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Mpepucnosue

Lienn v npuHumnel cTaHgapTm3auum B Poccuiickoin @efepauym ycTaHoBneHbl ®efepanbHbiM 3aKkOHOM OT
27 neka6bps 2002 r. Ne 184-d3 «O TeXHUYECKOM perynvpoBaHuu», a npasuia NPpUMEHEHNs HauUoHabHbIX
cTaHfapToB Poccuiickoii ®epepaunn — FOCT P 1.0—2004 «CtaHgapTtusauua B Poccuiickoii ®epepauun.
OCHOBHbIE NOIOXEHUSA»

CeefeHus o cTaHgapTe

1 PABPABOTAH ®egepanbHbiM rOCYLapCTBEHHbIM YHUTApHbIM NpeanpustueMm «Bcepoccuiickuii
Hay4YHO-nccnefoBaTenbCkuii LeHTp cTaHAaapTusaumm, nHdopmaummn n ceptudmkanmmn cbipbs, Matepmanos v
Bewects» (®ryn «BHMLCMB») n ABTOHOMHOV HEKOMMEPYECKO opraHm3auneli cogeincTBMsA NOBbILLEHUIO
9KO/I0rMYECKO 1 aHepreTnyeckoi ahdhekTUBHOCTHN PermoHoB «3konarH» (AHO «3konaliH»)

2 BHECEH TexHuuyeckum KomuTeToMm no ctaHgaptusauun TK 349 «ObpalleHune ¢ oTxogamm»

3 YTBEPXAEH W BBEJLEH B ,EI,EMCTBVIE Mprkazom PefepasbHOro areHTCTBa rno TeXHNYecKomy
perynnpoBaHuto n metponoruv ot 23 gekabpsa 2010 r. N° 981-cT

4 HacTtoswumii cTaHgapT paspaboTaH ¢ y4eTOM OCHOBHbIX NOSI0XeHUn CnpaBoyHuka EC «EBponeiickas
Komuccusa. KomnnekcHoe npegynpexgeHne n KOHTPO/b 3arpsisHeHnii. CnpaBoyHOe pyKOBOACTBO MO Hauayu-
LWNM [OCTYMHbIM TexHosornam. MNpon3BoACTBO COPTOBOrO M TapHoro crekna» («European Commission.
Integrated Pollution Prevention and Control (IPPC). Reference Document on Best Available Techniques in the
Glass Manufacturing Industry»), noAroToB/IEHHOrO B paMkax peanusauuu Aupektusbl 96/61/EC o Komniekc-
HOM KOHTpO/ie 1 npefoTBpaLleHnn 3arpasHeHns, n «CnpaBoyHUKa no Hauayywm AOCTYNHbIM TEXHOI0MNAM
obecneyeHuss aHeproappekTuBHocTU» («Integrated Pollution Prevention and Control (IPPC). Reference
Document on Best Available Techniques for Energy Efficiency»), nogrotoBneHHoro B nopsigke peanvsauum
[OunpekTtnebl 2008/1/EC no KOMMNIEKCHOMY NpeAoTBPaLLEeHNI0 N KOHTPOSIO 3arpA3HeHN

5 BBEJEH BIEPBbIE

MHopMauus 06 M3MEHEHMSAX K HACTOSILLEMY CTaHAapTy Ny6ankyeTCsl B eXerofHo n3jaBaemMom
MH(OPMaLMOHHOM YKasaTe e «HaunoHanbHble CTaHAapTbi», a TEKCT U3MEHEHWIi M NONPaBoK — B eXeMe-
CSIUHO M3aBaeMblX UH(DOPMALIMOHHBIX YKa3aTensax «HauuoHanbHble cTaHgapThi». B ciyyas nepecmMoTpa
(3aMeHBbI) MM 0T MEeHbl HACT OSILLENO CTaHAapTa cooTBe TCTBYHOLLee yBeJoM/eHNe 6ygeT ony6/MKOBaHoO
B ©XXEMEeCsYHO M34aBaeMoM MH(POPMAaLMOHHOM yKa3aTene «HaunoHanbHble cTaHaapThi». COOTBETCTBY-
loLLas MHdhopMaLvsl, yBeJOMIEHNE N TeKCT bl pa3mellalo T csa Takxe B MH(opMaLMoHHO cucTeme o6LLero
No/fib30BaHUs — Ha ohMuUManbHOM caliTe defepasibHOro areH TCTBa N0 TeXHUYECKOMY PeryvpoBaHuio 1
MeTponorun B ceTu HTepHeT

© CraHgapTuHdopm, 2011

HacTosuii cTaHAapT He MOXeT GbITb MOSIHOCTLIO UM YACTUYHO BOCMPOU3BEAEH, TUPAXMPOBAH 1 pac-
MPOCTPaHEH B kKayecTBe ohuLmanbHOro nsganus 6e3 paspelleHus ®efepasbHOrO areHTCTBa N0 TEXHUYECKO-
MY perysiupoBaHuio 1 MeTposiorumn
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BsepeHune

CxwuraHve nckonaemoro Tonamea s nosiy4eHns sHeprumn ABAAeTCs OCHOBHbIM @HTPOMNOreHHbIM UCTOoY-
HWKOM NapHUKOBbIX ra30B, OKa3biBaOLLMM B/IMSHNE HA U3MeHeHne Knumara. MNpogomkatoLeecs maclwtabHoe
notpe6neHne HeBO306HOBISAEMbIX 3aNacoB UCKONAEMOro TOM/IMBa U HE06X04MMOCTb 06ecrneyeHns ycToiuu-
BOCTW 3KOJI0N0-3KOHOMUYECKUX CUCTEM MNOBLILIAKT MPUOPUTET BOMNPOCOB, CBA3aHHbLIX C NPOU3BOACTBOM U
noTpebaeHnem aHeprum.

MprMeHeHVe Hannyylmnx AOCTYNHbIX TexHonornii (HAT) sienseTca Hanbonee 6bICTPbLIM, pe3ynbTaTus-
HbIM 1 9KOHOMUYECKM 3D DEKTUBHBIM NOAXOA0M K PELLIEHNI0 BONPOCOB 3HEProadrhekTMBHOCTY.

B 2006 r. MpaBuTenbcTBO Poccuiickoii Pepepaum ogobpuno KoHuenumo pasBntns HalumoHanbHol cuc-
TeMbl cTaHAapTu3aummn. Bycnosusax rnobannsaumm 3KOHOMUYECKNX OTHOLLEHWI HaUOHanbHasA cucTema cTaH-
Japtmsauum npu3BaHa o6ecneunTb 6GanaHC WHTEPECOB rOCYyAapcTBa, XO3SWCTBYHOLWMX CyObeKToB,
06LLEeCTBEHHbIX OpraHu3auuini u notpebuTeneil, NOBbICUTb KOHKYPEHTOCMOCOOHOCTL POCCUIACKOV SKOHOMUKM,
co3faTb YCNOBUA ANA pa3BUTUSA NpeanprHUMaTelbCTBa Ha OCHOBE MOBbLILEHNA KayecTBa TOBapoB, paboT un
ycnyr.

CraHfapTm3auus ABnseTcsa KIlYeBbiM hakTopoM NoALepPXKN rocyAapCTBEHHON coLnanbHO-3KOHOMMU-
YeCKOW NOSIMTUKM, CNOCOBCTBYET pa3BMTUNIO 4OOGPOCOBECTHOW KOHKYPEHLMW, MHHOBALWIA, CHUXEHMIO TEXHUYeC-
Knx 6apbepoB B TOProsfe, NOBbILEHNIO YPOBHA 6€30MacHOCTM XM3HW, 3[40POBbA U UMYyLLECTBa rpaxaiaH,
obecneunsaeT oxpaHy MHTEPECOB NOTpebuTene, okpyxatoLLei cpefbl 1 3KOHOMUIO BCEX BUAOB PECypCoB.

CraHgapTu3auuns B KayecTBe OHOIO U3 3/IEMEHTOB TEXHUYECKOrO PerysimpoBaHus npussaHa BHECTU
3HaUYNTENbHbIA BKIaA B 3KOHOMUYECKOe pas3BMTME CTpaHbl, MPU 3TOM POMb U NPUHUMMLI CTaHAapTU3auum B
yCnoBuax pepopMmMpoBaHns pOCCUIACKO IKOHOMUKM JO/KHbI ObITb afeKBaTHbI MPONCXOAALLUM NepemMeHam 1
COOTBETCTBOBATb MEXAYHAPOAHOW NpakTuke.

OfHUM 13 OCHOBOMONAaramLWwmx NPUHLMUNOB CTpaTerny passBuTua HauMoHasIbHOM CMCTEMbI CTaHfapTm3a-
Luu ABAseTCcA NpUMEHeHne MeXayHapoAHbIX CTaHAapTOB Kak OCHOBbI Pa3paboTku HaUMOHaNbHbIX CTaH4ap-
TOB. 3@ UCK/IIOYEHVEeM C/ly4YaeB, Koraa Takoe NpMMeHeHne NprU3HaHo HelenecoobpasHbIM.

B cootBeTcTBUM C YKa3om lMpesngeHTta Poccuiickoin ®epepavmm ot 4 nioHs 2008 r. No889 «O HekoTopbIX
Mepax no NoBbILLEHWI0 SHEPreTUYECKO 1 3KoNornyeckol adhtheKTMBHOCTN POCCUIACKOI SKOHOMUKN» B HACTOS-
Liee BpeMs BeAeTcsA akTuBHasA paboTa no CoBepLUEHCTBOBaHMIO 3aKOHO4aTe/TbHOM M HOPMATUBHO-MeTogMyec-
KO 6a3bl, HanpaB/IEHHO B TOM YMC/e HA CTUMYIMpOBaHue npumeHeHns HAT. aaanTypoBaHHbIX K POCCUIACKNM
YC/IOBUAM.

Pacnopsixenunem MNpasuTtensctea Poccuiickoli ®egepauum oT 13 HoA6pa 2009 r. Ne 1715-p yTBepxaeHa
OHepreTuyeckas ctpaTerus Poccum Ha nepuog ao 2030 roga. Mpe3snaeHTom Poccuiickoii ®epepauun noanu-
caH ®efepasbHblil 3aK0H 0T 23 HOA6psA 2009 1. No 261 -3 3 «O6 3Heproc6epexeHnmn 1 0 NOBbILLEHNN SHEPreTu-
4yeckoil 3a(hheKTMBHOCTUM M O BHECEHUW W3MEHEHWIA B OTAE/NbHble 3aKkoHoAaTeslbHble akTbl Poccuiickoi
depepavun» [1].

MpumeHeHne HAT npegnonaraeT cyw,ecTBEHHOE NOBbILEHWE NokasaTesieli aHeproahekTUBHOCTA n
9KOM0rMYecKon athheKTUBHOCTN XO3ANCTBEHHONM AeATeNbHOCTW, YTO MNOMIHOCTHLI0 COOTBETCTBYET rocyaap-
CTBEHHOW nonuntmke Poccuiickoin depepauun.

3a py6exomMm ¢ MoOMeHTa BCTYneHns B cuny iupektuebl 96/61/EC sHeppeHve HAT achhekTMBHO ocyLe-
CTB/IS€TCSA BO BCEX OTpac/nsAxX npomMbiwneHHocTU. MpuHaTtasa B 2010 r. Aupektuea 2010/75/EC 0 npoMbILINEH-
HbiIX Bblbpocax, oTMeHswwaa Aupektuy 96/61/EC c 1 saHBaps 2016 r., coxpaHwia MOMOXeHue o
Heo6xoAnMOCTU npumMmeHeHusa HAT.

B HacTosuwem cTaHAapTe npuBefeHbl peKOMeHJauun no npakTu4eckomy npuMeHeHuo 1 BO3MOXHOCTH
ucnosnb3osanua HAT NoBbIWEHNA 3HEProatPeKTUBHOCTY NPU NPOU3BOACTBE COPTOBOrO M TAPHOro CTekna B
COOTBETCTBMM CO CNPaBOYHbIMYK JOKyMeHTamu no HAT.

HAT noBbiweHns 3HeproadeKTUBHOCTH, YKa3aHHble B HACTOSALEM CTaHAapTe, MOryT 6biTb MCNO/b30-
BaHbl NPOM3BOANTENAMU COPTOBOIO MTAPHOTO CTEKNa NPU NPOEKTUPOBAaHNM HOBbIX NPeANPUATUIA A1 NOBbILLE-
HUSA pe3ynbTaTUBHOCTM CBOe paboTbl C y4eTOM MWPOBOrO OMbITa, HAKOM/EHHOr0 B AAHHOW oTpaciun
(cm. npunoxeHue A).

HacTosawuii ctaHgapT paspaboTaH ANS agantauyum oTpac/aeBoro eBponeickoro cnpasoyHnka no HAT k
pOCCUIACKMM YC/TOBUSIM.
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HALULMWOHANBHBIN CTAHAAPT POCCUWNCKOWN GENLEPALUMN

PECYPCOCBEPEXEHUNE

NMPON3BOACTBO COPTOBOIo N TAPHOIO CTEK/A
Hawnnyuywune focTynHbie TEXHONOTMU NOBbLILWEHUA 3HEProat HeKTUBHOCTH

Resources saving. Production of domestic and container glass.
Bestavailable techniques forimproving energy efficiency

fataBBegeHns — 2012—01—01

1 O6nacTb NpUMeHeHUs

HacTosawwuii ctaHAapT pacnpocTpaHAeTcs Ha NPOeKTMPOBaHNE HOBbIX NPEANnpPUATUA N0 NPOM3BOACTBY
COPTOBOrO M TApPHOrO0 CTeKNa ¥ NpoBeAeHne NpoLeypbl OLLEHKN BO3ECTBUA Ha OKPYXaloLLyI0 cpeay 1 rocy-
[apCTBEHHOI 3KCNepTM3bl COOTBETCTBYIOLLEN AOKyMeHTauuu [2,3].

HacTtosAwuin ctaHgapT COAEPXUT NpakTuyeckne pekoMeHgauMu No NPUMEHEHUIO U MCNOJSIb30BaHMI0
CYLLLeCTBYIOLMX M afanTUpPOBaHHbIX K POCCUACKMM YC/TOBUAM Hany4LNX 4OCTYMHbIX TexHonormin (HAT) noBbi-
LeHNs1 aHeproaeKTMBHOCTY NPON3BOACTBA COPTOBOIO W TAPHOrO CTeKNa, NPUBEAEHHbLIX B CNPaBOYHbIX
[OKyMeHTax [4—7]. B HacTosLWweM cTaHgapTe npuBeeHbl OCHOBHbIE XapakTepucTUK/ afanTupoBaHHbIX K poc-

cuiickum ycnosusm HAT noBbiweHWs 3HeproaeKkTMBHOCTM MNpPOM3BOACTBA COPTOBOrO U TapHOro
ctekna [4. 5].

2 HopmaTuBHbIE CCbIIKK

B HacTosWweMm cTaHfapTe UCNo/b30BaHbl HOPMATUBHbIE CCbISIKU Ha cneaytoLme cTaHaapThl:

FOCT P NCO 9000—2008 Cuctembl MeHemKMeHTa kayecTBa. OCHOBHbIE NONIOXEHUA U CI0Bapb

FOCT P CO 14050—2009 MeHemKMEHT okpyxatLlein cpeabl. Cnosapb

FOCT P 50831—95 YcTaHOBKU KOTe/ibHbIe. TensomexaHmyeckoe o6opynoBaHune. ObLyme TexHn4eckme
TpeboBaHus

FOCT P 51387—99 3HeprocbepexeHne. HopmaTtnBHo-meTogmyeckoe obecneveHme. OCHOBHbIE NOJO-
XeHuns

FOCT P52104—2003 PecypcocbepexeHne. TepMuHbl 1 onpegeneHuns

MpumeyaHune — MNpyNONb30BaHNN HACTOSAWMUM CTaHAaPTOM Lienecoo6pasHo NPoOBepPUThL JelicTBUE CCbINOY-
HbIX CTAHAApPTOB B WH(POPMALMOHHON cucTemMe 06LLero NoNb30BaHWSA — Ha oduumanbHOM cailiTe ®epepanbHOro
areHTCTBa N0 TEXHUYECKOMY PeryinpoBaHuio U MeTPOonornn B ceTn VIHTepHeT NAu No exXerojHo nsjaBaemMomMy nHdopma-
LMOHHOMY yKa3aTento «HaunoHanbHble CTaH4apPThi», KOTOPbI/ 0NY6ANKOBAH MO COCTOSHUIO HA 1sHBApA TeKyLero roaa, u
No COOTBETCTBYIOLUM €XEeMeCAYHO M3AaBaeMblM UH(MOPMALMOHHbIM ykasaTenam, ony6/UKOBaHHbIM B Tekyliem rogy.
Ecnu cCbiNOYHbI cTaHfapT 3aMeHeH (M3MeHEeH), TO NPy No/b30BaHUU HACTOSALWMM CTaHAapTOM cieAyeT PYyKOBOACTBO-
BaTbCA 3aMEHAWNM (M3MEHEHHbIM) CTaHAapTOM. ECAM CCbINOYHbI cTaHjapT oTMeHeH 6e3 3amMeHbl, TO NOJIOXeHNe, B
KOTOPOM fiaHa CChl/IKa Ha Hero, NpUMEeHAEeTCs B 4acTU, He 3aTparusatolyeil 3Ty CCbiky.

3 TepmuHbl 1 onpepeneHus

B HacToflem cTaHgapTe npuMeHeHbl TepMuHbl no FOCT P MCO 9000. TOCT P MNCO 14050,
FOCT P 50831, TOCT P 51387, TOCT P 52104, coegepanbHoMy 3aKkoHy [1], a Takke cregyloLlie TEPMUHbI C
COOTBETCTBYOLMMY ONpeAeneHNAMN:

N3paHne opuymnansbHoe
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3.1 Hauny4ywasa goctynHas TexHonorus; HAT: TexHonornyeckuii npouecc, TEXHUYECKUA meTos,
OCHOB@HHbI Ha COBPEMEHHbIX AOCTMXEHNAX HAYKN U TEXHUKN, Hanpas/ieHHbI Ha CHUXEeHVWEe HeratMBHoro
BO3AENCTBUSA XO3AWCTBEHHON AEATENbHOCTM HA OKPYXaloLlyl cpedy VM UMEL M YCTaHOB/IEHHbI CPOK
NpakTUYeCKOro NPUMeHeHUs C y4eTOM 3KOHOMUYECKMX, TEXHUYECKUX, 3KONIOTUYECKUX U COLManbHbIX (hakTo-
pos.

MpumeuaHuns

1 HAT o3HavaeT Hanbonee achhekTUBHYIO N NepefoBYy0 CTaANI0 B Pa3BUTUN NPON3BOACTBEHHON AeATENBHOCTU U
MeTO[0B 3KcnayaTauum o6bEKTOB, KoTopas o6ecneynBaeT NPakTUYECKYy NPUTOAHOCTbL ONpeAeneHHbIX TEXHONOrni
ANA npefoTBpalleHns Uan. ecnu 3To NpakTUYeCckn HEBO3MOXHO, obecneyeHns obuiero cokpaleHunsa eol6pocos/cé6po-
COB M06pa3oBaHNA OTXO0B. YUeT BO3AeNCTBMNI HA OKPYXaloLyto cpeay NPOU3BOAUTCA HA OCHOBE NpeAenbHO A40NyCTH-
MbIX BbIGpOCOB/C6pPOCOB.

2 Mpu peanusauun HAT. umetow el yCTaAaHOBNEHHbIVi CPOK NPAKTUYECKOro NPUMEHEHMNA C Yy4ETOM 3KOHOMUYECKUX,
TeXHUYECKNX, IKONTOTNYECKNX U CoLManbHbIX (haKTOPOB, JOCTUTAETCS HAaUMEHbLW A ypOBEHb HEraTUBHOTO BO3A4eNCTBUSA
Ha OKpyXaloLylo cpefy B pacyeTe Ha e UHULY Npou3BeaeHHOoN npoaykumm (paboTebl, ycnyru).

3 «Haunydwan» o3HavyaeT TEXHONOrNI0, Hanbonee ahPeKTUBHYIO 41 BbiNyCKa NPOAYKLUN CAOCTUXEHNEM yCTa-
HOB/IEHHOTO YPOBHSA 3alUThl OKpYyXalL e cpeabl.

4 «JlocTynHas» 03Ha4YaeT TeXHO0I1I0, KoTopas paspaboTaHa HaCcTO/IbKO, YTO OHAa MOXET 6bITb NPUMEHEHa B KOH-
KPeTHON O0Tpacnu NPOMbILWAEHHOCTN NPU YCNOBUN NOATBEPXAEHNA IKOHOMUYECKOW, TEXHUYECKON, 3KONOrMYeckon n
coumnanbHoll Lenecoo6pasHoCTN ee BHeAPeHUA. «[locTynHas» NnpuMeHuTenbHO kK HAT o3HauaeT yueT 3aTpaT Ha BHej-
peHune TeXHONOrNN N NPpenMyLLecTB ee BHEAPEHNSA, a TaKKe 03HavyaeT, YTO TeXHO/I0rNA MOXeT 6blTb BHegpeHa 8 3KOHO-
MUYECKN U TEXHUYECKN peann3yeMbliX yCOBUAX 41 KOHKPETHOW OTPac/iM MPOMBbILIJIEHHOCTH.

5 B OTAENbHbIX Cly4Yasax YacTb TEPMUHA «AOCTYMHAasi» MOXeT OblTb 3aMeHeHa C/I0BOM «CyllecTBywllas», ecin
3TO onpefesieHo 3aKoHoAaTeNbCTBOM Poccuiickoit degepaynm.

6 «TexHOnorna» o3HavyaeT Kak MCMOb3yeMyto TEXHOOTUNIO, Taku CNoco6, MeToA U npuem, KOTOpbiM 06beKT cCnpo-
€KTMPOBAaH, NOCTPOEH, 3KCNyaTUPYeTCA U BbIBOAUTCA U3 3KCNyaTaunm nepej ero 1nkengaumnei c ytunusaunei o6es-
BPEXEHHbIX YacTel N yfaneHneM onacHbIX COCTaBAALINX.

7 KHAT oTHOCATCA, Kak NpaBuio, ManooTXoAHble N 6€30TX04HbIE€ TEXHONOTNN.

8 Kaknpasuno. HAT BHOCAT BrocyaapcTBeHHbIl peecTp HAT.

[FOCT P 54097—2010, nyHkT 3.1]

3.2 rocypapcTBeHHbIli peecTp HAT: CuctemaTvn3npoBaHHbIli 6aHK AaHHbIX O HaUAy4LnMX fOCTyn-
HbIX TEXHONIOTUAX, COAEPXaLLNii XapakTePUCTUKN TEXHONOTUIA 1 COOTBETCTBYIOLLME TEXHOOTNYECKMe, KO-
noruyeckue. coymasnibHble HOPpMbl U HOPMATUBbI.

[FOCT P 54097—2010. nyHKT 3.9]

3.3 HopmMaTMBbI B 06/1aCTU OXpaHbl OKpyxatwlleli cpeabl (MPUPOAOOXPAHHbIE HOPMATUBLI):
YcTaHOBNEHHblE HOPMATMBbI Ka4yeCcTBa OKpyXaloLei cpefbl, HOPMaTVBbI 4OMYCTUMOrO BO34EeCTBMSA Ha OKPY-
XaloLLyto cpeay 1 TEXHONOrMYeckre HopMaTuBbl.

3.4 TexHonorn4yecknii nokasartenb: [loka3aTenb, xapakTepu3yL il TEXHOMOTNIO C TOUYKN 3pEeHNS ee
COOTBETCTBUS HanNyuLlei JOCTYNHON TeXHONOrMn. TeXHONOrMYeckne HOpMaTuBbl BO3AENCTBUA Ha OKPYXato-
Lyto cpeny onpegensttca oasa HAT nyctaHaBnvMBarlTCa B rocyfapcTBeHHOM peectpe HAT.

4 OCHOBHble XapaKTepucTUK1 Npon3BoACTBa U3Aenunii n3 ctekna

4.1 OCHOBHbIE NOMOXEHUSA

TexHonornyecknin NpoLLecc NPon3BOACTBA U3eNnii U3 cTekna CoOCTOUT U3 HECKO/bKMX aTanos. Ha nep-
BOM 3Tane NpoucxoauT NOAroToBKa CbipbeBbIX MaTepuanos (4pobneHne, cyllka, npocensaHune). 3aTem Cbipb-
eBble MaTtepuasnbl WCNOMb3YT [AMA MNPUrOTOBMEHNA LWNUXTbl (AO3UPYIOT UM CMELIVBAOT KOMMOHEHTbl B
COOTBETCTBUM C TPe6OBaHNAMM K COCTaBY 1 CBOVCTBAM KOHEYHOI NpoaykKuun). B 3aBUCMMOCTM OT HA3HaYeHUs
CTekna Cbipbe A9 ero U3roTOBIEHUS COAEPXUT PasINUHbIE OKCUAbI U MUHEepasbl. KpeMHeseM, ABnstoLwmincs
OCHOBHOW COCTaBHOW YaCTbio HEOPraHN4yeckoro CTekna, BXOAWT B LUNXTY B BUAE KBAPLEBOro necka (pexe — B
BMAE MOMOTOro KBapua). 119 Bapkv BbICOKOKaYeCTBEHHbIX MPO3paYyHbIX CTEKO NECOKOUULL AT PU3NKO-XUMU-
yeckmmucnocobamu.BcocTtas LWNXTbI BBOAAT Takke COeUHeHNs kanbLms, 6opa, hocdopa, antoMmHus. Beno-
moraTesibHble — MaTepuasbl — 3TO  OcBeTAWTenu, obecusBeumsBaTesnu, [AywWwWTenu, Kpacutenn w
BOCCTaHOBUTENMN.
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Mpouecc cTekoBapeHnss — npoLecc nosiydyeHns oJHOPOAHOrO pacrniasa — YC/I0BHO pa3fensaiT Ha
HeCKo/bKO cTaguii: 06pa3oBaHne CUIMKATOB, CTEK1006pa3oBaHNe. OCBET/IEHNe, TOMOTEeHN3aLMI0 N OX1ax-
[JeHue.

Ha nepBoii cTaguv npoucxoAuT naasBfeHne KOMMOHEHTOB, obpasyeTcs xuakas dasa, cogepxaiias
CUNUKaTbl N MPOMEXYTOUHbIE coefUHEHNA. DTOT 3Tan 3aBepwaeTtca npy 1100 sBC— 1200 X .

Ha ctaguu cteknoo6pasoBaHus npy 1200 °C— 1250 “C pacTBOPSOTCA OCTaTKM LWNXTbI, NPONCXOANT B3a-
UMHOE pacTBOpPEHUE CUMIMKATOB, yAanseTcs neHa n obpasyeTca O4HOPOAHAs CTeK/omacca, HacblweHHas,
0lHaKo, ra3oBbIMW BK/TIOUYEHUSAMMU.

Ha ctagum ocBeTnenns (1500 °C— 1600*C, AnnTeNbHOCTb — [0 HECKOJIbKNX CYTOK) MPOUCXOAMNT yaase-
HMe 13 pacnnasa rasoBbix Ny3bipeil. O4HOBPEMEHHO C OCBET/IEHMEM NPOUCXOANT rOMOreHn3auus.

Ha ctaguun oxnaxgeHus npoBoaaT NOAroToBKY CTEK/IOMaCChl KpOpMOBaHUIO, 17151 Yero paBHOMEPHO CHYU-
XarT Temnepatypy Ha 400 °C—500 °C 1 gocturaioT He06X04MMO BA3KOCTW CTEK/TOMACCHI.

dopmoBaHve nsgennii U3 cTekomMacchl Npu NPOM3BOACTBE COPTOBOrO M TAPHOro CTEKNa OCYLLEeCTBAAIT
pas/inyHbIMN MEeToAamMn — MpeccoBaHNeM, NPeccBblgyBaHNeM, BblgyBaHVeM U APYTUMU C UCNOJIb30BaHNEM
crneynanbHbIX CTEKNO(OPMYIOLLNX MALLUH.

Tak kak okono 75 % noTpebneHns aHeprum B NPOU3BOACTBE CTEK/1a pacxofyeTcs Ha npoLecc cTek/1osa-
PeHns. Npn NOBbILEHNN 3HEPTO3(PdEKTUBHOCTY OCHOBHOE BHUMaHWe cnegyeT yaensTb MMEHHO 3TOMy aTtany
npons3BoACTBa.

4.2 TIpon3BOACTBO TApHOro cTekna

Mpon3BOACTBO TAPHOTO CTEKNA Pa3BUTO NpakTUYECKM BO BCEX permoHax Poccuiickoin ®egepauun noxea-
TbiBaET NPeANPUATASA, 3HAUYNTENBHO pasnyatLLnecs No MOLWHOCTU U aCCOPTUMEHTY BbiNMyCKaeMoW NpoaykK-
uyn. OfHaKo NpakTUYeckn BCA NPOAYKLUS NPOM3BOANTCA UCKTIOUNTENIBHO U3 HATPUA-KanbLMiA-CUNINKATHOrO
CTeKna, U pasnnmuns UCNoJib3yeMblX CblPbEBbIX MaTepuanoB orpaHunyeHbl. OTHOLIEHWEe BXOAHOIO MoTokKa
CbIpbEBbIX MaTepuasos K Nosly4aemoli CTeKioMacce MOXeT OT/IMYaThCsA B 3aBUCUMOCTY OT AO/IN UCMONb3Yye-
MOro CTekn0605, 4To BANSET Ha ra3006pasHbie NoTePY CbipbEBbIX MaTepranos Npu cTeknosapeHnn. Cyluka n
yrap WnXTbl MOTYT onpeaenstb noTepu oT 3 % A0 20 % BXOAHOro NOToKa, 1 1T cTekN0605 3ameHaeT npnbaunsn-
TenbHO 1.2 T wuxTbl. flonsa cteknobos coctasnsaet ot 50 % fo 6onee yem 90 %. korga OCHOBHYIO 40/110 OTXOA0B
cTekna HanpasAslT Ha NnepepaboTKy B Neyu.

4.2.1 3SHepronotpebneHne NponM3BOACTBA TAPHOIO CTEKNa

OHeprusa, Heobxogumas Ansa cTeknoBapeHus, o6bI4YHO cocTaBnseT 6osnee 75 % o6Lyero aHepronoTpe6-
NIeHns NPOM3BOACTBA TaPHOW NPOAYKUUM U3 cTekna. pyrumm 3Ha4umbIMy 06/1aCTAMK, CBA3AHHLIMU € NOTPe6-
NEeHNeM 3Hepruu, ABASITCA nuTatenu, npouecc hopMoBaHmus (CXaTblii BO3AYX W BO3AYLIHOE OXNaXaeHue
dopm), omkur, oborpes 1 obecneveHne npeanpuaTuA. JuanasoH aHepronoTpebaeHuns, BCTpeyarLwmnincs Ha
npeanpuATUSaX No NPON3BOACTBY TAPHOIO CTeKNa, Ype3BblvaiHO LWMPOK (TO/IbKO Ha cTekoBapeHne — oT 3.2
[0 12.2 T Ax/TcTeknomacchl), HO. Mo MMELLMMCA OLeHKaM, 60/1bLLMHCTBO NPeANpUATHAl OTHOCUTCSA K Ananaso-
Hy 0T 5.5 0 9.0 /T cTeknomMaccsl 1ot 7,580 11.0 [x/T roToBoi npoaykumu. [1nsi HEKOTOPbIX BUAOB NPOAYK-
LI OYeHb BbICOKOTO KayecTBa NocnefHAA BEIMUYMHA MOXET ObITb 3HAUNTE/TbHO BbILUe.

4.3 Mpon3BoACTBO COPTOBOrO CTeKNa

MpefnpuATus, NPoON3BOASALLME COPTOBOE CTEK/MO, KpaliHe HEOAHOPOAHbI, YTO onpeaensieT 3HaunTe b-
Hble pas3nuuns BO BXOAHbIX U BbIXOAHbIX XapakTepucTukax npoueccos. Mpyu NnponsBoACTBE MPOAYKLMN U3
HaTpUi-KanbLWii-CUNMKATHOTO CTEKNA BbIXOA, FOAHbIX 3aenuii coctasnseT oT 50 % go 90 % (B cpegHem 85 %)
BXOAALLNX CbIPbEBbLIX MaTepuasios, A/ CBUHLIOBOrO XpycTasisa 3TO OTHOLeHne cocTtasnsfeT ot 35 % o 80 %
(B cpeaHeM 75%). Bonee HM3Koe 3HaYeHME AN CBUHLOBOrO XpycTans 06yc/10B/1€HO COBOKYMHOCTLIO pa3nuny-
HbIX DaKTOPOB, Cpefit KOTOPbIX 60MblUAas A0NA PE3KU U NONUPOBKU 1 6oiee cTporme TpeboBaHUs K KaYecTBy.
Mpy Npou3BOACTBE APYTIMX TUMOB COPTOBOTO CTEKNa (XpyCcTasibHOro, 0nasioBoro, 60poCKMIMKaTHOI0) 3TO OTHO-
LeHe HaxoaunTca B npefenax gnanasoHa, 3afaHHoro asTuMu ABymMsa TunamMmu npoayKunu.

O6Luee 3HepronoTpe6ieHne NPon3BoACTBa CBMHLOBOMO XpycTans MoxeT gocturats 60 [Ax/T roToBoi
NpoAyKLUN, NpU 3TOM pacyeTHOe 3HepronoTpebeHne coctaBnseT ToNbko 2,5 MOx/T. Paznnune o6bscHAeTCS
MHOXeCTBOM (DaKTOPOB, FN1aBHble U3 KOTOPbIX CAeayoLne:

- BbICOKME TpeboBaHWA K KayecTBy, NpuBoAsLLMe K 60/1ee HU3KOI fose ToAHbIX n3aenuii. FopLok Mmea-
JNIEHHO pacTBOPSAETCH CTEK/IOM, YTO MPMBOAUT K 06pa3oBaHuNio CBUENR NIV NOSB/IEHUIO KAMHS B CTEK/e:

- CTEK/10 YacTo 06pabaTbiBalOT BPYUHYIO, U BbIXOA (DOPMOBaHUSA Takke MOXET 6bITb HUXKe 50 %; kpome
TOro, MOXeT NoTpeboBaThbCA AOMNO/THUTENbHbIW HArpeB U3Aenus npy QOPMOBaHUN;

- FTOPLUKN AO/MKHbI 6bITb NPOrpeThl A0 BbICOKOW TeMnepaTypbl 40 UCNO/b30BaHWSA, U OHU UMEIKT OYEHb
orpaHuyeHHbIl aKcnyaTaunoHHbI pecypc no cpaBHEHMIO C nevyamMmn HenpepbLIBHOro AeCTBUSA.
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4.3.1 SHepronoTpebneHve Npon3BoCTBa COPTOBOrO CTEKNa

AHanun3 sHepronoTpeb1eHns NPon3BOACTBA COPTOBOrO CTeK/1a OCNOXHEH pa3dHoobpasnem npeanpus-
TUA. NPUMEHSAEMbIX NPOLECCOB, UX MOLLHOCTW, @ TaKKe LIMPOKNM CNEKTPOM BUAOB BblMyCKaeMOoi nNpoayKumu.
KpynHocepuiiHoe npon3BoACTBO CTO/1I0BOW NMOCYAbl U3 HATPUIA-KanbLUA-CUIMKATHOTO CTEK1a MMeeT CXOACTBO
C NPOM3BOACTBOM TApPHOrO CTEKNa W XapakTepusyeTcs CpaBHUMbIM pacnpefeneHnemM aHepronoTpebneHus.
Bonblias Aons aHeprum pacxogyeTcst Ha 06paboTKy (B YaCTHOCTMW, Ha OTHEBYIO MONMPOBKY). Y je/IbHOE 3HEpPro-
notpe6aeHne B 3TOM BUe 3KOHOMUYECKOW fesiTeNbHOCTM BbiLe, YeM B NPOU3BO/CTBE TAPHOrO CTekna, n3-3a
MeHbLUEero pasmepa neveil, HECKONbKO Gonee BbICOKMX TemnepaTyp B neyu u 6onbliero, o 1,5 pasa,
o6palleHunss cteknoMacchl B o6beme b6acceliHa neyu.

HekoTopble npouecchl, B YaCTHOCTY NPOU3BOACTBO CBUHLOBOrO XpycTans, OCyLLeCcTBASOTCSA B HAMHOIO
MeHbLUMX MacluTabax v gaxe c NPUMEHEHNEM FOPLUKOBbIX Neveil. SnekTpoBapka CBUHL0BOIO XpycTasis N03BO-
NseT UCnob30BaTb OrHEYNopbl BbICOKOrO KayecTsa, obecneynsarnLye HaMHOro 60s1ee BbICOKOE KayecTBO
cTekna 1 No3TOMy MeHbLUYl [OM0 6paka cTekna u nydylliee COOTHOLEHMe Bbixofda B rofgHoe. Mockosbky
3M1EeKTPOBapKy OCYLLECTB/AIOT B HEMPEPbLIBHOM peXxume, 0OblYHO ee NpUMEeHeHne CBA3aHO C MpUMeHEeHneM
aBTOMaTuyeckoro hopmoBaHus. 3Tv hakTopbl MOryT ob6ecneuntb aHepronoTpebaeHne B pamkax 25 FOx/T
npoAykuuun. [lpyrne HenpepbiBHblE METOAbl CTEK/I0BApeHns MOryT ob6ecneynTb CXOAHOe, HO 6osiee HU3Koe
3HepronoTpeb6neHne.

5 MpuMeHeHVe HauyYlWnX 4OCTYNHbIX TEXHO/IOTUIA NOBbIWEHNS
3HeproadhekTUBHOCTM NPOU3BOACTBA COPTOBOIO M TAPHOTO cTeka

5.1 O6wme nosoxeHns

Mpon3BOACTBO CTek/a — Ype3BblYaiiHO 3HEProeMkuii NpoLecc, NO3TOMY MUCTOYHWK SHEPruu, MeTobl
Harpesa 1 yTUAn3auuy TenioTbl ABAAIOTCA onpeAensowmnMm ana paspaboTkm KOHCTPYKLMIM Neyn, aHeproad-
(heKTVBHOCTU 1N IKOHOMUYECKON 3hheKTUBHOCTK npoLiecca. Te xe DakTopbl onNpesensaioT IKON0rnMyeckyo
pes3ynbTaTuBHOCTbL Npouecca [4.5].

Bbi6op MeToAa CTek/ioBapeHusi onpeaenseTcs 3KOHOMUYECKUMU W TEXHOSIOTMYECKMMU hakTopamm,
OCHOBHbIE 13 KOTOPbIX C/iedytolne: Tpebyemas NPON3BOAUTENILHOCTb, COCTaB CTEK/NA, CBSA3aHHbIe KanuTasb-
Hble 1 TeKyLLMe 3aTpaThl B TeYEHNe NPOAO/IHKMTETIbHOCTY KaMNAHUN NeYn, BT.4. LieHbl HAa TOM/IMBO, CYLLeCTBYIO-
was uHgpacTpyktypa. [lpyu 3TOM TEXHONOTMYECKMe U  3KOHOMMYeckne TpeboBaHusi ABNAOTCH
onpegensawwmmMn. BaxHasa yacTb TEKYLLMX pacxofoB — aHepronoTpebneHne, n o6bI4HO BbibMpaloT Hanbonee
3HEepProahHEKTUBHYIO BO3MOXHYH KOHCTPYKLMIO.

5.2 PereHepaTuBHble neyn

Meun aToro TMna 06bI4HO 60/1ee 3hPEKTUBHBI N0 CPABHEHWIO CAPYTMMU TPAAULMOHHBIMU TUNAMU Neveld,
MCMOJIb3YOLLMX MCKOMaeMble TOMIMBa, Tak Kak cucTeMa noforpesa Bo3fyxa A1 CXUraHus Tornmea B pereHe-
paTuBHOI Nneun obecneunBaeT Harpes 0 1400 BC. H13koe aHepronoTpebieHne Ha TOHHY CTek/lIoMacchl TPUBO-
OUT K CHWKEHUIO yAesbHbIX BblIOpOCOB 3arpsasHsaowmx sewects n C02, Ho 6onee BbiCOKME TeMnepatypbl
noforpesa Bo3gyxa NpvBoOAAT K yBennueHuno obpasoBaHns okcngos asota NOX.

Meun c NoAKOBOOGPA3HLIM HanpasieHWeM NaaMeHn 06bIYHO XapaKkTepu3yTcs Nyyllein aHeproadek-
TUBHOCTbIO 1 60/1€e HU3KUMW YPOBHAMYU BbIOPOCOB MO CPABHEHWUIO C APYTMMU pereHepaTuBHbIMK Neyamu.
WX KOHCTPYKUMSA Takke HeCKOsIbKO felleBne, X0Ta o6ecneyrBaeT MeHbLle BO3MOXHOCTEN ynpaBneHus pac-
npefeneHvem temneparyp B neuu.

BbIiCOKMe KanuTasnbHble 3aTpaTthl HA pereHepaTBHbIE Neyun 06yCNOBIMBAIOT IKOHOMUYECKYO Lienecoob-
pasHOCTb UX NPUMeHeHUs 418 60/1bLINX 06 bEMOB Npon3soAcTBa (06bI4HO 60/1ee 100 T CTEKNOMACCHI B CYTKM).
[nsa neyveli co cbemom 60nee 500 T cTekNOMAcChl B CyTKM U 1715 BCeX neyeii donoaT-npouecca A1s 1oro, YToobl
06ecneynTb NyyLnii KOHTPOIb TEMNEPATYP MO ANIMHE neyn, 06bIYHO NCMNOSL3YIOT NoNepeyYHoe HanpaseHne
nnaMmeHu.

5.3 PekynepaTuBHble neyu

PekynepaLusi — pacnpocTpaHeHHbli MeToq yTUam3auum TennoTbl, 06bIY4HO UCNOMb3yeMblii HA MasblX
nevax. B pekynepaTuBHbIX Neyax nocTynarwLLmii Bo3yX HarpeBaeTcsl HENpsiMbIM 06Pa30M 3a CUeT npornycka-
HUSA uepes3 MeTaN/IMYeckuii (UK B UCKHUNTENbHBIX C/yYyasx Kepamuuyeckuii) Tensioo6MeHHuK. MockonbKy
TemnepaTypbl Noforpesa Afisi MeTan/IMyeckux pekynepaTopoB orpaHnyeHsl BenunHoii 800 GC. pekynepaTums-
Hble MeYn MeHee 3PMEKTUBHBI C TOUKM 3PEHNST UCTO/Nb30BAHNS SHEPTUM MO CPABHEHMUIO C PEreHepaTUBHbLIMU.
Tem He MeHee OHU MO3BO/IAT UCMO/b30BaTh 3HAYUTESIbHYIO IO/ TENOThI AbIMOBbLIX ra3oB. lNoBbilleHue
3HeproahheKTMBHOCTU BO3MOXHO 3a CUET JOMOJTHATE IbHBIX MEP. HANPUMEP 3/1EKTPONOA0TPeBa KOT/I0B-yTuU-
/IM3aTOPOB M36bLITOUHON TEeNIoThl, NPeBapUTELHOIO NOAOrPeBa rasa, a Takke LUUXTbl U cTekno6os. bonee
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HM3KMEe TeMnepaTypbl Harpesa Bo3dyxa No3BOSAT 4OCTUYL XOPOLINX Pe3ybTaToB B OTHOLIEHUW KOHTPONS
o6paszoBaHust NOx. OfgHUM 13 CieCTBUI NPUMEHEHNSA 3TOr0 MeToAa ABAETCS TO, UTO yAe/lbHas NPoOU3BOAM-
TeNbHOCTb pekynepaTUBHbIX Neveli orpaHuyeHa BeNMUNHON 2 T/M2 «CyT, UTO CYLLECTBEHHO HUXE TUMUYHOI Npo-
N3BOAMTENBHOCTY pereHepaTMBHbIX Neyeit, coctaBnstolein 3,0—3,3 T/M2ecyT.

MockonbKy aKCnayaTauus neum NnpsiMoro Harpesa 0THOCUTENIbHO Helopora 1 ee KOHCTPYKLMS N03Bo/ISAeT
o6ecneynTb OYEeHb XOPOLLYH YyNpaBisSemMocTb pacnpejeneHmem Temnepartyp B CTek/IoBapeHHOM GacceiiHe,
Takve neuv NPUMEHSIIOT B TEX CyYasnx, korga Heo6xoAnumMo 06ecneymnTb BbICOKY TMOKOCTb NpoLecca ¢ MUHU-
MasIbHbIMW KanuTasibHbIMUW 3aTpaTaMu, B OCOGEHHOCTM B TEX CyYasx, Korga 06bem npou3soAcTBa C/IMLLKOM
Man 4715 Toro, YTo6bl onpaBAaTh NpMMeHeHVe pereHepaTopoB. OH 60/blUe NOAX0AMNT ANs neyeit Masioro o6be-
Ma, XOTsi U3BECTHbI U pekynepaTuBHble neun 60/1blol NponssoauTebHocTy (40 400 T/cyT).

5.4 MpuHyanTenbLHOE KUCAopoagHoe AyThbe

MeToA OCHOBaH Ha 3aMeHe BO34yxa A4/18 FopeHnst Kucaopogom (UMcToTol Beiwe 90 %). YaaneHne 0CHOB-
HOli oK a30Ta 13 atMocdepbl FopeHnst BeAeT KYMEHbLLEHUI0 06 beMa AbIMOBbIX ra3oB Ha 75 %—80 % B 3aBU-
CMMOCTM OT 4YMCTOTbl MCMNOMb3YyeMoro kucnopoga. B pesynbrtaTe obecneunBaeTcs 3KOHOMUS 3HEPruu,
NOCKOJIbKY HET HEOOXOAMMOCTM B HarpeBaHuu atMoctepHoro asota Ao TemnepaTypbl niamexdn. MacwTab
JoCTUraeMbIX pe3ynbTaToB 3aBUCUT OT CPaBHMBaEMbIX NeYeli  pacCMOTPEH Hxke. ECTEeCTBEHHO, CyLLeCTBEH-
HO CHWXaeTcs nobpasoBaHne NOX, ICTOYHMKAMM KOTOPOTO C/YXXaT OCTaTOUHbIV a30T B MOAAOLLLEMCS KUC/O-
pogae (KpuoreHHblii meTos, MeHbLe 0,5 %; BakyyMHbIii: 4 %—6 %). a30T B TON/MBe (CoAepXaHue B NpvpoaHOM
rase 2 %— 15 %), a3oT, BblAENAOWMNIACA B pe3y/ibTaTe pas3/ioxeHUs HUTPaToB, 1 a30T U3 NOACOCOB BO3Ayxa
yepes HensoTHOCTY B OTHEYMNOPHOI knajke. B CBA3M ¢ BbICOKMMU TeMnepaTypamMm NaaMeHy 0CTaTouHbIi a3oT
nerye npeo6pasyetca B NOX. 1 faxXe OTHOCUTENbHO HU3KMe KOHUEeHTpauun N.. NpUBOAAT K 3HAYUTE/IbHbIM
Bblopocam NOX.

B uenom neun ¢ NpuUHYyAUTENbHBIM KUC/TOPOAHLIM AYTbEM OCHOBaHbl Ha KOHCTPYKLMW Neyn npsiMoro
Harpesa, UMeT HEeCKOJIbkO GOKOBBLIX FOPEnoK U OAWH MOPT AbIMOBbIX ra3oB. COBPeMeHHble neyn UMetoT
KOHCTPYKLMIO, ONTUMU3NPOBAHHYIO A5 UCMNO/b30BaHUA Kucnopoja v MuHuMmusaunm obpasosaHus NOX.
OfHako B neyax ¢ NPUHYANTENbHbIM KNCTOPOAHLIM AYTbEM HE UCNO/b3YI0T MeTOAb! yTUAN3aLnn N36bITOUYHON
TennoTbl 419 Harpesa NoCTynalLLero Ha ropeHve KMCnopoaa B cBa3u ¢ TpeboBaHnsaMM 6e30nacHoOCTL.

[bIMOBbIe ra3bl Ha BbIXOAe U3 neyn MMerT 40BOJIbHO BbICOKYO TemnepaTtypy — 1200 °C— 1300 °C. u
06bI4YHO TpebyeTcA Ux oxnaxaeHve. 13-3a BbICOKOro CoOAepXaHns BOAbI U KOHLEHTPaL M BELLECTB, Bbl3blBat0-
LLMX KOPPO3KIo (HanpumMep, XI0pMA0B U CyNbqaToB), OXNaxaeHne 06bIYHO OCYLLECTBASAOT 3a cHeT pasbasne-
HUSA BO34YXOM.

lFopenkn Ons NpPUHYAWTENbLHOTO KUC/IOPOAHOIO AYTbA [OOJ/IKHbI MMETb CheunasibHyt0 KOHCTPYKLUIO,
OT/IMYHYIO OT TPAANLMOHHBIX ra30BO34YLLUHbBIX CUCTEM; HAUNYYLLUMU ABASIOTCA BbICOKOCELManu3vpoBanHble
ropesikun ¢ HM3kMm obpasosaHnem NOX. cneunanbHo paspaboTaHHble 415 CTEKI0BapeHns. Huxe nepeuuncre-
Hbl OCHOBHbIE XapaKTePUCTUKN CUCTEM:

- 6onee ANNHHOE W LWIMPOKOE Nnams, nMetolee 60/bLUYI0 CBETUMOCTL U gawlee 6onee rnybokyto un
0[HOPOAHYIO Tensionepeaady;

- 6onee nockoe naams ¢ WUPOKOV 06/1aCTbI0 NOKPLITUSA:

- 3aflepXxaHHoe nepemellMBaHue TONAnBa 1 KUCnopoaa A8 yMeHbLIeHNsA NMMKOBbIX TeMnepaTyp nname-
HW B 30H€E BbICOKMX KOHLeHTpauuii 0 2;

- He TpebyeTcs BOASHOE OXNaxeHune;

- BO3MOXHa HacTpoiika MOLWHOCTU U (hOPMbI NIaMeHMN;

- MOTyT 6bITb UCMO/Ib30BAHbI PA3/IMYHbIE BUAbI TOM/IUB.

OKOHOMUSA 3Heprun MoxeT npesbllwaTe 50 % Ha ManbiX, He 3 eKTUBHbIX C TeNI0BON TOYKN 3peHNs
nevax. [lna cpegHeli No pasmMepy pekynepaTtuBHON neun 6e3 NpuMeHeHus cneunasnibHbiX Mep Mo 3KOHOMUK
3HEepruun npu cTaHgapTHOM YPOBHE TEMI0M3015ALMUN U UCNOIb30BaHUN TONILKO BHYTPEHHEro cteknobos nepe-
XOf, Ha NPYHYANTENbHOE KNC/TOPOAHOE AyThe NO3BOMUT CHU3NTL NoTpebneHne aHeprm Ha 20 %—50 % (06bIu-
Ho B AmanasoHe 25 %—35 %). OpgHako ANs 60MbWUX 3HEepProahekTUBHbLIX pereHepaTuBHbIX neyeli ¢
ONTUMU3VMPOBAHHLIMW TEMN/IOBbIMU XapakTepuUcTVKaMn 3KOHOMKA OyAeT HaMHOro MeHbluei (B Auanas3oHe
5 %—10 %) 1 NnoTeHUMa/IbHO CTPEMSILLENCA K HY/0. B TakoM c/lyyae MasloBEPOATHO, YTO 3KOHOMUS IHEPTUN
CKOMMNeHcupyeT CTOUMOCTb Kcopoaa.

5.5 CTeknoBapeHMe C KOMOWHWPOBAHHbLIM UCNO/b30BaHMEM UCKOMAeMblX TOMAUB W
3/1eKTPO3Heprumn
CyuiecTBylT ABa noaxoda K KOMOVMHMPOBAHHOMY WCMO/Ib30BaHUIO A/151 CTEKNOBAPEHNS UCKOMAEMbIX

TONANB N 3NEKTPOIHEPTNN, & UMEHHO!:
- Harpes 3a CYeT NCNO0JIb30BaHNA SHEPIruu TonsinBa U Harpes C NOMOLLbI 3/1EKTPO3HEPINN;
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- CTEK/I0BapeHUe C NCNOMb30BaHNEM 3/IEKTPO3HEPTM 1 BCOMOraTe/ibHbIM HarpeBoM C MCMO0/Ib30BaHu-
em Tonnusa.

O6opyaoBaHue o5 3N1eKTponoAorpeBa yCTaHOB/IEHO HA MHOTMX NeYax uMoXxeT obecneunBaTb oT 2% A0
20 % o6uieli aHeprumn Ha cTeknosapeHne. B Npon3BoOACTBE TAPHOTO CTEK/A, Tak Xe Kak 1 npu Npon3BoACTBeE
NINCTOBOrO CTEK/A, UCMO/Ib30BaHNe 3/1eKTPONOA0rpeBa 06bIYHO OrpaHYMBaETCA CTOMMOCTbLIO 3/1EKTPO3HEP-
rMn n coctaBnset meHee 5 %.

BbicoKasi CTOMMOCTb 3/1€KTPO3HEPTUM, CBSA3AHHAsA C 3/1EKTPONOLOrpesoM, 06bIYHO O3HAYaeT, YTo 3TOT
MeTOZ MOXeT 6bITb UCNO/Ib30BaH TO/bKO Kak CpeficTBO 0b6ecneyeHrss HE06X0AMMbIX NapamMeTpoB TEXHOOMU-
4YecKoro npouecca npu yc/0BUM 3KOHOMUYECKOM 3h(heKTUBHOCTU. B 4aCTHOCTM, 3M1E€KTPOMNOLOrPEB MOXHO
UCMO/Ib30BaTh 4151 Y/IyULLEHNS KOHBEKTUBHbIX MOTOKOB B 06 bEME CTEK/IOMACCHI, YTO NPUBOANUT K UHTEHCUIN-
Kauuu Tensonepegayv n cnocobCcTByeT OCBET/IEHMIO CTEK/TIOMACCHI.

5.6 CTeknoBapeHne B 3/1IEKTPUYECKNX neyax

OKOHOMMYecKas Lie1ecoobpasHOCTb MCNOIb30BaHUSA 3N1IEKTPUYECKUX NeYeli 3aBUCUT B OCHOBHOM OT pas-
HULbI LLEH HA 3/1EKTPO3HEPTUI0 U UCKONAEMbIE TON/IMBA. D/IEKTPUYECKUE NEUN YPE3BbIYAHO TENN03((EKTUB-
Hbl, 06bIYHO OHY TPEOBYIOT B 2—4 pa3a MeHbLUe 3Hepruun, Yem TpaAULMOHHbIE TOM/IMBHbLIE NeYn, 1 YEM MEHbLLE
neuun, Tem 60sblUe 3T0 pasnmume. Kpome Toro, 06bIYHO 31eKTpUYeckue neyn obecneymsaroT 601bLINIA yaenb-
HbIli CbeM cTek/ioMacchl ¢ NowWwaan BapoyHoro 6acceiiHa.

DnekTpuyeckne neyv TpebyT 3HAYNTE/TbHO MEHBLUMX KanUTasbHbIX 3aTpaT Ha YCTAHOBKY Y PEMOHT Mo
CpaBHEHUIO C TPaAULMNOHHBIMW Neyamu, YTO YaCTUYHO KOMMNEHCUPYET BbiCOKME Tekyline pacxonbl. OgHako
Takue neyu BblAepPXMBaOT MEHbLLYIO NPOAO/MKUTENbHOCTb KaMNaHUM 4,0 PEMOHTa UKW NOSTHOro BOCCTaHOoBe-
HUSI; NPOAO/IXKUTENIbHOCTb KaMMNaHUy COCTaB/ISAET OT 240 6 eT no cpaBHeHuto ¢ 10— 12 rogamu 415 Tpaguum-
OHHbIX neyeir. Ana manbix (10—50 T cTekioMacchl B CyTKM) Neyeil u3-3a OTHOCUTENIbHO BbICOKMX NOTEpb
TenaoTbl B TON/IMBHbIX Neyax 3/1eKTPUYecKne nevynm MoryT 6biTb 60/1ee KOHKYPEHTOCNOCOOHbI.

CyuiecTByeT BEpXHWl nNpefen uenecoobpasHOCTU MCMOb30BaHNS 3/1IEKTPUYECKUX Neyeli, TECHO CBS-
3aHHbIN ¢ 60/1€€e BbICOKOW CTOMMOCTbLH 3/1EKTPO3HEPIUN:

- UCMOJIb30BaHNE 3/IEKTPUYECKMX NeYeil MOLWHOCTbI0 MeHbLUe 75 T 06bI4YHO MOXET 6bITb ONpaBAaHo;

- UCNOMb30BaHME 3/IEKTPUYECKUX NeYell MOLHOCTLI0 B Anana3oHe oT 75 40 150 T cTek/ioMacchl B CyTKM
MOXeT 6bITb ONpaBAaHo B ONpeAeseHHbIX YC/T0BUSAX;

- UICMONb30BaHNE 3/1EKTPUYECKMX MeYeil MoLHOCTbo 60nee 150 T cTeknoMacchbl B CyTKM OObIYHO He
MOXeT ObITb OnpaBAaHo.

DnekTpuyeckne neyv MoryT NPUMEHATLCS B Pa3/IMYHbIX NOAOTPAC/IAX CTEKO/IbHOW NPOMBILLIIEHHOCTH 1
LUMPOKO MUCNOJIb3YHTCS, B YACTHOCTW, NMPU NPOU3BOACTBE CreluuasibHbIX CTEKO, COPTOBOW NOoCyabl U B MEHb-
LIei cTeneHy Npy NPON3BOACTBE TAPHOTI0 CTeka. MeToA Takke LUMPOKO UCMO/b3YHT AJ15 MPOU3BOACTBA CTEK-
na B Tex cayyasnx, Korga 3To NnoTeHuManbHO CBSI3aHO C BbICOKOM N€TYUYECTbI0 M TOKCUUYHOCTbIO (Hanpumep, npu
Npon3BOACTBE XpPyCTasis Uy onasoBoro cTekna), U Aas NpouM3BoOACTBA NPOAYKLUN C BbICOKON A06aBNEHHOM
cToumocCTblo. OOBLIYHO 3M1eKTpuyeckue neyyn obecneymBaldT FOMOTEHHOE CTEK/10 BbICOKOrO KayecTBa, 4YTo
MOXeT OblTb OMpeAensoWnM A0S UCNOb30BaHWs MeToja npu MPOU3BOACTBE COPTOBOM nocydbl U
crnewunanbHbIX CTEKOS.

Hun3kne noTtepu cbipbeBbIX MaTepMasnoB, XapakTepHble 415 UCMO/Ib30BaHMsA 3TOT0 MeToaa, obneryart
yTUAU3aLUuio yI0B/IEHHO cpefo3alMTHBIM 060pyA0BaHNEM LLUXThI, & TAKKE CHUXAKT NoTEPU MaTepuasnos, B
0COBGEHHOCTU 3HAUYUMbIE A1 TOKCUYHBIX W/ LOPOrnX MaTepuanos, B YaCTHOCTM OKCUAO0B CBUHLA, (dTOpU-
[OB. COEAVHEHUIA MbllWbAKA, TeTpaboparta HaTpus U T.M.

MonHasa 3aMeHa npouecca CXuraHns uckonaemblxX TONIMB YCTPAHSAET Bblge1eHne NpoayKTOB ropeHust, B
yacTtHocTn NOX. gnokcuaa yrnepoga, anokcmaa cepbl. OgHako ecnu yunTbiBaTh 3¢pheKTBHOCTbL NPOLECCOB
npon3BoACTBa U nepefayn 3/1EKTPO3IHEPTUN U CBA3AHHOE C HUMW BblAefieHne 3arpAsHALWLmMX BeLecTs,
MCNosib30BaHNe 3/1IeKTPO3HEPTUM A1 CTEK/TOBAPEHNS ABMSeTCS MeHee 3dEKTUBHBIM C TOYKU 3pEHUS MUHU-
MU3aL 1N BO3AENCTBMA Ha OKPYXaILLYI0 Cpeay W. B YaCTHOCTU, BblAENEHNSA NMAPHUKOBbIX Fa30B.

5.7 Mepunognyeckoe nnasneHne WUXTbl

TpaguuMoHHO UCNOMb3YEMbIM /18 NEPUOAMYECKOr0 NPOU3BOACTBA MaslbiX 06bEMOB CTEK/IA METOA0M
ABNSAETCA NPUMEHEHVE TOPLLKOBO Neumn, XOTS BaHHbIE NeYn Neprmoamnyeckoro AeiicTBrs Takke npuodpeTarT
nonynsipHocTb. BbiGop MeTofa onpesensieTcs yC0BUSIMU KOHKPETHO YCTaHOBKM, BOCOGEHHOCTY TPEBYEMbBIM
061LEMOM NPOU3BOACTBA, YNC/IOM PA3/TMYHbIX UCNO/b3YEMbIX COCTABOB CTEK/A, a Takke Tpe6oBaHUAMM Ku-
€HTOB. OCHOBHbIM METOAOM MUWHMMU3ALMW BO3AENCTBUS Ha OKPYXAKLlyl cpefy, NPUMEHUMbIM K Takum
neyam, SiBASETCS ONTUMU3ALMS COCTaBA LUMXThbl U METOAOB CKMUraHus Tonauea. B CBA3N C KOHCTPYKUMeit Mop-
LIKOBbIX Meyveii 3TM MeToabl 06bIYHO BYAYT AaBaTh yyllne pesynbTaThbl A1 BaHHbIX Neyeil neprognyeckoro
[eliCTBUA 1 YaCTUYHO HEMpPePbIBHbLIX Neveil. TaM. rge 3To BO3MOXHO M0 TEXHUYECKUM U 3KOHOMUYECKUM CO06-
paxeHWUsIM. crnefyeT UCMOo/b30BaTh BaHHbIE Neyn NepuoAMUYeckoro AeicTBUS UM YaCTUYHO HemnpepbiBHble
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neyun, NoCKosIbKY OHW 06bIYHO MO3BO/IAIT 06eCNeUnTb 60/bLLYI0 3PMEKTUBHOCTD UCMO/b30BAHNS 3HEPTUMN 1
MeHbLLMe BbI6pOChl BPeHbIX BELLECTB.

5.8 Bbl60p METOAOB CTEKI0OBAPEHUSA U KOHCTPYKL UK neyn

Bbi6op MeTofa cTek10BapeHuns ABASETCH O4HUM U3 KOUYEBbIX (DaKTOpPOB, OnpeaensoLwmx aHeproad-
(PeKTUBHOCTb.

[ns 06bl4HbIX Neyeld, NCMONb3YLWMUX UCKoNaeMble TOM/IMBa, OCHOBHON OCOBGEHHOCTbIO KOHCTPYKLUK
ABMSETCA CNOCO6 yTunmnsaumm TenaoThbl AbIMOBbIX Fa30B A1 Harpesa nocTynarwliero Bo3gyxa ¢ NoMOLLb
pereHepaTopoB UAN pekynepaTtopos. pyrum cyLecTBEHHbIM (hakTopoM ABASETCA pasmep neuyu.

PereHepaTtunsHble neyy N03BONAT OCTUYb 60ee BICOKMX, BNAOTh A0 1400 °C, TemnepaTyp nogorpesa
BO3/yxa N0 CPaBHEHMIO C pekynepaTuBHbIMY Nevyamu (farLwymy TemnepaTypy nopsgka 800 X ), uto obecne-
yneaeT 60MblUY0 3PPEKTUBHOCTb CTEKNOBapPeHMs. Yalle Bcero pereHepaTtuBHble neyu 6onblie no pasme-
paM. Yem pekynepaTuBHble, UYTO Takxe fAenaet ux B UenoMm 6onee addekTneHbiMU. CoBpeMeHHas
pereHepaTtusHas neyb A8 Npon3BOACTBa TAPHOTr0O CTEK/Ia MOXET MMeTb 06LLY0 TeNNoBY 3(hEKTUBHOCTb
0k0s10 50 %. noTepy TENN0TbI C AbIMOBbLIMY razamu 0Koso 20 % 1 CTPYKTYpHbIe NoTepu, 0TBeYatLLie 3a OCHOB-
HyH [0 ocTaBuwelics TennoTbl. Mpu 3ToM TennoBas 3PEKTUBHOCTb pekynepaTvBHOW neun 6e3s
[ONOSTHUTENbLHOW yTUAu3auuy TennoTtbl 6yaeT 6amke k20 %.

PereHepaTuBHble neyYy MOryT UMeTb NOAKOBOOGPa3HOE UM NoNepeyHoe Hanpas/ieHne nnamexu. Meun c
noAKoBOOGpa3HbIM Hanpas/eHNeM naaMeHn MMetoT 6osee BbICOKYHO TennoBy 3(PeKTUBHOCTL (Bbile Ha
Be/IMYUHY BMNNOTb 40 10 %), HO BO3MOXHOCTM yNpaBeHUsi FOpeHreM B TakMxX neyax orpaHnyeHbl, v cyLecTsyeT
BEPXHWUIA NpeAen pa3mMepoB Nneun Takoro Tmna (B HacTosLee Bpems okosio 150 M2419 NpoM3BOACTBa TApPHOTO
cTekna). Meun chnoaT-npouecca MeHee ahPEKTUBHBI, HEM Neyn NPON3BOACTBA TAPHOIO CTEKNA U3-3a 3HaUU-
Te/IbHO MeHbLLEro yie/IbHoro cbema CTeK/1IoMacchl B CBSA3U C TPE6OBaHNAMM K KAYeCTBY.

Mcnonb3oBaHne u30ObITOYHOW 3HEPTUM C MOMOLLbBIO pereHepaTopoB MOXeT OblTb MakCUMU3MPOBAaHO
nyTeMm yBesIM4eHUs KosimyecTBa OrHeynopHbIX 3/1eMEHTOB pereHepaTuBHbIX Hacafok B kamepax. Ha npaktuke
3TO MOXeT 6bITb peasn30BaHO NOCPEACTBOM YBE/IMYEHNS KaMep pereHepaTtopoB WA co3faHns pasgesbHbiX,
HO CBAI3aHHbIX MeXAy Cob0i kamep, NOMYYUBLUMX Ha3BaHWe MHOTOMPOXOAHbLIX pereHepaTopos. Mo mepe
NPUBAVKEHNSA K BO3MOXHOMY MakCUMyMy yTUAU3aumMm TennoTbl 3 eKTUBHOCTb Takmx mep nagaeT. MNpuHum-
nuasbHbIM OrpaHMyYeHnem SiIBNSeTCA CTOMMOCTb [OMOSIHUTENBHOrO OTHEYNOPHOro mMarepuana, a B c/yyae
[AeNCTBYIOLWMX Neveli — orpaHnyeHna OCTYMHOro NPOCTPaHCTBa U fOMOTHUTENbHbIE 3aTpaThl HA U3MEHeHne
MHMPACTPYKTYpbI Neyn. STOT NPUHUMN Yalle peanusyeTca AN neyein ¢ NnoAkoBOO6GPasHbIM HanpaB/eHnem
nnameHun B CBS3W ¢ 60n1ee NPoCToi reomeTpueli pereHepaTopoB, XOTS €ro NPUMEHSIN K HA Nevax ¢ nonepey-
HbIM HanpasneHnem nnameHu. Mogudmkauus CTpyKTypbl pereHepaTopoB Ha AeCcTBYIOLW KX nevax (ecnv ato
TEXHUYECKN 1 IKOHOMUYECKUN Lies1Iecoob6pasHo) MOXET 6biTb BbIMO/IHEHA TOMIbKO B XOA4€ XO/I0[HOT0 PEMOHTA.
SHepronoTpe6neHne MoXeT ObITb CHUKEHO Ha BE/IMYMHY BM/I0Tb A0 15 % no cpaBHEHWIO CaHaNOrMUYHON nevbto
C 06bIYHBIMY OHONPOXOAHBIMW pereHeparopamu.

3HaunTenbHas 4019 AONO/THUTENIbHOTO OTHEYNOPHOr0 Matepuana, UCnosib30BaHHOIO A5 YBENYEHUA
pereHepaTopoB, BblAEpPXMBaeT ABe 1 60/1ee kamnaHun, TakuM 06pa3oM CHMXas KanuTasbHble 3aTpaTtbl. XoTA
noTeHuManbHO NoBbILEHNE TeMnepaTypbl NOA0rpeBa BO34yXa MOXeT NPMBOANTbL KMOBbILLEHUIO TeMAepaTypbl
nnameHun u. cnefoBaTesnbHO, yBenmyeHuto obpasoBaHns NOX, Ha NpakTuke, ecnv NPUMEHSTCA Mepbl MO KOH-
Tponio o6paszosaHns NOX, neun ¢ MHOronpoXo4HbIMM pereHepaTopami He OT/IMYalTCSA OT 06bIYHbIX MO BbIOPO-
cam NOX.

CyuiecTByeT 60/1bLIOE KO/IMYECTBO HOBbIX MaTepnasnos, NpefHa3HauYeHHbIX 418 COXpaHeHNs TennoTbl 1
ee nepegaun B 6/10kax pereHepatopos. CambIM NPOCTbIM PeLLUEeHNEM SABNSAETCA NCNO/b30BaHNE OTHEYNOPHbIX
KMpNWYeil, yCTaHOB/IEHHbIX B LUAXMaTHOM NOPSAKe, YTO 06bIYHO 06ecneynBaeT apheKTUBHOCTL pereHepaTto-
pa nopsigka 50 % (OTHOLEHWEe YTUIM3MPOBAHHOW TennoThl K TeN0Te, coAepXalleiica B AbIMOBbIX rasax).
OpHako Tensionepegaya MoOXeT GbiTb YBENIMYEHA NYTEM UCMNO/Ib30BaHNSA HACaA0UHbIX 3/1IEMEHTOB, U3rOTOB-
NEHHbIX U3 3N1EKTPONAaBeHHbIX OrHeYNnopoB KpecToobpasHoli hopMbl, 06ecneyrBaloLLMX CoKpalleHne pac-
Xofja Ton/mBa Ha 7 % MO CPaBHEHU C Meyamy, OCHALLEHHbIMWU peHerepaTuBHbIMKU Hacagkamu,
N3roTOB/IEHHbLIMYU M3 0ObIYHbIX OFHEYNOPHbIX 3/1IEMEHTOB B chopMe kupnuyeli. Kpome Toro, Takme matepuansi
60/51ee yCTONUMBbI K XMMUYECKOMY BO3AENCTBUIO arpecCrBHbIX BELEeCTB B AbIMOBbIX ra3ax u obecneumsaroTt
CYLL,eCTBEHHO MeHbLUee CHKeHne 3(pheKTUBHOCTU pereHepaTopoB 3a Nepuos kamnaHum neyu.

MakcumanbHaa TeopeTuyeckas 3 ekTMBHOCTbL pereHepaTopoB cocTaenseTr 80 %. Ha npaktuke
3(PPEKTVBHOCTL OrPaHNUYNBAETCA POCTOM CTPYKTYPHbIX MOTEPb MO MEPe YBe/IMYeHNA pa3MepoB pereHeparo-
poB. CTpOUTENbLCTBO pereHepaTopoB ¢ 3P(PeKTUBHOCTLIO Bbiwwe 70 %—75 % HeocyLeCcTBUMO.

YnydlweHvne KkayecTBa OrHeYNnopHbIX MaTtepuasioB Mo3BonseT obecneynTb 60MbLIY0 NPOAOC/IKUTENb-
HOCTb KamnaHuil neveli ¢ NyywyM ypoBHEM Tensionsonaumn. MakcvmanbHble TeMmnepartypbl, NPWU KOTOPbIX
MOXeT (DYHKLMOHMPOBATL NeYb, B NPOLLIOM SABAANNCH CAEPXMBAIOLLNM (DaKTOPOM [/18 ee XopoLueli Ten1on3o-
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nAauun. Tennonsonaumsa NPOeKTUPYyeTca C y4eTOM BCeX XapakTepuCcTUK neyn (ee n3onmpyemori yactu, Temne-
patypbl. Tna cTekna u T.n.). He Bce yacTu neunm MOryT 6biTb M30AUpoBaHbl. Knagka cTeknoBapeHHoro
6acceliHa Ha ypoBHe TMHNY 3epKana CTeKIOMAacChl U B paiioHe NpoToka A0/IKHA GbITb OTKPbITA /15 TOTO, YTOGbI
06ecneynTb oxnaxaeHve v NPoLINTb KaMNaHWIo neyn. BobWNHCTBO OTHEYNOPHbLIX MaTepranos ANS neyei,
MCMoNb3yeMblX B KOHTAKTE CO CTEK/IOMAaCcCO UANS CTPOUTENLCTBA Neyn, N3roToBASAIT NyTEM NNTbSA, OHU UMe-
0T OYEHb BbICOKYIO M/IOTHOCTb U Masyto MOPUCTOCTb M NO3TOMY YCTOWUMBLI K pacnnasy CTeKNa v arpecCUBHbIM
KOMMOHEeHTaM [bIMOBbIX ra3oB. OHUN Takxe MMeloT 60n1ee BbICOKYI0 TEMI0NPOBOAHOCTL U B LIe/IOM TpebytoT
60/1ee BbICOKOW Tenson3osaLumm, TemM cambiM CNOCOGCTBYSA 3HAUNTENbHOM 3KOHOMUM 3Hepruun. Mpy nponsBo-
[CTBE HaTPWA-KanbLWA-CUINKATHOTO CTEKIa CBOJ Meyy M3roTOBASKOT U3 AuHaca 1 NA0THO n3onupytoT. Mpu
3TOM MakcumasibHas TemnepaTtypa B neyum coctasnaet 1600 °C—1620 'C.

JlononHutenbHas M30aauMa MOXeT ObITb HAHECEHA Ha HEKOTOpPbIe y4yacTku neun 6e3 3ameTHOro pucka
ONA ee CTPYKTYpbl. M3015UMa Hanbl/IEHUEM BOMIOKHa MOXET CYLL,eCTBEHHO CHU3UTL NOTEPU TEN/OThI, eCc/n ee
HaHecTn Ha CTPYKTYpY pereHepaTopoB. STOT NPOCTOM N IKOHOMUYECKN 3P EKTUBHBI MeToZ NO3BO/AET CHU-
3UTb CTPYKTYPHbIE NOTEPY TEMIOThI pereHepaTopos Ha 50 % 1 o6ecneynTb IKOHOMUIO 3Heprun nopsgaka 5 %.

5.9 YnpaBfieHue ropeHnem 1 BbIGOP NCTOYHMKA SHEPTUM

Hanbonee pacnpocTpaHeHHbIM TOM/IMBOM A1 NPOM3BOACTBA CTekna B Poccun ABASeTCS NpuMpoaHbIiA
ras. icnonb3oBaHve NpMpoaHOro rasa Befet K 60/1ee HU3KMM BbibpocaM SOX, HO 06bIYHO 60/1e€ BbICOKMM
Bblopocam NOX. 3T CBA3aHO C TEM, YTO M/s1aMs NPUPOAHOro rasa 06/1a4aeT MeHblUeli CBETUMOCTLH U 06bIYHO
nNpvBOANT K 60NbLIEMY, NPUGIM3UTENBHO Ha 7 %—8%, noTpebieHnto aHepru. OgHaKO C HakonIeHeM onbiTa
MCNosib30BaHUS NPUPOLHOTO ra3a ypoBHU pe3y1bTaTUBHOCTU NOCTENEHHO PaCcTyT U NO3BO/IAKT 4OCTUYL BENN-
YMH. CPaBHMMbIX C MICMOIb30BAHNEM XMAKOro TonAunea. NpupoaHbIi ras Takke nvmeeT 6051ee BbICOKOe OTHOLLe-
HUe [0V BOAOPpOAa KYr/iepoay 1, Takum 06pa3oM, NPUBOANT K MEHbLUMM, BN10Tb 4,0 25 %, BbiGpocam C 02npu
(hMKCMPOBaAHHOM CbEME CTEK/TIOMACCHI.

PasButume cuctem ¢ Hu3kum BoigeneHmem NOX Npu CKUraHny Takke NpUBesIo K 9KOHOMUN aHeprmu. Mpu
YMEHbLUEHNN KONnYecTBa BO34yXa ropeHns A0 yPoBHS, 6/IM3KOro K CTEXMOMETPUYECKOMY OTHOLLEHUIO, CHUXA-
I0TCA NOTEPU TENMOThI C AbIMOBLIMY radamu. Y yUlleHnsi BCUCTEMax ropeHuns, TenioobmeHa nobuue ycosep-
LUEHCTBOBAHMUSA B ypaB/ieHUN NPOLECCOM, HanpaB/ieHHble Ha CHKeHne BbiIopocoB NOX, BO MHOTMX CyYasx
Takxe NpuBenn kK 6onee ctabuibHOMY PYHKLVMOHUPOBAHMWIO M NOBLILLEHHON pe3ynbTaTUBHOCTU NeYeil.

MeTopg o6oraleHns KucaopoAoM BO3ayxa ropeHns 4acTo UCMOb3YHOT A1 MOBbILLEHNS 3Heproaddek-
TUBHOCTU W YBE/IMYEHNSI CbeEMA CTEK/IOMACChl. YMeHbLUEeHe 06BbEMOB rasa 1 6051ee BbICOKMe Temnepartypbl
nsiaMeHn cnoco6CTBYHOT POCTY 3hPEKTUBHOCTM UCMO/Ib30BaHNSA 3HEPrUK Tonauea. Ecnu He ncnonb3yrT cuc-
TeMmbl, obecneyvBatoLme HM3Koe obpasoaHne NOX. ypoBeHb BbiIopocoB NOX CyLecTBEHHO BO3pacTaeT, UTo
orpaHuyMBaeT NCNOJIb30BaHNe 3TOro MeToaa.

5.10 YMeHblleHne OTHOLWEeHNA BO3AYX — TONIMBO

O6bIuHO Neun paboTaloT Npu N36bITke Bo3ayxa B 5 %—10 % (T. e. npu n36bITKe kucnopoga B 1 %—2 %)
Ana obecneyeHns NOMHOIo cropaHns. MyTeM CHUXeHWA COOTHOLEHUS BO3AyX — TOMNMBO [,0 YPOBHEW, 61u3-
KX K CTEXMOMETPUYECKNM. MOXHO AOCTUYb CYLLLECTBEHHON 9KOHOMUN IHEPTUMN 1 CHUXKEHUS 06pa3oBaHuns NOX.
[nsa Toro ytobbl 3¢hheKTUBHO NCMOL30BaTh 3TOT METO/,, HEOH6X0AMMO NOCTOSAHHO KOHTPO/IMPOBAaTL CoOAepXa-
Hve NO, CO 1 0 2BAbIMOBBIX rasax. ECnum ropeHne okaxeTcs Hke CTEXMOMETPUYECKOro, BO3pacTeT KOHLEH-
Tpaums CO. U3MEHATCA OKUC/IUTENbHO-BOCCTAHOBUTE/IbHbIE YCNI0BUSA CTEK/IOMACChl U MOXET YCKOPUTbCA
paspyLueHmne orHeynopos.

3TO 3MeHeHne [0/MKHO BBOAUTLCA akkypaTHO M MOCTENEHHO, C TeM 4To6bl n3bexaTb Nnpobnem n goc-
TUYb NYYLINX pe3ynbTaTtoB. B HEKOTOPbIX Cnyyasx (Hanpumep, B pekynepaTuBHbIX Neyax), ecnm paccmarpu-
BaTb CTEXMOMETPUIO Meyn B Lie/IOM, HEKOTOPbIE TOPesikKM B CaMblX FOpAYMX YaCcTAX neunm mMoryT paboTatb ¢
n36bITKOM TONMBA, APYrue B 60see X004HbIX — C HE60NbLWIUM U36bITKOM BO3AyXa. VI36bITOK BO3ayxa B neyn
onpegenseTcs kak Ko/IM4ecTBOM NPVHYAUTENbHO NOAaBaeMoro Bo3ayxa, Tak ¥ BO3MOXHbIM MOACOCOM Yepes
MecTa yCTaHOBKM ropesiok 1 3arpy304Hblil kapmaH. MecTa ycTaHOBKM rOpeioK ,0CTaTO4HO JIerKo repMeTn3npo-
BaTb; TaKKe BO3MOXHO NPUHATNE Mep AN n3bexaHus nojcoca Bo3ayxa Yepes 3arpy304Hblii KapMaH.

5.11 WNcnonb3oBaHue cTeknobos

Mcnonb3oBaHne CTOPOHHEro CTEKN060S Mpyu MPOU3BOACTBE CTEKNa MOXET CYLWEeCTBEHHO CHU3UTb
noTpe6aeHne 3HEPTUN N MOXET OCYLLLECTBSATLCA HA BCEX TUNAaxX Neyeid, NCnonb3yLux nckonaemble TonamBea,
NPVHYAMTENBHOE KNCMOPOAHOE AyThe WM 3sieKkTponogorpeB. BonbWUHCTBO nogoTpacsieil B HOpMasibHOM
pexvume BTOPUYHO MCNOJb3YHOT BECb BHYTPEHHWII CTEKT060i. [loNns cTekn0605 B 3arpyxaeMom o6bemMe 06b14-
HO HaxoauTcAa B AuanasoHe ot 10 % o 25 %.

[ob6aBneHve cTekn10605 B COCTaB LUNXTbl CHKAET aHepronoTpebieHne npy NaaBeHnn, NOCKObKY OH
yXe npoLuesn aHAoTePMUYECKNE peakLun, CBsI3aHHble C hopMMpoBaHNEM CTEKNA, 1 €70 Macca MeHbLLe 3KBUBa-
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NEHTMOrO KOMM4ecTBa WNXTbl NPUGAN3NTENBLHO Ha 20 %. YBennueHne foNn CTEKN060A B 3arpyxaembix mate-
pranax noTeHuManbHO NO3BONSET CIKOHOMUTb IHEPTUI0; 06LLENPUHATO, YTO Kaxable AonoNHUTeNbHble 10 %
CTEeKN0605 NPUBOAAT K CHMXEHUIO NOTPe6NEHNS 3Heprnm neybto Ha 2,5 %—3.0 %. icnonb3oBaHue cTekno6os
Takke 06bIYHO NPUBOAUT K 3HAUMTESILHOMY CHWXEHUWIO 3aTpaT, NOCKOSIbKY yMeHbLlaeTcsi notpebnexue
3SHEPIUM 1 CbIPbEBbLIX MaTepnasos.

BHYTpeHHWi1, TEXHOIOrMYeCcKuii cTeknoboli (CTekN0, Nosly4eHHOE C MPON3BOACTBEHHbIX IMHWNIA) U CTOPOH-
HWIA, NOKyNHO cTekno6oli (BTOpUMYHO NepepabaTbiBaeMOe CTEKI0, NOYyYEHHOE OT NoTpebuTeneli nunu gpyrmux
NPOMbILLIEHHbIX UCTOYHWMKOB) NPUHLMNMANBHO OT/IMYaTcs. CocTaB CTOPOHHETO CTek06051 MeHee TOYHO
onpegesieH, 4To orpaHMyMBaeT ero npumeHeHne. CTporme Tpe6oBaHNs K KauecTBY NPOAYKL MM MOTYT OFrpaHnym-
BaTb [J0/110 CTOPOHHEr0 CTEKN0605, KOTOPY MOXHO MCNO/b30BaTh B NPOM3BOACTBE. MPON3BOACTBO TAPHOTO
cTek/1a UMeeT YHVKabHY0 BO3MOXHOCTb UCMO/Ib30BaHUS 3HAUYNTEILHOTO KONIMYeCcTBa CTOPOHHErO CTeK/0-
605. NONYYEHHOTO B paMKax pasfIMyHbIX CXeM YTUIM3ALUN CTEKNAHHbIX BYTbIIOK.

Mpu Npon3BOACTBE COPTOBOrO CTEKNA TPEGOBAHUS K KAYeCTBY HE Jat0T UCMO/b30BaTh B NPOU3BOACTBE
CTOPOHHWI1 CTek060i. icnonb3oBaHve BHyTPEHHEro CTEK10605 onpeAeneHo A0CTYNHOCTbIO CTEK10605 Tpe-
6yemoro kayecTBa ucoctasa. BcpegHem 011 NCNOb3yeMOro BHyTPEHHEr0 CTeK/10604 B 3arpyxaembix MaTte-
pranaxcocTaBnsieT 0Kkono 25% Ans HaTpuii-kan bUnii-cunnkaTHorocTekna n 35% A5 CBUHLOBOIO XpycTansi.

Ana npousBoAcTBa 6eCLBETHOTO CTekna AOMYyCTUM O4YeHb HU3KWIA NPOLLEHT OKpaLleHHOro CTekna,
NOCKO/IbKY OKpaLleHHOe CTEK/I0 He MOXET 6bITb 06ecLBeyeHo. No3ToMy CXeMbl BTOPUYHOI NepepaboTky CTeK-
na 6onee ahheKTUBHbBI, ECNN BKIHOYAIT pasfesieHune no useTam.

5.12 KoTnbl-yTunmsaTopbl U36bITOYHOU TENNOThI

MeTog, OCHOBaH Ha MponyckaHuu AbIMOBbIX Fa30B HaMPsMy Yepe3 COOTBETCTBYHOLWMIA BOAOTPYOHBI
KoTen Ana npoussoAcTBa napa. MNap MoXeT NCnonb30BaTbCs A1 060rpeBa NOMeLLEeHUA N eMKOCTel 1 Tpy-
60MpoBOAOB MasyTa UM NocpeacTBOM TypOUHbI A1 NPOM3BOACTBA 3/IEKTPOIHEPTUN MW NPUBEAEHUS B ABW-
XeHue 060pyaoBaHNst, HaNpUMep KOMMPECCOPOB /TN BEHTU/IATOPOB CEKLUOHHbIX MaLLWH.

[bIMOBbI€e rasbl, NocTynarLimMe oT pereHepaTopoB UK pekynepaTopos, UMeKT TeMnepaTypy BAnanaso-
He 0T 600 °C o 300 °C. Temnepatypa Ha BbIXofe 13 KoTna-ytuamnsaropa onpegensieT BO3MOXHOCTU yTuan3a-
LuUn TENOTHI U orpaHmyeHa npubansuntensHo 200 °C 13-3a pucka KoHAeHcauun B KoTe 1 ansa obecnevyeHus
hYyHKLMOHUPOBAHNS AbIMOBO TPy6bl. Tpybbl KOT/1A NOABEPXEHbI BO3AENCTBUIO AbIMOBbIX r230B Neyn (Ha HUX
MOryT 06pa30BbIBATLCA OT/IOXKEHUA pa3NNYHbIX MaTepuanos (HanpuMep, cynbgarta HaTpus)] 1 AOKHBI nepu-
0fMYecKM ounwaThCa ANs nogaepxaHusa apeKTUBHOCTU yTUAM3aLum TenioTel. Bnpoyem, 3To cTaHOBUTCSA
MEHee BaXHbIM, €C/AW  KOT/bl-yTWAM3aTOpbl B TEXHOMOTMYECKOW Uenu YCTaHOBJEHbl  Mocse
nblsieynaBnmBaloLLero 060pyaoBaHns.

MpUMEHNMOCTb ¥ 3KOHOMUYECKas Lienecoobpas3HOCTb MPUMMEHEHUS 3TOro0 MeToda onpefensiTcs
o6uweii 3hheKTMBHOCTLIO, KOTOPO MOXHO AOCTMYb 3@ CYET ero NpMMeHeHus, C y4eToM 3PEKTUBHOCTH
MCNO/Ib30BaHNs NOyYEeHHOro napa. Ha npakTrke KOT/bl-yTUAN3aTopPbl UCMOJIb3YIOT TO/IbKO COBMECTHO C pere-
HepaTUBHbIMU 1 peKynepaTuBHbIMY CTEK/I0BAPEHHBIMY NeYamMu. Bo MHOTMX cnyyasx yTuaM3upyemon TenioThl
HeAoCTaToOuYHO A8 3hheKTMBHOrO nosyyeHnsa aHeprun. O6bIYHO BO3MOXHO €e MUCMNOoMb30BaHne TO/IbKO Ha
pekynepaTuBHbIX Nevyax, B 60/bLINX YCTAHOBKaX WU B TEX C/ly4Yasx, korga yaaetcs 06befuHUTb AbIMOBbIe
rasbl HECKO/IbKMX Neyvei.

5.13 lMopgorpes WUXTbl U CcTekno60s

OO6bIYHO LWKNXTY M CTeKN060I BBOAAT B NeYb B XONI04HOM COCTOSAHWAMW, OHAKO CYLLeCTBYeT BO3MOXHOCTb
nojorpeBa LWMXTbl U CTEK10601 3a CHET NCNONb30BaHNA N36bITOYHON TENTOThI AbIMOBbIX ra30B, YTO 06ecneymn-
BaeT CyLLeCTBEHHYI0 3KOHOMWUIO 3HepPrun. MeTog, NPUMEHUM TOJIbKO Ha TOM/IMBHbIX CTEK/I0BAPEHHbIX Nevax.

MpsiMOiA Nof0rpeB OCHOBAH Ha UCMONb30BaHUN MPSAMOr0 KOHTaKTa Mexay AbIMOBbIMU ra3amu v Cbipbem
(cTekno60em U LWMXTOI) NpU NPOTUBOMNOIOXKHOM UX ABMXEHUW. [IbIMOBbIE ra3bl NOCTYNalT U3 KaHana 3a pere-
HepaTopoM. OHY NPOMNycKalTCA Yepes BbleMKW B Nogorpesaresie, Takum ob6pa3om BCTynas B HENocpeCcTBEH-
HbI KOHTAKT C CbipbeBbIMU MaTepuanamu. Npu aTom gocTuraeTca Harpes cteknobos ao 400 °C. Cuctema
BK/IIOYAET M 06X04HOI KaHan, N03BONALWMIA NPoAo/MKaTb paboTy B TEX cydyasx, koraa paboTta nogorpesate-
N HeaPeKTUBHA NN HEBO3MOXHA.

Henpsimoii nogorpesaTenb npegcrasnseT cob60il NPOTUBOTOUHBIA TENI00OMEHHVK C TEN006MEHOM
yepes NNacTuHy, Ha KOTOPOW HarpeBalTCs CbipbeBble MaTepuanbl. OH CNPOEKTUPOBaH B BUAE OTAE/bHbIX
MoAy/nei N COCTOUT U3 OTAe/bHbIX TEN/I00OMEHHMKOB, pacnonaraemMbixX 4pyr Hag Apyrom. Mogynu gensarca Ha
rOpM30HTasIbHblEe NPOTOKM A5 AbIMOBbIX ra30B M BEPTUKa/IbHblIE — A1 CbipbEeBbIX MaTepuanos. B npoTokax
CbIpbEBbIX MaTEpPUaNoB OHU ABMXYTCA CBEPXY BHW3 NOA AeACTBMEM CUMbI TAXECTU. B 3aBUCMOCTM OT Npo-
MYCKHOI CMOCOBHOCTY CKOPOCTb NOCTYNALLMX CbiPbEBbIX MaTepPUasnioB MOXeT AocTurate 1—3 m/4; npu aTom
OHW 06bIYHO HarpeBatTcs NpubM3nTENsLHO 40 300 °C. [bIMOBbIE ra3bl NOABOAATCA K HUXKHEW YacTu Tenioo6-
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MEHMWKA W HanpasfATCA BBEPX yepes3 crneunasibHble KaHasbl. B oTAesbHbIX MOAYNAX [AbIMOBble rasbl
ABUXYTCH ropu3oHTasibHo. OBbIYHO OHY OxNaxaatTea npnénansnTensHo go 270 'C—300 °C.

OneKkTpodnIbLTP CO CNI0EM FPaHynsATa — KOMOGUHaLWA 31eKTpothnabTpa ANa yaaneHns Nbian u npsMoro
nogorpesaTens ctekno6os. Fopsayme AbIMOBbIE rasbl HANPaBAOTCA B BEPXHIO YacTb CUCTEMbI U MPOXOAAT
MOHM3ATOPBbI, 3apsxatoLLye YacTuLbl NbiNK. Fa3bl 3aTeM NPOXOAAT Yepes C0W rpaHy/IMPOBaHHOro CTekn1060s,
NONSAPU30BaHHbI BbICOKOBO/IbTHBIM 3/1EKTPOAOM. 3apsXKeHHble YacTuLbl NblAV NPUTATMBAKOTCA CTek1060em,
Ha KOTOPOM OHUW 1 ocepatoT. CTeknoboi NOCTOSAHHO 3arpyXaeTcsi B annapaT CBepxXy 1 nocsie Harpesa (BN10Tb
£0 400 BC) BMeCTe € 0CeBLUMMM HA HEM YacTuLamu NblAn pa3rpyxaeTcs BHU3, B YCTPONCTBO Nofaun WNXTbl U
CTekno60s B neyb.

MeTofbl nogorpesa CTek/10605 U LUUXTbI MPUHOCAT CYLLLECTBEHHbIE MONOXUTE bHbIE Pe3y bTaTbl: 4OCTU-
raeTcs akoHomusA oT 10 % Ao 20 % aHeprum, cHxaeTcs Bbiopoc NOX, a npy NPAMOM MOAOTrPeEBE CHMXaeTCs
BbI6poC kucnbix razoB: SOz, HF n HCI Ha 60 %, 50 % 1 90 % cooTBeTCTBEHHO. MeToA N03BOMSET YBEINUUTD
npou3BoANTENBHOCTb Neyn Ha 10 %— 15 % 6e3 CHUXKEeHUA NPOAOIKNTENIbLHOCTY kaMnanun. OgHako ecnm He
YBE/IMUNTb CbEM, CPOK C/YXO6bl NEYN MOXET COKpaTUTbCA. Kak y)xe ynoMnHanocb, MeTog no3BosisieT CHU3UTb
HeobxoANMOCTb B 3/1eKTponogorpese. B cBA3W ¢ UCNOIb30BaAHNEM CTOPOHHErO CTEKN06051 MOTyT BO3HMKATb
npobnembl, CBA3aHHblE C HEMPUATHbLIM 3anaxoMm OT nogorpesBaTesnia B CBA3M C pas3fioXeHVem BKIYeHWi
opraHuyecknx Matepunasnos B CTek1060e.

CuncTembl NogorpeBa cTekn060s U WNXTbl TEOPETUYECKN MOTYT ObITb YCTaHOB/EHbI Ha /110601 cTeknoBa-
PEeHHO neun c goneii ctekno6os Beiwe 50 %. MoAorpes TONbLKO WNMXTbl NPO61emMaTUyYeH 1 He paccmaTpusaeT-
CSl KaK TEXHO/I0rUSA, 3apeKoMeHjoBasLLasn cebs Ha npakTuke. icnonb3oBaHue NpsamMoro nogorpesa npusoauT K
yBeNnyeHunio BbIopocos TBepAbix YacTu, (40 2000 Mr/HM3) nHE0B6X0AMMOCTIN YCTaHOBKM 060PYA0BaHNS ANS UX
yAaneHus: cobpaHHyto Nbl/ib 06bIYHO HANPasAAT B Neyb. 418 Toro 4tobbl CHU3UTL NOTEPU TENNOTbl Npu
TpaHCnopTMPOBKe Noc/ie Ten/I006MeHHNKa, cnedyeT pacnosaraTe ero Kak MoXHo 61mxe K 3arpy3o4Homy Kap-
MaHy; naeasnbHbiM 6yAeT pacrnonoXeHne HenocpeAcTBEHHO Haj 3arpy3ymKoM. Mo 3KOHOMUYECKUM NpuYnHam
TemnepaTypa MCNosfb3yemblX AbIMOBbIX ra3oB A0/HKHa ObiTb He Huxe 400 BC—450 BC. Bonee toro, oHu
OO/MKHbI OXNaxjaTbCs No kpaliHeik mepe Ha 200 °C—250 eC. Bo u3bexaHue arioMepauuy LUUXTbI
MakcMMasibHaa TeMneparypa AbIMOBbIX ra30B He Ao/KHAa npesbiwaTs 600 °C.
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OCHOBHble BXO/[Hbl€ U BbIXOAHble NapaMeTpbl N8 HATPUR-KanbLWii-CUNNKATHOTO CTeKNA,
CBMHL,O0BOT0O XpycTassi U TAPHOTO CTeKNa, XxapakTepHble ANA NpeanpuaTuii rocygapcts — yneHos EC

BTa6nuuax A.1 nA.2npuBefeHbl OCHOBHbIE BXO/JHble U BbIXOJHble NapaMeTpbl ANA HAaTPUii-KanbLUUiAi-CUINKaTHOTO
cTekna, CBMHLLOBOTO XpycTana uTapHOro cTekna, xapakTepHbole ANa npeanpusaTnii rocygapcts — uneHos EC (4.5J). 3Have-
HUA ANA OCTaNnbHbLIX TNNOB COPTOBOTO CTEK/IA HAXOAATCA B 3TOM Xe AnanasoHe. MokasaTenn TabauL MOryT Ncnonb3oBaTb-
CA NPOeKTUPOBLLMKAMU, UHXEHEepaMWu PpOCCUICKMX NpefnpusTWil, cneumanucTaMmn KOHCY/NbTaLMOHHbIX KOMNAHUA U

npeAcTaBUTENS MW NPUPOAOOXPAHHBIX OpraHn3aunii B ka4ecTBe OPUEHTUPOBOUYHBIX [2.3].

Ta6nuya Al — O606uUeHHble BXOAHbIE W BbIXOAHbIE NOTOKW NS npouecca W3roToB/IEHUA COPTOBOrO CTekna

BxofHble 1 BbIXOAHbIE MOTOKN

JHeprus, Xuakoe nan rasoo6-
pasHoe TOMIMBO

AnekTpoaHeprus
Mecok
Kap6oHaTbl
Okecug ceuHua

MwuHepanbHble
KOMMOHEHTb! LWNXTbl

Bewecrea —

Co6CTBEHHbI cTekno6oii
YnakoBO4YHble mMaTepuasnbl
dopmbl 1 npoyee

Boga

dTOopoBOgOpOAHASA
(100 %)

Kncnota

CepHas kucnota (96 %)
rmapokecna HaTpus
rmapokeua kanbuns

Csexas Bofia Ha OTMbIBKY

FotoBas ynakoBaHHasi Mnpo-
ayKums

BbiGpockl B aTMocgepy:
co*

NOXx

SOx

Mbinb

HxO

CTO4YHble BOAbI

Co6CTBEHHbI cTekno6oi

EgnHnubl Ha 1T
cTeknomMacchl

3HaueHve)
BxogHble NOTOKK
rOx 5-14(9)
rOx 1-4 (2.5)
T 0.65-0,75 (0.6)
T 0.3—0.42 (0.34)
T
T 0.02—0.08 (0.04)
T 0.15—0.4 (0,25)
T 0.06—0,20 (0.1)
T 0.001—0.003 (0.002)
m3 4-9 (7)

Kr/T cTekna Ha XuM.
nonnMpoBKy"™

T/T HF (100 %)™

t/t HF (100 %)™

T/T HF (100 %)'*

t/t HF (100 %)'*
BbIXxoAHblE NOTOKK

T

Kr

M3

HaTpwii-kanbLmii-cunmkaTHoe
cTekno, AnanasoH (cpesHee

0.5—0.9 (0.85)

150— 1000 (700)
0.9—11 (4.8)
0.1—2.8 (0.7)

0.001—0.8 (0.4)
60— 500 (300)
3.6—9.1 (6.3)

0.15—0.4 (0.25)

CBUHLOBbI XpycTasb,
[nanasoH (cpefHee
3HaueHue)

0.5—5 (3)

1-6(4)

0,20—0.50 (0.42)
0.08—0.20 (0.14)
0.08—0.21 (0.18)
0.005—0.02 (0.01)

0,25—0.65 (0.35)
0.06—0.20(0.1)
0.001—0.003 (0.002)
3—70 (7.5)
40— 130 (65)

1-10(5)
0—0.2 (0.1)
1—10 (4)
0.025—0.07 (0.05)

0.35—0.8 (0.75)

150—400 (300)
0.9—5.0 (1)
0.1—1.0 (0.2)
0.001—0.1 (0.02)
60— 250 (120)
2.7—70 (6.8)
0,25—0.65 (0.35)
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OkoHuaHue Tabnuubl A.1

BXxofiHble 1 BbIXOHbIE MOTOKK

OTxofbl Ha nepepaboTKy:
PbSO”APbCO*

CaSoO*

Apyrne oTxofasl

OTX04bl HA 3aXOPOHEHME:
OTXOAbl Hapesku rpamu

OTXOAbI, COAepxalne Tsxe-
Nnble MeTannbl

EgnHuubl Ha 11
CTek/1oMacchl

Kr
/T HF (100 %)"

T/T HF (100 %)"

Kr

/T HF (100 %)"
/T HF (100 %)”

HaTtpwii-kanbupii-cunmkatHoe
cTekno, AuanasoH (cpegHee
3HayeHue)

10— 60 (30)

6—50(10)

CBWHLOBBbI XpycTasib,
[inanasoH (cpepHee
3HaueHue)

10—60 (30)
0.2—1.5 (0.8)
2—20 (7.5)
6—50 (10)

0.3—0.7 (0.45)
0.1—0.5 (0.3)

Ans XxruMuyeckoih NonmpoBkn notpe6nerHne 100 % pTOPOBOAOPOAHOI KMCNOTbI NCNOMb3YIOT B KAYECTBE OCHOBbI
ON5 NONyYeHNUs NPUBEAEHHbIX (CPABHUMbIX) JAHHbIX, MOCKO/IbKY B 3TOM C/ly4Yae yuuTbIBAETCS OTHOLW EHMEe N/IoLWasm no-
BEPXHOCTU K 06bemy. MoTpe6aeHune 100 % HF/T cTekna, NPOXOASALEro XMMUYECKyo NoNNpoBKY, 6yAeT 3aBUCETb OT OT-
HOLWEHUsI NowWasn NoBEePXHOCTN K 06bEeMY U COOTBETCTBEHHO OT TWMNa MOAMPYEMbIX NpesMeToB.

Ta6nuua A2 — O606UEHHbIE BXOAHbIE U BbIXOAHbIE NOTOKM /1 NPOLECCA W3TOTOB/IEHNS TAPHOTO CTekNa

BxofHble 1 BbXOAHbIE MOTOKU

Bo3BpaTHblii cTekN060i
Mecok
Kap6oHaTbl

MuHepanbHble
KOMMOHEHTbI LNXTbI

po6aBkn —

OrHeynopsbl neuu
YnakoBouYHble Matepuarsibl

dopmMbl 1 npoyee

OHeprusa, Xuakoe u rasoo6-
pasHoe Tonnueo, BCero"

OnekTpoaHeprusa, scero”

Boga

FoToBas ynakoBaHHasa npo-
AyKkuna
Bbibpochkl B aTmMocepy.

oo

»l

NO*

SOx

nblNb (6€3 04UNCTKN)

neinb (¢ OVICTKOA
HCI (6e3 ouncTkn)

HCI (c ouncTKoiA)

12

EopHuupiHa 1T
CTeKMoMacch|

[VianasoH 1 cpeaHee 3HaueHvie

oT oo

BxofHble NOTOKKN

T 0 0.85
T 0.04 0.66
T 0.02 0.40
T 0.002 0.05
T 0.005 0.01
T 0.040 0.080
T 0.004 0.007
BxogHble NOTOKK
I Ox 4 14
rox 0.6 15
M3 0.3 10
BbIXOAHbIE MOTOKM
T 0.75 0.97
Kr 300 1000
Kr 12 39
Kr 0.5 71
Kr 0.2 0.6
Kr 0.002 0.05
Kr 0.02 0.08
Kr 0.01 0.06

0.40
0.35
0.20
0.02

0.008
0.045
0.005

6.5

0.8
18

0.91

430
24
25
04
0.024
0.041
0.028
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OkoHuyaHue Tabnuubl A.2

nanasoH v cpefjHee 3HadeHve
EavHumbl Ha 1T A peA
BxoAHble 1 BbIXOAHbIE NOTOKM

cTeksiomacchl
ot o cpepHee

HF (6e3 ouncTkn) Kr 0.001 0.022 0.008
HF (c ouncTKoW) Kr 0.001 0.011 0.003
MeTannbl (6e3 o4ncTKu) Kr 0.001 0.011 0.006
MeTannbl (C 04NCTKOI) Kr 0.000 0.002 0.001
HrO (ucnapeHue u cxuraHue) T 0.3 10 1.8
CTOYHbIE BOAbI MJ 0.2 9.9 1.6
OTX04bl HAa NepepaboTKy T 0.002 0.006 0.005
Apyrue oTxoAbl T 0.003 0.015 0.005

"MonHoe aHepronoTpe6neHne (neyb, BbIpaGoTKa, OTXKWT U ApP.) AN TUMWYHOTO NPEeANPUATAS, UCTNO/b3YIOLEro
neyn Ha uckonaemom TOMuBe.
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Buénunorpadcusa

depepanbHblii 3aKOH 0T 23 HOA6pPA 2009 1. Ne 261-®3 «O6 aHeprocHepexxeHnn 1 0 NOBbIWEHUN IHepPreTUYecKoi
3D heKTUBHOCTM 1 O BHECEHUUN U3MEHEHWNIT B OTAE/bHbIe 3aKOoHOfaTe bHble akTbl Poccuiickoit ®epgepaunn»

MocTaHoBneHue MpaButenscTea Poccuiickoit depgepaymm ot 5 mapta 2007 1. Ne 145 «O nopsifke opraHusauum un
npoBefeHNs rocyapCTBEHHO 3KCNEePTU3bl NPOEKTHON JOKYMEHTALWN N Pe3yNbTaTOB UHXEHEPHbIX U3blCKaHUi»

MoctaHoBneHue MpaButensctea Poccuiickoilt ®egepayun ot 16 hespana 2008 r. Ne 87 «O cocTaBe pas3aenos
NPOEKTHON AOoKYyMeHTaLun n Tpe6oBaHUsAX K UX CoaepxaHuto*

CnpaBo4yHuK EC no Hamnyywmm JOCTYMNHbIM TexHonoruam «Esponeiickas komuccusa. KomniekcHoe npegynpex-
[eHNe U KOHTPONb 3arpA3HeHunii. CnpaBoyYyHoe pyKoBOACTBO MO HAWMYYLIUM AOCTYNHbIM TexHoNornsamMm. CTekonb-
Haa npombiWweHHoCcTb («Integrated Pollution Prevention and Control (IPPC). Reference Document on Best
Available Techniques in the Glass Manufacturing Industry» — Seville: Institute for Prospective Technological
Studies. European IPPC Bureau. 2001)

CnpaBoYHUK NO HAUTYYLW UM LOCTYNHLIM TEXHUYECKMM MeTojaM UCMNO/b30BaHUS 3HEPTOPEecypCcoB B CTEKO/IbHOM
NPOMbILLIEHHOCTW: NPOU3BOACTBO COPTOBOrO M TAPHOTO cTekna. — M.: 9konaitH. 2005. — 128 c.
http .//14000.ru/projects/glass/BAT _in_Energy_use.pdf

CnpaBo4yHunk EC no Hannyywunm JOCTYNHbIM TeXHOMOrnam «Esponeilickas komuccus. KomnnekcHoe npeaynpex-
[eHNe N KOHTPO/b 3arpsisHeHnin. CnpaBoYyHOe PYKOBOACTBO MO HAWMYYLWINM JOCTYMHbIM TexHonornam. dddek-
TUBHOE uUcCnonb3oBaHue aHepruun. ®espans 2009 r.» («Integrated Pollution Prevention and Control (IPPC).
Reference Document on Best Available Techniques for Energy Efficiency» — Seville: Institute for Prospective
Technological Studies. European IPPC Bureau, 2009)

CnpaBoYHbIii AOKYMEHT NO HaWNy4YWWUM AOCTYMHbIM TEXHOMOrMsM obGecnevyeHns 3HeproadekTUBHOC-
M. — M.: OkonaliH. 2009. — 455 c.
http://14000.ru/vrorkVbref/bref_final_full.pdf
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KnioueBble crioBa: CTek10, MPOM3BOACTBO, pecypcocbepexeHne, mnokasaTesim 3HeproadekTuBHoCTH,
Haunydlme focTynHble TexHonornn. HAT
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