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CocTaB cTekJia, coaep:KANH HUKeJb 1JIsl CHH:KeHHsI MOTPelJieH!sl JHEPTruu B X0/4e
OCYLIeCTBJICHHS CTAAUH IJIABJICHHUS COCTABA

00J1a¢THL TEXHUKH, K KOTOPO¥ OTHOCHTCSI H300peTeHHe

Hacrosimee I/1306peTeHI/Ie OTHOCUTCA K COCTaBy CTCKJld, COACPKALIEMY HHKEID,
npe):[HaSHaquan‘/'I JJ11 CHUXKEHUA HOTpe6J'IeHI/I$I OHEPruv Ha CTaguu IUJIABJICHUA COCTaBa
CTCKJIA.

Onucanue NpeaAlleCTBYIONMICTIO YPOBHA TEXHUKH

CHuxeHue mnoTpeOeHNsT SHEPTrUM B IPOMBILIUIEHHBIX CTEKJIOIUIABMIIbHBIX Iedax
SIBJISIETCS. OCHOBHOM 3a/adell Kak C 3KOHOMUYECKOW, TaK U C 3KOJOTHYECKON TOYEK 3PEHHSL.
Y coBepLIeHCTBOBAHUS TEXHOJIOTHYECKHUX CTaUN MPOMBIIIJIEHHOTO IPOU3BOACTBA, TAKUX KaK
JOTIOJIHUTENIbHAS U30JISALUS TI€YH, ONTUMH3ALMS TOPEHUS U T. ., yKe ObUTH pa3paOoTaHBbL
JloTIONTHUTEIbHBIE YCOBEPLICHCTBOBAHUSA TEXHOJOTMYECKHX CTaAWil, TeM HE MeHee, OyayT
TpeOOBaTh 3HAYUTENBHO OOJBIIUX KAMUTAJIOBIOKEHUH. Jlpyroli mnyTe B CHIDKEHHH
notpeOieHnss YHepruu OyAeT COCTOSATh B padoTe HaJg CaMHUMH COCTABaMH CTEKJIa 3a CYeT
CHI)KEHMsI TeMIlepaTyphl IUIABJIEHUs COCTaBa cTekja. TemmepaTypy IUIaBleHUs ONPEAeNsoT
KaKk TeMIlepaTypy, NpU KOTOpPOH BA3KOCTH cTekina cocrtasiasger 10Ila-c. Temmneparypa
IUIABJICHHUS, TaKHUM OOpa3OM, CHIDKAETCs TMpPU CHIDKEHUHM BS3KOCTH COCTaBa CTEKJa MpPHU
BBICOKOH TeMmiepatype. IIpu 3TOM 3HEpruo, KOTOPYI HEOOXOIUMO MOAABATh K MEYH, MOXKHO
CHUKATb.

B nocnennee Bpems "ynpTpa-Oenbie" min "cBepXmnpo3payHble” CTEKJIa CTAHOBATCS BCE
0oJiee MpeanOYTHTENBHBIMU B C(hepe COTHEYHOH SHEPTreTHKH HIIH CTPOUTENILCTBA BCIIEACTBHE
UX BBICOKOH CBETO- W/WJIM 3HEPrONPOHHMLAEMOCTH. JlaHHBIE CTeksia COonepXaTr Majoe
KOJIMUECTBO JKeje3a M, CIEAOBaTEeNbHO, MX TAK)K€ YacTO Ha3blBAIOT "CTEKJIaMHU C HU3KUM
cozep>kaHueM kene3a". B ciydae nmpOMBILIIEHHBIX HATPUEBO-KAJIBLUEBBIX CTEKOJ CTEKJA C
HU3KUM COJIep’)KaHHEM >KeJle3a XapakTepU3yIOTCS CYMMAapHbIM COJAep:KaHMeM JKelesa,
npencTtasieHHbM B Buae Fe O3 cymmapHoro, cocrasisomuM MeHee npumepHo 0,1 Bec. %,
Kak npasuio, MeHee 600 ppm. OgHaKo 3TH COCTaBBl CTEKJIAa C HU3KUM COJIEP’KaHUEM JKeJe3a
XapPaKTEPU3YIOTCSI BBICOKOH JIYUYHUCTOH TEIUIONPOBOTHOCTBIO M, TAKUM 00pa3oM, MX CJIOXKHO
HarpeBaTh U3JIyY€HHEM B AMANa3OHax AJUH BOJH, U3Jy4aeMbIX BHYTPU CTEKJIOIIABUIBHOM

nmeun. B clIyda€ O9TUX COCTAaBOB CTCKJIa € HU3KHUM COACPKAHUEM 3IKEJI€3a YCHIICHUEC
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MOTJIOLIEHUS] U3JTy4eHUsI PACIUIABJIEHHBIM CTEKJIOM TPU BBICOKOW Temmeparype Oyaer o4eHb
MOJIC3HBIM B OTHOIIEHUHU NOTPEOICHIS SHEPTUH.

CHuxeHue TeMmmepaTypbl IUIaBJI€HHS COCTaBOB CTEKJIAa pacCMaTpUBAJIOCh B JAHHOU
obnactu Texuuku. B nokymente US 5071796 packpbIT cocTaB OKOHHOTO cTekja, rae SiO,
Obul yacTuuHO 3aMeHeH Ha Na,O u AlLO;, uTo obecneyuBano CHUXKEHHE BSI3KOCTH IPU
BbICOKOH Temmeparype. B mokymente WO 2014/128714 mpennaraercss 3aMEHUThb
NpUOIU3UTENBHO TIOJIOBHHY KOMIIOHEHTA, MPEICTABJISIFOINEro COOOW MMOKCHUI KPEMHUS, U
YACTHYHO WJIM TOJHOCTBIO KOMIIOHEHT, NPEACTABISIFOIINA COOOW OKCHUI KajbIusi, Ha
Oopconepkammii  KOMIOHEHT. OIHAKO CJIOXKHO COXPAaHSTb CBOMCTBA CTEKJIA, TaKUe Kak
TEMIIEpaTypa OCBETJICHUS, TEMIEpaTypa CTEKJIOBAHUS, XUMUYECKas YCTOWYMBOCTb CTEKJIA
WIN ONTUYECKUE CBONCTBA, B Cly4ae TAKUX CHJIBHO MOIU(UIIMPOBAHHBIX cocTaBax. Kpome
TOTO, HEKOTOpbIE U3 aJIbTEPHATUBHBIX KOMIIOHEHTOB MOTYT OBITh JOBOJIBHO IOPOTUMU H,
TaKiM 00pa3oM, OrPaHUYUBAIOT BAPHAHTHI CBOETO MPOMBIIIICHHOTO TPHUMEHEHUS.

CocraBbl CcTekJa, COAEpKallMe HHUKEIb, W3BECTHbI U3 YPOBHS TeXHUKHU. CChLIKA,
Hanpumep, caenaHa Ha pokymentsl US2013/0316162, US2014/0017500, US 3881905,
OTUCBIBAIOLIHE CTEKJIO WJIM 3aKaJE€HHOE CTEKJIO Uil nucruieeB; u Ha qokymeHT US 5888917,
PacKpbIBAIOLINN Pa3HOBUIHOCTU MPO3PAYHOIO HETYCKJIOTO OKPALIEHHOIO CTEKJIA.

Takum 00pa3oM, LEJIbI0 HACTOSIIEro H300peTeHusl SIBJSIeTCs  peHTadenbHOe
ofecrieueHne COCTaBa CTEKJIa C HU3KUM COAEp)KaHHEM JKeye3a C HU3KOH Jy4HuCTOH
TETJIONPOBOJHOCTLIO TIPH BBICOKOH TeMIlepatype IJIsl CHUXKEHHs] MOTPeOJNIeHUs SHEePTHH B
npoliecce MPOU3BOACTBA O€3 YXyALIEHHUsI CBOMCTB COCTaBa CTEKJIA.

CVvIIHOCTH H300peTeHus

Hacrosiiee n3oOpeTeHne OTHOCHUTCSI K COCTaBy CTEKJa, COAEPIKALIEMY CIIEAYIOLIUe

KOMIIOHCHTbI B BCCOBBLIX IIPOLCHTAX, BBIPAXKCHHBIX B IMEPECUHECTE HaA O6H.II/II\/'I BEC COCTaBa

CTEKJIA:
Si0, 50-85%
Al O3 0-30%
B,0s3 0-20%

Na,O 0-25%
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CaO 0-25%
MgO 0-15%
K,0O 0-20%
BaO 0-20%
Fe,O3 cymmapHhbiit 0,002-0,1%

NpUYEM YKa3aHHBII COCTaB CTEKJIA TAKXKE COAEPIKUT HUKEJb, MPEICTABICHHbBIH B BHIE
NiO, Ha yposHe ot 0,0001% no 0,0020% o Becy.

Hacrosimee wu3oOpereHne MONMOMHHUTEIBHO OTHOCHTCS K H3IENUI0 M3  CTEKIa,
H3rOTOBJIEHHOMY M3 YKa3aHHOI'O COCTaBa CTEKJA, B YACTHOCTH B BHE JIUCTA CTEKJIA, MOJIOTO
U3ENUs U3 CTEKJIa UITH CTEKJIOBOJIOKHA.

Hacrosiiee nzoOpeTeHne Tak:Ke OTHOCHUTCS K MPUMEHEHHIO HUKENsl Ui CHUKEHHUS
noTpedJeHUs] SHEPTHU B XO/€ OCYLIECTBJICHHs CTaIHU TUIABIEHHs COCTaBa CTEKJa COrJIACHO
HACTOSIIEMY U300pETEHUIO.

KDaTKOC ONNHCAHHE rpa(_[)nqecxnx MaTEpHAJIOB

Ha ¢urype 1A noxasan ko3¢ uuueHT norjomenns (K;) coCTaBa CTeKJIa U3 YPOBHs
texuuku (XCL) m cocraBa mo Hacrosimemy uzobperennto (XCL-Ni) B 3aBHCHMOCTH OT
JUTMHBI BOJIHBI TpH KOMHATHOH Temmneparype. Ha ¢urype 1B mnokasan xos¢¢umueHt
norjomenus: (K3) TOTO ke cocraBa crekjia w3 yposHs TexHukn (XCL) w cocraBa 1o
Hactosimemy mn3odperennto (XCL-Ni) B 3aBucumoctu oT JuivHBI BoJiHBI npu 1200°C. Ha
¢urype 1B nmONONHHUTENBHO TMMOKAa3aH TPAAMEHT wu3ay4dareapbHoi crnocoOHoctu (dE;/dT)
YEpHOTro Tesla B 3aBUCUMOCTH OT TaKOM e JJIMHBI BOJIHBI Tpu Temnepatype 1200°C.

Ha ¢urype 2 rpaduyecku nmoka3zaHoO BIHSHUE NOOABJICHUS] HUKEIEBOTO KOMIIOHEHTA B
COCTaBbl C HU3KHM COJACP’KAaHUEM JKeje3a Ul CHIDKEHHsI OTHOCUTEIbHOro ko3dduumeHra
ayauctoi TeruonposoaHoctH, Rk, Cocras crekna, ucrnonb3yemblit 1 Hopmanuzauuu (Rk;
= 1), comepxxut 1000 ppm Fe,O; (cymmapHoe conepskanue skene3a) u 0 ppm NiO.

Ha ¢urype 3 nokazan npupocT yaenbHOro norpedieHust SHeprun B %o, MOJTy4eHHbIN
B CJIy4ae COCTABOB CTEKJA, OOOTAIEHHBIX JKEJIE30M HIIN HUKEJIeM, HAYHHAsL CO CTEKIOOCHOBBI
¢ 670 ppm Fe,O3. UepHble TOUKM MPEACTABIISIIOT MPOMBILIJIEHHbIE JAHHBIE, 3alMChIBAIOLINE

NPUPOCT YAEIBHOTO MOTPEOIEHNSI SHEPTHH C TIOCTETIEHHBIM HapamuBaHueM Fe,Os, HaunHas ¢
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670 ppm Fe,Os. IlTpuxoBble KpUBbIE HAJl Y€PHBIMU TOUKAMU IMPENCTABIAIOT PACCUMTAHHbIN
MPUPOCT YAENBHOM SHEPIHMM B Cllydae CTEKOJ, COAEPKAlUX HUKEJIEBBbI KOMIIOHEHT Ha
ypoBHsix 5, 10 u 15 ppm NiO, anst cOCTaBOB CTeKJia C CYMMAapHBIM COIEpPKaHUEM JKelie3a B
nuana3one ot 670 no 870 ppm.

ToapoOHoe onucanue H300peTeHus

Lenbro HacTOsIIEr0 M300peTEHUs SIBISIETCS 00eCMeYeHne COCTaBa CTEKJIa ¢ HU3KUM
COAEpPKAHUEM JKeJie3a M C HU3KOH JIyYUCTOM TEIUIONPOBOJHOCTBIO MJIi  CHIDKCHUS
noTpebJieHnsT SHEPruu B Tpollecce Mmpou3BoacTBa. HeokunmaHHO ObUIO OOHApPY:KEHO, HTO
nobaBneHre HEOONBIIOTO KOJUYECTBA HUKEJS B COCTAB CTEKJIA C HU3KHUM COJNEp:KaHUEM
Kenesa 0o0ecreynBaeT 3HAYUTEIBHOE CHIDKEHHE JYYHUCTOW TEIUIONMPOBOIHOCTH, B TO K€
BpEMsl COXpaHsisi MEXaHHYECKHe CBOMCTBA, BA3KOCTh M XUMHUYECKYIO CTOMKOCTb COCTaBa
CTEKJIa pEHTa0eIbHBIM 00Pa30M.

B HacrosieM TekCTe MPU YKa3aHWH JUAna30Ha BKIIIOYEHBbI €ro KpalHue 3HAYeHUS.
Kpome Toro, Bce wenbie W apoOHBIE 3HAYEHHS B YHCIOBOM JHAra30HE BKIFOYESHBI
0€30rOBOPOYHO, Kak eciii Obl OHM ObUTM YKa3aHbl siBHBIM 00pazoM. Takke B HACTOAIIEM
TEKCTe 3HAUEHUSl CONEp’KaHWs TMPEACTABJIICHbI B MPOIEHTAX IO BECy, NPYTUMHU CIIOBAMH,
BBIPAXKEHBI OTHOCUTENILHO OOIIEro Beca CTEKJIa, €CJIU SIBHO HE OIpeneeHO MHOoe (Harmpumep,
B ppm). B HacTosieM TekcTe comepikaHue JKenesa sBISIeTCsS CYMMapHBIM U BBIPAKEHO B BUIE
Fe, 03, ecnu IBHO He OTPENENeHO UHOE.

CocraB cTekiia Mo HACTOSLIEMY H300PETEHUIO CONEPKUT HHUKEIb, PEICTABICHHBIN B
Buze NiO, Ha yposHe ot 0,0001% mo 0,0020% 1o Becy.

B npennouytuTenpbHOM BapWaHTE OCYLIECTBJIEHUS COCTAB CTEKJIA IO HACTOSIIEMY
M300pETEHNI0 COAEPIKUT HHKeNb, mpencraBieHHbId B Buzxe NiO, Ha ypoBHe < 0,0018%,
npennoututenpio < 0,0015%, ©Oonee mpenmoutrurenpHo < 0,0010%, wHaubonee
npeanoututenbHo < 0,0008% 1o Becy.

B gpyrom nmpeamouTHTENbHOM BapUaHTE OCYLIECTBJICHHS COCTaB CTEKJIa IO
HACTOSIIEMY H300PETEHHUIO COAEPKUT HUKENb, MpeacTaBieHHblll B Buae NiO, Ha ypoBHE >
0,0002%, 6onee npeanoututenbHo > 0,0003% mmm gaske > 0,0005% 1o Becy.

CocraB cTekja MO HACTOSAMEMY H300PETEHHIO XapaKTePU3YEeTCsl CyMMAapHBIM
conepxanueM >kenesa (npeacrasieHHbM B Buae Fe,Os) Ha yposre ot 0,002% mo 0,1% mo

Becy. B mpeamodyTurenpHOM BapuUaHTE OCYLIECTBJIEHHsSI COCTaB CTEKJIAa XapaKTepU3yeTcs
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CYMMapHbBIM COZIepKaHUEM >keJie3a, peacTaBieHHbIM B Buje Fe,Os, Ha yposHe ot 0,002% no
0,06%, mpenmourutenbro oT 0,002% mo 0,04%, Gonee mpenmoutureapbHo oT 0,002% mo
0,02% 1o Becy.

Hacrosmee nzo0pereHne permaer TEXHUYECKYIO 3a/1a4y COCTABJIEHUsS] COCTABa CTEKJIA
C HM3KOM JIY4YUCTOH TEIUIONPOBOJHOCTBIO IPH BBICOKOW TeMIEpaType NYTEM CHIKEHUs
ko3 duIeHTa TyducTo TeronpoBogHocTh (ky) W, CIenoBaTENbHO, MYyTEM TOBBIIICHHUS
ko3(pduumenra mormomenust (k;) cocraBa CTeKJa B JMana3OHe JUIMH  BOJH,
COOTBETCTBYIOLIIEM JHEPrUM, UW3JIy4aeMOW B IUIABWIBHOH M€Y TpPU TEMIepaType,
IoCTUraeMoll B ykasaHHOW mneun. Heoxkmpmanao ObUto OOHapy)keHO, 4YTO m0OaBiIeHHE
HeOOJBIIOr0 KOJMYECTBA HUKENSI B COCTaB CTEKJIA C OTHOCHTENIbHO HU3KUM CYMMAapHBIM
COZIepKAHUEM JKeye3a 00eCreunBaeT TaKyr HHU3KYIO JYYHCTYIO TEIIONPOBOAHOCTh. Kpome
TOTO, TaHHOE TEXHHYECKOE PEIIeHHEe TaKUM OOpa3oM JIMIIb HE3HAYMTENbHO MoAuduuupyer
COCTaB, 4YTO OOECHEeYMBAET COXPAHEHHE MEXAHUYECKMX M XHMHUYECKHX CBOMCTB COCTaBa
CTEKJIa.

[Tepenaua y4nCTOlN SHEPTHU B PACILIIABIEHHOM COCTaBE CTEKJIA MOXKET ObITh OLICHEHA
nyteM npubmkeHus: Poccenanna Ha OCHOBE AOMYIUEHHS, YTO PacrpocTpaHeHHe (POTOHOB
MOKHO HMMUTHPOBATh 3aKOHOM au(Qy3uH, T. €. YTO MOTOK 3HEPTUU /' MPONOPIHOHANIEH
rpagueHTy TeMmmepaTypbel O7/0z, Tne z TpencraBiisieT coOOH BBICOTY CTEKJa, MNPUYEM
KO3(pPUIIUEHT  MPOMOPHUOHANBHOCTH Kk,  sBisieTcs  KO3(PPUIMEHTOM  JTyYHUCTOM
TEIUIONPOBOJHOCTH, COTJIACHO YPaBHEHHIO 1.

01/0z = F/k.. (Ypasuenue I)

KoaddunmeHTt nyuncTol TeronpoBOAHOCTH Ky MOJKHO PacCYUTATh MyTEM CIIOKEHHUS,
NpU BCEX UIMHAX BOJIH, TPajMeHTa H3JIy4aTelbHOW crmocoOHocTy, OF)/07, (sBnsrorerocs
CKOPOCTBIO M3MEHEHHUs] H3JIy4aTeNIbHOM CIIOCOOHOCTH OTHOCHTENBbHO TEMIEepPaTypel) C
obOpaleHHbIM KO3 (PUIIMEHTOM MOTJIOEHUsT K, corjiacHO ypaBHeHuto II wmxe. Jlns uenwm
HACTOSIIEro U300pETeHNsT H3JydaTenbHast ClIOCOOHOCTD £, U3Jydaemasi B Ie4H, PUPABHEHA
YEPHOMY Tey.

4f°°16E,1
30

ky==| ——2
r Ky oT
OOHapyKWIM, YTO IJIsl YJIYYIIeHUs TEMIOOOMEeHa C pAacIUIaBJICHHBIM CTEKJIOM B

COCTaBe CTEKJIa C HU3KUM COJiep KaHHeM jkejie3a, B ypaBHeHuH | cienyer nmoBbICUTH TPaAUEHT
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Temneparypsl 07/0z. TOro MOXKHO IOCTHYb IyTE€M CHIDKEHHMA KO3(pduuueHTa Ty4ucToi
TEIUIONPOBONHOCTH k; cocTaBa CTekia MW, TakuM o00pa3oM, MyTeM MOBBILIICHUS €ro
k03¢ punmenTa nornomenus k;. Kpome Toro, oOHapy»uim, 4To KpHBas MOTJIOMIEHHS COCTABA
CTEKJa JOJDKHA COOTBETCTBOBATH HACKOJBKO 3TO BO3MOXKHO TPAAMEHTy H3JIydaTelbHON
CHIOCOOHOCTH B pe3yJbTaTe W3JYUYEHUIH SHEPruy, MU3Iy4aeMOil B meuw, aisi obecriedeHust
3HAYUTEIBHOTO BJIUSHUS HA JTYYUCTYIO TEILIONPOBOAHOCTb.

Koa¢pdunmentsl mnornomeHus, «j, COCTABOB M3 YPOBHS TEXHUKU U COTJIACHO
HACTOSIIEMY H300pPETEHHI0O — COrjacHO Tabmuie | Huke, M3MepsiM NpPU KOMHATHOH
TeMIepaType W TIpU BBICOKOW Temmeparype. Bricokas TemmepaTypa COOTBETCTBYET

TeMIieparype, OOBIYHO TOCTHUTaeMOH B CTEKJIOTUIABUIILHOM MEYH.
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Cocras U3 ypoBHSA Cocras o HacTosIIEMy
Ta6auna 1
TEXHUKHU U300pETEeHUIO
dTajoH XCL XCL-Ni
Si0, (Bec. %) 73,0 73,0
ALLOs (Bec. %) 0,03 0,03
CaO (Bec. %) 8,25 8,25
MgO (Bec. %) 4,5 4,5
NayO (Bec. %) 13,9 13,9
K,0 (Bec. %) 0,01 0,01
SO; (Bec. %) 0,32 0,32
Fex0 CyMm. 0,0102 0,0102
(Bec %)
Ni (ppm) 0 19

Koshduument mnornomenuss u3Mepsuii B JTa0OPATOPUU COTJIACHO CIIENYIOIIEeMY
merony. CrneuuanbHbI criekTpoMeTp ObuT pa3paboTaH UIi M3MEPEHHs MPOMYyCKaHUS B
auanazoHe oT 250 mo 2800 M mpu BeIcOKOH Temmepatype. Temmeparypa 1200°C Obuia
BbIOpaHa KaK WILTFOCTPATHBHAS TEMIIEPATypa, AOCTHraemasi B medyu. MICTOUHMKH W3ydeHUs
NPEACTaBIsUIA  COOOH KCEHOHOBbIE M rajioreHoBble sammbl (or 250 mo 2000 HM) U
KEpaMUYECKUI 3JIeMEHT A [uH BOJH cBbilie 2000 HM. M3iaydeHue MOIyIUpOBaid M
pa3zessuid Ha ABa My4Ka JJIsl BXOKAEHHUS B J1aOOpaTopHyo nedb. ONTHYECKHH MyTh OJHOTO
U3 My4YKOB IpeJHAa3HAueH JJIsl U3MEPEHHUs MPOIyCKaHus oOpasla CTeKsa, APYroH MydoK He
NPOXOAUT Yepe3 o0pasell U UCHOJBb30BAJICS Kak xoJjoctas mpoda. JleTekTopsl MpOormyCKaHus
NPEACTABISIFOT COOOHM (POTO3TEKTPOHHBIM YMHOKHUTENb WM MOJYNPOBOIHUKH. JlepikaTenb
s oOpasma CTekJia TPEencTaBisieT CcoOOW KONBIO M3 OKCHUAA AQIIOMHHUS C  ABYMS
canupoBBIMH BOJIHOBOAHBIMH OKHaMu. M3MepeHHs NPOBOAMIIM IPH JABYX Pa3THUHBIX
tomuuHax 1 MM u 2 MMm. Koadduument normomenus, Takum oOpa3oM, pacCUUTHIBAIH H3

ABYX 3allMCAHHBIX CIICKTPOB IMPOIMYyCKAHUS.
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Koadpdunment nornomenns (k;) BbILIEYKa3aHHBIX ABYX COCTABOB CTEKJA C HHU3KUM
conepxanneM skene3a, XCL 6e3 HHMKeIeBOro KOMIOHEHTa (COCTaB M3 YPOBHS TEXHHKH) U
XCL-Ni ¢ HU3KUM YpOBHEM HHUKEJs (COCTaB MO HACTOSIIEMY H300pPETEHUI0), U3MEPSUTH MIPH
3HaYeHHsIX UIMHBI BOJHBI OT 250 HM 1o 2800 HM. KosdduuueHnT nornomeHuss U3Mepsin
COTJIACHO OIMCAHHOMY BBILIE METOAY B 3aBHCHUMOCTHU OT JJHMHBI BOJIHBI MPU KOMHATHOH
temnepatype (¢purypa 1A) u npu 1200°C (purypa 1B). Ha ¢urype 1B nononHuTensHO
NOKa3aH TrpanueHTt m3nydarenbHoi cniocoOHocTH (dE;/dT) ueproro Tena B 3aBUCHMOCTH OT
TeX K€ JUTMH BOJIH MpH Takoi ke Temmeparype 1200°C. Jlump ¢opma naHHOH mocienHen
KPUBOHM Ba)KHA U LEIM WUIIOCTpalMM, W 3HadeHuss Ha ¢urype 1B HopmanusosaHbI
oTHOCHTENBbHO MakcumyMa GyHkuuu dE;/dT.

Ha ¢urype 1A wmoxHo yBugerb, uto coctaB XCL w©3 ypoBHS TeXHUKHU
XapaKTEePU3yeTCsl MOJIOCONH CUJIBHOIO MOTJOLIEHHUs ¢ MUKOM npu npumepHo 1000 HM u3-3a

2+
Fe”', mpu »ToM KO3((ULMEHTHI MOTJIOMEHUS] COCTABOB CTEKJa OBUTM H3MEPEeHbl MpU

)
KOMHATHOH Temmeparype mpu pasianuHbix ummHax BojH. Cocra XCL-Ni mo Hactosmemy
n300pETEHUI0 XapaKTePU3YeTCsl HECKOJIBKUMH TOJIOCAMH CHJIBHOTO TIOTJIOLIEHHS B BUIUMOM
IMana3oHe, a TaKkke HeCKOJIbKIMH MMHKaMU B UH(PpaKpacHOM crektpe npu npumepHo 1000 u
2000 M. JlaHHBIE MUKH TOSICHSIOT HECKOJIBKO OoJiee BrICOKOe moromenue IR comepskarero
HUKEJIb COCTaBa CTEKJIa MPHU KOMHATHON TeMIepaType Mo CPaBHEHUIO C COCTaBOM U3 YPOBHS
TEXHUKH.

Ha ¢urype 1B nokasaHO HEOXHUJAHHOE IMPEUMYyLIECTBO COCTaBa IO HACTOSILEMY
u3obperenuro. Ilo cpaBHeHuro ¢ 3tanoHoM (XCL, coctaB U3 ypOBHS TEXHUKH) MOTJIOLIEHNUE B
BUJMMOM JHAara30He B Cilydae cocTaBa mo Hacrosimemy m3odperernto (XCL-Ni) cHuxkaercs
IpU BBICOKOHM Temmeparype, HO CHJIbHO MOBBIIAETCS B HH(ppakpacHOW obmactu (CBbILIE
1700 HM), YTO OYEeHb NPEANOUTUTENBHO U VIYULICHWS TOTJIOUICHUS W3JIYYeHHUS,
U3JIy4aeMoro B Ie4H.

Kak moxazaHo Hmwke Ha ¢urype 1A u 1B, HeoxxupaHHO ObUIO OOHApPYKEHO, UYTO
COCTaB MO HACTOSLIEMY H300PETEHHI0O MPEUMYLIECTBEHHO IIOTJIOMIAET H3JIyYCHHUE,
U3ydaemMoe IJJaMeHEM M Iepeu3yueHHOE OTHEYNOPHBIMH MaTepuajaMu B I€4H.
JIeliCTBUTENIbHO, COCTaB 1O HACTOSAIIEMY HM300pETEHUIO, COAepKaliuii HeOObIIoe
KOJIMYECTBO HMKEJs, MPU BBICOKOM TeMIlepaType XapaKTepU3yeTcsl MOJOCaMM IMOTJIOLIeHUs

OpU JUIMHAX BOJH B HWH(PAKpacHOH oOONacCTH, KOTOpble COOTBETCTBYIOT T'PAaTUEHTY
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U3JIy4aTeNbHON CIIOCOOHOCTH SHEPTHH MEeYH, TPUPABHEHHON B JAHHOM CJIydae YepHOMY Ty
(¢urypa 1B).

Ucnonp3ys ypasuenue Il u 3HadveHus k03QPUIIMEHTOB NOTJIOMIEHMYS, K, TIOJYYEHHBIX
u3 ¢urypst 1B, xospduimeHT NydyucToil TEmIONnpoOBOAHOCTH, K, OBLT paccumTaH yist
COCTaBOB CTEKJa C HU3KUM COJEPKAaHHUEM JKeJie3d, XapaKTEePU3YIOIIHMXCS Pa3IMYHbIMU
YPOBHSIMH COEPKAHUS JKeJie3a W Pa3IMUHBIME YPOBHSIMU CONEPKAHUS HUKEJIS.

OtHocurenpHast JyducTtass TemionpoBogHocts, Rk, Obula paccumtana ¢

>
ucnonb3oBanueM ypasHerus 11 (Boime). KosdduumenTsl mornomenus, ;, Ui skeie3a U
HUKeJS1 ObLIH TOJTyYeHBl U3 ONTHYECKONW MOJIENH, OTKaTMOPOBAHHON Ha M3MEPEHHBIX KPUBBIX
NOrJIOIIEHUs] Tpu KoMHaTtHOH Temnepatype u 1200°C u3 ¢urypnsl 1A u 1B. 3nauenus k;
HOpPMAaJIM30BaHbl OTHOCHUTENBHO CTekia, comepxkamero 1000 ppm Fe,Os; 0e3 Hukens, c
MOJIy4€HHEM OTHOCHUTENbHON JIy4HCTOH TerionpoBogHocTy, Rk,

Ha ¢urype 2 nokazano npeumyinecTBo [0OaBJICHUS HHUKENS B COCTABbI C HH3KUM
CONEepKAHMEM JKele3a JJIsl CHIDKEHHMs OTHOCHTENIbHOH Ko3((UIMeHTa JIy4ucCTOU
teronpoogHocTH, Rk, Ha ¢urype 2 nokasano, 4to BiusiHUE NOOABJICHUSI HUKEJS B COCTAB
CTEKJIa Ha JIYYUCTYIO MPOBOAMMOCTb CHJIbHEE Ui COCTABOB C OoJiee HU3KHUM COIEpKaHUEM
xene3a. OHa AOMOHUTENBHO AEMOHCTPHUPYET, UTO MepPBble HECKOJIBKO PPM HUKEJS SIBJISIFOTCS
HanOosee 5((EKTUBHBIMH U CHIDKEHHS OTHOCUTENIBHOTO KO3(pPHUIHMEHTa JIy4YHUCTOH
terutonpoBogHocTH. [ToBeIIeHNe ypOBHS HUKENs 10 yposHs Oosee 0,002% 1o Becy OT Bcero
COCTaBa CTEKJIa He 00ECIIeYNBAET 3HAYNTEIBHOTO BO3PACTAIOIIETO MTPEUMYIIECTBA.

B KOMMBIOTEPHBIX TUAPOAMHAMMYECKUX MOJENAX CTEKJIOIJIABUIbHBIX Iedel, Kak
MPaBUJIO, HCIOJB3YIOT aNMpPOKCUMALIMIO JYYUCTONH TEIJIONPOBOJHOCTH, PAaCCUUTAHHYIO B

JAHHOM JOKyMeHTe. JlaHHble u3 (uUrypsl 2, CI€I0OBaTeNbHO, MOTYT HCHOJIb30BaTh

)
crIenuaJucCThbI CTEKOJILHO NPOMBINUJICHHOCTHU 1AJi1 OHLCHKH BbIMIPbIIIA B SHEPrunu B
3aBHCHUMOCTH OT KOJHMYECTBA HUKEJNs, JOOABJIEHHOTO B PACILIaB, OTHOCUTEIBHO 3aJaHHOTO
konuyectBa okenesa. Ha durype 3 mnokasaHa anbTepHaTHBHAs OLIEHKA HA OCHOBE
MPOMBIIIJICHHBIX JTAHHBIX, COOOIAIMUX 00 W3MEHEHWU yIeiabHOro mnotpedneHus (B
IPOLIEHTAX) Ha KOJHUYECTBO XKeJe3a.

HpOMbIH_U'IeHHbIe JaHHbIC co61/1pam/1 OTHOCUTEJIbHO BbIUIPbBIIIA B SHEPTUU COCTABOB

CUJIMKATHOI'O CTCKJIa TPHU Pa3IUYHBIX YPOBHAX COACPKAHHA KEJIE3a. CCbUIKA CACJIaHa Ha

TOYKH, U300pakeHHbIe Ha (purype 3. DTU NPOMBIILICHHbIE JaHHBIE COOOIIAIOT O BHIUTPHIIIE
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B yZI€IBHOM TOTPEOICHUU YHEPTHH (T. €. O CHIDKEHHUHU YHEPTHH) C YBEJIMUEHUEM COIEPIKaHUs
Fe;,O3 ¢yu, HauMHaAs ¢ COCTaBa C UCXOAHBIM cogepxkaHueM 670 ppm Fey O3 ¢y M3 3THX
MPOMBIIIJIEHHBIX JaHHBIX, IOJYYEHHbIX MpPHU Pa3JUYHbIX KOJUYECTBaxX >KeJe3a, MOKHO
paccunTaTh KO3(QQHUIUEHT TETUIONMPOBOAHOCTH k; M, ClenoOBaTeIbHO, MOJYUUTh PYHKLIHIO f,
CBSI3BIBAIOIIYIO CHIDKEHUE Ky ¢ mpUpocTOM yaenbHOro notpedbnenus. Kpome Toro, Ha ocHOBe
U3MEPEHHOTO K) 113 (pUrypbl 2 MOKHO paccuuTarh k; IJIsI COCTABOB CTEKJA, COAEPIKALINX
KaK HHUKeNb, TaK WM JKEJe30, U MPUMEHUTb Ty k& (PYHKUUIO f 1isl mpeBpameHust k. 3Thx
COCTaBOB CTEKJIA B MPHPOCT YAEIbHOrO MOTPeOJIeHUsT SHEPTHUH, KaK MOKa3aHo Ha ¢urype 3.
JelicTButenbHO, Ha ¢urype 3 MOKa3aH BBIUIPBII B 3HEPrUM, MOJYYEHHBIM B Clydae
COCTaBOB CTEKJIA, COAEPIKALINX HUKENb MPH Pa3iM4YHbIX YpOBHAX nodasku (5, 10 u 15 ppm
NiO), xoTOpble pacCUMTaHbI IJIsI COCTABOB CTEKJIa C CYMMAapHBIM COZIEp)KaHHEM JKele3a B
auanaszoHe oT 670 no 870 ppm. B cocrase crekna, conep:xawmem 670 ppm FeyO3 cyy, 5 ppm
NiO GyayT obecrieunBaTh CHUKEHHE YASIBHOTO MOTPEOIEHHs SHEPTHH MPHOIH3UTENbHO 1%,
YTO JEHCTBUTENIHO 3HAUYMMO B CYIIECTBYIOLIEH oOnacTu riaBku crekia. JoOaBinenue ot
10 ppm go 15 ppm NiO B TOT k€ cocTaB crekia Oyner 00ecreunBaTh BHIUTPHI B YACTHBHOM
notpeOiIeHnn 3Hepruu coorBercTBeHHO 1,7% wm 2,2%. Jlna cocraBoB crekina ¢ Oosee
BBICOKHUM COJZIEp’KaHHEM jKeJie3a BhIMIphIll Ha ppm NiO MeHbIe, HO BCe elle 3HauuTeNeH. B
cocraBax crekna, copepxamux 870 ppm Fe,O3 ¢y, mobasnenue ot 5 ppm mo 15 ppm NiO
Oynmer obecnieunBaTh BBIMIPHII B YACTBHOM MOTPEOJIEHUH SHEPTHH COOTBETCTBEHHO OT 0,7%
1o 1,5%.

B mnpeanoyTuTensHOM BapuaHTE OCYIIECTBJIEHHS COCTaB CTEKJa [0 HACTOALIEMY
U300pPETEHUI0 JOTMOJHUTEIBHO CONEPXKUT KOOANbT, MNPEANOYTUTENIbHO HAa YPOBHE OT
0,00005% no 0,0020%, npencrasnennsiii B Buae CoO, 6omnee npeanourureasbHo ot 0,00005%
no 0,0015% mo Becy. JlelicTBUTENbHO, OOHAPYKIIIM, 4TO MOOABJIEHUE HUKENs, NaXke TpU
HU3KUX YPOBHsX, TpeOyeMbIX HACTOALIUM H300pPETEHHUEM, MOXET CJIerKa BIUSATh Ha
ONTUYECKHE CBONCTBA, TaKHE€ KaK LBET, KOHEYHOIO MPOAYyKTa. B 3aBHCUMOCTH OT LieJIeBOro
NPUMEHEHHsI/UCTIONb30BAHUS 3TO MOXKET ObITh mpobnemoi win Het. Ilpu HE0OXOaMMOCTH,
JKENTBI [BET, MPHIABAEMbIH HHKEJEeM, MOJHO JIETKO HEHTpau30BaTh J00aBICHUEM
kobajbTa.

B npyrom BapuaHTe OCYIIECTBJIEHHS COCTaB CTEKJA MO HACTOSIIEMY H300pETEHHIO

TAKXK€ COAEPKUT XpOM, TMpeanodyturenbHo Ha ypoBHe oT 0,0001% no 0,0025%,
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npezncrasieHHblii B Buge Cr,O;, 6onee npeanourutensHo ot 0,0001% no 0,002% mo Becy.
JlelicTBUTENbHO, OOHAPYKHMIIH, YTO NOOABIEHHE XpPOMa B COCTaB CTEKJA IO HACTOSIIEMY
n300peTeHNI0 MOXKET oOecreunBaTh MoAOOHbBIE TPEMMYIIECTBA, YTO U JOOABJIEHUE HUKENS B
TOM OTHOUIEHWH, YTO OH TI03BOJSIET CHIDKATh  JIYYHCTYHO  TEIJIOTPOBOIAHOCTH
COOTBETCTBYIOIIErO COCTAaBa CTEKJIA, HO MeHee 3(pPeKTUBHO, UeM HUKEb.

B mpennmoyruTensHOM BapHaHTE OCYIIECTBJIEHUS] COCTAB CTEKJIA 10 HACTOSLIEMY
U300pETEeHHUIO He CONEepKUT ceyieH. "be3 ceiena" B JaHHOM JOKYMEHTE MOHUMAKOT KaK COCTaB
CTEKJIa C CONIEPKAHUEM CeJIeHa, MPEACTABIEHHOro B BHIe Se, < 3 ppm, NPeanoYTHTEIbHO <
2ppm. B Oonee mNpeamoOYTHTENHHOM BapUAHTE OCYLIECTBIEHHS COCTaB CTEKJIa IO
HACTOSIIEMY U300PETEHUIO HE CONEPKUT CeJieH U KOOaIbT B KOMOHHAITUH.

CocraB cTekiia COTJIACHO HACTOAIIEMY M300PETEHHIO M3TOTOBJIEH M3 CTEKJA, KOTOPOe
MOJKET OTHOCHTBCS K Pa3sHBIM KaTteropusiM. CTEKJIO MOKET MPENCTaBiIATh COOOH, Hampumep,
CTEKJIO HaTPHEBO-KaJIbIIMEBO-CHIIMKATHOTO, aJFTOMOCHUIMKATHOTO WM OOPOCHIIMKATHOTO THIIA
UT. IL

ITomuMo kene3a M HUKEJs, COCTaB CTEKJIA 0 HACTOSILIEMY M300PETEHHIO COAEPKUT
CJIEAYIOIINE KOMITIOHEHTBI B BECOBBIX NPOLIEHTAaX, BBIPAKEHHBIX B IepecueTe Ha OOIMi Bec

coCTaBa CTCKJIA.

Si0, 50-85%
ALO; 0-30%
B,0; 0-20%
Na,O 0-25%
CaO 0-25%
MgO 0-15%
K,0 0-20%
BaO 0-20%

B NPEATIOUTUTCIIBHOM BApPUAHTE OCYILICCTBIJICHUA COCTAB CTCKJIA MO HACTOALIECMY
I/1306peTeHI/II'O COACPKUT CICAYHOIHNE KOMIIOHCHTBI B BCCOBBIX IPOLCHTAX, BBIPAXKCHHBIX B

nepecueTe Ha O6LLIPII>'I BEC COCTaBa CTCKJIA.
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bonee
NpEeATIOYTUTECIIBHO

Si0, 50-78% 55-78%

Al O3 0-18% 0-18%

B,0; 0-18% 0-18%

Na,O 0-20% 5-20%

CaO 0-25% 0-15%

MgO 0-10% 0-10%

K,0O 0-10% 0-10%

BaO 0-5% 0-5%
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[IpenmoyTuTenbHbIe COCTaBBI MO HACTOSIEMY H300PETEHHIO, OCOOEHHO MPUTOJHBIE
IUISL TIOJTYYEeHHUS JIMCTOB CTEKJIA U TIOJBIX M3JENNH U3 CTeKJIa, PEACTaBIISIIOT cOO0H HATpHUEBO-
KaJIbLINEBO-CHJIUKATHBIM THUM. [IpeAmnmoyYTUTENsHO COTrIACHO JaHHOMY MPEANIOYTUTEIbHOMY
BAPUAHTy OCYILIECTBJICHHUS COCTAB COACPXKUT CIEOYIOLINE KOMIIOHEHTbI B BECOBBIX

NPOIIEHTaX, BEIPAKEHHBIX B MepecdeTe Ha OO BEC COCTaBa CTEKJIA!

Si0, 60-75%
ALOs 0-6%
B,0; 0-4%
Na,O 5-20%
CaO 0-15%
MgO 0-10%
K,0O 0-10%
BaO 0-5%

Jlpyrue TpeArnodYTHUTENbHBIE COCTaBbl CTEKJAa IO HACTOAIIEMY H300PETEHHIO,
O0COOCHHO NPUTOAHBIE IJIsI NMPUMEHEHUs B BHJE CTEKJIOBOJIOKHA, COJEpXKaT CIEAYIOIIUe

KOMIIOHCHTbI B BCCOBBLIX TIIPOLECHTAX, BBIPAXKCHHBLIX B IEPECUCTC HaA O6H.II/II\/'I BEC COCTaBa

CTEKJIA:
Si0; 50-75%
ALO; 10-30%
B,0; 0-20%
Na,0 0-5%
Ca0 0-25%
MgO 0-15%
K0 0-5%
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HHHIOCTpaLII/II/I COCTaBOB CTCKJIa COIJIACHO HACTOSALIEMY I/1306peTeHI/II'O, KOTOPBIC, KaK

HU3BCCTHO, MPUMEHUMBI JJI MOJIYUCHUA CTCKIIOBOJIOKHA, ITIOKA3aHEI B CJ'IeI[YI'OH.IeI\/'I Ta6J'II/ILIeI

14

BaO

0-5%

HUnmoctpanus 1 Wnmoctpanus 2 Hnmocrpauus 3
Si0, (%) 59-61 52-56 64-66
B,0; (%) _ 5-10 -
TiO; (%) _ 0-0,8 -
Fe,0;5 (%) | 0,05-0,1 0,05-0,1 0,002-0,1
ALO; (%) | 12,5-13,5 12-16 24-26
Ca0 (%) 21,5-22,5 16-25 0-0,3
MgO (%) 2,7-3,3 0-5 9-11
Na,O (%) | 0,03-0,05 0-2 0-0,3

BKIIIOYUEHH b sxarouennviil 8 Nay,O

K0 (%) 0,25-0,60 NaxO

CocraBel CTeKJIa IO HACTOSIIEMY H300pPETEHHIO OCOOEHHO WHTEPECHBI IIpH
UCIIOJIb30BAHUU ISl U3TOTOBJIEHUS M3JENUN U3 CTeKJa, B YaCTHOCTU MOJBIX HU3AENIUI U3
CTEKJa, JINCTOB CTEeKJAa W/HWIN CTEeKJIOBOJNOKHA. [losble wm3genms u3 CTEKJIa MOTYT
NPEACTaBISTh COOOH CTEKIISIHHbIE OyThUIKU, CTEKJISTHHBIE KOJIOBI, CTEKJITHHBIE COCYIIbI U T. 1.
CTexJIOBOIOKHO TpeAcTaBiIsieT COOON CTEKIO B BOJOKHHCTOM BHJE, HCIOJb3YeMOE IS
U3TOTOBJIEHHS PA3JIMYHBIX MPOAYKTOB (TAKUX KaK CTEKJIOBATa Ui M3OJISALUH), ¥ OOBIYHO
COCTOUT U3 CIyTAHHBIX TOHKHUX CTEKJIOBOJIOKOH.

B npeamodtuTenbHOM BapHUaHTE OCYIIECTBICHHS HACTOsIIEe N300PETeHNEe OTHOCHUTCS
K TIOJIOMY M3JIJIHIO U3 CTEKJIA, U3TOTOBJIEHHOMY M3 COCTaBa IO HACTOALIEMY H300PETEHUIO.

B anbrepHaTMBHOM MNpPEANOYTUTEIPHOM BAapUaHTE OCYILECTBJIEHUS HACTOsILIee
n300peTeHne OTHOCUTCS K CTEKJIOBOJIOKHY, M3TOTOBJIEHHOMY M3 COCTaBa CTeKJa IO

HACTOSIIEMY H300PETEHUIO.
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OO6buHO cnoco® M3rOTOBJIEHHUS CTEKJa BKIIOUaeT ctanuu (1) TUIaBIeHHS NapTHH
MICXOTHOTO MaTepuaia, KOTopas COAEPIKUT CMeCh UCXOIHOIO MaTepuaa, IpeJHa3HAYeHHOTO

JJIA MOJIy4YCHUA CTCKJIA, u/unu CTCKJIAHHOI'O 00s1 B CTEKJIOTIIABHIbHOM

)
MeYr/CTeKJIOTUTABIIIBHOM  OacceiiHe, a 3areM (OpPMOBAaHMS pPACIUIABJIEHHOTO CTEKJa B
HeoOxomumyro  Qopmy. Cramusi TJIaBiIeHUs BKJIIOYAE€T TMOABOJ TEIUIA K HCXOJIHBIM
marepuanaM wuiu OO TMOCPEACTBOM TNepenadd JY4YUCTOH SHEePruu ¢ odecreueHremM
iaBku/pacriaBierus. Kak MpaBuJIo, TEMIO TEHepUPYeTCs TOpeiKkaMu, B KOTOPBIX
HCIOJIB3YEeTCsl HCKOMaeMOoe TOIUTUBO (T. €. TIPUPOIHBIH ra3) ¢ 3apaHee MOJOTPETHIM BO3AYXOM.

Hanpumep, anst oOpa3oBaHusi BOJIOKOH PACIUIABIEHHOE CTEKJIO MOXKHO HEMpPepbIBHO
BBITATUBaTh W3 (Quubepbl. Jlng QopMOBaHUS TMOJOTO CTEKJA, Hampumep, OYTHUIOK,
pacIuiaBiieHHOE CTEKJIO MOMEINAlT B (OpPMYy M CTEKJIO 3aTeM (OPMYIOT B CTEKJISHHYIO
6YTI:;I.]'IKy nocpeACTBOM TEXHOJIOTMU  BbIAYBKH. JIuct cTekiia MOXKeT 6bITb MOJIY4YCH
nocpeacTsoM (oar-mporecca, MpoLecca BBITAMMBAHUS, MpOLEcca MpoKarta WK JI00ro
APYroro W3BECTHOTO TpOLecca AJisi U3TOTOBJICHUS JIMCTA CTEKJ1a, HAYMHAS C PACIUIABICHHOIO
COCTaBa CTeKJa. B BapHaHTe OCYLIECTBJEHHUsS COIIACHO HACTOSIIEMY HU300pPETEHHIO JIMCT
CTeKJIa TMpeacTaBisieT coboit nuct ¢uoar-crekna. [Tox TepmuHoM "nmuct ¢roar-creknia
MOHUMAIOT JIUCT CTEKJa, OOpPa30BAaHHBIA MOCPEACTBOM Ipoliecca H3rOTOBJeHHs (ioat-
CTeKJIa, KOTOPBIH COCTOUT B BBLJIMBAHHH PACIUIABICHHOTO CTEKJAa HAa BAaHHY PACILIABIEHHOTO
0JIOBa MPH BOCCTAHABJIMBAIOIINX YCIOBHSIX.

HaCTOfIH.[ee I/I306peTeHI/Ie TAKKEC OTHOCUTCA K MPUMEHCHUIO HUKEIIA IJIA CHUXKECHUA
noTpedJeHUs] SHEPTHU B XO/€ OCYLIECTBJICHHs CTaIHH TJIABJIEHHs COCTaBa CTEKJa COTJIACHO
HACTOSIIEMY H300PETEHUIO.

BapuaHTbl OCyIIECTBJCHHS] HACTOsIIIEro u300peTeHuss OyayT Jajee OMUCaHBI
nocpeactsoM npumepoB. Creayromire IpuMepbl MpeACcTaBiIeHbl B LEIAX WITIOCTPALMH U HE
npefHa3HAYeHbI Il OrpPaHU4YeHHsI 00beMa HACTOSIILIEr0 H300PEeTeHNS.

IIpumepsl

JInsg mojiydeHUs] COCTABOB CTEKJa B COOTBETCTBMM C TPUMEPAMHU  BBITIOTHSLIH
cnenytouiee. [ToporikooOpa3Hble HCXOIHbIE MaTepHajbl CMEIIMBAIA BMECTE U MOMELIATH B
MJIABUJIBHBIE TULJIM COTJIACHO KaAXIOMY COCTaBY, OMNPCACICHHOMY HHIKE. Cwmech NCXOOHBIX
MaTepUasiOB 3aTeéM HAarpeBajd B HJIEKTPUYECKOH Me4yH A0 TeMIepaTrypbl, oOecrneduBaroiiei

MOJIHOEC PACIIaBJICHUE UCXOOHOTIO MaTCpuaa.
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CJ'IeI[YIOH.II/Ie COCTaBbl CTCKJIAa NOJy4Yalld COIJIAaCHO HaCTOAIEMY I/1306peTeHI/IIO.
I[aHHbIe COCTaBbI CTEKJIA SIBJITFOTCSI OCOOEHHO NOAXOOAIINMH AJIA UCITOJIB30BaHHA B KAUECTBE

JINCTOB CTEKJIA MJIM ITOJIbIX M3AEIHUIN U3 CTEKJIA.



17

1 2 3 4 5 6 7 8
SiOy (%) | 72,2 | 722 | 723 | 722 | 722 | 722 | 722 | 723
ALO; (%) | 062 | 063 | 061 | 062 | 062 | 061 | 062 | 0,61
Fe,0;(%) | 0,075 | 0,077 | 0,074 | 0,074 | 0,074 | 0,074 | 0,074 | 0,073
CaO (%) | 8,89 | 891 | 885 | 887 | 884 | 887 | 886 | 867
MgO (%) | 4,28 | 426 | 429 | 430 | 430 | 429 | 430 | 421
Na,O (%) | 13,50 | 13,53 | 13,46 | 13,48 | 13,50 | 13,50 | 13,52 | 13,44
K0 (%) | 0,06 | 0,06 | 0,06 | 006 | 0,06 | 006 | 0,06 | 0,06
Ni (ppm) 4 5 9 13 3 6 6 8
Co (ppm) - - - - 0,75 1,5 2,5 3,5

2
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O®OPMYVYJIA U30BPETEHUA
1. CocraB crekia, COAEpKAIUM CIEAYIOIINE KOMIIOHEHTbBI B BECOBBIX

NPOIIEHTaX, BEIPAKEHHBIX B MepecdeTe Ha OO BEC COCTaBa CTEKJIA!

Si0, 50-85%

Al O3 0-30%
B,0s3 0-20%
Na,O 0-25%

CaO 0-25%
MgO 0-15%
K,O 0-20%
BaO 0-20%
Fe, O3 cymmapusbiii 0,002-0,1%

OTJIMYAKIIUICH TeM, 4YTO COCTaB CTEKJIa JOMOJHUTEIBHO CONEPKUT HUKED,
npezacrasieHHbli B Buae NiO, Ha yposHe ot 0,0001% mo 0,0020% mo Becy.

2. CocraB crekya mo 1. 1, OTIMYAOIIUICS TEM, YTO OH COIEPIKUT HUKENb,
npencrasieHabid B Buae NiO, Ha yposHe < 0,0018%.

3. CocraB crekna mo Jjrobomy w3 min. 1-2, OTIMYAOIIUICS TeM, YTO OH
COIIEPKUT HUKENb, IpeAcTaBieHHbIi B Buae NiO, Ha yposae > 0,0005%.

4. Cocras crekia 1o o00My U3 MPEABLAYIINX MYHKTOB, OTJIUYAIOIIUNACS TEM,
yTo OH conepxut Fe,Os cymmapssiii Ha ypoBHe OT 0,002% no 0,06%, npeanouTUTEIbHO OT
0,002% no 0,04%, 6onee npeanoututensHo oT 0,002% mo 0,02%.

5. Cocras crekia 1o o00My U3 MPEABIAYIINX MyHKTOB, OTJIUYAIOIIUNACS TEM,
YTO OH COJEPXKUT CJENYIOLIAEe KOMIIOHEHTbl B BECOBBIX IMPOLIEHTaX, BBIPAKEHHBIX B
nepecueTe Ha OOIUI BEC COCTaBa CTEKJIA!

Si0, 55-78%

Al O3 0-18%
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B,0; 0-18%
Na,O 5-20%
CaO 0-15%
MgO 0-10%
K,0O 0-10%
BaO 0-5%
6. CocraB crekia MO MpenblAyLIEMy TMYHKTY, OTJIMYAIOIIMICS TEM, YTO OH

COACPKUT CIACAYHOIINE KOMIIOHCHTBI B BCCOBBIX IMPOLECHTAX, BBIPAXKCHHBIX B IMEPECUCTC HaA

001Ul BeC cocTaBa CTEKA!

Si0, 60-75%
ALOs 0-6%

B,0; 0-4%

Na,O 5-20%

CaO 0-15%

MgO 0-10%

K,0O 0-10%

BaO 0-5%

7. Cocras crekia 1o o00My U3 MPEABIAYIINX MyHKTOB, OTJIUYAIOIIUNACS TEM,

YTO OH JOTIOJTHUTENLHO COAEPIKUT KOOABT.

8. CocraB crekyia MO MPEABIAYIINM IyHKTaM, OTJIMYAIOIIMICS TEM, YTO OH
conep:kut kobanbT, mpencrasiennsiii B Buge CoO, Ha yposHe oT 0,00005% no 0,0020%,
donee npeanoururensHo oT 0,00005% mo 0,0015% 1o Becy.

9. Cocras crekia 1o o00My U3 MPEABLAYIINX MYHKTOB, OTJIUYAIOIIUNACS TEM,

YTO OH AOTIOJTHUTEIBHO COACPKUT XPOM.
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10. CocraB crTeksia MO TMPEAbIAYLUIEMY MYHKTY, OTJIUYAIOUIUNCA TEM, YTO OH
ConlepkuT XpoM, npeacrasieHHbiid B Bune CryOs, Ha yposHe oT 0,0001% mo 0,0025%, Gonee
npeanoututensHo oT 0,0001% no 0,002% no Becy.

11. Wsnenue u3 cTekia, M3TOTOBJIGHHOE M3 COCTaBa CTEKJa MO JIIOOOMYy U3
MPEAbIAYLIAX TYHKTOB.

12. Hsznenue u3 crekna mo m 12, kKOTOpoe MNPEACTAaBJCHO B BUIE MOJIOTO

HU3aCJINA U3 CTEKJIA.

13. Hznenue u3 crexia no 0. 12, kOTOpoe NpeACTaBIECHO B BUAE JUCTA CTEKIIA.

14. HUspenne w3 crekna no 1. 12, KOTOpOe€ TMNpPEACTaBIEHO B  BUAE
CTEKJIOBOJIOKHA.

15. [IpuMeHeHue HUKENsl Ui CHIDKEHUS TOTpeONeHHMs 3HEPTUU B XOJHe

nponecca MmjiaBJCHUA COCTaBa CTCKJIA, COACPIKALIECTO CICAYIOIMUE KOMIIOHCHTBI B BECOBBIX

MPOLIEHTAX:
Si0, 50-85%
Al O3 0-30%
B,0s3 0-20%
Na,O 0-25%
CaO 0-25%
MgO 0-15%
K,O 0-20%
BaO 0-20%
Fe, O3 cymmapusbiii 0,002-0,1%
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