CTEKIJIO

"PaccKa3bIBaloT, YTO ogHaXxAbl npucTan 3gechb (B
PUHUKNN) KOpabnb, TOPryroLwnMm HUTPOM (NoTawom), 4To
noan pacceanucob nNo depery Ana NnpuroTtoBreHns cede
NMULLX, U TaK KaK OHN He MOITIM HaUTU KaMHeNn, YToOblI
NOCTaBUTb Ha HUX KOTSbl, TO NOAJSIOXUIN NOA HUX IMbIObI
HUTpa u3 Kopadneun. lNoraw, cmewaBLIUCL C NECKOM
Oepera, pacTonuUnucb, U Torga NOTeKsNIU CTPYyU HOBOWM
XUOKOCTU; U TaKoe OyaTo Obl ObINIO Ha4Yarnom crekna".

"HblHe HaxoaAT Takke U B BynbtypHCckomMm Mope Utanuu
Ha WecCTb TbICAY WaroB npu 6epere mexay Kymamu un
JlnTepHom GenbIv NecokK, KOTOPbIA Ype3BbIYauHO MSArOK U
pacTtupaeTcs B cTyne u menbHuue. PactepeB, cMeLLNBaKOT
ero Ha Bec, NM6O MepoIo C TPEeMSA YacTAMU HUTPA W,
cnnaes, nepenyckarT B Agpyrue ne4yun. Tam obpasyertcs
rmbilda, Ha3biBaeMass aMMOHUTP. KOTOPYH BTOPUYHO
nepensiaBnfaOT U NPOU3BOAAT U3 TOFO YUCTOE CTEKIIO U
cocTtaB ansa 6enoro crekna. HolHe yxe u B Nlannun n B
UcnaHnn necok Takmm Xxe obpa3om obpabatbiBatloT".




Y>Xe Ha paHHeW cTaaun U3rotToBIEHNS CTEKMA Mnogmn
MCMNonb30Basrin NPUeMsbl, KOTOPLIE, ABMAKTCS
3a4yaTkaMu cerogHALIHEN TEXHOMOrmm. 910
YCTAHOBINEHO B pe3ynbrate Pun3nKo-XxmmMmmniecknx
nccrnenoBaHUn, apxeoriorm4yeckmnx Haxoaok. [puemsi
BKNtoYanu LUUKN nocrenoBaTeribHbIX onepaLui:
NoAroToBKa CblpbeBbIX KOMMOHEHTOB, MNOMNy4YeHne
LLINXTbI, BApKa CTEKMOMAaCChI, OXNaXXaeHne ee U
doopmMmpoBaHne U3nenmmn, 3aBepLuaroLLnecs
OT>XWUIOM N COOTBETCTBYHOLLEN UX OOPabOTKON
(MexaHM4YeCcKoWu, TEpMUYECKON, XUMUYECKON).



Ha4ano npombILLNEHHOrO
npouns3BoacTBa cTekna B Poccun
OTHOCUTCSA K nepBou nososuHe 17
Beka. B 18 ctonetuu Hapagy C
OObIYHbIMW CTEKONbHbIMWU DbINK
3anoXeHbl XpycTanbHble 3aBoAbl —
[OatbkoBcknn u 'yceBcknn. Ha
XpycTtanbHoM imnepaTtopckom u
CTEKOsIbHOM 3aBofe B [leTepbypre
OCBO€HbI B KOHLE 18 Beka Bapka
CBMHLOBOIO XpycTtans v anmvasHoe
rpaHeHne (MMUTaLUna orpaHku
bpunnnaHToB).



Ba)kHyt0 ponb B pa3BUTUN HAYYHOIO CTEKNOoAENnd
cbirparna rnepsagd neyatHad paborta, NocBsLLEHHas
BONpOCaM M3roToBneHus ctekna. 9ta kHura «O6
NCKYCCTBE cTeknogenusi» obina onybnukoBaHa BO
®dnopeHunn B 1612 AHTOHNO Hepun (1576-1614).

OCHOBOMNONOXHUKOM
Hay4HOro rnoaxona K
NPOU3BOACTBY CTEKMAHHbIX
n3genun B Hallen ctpaHe
Oblf1 reHnanbHbIN

M.B. JlomoHoOCOB.




B cBoeun macTtepckon JIoMoOHOCOB (C NOMOLLHMKaMM) co3aar
okono 40 mo3aunk (COXpaHUINCb 23 MO3aunKKn), U3 KOTOPbIX
Hanboree 3HaMeHUTbl: «HepykoTBOpHbIN Cnac» (1753) u
noptpeT [eTpa lNepBoro (1755-1757), HblHE HaxoasALMeCS
COOTBETCTBEHHO B VIcTopnyeckoMm My3ee n Spmutaxe. B
nopTtpete EnusaseThl [1eTPOBHLI OH MPUMEHSET
N300pPETEHHBIE UM SIPKO-KPACHYIO U 3eSIEHYIO0 CMarbThl.




3HauYUTenbHbIN BKNaa B HayKy O
CTEeKrie n pa3paboTKy TEXHONOruu
ero npoussoacTtea BHecnu 3. .
NNTakcmaHn, C. I1. leTyxoB, A. K.
YyryHos, 1. U. MeHaeneeB. B. Y.
TuweHko. 3. I. JlakcmaH .OH
co3fgarn HOBYHK TEXHONOMo
cTeknopenus,

Benukun xumnk MeHpeneeB —
aBTOp rMyOOKUX uaeu o CTpoeHumn
N (bU3NKO-XUMUYECKOUN npupoae
cTtekna. Hambonee UeHHbIM
OoKa3anocb npepncrtaBrieHne

0. U. MeHpeneeBa 0 nofiumMepHoOM
CTPOEHUMN «KKPEMHE3EMHOro
cTekna»



CornacHo CoBpeMEHHbIM
npeacTaBneHnsIM, OTPaXXEHHbIM
B onpeaeneHnmn, JaHHoMm
KOMWUCCUMEN MO TEPMMHOOIMNN
AH CCCP, cTeknom
Ha3blBalOTCH aMop@HbIe Tena,
NONyYeHHbIE MPU
nepeoxnaxaeHun pacnnasa
HEe3aBUCUMO OT UX
XUMMUYECKOro coctaBa W
TEeMMepaTypHOro MHTepBana
3aTBepaeBaHUs, KOTopble
nocreneHHoro oobnagatoT
MEeXaHN4YeCKMMNU CBOMNCTBaMM
TBEpPAbIX Ten.




B HacTosiLee BpeMs He CyLLECTBYET YHMUBEpPCanbHOU Teopumn
CTpoeHua ctekna. Cpeam nonb3yrWmMXca N3BECTHOCTLIO
rmnoTes B aTom obnacTtun «BegyLwen», no MHeEHMIO A.A.
AnneHa, cnenyet nNpusHaTb «Teoputo aMmopdHON BA3aHOMU
CTPYKTYpbI». CrioBO «BdA3aHad» O3HaA4Ya€eT HEMpPepPbLIBHYIO
«BS13b», KOTOPYIO 0OpasyroT NpoCTUpPaKoLLMECS B TPEX
M3MepeHusix cunukaTHble pagukansl (Si,O) B ( npoctenwem
cnydae SiO) cocTaBnalowme CKeneT CTPYKTYpbl..

CoboneB Bnagumunp CrtenaHosuny




[TlpnpogHoOe CTeKo — nepnut, obcnanaH. NepBoHavansLHO
nofy4yanucb Henpo3payHbie CTeEKMa, C MOMOLLbIO KOTOPbIX
NMMUTUPOBASN NOo4eSI0OYHbIE KAMHW (MarnaxuT, ouprsy n T. 4.)




[1o arperaTHOMY COCTOAHUIO CTEKMNO 3aHMMaET
NPOMEXYTOYHOE MOSNOXEHUE MeXAy XUOKUM U
KpUCTannnyecknum BellectBamMu. Ynpyrme CBOWUCTBA
OenarT CTEKNO CXOA4HbIM C TBepAbIMUN KpUCTanmyeckumm

TelaMMn.




LLnn gecatunetus, Beka, a cteknogenue bbirio No-npexHemy
BEMNUKNUM UCKYCCTBOM W TSXKKUM TPYyaAOM. TanaHTnuBbIe
MacTepa bepexxHO Konunu, XpaHunu n nepegasanm, Kak
boratoe HacneacTBo, CEKPETbI Bapkn 00paboTkm cTekna
CBOMM OETAM N BHYKaM. A Te OTKpPbIBarin HOBblE CEKPETHI.
Bce nydJlwle nony4yanocbk CTeKNo, Bce boriee KpacuBble
BELLMLIbI yaaBarnocb U3 HEro co3aaBarh.




Tpn ¢ NONOBUHOWU ThICAYMN NET
Ha3ag ermneTckne oapaoHsl,
Harpabus U1 Nony4MB B NoaapokK
MHO3EMHOE J00pOo, NpuKasbiBanu
BbICEKATb Ha CTEHaX XpaMoOB
nepeYyHn NoCTynuBLLKNX OOraTcTB.
Cpegun ynoMmmHaHuUn o 30510Te,
cepebpe, camoLBeTax
HENpPeMeHHO BCTPEYalOTCA U
3arnncum o «CBepkKatoLem
OrHEHHOM AparoueHHOM KaMHe»,
TO €CTb O CTEKIE.



MHorosekoBasi UICTOPUSA CTEKNa, NonHas TanH U
NPUKITIOYEHUW, nNpoaomkanack. 1 oaHaXxabl MPou3oLLUno
coObITUE, KOTOPOE KPYTO M3MEHUIO CcydbOy 3TOro
3amMmevarenbHoro matepuana. C 3Toro MOMEHTa Ha4Yanachb
HOBas 3noxa B UCTOPUKM CTEKNA, HO U HOBbLIN NMepuoa B
NCTOPUKN YEerToBEYECKOW KyNbTypbl, ObiTa, NPOMU3BOACTBA.




CbipbeM Ansi Npou3BoacTBa 0OLIYHOIO CTEKIA CryXXaT
YMCTbIW KBApLIEBbLIN MECOK, coda WU U3BECTHSIK. OTU
BelleCcTBa TLaTeNbHO NepemMeLLInBatloT U NogBepratoT
cunbHomy HarpesaHuto (1500C).

Na,CO, + SiO,=Na,SiO,+ CO,
CaCO,+ SiO,= CaSiO,+ CO,




XNMUYECKNUN COCTaB OKOHHOIO CTeKma
oTBeYaeT popmyne
Na,0*Ca0"6SiO,;

N820-12,9%,
CaO- 11,6%,
Si0,-75,5%.

OaHako Ha npakTuke HabnogaeTcs
OTKITOHEHME OT 3Toro craHgapta. CoBpeMeHHoe
CTEKJTIO Nony4atoT Ha OCHOBE
MHOIOKOMMOHEHTHbIX CUCTEM.

Camas pacnpocTpaHeHHas cuctema
Na,0-Ca0O-Si0O,-MgO-Al O,



[Tpouecc cTeknoBapeHUss YCNOBHO pasdensaoT Ha HECKONbKO CTaauMn:

* cunukatoobpasoBaHue,

* CTeknoobpasoBaHue,

* OCBETIEHME,

* TOMOreHM3aumio N oxnaxaeHme («CTyaky»).

Ha ctaguuv cunukamoobpa3ogaHusi npoucxoauT TEPMUYECKOE
pasnoXeHne KOMMOHEHTOB, C 0bpa3oBaHneM cunmkatoB. Ctaans
cununkatoobpasoBaHus 3aBepiaetca npm 1100-1200 C.

Ha ctagun cmeknoobpa3ogaHusi paCTBOPSAKOTCA OCTATKM LUNXTbI, U
yaoansieTcsl neHa, pacnnaB CTaHOBUTCS NPO3padHbiM; CTaaust NPOTEKaET,
npu Temnepatype 1150-1200 C.

Ha ctagun oceemneHus npu Temneparype 1500-1600 C ymeHbLUaeTcH
CTEMNEHb MEPECHILLEHNSI CTEKITOMACChI ra3amMu, B pesynsrate 4yero
Ny3blPbKM DOSMbLLUNX Pa3MepPOB NOAHNUMAIOTCA HA NOBEPXHOCTb
CTEKNOMACChI, a Marible pacTBOPAOTCS B HEWN. [1NS YCKOPEHMA OCBETNEHNS
B LUMXTY BBOASAT OCBETNUTENM.

OQHOBPEMEHHO C OCBETNEHNEM NOET 20MO2eHU3aUUS — yCpeaHEHNE
cTeknomaccsl no cocrtaBy. HeogHopogHOCTL CcTeKNomMacchl 0ObIYHO
obpasyeTcs B pe3syrbraTte nioxoro nepemMeLllnBaHnst KOMNOHEHTOB LLUNXTHI.



[TocneaHssa ctagmua CTEKNOBAPEHUS - Ox/1axKoeHue
cTeknomacchl («CTyaka») Ao BA3KOCTU, YTO COOTBETCTBYET
Temnepatype 700-1000 C. NmaBHoe TpeboBaHue npu
«CTyOKe» - HENpPepbIBHOE MEASIEHHOE CHUKEHME
TemnepaTtypbl 6€3 n3MeHeHNs1 cocTaBa 1 OaBrneHUs

ra3oBOW cpeabl; NPy HapyLleHun obpasyoTca Menkme
ny3bIpu.




dopmupoeaHue N3genun N3 CTekriomacchl
OCYLLECTBNAETCA MeXaHNYEeCKMM Crocobom (MpokaTKon,
npeccoBaHneM, npeccoBbigyBaHNEM, BblayBaHUEM U TaK
nanee) Ha cmekrogopmyrowux mawuHax. ocne
doopMoBaHuNA U3gennsa nogseprarTcsa TepMnUyeckon
obpaboTke (OTXUry).




N3 XMUYECKNX NPOLIECCOB CTEKITOBAPEHNS BaXXHEULLNMU
SIBMAITCA peakumn cunmkatoodbpasoBaHusi, NpoTeKkatoLme
015 pasfnyHbIX CMECEN NMpu pasHbIX TeMnepaTtypax u
ycriosmax. OHM 3aBepLuatoTcs obpasoBaHUEM CUITMKATOB
HaTPUS U KanbUKUs, a Takke CINOXXHbIX CUIMMKATOB:

CaNa,(CO,)+Si0,=CaSiO + Na,SiO,+2C0O,
CaCO,+ SiO, =CaSIO, + CO,
Na, CO, + SiO, = Na,SiO + CO, k]
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CTEKINO OPTAHNYECKOE, TexHU4Yeckoe Ha3BaHue ONTUYECKMU
npo3paydHbIX TBepAblIX MaTepuarioB Ha OCHOBE OrpaHN4YeHHbIX
nonummMmepos (NonuakpunaTos, NONIMCTUPONA, NOFNIMKAPOOHATOB,
cononnmepoB BUHUNXIIOpUAA C MeTUIIMeTakpunaTtom u gpyrue). B
NPOMBbILUNEHHOCTU NOoA «OrPaHUYeHHbIM CTEKSTIOM» OObIYHO
NMOHUMAKOT JIMCTOBOM MaTepuar, nony4yaeMbiu nonmmepusaumen B
mMmacce (6noke) meTunmetakpunara (cm. lNonumeTunmMmeTakpunar).

Coetckuin dnauk 1. I'l. KobeHko (1897-1954)
paccmarpusarn opraHM4eckme ctekrna c nosnuum
don3n4eckon Teopun NOSIMMeEpPOB.



XYOOXECTBEHHOE CTEKIJ1O. XyaoxxectBeHHOE CTEKNO
BKIOYaeT B ceds eumpaku, cMasibmoeblie Mo3auKu, cocyObl
XyooxxecmeeHHble, apxumeKmypHbie demaJsiu, 0eKkopamueHble
demarsiu, 0ekopamueHble KOMMo3uyuu, cKkynbnmypy(obbI4HO
Masibix ¢hopM), ceemusibHUKU, UCKYyCCMeeHHbIe Opa2ouyeHHocmu
(6buxxytepusa). B apeBHeM Mupe npousBOACTBO CTeKMNa ObIsio
ocobeHHO pa3BuTo B ErnnTe (anoxa lNrTonemees, 4-1BB. A0 H.3.),
Cupun, ®uHukun, Kutae.




C 6 B. LEHTPbI Xy40XXEeCTBEHHOIO
cTeKkriogenusa cocpeagoToyYnnncs B
BusaHTuun, roe npoupetana BblAesika
LIBETHOIO HENPO3pPaYyHOro cTekna angd
nocyabl U cMansT. B cpegHen BeKkoBOU
3anagHon EBporne anoxu eomuku
Ba)KHENLEN 00nacTbio NCKYCCTBA,
CTUMYNMPOBaBLLEWN pa3BUTUE BKYCa K
XyOOXXeCTBEHHOMY CTEKIY, BbIfio
N3roToBrieHne BuTpaxen. Ha BocToke B
12-14 BB. NpON3BOACTBOM CTEKNMAHHbIX
nsgennn cnasunacb Cupus.

B 15-16 BB. Beayulee 3Ha4yeHNe B
OeKopaTUBHO-MPUKNagHOM UCKYCCTBE
EBponbl npuobpeno seHeyuaHcKoe
cmekKrsio. BeHeunaHCKoe CTekKIo-
3acTbiBLIAA MY3bIKa ...



BeHeuLnaHCKoe CTEKIO — 3TO TAXKenble
LIBETHblE KYOKKU, pacnucaHHble amManbsio ,u
TOHKME, NMpo3payvHblie, Kak Bo3ayx , bokanbl,
9TO U HEXHbIE Ba3sbl, U CTEKIAHHbLIE COCYAbI,
OY€EeHb MNOXOXNe Ha apdop; 3TO U
cBepKatoLine, Kak gparoLeHHble KaMHMu,
NIOCTPbI, 3epKarna, BUTpaxu.




B178. LUEHTP XyO0XXeCTBEHHOIO
cteknogenua nepemectunca B Yexuio. C
1770-X IT. cTano LWUPOKO NPUMEHSATLCS
CTEKIO, Nosiy4eHHOE Ha OCHOBE OKUCHU
CBUHUA (XpycTanb, oNUHT-rnacc),
rmaBHbIM cnocobom 06paboTkmn KOTOPOro
SIBUNOCb T.H. aniMa3Hoe rpaHeHue,
HauunHasa ¢ 18 B. MUHTEHCUBHO
pasBMBaeTCs 1 NPomM3BoACTBO
NCKYCCTBEHHbIX AparoueHHbIX KamHen. Ha
pybexe 19-20 BB. K Xy0XECTBEHHOMY
CTekny obpallatoTcda cneunanmcTbl rno
OEeKoOpaTUBHO- NPUKNagHOMY UCKYCCTBY B
NX U3OENNAX.




[1ns1 coBpeMEeHHOro XyaoXecTBeHHOro
CTEeKIIa XapakTepHO Heobbl4anHoe
pa3HoOObpa3sne TEXHUK U CTUNEBbIX
TEHOEHUNWN; YBIIEYEHNE
N3bICKAHHbIMW, NOAYEPKHYTO
daHTacTu4yeckumMmn KoHpUrypaumuamm
N YCINOXHEHHO-OPHAMEHTAalTbHOW
00paboTKOM NOBEPXHOCTEN
COCYLLECTBYIOLLKNX C TATOTEHUEM K
aCKETUYECKN- CTPOTMM PELLEHUSAM,
BbIAENSAIOLWMM B KAYECTBE
BaXXHENLLNX 3NeMeHTOB obpasa
NPOCTOTY pOPM U NPO3PaYHOCTb
HeyKpalLleHHOro cTekna.



METAJIMYECKOE CTEKIO. Cutann- 3To CTEeKNo co
cBomcTBamMmu metanna. Ero moxHo koBatb. 13 HEro MoXxHo
aenatb oTnMBKU. 1o NPOYHOCTU OH NPEBOCXOAUT YYTIyH,
XOTS BTPOE fierdye ero u ropasno gewesne. MockoBCKUm

npodeccop N. U.Kutanropogckmu
CTekno + n + Kpuctann = cutann

CuTtann- Kpuctaniun4yeckoe CTeKIO




O maTepuane, coyeTtaroLwiem B cebe cTornb
pa3Hoobpa3Hble CBOMCTBA, paHbLLE U HE MeYTarnu.
CuTtann XayT n CTPOUTENNU, U XUMUKN, U
MawumHocTpouTenu. M korga dyayT CoOopyXeHb!
cuTannoBble 3aBOAbl, MNOABATCA BEYHLIE TPOTyaphl U
Ooporun, Tpyobl A8 caMbiX €4KNX KUCIOT U
LLlerioven, KpacuBble U gelleBble aetany MmalluvH U
CTaHKOB, NOAOKOHHUKWU, CTYNEHW, NOSibl, PaKOBUHbI —
Pa3HOLIBETHbIE, APKMUE, He3HatoLMe N3Hoca.

Ho camoe MHTepecHOEe TOo, YTO cuTans MOXHO
BblpabaTtbiBaTb «M3 HUYErO» - N3 OTXOOO0B
MeTannyprmieckou npomMbILLSIEHHOCTH.



HoBenwmmmym BugamMmm « TEXHUYECKUX»
CTEKOJ ABMAIOTCS Na3epHble,
OTOXPOMHbIE,
NonyrnpoBOAHUKOBLIE, ONMTUYECKNE U
MarHMToakTUBHbIE U OpYyrue.

1965 r. — paTta poxgeHus
POTOXPOMHbIX CTEKO.




