Hayk A.Jl. VIBnueBa , kaua. Qpus.-

Mmat. Hayk M.A. ITokpacuna, kana. TexH. Hayk 11.B. [ToroBa

IHOATI'OTOBJIEHBI x yrBepxkacHuto denepabHbIM rOCY1apCTBEHHBIM YHUTAPHBIM
IIPEAIPUITUEM «Bcepoccunickuii Hay4YHO-HUCCJIE10BATEIbCKUN WHCTUTYT

Metrpoaornyeckoi ciyxosn (OI'YIT «BHUUMCy)

YTBEPXJIEHbI ®enepanbHbiM areHTCTBOM 10 TEXHUYECKOMY PETYIUPOBAHUIO

u Metposiorun « 31 » oxkrsiopsa 2017r. (mporokon Ne 98 - mp)



JAEIIOHUPOBAHHASA PYKOIINCbH

YK 537.32.323

Tabmuuer TCCCJ] - 2017. Tennyputhbsie ctekia cucteMbl TeO, + R,O u ux
pacmaBbl. TemnonpoBoaHOCcTh B auamnasone temmneparyp OT 300 JIO 800 K u
KOHIICHTPAIMI OKUCIIOB IIEI0YHBIX MeTalIoB R,O B moit. % : Li,O (20, 25); Na,O
(12, 16, 20, 28); K,O (13, 16, 19, 22); Rb,O (12, 16, 19); Cz,0O (12) / S.b.
Maromenos, I'.I'. I'amxues ; Becepocc. HaAy4yHO-UCCHEN. HHCTUTYT METPOJIOTUYECKON
ciyx0b1. M., 2017 — 27 c. Un. — 1. bubnuorp. 11 na3s. — Pyc. 8 Ha3B.

Hen. B ®I'YIT «kBHUMMC» 31.10.2017 r., Ne 906 - 2017 kk.

[IpuBeneHbl SKCIIEPUMEHTANIBPHBIC JIAHHBIE MO TEMIEPATypHOW 3aBUCHUMOCTHU
TEITIONPOBOTHOCTH TEJUTYPUTHBIX cTeKOI cuctembl TeO, + R,0 (TeO,+20 u 25 mor.
% Li1,0O; TeO,+ 12, 16, 20 u 28 mon. % Na,O; TeO,+ 13, 16, 19 u 22 moiu. % K,0;
TeO,+ 12, 16 u 19 Mon. % Rb,O; TeO,+ 12 mon.% Cz,O) B TBEpAOM H KUIKOM
COCTOSIHUM C OXBaTOM OOJIACTH pa3MATYEHUs] B IMIUPOKOM JIMAMNA30HE TEMIIEPATYPHI
300-800 K

JlaHHbIE O TEIUIOMPOBOJHOCTH TEJUIYPUTHBIX CTEKOJ W WX pacilaBOB
MOJTyYeHbI a0COJIFOTHBIM KOMIIEHCAIIMOHHBIM METOJOM B CTallMOHAPHOM TEIIOBOM
pexuMe. JloBepuTenbHas MOTPENIHOCTh ATUX JAHHBIX HE MpeBbimaer 6 % 1pu

JNOBEPUTENBHOMN BeposATHOCTU 95 %o.

ABTOpEI : et/ .b. Maromenos

I'.I'. I'amxuen
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1. BBOJIHAS YACTDb

TennypuTHble CcTEKa SIBISIIOTCS HOBBIM KJIACCOM HEOPTaHUYECKUX CTEKOJ,
CTEKJI000pa3yoieil KOMIIOHEHTONH B KOTOPBIX  BBICTYNAaeT  JHUOKCHUJl TeJTypa
(maparemmyputr TeO,). Otu crekna o00Jagal0T HWHTEPECHBIMH JJII  TEXHUKH
cBoiictBamu [1,2], Onaromapss KOTOPHIM OHH MOTYT HaWTH NTpPUMEHEHUE TMpuU
CO3JaHUM PA3IUYHBIX NPUOOPOB U YyCTPOMCTB. TelnypuTHbIE CTEKJIa  UMEIOT
BBICOKHE JUIsl BUIMMOM OOJIAaCTH CIIEKTpa TOKa3aTeldb IMPEJIOMJICHUS, BBICOKUU
MOKa3arelb AaKyCTOONTHUYECKOTO B3aUMOJCHUCTBHS B COYETAaHMM C HU3ZKUM
Kod(dPUIIEHTOM 3aTyXaHusi yibTpa3ByKa. Bblcokoe 3HaueHuEe IUAIIEKTPUYECKOU
npoHMIIaeMocTH Ha dactoTe 10° Tl TPHM HU3KMX TeMIepaTypax pa3MSTdcHHS
MO3BOJISIET  IIUPOKO MX NPUMEHSATh B MHKPOIJIEKTPOHHOW TexHUKe. MHorue
TEJUTypUTHBIE CTEKJIa SBISIIOTCA JUAMarHUTHBIMM MaTepuajaMud C BBICOKUM
3HAYECHUEM noctossHHOM Bepae. Crexkiia 3TOH  CUCTEMBI IEPCIEKTHUBHBI B
IpPaJUEHTHON ONTHKE, TaK KaK U3-3a MaJIOM TEIIONPOBOJHOCTH M3 HUX MOXKHO
MOJIyYUTh HamOoJiee BBICOKOANEPTYPHbIE T'paJUCHTHbIE CTEKJa. AKTUBHPOBAHHbBIC
PEAKO3EMENbHBIM 3JIEMEHTOM  TEJUIYPUTHBIE CTEKJIa MMEIOT KBAaHTOBBIM BBIXOA
JIOMUHECLEHIIMY U OOJIbIINE 3HAYEHUS BEPOSTHOCTHOIO M3JIYYEHUS, YTO MO3BOJIHUT
NpUMEHEHUE WX B Ja3epHOM TexHuke. M3-3a BBICOKMX Mg BUAMMOW  00JlacTu
CIEKTpa 3HaYeHUN Kod(pPuImeHTa OTpaKeHUs TEJUTYpUTHBIE CTeKIa MOTYT HaWTH
NPUMEHEHUE TMPU CO3JaHUU KOHIEHTPATOPOB COJIHEYHOW HHEPruU TaK KakK KIIJI
KOHIIEHTpaTopa TeM BhILIE, YeM 00JIblle KOdPGUIUEHT OTpaKEHUsI MaTepHaa.

DU3NKO-MEXaHUUYECKUE CBOMCTBA U CTPYKTYpa TEJUIYPUTHBIX CTEKOJ CUCTEMBI
TeO, + R,O wuccrnenoBaHbl 4aCTUYHO, @ TEIJIONMPOBOAHOCTb, JaHHBIE 1O KOTOPOWH
HEOOXOIUMBl M JJis YJIY4YIIEHUS TEXHOJOTUYECKOro peXuma  MOJy4YeHUs
MaTepualioB M ISl pacyeta paboyero pexxuma mpuOOpoB U U YCTPOMCTB Ha HX
OCHOBE, TIUIOXO HccienoBaHa. lcnonb3oBaHHbIE HaMU HAJEKHBIE METOAUKU
U3MEPEHU W TIONYYeHHBIE  OKCIEpPUMEHTAJIbHbIE JaHHbIE TMPEACTABICHbl B
npeajaraeMeix  Tabnunax. B TabmMumax —nOpuBeneHbl  CpeHUE  3HAYCHUS

TEIJIONPOBOAHOCTH sl 3-4 00pa3ioB kaxaoro cocraBa oT 300 mo 800 K c



uHTepBaioM B 20 rpaaycoB. MakcuMalibHOE OTKJIOHEHHE HKCIIEPUMEHTAIbHBIX
JAHHBIX OT CpeJHEero 3HaueHus (a0COII0THAS TOTPENTHOCTh) HE TpeBbIacT 5%.

JUIss  HEKOTOpBIX COCTAaBOB CTEKOJA C HAWMEHBIIUM  COJIep)KaHUEM
MOAU(UKATOPA COCTABJICHBI YPaBHEHUS ISl pacueTa 3HA4YE€HHUH TETIONPOBOIHOCTH
W TpEACTaBICHbl TpauKu JUIsi CpPaBHEHHUS PACUYETHBIX M HKCIEPUMEHTAIbHBIX
naHHbIX. I1s1 Ipyrux cOCTaBOB € JaHHBIM MOJIU(DUKATOPOM MOKHO HCIIOJIB30BATh
ATH ypaBHEHUS C JPYrUMHU KOdp(dUIHEHTaMH. DKCIEPUMEHTAIbHbIE JaHHBIE IO
TEIJIONPOBOIHOCTH JUIsl BCEX CTEKOJI U MX PACIUIaBOB COTJIACYIOTCS C PACUETHBIMU U3
ypaBHEHU 3HaueHUAMU B nipeaenax 90-96 npoueHTos.

OKCHEepUMEHTAJIbHbIE JaHHBIE MO0 TEIUIONPOBOJIHOCTH st obsactu
pa3MsIrdyeHusi CTeKoJ B OOJACTH MUKA TEeMIEpPaTypHOH 3aBUCMMOCTH HE BO3MOYKHO
OOBSCHUTH COCTABJICHHBIMU YPaBHEHUSIMU.

[IpuBeneHHbpie B TabiMIaxX AaHHBIE MO TEIUIONPOBOAHOCTH MOTYT OBITh
WCIIOJIb30BaHbl MpPH PEIICHUM psiia 3ajlad TEXHOJOTMYECKOro XapaKTepa: CUHTE3
CTEKOJI JaHHOM CHUCTEMbl M JAaHHOTO COCTaBa C 3aJaHHBIMM CBOWCTBaMH,
BBIPAILMBAHUE CTEKOJI OMNpPENEIEHHOTO COCTaBa W pa3MepoB, HU3TOTOBJIECHUE
pa3sIUYHBIX TPUOOPOB M YCTPOMCTB C HCIOJNB30BAHUEM TEJUIYPUTHBIX CTEKOJ.
TabnuyHble JaHHBIE HAWAYT MPUMEHEHUE TPU pacueTax TEIUIOBOTO peKuMa paboThl
BCEX NPHUOOPOB M YCTPOMCTB, U3TOTOBIEHHBIX C HCIOIH30BAHUEM HCCIIEOBAaHHBIX
BEIIECTB.

B tabnuiax npuBeaeHsl cieayronpe 0003HaueHus:

A - TEIIOMPOBOHOCTh
T - Temnepatypa (B rpagycax K)

B tabnuiax ucnosib30BaHbl CIEAYIONINE €IMHULIBI U3MEPEHUS :
TermonpoBOgHOCTS - Brm 'K

Temneparypa — no mkane KenpBuna.



2. METOANYECKAA YACTb

UccnenoBannble Hamu crekna Obutn monydeHsl B ['OW um. BaBunoBa wu
MPEACTaBICHbl HaM 10 JOrOBOPY O HAay4HOM COTPYIHUYECTBE JJIs MCCIEIOBAaHUS
terionpoBoaHocTu. [lpu mnonmydyenun  crekon B ['OM  ywacTBOoBanmu Hamm
COTPYIHHUKH U TOJIB30BaJUCh METOAMKOM CHUHTE3a M 3aKalKu, pa3paboTaHHOU B
TOM MHCTUTYTE. OCHOBHBIMU 3JIEMEHTaMU [IJIs1 CUHTE3a ObUIM 3apaHee MOyYeHHbIe
YHUCTHIE U1 aHaJIn3a OKuciel Teo,, Li,0O, Na,O, K,O, Rb,0O, Cz,0. OTn okuciIbl caMu
no cede SBISAIOTCS KPUCTAUIMYECKUMU U CIUIaBbl OKUCIIOB ILEJTOYHBIX METAIIOB C
napaTeJuIlypuToM TMpH ONpPENENIEHHOM peXUME CHUHTe3a M 3aKajKd AaloT CTEKIa.
O6nactu crekiioo0pa3oBaHMs B JUarpaMMax COCTOSIHHS 3THX CIJITABOB H3Y4YEHBI B
I'OU [ 3,] u B mpenenax 3TUX OOJACTEW NI U3YUYEHUS BIUSHUS CTPYKTYpPhHI U
COCTaBa Ha TEIUIONPOBOAHOCTH ObUIM MOA00paHbl cocTaBbl: TeO,+20 u 25 mon.%
Li1,0; TeO,+ 12, 16, 20 u 28m01.% Na,O; TeO,+ 13, 16, 19 u 22mo01.% K,0; TeO,+
12, 16 1 19m011.% Rb,O; TeO,+ 12,M011.% Cz,0.

Jlist mony4YeHus: CTEKOJ OMPENIEIEHHOr0 COCTaBa TIATEIbHO B3BEIICHHBIA B
COOTBETCTBUM  C MOJSPHBIM COCTaBOM  CMECH OKHCJIOB  Haparejulyputa u
IIEJIOYHOI'0 MeTajljla 3aKJIaJbIBajl B KBaplEBbI€ TUTJIU, MPEIBAPUTEIHHO TPOMBITHIC
MJIAaBUKOBOM KHUCJIOTOM , OCTaTKUM KOTOPOW YNaisIUCh JUCTUIUIMPOBAHHON BOJOM.
Jlist ynaneHus: ciejoB OpraHMYecKUX BEIECTB C MOBEPXHOCTHU KBaplia KBapleBbIe
TUTJIA TPOMBIBAIM CIIUPTOM- PEKTU(PHUKATOM M €llle pa3 AUCTUIUIMPOBAHHOM BOJOM.
KBapueBble THUIIM CO CMEChIO OKHUCJIOB 3aKJaJblBald B My(QenbHble IeuUu
conporuBieHus, HarpeBaau A0 1000-1050K wu  TmwatenbHO  HENPEPHIBHO
nepememuBanu. [ momydeHus oOpas3loB OIpeAesieHHOH (opMbl U pa3MepoB
paciuiaB cCMecH OTJIMBAJIM B MpelaBapuTeiabHo HarpeTyio Ao 650K meraminueckyio
dbopmMy, TIIATENBHO MPOMBITYIO OT OPraHUYECKHUX 3arpsA3HeHui. 3akajaéHHbIE TaKUM
CIOCOOOM CTEKJIa B JaJIbHEHIIIEM OTXKUTaJIUCh MPU ITOU TeMIiepaType B MyQenbHOU

TICYH. Pe3y.IIBTaTBI XUMHUYCCKOI'0 aHalin3a CTCKOJI C MAaKCUMAJIBHBIM COICPKAHHCM



OKHCH IIEJOYHOTO MeTajlia (20 Mom. %) moKazaimM, YTO OTKIIOHCHHE
CUHTETHYECKOI0 COCTaBa OT AHAJIMTHUYECKOTO0 HE3HAUYMTENIbHO. JTO OO0BsICHSAETCA
HEBBICOKUM 3HAYE€HHUEM TEMIIepaTypbl CUHTE3a 3TUX CTEKOJI.

O cTek1000pa3Hoil CTpyKType U 0 (ha30BOM UX COCTaBE CYAMIA BU3YaJIbHO (110
3epKaJIbHOMY OJIECKY MOBEPXHOCTH, MO XapaKTepHOMY XPYINKOMY H3JI0MY) U IO
MUKPOCTPYKTYPHOMY aHaiu3zy. MUKpPOCTPYKTYpHbIA aHaIu3 IPOBOJAWIM B
OCHOBHOM HM3MEPEHUEM MHKPOTBEPJOCTH B PpA3JIMYHBIX TOYKAX IOBEPXHOCTU
[IOJIYYEHHOTO  CIIUTKA u  MeTtaymorpadguyeckuM  MuKpockornom  MUM-7.
Mukpouumudsl ¥ JaHHBIE 1O MHUKPOTBEPJOCTH, IMOJYYEHHBICE B Pa3HBIX TOUYKAX
MOBEPXHOCTH  CIUTKA, CBUIECTEIBCTBOBAIM 00 OJHOPOJHON u 0aHO(DA3HOI
CTPYKTYpe 00pa3LoB HCCIETYEMbIX CTEKOJI.

Jlsist ucciienoBaHusl BHICOKOTEMIIEPATYPHOU TETUIONPOBOIHOCTH TEJLTYPUTHBIX
CTEKOJI W XMMHYECKH arpecCHUBHBIX CKJIOHHBIX K HCIAPEHUI0 U PAa3I0XKEHHUIO HX
pacIulaBOB HAMM MCIOJB30BaH a0COJIIOTHBIM KOMIIEHCAIIMOHHBIA METOJ TJIOCKOIO
CJIOSl B CTAllMOHAPHOM TEIJIOBOM pexxkume [4].

[IpuHuunuanbHas cxeMa YyCTpOMCTBAa MJI H3MEPEHHs TEIIONPOBOAHOCTU
a0COJIIOTHBIM KOMIIEHCAIIMOHHBIM METOJIOM MpeCTaBiIeHa Ha pUcyHKe 1.

Oo6pa3zen ucciemyemoro Bemiectsa (1) B Buae tadierku (P30 MM u
TOJNIIMHONW 5-6 MM) 3aKJIaJIbIBaeTCsl B KBaplleBOe KOJBIO (2) COOTBETCTBYIONIUX
pa3MepoB U 3aXKUMaAETCAd MexaAy pabouumu mnoBepxHocTsIMU (3,4) rpagueHTHOTO
HarpeBarens (5) u xonoauwibHUKa (6). KoMmneHcupyst 60KOBBIE M TOPLIEBBIE TEIIJIOBBIC
YTEUKH KOMIIEHCAIIMOHHBIM HarpeBaresieM (7), HaMOTaHHBIM Ha IWJIMHIPUYECKUN
Kapkac (8) U3 HepkaBelouled cTalu, TeIuioBas MOIIHOCTh (Q, BhIaesieMast
IpaJueHTHBIM HAarpeBaTeseM, HalpaBIAeT yepe3 UcCieayeMblil oOpasel, co3aaBas B
oOpaslie JIMHEWHBIN TeroBoi moTok u mepenaa temmepaTypsl AT. IloBepxHoctu
HWIMHAPUYECKOro 3azopa (9) Mexay TpajHueHTHbIM M KOMIIEHCAI[MOHHBIM
HarpeBaTesisiMU MOKpbIBalOTCs MeAHOU (onbroit (10), M30aMpoBaHHOM OT KOpmyca

HArpeBaTesen CIIOISIHON MIIACTUHKOM.



MenHoe MOKpBITHE Y BEPIIMHBI €r0 KOHMYECKOTO OCHOBAaHMS HMMEET Pas3pbiB, YEM
M30JIMpyeTcss MeAHas ¢oJibra Ha MOBEPXHOCTH paboyero Harpesaresns oT (pojbru Ha
BHYTPEHHEH TMOBEPXHOCTH KOMIIEHCAIIUOHHOTO HarpeBatens. Lununapudyeckuii
3a30p MEXIY BHEIIHEH MOBEPXHOCTHIO T'PAJMEHTHOIO HArpeBaTesi U BHYTPEHHEH
MIOBEPXHOCTHIO KOMIICHCAIIUOHHOTO HarpeBaTessl 3amoJIHAETCS MOPOIIKOM 3aKUCH
Menu (9). 3akuch Meau B 3a30p€ XOPOIIO YIUIOTHSETCS MPECCOM M 3aXKUMHBIMU
oontamu (11) 1 moOaydeHHS XOpPOUIEr0 KOHTAKTa 3aKUCH MEAH C MEIHBIM
MOKPBITHEM.

Cuctema, cocrosiias U3 JIByX MOBEPXHOCTEH MeIHOM (OTBIU C 3aKUChIO MEIH
MEXJy HHMH, 00pa3yeT BBICOKOUYBCTBUTEIIbHBIM IMOBEPXHOCTHBIH TEPMOIJIEMEHT
(tepmonac o =700MKB/Tpaj), BHIBOABI OT KOTOPOM MOABOMASITCS K BBHICOKOTOYHOMY
TEPMOpPETYIATOPY. TepMoperynarop, peryaupyss C TOMOIIbIO HHTErpaibHOU
TepMonapbl MOIIHOCTh KOMIICHCAIIMOHHOTO HarpeBaTesis, MOAACPKUBAET HYJICBYIO
Pa3HOCTh TEMIEpPATyp MEXKAY IMOBEPXHOCTHIO TPAJAUEHTHOTO HarpeBaTteis u
KOMIICHCAIIMOHHBIM HarpeBaresieM, 00ecriedrBaeT MOJHYK KOMIICHCAITUIO TEITIOBBIX
MOTEPh C MOBEPXHOCTU pabOYEro HarpeBaTess.

C uenp0 NOPEAOTBPAIICHHUS TEIUIOBBIX yTEYeK OT OOKOBOM MOBEPXHOCTH
oOpaslia 4epe3 KBapleBO€ KOJBIO €ro 3aChINaloT MOPOIIKOM TEIIOU30JISALUOHHOTO
Marepuana (12,13) u ¢ MOMOIIEI0 KOMIIEHCAI[MOHHOTO HarpeBaTesisi Ha KBapIeBOM
KOJBLE M CJIO€ TEIUIOU3OJSIMMOHHOTO MaTepuana Iepenajy TEeMIEpaTyphl

HOJIIEPKUBAETCS TAKOM e, Kak Ha oOpasle.
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Puc. 1 . HpI/IHI_II/IHI/IaJIBHaSI cXeMa YCTaHOBKH JJIs1 HN3MCPCHUA
TCIUIOIPOBOJHOCTHU MMOJTYIIPOBOOAHUKOB n nux pacIiiiaBoB IINIOCKHUM

KOMITIEHCAalIUOHHBIM MeTO/IOM: | - uccienyemsblii oOpasel, 2 - KBapueBas siueiika, 3 u
4 - pabouyne TOBEPXHOCTH TpaJUEHTHOTO HarpeBareiss M XOJOJWIbHUKA, 5 -
IpAaIMEHTHBIM HAarpeBarTesb, 6 - XOJOAWIbHUK, 7 -KOMIIEHCALIMOHHBIN HarpeBaTenb, 8
- Hapy’kHas 4acTb NpuOopa M3 HepkaBewlleil cramu, 9 - cioi 3akucu menu, 10 -
MenHas dombra, 11 -3axumMuoi 60T, 12 u 13 - TerIOU30JISIITMOHHBIN MaTepual, 14 -
rpy3, 15 -6onat, 16 - Tepmonapsl, 17 - pexxUMHBINA HarpeBaTenb, 18 - marpyobok, 19-
aBTOKJaB, 20 - TEpMOCTATUPYIOIIAS KUIKOCTh, 21 - KpbIlIKa aBTOKJIAaBa, 22 -3aKUM
JUISL IPOBOJIOB, 23 - (pTOpOIIacTOBas MPOKIAAKa, 24 - BHYTPEHHSS YacTh pudopa u3
HEP KaBEIOIIEN CTalu.

Jlist ynydineHusi TEeIUIOBOrO KOHTaKTa TOpLEBbIE IMOBEPXHOCTU oOpaslia,
XOJOUIBHUKA U TPaAUEHTHOrO0 HAarpeBaTelsl TUIATENbHO HUIU(YIOTCS, TPOBEPSIOT
MX Ha  IUIOCKOMAPAJJIEABHOCTh,  HAMa3blBAIOT  CHELUAJIbHOM  3aMa3Koii,
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M3TOTOBJICHHON Ha OCHOBE MEJIKOAMCIIEPCHOro mopoiika rpagpura mapku MIII'7 u
pacTBOpUTENSl cCTOMaToIornueckoro docdar-rieMenTa, 1 yIoTHSIOTCS rpy3oM (14) ¢
rmoMoIibo 60aToB (15).

Paboune yactu XomoaWJIbHUKA U IpaJueHTHOrO HarpeBatesi(3,4), HEMOCPEICTBEHHO
CONPUKACAIONINECS C MCCIEAYEMbIM BEIIECTBOM, H3TOTOBJIEHBI M3 CIEKTPAIBHO
guctoro rpadura mapku MIII'7, He pearupyromero ¢ XMMHYECKH arpeCcCHUBHBIM
paciiaBoM W 00JIaJIaloIIero  XOpolled TEeIIONPOBOJHOCThIO. ['epMeTu3anus
KBapIeBOIo KOHTEHHEpa C paboyuMU TOBEPXHOCTSIMU  XOJOAWIBHUKA U
TPaJUECHTHOTO HArpeBaTeNsl OCYIIECTBIAETCA CHEUUAIBHONM 3aMa3Koil Ha OCHOBE
rpauTOBOrO MOPOLIKA.

[lepenan TemmepaTypbl Ha oOpaslle HU3MEPAETCS XpOMEJb- ATIOMEJICBBIMHU
tepmoniapamMu (16), KOTOpbIE BCTaBISIOTCS B JIByXKaHAJIbHbIC ayHOBBIC COJIOMKU U
YKJIAJBIBAIOTCS B CBEPJICHUSI B pabOUYMX ydacTKax HarpeBaTelis M XOJOIUJIbHHKA Ha
paccrossHun He Oosee 0.5MM OT moBepxHOocTH oOpasma. Koposbku TepMmornap
MOKPBIBAIOTCS TOHKUM CJ0eM TpaduUTOBOM 3aMa3Kh IS DJICKTPUYECKOTO M
TEIUIOBOT'O KOHTaKTa
C pacIuiaBoM.

JInsi  W3rOoTOBJIGHHWS TEepMOIap Opajii  XpOMEJIEBBIE U aJTIOMEJICBBIC
TepMomnapHsie mpoBoAa auameTrpoMm (0.3 MM, TpEaBAPUTENBHO OTOXOKEHHBIC IPHU
1100K B 0qHOpOAHOM TeMIIEpATYPHOM MOJI€ B TCUEHUHU OJHOTO Yaca JJisl yCTpaHCHUS
MeXaHW4YecKkux nedopManuii ¥ HampsSHKEHUM, BO3HHUKAIONIUX TPU HX XOJOJIHOM
oOpaboTke. M3 3THX MPOBOJOB H3TOTOBISIN 7-8 TepMomap, MOKa3aHUs KOTOPBIX
COTIOCTABJSUTM  MEXAy CO00OM M C TMOKa3aHUsSMH IUIaTHHA-TUIATUHOPOIUEBOM
TepMomnapbl 3aBOJICKOTO M3TOTOBJICHUS C WHAWUBUAYAJIBHON TpaayupoBKou. [ng
M3MEPEHUsT OTOMPAIUCH TEPMOIIAPhI, MOKA3aHUsI KOTOPBIX PACXOIATCS HE Ooyiee ueM
Ha 0.2 K mexnay coboit m Ha 1-2 K oT mokazaHuii miaTuHa- TJIATHHOPOJIUEBOM
TEpMOTIapHI.

Ucnonb3ys npeanaraeMoe yCTpoucTBO, HAMHU MCCIIEN0BaHa TEIIONPOBOIHOCTh

00abIIOHI I'pyniibl MOJYIPOBOIHUKOBBIX COC)II/IHCHI/II\/JI N UX pacIljiaBOB. PeByHBTaTBI
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3TUX HucciuenoBanuit Obutn  mpenacrasiensl B BHUIL[ MB Toccranmapra u
aTTECTOBAHbl B KaTEropuu TaOJMIl pPEeKOMEHAYyeMbIX crpaBo4yHbIX AaHHBIX (PCJI)
NeI'CCC/I P 134-85, P 226-87, P 403-91 u nenonupoansl B0 BHUNKMN.

W3mepenus TEraonpoBOAHOCTH MPH JIaHHOW TeMIEpaType MPOU3BOJIUTCS MPHU
pasHbIX TIepernajax Temreparypbl Ha oOpaslle, KOTOpble MOAOHUPAIOT PEeryaupys
MOIIIHOCTH paboyvero HarpeBartessi U HarpeBartesis Ha XOJoAuibHuKe (6).

TemnepatypHblii pexXUM U3MEPEHUS PETYIUPYETCs PEKMMHBIM HarpeBaTelieM
(17), paboTta KOTOPOro TakKe KOHTPOJIUPYETCS TEPMOPETYIATOPOM.

C ubenpro NOpenoOTBpAILLEHHWS OKHUCIEHUSA JETAlled YCTPOWCTBA, OKHCIICHHS,
UCTIApEHUs] U PA3JOKEHUS HCCIEAYyEeMbIX BEUIECTB IMpPH BBICOKUX TeMIepaTypax
M3MEpEHHs IIPOBOATCS Moce BakyymupoBauus 10 1.33-107TIa uepes marpy6ox
(18) B armocdepe crnenuanbHO OYHMIIEHHOTO WHEPTHOTO rasa B aBTokiare (19),
OXJIAKJIAEMOM TepMocTaTUpyromend >kuakoctbio (20). BakyymHble yIUIOTHEHUS
aBTOKJaBa ¢ KpbImKoi (21) u ¢ 3axxumamu (22) sl BBIBOAA TOKOTMOABOMASIIIUX U
TEPMOIIAPHBIX MPOBOJOB M3 aBTOKJIaBa OCYIIECTBISIIOTCA (DTOPOIIIACTOBBIMU
npokiagkamu (23). Jlns mpenoTBpallieHus UCHApeHHsl WM Pa3yIokKEHHUs paciijiaBa
HCCIIEyEMOTO BEUIECTBA IMOCJE IUIABICHUS AABJICHUE MHEPTHOTO ra3a B aBTOKJIABE
noa0UpaeTCss C YY4E€TOM YIPYrOCTH IMapOB HACBILIEHUS 3JIEMEHTOB, BXOJSLIUX B
COCTaB UCCIIEYEMOTO COEUHEHUS.

TemnoBoit moTok Q, co3gaBaeMblil IPaIMEHTHBIM HarpeBaTesieM, KOMIEHCUPYS
OOKOBbIE M TOPLEBbIE TEIJIOBBIE YTEUKH KOMIIEHCALIMOHHBIM HarpeBaTelieM,
HaIpaBisieTcsl 4epe3 HccleayeMblid obOpasen, mnepemnan B TemnepaTypbl AT Ha
KOTOPOM M3MEPSAETCS TEPMOIIapaMHU.

TemnonpoBogHOCTH A MaTepuala BhIYHCIAETCs o Gopmyre

soluL

AT §
rae | — Tok, mpoxonsaumuii depe3 HarpeBaTenb, U — HanpskeHHE Ha 3aKUMax
IpaJueHTHOr0 Harpematens, S u L - 1momaas monepevyHoro CeYeHuss W TOJIIHMHA

uccieayeMoro odpasia.
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3. OIEHKA INOTPEITHOCTHU U3MEPEHUI

OTtHocuTenbHas cUCTeMaTu4ecKas MOTPEIIHOCTh U3MEpPEeHUS
TEIJIONPOBOIHOCTH, OOYCIIOBIIEHHAs MOTPELIHOCTSIMU U3MEPEHUS TOKa, HAIIPSDKCHMUS,
TeMIlepaTypbl 1 T€OMETPUUECKUX pa3MepoB oOpasia, He npesbimaer 6 % mpu 1000
K. Ilpu BbIYMCIIEHUH UHCTPYMEHTAIBHON MOTPEIIHOCTH ObUIM YYTEHBI MOTPEUIHOCTH,
CBS3aHHBIE C BO3MOXKHBIMU TEIUIOBBIMU TMOTEPSIMU Yepe3 TOKOMOJABOASIINE U
TEPMONIApHbIE MPOBOJA, YEpe3 CIOM 3aKUCH MEAM, KBapLEBOE KOJbIO U
TETJIOU30JIILIMOHHBIN MaTepuall, KOTopble He MpeBbIIaioT 2 % OT TEIIOBOTO MOTOKa,
npoxozsiero 4eped oOpaseun. llpu ompeneneHMM NOTPEIIHOCTH HU3MEPEHUs
TeMIlepaTypbl U Mepenaja TeMIepaTypbl Ha 00paslle YUUTHIBAIUCH IMOTPEUTHOCTH
IpagyupOBKH TaOMUI U MOrPEIIHOCTH, OOYCIOBIEHHbIE OTKIOHEHHWEM MOKa3aHUU

HMHAWBUAYAJIBHBIX TCPMOIIAP OT JAHHBIX FpaI[HpOBOIIHOﬁ Ta6J'II/ILIBI.

Hapsny ¢ yka3aHHbBIMM  CHUCTEMAaTH4YECKHUMH  HWHCTPYMEHTAJIbHBIMHU
MOTPENIHOCTAMM Ha TOTPEIIHOCTh JI000r0 3KCHEPUMEHTA BIUSIOTIIOIPEUIHOCTH,
KOTOpblE MOTYT MEHATHCS OT OMNbITa K ONBITY M MPUBOAUTH K pazdpocy
DKCHEPUMEHTAIBHBIX JaHHBIX NPHU IMOBTOPEHHHM SKCIEPUMEHTA IPU HEHW3MEHHBIX
YCIOBUSAX. OTHU TOrPEIIHOCTH SIBIAIOTCS MOTPEHIHOCTAMM pa3dpoca W HOCAT
CIIy4alHbIN XapakTep.

JJist OIIEHKM MOrPEIIHOCTH pa30poca Ha YCTAaHOBKE MPOBEIU CEPUIO U3 JECATU
M3MEPEHU  TEIUIONPOBOJHOCTH  TpuUTeulypuaa  Mblmbika  (As;Te;) npu
¢ukcupoBannoit temneparype (400 u 640 K) nns pasHbIX 3HaueHMI mepemnajna
temriepatypsl. [lo pesynabTaTam 3THX H3MepeHUM ObUIM  BBIUKCIEHBI CPEIHHE
apu(pMETUYECKHE 3HAYEHUs TEIUIONPOBOJHOCTH (L), cpeHue apupmeTndecKue (T)
U CpeJHUE KBaJpaTHUHbIE (S) MOTPEIIHOCTA U3MEPEHUH, MPUBEJICHHbIE B Ta0nuie A
U COCTaBJIEHbl THCTOTPAaMMBbl PAacHpEAEICHUS OTKIOHEHUS PE3yJbTaTOB OTIAEIBHBIX
U3MEPEHUI OT CpeIHMX 3Ha4eHHUH (A.,) 1o umciy msMepenui npu 400 u 600K

(Puc. A).
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Marematuueckas 06pa60TKa PE3YIbTATOB 3THUX I/ISMepeHI/Iﬁ IIoxasaljia, 4ToO
HOBCPUTCIIbHAA MMOTPCITHOCTE CAMHUYIHOIO U3MCEPCHUA TCILNIOIIPOBOAHOCTH CTCKOJI U
HUX paciiiaBoB, UCIIOJIB30BAHHBIX HAMH, C YUCTOM HHCTPYMCHTAJIBHBIX U CﬂyqaﬁHBIX

MOTPEIIHOCTEN He MpeBbiaeT 6 % npu 10BepuTEIbHON BeposTHOCTH Oosee 95%.

Tabaua A.
Ne
n/n A N
1 0.93 1.13
2 0.85 1.14
3 0.92 1.10
4 0.89 1.15
5 0.9 1.08
6 0.88 1.13 ¥ -
7 0.96 1.2 ’m{r‘m" -y o {»{%]\M
8 0.95 1.18 e b 06-04-02 0 02 04 06
9 0.91 1.09
10 0.86 1.17
Cp.3H-1 0,9 114
r 0.026 0.027
S 0.034 0.036
Puc.A.

9KCHepI/IMeHTI/IaJIBHBIe JaHHBIC 110 TCMHepaTypHOﬁ 3aBUCUMOCTH
TCIUIOMMPOBOAHOCTU TCIUIYPHUTHBIX CTCKOJ YaCTHYHO OHY6JII/IKOBaHBI HaMH paHEeC
[5,6,7].

HOHy‘IeHHBIe OKCIICPUMCHTAJIBHBIC NAaHHBIC IMTPCACTABJIICHLI B Ta6n1/1uax.

I[JISI 00BSICHEHHS OKCIICPUMCHTAJIBHBIX HOAdHHBIX W BbIICHCHHUA BKJIAad
Pa3JIMIHBIX MCXAaHU3MOB TCIUIOMMPOBOAHOCTH B IIPOHCCC TCIJIOIICPCHOCA MBI
HU3MCPsJIN  JJICKTPOIIPOBOAHOCTE HCKOTOPBLIX COCTABOB CTCKOJI 9TOM CHUCTEMBI
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KOMIIEHCAlHOHHBIM YETBIPEX30HI0BBIM METO0M [8]. Bennunna
ANEKTPONPOBOJHOCTH o  Kak B TBEPAOM, TaK U B KUIAKOM COCTOSHHM  HE
npessimaer 10 2 - 10 '* Om™'m”, uro maer ocHoBamme mpeHEGpeuYb BKIIALOM
Hocutenen 3apsga A, = LoT B TemnonpoBogHOCTh TEIUTYpUTHBIX cTekoi. Cralas
TEMIIEpATYpHasl 3aBUCUMOCTb M XOPOIIasi KOPPEJISALUSA BEIMUYUHBI TEIIONPOBOAHOCTH
Py KOMHATHOW TeMmmepaType ¢ ApyrumMu (U3MUYEeCKUMHU CBOMCTBaAMU (IJIOTHOCTb,
MUKpPOTBEPAOCTh),  KOTOpHIE B OCHOBHOM  OIpPENEHSAIOTCS  CTPYKTYpOil
KPUCTAJUIMYECKOW PEIIETKH W TUIOM XHMHYECKOM CBS3M MEXKAY CTPYKTYPHBIMU
€IUHULIAMH, TAET OCHOBAHUE NMPHUIINCATh U3MEPEHHOM TEIUIONPOBOAHOCTH IPHU ITUX
TeMmriepaTypax (POHOHHYIO MpPHUPOAY. TemIonpoBOAHOCTh BCEX UCCIIEIOBAHHBIX
TEJUTYPUTHBIX CTEKOJI €JIa00 3aBUCUT OT TEMIIEPATYPHl.

Ecam ucxoauTh W3 KOHIEMIHMH, 4TO (POHOHHYHO TEIJIOMPOBOJHOCTh MOXHO
o 1
onpenenutb ¢opmynon [lebas Ay :§Z c(w,,py,(0,,p)l,(0,,p), TO MaIyIO

BEJIMYMHY U CIa0ylo TEeMIIEpaTypHYIO 3aBUCHUMOCTh MPU TeMIlepaTypax, OJTM3KUX K
KOMHATHBIM, MOKHO OOBSICHUTh HE3aBUCSIIEH OT TeMIepaTypbl Majol BETUYHMHOM
JUTMHBI cCBOOOAHOTO Tpobera (pOHOHOB / B CTEKIIaX, paBHOM B CPEIHEM PACCTOSHUIO
MEXIy CTPYKTYpPHBIMH €IWHUIIAMU (a) CTeKJIOBUIHOW ceTku. [lpu moGaBieHuun
Moau(dHUKaTOpa U U3MEHEHHUU COCTaBa CTEKJIa TeIUIONPOBOAHOCTh YMEeHbIaeTcs. [Ipu
nobasieHun MoauduUKaTopa M M3MEHEHMHM COCTaBa CTEKJIa MEHSIETCS B OCHOBHOM
IJIOTHOCTh W THUIl CBSI3€H MEXKIY CTPYKTYPHBIMHU €IUHUIAMH, MEHSIOTCS YIpPYTrue
MapaMeTphl PEIIETKH, TEIIIOEMKOCTh U CKOPOCTh PACIIPOCTPAHEHHUS TEMJIOBBIX BOJIH.

YMeHblIeHHe  TEeIUIONPOBOJHOCTH JAaHHOTO CcocTaBa NpH  J100aBICHUU
MoaudUKaTopa MOXHO OOBSICHUTH YMEHBIICHUEM TEIUIOEMKOCTH U CKOPOCTH
pacrpocTpaHeHusi (OHOHOB B pe3ysbTaTe pa3pblBa KOBAJICHTHBIX MOCTHKOBBIX
CBSI3€l M 3aMEHBI UX MEHEe KECTKUMU OOBEMHBIMU MOHHBIMHU CBSI3SIMU. Y CUJICHUE
KOHIIEHTPAIIMOHHOM 3aBUCUMOCTH TEIUIONMPOBOAHOCTA CTEKOJ B 3aBUCUMOCTH OT
TUIIA U COJIepKaHUs Moau(duKaTopa TaKkke OOBICHAETCS 00Jiee CHIIBHBIM BIUSHUEM

Ha THUI XUMHYECKOM CBS3M HMOHHOTO paanycCa IiCJI0YHOro McETajljia MOI[I/I(i)I/IKaTOpa:
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Ipy OAMHAKOBOM COJIep)KaHUM MoauduKaTopa 4YeMm OoJibllle HOHHBIA paguyc
Moaudukaropa (MOJIAPHBIA O00BEM CTEKJa [MaHHOIO COCTaBa) TeM OOJbIIEeMY
pa3phIBy MOJBEpraercs KoBaJeHTHBIE cBsi3M Te-O,koTopbie 3aMEHSIOTCS MOHHBIMU
nemsimu Te - O - R™- (RO) - Te ur. 1., TeM OoJibliie OyAeT TeTIOBOE CONPOTUBIICHUE
CTEKJIOBUIHOU CETKH.

B o6mactu pa3msrueHds CTEKOJ HaOJIOJAl0TCS AaHOMAaJlbHbIE TUKH B
TEMIIEpaTypHOM XOJI€ TEIUIONPOBOJHOCTU. BenuunHa mnuKa M TeMIepaTypHas
MPOTSHKEHHOCTh 3aBUCAT TakKe OT cocTaBa cTekia. s cTeKoa AaHHOM CHCTEMbI
BEJMYMHA MHKA B TEMIEPATYpHOM XOJ€ TEIUIONPOBOAHOCTU M €ro TeMmIepaTypHas
MPOTSHKEHHOCTh YMEHBILAETCS C YBEJIMYEHUEM cojiepkaHust moaudukaTopa. Takoe
K€ H3MEHEHHUE MPOMCXOAUT U MPU YBEIMYEHUU CPEJHEro aTOMHOIo Beca s
CTEKOJI C OIPENIETICHHBIM COJEPKaHNEM MOIU(pUKATOpA.

Pe3koe  yBenuueHWe  TEMJIONMPOBOAHOCTH B 00JAacTHM  TEMIIEpaTypbl
pa3MsTdYeHus CTEKJIa HaOMIoJaIM paHee M I XaJlbKOTeHUIHBIX cTekon [9,10].
Takue aHOManbHbIE MUKU B TEMIEPATYpHOM 3aBUCUMOCTH TEIUIONPOBOJIHOCTH
COTJIacylOTCs C TEMIEPATYPHOM 3aBUCUMOCTBIO TETNIOEMKOCTH ATUX CTEKOJI TP ITUX
temriepatypax. CKauku TEIUIOEMKOCTH M TEIJIONMPOBOJAHOCTH HAYMHAIOTCS TpU
TeMIiepaTypax, ONu3KuX K TemmepaTtype crekinoBanusa (T.), Korma mosBiseTcs
BO3MOXHOCTh TEpeKtoueHus (TpaHcpopMalu) BaJeHTHBIX cBsizeil. B crekiax c
Pa3HOPOJHBIM CTPYKTYPHO-XUMHUYECKUM COCTaBOM NpHU TeMmIeparypax, OJU3KUX K
TeMIlepaType pa3MsrdeHus, TPOUCXOAUT B Pa3HBIX TOYKAaX O0ObEMa XaoTHYECKas
NeperpynmnupoBKa aroMoB, KOTOpas MPEAIIECTBYET MEPEKIIOUEHHI0 MOCTHKOBBIX
CBA3€H C OJHOro KOMIUIEKca aroMoB Ha apyro#l [11]. Ha sty meperpynnupoBky u
MEPEeKITIOYEHUsT CBSI3el pacxoyeTcs onpejeieHHass BHYTPEHHSsI SDHEPrUsl BEIECTBA,
YTO COMPOBOXKIAETCS YBEIMUEHUEM TEIIIOEMKOCTH U (DOHOHHOW TETUIONPOBOIHOCTH.
C yBennueHreM TeMIepaTypbl BEpOSTHOCTH TPaHCPOPMALIUU CBSI3E€H YBETUUMBAETCS
70 HACBILEHUS, YMEHBIIAETCS KOJMYECTBO DSHEPruH, HEOoOXOAUMOW s
NEPEeKIIOYeHUs] CBSI3ed U TEeperpyninupoBKM aTOMOB U TeMIlepaTypHas KpHUBas

TCIUVIOCMKOCTH U TCIUIOIIPOBOJIHOCTU IMPOXOJHUT YCPE3 MAKCHUMYM. HpI/I I[aHBHeﬁH.IeM
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HarpeBaHUM Ha MEPEKIIOUEHUE CBsA3e TpedyeTcs Majio PHEpruu U TpaHchopmanus
CBs3€ll MPOMCXOAUT YACTO M TMEPEerpynnupoBKa aTOMOB Ha TEIUIOEMKOCTh U
TEIJIONPOBOIHOCTh HE BIIMSET.

PocT TemionpoBOJHOCTH B paciulaBe MOXKHO OOBSICHUTH  YBEIMYCHHEM
TEIUIOEMKOCTH 33 CYET pOoCTa 4Hcia CTENEeHEeW CBOOOMBI TEIUIOBBIX KOJEOAHMH
aTOMOB B PE3yJIbTaTe€ JAJbHEUIIEro pa3pbiBa KECTKUX KOBAJEHTHBIX MOCTHKOBBIX
cBsazeil. Uem Oosnbllie MOHHBIA paauyc (MOJSpHBIM 00beM) MoauduKaropa, TeM
cialee CBSI3U MEXKy aTOMaMHu B CTEKJIaxX U OOJiblle BEPOSITHOCTU UX pa3pbiBa, YTO U
Ha0JII0JaeTCsl; TEMIEPATYPHBIN KOAP(GUIMEHT pocTa TEMJIONPOBOJHOCTH PACILUIaBOB
YBEJIMUMBACTCSI TPU YBEJIMYEHHH MOJSPHOTO oO0bemMa MoAM(HUKATOpAa W TpU
YBEJIMUEHUU COJIEp’KaHUd MoJu(duKaTopa B CTEKIaX JTaHHOW CUCTEMbI. DTUM K€ U
00BsICHIETCS 3aBUCUMOCTb BEJIIMYUHBI U TEMIEPATypHOU MPOTHKEHHOCTU
aHOMAJIBHOTO MUKAa B TEMIEPaTypHOIl 3aBUCHUMOCTH TEIUIOMPOBOJHOCTH B 00JIacTH
pa3MsIryeHus: CTEKOM.

Jlisi  HEKOTOpPBIX COCTaBOB  CTEKOJ C HAuMMEHBLIUM  COJEp>KaHUEM
MOAM(UKATOPA COCTABJICHBI YPAaBHEHUS ISl pacueTa 3HA4YE€HUH TETIONPOBOIHOCTH

n IIpeaACTaBJICHBI Fpa(i)I/IKI/I HJIA CPpaBHCHHA PACUCTHBIX W IJKCICPUMCHTAJIBHBIX

JaHHBIX.
I[JISI HCKOTOPBIX COCTAaBOB CTCKOJI C HaWMMCHbBIIMM  COICPKAHHNCM
MOJII/I(i)I/IKaTOpa COCTaBJICHBI YpaBHCHUA JIIA pacdcTra 3HAYCHUM

teronposoanoctn: TeO, + 20 MomspHbIX mponentoB LiO (A= 2x10°T> —
0,018T+4,363 - cTekno u }»=0,32+1,5X10_3T - pacmiaB), TeO, + 12 MOIsApHBIX
nporeHToB K,O, (A= 0,002T- 0,231-crexino u A= 0, 6 + 0,001T —pacrunas), TeO, +
13 monsapubix mporieHToB Na,O (A= 0,005T — 1,12 — crexno u A=0,34 + 1,O2X10'3T
—paciias), TeO, + 12 momspHbIX mponertoB Rb,O (A = -10°T* +2X10°T° - 0,01T°
+3,1T -327,4 - cTexyio u

A=0,32 + 0,001T — pacrnaB), TeO, + 12 monsapubix npouento Cz,0

17



(L = 10°T* — 0,008T + 1,908 — creximo u A= 0,3+ 9,87x10™*T —pacmas) u
NpeAcTaBlieHbl  Ipa@uKd  JJii  CpaBHEHUS  pacyeTHBIX  (CIUIOLIHAsA) U
OKCMIEPUMEHTATBHBIX TAHHBIX (TOYKH).

JlJist Ipyrux cOCTaBOB € JaHHBIM MOJU(UKATOPOM MOKHO HCIIOJIB30BaTh 3TU
yYpaBHEHHsS] C JpyruMu KodPuuueHTaMH. OKCIepUMEHTaJbHblEe JaHHBIE TIO0
TEIJIONPOBOIHOCTH JUIsl BCEX CTEKOJI U UX PACIUIABOB COTJIACYIOTCS C PACUETHBIMU U3
ypaBHEHU 3HaUeHUAMU B nipeaenax 90-96 npoueHTos.

OKCHEepUMEHTAJIbHbIE JIJaHHbIE O TEIUJIONPOBOJIHOCTH st obsacTu
pa3MsIrdyeHusi CTeKoJl B 00JIACTH MUKA TEeMIEepaTypHOH 3aBUCHUMOCTH HE BO3MOXHO

OOBSICHUTH COCTABJICHHBIMU YPaBHCHHAMMU.
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4. TABJMIbI DKCIEPUMEHTAJIbHBIX JIAHHBIX

TennonpoBogHOCTh CTEKOJI

cucrteMsl TeO, + Li,O.

TennonpoBogHOCTh CTEKOJI
cuctemsl TeO; + K,O

Tabnuna 1
T.K TennonpoBoHOCTS,
(Bt 'K™)
300 0,53 0,52
320 0,55 0,53
340 0,57 0,54
360 0,59 0,55
380 0,61 0,56
400 0,62 0,57
420 0,63 0,58
440 0,64 0,61
460 0,72 0,65
480 0,75 0,69
500 0,84 0,74
520 0,96 0,90
540 106 0,98
560 1,22 1,08
580 1,38 1,18
600 1,51 1,29
620 1,58 1,38
640 1,61 1,43
660 1,60 1,40
680 1,49 1,35
700 1,41 1,29
720 1,42 1,30
740 1,43 1,32
760 1,46 1,36
780 1,49 1,39
800 1,52 1,41
Moi.% 20 25

Li,O

Tabmuma 2
T,(K) TemnonpoBoIHOCTb,
(Bt 'K™)
300 0,52 | 0,44 0,37 | 0,30
320 0,53 |0,45 0,38 | 0,31
340 0,55 |0,46 0,40 | 0,32
360 0,56 | 0,48 0,42 | 0,33
380 0,58 |0,51 0,44 | 0,34
400 0,60 | 0,52 0,45 | 0,36
420 0,66 | 0,57 0,46 | 0,38
440 0,72 0,63 0,48 | 0,42
460 0,76 | 0,67 0,53 | 0,45
480 0,80 | 0,71 0,59 | 0,49
500 0,84 10,75 0,63 | 0,52
520 0,93 |0,79 0,67 | 0,58
540 1,05 | 0,87 0,73 | 0,63
560 1,16 | 0,96 0,79 | 0,70
580 1,22 | 1,07 0,88 | 0,80
600 1,28 | 1,05 0,95 | 0,85
620 1.19 | 1,01 0,92 | 0,84
640 1,05 |0,97 0,90 | 0,82
660 1,04 |0,95 0,89 | 0,81
680 1,03 |0,96 0,90 | 0,80
700 1,04 | 0,97 0,91 | 0,80
720 1,05 |0,98 0,92 | 0,80
740 1,07 |0,99 0,92 | 0,81
760 1,10 | 1,01 0,93 | 0,82
780 1,13 | 1,03 0,94 | 0,83
800 1,16 | 1,06 0,95 | 0,84
Mon.% 12 16 19 22

K,O
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TennonpoBogHOCTh CTEKOJI
cucremsl TeO; + Na,O

TennonpoBoHOCTB CTEKOI
cuctemsl TeO,+ Rb,O

Tabnuna 3 Tabnuua 4
TK TemmonpoBoIHOCTb, T, (K) TemmonpoBOIHOCTb,
(Bt 'K™) (Bt 'K™)

300 0,51 0,46 | 0,43 0,41 300 0,42 0,36 0,31
320 0,53 0,48 | 0,45 0,42 320 0,44 0,38 0,33
340 0,56 0,51 | 0,47 0,44 340 0,46 0,41 0,34
360 0,60 0,54 | 0,52 0,46 360 0,48 0,43 0,36
380 0,64 0,58 | 0,56 0,47 380 0,50 0,45 0,39
400 0,72 0,62 | 0,60 0,48 400 0,53 0,48 0,41
420 0,80 0,69 | 0,64 0,51 420 0,57 0,51 0,43
440 0,92 0,81 | 0,69 0,65 440 0,61 0,54 0,46
460 1,06 0,91 | 0,80 0,72 460 0,74 0,59 0,50
480 1,24 1,05 | 0,91 0,81 480 1,02 0,75 0,56
500 1,40 1,21 | 1,04 0,90 500 1,11 0,94 0,66
520 1,48 1,35 | 1,16 1,01 520 1,14 1,01 0,86
540 1,51 1,41 | 1,21 1,06 540 1,13 1,00 0,85
560 1,52 1,41 | 1,20 1,04 560 1,12 0,97 0,83
580 1,52 1,37 | 1,16 1,03 580 1,08 0,95 0,84
600 1,48 1,33 | 1,15 1,04 600 1,03 0,94 0,85
620 1,44 1,28 | 1,16 1,05 620 1,00 0,93 0,86
640 1,38 1,27 | 1,17 1,06 640 0,98 0,94 0,87
660 1,34 1,25 | 1,18 1,08 660 0,98 0,95 0,88
680 1,31 1,25 | 1,19 1,09 680 1,00 0,96 0,89
700 1,31 1,26 | 1,21 1,11 700 1,01 0,98 0,90
720 1,32 1,28 | 1,22 1,13 720 1,03 0,99 0,91
740 1,34 1,29 | 1,23 1,15 740 1,05 1,01 0,92
760 1,36 1,31 | 1,24 1,16 760 1,07 1,02 0,93
780 1,38 1,32 | 1,25 1,18 780 1,10 1,03 0,94
800 1,40 1,34 | 1,26 1,20 800 1,11 1,04 0,95

Mon.% | 13 16 20 28 Mon.% | 12 16 19
Na,O Rb,0

TennmonpoBogHOCTH cTekya cuctemel TeO, + Cz,0
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Tabmuma 5

T, (K) TennonpoBoHOCTS,
(Br.m'K™)
300 0,38
320 0,39
340 0,40
360 .0,42
380 0,43
400 0,45
420 0,47
440 0,50
460 0,53
480 0,57
500 0,63
520 0,76
540 0,93
560 1,02
580 0,95
600 0,85
620 0,86
640 0.88
660 0,90
680 0,93
700 0,96
720 0,99
740 1,02
760 1,05
780 1,08
800 1,10
Mon.% 12

Cz,0
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1.5 x, Brm'K'
14 |-
1.3
12
1.1 |
1.0

T,K
09 1 1 1 1 1 1

700 720 740 760 780 800

Puc.1. TemneparypHas 3aBUCUMOCTb TEIIONPOBOAHOCTHU cTekna TeO, + 20

MOJIIPHBIX TportenToB Li;O. A= 2x10"T> - 0,018T+4,363

116 b % BTMTK

1.12 -—

1.08 -—

roe |-

1.00 -—

0.96 -—

0.92 -— T K

[ ] ] ] ] ] ] ]

680 700 720 740 760 780 800

Puc.2. TemneparypHas 3aBUCUMOCTb TEIJIOMPOBOAHOCTH cTekiia TeO, + 12

MousipHbIX npouieHToB K,O. A= 0,002T- 0,231



[
A, Brm™ K’ _/

T, K

680 700 720 740 760 780 800

Puc.3. TemneparypHasi 3aBUCUMOCTb TETUIONPOBOAHOCTH cTekia TeO, + 13

MOJISIpHBIX TIporieHTOB Na,O. A= 0,005T — 1,12

1.16

0.9 |-

0.92 |-

0.88 -

A, Brm 'K

620

Puc.4. TemneparypHasi 3aBUCUMOCTb TEIJIOMPOBOAHOCTH cTeksia TeO, + 12

MOJISIpHBIX MPOI1IeHTOB Rb,O. A = -10°T* +2X107°T° - O,OlT2 + 3,1T-327,4
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1.5

1.4

1.3

1.2

1.1

1.0

A, Brm 'K

T, K

720

740

760

780

800

Puc.5. TemneparypHasi 3aBUCHUMOCTh TEIUIONPOBOAHOCTH cTekina TeO, + 12

MOJTIpHBIX TporienToB Cz,0. A = 10°T? — 0,008T + 1,908

1,4

1,3

1,2

1,1

1

09 -

0,8

0,7 -

0,6

T,K

0,5

370

420

470

570

Puc.6. TemnepaTypHasi 3aBUCUMOCTb TEIUIONIPOBOAHOCTH paciuiaBa crekia TeO, +

12 MomstpHbIX mporenToB LiO. A=0,32+1,5x10°T.
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A, BT MK
0,85 -

0,75 -

0,7 -

0,65 -

0,55 -

T,K

0,5
350 400 450

500

Puc.7. TemneparypHas 3aBUCHUMOCTb TEIUIONPOBOIHOCTH paciuiaBa crekiia TeO, + 12

MOJTIpHBIX TporienToB K,0. A=0,34 + 1,02x10°T

1,5
14 A, BT m1K!
1,3
1,2
1,1

1
09 -
0,8
0,7
06 @

0,5

350 400 450

T,K

500

Puc.8. TemneparypHas 3aBUCHUMOCTb TEIUIONPOBOIHOCTH paciuiaBa crekia TeO, + 12

MOJISIpHBIX TTpo1ieHTOB Na,O. A= 0,6 + 0,001T
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A, BT M1 K1

09 -

0,8 -

0,7 -

0,6 -

0,5 -

0,4

350 400 450 500

Puc.9. TemnepaTtypHas 3aBUCUMOCTb TEIUIONPOBOAHOCTH paciuiaBa crekia TeO, +

12 monsipubix npouerToB Rb,O. A= 0,32 + 0,001T

0,8 |
A, BT M1 K1
0,75

0,65 -

0,55 -

0,5
0,45
04 @

0,35

T,K

330 380 430 480 530

Puc.10. TemnepatypHasi 3aBUCUMOCTb TETJIONPOBOAHOCTHU paciuiaBa TeO, + 12

MOJIPHBIX mporeHToB Cz,0. A= 0,3+ 9,87x107*T.
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