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(57) Hacrosiee n300peTeHre OTHOCHTCS K JIACTOBO-
My CTEKIy, KOMIIO3ULIMS CTEKIa KOTOPOIO COAEPIKUT
CIIEIYIOIIME MACCOBBIE J0JIM KOMIIOHEHTOB B IPOLIEH-
Tax B epecyeTe Ha oOLIuit BeC cTeKIa:

60 < Si0, <78%

5 < Na,0 <20%

0,9 <K,0 <12%

4,9 < AlLO3; <8%

0,4 <Ca0 < 2%

4<MgO < 12%.
N306peTeHrie OTHOCUTCS K JIErKO MOMNAKOIIEHCS XH-
MHYECKOM 3aKaJKe KOMIIO3UIIMM THMIA HATPHA-CHIIH-
KaTHOI'O CTEKJIa, KoTopas 6oJiee MPUIoIHa I Macco-
BOI'O IIPOU3BOJCTBA, YEM ATFOMOCHIMKATHOE CTEKIIO,
[OJTOMY €€ MOXHO IOJIy4aTh ¢ MEHBLIMMH 3aTpara-
MM U €€ COCTaB OCHOBBI CTEKJa/MaTpHULbl OJIU30K K
KOMIIO3HIIMAM, YXKE MCIIOIb3YEMBIM B MACCOBOM IIPO-
U3BOJICTBE, WM HE3HAYUTEIBHO OTIMYAETCS OT HHUX.
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JIuctoBoe CTEKJI0, IPUTOAHOE AJIH XHMHYECKOH 3aKAJIKH

1. 0O0J1acTh TeXHUKH

Hacrosimmee  u3oOpereHMe  OTHOCHTCST K JIMCTOBOMY  CTEKIy,
NPUCTIOCOOICHHOMY JJIsl XMMUYECKOH 3aKaJKW/yIpO4YHEeHUsl. B 9acTHOCTH, Hacrosinee
n300peTeHrne OTHOCHUTCSI K JIMCTOBOMY CTEKJy, KOTOPOE JIETKO TMOANAETCS XUMUYECKON

3aKanKe/ynp0quHm0, H KOTOPOEC HEAOPOTo U MMPOCTO B MPOU3BOACTBE.

XUMUYECKH YIPOYHEHHOE JIMCTOBOE CTEKJIO HAXOOUT Bce Ooubliee
NpUMEHEHHE TMpH CHeLHATH3HPOBAHHOM OCTEKJIEHHH, B KOTOPOM MeXaHH4YeCcKas
YCTOWYMBOCTD SIBNISIETCS TpeOyeMbIM/00sI3aTeIbHbIM KaueCTBOM, B MOHOJIMTHOH WK
JaMUHUPOBAaHHOM  (Qopme, Hampumep, B  TPAHCIOPTHOH (T.€. ABHALMOHHOW,
AaBTOMOOMJIbHOM), CTPOHMTENIbHON/apXUTEKTYPHOH MPOMBILUICHHOCTSIX U MPOH3BOACTBE
otoOpakaromux 3KpaHoB. Cpeam TakMx NPUMEHEHUH MPOU3BOACTBO OTOOPAXKAIOLIMX
HKPAHOB 3a MOCJEIHHE HECKOJIbKO JIET MPEeBPAaTHJIOCh B OTPOMHBIA PBIHOK CIIpoOca Ha
XUMHYECKH YIPOYHEHHOE MpPO3payHOe JIMCTOBOE CTEKJO, NMPHUMEHSeMOe B KauecTBE
3aLIUTHOTO/TIOKPOBHOIO CTEKJIa, CMOTPOBOTO OKHa WJIM (CEHCOPHOTO) JKpaHa Iyis
OeCUNCIIeHHBIX 3JIEKTPOHHBIX YCTPONCTB, TAKMX KaK MOOMIIbHbIE Tene(oHbl, cMapT(OHBI,
TEJIEBU30PbI, KOMIBIOTEPBI, LU(PPOBBIE Kamepbl U T.I. JIEHCTBUTENBHO, IOCKOJBKY
MHOTHE M3 3THUX YCTPOMCTB SIBJISIOTCS MOPTATUBHBIMK, MEXaHUYECKHUE CBOMCTBA CTEKJIA
IJIl TAKUX TPUMEHEHHI BOCTpeOOBaHbI B 3HAYMTEIBHON CTEMEHH, MOSTOMY OCOOEHHO
HEOOXOAMMO, YTOOBI TaKO€ CTEKJIO MOTJIO BbIIEPKHBATH yAAp W/HIH MPOTHBOCTOSTH
MIOBPEXKIEHUIO, KaK HAaIpHUMep, MPU LapanaHud WK yaape, B X0Je SKCIUTyaTaluy U MpH
TPAHCIOPTHPOBKE. XHMMHYECKOE YIPOYHEHHE eme Oojiee BaXXHO B  OOJNACTH
0TOOpaKarOIIUX KPAHOB, MOCKOIBKY B JaHHOH 0oOjlacTH TpeOyeTcsl JIMCTOBOE CTEKJIO C
MaJIOH TONIIMHON (TOHBIIE 1 MM), TO3TOMY XUMHYECKOE YIIPOUHEHHE 3aPEKOMEH/IOBAIIO
ce0s1 kak crocod, Oosee BOCTpeOOBAHHBIN, YeM MEXaHWYECKH YIPOUYHEHHOE (CBEpX-
)TOHKOE JIUCTOBOE CTekJio. [1o mpuunHaM Beca MPUMEHEHHE TOHKOTO JIMCTOBOTO CTEKJia
TaKKe SIBJISIETCS MPEATIOUTHUTEIbHBIM JJIsl TOKPOBHOTO CTEKJIA TSl COTHEYHBIX, TETIOBBIX

WK (POTOITEKTPUUECKUX YCTPOICTB.
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2. Pemenusi, H3BeCTHBIC H3 YPOBHS TEXHHKH

XUMHYECKOE YMPOYHEHUE CTEKJITHHOTO HW3JENHs TPEaCTaBisieT CoOoit
BBbI3BAHHBII HArPEBAHHUEM HMOHHbBINA OOMEH, 3aKJIFOYAIOLINICS B 3aMEHE B MOBEPXHOCTHOM
CJIoe CTeKJia IIEJOYHBbIX MOHOB HATpWsl, OOJamaroIIuxX MajibiM pa3MepoMm, Ha Oolee
prngle HOHBI, HaanMep ICJIOYHBIC HWOHBI KaJIus. HOBI:ILHCHI/IC Hal'[pﬂ)KeHI/ISI
HOBerHOCTHOFO CXXaTus HpOI/ICXOI[I/IT B CTCKJIC IIO Mepe BHeI[peHI/ISI HUOHOB 60JII::LH€FO
pa3Mepa B MEHbIIee MPOCTPAHCTBO, pPaHEE 3aHUMAEMOE HMOHAMU HATpus. Takyro
XUMHYECKYI0 00paboTKy, Kak MPaBHJIO, OCYIIECTBIIIIOT, MOTPYKas CTEKJIO B BaHHY C
MOHOOOMEHHBIM PACIUIABOM, COAEPIKAIIUM OJTHY HJIM HECKOJIBKO PACIUIABIIEHHBIX COJIEH ¢
HOHamMH OOJbLIETO pa3Mepa, MPU TOYHOM KOHTPOJHPOBAHUU TEMIIEPATypPbl U BPEMEHH.
ConpoTuBiieHHe Pa3pyLICHUIO CTEKJISTHHOTO W3JENUs, MPOLISNIIEro Takyr o0padoTKy,
TEM CaMbIM IIOBBIMIAETCS HA BEJIUYUHY, IMPUMEPHO PAaBHYIO CO31aBAEMOMY

MOBEPXHOCTHOMY HAIIPAKCHUIO CXKATUS.

Tem He MeHee, MOBpPEXKACHME, 3aTParuBarolee MOBEPXHOCTb XUMHUYECKU
YIPOYHEHHOIO CTEKJAa B XOAE€ €ro HKCIIyaTalud, NPUBOAUT K CHIDKEHUIO 3TOrO
ynpounsitoiiero 3¢gdexra, u maxe MOXKET CBECTH €ro Ha HET, €CIIU IOBPEKICHUE
MIPOHUKAET CKBO3b CJIOM, HaxonasAwuiics B cxaTtoM coctosHuu. [lo sToil mpuuuze, B
3aBUCUMOCTU OT NPUMEHEHUs], i KOTOPOro NMpeIHa3HAYEeHO XUMUYECKH YIIPOUYHEHHOE
CTEKJIO, OCHOBHOE€ BHUMAaHUE yJeJsAeTCs  JOCTH)KEHUIO  BBICOKMX  3HA4YeHUM
MIOBEPXHOCTHOTO HarnpspkeHust ckatust (wau “CS”) u/umu O0NbLION TOMIIUHBI CJIOS CJIOS,
HAXOJSLIEroCsl MOJ CKaTHeM (KOTopasi CBsi3aHa C MapaMeTPOM, Ha3bIBAEMBIM ‘“TOJIIIHUHA
cnost’” i “Dol”, a mMeHHO, riyOWHa, Ha KOTOPYIO NPOHUKAIOT BBOIWUMBIE HOHBI),
KOTOpasi B HIEAIBHOM CJIydae paBHA MO MEHbLIEH Mepe MIyOuHe HauOOJbIIero
BO3MOXKHOTO Jie(peKTa/TIOBPEKIEHUS, KOTOPOE MOXKET TPOU30UTH CO CTEKJIIOM B XOJIE €ro
SKCIUTyaTaliy, WIM KOTOpPO€ YK€ MOXET IPUCYTCTBOBATh Iepea YINPOUYHEHHEM.
Coueranue 3THX ABYX MapamMeTpoB B OOINEM CUUTAETCS aJeKBAaTHO OINPENeISIOIUM
KaueCTBO IOJIy4aeMOW MEXAaHWYECKOW MPOYHOCTH. JIeHCTBUTENBHO, AN 3aJaHHOIO
pa3mepa nedekTa, UCXOAS U3 HANMPSDKEHHs CXKATUS M TITyOWHBI CJIOS, MOJKHO OLICHHTH
HeoOxonumoe “yrpoyHeHne XUMHUUYECKH YIIPOYHEHHOro cTekna. B crarbe “Review - lon

exchange for glass strengthening” aBropa René Gy, onyOnukoBanHo# B Master Science



10

15

20

25

30

3

and Engineering B (149, 2008, 159-165), xopoiee npubamkeHne 1JIst 3TOro YIpOYHEHUs

(MM Gyupouserus ), BBIIOJIHSETCS 10 creayoieil popmyne:
Oynpounerms — Os (1-2C/7I.XC)

roe Cs - NOBepXHOCTHOe HampstkeHue cxkatusi (CS) |, x. - rayOuHa
nonoodMennoro cnosi (Dol), u ¢ - rnybuna nedekra. Jns obecriedyeHus] yrnpoOYHEHUs
nepBbIM kKputepueMm sieiisiercss Dol, riy0ske, yemM MakcuManbHas TiyOuHa nedekra.
Kpome Toro, oba mapamerpa CS u Dol nomxHbl OBITH ONTHMHU3HPOBAHBI C IEJNBIO
MOJTyYeHUs] HauOOJBIIETO BO3MOXKHOTO YNPO4YHEHUs. B OONbIIMHCTBE TpPHMEHEHUMN
TpeOyercst HauboJblllee BO3MOXKHOE YMPOUYHEHHE, U 0ojiee KOHKPETHO - YIPOYHEHHE
Bbime yeM 300 MIla, wiu Gonee mpeamouTuTenbHO - Bhimme yem 400 MITa, 500 MIla, u

HauboJee MpennouTUTENBHO - Bbilie 600 MITa.

Kpome Toro, B obmactu oToOpakarOIIMX 3KPAHOB, €CJIH HCIOJb3YETCs
nporecc “momTy4yHOH  00pa0OTKM M3IeNHi Ui MOJYHYeHHUs XUMHYECKH YIIPOUYHEHHOTO
JIMCTOBOTO CTeKJIa (pe3Ka 1O OKOHYATEIIbHOTO pa3Mepa OCYIIECTBISETCS 10 3aKAIKH), AJIs
MIPOYHOCTH KPOMKH TpeOyeTcst Bbicokoe 3HaueHue Dol (mpennmoutuTenbHo Bbime yem 10
MHUKpPOH, U eme Ooiee MpeArnouTUTENbHO - BbllIe 4YeM 12 MUKpPOH, W Haubonee
IPENNOYTUTENFHO - BBIIIE YeM |5 MUKPOH), B TO BpeMsl Kak MpHU “JUCTOBOM mpouecce”
(pe3ka 10 OKOHYATEJIBHOIO pa3Mepa OCYLIECTBISIETCS TMOCHe 3aKalKH), “HANpPsSDKEHUE B
uentpe”’ (ompenensiemoe kak (CS*DoL)/(tonmmHa crekiaa — 2*Dol)) A0mKkHO OBITH

HU3KHUM.

Tax>ke M3BECTHO, YTO JBa 3TU YIPOUYHSIOUIUX MapaMeTpa JJisi BbIOpaHHOMU
KOMITO3UILIUU TAKIKE B 3HAYUTEIbHON CTEIIEHU 3aBUCST OT TEMIICPATYPHBIX U BPEMCHHBIX
yCJIOBUIT MIOHOOOMEHHOro mpouecca. Tak, TONIKMHA CJI0s, HAXOMSIIEroCs MO CXKATHEM,
MOBBIIIACTCA C TMOBBIICHUEM TEMIICPATYPhI U MNPOAOJIKUTCIBHOCTH I/IOHOO6M6HHOFO
nporecca B COOTBETCTBUU C W3BECTHBIMH 3akoHamu auddysmnu. OmHaKo, uem BbIIIE
TEeMIepaTypa, TeM ObICTpee peJakCUpyeT HampsbKeHHe, BO3HUKAIoIee BCJICICTBUE
noHHoro ooMeHna. Takum ske 0O6pa3om, yBeJIHUEeHUE MPOAOJLKUTEIBHOCTH 00paboTKu 10
CJIMIIKOM JUIMHHOTO TIepHOa AaeT HEOOXOAMMOe BpeMsl sl peflaKCalliy HAMPSUKEHUs U
TEM CaMbIM IPHUBOAUT K MEHBIIEMY YIPOYHEHUIO. YCIOBHUs, KOTOpble HEOOXOIUMO

BBIOpATh JJIs1 MpoLiecca, TAKUM 00pa3oM, OJKHBI ObITh COATaHCHPOBAHBI B OTHOLIEHUH
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ONTUMAJIBPHOW  TEMIIEpaTypbl M  MHUHUMAJbHOH  NPOJOJDKUTENBHOCTH,  YTOOBI

ONITUMU3UPOBATD 3aTPaThbl HA IIPOLIECC.

Jns  CHIDKEHHUsl 3aTpaT Ha XHUMUYECKOe YIpOYHeHue (OorpaHuyuBast
NPONOJKUTEIBHOCTh W/WIIM TEeMIEPaTypy Uil JOOCTHXKEHUs TpeOyeMbIX 3HAYeHUH
HanpsokeHus: ckatuss 1 Dol) ObuUIo MpensioskeHO OOoNbLIoe YHCIO (TOJBKO OMUCAHHBIX
WIA yX€ HMEIOINXCS Ha pPbIHKE) KOMIIO3MLMN CTEKJa “JIETKO MOIMAIOLINXCS
XUMHYECKOHN 3aKayike” (4TO O3HAYaeT, YTO OHH OCOOCHHO MPEAPACIIONOKEHbI K HOHHOMY

o0MeHy), HO UM OOBIMHO MPUCYLIN Pa3IMIHbIE HEIOCTATKH.

MHorue wu3 HUX COACPKAT HUHIPEAUECHTbI, OCHOBAHHBIC Ha JOPOrux
UCXOIHBIX MaTepuajax, W/Wid 3HAYUTETbHO Momudunmpyromue Gusndeckue CBOWCTBA
creksia (pacIuUIaBIEHHOTO MJIM MPOAYKTOBOro). M3BECTHO, YTO HEKOTOpPbIE KOMITO3UIIUH
CTCKJIA, TPUTOAHBIC JIA XUMHYECKOHU 3aKaJiIky, COACPIKAT, HANPHUMEP, 3HAYUTCIIBHbIC
KoymyecTBa Jiutusl wwiu O6opa. OgHako JUTHH OONagaer TeM HEeNOCTaTKOM, YTO OH
MOBBILIACT MJIOTHOCTb CTCKJIA, B TO BPEMs KaK HEAOCTATKOM 6opa ABJKICTCA TO, YTO OH
MHOTTIa BBI3bIBaE€T OOpa30BaHME IbIMYATBHIX IOJIOC MPU €ro UCIAPEHUU M KOPPOAHMPYET
nedHble CTeHKW/(yTrepoBky. IIOMHMO 3TOro, HOMOJHUTENBHBIM U CYLIECTBEHHBIM
HEIOCTATKOM O0OMX SIBJSIETCS TO, YTO OHHM 3HAYUTENBHO TOBBIIAIOT KOHEYHYIO
CTOUMOCTbh CTEKJIa BCJIEACTBUE BBICOKOH LIEHbI COOTBETCTBYIOLIMX KM HCXOIHBIX

MaTepHaioB.

KoMmo3uuuu anoMOCHIMKATHOTO CTEKJIa, HATIPUMED TaKue, KaK OMHCAHbI
B 3asBke Ha mateHT CIIIA US2012/0196110 Al, crexio GORILLA® - mpoaykT
kommanuu Corning wm crekio DragonTrail® - mpoxykr kommanuu Asahi Glass Co.,
TaK)Ke U3BECTHBI T€M, YTO [T HUX O4eHb 3 (PekTHBHA XUMHUeckas 3akanka. OqHako, UM
NPUCYIIH MHOTHE HENOCTaTKU. VX BBICOKOTEMIepaTypHble CBOWCTBA 3aTPYAHSIOT HX
MIPOU3BOJCTBO  (BSI3KOCTh, CIIOCOOHOCTH K OCBETJIEHHIO, (DOPMOBaHUE, KOPPO3Us
¢dyTepoBku). X CTOMMOCTb OTHOCHTENIBHO BBICOKA BCJIEACTBHE TOPOTOBU3HBI HEKOTOPBIX
UCXOIHBIX MaTepUaIOB (T.€. OKHCh AJIOMHUHMUS) U BBICOKUX TEMIIEPATyp, HEOOXOIUMBIX B

uX npon3BoAcTBe (OobIIast SHEPreTHIECKas/TOTNINBHAS KOMIIOHEHTA).

B ornuume ot KOMHOSI/II_II/Ifl AJIFOMOCHIIMKATHOI'O CTEKJId, KOMIIO3HUIIUHU

HanI/Iﬁ-Kaﬂbuﬂﬁ-CI/IHI/IKaTHOFO CTC€KJIa HE CHHUTAIOTCA XOPOIIMMH KaHAUAATAMH [IJisd
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KOMHO3H].IPII>1, JICTKO TIIOAAArOIIUXCA XHUMHYECKOMN 3aKajike, HaX€ HECMOTpPsA Ha HX

S3HAYUTCJIBHO MEHBIITYO CTOMMOCTD.

M HakoHen, W3BECTHO, 4YTO JaXKe HE3HAYMTENbHas MOIU(UKaLnsI
KOMITO3ULIMM CTEKJIA TPYAHO OCYLIECTBUMA BCIEACTBUE TOTO, UTO:

- JIMHUS TIPOM3BOICTBA CTEKJA, U B YACTHOCTH, JUHUS (proar-crekia,
TpeOyeT 3HAYUTENbHBIX WHBECTULUIH, M HMX PEMOHT 3aTPyIHEH, €CIH KOMITO3HIIHS,
Harpumep, MOBpexIaeT (yTepoBKy; U

- NEepPEeXOAHBIM MEepUoA IPU W3MEHEHUH OJHON KOMIIO3HMLIMHM Ha APYIYIO
SBIIIETCSL TEM IapaMeTPOM, KOTOPBIH HMMeeT OOJBINYI0 Ba)KHOCTh TPHU IPOU3BOICTBE
CTEKJIa, TOCKOJIbKY MPOAOLKUTENbHBIN MEPEXOAHbIN NEPUO OTPULATENBHO CKA3bIBAECTCS

Ha CTOMMOCTHU MPOU3BOACTBA MPOAYKTOBOI'O CTCKJIA.

CooTBeTCTBEHHO, B 00JIACTH PhIHKA OTOOPAKAIOIINX 3KPAHOB CYIIECTBYET,
B 4YaCTHOCTH, HOTpe6HOCTb B HOI[I[aIOLLIefICﬂ XUMHYECKOU 3aKaJIKe KOMITO3UIIUU THIIA
HATPUN-KaJbIUI-CUJIMKATHOTO CTEKJIa, KOTopasi Ooyiee NPUTOAHA MJIsi MAacCOBOTO
NPOM3BOJICTBA, YE€M QIIOMOCHJIMKATHOE CTEKJIO, U TIO3TOMY €€ MOXHO IOJy4aTh C
MCHBIIUMHU 3aTpaTaMi, U €€ COCTaB OCHOBBI CTeKJ'Ia/ManI/II_IbI 6J'II/130K K KOMIIO3UIUAM
YK€ UCTIOJIb3YEMbIM B MACCOBOM ITPOU3BONICTBE WJIM HE3HAYUTENIbHO OTJINYAETCS OT HUX.

B sT0i1 cBsi3u B MexnyHaponHoW mateHTHOU 3asiBke WO2015150207A1
NpeIoKeHa KOMITIO3ULIMS CTEKJIa ¢ OU€Hb HU3KUM COJEep’KaHHEM OKHCH aFOMUHUSA,
cozeprkaasi CieAyrIre KOMIOHEHTHI (B MACCOBBIX A0JsIX): 65 < Si0; <78%; 5 <Na,O
< 20%; 0 < KyO < 5%; 1 < AlLO3 < 4%; 0 < CaO < 4,5%; 4 < MgO < 12%; npu
cootHomennn (CaO/MgO) menbme 1. K cokaneHuro, Takas KOMIIO3UIIMS CTEKJia HE
MO3BOJISIET JOCTHYh JOCTATOYHOTO KO3((PHUIMEHTa YIPOUYHEHHsS] B TEUEHUE PAa3yMHOIO
BpeMeHH 00palOOoTKH, Aa)k€ MPH TOM, YTO OHA YAaCTUYHO YJOBJIETBOPSIET PELICHHIO
TEXHUYCCKUX npo6neM, CYLICCTBYHOIIUX B O6J'IaCTI/I TEXHUKU B OTHOILICHUHN XUMHUYECCKOIO

ynpounenust (DOL), u ycnosusim npu obpadotke.

3. enu HacTosimero n3oopeTeHust

enpto HacTOsIIErO H300pETEHMs, B YACTHOCTH, SIBISIETCS YCTpPAaHEHUE

HU3JIOXKCHHBIX HEAOCTATKOB W PCLICHUC MMOCTAaBJIEHHOM TEXHUYECKOMH 3agaiu, T.C.
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NPEIIOKUTh KOMITO3ULIUIO (COCTAaB) CTEKJIA, JIETKO MOAAAIOIIYIOCS XUMHYECKOH 3aKalke,
WIN JpyTUMH CJIOBaMHM, OoJjiee CKJIOHHYIO K HOHHOMY OOMeHy, ueM OObIYHbIE

KOMITO3ULIMM HATPUN-KAJIbLUI-CUJIMKATHOTO CTEKIIA.

Jpyroii 1enbl0 OAHHOTO H300pEeTeHHsT B IO MEHbIIEH Mepe OIHOM
BApUAHTE €ro OCYLIECTBICHUS SIBJSIETCS NPENJIOKUTh KOMIO3HMLUIO CTEKJA, JIETKO
MOJTAIOLIYIOCS XMMHUYECKON 3aKaJke, U KOTOpast TO3BOJIIET JOCTHYb BBICOKUX 3HAYCHUI
HanpspkeHust ckatus (CS). B uwacTHOCTH, LENbI0 NAHHOTO H300pPETeHHsT B TaKOM
KOHTEKCTE SIBJSIETCS MPEIJIOKHUTb KOMITO3HLMIO CTEKJA, JIETKO IOANAFOIIYIOCS
XUMHYECKON 3aKallke, M KOTopas MO3BOJisieT nocTuub 3HadeHud CS, CpaBHUMBIX CO
3HAYEHHUSIMU M3BECTHOTO B YPOBHE TEXHUKH AJIFOMOCHIIMKATHOTO CTEKJIA, T.€. BBIIE YeM

900 Ml]a.

Jpyroii Imenpi0 OAHHOTO H300PETeHHsT B IO MEHbIIEH Mepe OIHOM
BAPUAHTE €ro OCYINECTBJEHHUS SBJSIETCS MPENJIOKUTh KOMIIO3UIMIO CTEKJa, JIETKO
NOJAAIOLIYIOCS XHUMHUYECKON 3aKallke, W KOTOpas IO3BOJIA€T AOCTHYb I1apaMeTpOB
YIPOYHEHUsI, KOTOPBIE YIOBJIETBOPSIIOT TPeOOBAaHMSAM “TIOIITYYHOro IpOLECCa,
UCTIONB3YEMOTrO Ul NPOM3BOJACTBA IMOKPOBHOTO CTEKJNAa U1 OTOOpaskaroIIMX
nu300pakeHne yCTPOMCTB (MPOYHOCTh KPOMKH, mosiydaemasi oObruHO mpu Dol > 10-15

MHUKPOH).

Jpyroii 1enbl0 OAHHOTO H300pEeTeHHsT B IO MEHbIIEH Mepe OIHOM
BAPUAHTE €ro OCYILUECTBJICHUS SBIACTCS TMPEAJOKUTh KOMIIO3ULIMK CTEKJIA, JIETKO
MOAJAIIYIOCS XUMUYECKON 3aKallke, U KOTOpasi MO3BOJISIET JOCTUYb BBICOKMX 3HAUEHUH
DoL, mpu 3TOM cOxpaHsisi BBICOKHME 3HAQUYE€HHUs HANPsDKEHUs CXKATUsL, YTO MPUBOJIUT K
BBICOKOW CTENEeHW YMPOYHEHUs. B HacTHOCTH, LEIhI0 JAHHOTO H300pETeHUs B TaKOM
KOHTEKCTE SIBJIACTCS TMPEAJIOKUTh KOMIO3ULMIO CTEKJa, MMO3BOJSIIOIIYI) MOJy4aTh

ynpouHeHnue Bbiute yeM 500 Mlla, nnu ewe siyque - Boine uem 600 MlITa.

Jpyroii 1menbl0 NAHHOTO H300PETeHHsT B IO MEHbIIEH Mepe OIHOM
BAPUAHTE €ro OCYINECTBJICHUS SBISETCS MPEAJIOKUTh KOMIIO3UIMIO CTEKJA, JIETKO
MOANAIOIIYIOCS XUMHYECKON 3aKajKe U MPOCTYI0 B MPOU3BOACTBE, B YACTHOCTH Ha YK€
CYIIECTBYIOIEH JIMHUU MPOU3BOACTBA KJIACCHYECKOrO HATPHUM-KaIbLUNH-CHINKATHOTO

crexkia. B YaCTHOCTHU, LECJIbKO OAHHOI'O 1/1306peTeH1/1$1 B TaKOM KOHTCKCTC ABJIACTCA
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NPEUIOKUTh KOMIIO3MLIMIO CTEKJA, JIETKO MOAAAIOIIYIOCS XUMHUYECKON 3aKalke, U
KOTOpast He TpeOyeT ATUTENbHOrO NePEXOAHOr0 NePHoia MPH Mepexoie OT MPOU3BOACTBA
KJIACCUYECKON HaTpUN-KaNbLMH-CUIMKATHON KOMIO3ULMH K KOMIIO3ULIUHU, TOAAAIOIIENHCS
3akainke (1 Hao0opoT). [To-npexxHeMy B TAKOM KOHTEKCTE LIENbI0 JAHHOTO M300peTeH s B
TAKOM KOHTEKCTE SIBJISIETCS] MPEMJIOKUTh KOMITO3ULUIO CTEKJA, JIETKO MOANAIOIIyOCs
XUMHUYECKOUN 3aKaJIK€, U KOTOpas HE Tpe6yeT HCIIOJIb3OBAHUA HCXOOHBIX MAaTCPUAJIOB,
TEXHUYCCKUX TIPUEMOB 1500501051 YCTaAaHOBKHU IMPOMBIINIJIEHHOT'O O6OI)YL[OBaHI/I$I, KOTOPBIC
OTIIMYAKOTCA OT HUCHOJBb3YEMbBIX JIA OOBIYHOI'O KJIACCHYECKOTrO HanHﬁ-KaHbHHﬁ-
CHJINKATHOTO CTeKyia (WM, APYTHMH CJIOBAMH, COBMECTHMA C KIJIACCHYECKHUM (hiioat-
nporeccoM). bosee KOHKPETHO, LENbI0 NAaHHOrO H300pEeTeHHs B MO MEHbLIEH Mepe
OOHOM BApPUAHTE €0 OCYHECTBICHUA ABJIACTCA NMPCAJIONKUTE KOMIIO3UIHUIO CTEKIJIA, JICTKO
MOJMAIOIIYIOCS XMMUYECKOH 3aKajKe, C 3aJaHHBIMH CBOHCTBaMHU (HU3KOW BS3KOCTBIO, C
Oonee HHU3KOM TemmepaTypod pabodel TOukM, TO4YkOW muasieHus < 1550-1500°C,
KOTOpasi TIOAIAeTCs OCBETIICHUIO Cylb(aTaMy, HU3KOH KOPPO3UOHHOCTBIO B OTHOLICHUH
dyTepoBkH, MOAXOAAIIEH TeMIepaTypod PacCTEKJIOBAHHUS), TAKUM 00pa3oM MO3BOJISI
n30exxaTh  HENOCTATKOB  AJTIOMOCHJIMKATHOW ~ KOMIIO3HMLIMHM M TIPHUCIOcadIuBast
KOMITO3UIIMIO K CYLIECTBYIOIIEMY OOOPYAOBAHUIO IJIsI IPOM3BOICTBA H3BECTKOBO-

HaTpUECBOrO CTCKJIA.

M HakoHel, LeNbl0 HACTOSIEro H300peTeHHs SIBISIETCS NPENJIOKUTh
pelIeHne, Mo3BoJsoNnee n30ekKaTh HETOCTATKOB MPENLISCTBYIOIIErO YPOBHS TEXHUKH,

KOTOPOE ABJIACTCA IPOCTBIM, 6bICprIM U CaMO€ I'JIaBHOE€ - SKOHOMHWYHBIM.

4. Onucanue uzodperenus

Hacrosimee n3o0peTeHne OTHOCHTCS K JIUCTOBOMY CTEKJy, KOMITO3HIIMS
CTEKJIa KOTOPOTO COAEPKUT CIEAYIOIINE MACcCOBbIE JOJH KOMIIOHEHTOB B IMPOLIEHTAX B
nepecdere Ha OOMMI BeC CTEKJIA:

60 < S10, <78%

5 <Na,0 <20%

0,9 <K,0 <12%

4,9 <ALO; <8%
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0,4 < Ca0 < 2%
4 <MgO < 12%.

CnenoBarenbHoO, n3obpereHue 3aKJIIOYAETCS B HOBOM u
YCOBEPLICHCTBOBAHHOM TOAXOJE, TMOCKOJbKY OHO TpeIyiaraeT pelieHne, KOTopoe
yCTpPaHsIET HEAOCTATKU YPOBHSI TEXHHUKH, B YACTHOCTH, HEJOCTATKU AJIFOMOCHIMKATHBIX
CTEKOJI, B TO K€ BpPEMsI COXpaHsis, MO MEHbIIEH Mepe YaCTHYHO, UX IMPEHMYIIEeCTBaA.
Hzobperatensimu  ObIJIO  OOHApPYKEHO, 4YTO €CThb BO3MOMKHOCTh TMOJy4aTh JIETKO
NOJNIA0IIeecss XUMHUYECKOH 3aKallke JIMCTOBOE CTEKJIO, B HYAaCTHOCTH, C JOCTATOYHO
rnyookuM DOL u BeicOKHM K03(ppHLIMEHTOM yIPpOYHEHHUsI, KOTOPOE JEIIEBO U MPOCTO B
MaCCOBOM IPOM3BOJICTBE, MyTEM COUYETAHUSI HATPUM-CUJIMKATHOW CTEKJIIHHOW MaTPULIbI,
CPENHEro COIep’KaHWsl OKHCH aJIOMHHHUS, O4YeHb HH3Koro copepxkanusi CaO,
ornpeneneHHbIX npenenos aist MgO u obs3arenpHOro npucytereust K»O B 3HaUMTENBHBIX

KOJINYECTBAX.

B Hacrosimem TeKCTe MpU yKa3aHUHM AHMANa30Ha BKJIIOYEHBbI €ro KpaiHue
3HaueHns. Kpome Toro, Bce Ienbple U JpOOHBIE 3HAYEHHs B YHCIOBOM JHAla30HE
BKJIFOUEHBI O€30rOBOPOYHO, KaK eciy Obl OHM OBLIM yKa3aHbl SIBHBIM oOpa3oM. Takxe B
HACTOSIIIEM TEKCTE BEJIMUYUHBI CONEP’KAHMUs B IPOLIEHTAX IPEACTABIEHbI B MAaCCOBBIX

IOJISIX (TakyKe YIIOMUHAIOTCS Kak Bec. %) B mepecueTe Ha OOLIuil BeC CTeKa.

Jlpyrue mNpU3HAKU M TMPEHMYIIECTBA HACTOSIEro uzoOpereHus: OyayT
Oosiee TOHSTHBIMU IIOCJIE€ TMPOYTEHUS CIEAYIOLIEro OMHMCAHMs TPEANOYTHTEIbHBIX
BApUAHTOB OCYILIECTBJICHHUS, IPUBEAEHHBIX JIMIIb B KA4YeCTBe WIUIFOCTPATUBHBIX U

HEOTrpaHUYIHNBAKOIIUX IPUMEPOB.

JlucroBoe CTEKIO JAHHOTO W300PETeHHs] BBINOJIHEHO W3 HATPUI-
CHJIMKATHOH CTEKJITHHON KOMIO3UIMK/MaTpulsl, conepskamei Si0, u Na,O B kauecTse
OCHOBHBIX KOMIIOHEHTOB M JONOJHUTEeNbHO comepxkameii MgO, AlLO; m to. n,

Heobs3aTenpHOo, Ca0, K,0 u t.mm.

JIncToBo€E CTEKIIO JAHHOTO M300peTeHHs IPUCIIOCOOIEHO st XMMHYECKOH
3aKaJKU WM, JPYTMMH CJIOBaMH, MPUIOAHO JUIi HOHHOrO OOMEeHa/CriocoOHO

MOJIBEPTaThCsl HOHHOMY OOMEHY.
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JlucroBoe CTEKJIO NAHHOrO H300pETEeHHs] MOXET NPEACTaBIATH COOOi
JUCTOBOE  CTEKJIO,  TOJy4aeMoe  IocpeAcTBoM  (ioar-mpouecca  (mporecca
TEPMOIIOJIMPOBAHMS), TMPOLECcCa BBITATUBAHUS, NPOLIECCa MPOKAaTa WK JIOOOro APYroro
U3BECTHOT'O MpoLecca JJIsl U3TOTOBJIEHUS JIMCTOBOIO CTEKJIA, HAUMHAsL C PACIUIaBIEHHOM
KoMmro3uiuu  crekja. COrjlacHO MNpPEANOYTUTENIbHOMY —BAapUAHTy  OCYINECTBIICHHS
JIMCTOBOE CTEKJIO SIBJISIETCS JIMCTOBBIM (PJI0AT-CTEKIIOM (TEPMOIOIUPOBAHHBIM CTEKJIOM).
[Ton TepMHHOM “JIUCTOBOE TEPMOIOJIMPOBAHHOE CTEKJIO TMOHHMAIOT JIMCTOBOE CTEKJIO,
cOpMHPOBAHHOE B MPOLIECCE M3TOTOBJICHUSI TEPMOIOIUPOBAHUEM, KOTOPbIH COCTOHT B
BBUIMBAHUM PACIUIABIEHHOTO CTEKJIAa HAa BAaHHY pACIUIABJICEHHOTO OJIOBA  TIPH
BOCCTaHABIIMBAIOIINX YCJIOBHSIX. JIMCTOBOE TEPMONOIMPOBAHHOE CTEKJIO CONEPIKHUT,
M3BECTHBIM 00pa3oM, “OJIOBSHHYIO MOBEPXHOCTH , TO €CTh NMOBEPXHOCTh, OOOTAIEHHYIO
OJIOBOM, B TeJle CTEKJa BO3JIe MOBEPXHOCTH Jucta. Ilom TepmMuHOM “oborammeHue
OJIOBOM™~ TIOHMMAIOT YBEJIMYEHHE KOHIIEHTPALWHU OJIOBA IO OTHOLIECHHUIO K KOHIIEHTPALIUH
OJIOBa COCTaBa CTEKJIa BO BHYTPEHHEW 4YacCTH, KOTOpask MOXET ObITh WJIM HE OBbIThb IO
CYLIECTBY HYJIEBOU (JIULIEHHOU 0jioBa). TakuM 00pa3oM, JIMCTOBOE TEPMOIIOIHPOBAHHOE
CTEKJIO MOXKHO JIETKO OTJIMYUTH OT JINCTOB, NOJYYEHHBIX C MOMOIIBIO IPYTHX MPOLIECCOB
NPOM3BOJICTBA CTEKJIA, B YAaCTHOCTH, IO COMAEP’KAHMIO OKCHAA OJIOBA, KOTOPOE MOKHO
U3MEPHUTh, HAIpUMep, C MOMOLIBID 3JEKTPOHHOIO MHKPO30HAA Ha TIIyOMHE [0
~10 MukpoH. Bo MHOrmx ciy4dasx M B KadeCTBe WLIOCTPALMU aHHOE KOJHYECTBO
HaxoauTcs B AuanasoHe oT 1 no S Bec.% B nesom no nepBbiM 10 MUKpOHAM, HaYMHAS OT

MIOBEPXHOCTH.

JIucToBOE CTEKJIO COrJIACHO TAHHOMY U300PETEHHI0 MOKET UMETh Pa3HbIe
U OTHOCUTENbHO Oojbimue pasmepbl. OHO MOXKET HMEThb pa3Mepbl, HampuMmep, B
uHTepBaje He 6osee 3,21 M x 6 M, uimu 3,21 M x 5,50 m, wimu 3,21 M x 5,10 m, wm 3,21 m
x 4,50 m (muct crexna “PLF”), unmu takske, Hanpumep, 3,21 M x 2,55 M wmm 3,21 M x

2,25 m (;mcroBoe crekiio “DLEF”).

JlucToBOE CTEKJIO COTJIACHO JAaHHOMY H300pPETEHHI0 MOXKET HUMETh
tonmmuHy ot 0,1 mgo 25 wmm. IlpenmyliecTBeHHO, B Cily4ae NPUMEHEHHUS IS
OTOOpa’karoIMX SKPAHOB, JIMCTOBOE CTEKJIO COIJIACHO JAHHOMY H300pETEeHHIO

MPEANOYTUTEIBHO MOXKET UMeTh ToauiuHy oT 0,1 no 6 mm. bonee mpeanouturensHO, B
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cilyyae MPUMEHEHUs Ul OTOOPaXKaroIUX SKPAHOB M MO COOOPaKEHUSIM Beca, TOJIIMHA

JIMCTOBOT'O CTEKJIAa COTJIACHO TaHHOMY M300peTeHuto coctassier ot 0,1 10 2,2 mm.

CornacHo OJHOMY BapUAHTY OCYINECTBJICHHS NAHHOTO H300peTeHHus: B
COCTaB JINCTOBOTO CTEKJia HEe BXOMUT OOp. DTO O3HAYaeT, 4yTo OOp MpeaHaMepPEeHHO He
N00ABJISIIOT B CTEKJISIHHYIO TIAPTHIO/CHIPbE M YTO, €CIIHM OH MPUCYTCTBYET, CONEpIKAHUE
B,03 B KOMIO3UILIMK JIUCTOBOTO CTEKJIA JOCTUTAET TOJBKO YPOBHS MPUMECH, HEU30EKHO
BKJIFOYaeMoro B mpousBoncTtBo. Hampumep, maccoBas pons B;0s; B kommo3zuimu
JUCTOBOT'O CTEKJIa JAHHOTO M300peTeHus coctaisieT Mmenee 0,01 wiu, mpeanoYTUTENBHO,

Menee 0,005%.

CornacHo OJHOMY BapUAHTY OCYINECTBJICHHS NAHHOTO H300pEeTeHHUs B
COCTaB JINCTOBOTO CTEKJIAa HE BXOJAUT JUTHH. JTO O3HAYAET, YTO JINTUHA MPETHAMEPEHHO
HE I[O6aBJ'I$[IOT B CTEKIIIHHYTO HapTI/IIO/ ChIPbE U YTO, €CJIM OH NPUCYTCTBYET, COACPKAHUE
Li,O B KOMIO3WIUU JIMCTOBOTO CTEKJIA TOCTUTAET TOJBKO YPOBHS MPUMECH, HEM30EKHO
BKJIFOYAEMOro B MPOM3BOACTBO. Hampumep, maccoBas nons Li;O B kommosumwu
JUCTOBOTO  CTEKJa JaHHOro wu3o0pereHuss cocrtaBisier wmenee 0,01%  wnm,

npeanoututensHo, MeHee 0,005%.

CornacHO HaHHOMY M300pPETEHHIO KOMIIO3MIMSI JIUCTOBOTO CTEKJa
comepxut mMaccoByro nojiro: 0,4 < CaO < 2%; IIpennouTuTenbHO, YTOObI KOMITO3ULIUS
JIUCTOBOI'O CTEKJIa comepskaja MaccoByro noimo: CaO > 0,6% u Gonee mpeamnovTUTENBHO -
CaO > 0,7%. B oco0eHHO MpeanoYTUTEIbHOM BapUAHTE OCYINECTBJICHUS, KOMITO3ULHSI
JIUCTOBOTO CTEKJIa comepkuT mMaccoByro nojr. CaO > 0,8%. Taxxke mpenmnoyTUTENbHO,
9YTOOBI KOMITO3MIIUSI JIUCTOBOTO CTEKJa comep:kana maccoByro nojr:. CaO < 1,8%, wiu
bonee mpeamoururenpHo - CaO < 1,5%, wm paxe CaO < 1,2%. MuHHManbHbIE
3HAYEHHs TPENNOYTHTEIbHBIX WHTEpBAIOB conepkanus CaQ BBIOMPAOT Tak, YTOOBI
OrPaHUYUTh, Ha CKOJBKO 3TO BO3MOXKHO, MPOAOJIKHUTEIBHOCTh MEPEXOJHOrO MEPUONa,
KOTOPBIA CTAHOBUTCSI CJIUIIKOM JTUTENIbHBIM TIPU JOCTHKEHUH OY€Hb HU3KUX KOJUYECTB
Ca0. MakcumasnbHble 3Hau€HUs MPEANOYTUTENbHBIX HHTepBasioB coiepkaHus CaO
BBIOMPAIOT Tak, 4YTOOBl OrPaHUYUTh OTPHULATENILHOE BO3AEHCTBHE OT HU3KOH
uHTeHcuBHOCTH monst CaO Ha B3auMHyr0 audQy3uro Kaaus W HATpus B XOJe
XUMHUYECKOTrO yrnpo4dHeHus. YToObl n30exaTh Kakoi-11u00 HEACHOCTH, KaKAbIH BapHUaHT

OCYILIECTBIICHHsI, KacarloLuiics Oonee HU3KUX rnpenenos copepxkanus CaO, KOHEUHO ke



10

15

20

25

30

11

HE3aBHCHUMO MOXXET OOBEAMHSITHCS C JIFOOBIM BO3MOXKHBIM BAapPHAHTOM OCYLIECTBIICHUS,
KacaromuMmcst  Oosee  BbIcOkMx — mpeneno  cogepxkanus CaO. B ocobenno
MPEAIIOUTUTEILHOM BapUaHTE OCYIIECTBIEHHUS] KOMIO3HULMS JINCTOBOTO CTEKJIA CONEPKUT
maccoByro a0jr0: 0,6 < CaO < 1,2% wunmu naxe 0,8 < Ca0 < 1,2%.

CornacHo HaHHOMY HW300pPETEHUI0 KOMIIO3UIMSI JIMCTOBOTO  CTEKJa
conepkuT MaccoByr noir0: 4,9 < Al,O5 < 8%. IIpennouTuTeNbHO, YTOOBI KOMITO3ULIUS
JUCTOBOTO CTEeKJa conepskajga wmaccoByrw gomo. AlLOs > 5% wu B Oonee
npeanouTuTeNbHoM ciydae - Al,Os > 52%, wmn paxe nyume - Al,O3 > 5,5%. Taxoke
NPEANOYTUTENBHO, YTOOBI KOMIIO3HLIMS JIUCTOBOTO CTEKJIa COZAEPIKaia MacCOBYIO JIOJIO:
Al,03 <7,8% u eme 6onee npeanoyturenbHoM ciydae - Al,O3 <7,5%; 7%; 6,5%; 6,2%;
6%. DTH MHHHMAJIbHbIE 3HAYEHHs TO3BOJISIOT OOECIEeUUTh NOCTATOYHOE HAIPSDKEHHE
ckatusd U KO3QPUIMEHT yrnpoyHeHHUs. DTH MaKCUMaJibHbIe 3HAYEHHs MMO3BOJISIFOT, HA
CKOJIBKO 3TO BO3MOJKHO, OIPAaHUYHTh OTPHULIATEIHHOE BO3NEHCTBHE Ha BS3KOCTh. UTOOBI
n30ekarh KaKOW-THOO HESCHOCTH, KaXKIbIi BapUAHT OCYIIECTBIICHUS, KAaCAFOIIUNCS
Oonee Hu3kux mpenenoB comepxkanus AlyO;, KOHEYHO K€ HE3aBUCHMO MOJKET
OOBEAMHATBCS C JIOOBIM BO3MOXKHBIM BapHAHTOM OCYINECTBIICHHs], KacAIOIUMCs OoJiee
BBICOKMX IpenenoB cofepkaHusd CaO. B oueHbp MNpPeANOYTUTEIBPHOM BapUaHTE
KOMITO3HUIIHSI JINCTOBOT'O CTEKJIAa COAEPIKUT MAcCOBYIO aomo: 5 < Al,03 < 6,5% wnu naxke
ayume 5,2 < Al,Os < 6,5%. B 0cOOEHHO Mpearno4YTUTENIbHOM BapHUAaHTE KOMITO3HLIUS
JIMCTOBOTO CTEKJIAa CONEPKUT MACCOBYIO Tout0: 5,2 < Al,O3 < 5,9%.

CornacHoO HaHHOMY HW300pPETEHHUI0 KOMIIO3UIMSI JIMCTOBOTO  CTEKJa
COnmEepKUT MaccoByr noJito: 5 < Na,O < 20%. ITpennodrutenbHO, YTOOBI KOMITO3HLIUS
JUCTOBOTO CTeKJia coaepxkana wmaccoByrw nomo. Na,O > 7% wu B Oonee
NPEANOYTUTENBHOM ciydae - NayO > 9%, unu gaxke nydie - Na)O > 10%. %. B ouenb
MPEINOYTUTEIbHOM BapHaHTEe KOMIIO3MIMS JINCTOBOTO CTEKJIa CONEPIKUT MAaCCOBYIO
nomo: Na,O > 12%. OTu MUHHUMAJIbHbBIE 3HAYEHUS TO3BOJSIOT O0ECIIEUUTL AOCTATOYHO
HU3KYIO BSI3KOCTb. Takke MPeNrnouYTUTENBHO, YTOOBI KOMIIO3MLMS JINCTOBOTO CTEKJIA
comepskana mMaccoByr nonmo: NayO < 19%, wmm paxke nyume - Na,O < 18%, 4robsr
n30ekarb, Ha CKOJBKO S5TO BO3MOXKHO, KOPPO3UHU TMEYHOW (DYyTEPOBKH, a TaK¥Ke
OTpPaHMYUTh, HAa CKOJBKO 3TO BO3MOXKHO, HeraTuBHOe BoznelictBue Ha CS. UroObl
n30ekarb KaKOW-TMOO HESICHOCTH, KaXKIblii BapUAHT OCYINECTBJICHHS, KAaCAFOIIUNACS

Oonee HM3KMX mpenenoB copep:kaHuss Na,O, KOHEUHO K€ HE3aBHUCHMO MOXKET
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O0BETUHATHCS C JIFOOBIM BO3MOJKHBIM BApUAHTOM OCYLIECTBJIIEHUs, KacCAIOLIMMCcs Oolee
BBICOKMX Mpezenos coaep-kanus Na,O.

CornacHO HaHHOMY M300pPETEHHIO KOMIIO3MIUSI JINCTOBOTO CTEKJa
COmepKUT MaccoByro oo 4 < MgO < 12%. IIpennodyrurensHO, 4TOOBI KOMITO3HLIUS
JMCTOBOTO CTEKJIa COIepkaia MaccoByro pnoio: MgO > 5% wu B eme Oonee
MPEeanoYTUTENbHOM ciydae - MgO > 6%; 7%; 7,5%:; 8%:; 8,5%,; 9%. Takxe
NPEANOYTUTENBHO, YTOOBI KOMIIO3HMLIMS JIMCTOBOTO CTEKJIa COAEPIKaia MAaCCOBYIO JIOJIO:
MgO < 11% umu nyume MgO < 10%. OTu MUHUMAaJbHBbIE 3HAUYEHUs IO3BOJISIOT
nojayuuth nocrarouynble CS, mpu 3ToM oOecrmedyrBasi HE OYEHb BBICOKYIO BSI3KOCTb.
MakcumanpHble 3HA4Y€HUsI IMO3BOJIAIOT, HAa CKOJBKO 3TO BO3MOXHO, OIPaHUYHUTH
oTpunarenbHoe Bo3neiictBue Ha DOL (myTem orpaHu4eHusl BJIWSHHUS WHTEHCUBHOCTH
nonss MgO Ha auddy3uro Imenodd), MpU 5TOM TaKKe IO3BOJSISI HE CIIHIIKOM
YBEJIMYUBATh TEMIIEPATYPy paccTekioBaHus. UToObl m3bekaTh KaKOH-INOO HESCHOCTH,
KaXIbIi BAPHAHT OCYINECTBJICHUS, KACAIOLIMiica 0ojee HU3KUX IMPENeNIOB CONEPKaHHs
MgO, KOHEUHO e HE3aBUCUMO MOKET OOBEIUHSITHCS C JIIOOBIM BO3MOXHBIM BApUAHTOM
OCYIIECTBIIEHHSI, KACAIOIUMCs OoJiee BBICOKHX TpenesoB coaepxkanus MgO. B ocobenno
NPEANOYTUTENIbBHOM BapHaHTE€ KOMIIO3ULUS JIMCTOBOIO CTEKJA COAEPKUT MAaCCOBYIO
nomo: 7,5 <MgO < 11%.

CornacHO HaHHOMY M300pPETEHHMIO KOMIIO3MIMSI JIUCTOBOTO CTEKJa
comepxut MaccoByro noio: 0,9 < K,0 < 12%. IIpennodturenbHo, 4TOOBI KOMIIO3HILIUS
JHCTOBOTO CTekJa comepxana wmaccoByo pomo: K,O > 1% wu B eme Oonee
npeanouTuTeNibHoM ciydae - K,O > 1,1%; 1,2%; 1,5%. Takke npeanoYTuTeasHo, YToObI
KOMITO3HIIMSI JIUCTOBOTO CTeKJIa coaepkana MaccoByr nono: K,O < 11% u B eme Oonee
npennoytuTenbHOM ciydae - KoO < 10%; < 9%; < 8%; < 7%; < 6%; < 5%, < 4%, < 3%.
MuHuManbHble 3HaU€HUs MPEANOYTUTENbHBIX HHTEPBaNoB coaep:kanus K,O no3BossitoT
yJIY4YLIUTh TOKAa3aTeNd XUMHUYECKOrO YIPOYHEHHUs, a TakKe CHHU3UTb BS3KOCTb.
MakcuManbpHble 3Ha4€HUs O3BOJIAIOT ONPaHUYUTh OTpULIATENbHOE Bo3AelicTBre Ha Tg, a
TaKXX€ CHU3UTh KOHEYHYIO CTOMMOCTB JINCTOBOTO CTeKjaa. UToObl n3dexarh Kakoi-miudo
HESICHOCTH, KaKABI BAapPHAHT OCYINECTBJICHHUS, KACAOIIMICS OoJjiee HU3KUX MPENeIoB
conepskanusi K;O, KOHEUHO ke HE3aBUCUMO MOKET OOBEIHHATHCS C JIFOOBIM BO3MOXHBIM

BAPpHUAHTOM OCYLICCTBJICHUSA, KACAIOIUMCA 0oJiee BBICOKHMX npeaciios COACPIKaAaHUA Kzo
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B 0co0eHHO mpearnouTUTENHPHOM BapHAaHTE KOMIIO3MLUS JIMCTOBOTO CTEKJA COMAEPIKHUT
maccoByio a0ir0: 0,9 < K,0 < 6% nnu emme 6onee npeanouyrurensHo 0,9 < K,0 <3%.

CornacHoO OIHOMY BapUAHTY OCYINECTBJIEHUS IaHHOTO H300peTeHus
KOMITO3UIMST JIICTOBOTO CTEKJIa YAOBJIETBOPSET CJEAYIOIEMy COOTHomeHuw: 0,7 <
[MgO/(MgO+Ca0O)] < 1. IlpeamodTuTenbHO, YTOObI KOMITO3UIMU JIICTOBOTO CTEKJa
yIOBJIETBOPsIa creayromemMy cooTHomenuro: [MgO/(MgO+Ca0)] > 0,75 u B ewe Oonee
npeanouTuTeNbHOM ciydae - [MgO/(MgO+CaO)] > 0,8; > 0,88; > 0,89. Takxke
NPEANOYTUTENBHO, YTOOBI KOMITO3UIHS JIICTOBOTO CTEKJIA YIOBJIETBOPSUIA CIIEAYIOLIEMY
cootHomenn: [MgO/(MgO+Ca0)] < 0,98 u B emie Oojee MPEeaNOYTUTENILHOM Cliydae -
[MgO/(MgO+Ca0)] < 0,95; 0,92; 0,90. MuHUMaNbHBIE 3HAUYEHUS] MPEATIOYTUTEIBHBIX
MHTEPBAJIOB BBIOMPAIOT TaK, 4TOOBI T'apaHTHUPOBATh YIOBIETBOPUTENBHBIE MOKA3aTENN
XUMHYECKOTO YIPOYHEHUsl. MakcUMabHble 3HAYEHHs MPEANOYTUTENbHBIX HHTEPBAJIOB
BBIOMPAIOT Tak, dYTOOBI OrPaHUYUTH MEPEXOAHBIA TMEPHOA, HEOOXOAUMBIA s
TDOCTIKEHUs! Takoro cootHouenus: [MgO/(MgO+CaO)], npu 3ToM nmonaep:kuBasi Apyrue
CBOICTBA/TIOKA3aTeNN HAa MpHUEeMIIEMOM YpoBHE. UTOObI M30ekaTh KaKOH-THOO HEeSICHOCTH,
KaXIbIi BAPUAHT OCYLIECTBJIEHHUs], KacatoIuiicst 0ojiee HU3KUX MPEAEIOB COOTHOIIEHUS
[MgO/(MgO+Ca0Q)], kOHEYHO K€ HE3aBHCUMO MOXET OOBEAUHATBCS C JIIOOBIM
BO3MOJKHBIM BAapUaHTOM OCYLIECTBJICHUS, KaCAroIIUMCs Oojiee BBICOKHX IpEnesioB
cootnowmenust [MgO/(MgO+CaO)].

CornacHo OpyromMy BapHaHTy OCYIIECTBJIEHHS TAHHOTO H300peTeHHsI
KOMITO3ULIMST JIMCTOBOIO CTEKJA YIOBJETBOPSAET cleAyroueMy cooTHomeHuwo: 0,05 <
[K,0/(K,0+Na,0)] < 0,7. IlpeanodTuTenbHO, 4TOOBI KOMITO3UIMS JIMCTOBOTO CTEKJIA
ynoBleTBopsiia cienyromemy coorHomenuto: [K,0/(K,0+Na,O)] > 0,06 u B emne Oonee
npennoututenbHom cinydae - [K;O/(K,0+Na,0)] > 0,07; 0,08; 0,09; 0,1. Taxxe
NPEANOYTUTENBHO, YTOOBI KOMITO3UIIHSI JIMCTOBOTO CTEKJIA yIOBJIETBOPSUIA CIEAYIOIIEMY
cootHomennio: [K,0/(K;0+Na,0)] < 0,6 u B eme Ooyee MPeANnOYTHTEILHOM ClIydae -
[K;0/(K;0+Na;0)] < 0,5, < 04; < 0,3. Takue mNpennouTUTEIbHBIE WHTEPBAJIBI
MO3BOJIIIOT ONTHMHU3MPOBATh TAaK HA3BIBAEMbBIA ‘‘TOJHUINETIOYHON 3((eKT” ¢ Uenbio
TOCTIDKEHUST  YIOBJIETBOPUTENbHONW B3auMHOH audy3un kamus u HaTpusa. YToObl
nu30ekarb KaKOW-THOO HESCHOCTH, KaXKIbIii BapUAHT OCYIIECTBIICHUS, KAaCAFOIIUNCS

bonee Huskux npexnenoB cootHomeHus [K,O/(K,O+Na;O)], kOHEYHO ke He3aBHUCHMO
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MOXKET O6”be):lI/IH$[TbC$I ¢ Jr0OBIM BO3MOKHBIM BApHUAaHTOM OCYIIECTBJICHUS, KACAIOUMCA

Oonee BricokuX npenenios cooTHoreHus [K,0/(K,0+Na,0)].

CornacHoO OIHOMY BapHAaHTy OCYINECTBJICHHS JAHHOTO H300peTeHwHs
obuiee comepskaHue skene3a (B nepecuere Ha Fe;O3) B KOMIO3UIMM B MAaCCOBBIX JOJISIX
usmensiercs: oT 0,002 no 1,7%. ITpennoutuTenbHo, 4TOOBI 00IIEe conepskanue keesa (B
nepecyere Ha Fe;O3;) B KOMIO3ULMU JAaHHOTO H300pETEHUST B MAaCCOBBIX JOJISIX
usmeHsiioch ot 0,002 no 0,6% u 6onee npeanoyrurensHo u3MeHsuiock ot 0,002 no 0,2%,
win naxke ot 0,002 no 0,1%. B 0cobeHHO npennouTUTETbHOM BapHAHTE OCYIECTBICHHS
B KOMIIO3WIIMU H300peTeHusi obiee comepskaHue keneza (B mepecuere Ha Fep,Os) B
MaccoBbIX noJisix m3Mmensiercst or 0,002 mo 0,06%. OOmee conmep:kanme xenesa (B
nepecyere Ha Fe,O3) menbine uimn paBHoe maccoBoit aoje 0,06% mo3BONSET MONy4aTh
JIUCTOBOE CTEKJIO MPAKTUYECKU 0e3 BUANMON OKpacku, odecriednBasi O0JbIe BO3MOKHBIX
pelIeHuit mpu 3CTeTH4eckoM oopMIleHNH (HampuMep, He MOJIydasi BETOBbIX BapHALIUN
npu Oenmoli  menkorpaguu HEKOTOPBIX CTEKJISIHHBIX ~ 3JIEMEHTOB  CMapT(OHOB).
MuHnManbHOE 3HAYEHUE MO3BOJISIET M30eX)aTh KaK TaKOBOIO CHJIBHOTO YIOPOKaHUS
CTEKJIa, MOCKOJIbKY JUIsi OOecredeHrss HU3KOro COAEPIKaHMs JKejie3a 4acTo TpeOyroTcs
JOPOTOCTOSIIINE, OYEeHb YHCTbIe WCXONHbIE MaTepHasbl, a TaKXke HX OYHCTKA.
[IpennouturenbHo, uyTOOBI OOLIEe conmep:kaHue skene3a (B mepecyere Ha Fep,Os) B
KOMIO3UILIMK B MacCOBBIX goisix wu3MeHsyiock oT 0,002 nmo 0,04%. bBonee
MPEINOYTUTENIbHO, 4TOOBI O0Inee conep:kaHue skejie3a (B mnepecyere Ha FeyOs3) B
KOMIIO3ULIMM B MAacCCOBBIX moyisix u3MmeHsuiock ot 0,002 mo 0,02%. B nHaubonee
MPEINOYTUTENILHOM BapHaHTE OCYIIECTBIIEHUS, o0lee coaep kaHue jxefe3a (B mepecuere
Ha Fe,03) B xoMno3umuu B MacCoBbIX 0jsix m3mensiercst ot 0,002 no 0,015%, wnu naxke

ot 0,002 110 0,012%.

B coorBerctBMM ¢  OCOOEHHO  NPEANOYTHUTENBHBIM  BapHUAHTOM
OCYIIECTBIICHHS] KOMIIO3UIIMST JIUCTOBOIO CTEKJa MTaHHOTO M300pPETEHUs] COMEPKUT
CJIEYIOIe MAacCOBBIE TOJH (B MPOLIEHTAX ) B MepecueTe Ha OOIuii BEC CTeKIIa!

60 < Si0; <78%

5 <Na,0 <20%

0,9 <K,0 <6%

4,9 <A1LO3;<7%
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0,4 <CaO < 1,5%
6 < MgO < 12%.

B cooTBercTBUU C 3THUM MOCJIEAHUM BapHUaHTOM OCYLICCTBJICHUSA Oonee
NPEANOYTUTENILHO, YTOObI KOMIIO3UIMS JIMCTOBOIO CTEKJA JAHHOTO H300pETeHuUs
comepskana CJIENyHOIIUE MacCoBble NOiH (B IMPOLIEHTaX) B IepecuyeTe Ha OOmuil Bec
CTCKJIAa:

60 < Si0, <78%

5 <Na;0 <20%

0,9 <K,0 <3%

5 <AL05<6,5%

0,6 <Ca0 <1,2%

7,5<MgO < 11%.

CornacHo Apyromy BapUaHTy OCYIIECTBJIeHHs wmaccoBas nojist ZnO B
KOMITO3ULIMH JINCTOBOTO CcTekja cocrapisier meHee 0,1%. IlpeanoytuTenbHO, B COCTaB
JUCTOBOTrO cTeka ZnO He BXOAUT. DTO O3HAYAET, YTO 3JIEMEHT LIMHK MPEAHAMEPEHHO HE
NOOABJSIIOT B CTEKJISIHHYIO MApTHIO/CBIPbE U YTO, €CJIM OH NMPUCYTCTBYET, COIEpIKaHUE
ZnO B KOMIIO3ULUH JTUCTOBOTO CTEKJIa JOCTHraeT TOJbKO YPOBHS MPUMECH, HEU30EIKHO

BKJIFOYa€MOI'0O B IMPOU3BOACTBO.

CornacHo npyroMy BapHaHTy OCYIIeCTBJIeHHsT maccoBas nonst ZrO; B
KOMITO3ULIMK JINCTOBOTO CTekja cocrapisier meHee 0,1%. IlpeanmoutuTenpHO, B COCTaB
aucroBoro crekia ZrO; He BXOAUT. ODTO O3HA4YaeT, YTO 3JIEMEHT LHUPKOHUM
NpeIHAMEPEHHO He JO0aBNSIOT B CTEKJSIHHYK) MapTHIO/CBIPbE M YTO, €CIH OH
MPUCYTCTBYET, conepkanue ZrO; B KOMIO3UIUHU JIUCTOBOTO CTEKJIa JOCTHTAeT TOJIbKO

YPOBHS IPUMECH, HEM30EIKHO BKJIFOYaeMOrO B TIPOU3BOACTRBO.

CornacHo eme OgHOMY BapHaHTy OCYLIECTBJIEHHUs MaccoBas nonst BaO B
KOMITO3ULIMK JINCTOBOrO CTekja cocrtaBjsier MeHee 0,1%, npaxe wmenee 0,05%.
[IpennmouTuTenbHO, B COCTaB JUCTOBOrO crekna BaO He BxomuT. DTO O3HA4AeT, 4YTO
3JeMeHT Oapuii MpenHaMepeHHO He AO00aBISAIOT B CTEKISIHHYIO NMApTHIO/CBIPbE M 4TO,
€CIIM OH MPHUCYTCTBYET, conepkanre BaO B KOMNO3MLIMHK JMCTOBOTO CTEKJA JOCTUTAET

TOJIbKO YPOBHSI IPUMECH, HEN30€)KHO BKIIFOYaEMOT0 B ITPOU3BOICTBO.
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CornacHo eme OgHOMY BapHaHTy OCYLIECTBJICHUs MaccoBas noist SrO B
KOMIIO3ULIMK JIMCTOBOIO CTekja cocraBiasier MeHee 0,1%, naxke wmenee 0,05%.
IIpennouTurenbHO, B COCTaB JIMCTOBOro crekna SrO He BXOAUT. DTO O3HAYAET, YTO
3JIEMEHT CTPOHLIMH MPeJHAMEPEHHO He AO00ABISIOT B CTEKJITHHYIO MapPTUIO/ChIPbE U UTO,
€CJIU OH TPUCYTCTBYET, comepskanue SrO B KOMITO3UIMHU JIUCTOBOTO CTEKJIA TOCTHraeT

TOJIKO YPOBHsI IPUMECH, HEU30€KHO BKJIFOYAEMOTO B ITPOU3BOICTBO.

CornacHo ele OTHOMY BapHAHTY OCYINECTBJICHUS] KOMITO3ULHSI JINCTOBOTO
creksia umeer copepkanue SnO; B oOveme Hike ueM 0,1 Bec.% (comepxkanue SnO; B
o0BeMe HCKIFOYaeT “OJIOBSIHHYIO [MOBEPXHOCTH  TEPMOIOJMPOBAHHOTO JIHCTOBOTO
crekia). [IpenmnodrurenpHO, B COCTaB JIUCTOBOTO CTekya B oObeme He BxoauT SnQ;. D10
O3HA4YaeT, YTO JJIEMEHT OJIOBO TMpPEJHAMEPEHHO HEe JO00aBISIOT B CTEKISIHHYIO
MAPTUIO/CBIPhE U YTO, €CJIM OH MPUCYTCTBYET, conepskanue SnO; B 00beMe KOMITO3HIIUU
JMCTOBOTO CTEKJIAa AOCTUTAET TOJBKO YPOBHS NPUMECH, HEM30EKHO BKIIIOYAEMOTO B

MMPOU3BOACTBO.

CornacHO MNpeANnoOYTUTENBHOMY BApUAHTY OCYLIECTBJIEHUS JaHHOIO
1/1306peTeH1/m KOMIIO3UIUA COACPKUT OKpALIHNBAIOIIUE KOMIIOHCHTBI, OTJIMYAKOIIUECS OT
OKCHIIOB JKeyie3a, Xpoma, kobanbTa U 3pOus, C CyMMapHOW MacCOBOW JOJiell MeHee uem
0,005%. Taxoli BapHaHT OCYIIECTBJIEHHs I103BOJIAET KOHTPOJMPOBATH ILBET M, TEM
CaMbIM, MPEJOCTABIIIET HEUTPAIbHOE JIMCTOBOE CTEKJIO, KaK 3TO B OCHOBHOM TpedyeTcs B
cilyyae TMPUMEHEHUH Ui OTOOpakarolMX 3KpaHOB. boiee mpeamoyTHTENbHO, YTOOBI
KOMITO3ULIMSI TAHHOTO  HM300peTeHHs Ccoaeplkajla OKPAIIWBAIOIIME KOMITOHEHTHI,
OTJIMYAIOIIUECS] OT OKCHUIOB JKeje3a, XpoMa U KoOajbTa, ¢ CYMMapHOW MacCOBOM HoJiei

MeHee uem 0,003%.

[IpeumyiiecTBEHHO,  KOMITO3ULIUSI ~ JAHHOTO  HM300pPETeHHs]  MOKET
JOMOJHUTEIPHO  COJEp:KaTh  OKCUAbl  xpoma  w/wimm  koOajmpra.  CoryacHo
MPEINOYTUTEIbHOMY BapHAHTy OCYIISCTBICHUS, €CJIM B KOMIIO3UIMH HW300peTeHUs
obmee comepxkaHue skene3a (B mepecuere Ha Fe;O3) B MacCOBBIX JOJISIX U3MEHSIETCS] OT
0,002 no 0,06%, KOMITO3ULIUST MOXKET IOMOJHUTEIBHO CONEPIKaTh OKCUABI XpoMa H/WH
kKobasmbTa A0 CyMMAapHOTO ConepskaHusi B MaccoBbIx noiisix ot 0,001 mo 0,025%. Dto

O3Ha4acT, YTO KOMIIO3ULIUA MOXKET COACPKAaTh TOJIBKO XPOM, TOJIBKO KOOaIbT MM 00a U3



10

15

20

25

30

17

Hux. Takas ocoOMast KOMIO3HULIUS JIeNaeT CTEKIO OCOOEHHO NMPUTOIHBIM JIJIsl CEHCOPHOM

TexHosoruM, ocHoBanHO! Ha MK nepenaue.

IIpeuMylIeCTBEHHO, KOMIIO3MLIUSL MOJKET JOMOJHUTENBHO COJEPKaTh
3JIEMEHT WM KOMOWHAIUIO 3JIEMEHTOB, MO3BOJISIIOIIME NPUOIUUTHCS WM JOCTUYb
HEUTpaJbHBIX XapakTepucTuk (koopanHatel 0;0 B nuarpamme a*b*). [Ipumepamu Takux
3JIEMEHTOB SIBJISIFOTCS HpOuid, 3pOuii-ko0aNbT, CeJeH-KOOaNbT, KaK ONMUCAHO B MATEHTHOM

3asiBke Ne 15172778.1, unu KOIIOUAHOE 30JI0TO.

CornacHO OJHOMY BapHUaHTy OCYIIECTBJICHHs HACTOSIIET0 H300peTeHHs
JUCTOBOE CTEKJIO MOKPBITO IO  MEHbUIEH Mepe OAHUM  MPO3PadyHbIM U
3JIEKTPONPOBOASAIINM TOHKUM cinoeM. IIpo3paunblii M mpoBOASAINMN TOHKUN CJIOU
COTJIACHO HACTOSIEMY HM300PETEHHI0 MOKET, HAalpHMep, MPeACTaBiIsATh cOOOil cioil Ha

ocHose SnO;:F, SnO,:Sb nmm ITO (oxcun naans u onosa), ZnO:Al nmm xe ZnO:Ga.

CornacHo JApyromy npeUMYILECTBEHHOMY BapHaHTy OCYLIECTBJIECHUS
HACTOSIIET0 H300pETEHHUs] JIMCTOBOE CTEKJIO IOKPBITO IO MeHbIIeH Mepe OIHUM
AHTHUOTpPAXXAKIIUM CJIOEM. I[aHHbeI BApUAHT OCYMECTBJICHUA, OYCBUAHO, SBJISACTCA
NPEHMYLIECTBEHHBIM B CJIy4ae MPUMEHEHHs IUCTOBOI'O CTEKJIA HACTOSIIEr0 N300 peTeHusI
B KauecTBe Mepe/Hell MOBEpPXHOCTH SKpaHa. AHTHOTPAXKAOIIUN CJIOH B COOTBETCTBHUHU C
HACTOSIIUM M300pETeHHEM MOXKET, HalpuMep, NMPeaCTaBIATh COOOH CIIOW Ha OCHOBE
MOPUCTOTO OKCHOAa KpPEMHHUA C HHU3KHUM IIOKa3aTCJICM IPCIIOMIICHHA HWIIM OH MOXKET
COCTOSITb M3 HECKOJIBKUX CJIOeB (TIAKeT), B YACTHOCTH, IAKET CJIOEB IUJIEKTPHUYECKOTO
Mar€pHraja ¢ 4€PECAOBAaHUEM CJIOCB C HU3KMMU U BBICOKUMHU IMOKA3aTCIIAMUA IMPEIOMIICHUA

1 KOHCYHBIM CJIOEM C HU3KUM IMOKA3aTCJIEM TIPCITIOMIICHUSA.

B cooTrBercTBUU € IpPYyrUM BapHaHTOM OCYILECTBJIEHHsI JHCTOBOE CTEKJIO
IMOKPBIBAOT IO MEHBIIEN MEpPE OAHUM CJIOEM TIIPOTHUB OTINEYATKOB IMaJIbLICB WA
0o0pabaTbIBatOT Uil CHIDKEHUS WM TIPENOTBpPAIlEHUs (PUKCHPOBAHUS OTIIEYATKOB
IMaJIbILCB. I[aHHbeI BAPHUAHT OCYHICCTBJICHUA TAKXE ABJIACTCA MNPECUMYLICCTBCHHBIM B
cllydae MPUMEHEHUs! JINCTOBOTO CTEKJIA COTJIACHO HACTOSIEMY H300PETEHUI0 B Ka4eCTBE
nepenHell MOBEPXHOCTH CEHCOPHOro skpaHa. Takoil cioi mnm Takas oOpaboTka MOTryT
OBITD O6'beI[I/IHeHbI C MPO3pPavHbIM U SJICKTPONPOBOAALINM TOHKUM CJIOEM, HAHCCCHHBIM

Ha TPOTUBOIOJIOXHYIO CTOpPOHY. Takol ciol MOXKHO OOBEAMHATH C aHTHOTPAXKAIOIIUM
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CJIOEM, HAHECEHHBIM Ha Ty K€ IIOBEPXHOCTD, MPU 3TOM CJION IPOTUB OTIIEYATKOB MaJIbLEB
pacmoNokeH Ha BHEIIHEH CTOpOHE TMakera M IOKPBIBAET, TaKuUM 00pas3om,

AHTHOTPAKAKOLIUHI CJIOM.

B cooTBeTCTBUM C APYTHM BapHAHTOM OCYIIECTBJIEHHS JIICTOBOE CTEKJIO
IMMOKPBIBAIOT I10 MEHBIIEN MECpPE OOHUM CJIOEM HIIN O6pa6aTbIBaIOT JJIA CHUXKECHUA HIIN
NpeAoTBpalieHus: Oyiecka W/HiIM CBepKaHWs. JIaHHBIA BapHaHT OCYLIECTBICHHS, CaMO
CO6OI>1, ABJKAETCA TIPECUMYLICCTBCHHBIM B ClIydae TIMPUMEHEHUA JIUCTOBOIO CTEKIJIA
HACTOSIIEr0 HM300peTeHHss B Ka4deCTBE IEPefHEedl MOBEPXHOCTH OTOOpPaKaroLIero
ycrpoiictBa. Takas oOpaboTka mpoTwB OJieCka WIM TPOTHB CBEPKAHHs, HampUMep,
IpencTaBisieT COOOH KUCIOTHOE TpaBJIEHHE C IOJyYeHHeM OCO0OH IIepoXOBaTOCTH

00paboTaHHON MOBEPXHOCTH JIMCTOBOTO CTEKJIA.

B coorBercTBHM ¢ HEOOXOAMMBIMU OOJACTSMH NPUMEHEHHUS W/HIN
CBOWMCTBaMH apyrue cnoii(cioun)/obpadorka(odpadboTkm) MOT'yT OBITH
HAHECEHBI/BBIOJIHEHbl HAa OJIHOW W/WINW JAPYrod IOBEPXHOCTH JIMCTOBOI'O CTEKJa

HACTOSIIETO U300pETEeHNs.

H300peTeHne Takke OTHOCHTCSI K JJMCTOBOMY CTEKJY COTJIACHO JAaHHOMY
nu300peTeH 0, TIOABEPTHYTOMY XHMUYECKON 3akaiike. Bce paHee onucaHHbIE BapUAHTBI
OCYILIECTBJICHHUS] M TPEANOYTUTENbHbIE WHTEPBAJIbI COAEPIKAHUS B KOMITO3UIIMH TAKKE

IMMPUMCHHUMBI K I/I306peTeHI/IIO XUMHYCCKH 3aKaJICHHOIO JINCTOBOI'O CTCKJIA.

%! HaKOHEL, I/1306peTeHI/Ie TAKK€ OTHOCHUTCA K IMPUMCHCHHUIKD XHUMHUYCCKH

3aKaJICHHOT'O JINCTOBOT'O CTEKJIA COIJIACHO JAHHOMY M300PETeHHUIO!
- BQJIGKTPOHHBIX YCTPOHCTBAX;
- B aBTOMOOWJIBHOM OCTEKJICHHH,
- B aBHAIIMOHHOM OCTEKJICHUH (BHYTPEHHEM/BHEITHEM),
- B CTPOHTEJHCTBE.

Jlanee BapWaHTBl OCYINECTBJIIEHUS HACTOALIET0 H300peTeHus OyayT

AOMOJIHUTCJIBHO OMNUCAHBI TOJIBKO B Ka4€CTBE TIPUMEPOB BMECTE C HCEKOTOPBIMU
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CPaBHUTCJIIbHBIMH TIIpUMEpaMi, HE HaXOAALIHUMUCA B COOTBETCTBHUU C HACTOSAIIHUM

n3oOperenneM. Cnenyronie NpuMepbl MPEACTaBIE€Hbl B LENAX WIUIIOCTPALMH U He

IperHa3HAYeHbI AJIs1 OrPaHUUeHHsT 00beMa HACTOSLIErO H300pETEeHMs.

5 IIpumeps!
IIpumepsnr
ITopomkooOpa3Hble HCXONHBIE MaTepHUajbl CMEIIMBAJIH BMECT€ U
noMelany B THUIIM [Js1 PacIUIaBI€HUsl COIJIACHO KOMITO3ULIUSAM, NPUBEIEHHBIM B
10 cnepyromeidi Tabmume 1. CMech HUCXONHBIX MAaTepHaOB 3aTeM HArpeBald B
SJIEKTPUYUECKOW TMe4YM 10 TeMIepaTypbl, OOeCneunBaromiell IMOJHOe pacIUIaBJICHUE
HCXOJHOTO MaTepHuana.
Tabauna 1
Bec.% CpaBuurenbHblii np. | CpaBHuTeabHblil np. | CpaBHUTENBLHBIH HP. IIp. 4
€C. 70
1 (SL) 2 (AS) 3 (AS) (u300peTenne)
Si0, 72 60,9 638 66,5
AlLO; 1,3 12,8 4.4 5.8
CaO 7.9 0,1 3,7 0,9
MgO 45 6,7 77 9.5
Na,O 13,9 12,2 14,9 15,7
KzO 0 5,9 130 1:1
Fe,0s 0,01 0,02 0 0,01
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BaO 0 0,2 0 0
SO, 0,36 0 0,36 0,36
SrO 0 0,2 0 0
Zr0, 0 1,0 0 0

10

15

20

ITocne pacryaBieHUs] 1 TOMOTE€HU3ALMH KOMIIO3HLIUN CTEKJIO OTJIHBAJU B
HECKOJIbKO MaJIeHbKHX 00pa3noB 40 x 40 MM U OTXKHUTaJM B MEYH JUI OTXKUTA. 3aTeM
00pa3upl MOJMPOBAINA A0 COCTOSHUS MOBEPXHOCTH, OJM3KOTO K TEPMOMOIUPOBAHHOMY
CTEKJy (3epKasibHast MOJupoBaKa). JJst Ka)xaoil KOMIO3ULUY M3TOTABIMBAIN HECKOJIBKO
oOpasuoB. Kommnosuuusi CpaBHUTENBHOTO mHpuMepa 1 COOTBETCTBYET KIIACCHYECKOMY
U3BECTKOBO-HaTpueBoMy (SL) cCTekily COrlacCHO YpPOBHKO TEXHUKH, KOMITO3ULIUS
CPaBHUTENBHOIO TpuMepa 2 COOTBETCTBYET OOBIYHOMY aFOMOCHUIHKATHOMY (AS)
CTeKJly, W KOMIIO3MLHUS CpPAaBHUTEIBHOIO IIpUMepa 3 COOTBETCTBYET JAPYroMy
AMIOMOCUJIMKATHOMY ~CTEKJIy, HEIaBHO IIOCTYNMBIIEMY B IIPOAAXY, O KOTOPOM
OOBSBICHO, YTO OHO HMMEET YCOBEPIIEHCTBOBAHHYI KOMIIO3ULIMIO CTEKJIa s
XMMHYECKOrO YIpouHeHns (OHO coorBercTByer crexiy Glanova'™, mponssomuMomy
kommanueit NSG-Pilkington Group). Komnosuumsi mnpumepa 4 COOTBETCTBYET

KOMITO3UIIH COTJIACHO TaHHOMY M300pPETEHHUIO.

XHUMHYECKAS 3AKAJIKA - KJIACCHYECKHN ITHKJI

ITepByro yacTb 00pa3LOB, MPUTOTOBJIEHHBIX B pa3/ielie BhILIE, MOABEPTaIIH
XUMHYECKON 3aKaJIKe€ OJJHOBPEMEHHO M IPH OHUX M TeX e ycIoBHsx. OOpasiibl pa3sHbIX
KOMITO3UILIMH MTOMEIIATN B KaCCETY, MPeABapUTEIbHO Harpesain (15 MuH) u morpy:xaiu B
BaHHy pacruiasneHHoro KNOs; (>99%) mpu 420°C wa 220 munayt. Ilocne wmoHHOTO
obmena oOpasubl oxnaxgand (15 MuH) 1 mpoMbIBaAIU. 3aTEM U3MEPSUTH TTOBEPXHOCTHOE
HanpspkeHue ckatusi (CS) u rmyOuny moHooOmenHoro ciost (Dol) myrem usmepeHus

¢oroynpyroctu. B Tabnune 3 cemensl cpennHue 3HaueHuss CS u Dol nmnst mecsitm
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cydaiiHbIX OOpa3lloB KOMIIO3MLMU TNpuMepa 4 COrJIacHO JaHHOMY H300pETeHHI0 U

KoMIo3ui CpaBHUTEIBHBIX TPUMEPOB 1-3.
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Tabauua 3
CpasHurenbHblii np. | CpaBHHTENbHBIH Np. | CpaBHUTENLHBIH HIP. Ilp. 4
1 2 3 (u300peTeHue)
IloBepxHocTHOE
HAMpPSIIKEHHE CIKATHS 846 884 883 928
(MIla)
I'nyouna
HOHOOGMEHHOTr 0 CJI051 7.1 36,1 11.4 15,4
(MKM)

10

15

XHMHYECKAA 3AKAJKA - BJAMSAHHE TEMIEPATYPLI H YIIPOUHEHHE

OcraBmmecss o0pasubl KakKAOW KOMITO3ULMH pa3iesuid Ha 4 pasHbIX
IPyNIbl U NOABEPrajd XUMUYECKON 3aKajKe B YeThIPEX PA3HbIX LUKIaxX no 220 MUHYT
npu 400°C, 420°C, 440°C u 460°C. Kaxayro rpymmy oOpas3loB pa3HBIX KOMIO3ULIHI
NOMEINAJIM B KacCeTy, NMPEABAPUTENbHO HarpeBaju (2 4) W 3aTeM NOTPYKaJId B BaHHY
pacrutaBneHHoro KNO;3; (>99,5%) na 220 munyT npu Tpebyemoii Temneparype. ITocne
HOHHOro oOMeHa oOpa3ipl OxJaxkpanud (2 9) M TPOMBIBAIU. 3aTeM H3MEPSIIH
noBepxHOocTHOe HampspkeHue cxkatua (CS) m rnyOuny moHooOMeHHoro ciosi (Dol)
nyTeM u3MepeHus poroynpyroctu. B cnenyromyo Tabauny cBeIeHbl CpelHUE 3HAUEHUs
CS u DoL nnst kaxnoi TemmepaTypbl 0OpaObOTKU M Ui IECSTH CIydailHbIX 0OpasLoB
KOMITO3ULIMK 4 COTrJIaCHO HAaHHOMY U300peTeHnro M KoMno3uuuu CpaBHUTEIbHBIX
npumMepos 1-3. B tabmuie 4 Huke cpefHee YIPOUHEHUE, Gyppouncrns A KAXKJIOrO TUIIA
oOpasua u 00pabOTKH TakKe PACCUUTHIBAIH (KaK OMUCAHO BBIMIE) JUISI TEOPETUUYECKOTO

nedexra pazmepom 10 Mkm. Pe3ynbTaTsl Takke rnokasansl Ha ¢ur. 1.

Tabauua 4
Temneparypa o6padorku (°C) 400°C 420°C 440°C 460°C
CS 340 774 6388 591
CpaBuuTenbHblii | 1 5.9 8.1 11,0 14,8
np. 1
Oynpounerns ~10 MKM 0 0 288 337
CS (MITa) 845 829 775 /
CpaBHUTEILHDIIH
oo 2 AS DoL (vxm) 34.9 43,7 524 /
Gympomers =10 MKM 691 708 681 /
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CS (MITa) 962 897 796 686
Sll)"a;""““"“"'ﬁ Do (mxm) 10.1 13.2 169 | 235
Oy mpomenss -10 MEM 358 463 497 500
CS (MTTa) 1009 949 843 705
gg;)gpm““e) Dol (vn) 12,8 17,3 22,9 31,4
O yapormenns ~10 MEM 508 600 609 562

DT pe3ysNbTaThl IOKA3bIBAIOT, UYTO COYETAHHE CPEOHEr0 YPOBHS
comepxkanusi AlO3;, ouenp Hm3Koro copxepxanus CaO, HOCTAaTOYHO BBICOKOTO
cogepxkanuss MgO u K,O mo3BossieT 3HAYUTEIBHO YJIYUIINTh HANPSDKEHHE COKATHS
(mocturnyteie 3HaueHust 700-1000 MIla), mpu 3TOM COXpaHsisi TOCTATOYHYIO TIYOHHY
MOHOOOMEHHOrO cJosi (HOCTHrHyThle 3HadeHuss ~12-32 MKM), W TakuM 00pa3oM,
TIOBBIIIAsl YIPOYHEHUE CTEeKJa, OCOOCHHO N0 3HadyeHwil Bbime 4em 500 wmm gaxe 600
MlIla (nocturnyTele 3HaueHus1 S00-610 MITa).

Kpome Ttoro, mosydyenHoe 3HaueHue Dol nns xoMmo3uuuu JaHHOTO
n300peTeHNsT TaKKe MOAXOAUT Ui  “TOLITYYHOro TPOLEcca, HCIOIb3yeMOro B
IPOM3BOJICTBE TIOKPOBHOT'O CTEKJIA Il OTOOpaXKaromux yecTpocTB. OHO eHCTBUTEIBHO
BbILIE YeM 12 MUKDPOH [ist 00pabOTKY MPH KaXKIOM TemMIeparype.

ITomumo storo, coueranue CS u DoL, xoTOporo MoXeT HOCTUIHYTb
KOMITO3UILUSI COTJIACHO JaHHOMY H300PETEHUI0, XOPOLIO MOAXOMUT IS “TOIITYYHOTrO”
THUIIA TPOLIECCa, MOCKOJIBKY OHH TO3BOJIIIOT MOANEPKUBATh HanpspkeHne B neHtpe (CT =
(CS*DoL)/(tonuuHa crekna — 2*¥*Dol)) ) nuxke 25 MITa nns crekna TonmuHou 0,7 MM U
naxe 0,55 MM, clenoBaTeIbHO, 5TO MO3BOJSET Pe3aTh CTEKJIO MOCJIEe XUMHUYECKOU

3aKaJIKH.

JIpvrue cBoHMcTBA

Crnenyromue CBOHCTBA OBLIM OLIEHEHbI HA OCHOBE KOMITO3HMLIUH CTEKJA C
ucnions3oBanueM moxpenu Fluegel (Glass Technol.: Europ. J. Glass Sci. Technol. A 48
(1): 13-30 (2007); u Journal of the American Ceramic Society 90 (8): 2622 (2007)) - ans
KOMITIO3ULIMI mpuMepoB 1-4 COrJacHO JaHHOMY H300peTeHHIO, a TaKXke s

CpaBHuTENbHBIX TPUMEPOB 1-2:
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- IInotHocTh pacmiasa creksa oueHusanu npu 1200 u 1400°C;

- Bsskocts npu “remnepatype nnasnenus 127,

- “Temmneparypa paboueti Touku T4”;

- Temneparypa paccrexnoBanus TO ;

5 - Koaddunuent remnosoro pacumpenns (CET) ;
B obmmewm ciyyae:
Temmneparypa masneans T2 nmpeanouyrurenbHo He Bbime 1550°C, Gonee
npeanouTuTenpHo He Bbime 1520°C, ocobenno npennoutureabHo He Bbime 1500°C.

10 Temmneparypa paboueii Toukun T4 npenmouturensHo He Bbime 1130°C,
bonee mpeamoututenpbHo He Bbie 1100°C, 0COOEHHO MNPENNMOYTHTENBHO HE BBILIE
1070°C.

Temmnepatypa paccreknoBanuss TO mpennodrutensHO He Bbime T4, Gomee
npeanouTuTensHo He Boime T4-20°C, ocobenHo npennouTuTenabHo He Beime 14-40°C.

15 3nauenne CET npennouturensHO He BbIilIe 9,6 u Oojiee MPeanoYTHTENBHO
He BhbIIIE 9.5.

CpaBHHTeJIbHBIH CpaBHuTeNbHBIIH CpaBHHTeNIbHBIIH Ilp. 4

mp. 1 np. 2 np. 3 (u300peTenue)

IlnorHocTh
PACILIABA CTEKJIA 2,37 2,32 2,36 2,35
(1200°C)
IlnoTHoCTH
PACILIABA CTEKJIA 2,34 2,32 2,34 2,34
(1400°C)
Tevmeparypa 1463 1602 1486 1498
miapjaenus T2 (°C)
Temmeparypa
paGoueii Toukn T4 1037 1124 1053 1061
(§9)
Temneparype
paccrekjiopanus TO 994 951 994 1036
O
CET npu 210°C 9.15 9,68 9,49 9.50

(10°/K)

>

>
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Komnosunum cornacHO HacTOSIIEMY M300PETEeHHIO MPUTOAHBI IS
¢opmMoBaHUs B IpoLeCCE TEPMOMOJMUPOBAHUS W IPU  UCHOJB30OBAHUU  yXKe
CYIIECTBYIOIIEr0 IMEYHOro OOOpPYHOBaHMS Ui INPOM3BOACTBA H3BECTKOBO-HATPHUEBOIO
crekJia Oiarogapsi TOMy, 4TO:

- ux Temmneparypa miasigeHuss T2 Hiwke yem 1500°C u cpaBHuUMaA C
KJIACCUYECKUM H3BECTKOBO-HATPUEBbIM CTekyoM (CpaBHUTENbHBIH Tp.1) M HEZaBHO
YCOBEPLICHCTBOBAHHBIM ~aJIFOMOCHJIMKATHBIM CTekJIoM (CpaBHHUTENbHBIA mp. 3), U
3HAYUTENIBPHO HIDKE TI0 CPAaBHEHHIO C OOBMMHBIM  QJFOMOCHIJIMKATHBIM  CTEKJIOM
(CpaBHuTENBHBIN TIP. 2);

- ux temneparypa padoueii Toukn T4 Hmxe yem 1100°C m Hmke 1o
CPAaBHEHHIO C OOBIYHBIM ATFOMOCHIMKATHBIM cTekjoM (CpaBHUTENbHBIH Tp. 2) U
CpaBHHMA C KJIACCHYECKUM H3BECTKOBO-HATPHEBbIM CTeKJoM (CpaBHUTENbHBINA TIp. 1) U
HEJIaBHO yCOBEPLICHCTBOBAHHBIM AJFOMOCHIIMKATHBIM CTeKJIOM (CpaBHUTENBHBIHN 1Ip. 3);

- UX TeMmIepaTtypa paccrekioBanus TO yIOBIETBOPUTENbHA, MOCKOJBKY
OHa HIDKE UX TeMrepaTypsl paboueit Touku T4;

- UX IUIOTHOCTh CTE€KJa OYeHb OJM3Ka K H3BECTKOBO-HATPHEBOMY H
amomocunukatHoMy crekiaMm (CpaBHuTenbHbIM mp. 1-3), TeM cambIM IO3BOJISET
n3beraTte/OrpaHNYMBaTh JIe(PEKThl, BO3HHKAIOUIME B XOJAE€ H3MEHEHHsS KOMIIO3ULIUU
(nepexona);

Kpome TOro, KOMMO3HIMU HACTOSIIEr0 HM300pETEeHHs XapaKTePU3YIOTCS
koaddumentamu teroBoro paciiupenuss (CET), xoTopble IOCTHrarOT HM3BECTHBIM
00pa3oM COOTBETCTBYIOIIMX 3HAYCHHH JJIs1 TOCHEAYIOIEeH XUMHUYECKOW 3aKajKu
(orpannumBasi siBieHHe AehOpMALMM TPH HEPABHOMEPHOM OXJIaKAeHUHU). bornee
KOHKPETHO, KOMIIO3UIIMH COTJIACHO HACTOAIIEMY H300PETEHHIO JEMOHCTPUPYIOT
ynydmeHHbie (cHrokeHHbIe) 3HaueHnss CET, yem 0ObIMHOE aTFOMOCHIIMKATHOE CTEKJIO, U
MIO3TOMY MEHEe MOJBEPKEHBI MPOOIeMaM, CBA3aHHBIM C HEPABHOMEPHBIM OXJIAXKIEHUEM.

W HakoHeI, KOMIIO3UIMU COTJIACHO HACTOSLIEMY H300PETEHHIO MO3BOJISFOT
NOJIYYUTh YAOBJIETBOPUTENBHBIE PE3YJIbTAThl MPU OCBETIEHHH CyJb(paToM B XOne H3
W3rOTOBJICHUSI/TUIABJICHHsT  Ojlaromapsi  TOCTaTOYHOW pPacTBOPUMOCTH cyibdara u

MOAXOAALIEH BA3KOCTU MPU BBICOKUX TEMIIEPATypax.
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®OPMYVYJIA U30OBPETEHUA

1. JluctoBOoe CTEKJIO, KOMIO3ULMS CTEeKJIa KOTOPOrO COAEP>KUT
CIIEYIOLINe MAacCOBBIE JOJM KOMIIOHEHTOB B NPOLIEHTAaX B Iepecuere Ha oOmmMii Bec
CTeKJIa:

60 < Si0, <78%

5 <Na,0 <20%

0,9 <K,0<12%

4,9 <AlL,03<8%

0,4 <Ca0<2%

4 <MgO < 12%.

2. JluctoBoe cTeko 1o m. 1, OTAUYaroIeecs: TeM, 4YTO €r0 KOMITO3UITUS
conepkuT maccoByro nojro: 0,6 <CaO < 1,2%.

3. JluctoBoe <cTekio mTO JOOOMYy M3 TMPENbIIYLIINX MYHKTOB,
OTJIMYAIOIIEECS] TEM, YTO €r0 KOMIO3HULHSI COAEPKUT MAacCoByio oo 5 < Al,03 <6,5%.

4. JIucTOBOE CTEKJIO MO MPEeNbIAyIIEeMy IMYHKTY, OTJIMYAIOLIEECS TEM,
YTO €ro KOMITO3HIHSI CONEPKUT MacCoBYIO A0J0: 5,2 < Al,O3 < 6,5%.

5. JlucroBoe cTexyso MmO JIOOOMY W3 NPEABIAYIIUX  IyHKTOB,
OTJIMYAIOIIEECs] TEM, YTO €r0 KOMIIO3ULHS CoAep:KUT MaccoByto noJiro: 0,9 <K,0 < 6%.

6.  JlucroBoe CTEKJIO MO MPEABbIAYLIEMY MYHKTY, OTJIHYAOLIEECs TeM,
YTO €ro KOMITIO3ULIMS COep>KUT MaccoByio aoio: 0,9 <K,0 < 3%.

7. JluctoBoe cTekiIO TO JIOOOMYy M3 MPENbIIyLIMX MYHKTOB,
OTJIMYAIOLIEECS TEM, YTO €ro KOMIIO3HUIHUS COAEPKUT MaccoByr nomo: 7,5 < MgO <
11%.

8. JlucroBoe cTexno mO JOOOMYy W3 MPENbIAyIINX  MYHKTOB,
OTJIMYAroIIeecs: TeM, 4To olliee copepskaHue xene3a (B mepecyere Ha Fe,Os) B ero
KOMIIO3UIIMH B MaCCOBBIX N0JsiX u3MeHsiercs ot 0,002 no 1,7%.

9. JIuCTOBOE CTEKJIO MO MPENbIAYLIEMY MYHKTY, OTJIMYAKOLIEECS TEM,
4yTo olInee comeprkaHue xkenesa (B nepecuere Ha Fe,O3) B ero KOMITO3UIIMKM B MaCCOBBIX

nojisix u3Mmensiercst ot 0,002 mo 0,06%.
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10. JlucroBoe cTekyio MmO JOOOMY W3 NPEABIAYLIMX  IyHKTOB,
OTJIMYAIOLIEECs] T€M, YTO KOMIIO3ULIUSA JIMCTOBOIO CTEKJIA YIOBJIETBOPSIET CIEAYIOLIEMY
cootHoweHmno: 0,7 < [MgO/(MgO+Ca0)] < 1.

11. JlucroBoe cTekyio TO JIIOOOMYy U3 MPEnbIAyLIMX MyHKTOB,
OTJIMYAIOLIEeCs] TeM, UYTO KOMITO3ULUS JINCTOBOIO CTEKJa yIOBJIETBOPSIET CIENYIOIIEMY
cootHomenuo: 0,05 < [K,0/(K,0+Na,0)] <0,7.

12.  JluctoBoe CTEKJIO COrNacHO M. 1, OoTiuYaroIeecss TeM, YTO €ro
KOMIO3HULMST COAEPKUT CIEAYIOL[HME MAacCOBble IOJM KOMIIOHEHTOB B INPOLEHTAax B
nepecueTe Ha OOIUi BeC CTEeKIa!

60 < Si10, <78%

5 <Na,0 <£20%

0,9 <K,0 <6%

4,9 <ALO3 <7%

0,4 <Ca0<1,5%

6 <MgO < 12%.

13.  JIucTtoBOE CTEKJIO COIVIACHO MPEABIAYLIEMY MYHKTY, OTJIUYAOIIEECs
TE€M, UYTO €ro KOMIIO3MILHS COAEPKUT CIEAYIOLIME MAacCOBbIE ONM KOMIIOHEHTOB B
IPOLIEHTAX B IepecueTe Ha OOIMi BeC CTeKIa!

60 < Si0,; <78%

5 <NayO £20%

0,9 <K,0 <3%

5 <ALO; £6,5%

0,6 <Ca0 <1,2%

7,5 <MgO < 11%.

14. JlucroBoe cTekj0 coryiacHO oaHoMmy u3 nm. 1-13, moasepraytoe
XUMHUYECKON 3aKaJKe.

15. IIpumeHeHue JNHUCTOBOrO CTEKJA COMIACHO OJHOMY W3 mm. 1-14 B
SJICKTPOHHOM  YCTPOWCTBE, aBTOMOOMJIPHOM, aBHALIMOHHOM OCTEKJIEHUH WJIH B

CTPOUTECIIBCTBE.
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