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[lpeaucnoBue

Llenn u npuHuMnel ctTaHgapTusauum B Poccumnckon PeagepaumyctaHoBneHbl PegepanbHbIM 3aKOHOM OT
27 nekadbpst 2002 r. Ne 184-03 «O TeXHUYECKOM perynmpoBaHiun», a npasuna NnpuMeHeHnst HauMoHanbHbIX
cTaHaapToB Poccunckon egepaunmmn — OCT P 1.0—2004 «CtaHpgapTtusauma B Poccunckon Peagepauun.
OCHOBHbIE MNONOXEHUAY

CBeneHNnAa o ctaHaapTe

1 PASPABOTAH ®epepanbHbIM rocygapcTBEHHLIM YHUTAPHBLIM NpeanpuatuemM «BcepocCUUCcKUn
Hay4YHO-MccneaoBaTenbCKUU LEeHTPp cTaHaapTusaum, MHgopmMaunum U cepTudukalm celpbsi, MaTepuanos U
BewecTts» (PIyll «BHALCMB») 1 ABTOHOMHOW HeKOMMepYeckon opraHusaunen cogenucTsmUs NOBbILLEHUIO
3KOMOrnM4yeckon 1 aHepreTUYeckon apPekKTUBHOCTU PEermoHOB « IkonanH» (AHO «3konanH»)

2 BHECEH TexHun4yeckum komutetom no ctaHgaptusaunm TK 349 «ObpalleHne ¢ oTxogamm»

3 YTBEPXXOEH W BBEAEH B JEWCTBUWE MMpukasom PeaepanbHOro areHTCcTBa no TEXHNYECKOMY
perynupoBaHuto n metponorin ot 23 aekadbpsi 2010 1. Ne 981-cT

4 HacTtosLwmm ctaHaapT paspadboTaH ¢ y4eTOM OCHOBHbIX nonoxeHuin CnpasovHuka EC « EBponenckas
koMuccusa. KomnrnekcHoe npeaynpexgeHue U KOHTPOoIb 3arpsasHeHmnn. CnpaBsovHoe pyKoBOACTBO NO HaUIyu-
UMM OOCTYMHbIM TexHonoruam. NponsBoacTtBo CoOpTOBOro M TapHoro crtekna» («European Commission.
Integrated Pollution Prevention and Control (IPPC). Reference Document on Best Available Techniques in the
Glass Manufacturing Industry»), noarotoBneHHoOro B pamkax peanusaumm dupektmsbl 96/61/EC 0 Komnnekc-
HOM KOHTpOIe 1 npeaoTepalleHun sarpasHeHnda, n «CnpasovHMKa No HaunyyLwmnmm AOCTYMHBIM TEXHOJIOTUAM
obecneveHua sHeprosdpdpekTusHoctu» («Integrated Pollution Prevention and Control (IPPC). Reference
Document on Best Avallable Techniques for Energy Efficiency»), noarotoBneHHoro B nopagke peanusauuu
Oupexktnebl 2008/1/EC no kKoMnnekcHOMY NpeaoTBpaLlleHUO U KOHTPOMIO 3arps3HeH A

5 BBEAEH BINEPBbIE

VIHipbopmMmayuss o6 UBMEHEeHUSX K HacmosweMy cmaHoapmy rnybnuKkyemcs 8 eXe200H0 u3oasaeMoM
UHOopMaUlUOHHOM yKa3zamere «HayuoHalnbHbie cmaHoapmsai», a meKkcm UaMeHeHUU U NMorpagoK — 8 eXXeMe-
CAYHO U30asaeMbiX UHPOPpMaUUOHHbLIX yKazamernsax « HayuoHanbHble cmaHOoapmely. B criydyae nepecmompa
(3aMeHbl) Unu OmMeHbI Hacmosauw,e20 cmaHOapma coomeemcemesyrouiee yeeoomreHue byoem onybnukosaHo
8 e)XXeMeCsIYHO U30asaeMoM UHGPOpMaUUOHHOM yKa3amerie « HayuoHarnbHbie cmaHOapmebil»y. Coomeemcemaey-
rowas UHopmMauus, yeeooMrieHuUe U meKcmsbi pa3Melwaromcs makxe 8 UH(popMayUoHHOU cucmeme oblyez2o
rofib308aHUsT — Ha ouyuanbHoM calime PedepallbHO20 a2eHmcemaea rio mexHU4ecKoMy peaynupogaHuro U
MempoJsiozauu e cemu MIHmepHem

© CtaHgapTuHgopm, 2011

HacTtoawumn ctaHaapT He MoXeT ObITb NOMHOCTLIO UITU YacTUYHO BOCTNIPOU3BEAEH, TUPaXXNPOBaH U pac-
MpocTpaHeH B KayecTBe oduumanbHoro nsgaHma o6es paspeweHnsa PegepanbHOro areHTcTBa Mo TeEXHNYECKO-
MY PerynmpoBaHuo U MeTPOoorum
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BBenoeHue

CXUraHme Uckonaemoro Tonnmea gand nonyvyeHna sSHeprmm AsnseTcst OCHOBHLIM aHTPOMOTeHHbIM UCTOY-
HUKOM NapHUKOBLIX ra3oB, OKa3bIBaOL UM BNUSHUE Ha U3MeHeHWe KniumarTa. [Npoaonxatouweecs MaclitabHoe
noTpedbneHne HeBO30OHOBNAEMbIX 3anacoB UCKONAeMOro ToNnMea U HeobXoaMMOCTbL obecnevyeHnst yCToONYN-
BOCTU 3KOJNTOro-3KOHOMUYECKMX CUCTEM NMOBLILWIAKT NPUOPUTET BOMPOCOB, CBA3AHHBLIX C NMPOU3BOACTBOM WU
noTpebrneHnem sHepruu.

[TpMeHeHne Haunyvwnx AocTynHbIX TexHonorni (HAOT) aensieTca Hanbonee OLICTPLIM, pe3ynbTaTUB-
HbIM 1 3KOHOMUYECKU 3 PEeKTUBHBLIM MNOAXOAC0M K peLleHo BONPOCOB 3HeproadpeKTUBHOCTN.

B 2006 . NpasutenbctBo Poccuinckon egepavnm ogodbpuno KoHuenuuio pasBUTUa HaLMOHaNbHOW CUC-
TeMbl cTaHaapTusaunn. B ycnosuax rnodannsaumm aKoOHOMUYE CKUX OTHOLLIEHUA HAUMOHaNbHAas CUCTEMA CTaH-
aaptmsauMm npussaHa obecnednTbe OanaHC WHTEPECOB TOCYydapcTBa, XO3AUCTBYHOLWKMX CYOBLEKTOB,
00LLUECTBEHHbIX OpraHm3aunn 1 NnoTpeduTenen, NOBLICUTbL KOHKYPEHTOCNOCODHOCTbL POCCMNCKON 3KOHOMUKN,
co3faTthb YCNOBUA AN pa3BUTUA NpeanpuHMMaTenbCcTBa Ha OCHOBE MOBLILLEHUS KaYecTBa TOBApPOB, paboT U
YCIVT.

CTaHaapTMsaung aendaeTcs KNoyYeBbiM pakToOpOM NoaaepKkm rocygapcTBeHHOM colmanbHO-3KOHOMMU-
YeCKOW NONMUTUKA, CNOCODCTBYET PasBUTUIO AO0DPOCOBECTHOW KOHKYPEHLU NN, UHHOBaL A, CHUXKEHWNIO TEXHUYEC-
KX GapbepoB B TOProBne, NOBLIWEHUIO YPOBHA ©e30NacHOCTU XKU3HW, 300POBbA U UMYLLECTBA rpaXajaH,
obecnevnBaeT oXpaHy MHTEPECOB NOTPebUTeNen, okpyXxarLen cpegbl M SKOHOMUIO BCEX BUOOB PECYPCOB.

CTaHaapTMsaunga B Ka4yecTBe O04HOIMo 13 311IeMeHTOB TEXHUYECKOro perynmpoBaHnuga npussaHa BHECTU
3Ha4YUTENbHLIA BKNaA4 B 3KOHOMUYECKOEe pa3BUTUE CTpaHbl, NpU 3TOM POfb U NMPUHLUMNBI CTaHOAAapTU3aLUMKN B
YCNOBUAX peopMUPOBaAHNUSA POCCUNCKON SKOHOMWKN AOTKHBI ObITh aAeKkBaTHbI NPOUCXOAsILLMM NepeMeHaM U
COOTBETCTBOBaATbL MeXAyHapoaHOU NpaKTUKe.

OAQHUM 13 oCHOBOMNOMarawLWmMxX NpUHLUMNOB CTpaTeErMn pa3BUTUA HaLMOHaNbHOW CUCTEMBI CTaHadapTU3a-
LI ABMNSAETCS NPUMEHEHNEe MeXAYHapPoAHbIX CTaHOAaPTOB KaK OCHOBLI pa3paboTkn HauMoHanbHbIX cTaHaap-
TOB, 32 UCKITIOYEHUEM ClyYaeB, Koraa Takoe npuMmeHeHne NnpusHaHo HelenecoobpasHbiM.

B cooTBeTCcTBUKM C YKaszoM [IpesnageHTa Poccumnckon egepaui o1 4 nioHsA 2008 1. Ne 889 «O HeKOTOPbIX
Mepax rno rnoBbILLUEHUIO 3HepreTU4eckon 1 3konorn4eckomn adpPeKTUMBHOCTU POCCUNCKOMN 3KOHOMUKN» B HACTOS-
LLlee BpeMs BeJeTCsl akTUBHasA padboTa no CoOBEPLUEHCTBOBAHUIO 3aKOHO4ATENbHOW M HOPMATUBHO-METOQNYEC-
Ko Basbl, HanpaBNeHHOW B TOM YMUCTIEe Ha CTUMYTNTUpOBaHue npumeHeHsS HO T, aganTupoBaHHbIX K POCCUACKUM
YCITOBUAM.

PacnopsikeHueMm Npasutensctsa Poccuinckon @egepaumnm ot 13 Hosgbpa 2009 r. Ne 1715-p yTBEpKAEHA
JHepretTundveckas ctparterus Poccun Ha nepuog ao 2030 roga. INpesmnpgeHtom Poccumnckon ®egeparm noanu-
caH PegepanbHbii 3aKoH 0T 23 HOABPA 2009 1. Ne 261-903 «Ob aHeprocbepexxeHUn 1 o NoBLILLEHUN 3HEpPreTn-
Yyeckon 3PPEKTUBHOCTU U O BHECEHUM MU3IMEHEHUN B OTAENbHble 3akoHodaTenbHble akTbl POCCUNCKOW
Pepnepaumn» [1].

[TpumeHeHue HOT npegnonaraet cylWlecTBeHHOE NOBLILWLEeHUe nokasaTtenen sHepros@ekTMBHOCTU 1
akonorundyeckon adpPeKTUBHOCTU XO3ANCTBEHHOMN AeATeNlbHOCTU, YTO MNOJTHOCTBIO COOTBETCTBYET rocyaap-
CTBeHHOM nonnuTuke Poccunckon Pegepaun.

3a pybexxom ¢ MoOMeHTa BCTynneHuns B cuny dupektnebl 96/61/EC BHeapeHne HAOT adodpekTUBHO oCyLLe-
CTBNsSIeTCcA BO Bcex oTpacnsx npombiwneHHocTU. MNMpuHaTtaa B 2010 r. Aupexktuea 2010/75/EC o npomblLnen-
HbIX BbIDpocax, oTMmeHsowaa Aupektny 96/61/EC ¢ 1 qaHBapsa 2016 r., coxpaHuna nonoXeHne o
HeobxoaumocT npumeHeHnss HAT.

B HacTodweMm cTaHgapTe npuBedeHbl pekoMeHaauuy no npakTuyeckomy npuMmeHeHUo U BOSMOXHOCTU
ncnone3osaHna HAT noBbilWeHNA 3Heproa@PEeKTUBHOCTM NPU NPOU3BOACTBE COPTOBOIO M TAPHOTC CTekna B
COOTBETCTBUM CO CripaBOYHbIMU gokyMeHTammn no HAT.

HOT noBbILWIEHUS 3HEPro3PPEKTUBHOCTH, YKa3aHHbIE B HACTOALLEM CTaHAapTe, MOryT ObITb MCMOMb30-
BaHbI NPOU3BOAUTENSIMU COPTOBOIO U TAPHOTO CTEKMa NPU NPOeKTUPOBaHUM HOBLIX MPeANpUATUN ANA NOBbILLEe-
HAA pPe3ynbTaTUBHOCTU CBOEU paboThbl C y4eTOM MUPOBOrQ OMbliTa, HAKOMMEHHOro B AaHHOW oTpacnu
(CM. MpunoxeHue A).

HacTodawmn ctaHgapT paspaboTaH And agantaunum oTpacneBoro eBponenckoro cnpasovHnka no HAT K
POCCUUCKNM YCITOBUAM.

IV
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HAUUWOHANBbHBILU CTAHOAPT POCCUUCKOWNW OGEOLEPAUUNMN

PECYPCOCBEPEXEHUE

NMPOU3BOACTBO COPTOBOIO U TAPHOI'O CTEKINA

Haunydlwue AocTynHbIe TEXHONMONMMU NOBbILLEeHUA 3HeproadeKTUBHOCTH

Resources saving. Production of domestic and container glass.
Best available techniques for improving energy efficiency

[laTta BBegeHna — 2012—01—01

1 Obnactb NpMeHeHUA

HacTtodawmn ctaHgapT pacnpocTpaHaeTca Ha NPOoeKTUpoBaHUe HOBLIX NpeanpUuaT No Npon3BOACTBY
COPTOBOrO U TApHOIro cTekna 1 npoBedeHmne npoueaypbl OLeHKN BO3AeNCTBUA Ha OKPYXaloLL Yo cpeay U rocy-
O0AapCTBEHHOW 3KCNepTn3bl COOTBETCTBYIOLLEN AOKYMeHTauuun [2, 3].

HacTodawunn ctaHgapT coOepXUT npakTudeckne pekomeHgauun no npuUMeHeHUo U UCMOoNb30BaHUKD
CYLLECTBYHOLLUUX M adanTUPOBaHHbIX K POCCUNCKUM YCITOBUAM HAUMYYLIMX 4OCTYNHbIX TeXHonornn (HAT) noBbl-
LUeHUA 3HeproadpPekTUBHOCTU NMPOU3BOACTBA COPTOBOIO M TApHOro cTekna, NpuBedeHHbIX B CrpaBOYHbIX
nokymeHTax [4—/7]. B HacTosAwWweM cTaHaapTe npuBeeHbl OCHOBHbIE XapaKTepUCTUKM aganTUPOBaHHBLIX K POC-
cuMCKMM ycrnoBuam HOT noBbIlWWeHUA 3Hepro3@@PekTUBHOCTU MNPOU3BOACTBA COPTOBONC W TapHOro
cTeknal4, 9.

2 HopMaTuBHbIE CCbINKN

B HacTodwemM cTaHgapTe UCNONb30BaHbI HOPMAaTUBHBIE CChINKU Ha creayolwme ctaHaapThl:

[OCT P NCO 9000—2008 Cucrtembl MeHeaXMeHTa kadyecTBa. OCHOBHbLIE MONOXEeHUS U CroBapb

[OCTP NCO 14050—2009 MeHeaKMeHT oKpyKatoLwen cpeabl. CnoBapb

[OCTP50831—95 YcTtaHoBKM KOTeNbHbIE. TennomMmexaHunveckoe obopyaosaHune. ObLme TeXxHn4eckKme
TpeboBaHUA

[OCT P 51387—99 OJOHeprocbepexeHune. HopmaTtnBHo-meTogundeckoe obecnevyeHne. OCHOBHbIE NONO-
KEeHUs

[OCT P 52104—2003 PecypcocbepexeHune. TepMuHbl U onpeaeneHns

[TpumeyaHwmne—lpu NONb30BaHUN HACTOALWMM CTAHAAPTOM LenecoobpasHo NPOBEPUTb AEUCTBUE CCbINMOM-
HbIX CTAaHOApPTOB B WHMOPMAUMOHHOW cuUcTeMe obuwero nonb3oBaHuUs — Ha ouumanbHoOM cante PepepanbHOro
areHTCcTBa No TEXHUYECKOMY PEryriMpoBaHuIO U METPONOrMn B cetn VIHTepHeT nnn no exerogHo nagasaemomy nHdpopma-
LMOHHOMY yKa3aTento « HaunoHanbHble CTaHAAPThI», KOTOPbLIN ONYBNMMKOBAH Mo COCTOSAHMIO Ha 1 SIHBAPS TEKYLLEro roaa, u
NO COOTBETCTBYIOWMNM €XEMECHAHYHO N3AABAEMbIM MHDOPMALMOHHBIM yKa3aTtensam, onybriMKOBaHHbIM B TEKYLLEM roay.
Ecnun ccbinoYvHbIM CTAHAAPT 3aMEHEH (M3MEHEH), TO NPU NONb30BAHUN HACTOSIWMM CTaHAAPTOM CreayeT PyKOBOACTBO-
BaTbCH 3aMEHAWMUM (MBMEHEHHBIM) CTAHAAPTOM. ECNn CCbINOYHLIM CTaHAAPT OTMEHEH De3 3aMeHbl, TO MONOXEHNE, B
KOTOPOM faHa CChIfika Ha Hero, NpPpUMeHsIeTCsH B YaCTu, HE 3aTparvBatoLlLEen 3Ty CCbINKY.

3 TepMUHbLI N onpegeneHus

B HacTodawem cTtaHaapte npumeHeHbl TepmMmuHbl no OCT P ACO 9000, T'OCT P NCO 14050,
[OCT P 50831, TOCT P 51387, OCT P 52104, deaepansHoMy 3akoHy [1], a Takke cneayowme TepMUHBI C
COOTBETCTBYOLLUMMU oNpeaeneHUsMm:

U3paHune odbmumanbHoe
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3.1 Hanny4vwaa gocrtynHaa TexHonoruAa; HOT: TexHonorndeckun npouecc, TeXHU4eckKnA meToa,
OCHOBaHHbLIN Ha COBPEMEHHBLIX AOCTUXKEHUAX HAYKU U TEXHUKU, HanpaBlieHHbIU Ha CHUXKeHUe HeraTUBHOMo
BO34ENCTBUS XO3SAUCTBEHHOW OeATEeNbHOCTU Ha OKpyXaloLwWyo cpeay U UMeroLnA YCTaHOBMEHHbIM CPOK
NPakKTU4eCcKoro NpMMeHeHMs ¢ y4e TOM 3KOHOMUYECKUX, TEXHUNYECKUX, IKONTOTMYeCcKnX 1 coumanbHbIX PaKkTo-
DOB.

[TpyumevyaHNHs

1 HOT o3HavaeT Hanbonee ahPEKTUBHYIO N NEPEOBYIO CTAANIO B PA3BUTUN MPOU3BOACTBEHHOW AEATENBHOCTU U
METOAOB 3Kcnnyatauum o6bLEKTOB, KOTopasi obecneunBaeT NPakKTUYECKYIO NMPUrogHOCTb ONpeaeneHHbIX TEXHONOINMA
ANsa npegoTBpaLlLeHnss N, eCrnv 9To NPakTUYECcKNn HEBO3MOXHO, obecneveHns obLero cokpaleHusi BbiIbpocoB/cOpo-
COB N 0bpa30BaHNSA OTXOA0B. YHET BO3AENCTBUN HA OKPYXKAIOLLYIO cpeay Npon3BOANTCH HA OCHOBE NpeenbHO A0MNYCTU-
MbIX BbIOPOCOB/COPOCOB.

2 [Npn peanuzaymmn HA T, umetowen yctaHOBNEHHbIN CPOK NPaKTUYECKOro NPUMEHEHUs C y4eTOM 3KOHOMUNYECKUX,
TEXHUYECKUX, IKOJTOTMHYECKNX U COLManbHbIX PaKTOPOB, AOCTUTAETCHA HAMMEHbLLNN YPOBEHb HETATUBHOIO BO34ENCTBUSA
Ha OKPYXKaloLWYyo cpeay B pacyeTe Ha egnHNLY NPON3BEAEHHON NPOoAYKUMN (paboThl, yernyrn).

3 «Hauny4was» o3HavaeT TEXHONOrno, Hanbonee 3PPEKTUBHYIO A5 BbINYCKA NPOAYKUUM C AOCTUXKEHNEM YCTAa-
HOBITEHHOIO YPOBHS 3aLlLMNTbI OKPYXKatoLWeWn cpeabl.

4 «[locTynHas» o3Ha4yaeT TEXHOMNOIMIO, KoTopas paspabotaHa HACTONbKO, YTO OHA MOXET DbITb NPUMEHEHA B KOH-
KPETHOW OTPAacsin NPOMbILLINEHHOCTU MNPWU YCITOBUU NOATBEPXKAEHUA IKOHOMNYECKON, TEXHUYECKON, IKONTOTMYECKON U
coumanbHoOM uenecoobpasHocTn ee BHeagpeHus. «loctynHasa» npumennTenbHo K HO T o3HavaeT yyert 3aTpar Ha BHE-
PEHNE TEXHOMOMNN N NPENMYLLLECTB €€ BHEAPEHUSA, a TAKKE 03HAYAET, YTO TEXHONOINA MOXET ObITb BHEAPEHA B I3KOHO-
MUYECKU N TEXHUYECKN pearnmna3yemMbiX YCNOBUAX ANA KOHKPETHOW OTpacin NPOMbILLITEHHOCTW.

5 B otaenbHbIX cnyvasax 4yacTb TEPMUHA «AOCTYNMHAsSA» MOXET OblTb 3aMEHEHA CITOBOM «CYLLECTBYIOLWANA», €CNN
3TO onpeaenexHo sakoHogartenbcTBoM Poccunckon Peaepaumm.

6 «TexHonorms» 03HavYaeT Kak UCNoNb3yeMyo TEXHOMOIMIO, Tak M cnocob, MeToa n Npuem, KOToOpbiM OB BEKT CNPO-
EKTUPOBAaH, NOCTPOEH, SKCNNyaTUPYETCS U BBIBOAUTCS U3 3KCNNyaTauum nepen ero NnMKkBngaumnen ¢ ytunmaaumenm obes-
BPEXEHHbIX YacTen n yganeHnem onacHbIX COCTaBMAOLWMNX.

7 KHOT oTHOCATCSA, KAk NpaBuno, ManooTxogHble n 6e30TX0aHbIE TEXHONOMMN.

8 Kaknpaswno, HOT BHOCAT B rocyaapcTteeHHbI peectp HAOT.

[TOCT P 54097—2010, nyHKT 3.1]

3.2 rocypapctBeHHbIU peectp HOT: CucrematmnanmpoBaHHbIN DaHK AaHHbLIX O HAUNYYLLIUX OOCTYN-
HbIX TEXHONOMUSAX, coaepKalli XapaKTepUCTUKN TEXHOOTMI N COOTBETCTBYIOLME TEXHONOrNYeCcKne, 3Ko-
nornvyeckne, counanbHble HOPMbl U HOPMAaTUBHI.

[FTOCT P 54097—2010, nyHKT 3.9]

3.3 HOpMaTUBbLI B 0ONacTu oxpaHbl OKpyXawlwen cpeabl (NpUpoaocOoXpaHHble HOPMAaTUBDI):
YcTaHoBMNeHHbIe HOpMaTUBLI KavyeCcTBa OKpyXKarolen cpeabl, HOpMaTUBbI A0MYCTUMOro BO34ENCTBUSA Ha OKPY-
XaloLyo cpeay U TeXHOoNornvyeckme HopmMaTUBbl.

3.4 TexHonornyeckum nokasartenb: [lokasaTtenb, XapakTepusyoLwwmnn TEXHONOTUIO C TOYKU 3peHnd ee
COOTBETCTBUA HaMNy4wen 40CTYNHON TeXHOMOrMU. TexXHonormieckne HopmMmaTebl BO3OAEUCTBUSA Ha OKPYXKato-
Lyo cpeny onpegenaotcea gna HAT nyctaHasnMBaroTCA B rocyaapcTeeHHOM peectpe HAT.

4 OCHOBHbIe XapaKTepUCTUKN NPOoN3BOACTBa U3fennum U3 ctekna

4.1 OCHOBHbIE NONOXEeHUN

TexHonorm4yeckn npoLecc Npon3BoACTBa N3aenni N3 cTekna CoCTOUT U3 HECKONMBbKMX 3TanoB. Ha nep-
BOM 3Tane npoucxoauT NoAroToBKa CblpbeBbIX MaTepmarnos (apobneHue, cylka, npocenBaHmne ). 3aTeM Cblpb-
eBble MaTepuanbl UCNOMNbL3YIOT ANd MNPUrOTOBMNEHUA LWKXTbl (OA03UPYOT U CMeLMBaloT KOMMOHEHThl B
COOTBETCTBUN C TPEDOBAHUAMM K COCTABY M CBOUCTBAM KOHEYHOM NpoAayKumn). B 3aBUCUMOCTU OT HAa3Ha4YeHUS
cTekna cbipbe AN ero U3roToBNEeHUA COAEPXNT pasfindHble oKCuabl U MUHepanbl. KpeMmHeseM, ABNALWNNCS
OCHOBHOM COCTaBHOW YacCTbi HEOPraHMYeCcKoro CTeKkna, BXoauT B LWMXTY B BUAe KBApLEBOro necka (pexe — B
BUAE MOJTOTOro KBapua). [Anga Bapku BbICOKOKa4YeCTBEHHbIX MPO3padHbIX CTEKOST NeCOK oUMLLAaD T PUIUKO-XUMU-
yecknmu cnocodbammn. B cocTaB LLUMXTbI BBOOAT TaKKe coegnHEeHNda Kanbums, bopa, dpocdopa, antoMmmuHmns. Beno-
MoraTenbHble  MaTepuanbl — 3TO  OCBETIUTenun, obecuBeumBatenn, rMyWATENWU, Kpacutenu W«
BOCCTaHOBUTEMN.
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[lpoLuecc cTeknoBapeHua — npoLuecc nonydyeHUa ogHOPOAHOro pacnnasa — YCMOBHO pasaensloT Ha
HECKONbKO cTagunn: obpasoBaHMe CUNMUKATOB, CTEKNOoobpasoBaHMe, OCBETNEHNE, TOMOTeHM3aLUnNio N OXNax-
neHune.

Ha nepBon cTagMnM NpoucxoauT NnaBneHne KOMMOHEHTOB, obpasyeTca Xuakas dasa, cogepxallas
CUNUKATLI U MPOMEXYTOYHbIe coeguHeHUs. ITOT aTan 3aepwaetcda npun 1100 "C—1200 °C.

Ha ctagun cteknoobpasoBaHua npn 1200 °C—1250 °C pacTBOPAOTCA OCTATKU LUMXTbI, IPOUCXOAUT B3a-
NMMHOE pacTBOPEHNE CUMMKATOB, YOANsIETCHA NeHa U obpasyeTcda oaHopoaHas CTeKknomMacca, HachlleHHas,
OQHaKo, ra3oBbIMN BKITHOYEHUAMMN.

HactagnnoceetneHus (1500 °C—1600 °C, anntenbHOCTb — A0 HECKONBKUX CYTOK) NPoUCcXoaunuT yaane-
HMe U3 pacnnaBa rasoBbiX nysbipen. OQHOBPEMEHHO C OCBETIEHUEM NPONCXOANT FOMOreHn3aums.

Ha ctagun oxnaXaeHusi NpoBoAAT NOArOTOBKY CTEKNOMAaCChl K POpMOBaHUIO, ANA Yero paBHOMEPHO CHU-
xatoT Temnepatypy Ha 400 °C—500 °C n gocturatoT He0BX0ANMON BA3KOCTU CTEKITOMACCHI.

dopMoOBaHMe U3Qennn U3 CTEKNOMAaCChI NP NPOU3BOACTBE COPTOBOIO M TAPHOIO CTEKNa OCYLLEeCTBSAIOT
pasnnU4HbIMU MeToAaMn — NMPEeccoBaHUEM, NPECCBbIAYBAHUEM, BblAYBAHMEM U APYTMMN C UCTIONb30OBAHUEM
cneunanbHbIX CTEKNOROPMYIOLLNX MaLLKNH.

Tak kak okono 75 % notpebneHnsa aHepPrmn B NpOU3BOACTBE CTEKMNA pacXoayeTcsl Ha NPoLEeCcC CTEKOBa-
PEHUS, NPY NOBLILWWEHUN 3HEeProadPeKTUBHOCTN OCHOBHOE BHUMaHWUE cneayeT yaendTe UMEHHO 3TOMY aTany
NPOU3BOACTBA.

4.2 lpou3BoACTBO TapHOIo CTeKna

[1oOM3BOACTBO TAPHOMO CTEKNAa Pa3BUTO NPaKTUYeCKN BO Bcex permoHax Poccumnckon egepalli M OXBa-
ThiBaeT NpeanpuaTnd, 3Ha4YnTenbHO pasnuyatoLlmecs no MOLWHOCTU U aCCOPTUMEHTY BbINMyCKaeMoOM NPoayK-
LU, OgHako npakTudeckn BCA NPoayKLUUSa Nponu3BoAUTCS UCKNIOYUTENBHO U3 HAaTPUN-KanbLUWWA-CUNTMKATHOTO
cTekna, U pasnumyinga UCnoNb3yemMblX ChIPpbeBbLIX MaTepuanoB orpaHudeHbl. OTHOLWIEHNME BXOAHOMo noToKa
CbIpbEeBbIX MaTepPManoB K nNonydaemMon cTekrnomMmacce MOXKeT OTNdaTbcs B 3aBUCUMOCTU OT 40NN UCTNONb3Ye-
MOTr0 CTEKNODOSA, UTO BINUSIET HA ra3oobpasHble NoTEPU ChlpbeBLIX MaTepManoB NpKY cTeknoBapeHnn. CyLlka u
yrap WnxTbl MOTYT onpeaenaTtb notepn ot 3 % Ao 20 % BxogHoro notoka, n 1 T cTeknobosa 3amMeHs1eT nprubnnsu-
TenbHO 1,2 T wunxThl. dons cteknodos coctaBnsaeT oT 50 % Ao bonee yem 90 %, Korga OCHOBHYHO A0SO OTX0A0B
cTeKkna HanpaBnsawT Ha nepepaboTKy B Neyn.

4.2.1 3HepronoTpedbneHue NnponsBoacTBa TAPHOIo CTeKnNa

OHeprus, Heobxoanumas Ans cTteknoBapeHust, 0bblIvHO cocTaBndaeT bornee 75 % obLwero sHepronoTpeb-
NEeHUs NPOUN3BOACTBA TAPHOM NPOAYKLUN N3 cTekna. AApyrmMm 3SHauMmMmbiMn 00NnacTaMm, CBAA3aHHBIMU C NOTPED-
NeHnemM 3Heprun, ABNAKTCA nuTaTenu, npouecc popmoBaHUA (CXaTblM BO3QyX M BO3AYLIHOE oXNnaxaeHue
dpopm), oTKUT, oborpeB U obecneveHne npeanpuUaTua. nanasoH aHepronoTpedneHns, BCTpeYatoLlmnica Ha
npeanpuaTUax No NpPoU3BOACTBY TAPHOIo cTekna, YpesBbl4anHO LWMPOK (TONbKO Ha cTeknoBapeHne — ot 3,2
0o 12,2 [x/T cteknomacchl), HO, N0 UMELLIMMCH oLUeHKaM, 60NbLUMHCTBO NPpeanpUaATUN OTHOCUTCS K Ananaso-
Hy 0T 5,500 9,0 '[x/T cteknomaccel noT /7,5 a0 11,0 ' [k/T rotoBon npoaykumnn. Ansa HeKoTOPbIX BUOOB NPOayK-
LI O4YEHb BBICOKOTO Ka4ecTBa NocneaHAas BennMymHa MoXeT OblTb 3Ha4YMUTEeNbHO BhILLE.

4.3 lNpon3BoACTBO COPTOBOIO CTekKna

[MpeanpuaTna, NponsBoasiLine CoOpTOBOE CTEKNO, KpanHe HeoaHOPOAHbI, YTO onpeaenseT 3HauvnuTeNb-
Hble pasnnMinMa BO BXOAHBLIX M BbIXOOHLIX XapakTepUucTukax npoueccos. [lpn npomnssoactee npoaykuum ms
HaTpUN-KanNbLUMN-CUNNKATHOIO cTekna BbiXxoa roaHbix nsgenu coctarsnset oT 90 % oo 90 % (B cpegHem 85 %)
BXOOSALWKMX ChIpbeBbLIX MaTepuranoB, ANd CBMHLOBOTO XpycTand 37O OTHOLWeHne coctaBndeT oT 35 % 4o 80 %
(B cpeagHeM 75 %). bonee HM3Koe 3Ha4YeHe Ansi CBUHLUOBOMO XpycTtans 00ycnoBnNeHo COBOKYMHOCTbIO pasnny-
HbIX PaKTOPOB, Cpean KOTopbIX DonbLIasa 40N pe3kn 1 NONUPOBKA 1 Bonee cTporme TpedoBaHUA K KAaYeCTBY.
[Tpyn NpON3BOACTBE APYIMX TUNOB COPTOBOIO CTEKNMA (XpyCTanbHOro, onanoBoro, 00pocCUnMKaTHOro) 3To OTHO-
LLieHe HaxoauTcA B npegenax ananasoHa, 3agaHHoro aTumMy ABymMsa Tnamm npoayKumi.

ObLee sHepronoTpedbneHmne NPoM3BOACTBA CBUHLLOBOIO XpycTtans MoXeT gocturatb 60 ['IX/T roToBou

npoayKL MK, MNP 3TOM pacyYeTHOE 3HepronoTpebneHne coctaBnsaeT Tonbko 2,5 I'Ik/T. Paznnune obbacHsAeTCH
MHOXEeCTBOM (pakTOpOB, IMaBHbLIE U3 KOTOPLIX CNeayoLne:

- BbICOKWE TpeboBaHMSA K Ka4eCTBY, NpuBoasLme K bonee HU3KOW Aone rogHblX nsgenuin. ['opLuok mea-
NTEHHO PAacCTBOPAETCS CTEKMOM, UTO NPUBOAUT K 0Opas3oBaHUIO CBUMEN UM NOABMEHMIO KAMHSA B CTEKNE;

- CTEKINOo YacTo 0bpabaThiBaloT BPYUHYIO, U BbIX0Ad POPMOBAHMS TakKe MOXET ObITb HUXKe 50 %; Kpome
TOro, MOXKET NoTpeboBaTbCA AONONHUTENbHBIN HArpeB U3genus npmn GopmMoBaHuUm;

- TOPLWKX OOJKHbI ObITb NPOrpPeThl A0 BLICOKOW TeMnepaTypbl 40 UCNOMb3OBAHUA, U OHU UMEKT OYEHb
orpaHuU4YeHHbIN 3KkcnyaTauMoHHbIN pecypc No CpaBHEHUIO ¢ NevaMy HenpepbIBHOro AeUCTBUA.
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4.3.1 JHepronotTpedneHue Npon3BoACTBa COPTOBOIo CTeKna

AHanns sHepronoTpebneHnss NPoOU3BOACTBA COPTOBOrC CTEKNA OCNOXHEH pa3Hoobpasmem npeanpusi-
TUN, NPUMEHAEMbBIX NPOLLECCOB, UX MOLWLHOCTU, a TakKe LWAPOKUM CNeKTPOM BUAOB BbliNyCKaeMoun npogyKLunun.
KpynHocepunHoOe Npon3BoACTBO CTOTOBOU NoCcyAdbl U3 HATPUN-KanbLUAU-CUNUKATHOrO cTekna UMeeT CXOACTBO
C NPOU3BOACTBOM TapHOro CTEKMA N XapaKTepusyeTcs CcpaBHUMBIM pacnpeaenieHUMeM aHepronoTpebneHus.
Bonblias aona sHeprim pacxogyeTtcs Ha obpadboTKy (BYACTHOCTU, HA OTHEBYIO NONMUPOBKY). YAenbHOE 3HEpPro-
noTpebneHne B 3TOM BUAE 3KOHOMUYECKON AEeATENMbHOCTU BhiLLE, YEM B NMPOU3BOACTBE TAPHOro CTeKna, 1U3-3a
MEHbLUEro pasmepa nedven, HeCKoNbKO OoNnee BLICOKMX TemnepaTyp B nedyn n donewero, ao 1,5 pasa,
obpalleHnsa cteknomMmacchl B 0bbeme baccenHa neyu.

HekoTopble npouecchl, B YaCTHOCTU NMPOM3BOACTBO CBUHLOBOIO XpycTand, OCYLeCTBNAKTCA B HAMHOTO
MeHbLUMX MacluTabax 1 gaxke ¢ NPUMEeHEHNEM rOPLLIKOBLIX Nevel. DNeKTpoBapka CBUHLLOBOIO XpycTans No3Bo-
Ns1IeT UCMOMb30BaTb OrHEYNopPbLl BLICOKOro KadvecTtBa, obecnevnBaome HaMmHOro bonee BLICOKOE Ka4ecTBO
CTEKNa N NOSTOMY MEHbLUYH 0N Bpaka cTekna U nydllee CoOoTHOoLUeHWe BbiXxoaa B rogHoe. [MoCKomnbKy
3NEKTPOBAPKY OCYLLECTBNAT B HEMPEPLIBHOM pexume, 0ObIYHO ee NpuUMeHeHne CBsI3aHO C NMPUMEHEHUEM
aBTOMaTNYECKOrO POpPMOBaHUSA. DTN PaKTOPLI MOTYT 0becneynTb sHepronoTpedbneHne B pamkax 25 ['Ik/T
npoaykumn. pyrme HenpepbiBHbIE METOALI CTEKNOBAPEHUA MOryT obecneuntb cxogHoe, HO bonee HU3Koe
aHepronoTpedrieHue.

5 lNpunmeHeHUe HaMNy4vWnX AOCTYMNHbIX TEXHONOINMM NOBbLILLEHUSA
IHEepProapPeKTMBHOCTU NPOU3BOACTBA COPTOBOro U TapHOro ctTekna

5.1 O6wme nonoxeHuUnA

[TpOM3BOACTBO CTEKNa — Ype3BblYaNHO IHEPTOEMKNN NMPOoLIece, NO3TOMY UCTOYHUK 3HEpPrun, meTtoasbl
Harpesa 1 yTunusaunm TennoThl ABNASTCA onpeaensatiownumMmn Ans paspaboTkm KOHCTPYKUMU NeYn, sHeproad-
(PEKTUBHOCTU N SKOHOMUYECKON 3PP EKTUBHOCTM Npouecca. Te e dpakTopbl onpeaensaoT SKONOrMYeCcKyto
pe3ynbTaTUBHOCTL Nnpouecca [4, 3.

Boibop MmeToaa cTeknoBapeHus onpeaensaeTcsd 3KOHOMUYECKUMN N TEXHONOTMYEeCKUMnN akTopamu,
OCHOBHbIE N3 KOTOPLIX crieayroLme: Tpebyemasi npon3BoaAUTENBHOCTL, COCTaB CTeKIa, CBA3aHHbIE KanuTalb-
Hble U TEKYLLME 3aTpaThl B TEHEHUE NPOACITKUTENBHOCTU KAMNAHUK NeYn, B T.4. LIeHbI Ha TOMNMUBO, CYLLECTBYHO-
waa uHpacTpyktypa. [lpyn 3TOM  TexHONornyeckMe W 3KOHOMUYecKne TpeboBaHUA ABMAKOTCH
onpegensitolMMn. BaxkHasi YacTb TEKYLLIMX pacXoaoB — 3HepronotpebneHune, n obblvHO BeIDUpatoT Hanbonee
3Heproa@@PekTUBHYH BO3MOXHYHO KOHCTPYKLMUIO.

5.2 PereHepaTuBHbIE NeYn

[Teyn aToro Tnna obblvHO bonee 3doPeKTUBHBI MO CPaBHEHWIO C APYIMMN TPAAULNOHHBIMU TUNaMK NeYven,
MCMONb3YIOLWUX UCKOMaeMble TOMNJIMBA, TaK Kak CUCTeMa Nodorpesa Bo3gyxa 4Nga CKUraHusa Tonnmea B pereHe-
paTuBHOW Nevn obecnevmnsaeT Harpes Ao 1400 °C. Huskoe sHepronoTpedbneHne Ha TOHHY CTeKNoMacChl MPUBO-
OUT K CHWKEeHUIO yaenbHbIX BbiOpocoB 3arpasHaowmnx sewects n CO,, Ho bonee BbiCOKMEe TeMnepaTypbl
noaorpesa Bo3ayxa npuBoAAT K yBenmyeHuto obpasosaHna okcuaos asota NO, .

[Teyn ¢ nogkoBooOpasHbIM HanpaseHeM nnamMmeHn 0ObIYHO XapaKkTepUsyroTCA nNydllen sHeprosgdekx-
TUBHOCTbLIO U DONee HU3KMMU YPOBHAMU BbIOPOCOB MO CpaBHEHUIO C APYrMMK pereHepaTUBHLIMUA NeYamMu.
VX KOHCTPYKUMA Takke HEeCKONbKO AelleBre, XoT4a obecnevnBaeT MeHbLUe BO3MOXHOCTEN ynpaBneHna pac-
npegeneHmemM TemMnepaTtyp B nevn.

Buicokne kKanuTanbHble 3aTpaThl Ha pereHepaTuBHbIE NeYn 00yCNoBNMUBAKOT SKOHOMUYECKYIO LLeNecoob-
Pa3HOCTb UX MPUMeHeHUs Anst bonbLWnX 06 beMoB NponssoacTea (00bIYHO bonee 100 T cTekNoMacchl B CYyTKN).
O ns nedvein co cbemom bonee 500 T CTeKNoMaccehl B CYyTKU U ANSA BceX neYveun doricaT-npoLecca aAnga 1oro, Ytoo.l
obecnevynTb NyULNA KOHTPOIMb TemMnepaTyp no AnnHe nedun, obbIMHO MCNONBL3YIOT NonepeyHoe HanpaBneHue
namMeHu.

5.3 PekynepaTuBHbIe Ne4un

Pekynepauuss — pacnpocTpaHeHHbl MeTo YTUNn3auyum TennoThl, 0ObIMHO UCMONbL3YEMbIA Ha ManbIX
nevyax. B pekynepaTmMBHbIX NeYyax NocTynarLni BO3AyX HarpeBaeTcs HENPAMbIM 0Dpa3oM 3a CHET NPOonycKa-
HUA Yepe3 MeTalnMMYeckun (M B UCKNIOYUTENBbHBIX Clydaax KepamMnyieckmii) TennoodMeHHUK. [MoCKonbKy
TeMnepaTypbl nogorpesa Angd Mmetanimdeckux pekynepatopoB orpaHudeHsl senndnHou 800 °C, pekynepaTmB-
Hble NevYn MmeHee 3PP EeKTUBHELI C TOUKU 3PEHNUA UCTONb3OBAHUA SHEPTUN MO CpaBHEHUIO C pereHepaTUBHBIMMN.
TeM He MeHee OHU NO3BONAT UCNOMNb30BaTbh 3HAUYUTENBHYIO A0MNI0 TenoThl AbIMOBLIX ra3oB. [1oBbILLeHUE
3HeproaPekTMBHOCTU BO3IMOXKHO 3a cUeT ACNONMHUTENbHEIX Mep, Hanpumep anekTponogorpesa KOT/IOB-YTU-
N3aTOPOB M3DLITOYHOW TENMOTHI, NPeABapUTENLHOIO NOAOTPERA rasa, a TakkKe LWNXThl U cTeknobosd. bonee
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HU3KMe TeMnepaTypbl Harpesa BO3ayXa NO3BONAIT AOCTUYb XOPOLUNX pe3ynbTaToB B OTHOLWEHUN KOHTPONS
obpasoBaHna NO,. OgHUM 13 cneacTBnUnU NPUMEHEHNA 3Toro MeToaa ABNAETCA TO, YTO yAeNbHasA NPON3BOAN-
TeNbHOCTb pekynepaTUBHbIX NeYe orpaHudeHa BENUYMHON 2 T/MZ - CYT, YTO CYLLECTBEHHO HWXKE TUMUYHOW NPOo-
M3BOAUTENbHOCTN pereHepaTuUBHLIX Nevein, coctasnawoLwen 3,0—3,3 1/M? - cyT.

[TocKkoNbKY 3KkcnnyaTauna nevun npamMmoro Harpesa oTHOCUTENBbHO Heaopora n ee KOHCTPYKLUMA NO3BONAET
obecnevynTb OYEHb XOPOLUYIO YNpaBnseMoCTb pacnpeeneHmuemM temnepaTtyp B CTeknoBapeHHOM baccenHe,
Takue nevn NpUMeHsIoT B TeX criydasix, kKorga Heobxoanmo obecneuvnTb BbICOKY0 FTMOKOCTL NpoLlecca ¢ MUHN-
ManbHbLIMWU KannuTanbHLIMWU 3aTpaTaMmn, B 0OCOOEHHOCTU B TeX cnyvasx, korga odbeM NpoU3BOACTBA CITULLIKOM
Man andaToro, Ytobbl onpaegaTtbh NpUMeHeHue pereHepatopoBs. OH bonblue noaxoauT ans neven Mmanoro oobe-
Ma, XOTA U3BECTHbI U peKynepaTuBHbIe NneYvn donbwon nponssoanuTensHocT (Ao 400 T/cyT).

5.4 lNpunHyguTenbHoOe KUCNOpOoAgHOE AYThe

MeToa oCHOBaH Ha 3aMeHe Bo3AyxXa And ropeHus kucnopoaom (Wnctoton Belille 90 %). YaaneHme OCHOB-
HOW AONK a30Ta U3 aTMocdepbl ropeHns BeAeT K YMEHbLIEHUI0 00beMa AbIMOBLIX ra3oB Ha 75 %—80 % B 3aBuU-
CUMOCTU OT UYUCTOTbl UCMONb3YEMOro Kucnopoaa. B pesynbtate obecnedymBaeTcd 3KOHOMUA 3HEPTUN,
MOCKONbKY HET HEODOXOAMMOCTM B HarpeBaHnn aTMocpepHOro asorta Ao temnepartypbl nnameHn. Maciwutab
OOCTUTaeMbIX pe3ynbTaToOB 3aBUCUT OT CpaBHUBaEMbIX NeYen M pacCMOTPEH HUXKe. ECTeCTBEHHO, CYLLIECTBEH-
HO cHUXaeTca 1 obpasoBaHne NO,, ICTOYHUKaMM KOTOPOro CcrnyaT OCTaTOYHbIX a30T B NoJatoLLIEMCA KUCMO-
poae (KpuoreHHbl MeToa: MeHbLle 0,5 %; BakyyMHbIN: 4 % —-6 %), a30T B TONNKMBE (coaepXaHue B NPpUPOaHOM
rase 2 %—15 %), a3oT, BblAeNALWMNCA B pe3ynbTaTe pasfoXeHUa HATpaTOoB, M a30T U3 NOACOCOB BO3OyXa
yepes HeNMOTHOCTU B OrHeYNopHOM Knaake. B cBA3M C BLICOKMMU TeMnepaTypamMmin NnamMmeH ocTaTouHbIN a30T
nerye npeobpasyetca B NOy, n gaxe OoTHOCUTENbHO HU3KUE KOHUeHTpaunn N, NnpnBogaT K 3Ha4YUTENbHbIM
Bbibpocam NO.

B uenom ne4yu ¢ npuHyauTenbHbIM KUCNOPOAHLIM OAYTbeEM OCHOBAHbI Ha KOHCTPYKLUMK Nevn NpsiMoro
HarpeBa, UMelT HeCKONMbKO BOKOBBLIX ropenok M ognH nopT AbIMOBLIX ra3oB. CoBpeMeHHble NeYn UMeroT
KOHCTPYKLIMIO, OMNTUMUSMPOBaHHYO ANA UCMNOMb3oBaHUA Kucnopoda WU MuUHUMU3aLUuKM obpasoBaHna NO,.
OaHako B nevax ¢ NPUHYyAUTENbHBIM KUCMOPOAHBbIM AYTbEM HE NCNOMBb3YIOT MEeTOAbI YTUNU3aL, N N3DLITOUYHOW
TENNOoThl ANsi HAarpeBa NOCTynatoLero Ha ropeHmne Kucnopoaa B CBs1an ¢ TpedboBaHUAMM 6€30MNacHOCTN.

[bIMOBbIe rasbl Ha BbIXoAe U3 NeYn UMeoT A0OBOMNbHO BbICOKYe TemnepaTtypy — 1200 °C—1300 °C, n
O0OLIYHO TpebyeTca nx oxnaxaeHue. 13-3a BLICOKOro coaepkaHus oAbl U KOHLEHTpaL UM BELWLECTB, BbI3kbIBatO-
LLIMX KOPPO3UIO (Hanpumep, Xnopuaos U cynbdaToB), oxnaxaeHmne obblYHO OCYLLECTBNSOT 3a cUET paszbaBne-
HAUSA BO3OYXOM.

[[openkn Ana npUHyaAUTENbHOrO KUACMOPOAHOro AyThbA AOMKHBI UMeTb crneuuanbHye KOHCTPYKLUIO,
OTINYHYIO OT TPaANLUMNOHHBIX ra30BO3AYLLHLIX CUCTEM; HAUMYYLLMMUN ABMAKTCS BblCOKOCNeLnann3npoBaHHbIe
ropenkun ¢ Hn3kum obpasosaHuem NO,, cneyunanbHo paspaboTaHHble ANA cTeknoBapeHud. Hke nepedncne-
Hbl OCHOBHbIE XapaKTepPUCTUKN CUCTEM:

- bonee ANMHHOE U LWMPOKOE Nnams, nmetoulee BONbLUYC CBETUMOCTb U Adatowwee bonee rnybokyo u
OAHOPOAHYIo Tennonepenavy;

- Bonee nnockoe nnams ¢ WpoKon 0b6nacTbio NOKPLITUS;

- 3aepXaHHoe nepemMellnBaHue TonnnMea U KUcrnopoaa anst yMeHbLIeHUS MMKOBLIX TeMNepaTyp niame-
HU B 30HE BbICOKUX KOHLIeHTpaunn O,;

- He TpebyeTcsa BoASHOE OXNaXaeHue;
- BO3MOXXHa HacTpounka MOLLHOCTU U O PMBI MNTaMEHWU;
- MOTYT ObITb UCMOMNb30BaHbI pasn4YHble BUAbl TOMNKUB.

OKOHOMUSA 3Heprnn MoXeT npeBbilaTth 50 % Ha ManbiX, He 3PEPEKTUBHBLIX C TEMMOBON TOYKN 3pEHUSA
nedyax. Ansa cpegHen no pasmepy pekynepatuBHoM rnedmn Bes npuMmeHeHus cneunanbHbiX Mep rno 3KoOHOMUK
BHEPrnn NP CTaHO4apTHOM YPOBHE TENMOUSONALIMN U UCNONBb3OBaHUN TONLKO BHYTPEHHEro cTeknobos nepe-
X0 Ha NPUHYANTENbHOE KUCNMOPOAHOE AYThEe NO3BONNT CHU3NTL NoTpebneHue sHeprin Ha 20 %—50 % (00bIY-
HO B aAuanasoHe 25 %—35 %). OgHako ans donblunx aHeproadPekTUBHbBIX pereHepaTUBHbLIX MeYen C
ONTUMUNINUPOBAHHBLIMA TEMMOBLIMU XapaKTepUCTUKaMU 3KOHOMUSI ByaeT HaMHOro MeHblluen (B gunanasoHe
5 %—10 %) n noTeHUMaNbHO CTPEMSALLIENCA K HYNHO. B TakomM cnydvae ManoBepPOsATHO, YTO 3KOHOMUS SHEPTUN
CKOMMEHCUpyeT CTOUMMOCTb KNCopoaa.

5.5 CteknoBapeHmMe ¢ KOMOWHUPOBAHHbLIM WUCMONb30OBaAaHUEM WUCKOMaeMbiX TONMUB W
3N1IeKTPO3HEeprun

CylLecTBYOT ABa noaxoga K KOMOMHMPOBaAHHOMY WCMOMb30BaHUIO AN CTEKTIOBapeHUs UcKonaeMbixX
TOMNSUB N ANEKTPOIHEPTNN, 8 UMEHHO:

- HAl'PEB 3a CHET UCTNIOJ1IB3OBAHUA SHEPTU TONMJIUNBA W HAlrpeB C NOMOLWBHO 3J1IEKTPO3IHEPTUNA,
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- CTEKNOBApPEHME C UCNONb30OBAHUEM 3NEKTPOSHEPTUN U BCNIOMOraTefibHbIM HarpeBoM C UCMONb30BaHU-
eM TOMnMnBa.

ObopyaoBaHune ANd 3NeKTponoaorpeBa ycTaHOBMNEHO HA MHOTMX Nevax n MoXKeT obecnevumnBaTtb 0T 2 % A0
20 % obuen 3Heprmn Ha cteknoBapeHue. B Npon3BoACTBE TAPHOrO CTEKNA, TakK e Kak 1 Npur NPon3BOACTBE
NTUCTOBOrO CTEKMAa, MCNOMb30OBaHME 3NeKTponogorpesa 00bIMHO OrpaHNYNBAETCH CTOMMOCTLIO 3MTEKTPOIHEP-
M1 1 coctaBnsaeT meHee 5 %.

Bblcokasd CTOMMOCTb 3NEeKTPO3HEPINUN, CBA3AHHAs C SMEKTPONoAorpeBoM, OObIYHO O3HAYaeT, YTO STOT
METOO MOXeET DObIThb UCNOMNb30BaH TONLKO Kak cpeacTBO obecrneyeHns HeobXoaQUMBbIX MapamMeTpoB TEXHOMOTN-
Yeckoro npouecca npu ycrioBUMM 3KOHOMUYECKOU 3PPeKTUBHOCTU. B YacTHOCTU, 3nekTponogorpes MOXHO
MCMONb30BaTh ANS YNyYLLIEHUS1 KOHBEKTUBHLIX MOTOKOB B 0O BbEME CTEKIOMACChI, YTO NPUBOANT K MHTEHCUDU-
KaLuun Tennonepenadn n cnocobCTByeT OCBETNEHUIO CTEKTOMACCHI.

5.6 CTeknoBapeHue B 3NeKTPUUYECKUX nevax

DKOHOMUYEecKas uenecoodbpasHOCTb UCMONb30BaHUS 3M1EKTPUYEeCKNUX neYen 3aBUCUT B OCHOBHOM OT Pas-
HULBI LleH Ha 3NeKTPO3HEPrnio N UCKonaemMsble TONNnBa. SnekTpudeckne nevm YpessblvanHo TennoadpPeKTUB-
Hbl, 0OBLIMHO OHU TPebYIOT B 2—4 pasa MeHbLLUe 3Heprin, Yem TpaamLUoHHbIEe TONMUBHBbIE NeYn, N YeM MEeHbLLE
nedu, Tem 6onblle 370 pasnuune. Kpome Toro, obbl4HO anekTpudeckme neym obecnevmparoT 60NbLWNA yaenb-
HbI CbEeM CTEKITOMAaCChI ¢ Nnowaan BapoyHoro baccenHa.

DneKkTpuyeckme nevn TpedbyroT 3HaUYNTENBHO MEHbLUNX KanMTanbHbIX 3aTpaT Ha YCTAHOBKY M PEMOHT NO
CpaBHEHMUIO C TPAANLUUOHHBIMK NevYamMu, YTO YacTUYHO KOMMNEHCUpyeT BbICOKMEe Tekyline pacxogbl. OgHako
Take NeYvn BblAePXXUBaKT MEHbLUYIO NMPOoACITKUTENbHOCTb KaMMaHUM 40 peMOHTa UM NOJTHOTO BOCCTAaHOBIe-
HUS; NPCACIKNTENBHOCTb KAMMNAaHUM COCTaBNAET OT 2 A0 6 neT no cpaBHeHUto ¢ 10—12 rogamumn ang Tpaguun-
OHHbIX nedyen. Ana maneix (10—50 T cTeknomMmacchl B CyTKMU) nevyen M3-3a OTHOCUTENTbHO BLICOKUX MOTEpPb
TENMOThI B TONNUBHBLIX NeYax 3neKkTpuieckme nevm moryT obiTb 60nee KOHKYPEHTOCNOCODOHHI.

CyllecTByeT BEpPXHUW npeaen uenecoobpasHOCTU UCNONb3OBaHUS SNEKTPUYECKMX Neven, TECHO CBSI-
3aHHbIN ¢ Bornee BbICOKOU CTOUMOCTbLIO 3MTIEKTPOIHEPTUN;

- ICNONb30BaHNE 3MEeKTPUYECKMX Neven MOLWHOCTbIO MeHbLLe 75 T 0ObIMHO MOXeT ObITb ONpaBaaHo;

- ICNONb30BaHUE 3MEeKTPUYeCcCKnX nevyen MOLWHOCTLIO B gnanasoHe o1 75 Ao 150 T cTeknomacchl B CYTKU
MOXeT ObITb OnpaBaaHo B onpegeneHHbIX YCNOBUAX;

- ICMOMb30BaHUE 3NEKTpUYECKNX neven mMolHocTbio bonee 150 T cTteknomMacchl B CYTKM ODbLIYHO He
MOXeT ObITb OnpaBgaHo.

QneKkTpuyeckne neyvm MoryT NPUMeHATLCS B pa3fnnYHbIX NoA40TPACHAX CTEKONBHOWU NMPOMBbILLIEHHOCTU U
LLUMPOKO MCNOMNb3YTCH, B YACTHOCTU, NMPU NPOU3BOACTBE crneunarnbHbIX CTEKOM, COPTOBOU Nocyabl U B MEHb-
Len cTeneHn Npu NPOU3BOACTBE TapHOro cTekna. MeToa Takke LUMPOKO MCNONb3YIoT ANS NPOU3BOACTBA CTEK-
na B TeX crnyvasix, korga aTo noteHunanbsHo CBA3aHO C BbICOKOW NeTYy4YeCTbio M TOKCUYHOCTBLIO (Hanpumep, Npu
NPOM3BOACTBE XpyCcTans Unn onanoBoro ctekna), n Ang npou3BoacTBa NpoayKLUM ¢ BbICOKOWU A0DaBNEHHON
CTOUMOCTbLIO. OBbLIMHO 3neKkTpudeckne nedn obecnevmBardT FOMOreHHOe CTEeKNO BLICOKOro KadecTBa, 4To
MOXeT ObITb onpeaensilolWMM Anst UCNOMNb3OBaHMA MeToda MNpu NPOWU3BOACTBE COPTOBOW Mocyabl W
crneuumanbHbIX CTEKOI.

Hunskme NnoTepu CoipbeBLIX MaTepuanoB, XapakTepHble A1 NCNONb30BaHUA 3TOro Metoaa, obner4yaroT
YTUNN3aL Mo yNOoBNEeHHOW cpeao3allnUTHBIM 000OpYyaAOBaHNEM LLUUXTHI, a TaKKe CHWKAIOT NoTEPU MaTepmnanos, B
OCODEHHOCTU 3HaUYMMbIEe AN TOKCUYHBLIX U/ OPOrnxX MaTepurarnos, B HaCTHOCTU OKCUAOB cBUHLA, PTOPU-
NoB, coegNHEeHNN MbllLbSAKA, TeTpabopaTa HaTPUs U T.1.

[TonHada 3aMmeHa npoLuecca CXXUraHusi UCKonaemblX TOMNMUB YCTpaHAeT BblAeNeHne NPoAYKTOB ropeHnd, B
YacTHocTU NOy, anokcuaa yrnepoga, anokemaa cepbl. OgHako ecnn y4nTbiBaTb 3PPEKTUBHOCTL NMPOLECCOB
NPOU3BOACTBA MU Nepegavn 3NEeKTPO3HEPruM U CBA3aHHOE C HUMW BblAeneHUe 3arpssHALWnX BeLecTB,
MCNONb30BaHUE 3NEeKTPOIHEPIUN ANA CTEKNoOBapeHUA aBNAeTCcd MeHee 3apPEeKTUBHBIM C TOYKU 3pEHUA MUHN-
MU3aLIMM BO3OEUCTBUA Ha OKpYXXaloLL Yo cpeay U, B YaCTHOCTU, BblAeNneHUs NapHUKOBLIX ra30B.

5.7 lNepuoanyeckoe nnaBneHue LWNXTbI

TpaguuMOHHO UCMONb3yeMbIM ANS Nepnoanyeckoro Npon3BoacTBa ManbiX 00beMoB CTeKa MeTO40M
ABNAETCA NPUMEHEHNE TOPLLUKOBOW NMeYn, XoTa BaHHbIe NeYn Nnepruoandeckoro AeNcTBMSA Takke npuobpeTtatoT
nonynspHocTb. Beibop MeToaa onpeaensaeTcsa yCIOBUAMN KOHKPE THOM YCTaHOBKU, B 0CODEHHOCTU TpebyeMbIM
oObeMoM NPON3BOACTBA, YACIIOM Pa3nMYHbIX UCMOMb3YEMbIX COCTABOB CTeK/a, a TakKe TpeboBaHUAMMN K-
eHToB. OCHOBHbIM METOA0M MUHUMKU3ALMN BO3AEUCTBUA Ha OKpy)KatoLwylo cpedy, NMPUMEeHUMbIM K TakKum
ne4vyam, ABnseTcs oNTMMU3aLMa cocTaBa LWUMXThl U MeTO40B CXKUraHUa Tonmnea. B cBA3N ¢ KOHCTPYKLUMEN rop-
LLIKOBbIX NevYein 3T MeTtoabl oObl4HO OyaAyT AaBaTbh NydllMe pes3ynbTaThl A1 BaHHbLIX NeYen nepruognyeckoro
NEeNCTBUNSA MYaCTUYHO HEMpepbIBHbIX NeYel. Tam, rge 370 BO3MOXHO MO TeXHUYECKUM YU 3KOHOMUYECKUM COOD-
DaXXEHUAM, crneayeT UCMOoNb3oBaTh BaHHbIE NMeYn Nepuoguvyeckoro AenNCcTBUS UM YacTUYHO HerpepbiBHbIE
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neyn, NOCKONbKY OHN ODBIYMHO NO3BOMAKT 0becneunTb 6onNbLUYH 3PPEKTUBHOCTL UCTMIOMNb30OBAHNS 3HEPTUA U
MeHbLLWEe BbIBPOCHI BpeAHbIX BELLECTB.

5.8 Bbibop MeTo4OB CTEeKNoOBapeHUA U KOHCTPYKLUU NeYn

Bbibop MeToaa cTeknoBapeHus iBNSeTCS OQHUM U3 KNoYeBbIX pakTopoB, onpeaenaonx sHeproady-
hEeKTUBHOCTD.

[na oOblYHbIX NeYen, NCNOoMb3YIOLWMX NCKoNaeMble TOMNMBAa, OCHOBHOW OCODEHHOCTLIO KOHCTPYKLMN
aBnseTca cnocod yTunusaunm TennoThl AbIMOBBLIX ra30B A9 Harpesa nocTtynaroLwero Bo3ayxa ¢ NoMOLLbHO
pereHepaToOpPOB UK pekynepaTtopoB. [pyrmm cyLecTBeHHbIM haKTopoM ABNSETCA pasmep neudu.

PereHepaTUBHbLIE NeYn NO3BONAT AOCTUYbL Donee BbICOKUX, BNOTL A0 1400 °C, TemnepaTyp nogorpesa
BO34yXa Mo CpaBHEHUIO C peKkyrnepaTUBHbIMK Nevamu (garowmmm temnepatypy nopaaka 800 °C), uto obecne-
ymBaeT bonbLUyo 3P PEKTUBHOCTL CTeKNoOBapeHUd. Halle Bcero pereHepaTtuBHbIE NeYn OonbLIE MO pasMe-
paM, 4eM peKkynepaTuBHbIE, 4YTO Takke Aenaet ux B uUenoMm bonee adpdekTBHbIMUA. COBpeMeHHas
pereHepaTuBHas Neyb AN NPOU3BOACTBA TAPHOIo CTeKNna MOXeT MMeTb ObLLYI0 TennoByo 3pPekTUBHOCTL
okono 50 %, noTepn TeNNOThI C AbIMOBLIMU razamMu okono 20 % U CTPYKTYPHBIE MOTEPU, OTBeYaloLl e 3a OCHOB-
HYIO OONMto ocTaBwencss TennoThl. [lpn atom TennoBasd 3@PEKTUBHOCTb peKkynepaTuBHOM nedvn 6e3s
OONONHUTENbHOW YyTUNU3aLUMn TennoTel byaeT 6nuxke kK 20 %.

PereHepaTuBHbIE NeYn MOryT UMeTb NOAKOBOOOpa3sHoe U nonepevyHoe HanpasneHne nnaMmeHun. lNeuunc
nogkoBoobpasHbIM HanpaBfieHMEM MNaMeHn UMeT Bonee BbICOKYHO TennoByto 3 dekTUBHOCTL (BbILLE Ha
BeNUYMHY BNNoTb A0 10 %), HO BO3MOXXHOCTW YNIpaBeHUda ropeHNeM B TakMx nevax orpaHnUyeHsbl, 1 CyLecTBYEeT
BEpPXHUI Npeaen pasmMmepoB Nneym Takoro TMna (B Hactoswee Bpems okono 150 M2 ona npoussoacTBa TapHOro
ctekna). MNMeuyn bnoaTt-npouecca meHee 3P EeKTUBHBI, YHEM NeYun NPonU3BoACTBa TAPHOMo cTekna n3-3a 3Hauu-
TeNbHO MEeHbLUEro yaenbHOro CbemMa CTeKIoMacchl B CBA3KM ¢ TpeboBaHUAMM K KA4ECTBY.

Mcnonb3oBaHUe N3OBLITOYHOMU 3HEPrMA C NMOMOLLbIO PereHepaTopoB MOXET OblTb MakKCUMU3UPOBAHO
nyTeM yBernmM4eHUs KonnM4yecTBa OrHeyrnopHbIX 3rieMeHTOB pereHepaTMBHBIX Hacadok B kKamepax. Ha npakTtuke
3TO MOXET ObITb peann3oBaHo NOCPeaCcTBOM YBENUYEHUSI KAaMep pereHepaTopoB UMK co3aaHns pasaefibHbIX,
HO CBSI3aHHbLIX MexXxay cobon Kamep, NONyuYMBLUMX Ha3BaHME MHOMoNpPoXoaHbIX pereHepartopoB. 1o mepe
NPUONMKEHUSA K BOZMOXHOMY MakCUMyMy YTUNKU3aALUN TENNOThl 3 PEeKTUBHOCTb Taknx Mep nagaeT. NpuHLm-
nAanbHbIM OrpaHNYeHNEM ABNSETCA CTOUMOCTb AOMOMHUTENLHOro OrHeynopHOro Mmartepuana, a B criydae
OEUCTBYIOLMX Nevyen — orpaHnydeHnsa AoCcTynHOro NpocTpaHcTBa M AONONHUTENbHBbIE 3aTpaThl HA UBMEeHeHUe
MHPPACTPYKTYPbI NeYn. ITOT NMPUHLLMN Yalle peannuiyeTcs Ans nevyen ¢ noakoBoobpasHbiM HanpaBneHUem
nnamMeHu B CBsI3M ¢ bonee nNpoCcTon reoMeTpruein pereHepaTopoB, XOTH ero NPUMEHSININ U Ha neYvax ¢ nornepeu-
HbIM HanpasneHuem nnameHn. Mogudunkauna CTPYKTYPbl pereHepaTopoB Ha AEUCTBYIOLUX neYax (ecnum aT1o
TEXHUYECKN N 3KOHOMUYECKU LienecoobpasHo) MOXKET ObITb BbINOIHEHA TOMBKO B X04e XONoAHOro PEMOHTA.
JHepronotpedbneHmne MoxXeT OblTb CHUXKEHO Ha BEMUYMHY BNMOTb A0 15 % no cpaBHEHWUIO C aHANOMMYHOW NeYbto
C 0ObIYHBLIMU OAHONPOXOAHBIMU pereHepaTopamMu.

3HauuTenbHasa AoNA AONONMHNTENBHOIO OrHEYNopHOro Matepunana, UCNoNb30BaHHOTO AN yBeNUYeHNS
pereHepaTopoB, BblAepKMBaeT ABe 1 bonee kaMmnaHnn, Taknm obpasom CHXKasa KanutTanbHble 3aTpaTthl. XoTA
noTeHLnanbHo NoBbILLIEHWE TemMNnepaTypbl Nogorpesa Bo3ayxa MOXeT NPUBOANTb K MOBLILLEHWIO TeMnepaTypbl
nnamMmeHn 1, cnegoBaTenbHO, yBennyeHuto obpasosaHua NO,, Ha npakTnke, ecrnim NPUMEHSA0TCA Mepbl MO KOH-
Tponto obpasoBaHna NO,, ne4m ¢ MHOronpoxoaHbIMU pereHepaTopamMmu He OTNNYaTCA OT OObIYHBLIX MO BIOPO-
cam NO,,.

CyllecTByeT O0MbLUOE KONMUYECTBO HOBLIX MaTepmnanoB, NpegHasHavYeHHbIX 4N COXpaHEHUSA TEMNNOThI U
ee nepenayn B bnokax pereHepartopoB. CamMmbiM NMPOCThLIM peLlleHUEM ABMAETCH UCNOMNb30BaHUE OrHEYNMOPHbIX
KNpnnyen, yCTaHOBMNEHHbIX B LUAXMaTHOM Nopsaake, YTo obblYHO obecnevnBaeT apPeKTUBHOCTL pereHeparto-
pa nopsaaka 50 % (oTHoLWeHUe YTUNM3UPOBaAHHOW TEMNNOTHI K TENNOTe, coaepXallencsa B AbIMOBBLIX rasax).
OaHako Tennonepegada MoXeT OblTb YBENUYEHA NYTEM UCNONB30BaHUA HACAAOYHbIX 3[IEMEHTOB, N3rOTOB-
NEHHbIX N3 3MeKTPoNNaBNeHHbIX OTHEYNOPOB KpecToobpasHon popMbl, obecnevynBaoLLMX cokpalleHue pac-
xoga TonnmBa Ha 7/ % nNOo CpaBHEHWUO C NevyamMu, OCHalleHHbIMU peHerepaTUMBHBIMKA Hacagkamu,
N3roTOBNEHHBLIMU N3 OObIYHBIX OTHEYMOPHBLIX 3NEMEHTOB B popMe Kupnuden. Kpome TOro, Takme matepuans
bonee yCTONUYUBLI K XMMUYECKOMY BO3AENCTBUIO arpeCCUBHBLIX BELLIECTB B AbIMOBLIX ra3ax 1 obecnevmsatoT
CyLleCTBeHHO MeHbLlUee CHUKeHne 3pPeKTUBHOCTU pereHepaTopoB 3a nepmuoa KaMmrnaHum nevn.

MakcumanbHaga TeopeTudeckas a3dp@PekKTUBHOCTbL pereHepaTopoB cocTaBnsdaeT 80 %. Ha npaktuke
9P PEeKTUBHOCTb OrpaHUINBAETCH POCTOM CTPYKTYPHBLIX MOTEPL NO Mepe yBeNnn4eHUda pasmMepoB pereHepaTo-
poB. CTPOUTENbLCTBO pereHepaTtopoB ¢ 3ppeKTUBHOCTLIO Bhile 70 %—75 % HeocyLeCcTBUMO.

YnydlieHne KadvecTtBa OMHEYnopHbIX MaTepuanoB Nno3sonaeT obecnevnts 6ONbLUYHD NPOACIKUTEMb-
HOCTb KamMnaHU nevyen ¢ nyvywnMm ypoBHeM Tennounsonaunn. MakcumanbHble TeMmnepaTypbl, MPU KOTOPbIX
MOXeT PYHKLUMOHMPOBATL NeYb, B NMPOLUITOM ABNANUCE caepXuUBaroLW M pakTopoM AN ee XopoLen TeNomn3o-
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naumn. Tennousondauns nNpoekTUpyeTca ¢ y4eTOM BCeX XapaKTepUCTUK NeYvn (ee U3onmMpyemMon YacTun, TeMre-
paTypbl, TUNa cTekna v T1.n.). He BCe 4acTu nevyn Moryt ObiTb U30MUPOBaHbl. Knagka CTeKNoBapeHHOoro
DaccenHa Ha ypOBHE NUHUM 3epKaa CTEKNOMACChl U B palUOHE NPOTOKA A0MKHA ObITh OTKPbLITA AN TOro, YTOOb|
obecneynTb oxXnaxaeHme n NPpoannTb KamnaHuo neyvyn. BonbLINMHCTBO OTHEYNOPHLIX MaTepnarnoB Ans neven,
MCNONb3yeMbIX B KOHTAKTe CO CTEeKIIOMAacCou U ANd CTROUTENbLCTBA NeYn, M3roTOBNAIT NYTEeM NTUTbHA, OHU UMe-
IOT OY€eHb BLICOKYHIO MNOTHOCTEL M Manyko NOPUCTOCTb U MO3TOMY YCTOMYMBEI K pacrnnaBy cTekrna 1 arpeCCUBHBIM
KOMMNOHEHTaM AbIMOBBLIX ra3zoB. OHW Takke UMeoT bonee BbICOKYH TENMONPOBOAHOCTL U B LENOoM TpebyroT
Oonee BbICOKOW TENMOU30NSALNN, TEM CaMbIM CMOCODCTBYHA 3HAYUTENBHON 3KOHOMUK 3Heprun. INpn NnponsBo-
OCTBE HaTpUU-KanbLUMN-CUNTUKATHOTO CTeKNna cBoA neYn U3roToBMNAKT U3 AMHaca U NNOTHO U30NUpYHoT. [pu
8TOM MakcumarnbHada TeMnepaTtypa B nevun coctasndet 1600 °C—1620 °C.

[dononHutenbHaa nsonaunsa MoxeT ObiTb HaHeCceHa Ha HEeKOTOopbLIE y4acTKM nevn 6es3 3aMeTHOro pucka
Onga ee CcTpykTypbl. M3onauna HanelneHrem BONoKHa MOXKeT CYLLEeCTBEHHO CHU3UTL NOTepu TenoThl, eCrni ee
HaHeCTWU Ha CTPYKTYPY pereHepaTopoB. OTOT NPOCTON U 3KOHOMUYECKU 3P PEKTUBHBIN MeTo4 NO3BONAET CHU-
3UTb CTPYKTYPHbIE MOTEPU TENNMOTHLI pereHepaTtopoB Ha 50 % n obecnevynTb 3KOHOMUIO SHepPrin nopsiaka S %.

5.9 YnpaBneHue ropeHMeM 1 BbIOOP UCTOUYHUKA IHEPIrun

Hanbonee pacnpocTpaHeHHbIM TONMMBOM AN NPOU3BOACTBA cTekna B Poccun aBnsaeTca NpupoaHbIv
ras. Micnonb3soBaHWe npupogHoro rasa BefeT K bonee HU3KUM Bbibpocam SOy, HO 0DbIYHO DoNee BbICOKUM
Bblbpocam NO,.. 3To cBA3aHO C TeM, YTO NfiamMsa NpUpoaHOro rasa oobnagaeT MeHbLIen CBETUMOCTbLIO M ODbIYHO
npUBOAUT K bonbluemy, npndnuantensHo Ha 7 %—~8 %, noTpedbneHuto sHeprin. OaHako ¢ HakonneHnem onbiTa
MCMONb30BaHUA NPUPOAHOro rasa ypoBHU pe3ynbTaTUBHOCTU NOCTENEHHO PACTYT M NO3BONAT A0CTUYL BENN-
YMH, CPABHUMBbIX C UICMOSNBb30BAHUEM XKNUAKOro Tonnuea. NpupoaHbIn ras Takke MmeeTt bonee BbICOKOE OTHOLLE-
HMe Aonv Bogopoda K yriepoay 1, Takum obpasom, NpUBOANT K MEHBLLUM, BMJTOTb 40 25 %, Bbibpocam CO, npu
PUKCUPOBAHHOM CbeEME CTEKITOMAaCCHI.

PasButne cuctem ¢ HU3kum BblgeneHnem NO, npu cXunraHum Takke npuBesio K 3KoHoMun aHepruun. MNpu
YMEHbLLUEHUN KONNYECTBA BO3ayXa ropeHunst 40 YPOBHS, DNTN3KOT0 K CTEXUOMETPUUECKOMY OTHOLLEHUNIO, CHUXKA-
FOTCH NOTEPU TEMNOTHI C ABIMOBLIMU rasamMin. YNy4dlleHUs B CUCTEMAX rOpeHns, TennoodbmMmeHa n obLime ycoBep-
LLEHCTBOBAaHUA B ynpaBlieHUn NpoLLeccoM, HanpasneHHble Ha cHkeHne BbibpocoB NO,, BO MHOTMX criyvasx
TaKkKe npueenu K bonee ctabunsHoOMy PyHKLMOHNPOBAHUIO U NOBLILLEHHOW Pe3yNIbTATUBHOCTM NeYen.

MeToa oboraweHnsa Kncnopoaom Bo3ayxa ropeHns 4acTto UCMOob3YoT ANA NOBbILLEHUS 3Heproaddek-
TUBHOCTU N YBENNYEHNSA CbeMa cTeKkoMacchl. YMeHblleHne o6beMoB rasa u bonee BbicokMe TemMnepaTtyphl
nnameHu cnocobCTBYOT POCTY 3PP EKTUBHOCTN MCNONb3OBaHUSA 3Heprm Tonnuea. Ecnuv He Ucnonb3yoT cuc-
TeMbl, obecnednsatoLLne HU3Koe obpasosaHne NO,, ypoBeHb Bbibpocos NO, cyLLecTBEHHO Bo3pacTaeT, vTo
orpaHu4YMBaeT UCMOSIb30BaHME 3TOro MeToa.

5.10 YMeHblleHUe OTHOLWEeHUA BOo34yX — TONNIUBO

OBbIYHO Neyvn paboTatoT Npu N30LITKE Bo3ayxa B 5 %—10 % (1. e. npun n3bbITKe kMcnopoaa B 1 %—2 %)
nns ocbecnevyeHunst NoNHOro cropaHus. [Nytem CHUXKeHUS COOTHOLLEHUS BO3AYX — TOMMUBO A0 YPOBHEN, BIn3-
KUX K CTEXUMOMETPUYECKUM, MOXKHO JOCTUYb CYLLIECTBEHHON 3KOHOMUW 3HEPTUKU N CHKeHUA obpasoBaHUANO, .
[nsa Toro YTodbLI 3P PEKTUBHO NCNONBL30BAaTh 3TOT METO, HEODBXOAUMMO NOCTOAHHO KOHTPONMPOBATL coAepKa-
HUe NO, CO 1 O, B AbIMOBbIX ra3ax. Ecnun ropeHue okaxkeTcs HKe CTeXMOoMeTPUYeCcKoro, Bo3pacTeT KOHLEH-
Tpauna CO, N3MeHATCHA OKUCIUTENIbHO-BOCCTAHOBUTENbHLIE YCIMOBUSI CTEKNOMACCHI U MOXET YCKOPWUTLCS
paspyLleHne OrHeyrnopos.

OTO U3MEHEHUE OCIMKHO BBOAUTLCA akKypaTHO U NOCTENEHHO, C TeM YTODLI n3bexaTb npodnem n goc-
TUYb NyYLWNX pe3ynbTaToB. B HEKOTOPLIX cnydasix (HanpumMmep, B pekynepaTmMBHbIX nevax), ecrim paccMaTpu-
BaTb CTEXUOMETPUIO NeYn B LLENOM, HEKOTOPLIE FMOPENKN B CaMbIX rOpsvYMX YacTax rneyvynm MoryTt paboTaTbh C
N30bITKOM TONNKMBA, Apyrie B bonee xonoaHbIX — ¢ HeboNbLWMM U3OBLITKOM Bo3ayxa. M30bITOK BO3ayXa B nNeyun
onpeaensieTcs Kak KonM4ecTBOM NPUHYANTENBHO NOAAaBAEMOro Bo3ayxa, Tak 1 BO3SMOXXHbLIM NMo4COCOM vYepes
MECTa yCTaHOBKN/ ropeniok U 3arpysoyvHsin kapmMmaH. MecTta yCTaHOBKU ropenoK 40CTaTOuHO NErko repMeTusnpo-
BaTb, TAKXKE BO3MOXHO NMPUHATUE Mep ANnd n3dexxaHunsi noacoca Bo3ayxavepes 3arpysodHbln KapMaH.

5.11 Ucnonb3oBaHUe cTeknobos

Mcnonb3oBaHUEe CTOPOHHEro CTeknodbos npu NPOU3BOACTBE CTeKNa MOXET CYLIECTBEHHO CHU3UTL
noTpebneHmne sSHEPTNU N MOXKET OCYLLIECTBAATLCS Ha BCEX TUNAaxX Neyvein, NCNonb3yroLWnx UCKonaemble TONNUBA,
NpUHyaAuUTENbLHOE KUCNopoaHoe AYyTbe UMK 3nekTponoaorpeB. bonbLUMHCTBO noaoTpacnen B HopManbHOM
peXUME BTOPUYHO UCNONb3YIOT BECb BHYTPEHHWUIN CTeKNoboK. lona cTeknobos B 3arpyxaeMom obbeme 00bIY-
HO HaxoanTca B AnanasoHe oT 10 % 0o 25 %.

[lobaBneHue cTeknobosa B cocTaB WNXThl CHUXKAET 3HepronoTpebneHne npy nnaBneHnn, NOCKONbKY OH
yXKe NMpoLues1 saHAoTeEpMUMYECKne peaKkLnm, CBA3aHHbIe ¢ POpMUPOBaAHNEM CTEKIA, N ero Macca MeHblLIe 3KBUBa-
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NEHTHOrO KoNMYecTBa WNXThl NpubnuantensHo Ha 20 %. YBenunueHne gonun cTeknodbos B 3arpyXaemMblx MaTe-
pranax noTeHuManbHO NO3BONAET CIKOHOMUTb SHEPTUD; ODLLIENPUHATO, YTO Kaxkable gononHutenbHble 10 %
CTEKNOBOA NPUBOAST K CHUXKEHUIO NoTpebneHns aHeprn nevbto Ha 2,5 %—3,0 %. cnonb3oBaHue cTeknodos
TaKke OObLIMHO NPUBOAUT K 3HAYUTENBLHOMY CHUXKEHWUIO 3aTpaT, MNOCKOMbKY YMeHbLIaeTca noTpebneHue
SHEpPrnn N CbipbeBbLIX MaTepnanos.

BHYTPEeHHUW, TEXHONMOTNYeCKUN CTEKNODOU (CTEKNO, MONYyYeHHOEe C NPOU3BOACTBEHHbLIX TMHUN) N CTOPOH-
HUAW, MOKYMHOW CTEKNODOU (BTOPUYHO nepepabaTtbiBaeMoe CTEKNO, NONy4YeHHoe OT noTpebutenen nnu gpyrmx
MPOMBILLSIEHHbLIX UCTOYHUKOB) NMPUHUUNKMAaNbLHO oTnudaroTcs. CocTaB CTOPOHHEro CcTteknobosi MeHee TOYHO
onpenerneH, Yto orpaHMunMBaeT ero npumMmeHeHume. Ctporue TpeboBaHMA KKkavyecTBY NpoayKUUU MOTYT orpaHuyin-
BaTb AOMNI0 CTOPOHHEro CTeknobosd, KOTOPYH MOXHO UCNONb30BaTh B NPOM3BOACTBE. [1pON3BOACTBO TAPHOIO
cTeKkna umeeT YHUKanbHYH BO3SMOXHOCTb UCMONb30OBAHUA 3HAYUTENBLHOMO KONIMYEeCTBa CTOPOHHEro CTeKo-
004, NONTY4YEeHHOro B paMKax pasnuyHbIX CXeM YTUNN3aUNUN CTEKNAHHBIX OYThISIOK.

[Tpn NPOM3BOACTBE COPTOBOIO CTEKNa TpeboBaHUA K KAYECTBY He AatoT UCNONb30oBaTh B MPOU3BOACTBE
CTOPOHHMK cTeknobon. lcnonb3oBaHne BHYTPEHHEro cTeknobosi onpeaeneHo AOCTYNHOCTLIO CTEKT0D0A Tpe-
OyeMoro ka4vecTBa v coctaBa. B cpeaHeM 40N NCMONb3YEMOro BHYTPEHHENO CTEKNODOS B 3arpyXaeMblX MaTe-
puanax coctaBnsaeT okono 25 % aAna HaTpun-KanbLUUA-CUNUKATHOTO cTekna n 35 % AN CBUHLLOBOTO XpycTan4.

Nna npousBoacTBa becuBeTHOro cteksia AOMYCTUM OYEeHb HU3KUM MNPOLEHT oKpalleHHOro crekna,
MOCKOJIbKY OKpaLleHHOEe CTEKI10 He MOXeT ObITb obecLBeveHo. [1o3ToMy cXxeMbl BTOpUYHOM NepepaboTkm cTek-
na 6onee s deKTUBHBI, €CNN BKNHOYAOT pasgefieHne no usetam.

5.12 KoTnbl-yTUNU3aTopbl U3OLITOYHON TENNOThI

MeToa OCHOBaH Ha NPONyCKaHUM AbIMOBBLIX ra30B HANPSIMYIO Yepes3 COOTBETCTBYIOLWNA BOOAOTPYOHbIN
KOTen AN Npou3BoAcTBa napa. ['lap MoXeT MCnonb3oBaTbhCcAa AN 0borpeBa NoMeLeHNA NN eMKOCTEN N TPY-
OONPOBOACB Ma3yTa UM NOCPEeaACTBOM TYPOUHBLI ANA NPOU3BOACTBA 3MEKTPOIHEPTN UMK NPUBEeAEHUSA B ABU-
XXeHne obopyaoBaHUA, HanpuMep KOMNPEeCcCopPOoB UM BEHTUNATOPOB CEKLMOHHBIX MaLLWH.

[bIMOBbIE rasbl, NIOCTyNaroLWKMe OT pereHepaTopoB UMW PEKYNepaTopOB, UMEIOT TeMMNepaTypy B Ananaso-
He oT 600 °C oo 300 °C. TemnepaTypa Ha BbiIXxoAe 13 KoTNa-yTunmsartopa onpeaensiet BO3MOXHOCTU YyTUNU3a-
LMW1 TennoTbl N orpaHndeHa npubnusntensHo 200 °C n3-3a pucka kKoHgeHcauum B KoTne 1 gnga obecnevyeHus
PYHKUMOHNPOBAHNA ObIMOBOU TPYOLI. TpybObI KOTNa NoABEePKEHbI BO3AEUCTBUIC AbIMOBLIX ra30B NeYu [Ha HUX
MOTYT 0Opa30BLIBATLCA OTNIOXKEHUSA Pa3NUYHBIX MaTepmnanoB (HanpumMep, cynbdaTta HaTpusa)] n AOMKHBI Nepu-
oan4veckn ounllaTbcs 4nd nogaepXaHusa sp@eKTMBHOCTU yTunm3auum TennoTel. Bnpovem, 370 CTaHOBUTCH
MEeHee BaXHbIM, €Cnn  KOTNbI-yTUNM3aTOpPbl B  TEXHOMNOrMYEecKoW Lennm yYCTaHOBMNEHbI Nocne
NblneynasnueatroLlero odbopyaosaHug.

[TPUMEHNMOCTL U 3KOHOMUYEcKasl LenecoobpasHoCTb NPUMEHEeHUs 3TOro mMeToda onpenensaiTcs
obLlen apPeKTUBHOCTLIO, KOTOPON MOXHO AOCTUYb 3a CYET ero NPUMeEHeHUs, ¢ y4eToM 3PP EeKTUBHOCTU
MCNONb30BaHUA NONYyYeHHOro napa. Ha npakTuke KoTNbl-yTUNN3aTopbl UCMONb3YIOT TOJTIbKO COBMECTHO C pere-
HepaTUBHLIMWU N pekynepaTUBHbLIMU CTEKNOBAPEeHHbIMK NedamMin. Bo MHOMMX cnydyasax yTUnm3npyemMmoun TennoThl
HeJoCTaTOuHO ANns apdeKkTUBHOro nonyyeHnsa sHepritn. OBbIMHO BO3MOXHO €e LUCNOMb30BaHMWe TOMNMbKO Ha
pekynepaTuBHLIX Nevax, B OOMNbLWNX YCTaHOBKAaX UMW B TEX Cny4dasiX, Korga yagaetca obbeaAnHNTL AbIMOBLIE
ra3bl HECKONbKNX NeYen.

5.13 MoporpesB WLWUXTbI U cTEKNOOOA

OObIYHO WNXTY U cTEeKNoOoM BBOAAT B NeYb B XONOAHOM COCTOSAHMUN, OHAKO CYLLIECTBYET BO3MOXHOCTb
noaorpesa LWNXThbl N cTEKT0009 3a c4ET NCMOSTb30BaHNSA N3ObLITOYHOM TENMOThI AbIMOBbLIX Fa30B, YTO obecneym-
BaeT CYLLIeCTBEHHYIO 3KOHOMUIO 3Heprnn. MeToa NpMMEHNM TOSTbKO Ha TOMMMBHBLIX CTEKIOBaPEHHbIX NeYax.

[Tpsamon nogorpes OCHOBaH Ha MCNOMb30BaHMM NPSAMOro KOHTakTa Mexay AbIMOBbLIMU ra3aMu U Cbipbem
(CTEKNOOOEM U LLNXTOWN) NPpU NPOTUBONOMOXKHOM UX ABMXKEHWUN. [lbIMOBLIE ra3bl NOCTYNAKT U3 KaHaa 3a pere-
HepaTopoM. OHU NpOoNyCcKaloTCs Yepes BblIeMKN B nogorpesarTene, Takum obpasom BCTynasi B HenocpeacTBEH-
HbI KOHTAKT C CbipbeBbIMU MaTepuanamun. [Npn sTom gocturaetca HarpeB cTteknobosa ao 400 °C. Cucrema
BKNtoYaeT 1 0bXoaHOM KaHan, NO3BONALWNA NpoaomkaTb paboTy B TeX cnyvasx, korga paborta nogorpesare-
N HeapPEeKTUBHA TN HEBO3MOXKHA.

Henpsamown nogorpesaTtenb npeacraBnder cobo nNpoTUBOTOYHBIN TEMNMOOOMEHHUK ¢ TennoobmMeHoM
yepes NNacTuHy, Ha KOTOPOW HarpeBakTCAa CbipbeBble MaTepuanel. OH CrpoekTupoBaH B BUAe OTAeNbHbIX
Moaynen n COCTOUT U3 OTAENbHBIX TENNOOOMEHHUKOB, pacnonaraemMmblX apyr Hag apyrom. Moagynu genstcsiHa
rOpU3CHTAaNbHbIE NPOTOKU AN AbIMOBLIX FA30B U BEPTUKANbHbIE — ANA ChipbeBLIX MaTepuanoB. B npoTokax
CbIpbeBbIX MaTepuanoB OHN ABMXKYTCA CBepPXY BHU3 Nog AeUCTBMEM CUMbl TSXKeCTU. B 3aBUCUMOCTU OT NPo-
MYCKHOM CNOCODHOCTM CKOPOCTb MNOCTYNALWMX ChIPbEBLIX MaTEPMANOB MOXET gocTurate 1—3 M/J; Npu 3TOM
OHW 0DbIYHO HarpesatoTca NpubnusnTensHo Ao 300 °C. bIMOBbIe ra3bl NOABCAATCS K HXKHEN YacTu Tennoob-
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MEHHMKA 1 HanpaeBMsitoTCS BBEPX 4Yepes cneunanbHble KaHanbl. B oTaenbHbIX MOAYNAX AbIMOBLIE rasbl
OBWXKYTCA ropndoHTanbHo. ObbIMHO OHU oxnaxaatoTes npubnunantensHo Ao 270 °C—300 °C.

DNeKTPpoPUNLTP CO CMOEM IpaHynsiTa — KOMBOUHaUKUA snekTpodunbTpa And yaaneHus nNbifv n NnpamMmoro
nogorpeBartenst cTeknodos. ['opsvme AbIMOBbLIE rasbl HANPAaBAAKTCH B BEPXHIO YaCTb CUCTEMBI U NPOXOOAT
NOHN3ATOPLI, 3apsiKatoLlne YacTulbl NbiNn. a3kl 3aTeM NPOXOAAT Yepes Cron rpaHynMpoBaHHOro CTeknobos,
NONAPUIOBAHHLINA BBICOKOBObTHLIM 3/1EKTPOAOM. 3apsXXeHHble YacTuLbl Nbin NPUTATMBAKOTCHA CTEKTODoEM,
Ha KOTOPOM OHU 1 oceaatoT. CTeknodbon NOCTOAHHO 3arpy)kaeTcs B annapaT CBepXY U nocne Harpesa (BnoTh
0o 400 °C) BMecTe ¢ 0CeBLUMMU HA HEM YacTULLAMU MbINX pasrpyXaeTcst BHU3, B YCTPOUCTBO Nogavn LWKUXThbI
CTEKNODOS B NeYyb.

MeToabl nogorpesa cTeknobos 1 LWAXThl NPUHOCAT CYLLECTBEHHbIE NONOXUTENbHLIE pe3ynbTaThl: AOCTU-
raetca skoHomusa oT 10 % Ao 20 % sHepruum, cHuxkaeTca Boibpoc NO,, a npu npaMom noaorpese CHUXaeTco
BbiIbpoc kncnbix rasos: SO, HF n HCl Ha 60 %, 50 % 1 90 % cooTBeTcTBEHHO. MeToa No3BoNnAeT yBennynTh
npoun3BoanTernbHOCTb Nevm Ha 10 %—15 % 6e3 CHMXKEeHUA NPoACIKUTENbHOCTU KaMmnaH. OaHaKko ecnm He
YBENUYNTb CbEM, CPOK CNYXXObI NeYn MOXET COKpaTUTLCA. Kak yXke ynoMUHaNnoCchb, MeToa NO3BONAET CHU3IUTL
HeobXoaAMMOCTbL B afekTponoaorpese. B ¢BsI3W ¢ UCNOMb30BaHUEM CTOPOHHEro CTeknobost MOryT BO3HUKATL
npobnembl, CBA3aHHbLIE C HEMPUATHLIM 3anaxom OT MoaorpeBaTens B CBSI3U C pasfoXXeHUeM BKNHOYEHUA
opraHn4YecKnx MmaTepuarsnoB B cTeknoboe.

CucTeMbl noagorpeBa cTeknobdbos 1 LWMXThl TEOPETUYECKU MOTYT ObITh YCTAHOBMNEHbI HA NHOOON CTEKNOBA-
peHHON NeYvn ¢ gonen cteknobdos Beille 50 %. Nogorpes TONLKO LUMXTHI NpobrieMaTUdeH 1 He paccMaTpUBaeT-
CH KakK TEXHONOrns, 3apekoMeHaoBaBLLas cebd Ha npakTuke. Mcnonb3oBaHue NpaMoro nogorpesa npuBoauT K
yBenn4yeHnto BbIbpocoB TBepabixX YacTul, (4o 2000 Mr/HM3) nHeobXxoanMOCTN yCTaHOBKM 000opyaoBaHUSA AN X
yaaneHus, cobpaHHyo MNblfb 0ObIMHO HaNpPaBnAoT B Nedb. OANa 1oro 4todbl CHU3UTL NMOTEPU TENMOThI NPU
TPAHCNOPTUPOBKE NMocne TennoobMeHHWKa, crnegyeT pacnonarath ero Kak MOXXHO Onvke K 3arpysouHoMy Kap-
MaHy; naeanbHbIM OyaeT pacnonoXeHne HenocpeacTBEHHO Ha 3arpy3vunkom. o sKoHOMUYEeCKUM NpUYnHam
TeMmnepaTtypa UCNonb3yemMblX AbLIMOBLIX ra3oB A0/MKHA ObITb He HWKe 400 °C—450 °C. bonee T0Oro, oHU
OOIKHbl oxnaxaatbcd no kpanHen mepe Ha 200 °C—250 °C. Bo msbexaHune arnomepaumn LUAXTHI
MakcuManbHasi TemnepaTypa AbIMOBbIX ra30oB He Ao/MKHa npeBbiwaTth 600 °C.
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OcHOBHbIe BXOAHbIe U BbIXOAHble NapamMeTpbl AN HaTPUN-KanbLUN-CUNTUKATHOTO CTEeKNa,
CBUHLLOBOIro XpycTanf U TapHOro cTekna, XxapakrepHble Ans npegnpuaTui rocygapctsB — yneHoB EC

B tabnunuax A.1 v A.2 npyBegeHbl OCHOBHbIE BXOAHbIE N BbIXOAHbIE MapameTpbl ANA HATPUN-KanbLUUN-CUMUKATHOIO
CTEeKna, CBUHLUOBOIO Xpyctans u TapHOro CTtekna, XxapakrepHbole ansanpegnpuatmm rocygapcts — yneHoB EC [4, 5]. 3Hauve-
HUA AN OCTallbHbBIX TUMOB COPTOBOIO CTEKA HAXOAATCH B 3TOM Xe gnanasoHe. ['Nokasatenu tabnmuy Moryt Mcnonb3oBaThb-
CA NPOEKTUPOBLUMKAMU, NHXEHEpaMn POCCUUCKUX NPeanpusaTun, cneuynannctamm KOHCYNbTAUMOHHBIX KOMMaHUnN W
npeacTaBuUTEN MM NPUPOOOOXPAaHHbIX OpraHn3aunm B KA4eCTBE OPUEHTUPOBOYHLIX [2, 3.

Tabnwunuya A1 — ObobuweHHble BXOAHbIE U BbIXOAHBbIE MOTOKM ANA Npouecca N3roToBNEHNA COPTOBONO CTEKNA

BxoaHble U BbIXOAHBIE MOTOKU

EanHuubl HA 1 T
CTEKTOMACCHI

HaTtpun-kansUuMn-CUNUKATHOES
CTEKII0, Anana3soH (cpeaHee

CBUHLOBLIN XpyCTans,
ananasoH (cpegHee

3Ha4YeHue) 3HavYeHue)
BxogHble NOTOKM

IHEPIVA, XNOKOE UNN rasoob- [ K 5—14 (9) 0,5—5 (3)
pa3Hoe TONMUBO

ONEKTPOIHEPIUS [ K 1—4 (2,5) 1—6 (4)

[lecok T 0,65—0,75 (0,6) 0,20—0,50 (0,42)

KapboHaTsbl T 0,3—0,42 (0,34) 0,08—0,20 (0,14)

OKcuag CBUHLA T 0,08—0,21 (0,18)

MuHepanbHble BelwlecTBa — T 0,02—0,08 (0,04) 0,005—0,02 (0,01)
KOMIMOHEHTHI LUNXTb!

COOCTBEHHbIN CTEKNOOON T 0,15—0,4 (0,25) 0,25—0,65 (0,35)

YnakoBo4YHblE Marepuanbl T 0,06—0,20 (0,1) 0,06—0,20 (0,1)

dopmbl 1 Npovee T 0,001—0,003 (0,002) 0,001—0,003 (0,002)

Boaa M 4—9 (7) 3—70 (7,5)

dTOpOBOAOPOAHAA  KMCNOTA KI/T CTEKNA Ha XNM. 40—130 (65)
(100 %) NONIMPOBKY

CepHas kucnota (96 %) /T HF (100 %)" 1—10 (5)

['napokena HaTpus /T HF (100 %)" 0—0,2 (0,1)

[ napokena Kanbums /T HF (100 %)" 1—10 (4)

CBexast Boga Ha OTMbIBKY /T HF (100 %)" 0,025—0,07 (0,05)

BbiXOaHbIE MOTOKW

[OoTOBasi ynakoBaHHas nNpo- T 0,5—0,9 (0,85) 0,35—0,8 (0,75)
OYKUNS

Boibpockl B atmocdepy: KI

CO, 150—1000 (700) 150—400 (300)

NOx 0,9—11 (4,8) 0,9—5,0 (1)

SOx 0,1—2,8 (0,7) 0,1—1,0 (0,2)

[bINb 0,001—0,8 (0,4) 0,001—0,1 (0,02)

H,O 60—500 (300) 60—250 (120)

CTOYHbIE BOAbI M° 3,6—9,1 (6,3) 2,7—70 (6,8)

CoDOCTBEHHbIN CTEKNOOON T 0,15—0,4 (0,25) 0,25—0,65 (0,35)
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OkonyaHue mabnuubsi A. T

E MaULel Ha ] T HaTtpun-kanbUuMn-cUNMKaATHOE CBUHUOBbLIU XpycTansb,
BxoOHble N BbIXOOHBLIE NOTOKU STemL(;maCCbl CTEKNo, AnMana3oH (cpeaHee omanasoH (cpeaHee
3HaYeHue) 3HAYeHUe)
OTxoabl Ha nepepaboTKky: KI 10—60 (30) 10—60 (30)
PhS0,0,PbCO; /T HF (100 %)" 0,2—1,5 (0,8)
CaSO0, /T HF (100 %)" 2—20 (7,5)
Opyrne oTxoabl KI 6—50 (10) 6—50 (10)
OTxoAabl HA 3aXOpPOHEHME:
OTXObl HAPE3KU rPaHN /T HF (100 %)" 0,3—0,7 (0,45)
OTX04bl, cCoAepXawme TsKe- /T HF (100 %)" 0,1—0,5 (0,3)
nble metannsol

Y ins xummyeckon nonvpoeky notpebnenne 100 % HTopoBOAOPOAHON KUCMOTHI NCNONb3YIOT B KAYEeCTBE OCHOBLI
A5 NONy4YeHnsi NPUBEAEHHbLIX (CPaBHUMbIX) AaHHbIX, NOCKONbKY B 9TOM CIy4vae y4YUTbIBAETCSH OTHOLWEHUE NNOLWAaamn no-
BEPXHOCTU K 06bemy. [NoTpebnenne 100 % HF/T cTekna, npoxoasauwero XMuMn4ecKkyo NoNUpoBKY, byaeT 3aBUCETb OT OT-
HOLWEHNA NNOWAAN NOBEPXHOCTU K OO bEMY M COOTBETCTBEHHO OT TUNA NMONIMPYEMBIX NPEAMETOB.

Tabnwuya A.2 — Ob0bWEHHbIE BXOOHBIE U BbIXOAHbIE NOTOKM ANA NpoLecca N3roToBNEeHUs TAPHOro CTekna

[nanas3oH v cpegHee 3Ha4veHue
EaMHuubIi HA 1 T

BxoaHble U BbIXOOHbBbIE MOTOKU
CTEKNTIOMAaCChl

oT o cpenHee

BxoaHble NOTOKU

BoaBpaTtHbi cTeKnobon T 0 0,85 0,40

[Tecok T 0,04 0,66 0,35

KapboHaTbl T 0,02 0.40 0,20

MuHeparnbHblie nobaBKn — T 0,002 0,05 0,02
KOMMOHEHTbI LWNXThI

OrHeynopbl neyu T 0,005 0,01 0,008

YNnakoBoOYHblIE MaTepuansl T 0,040 0,080 0,045

Popmbl N Npoyee T 0,004 0,007 0,005

BxoaHble NOTOKK

SHEPIUA, XUAKOE 11«1 razoob- [ >k 4 14 6,5
pa3Hoe TOMNMUBO, BCErO

ONEKTPOIHEPIUS, Bcero” [ Ihx 0,6 1,5 0,8

Boaa M 0,3 10 1,8

BbiXOOHbIE MOTOKW

[[oTOBasi ynakoBaHHas nNpo- T 0,75 0,97 0,91
OYKUKWA

Boibpockl B atmocdepy:

CO KI 300 1000 430

NOx KI 1,2 3,9 2.4

SOy KI 0,5 7,1 2,5

NbiNb (6€3 OYNCTKN) KI 0,2 0,6 0.4

Nbifb (C OYNCTKOW) KI 0,002 0,05 0,024

HCI (6e3 o4ncTrmn) KI 0,02 0,08 0,041

HCI (¢ ouncTkon) KI 0,01 0,06 0,028
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EauvHuubl HA 1 T

[lnanasoH u cpenHee 3HavYeHUue

BxoaHbie 1 BbIXOOHBLIE MOTOKU CTEKOMACEL!
oT 1o cpeHee

HF (6e3 ounctkmn) KI 0,001 0,022 0,008
HF (c ounctkon) KI 0,001 0,011 0,003
meTannsl (6e3 O4NCTKN) KI 0,001 0,011 0,006
MeTanmnbl (C OYNCTKON) KI 0,000 0,002 0,001
H,O (ncnapexHue un cxvraHme) T 0,3 10 1,8
CTOYHbIE BOAOb M° 0,2 9,9 1,6
OT1xoabl HA nepepaboTKy T 0,002 0,006 0,005
Hpyrne otxoawbl T 0,003 0,015 0,005

Y MonHoe aHepronoTpebnenue (neyb, BoipaboTka, OTKUM U Ap.) ANS TUNWYHOTO NPeanpysiTUS,, UCMOMNb3YIOLWLErO

NneyYn Ha MCKOrNnaemMom TOrrinBe.
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budnuorpadua

dbepepanbHbiv 3aKOH 0T 23 HOSBPS 2009 1. Ne 261-P3 «Ob sHeprocbepeXeHn U 0 NOBbILLEHUN SHEPTETUHECKOW
3P PHEKTUBHOCTN U O BHECEHNN UBMEHEHUWN B OTAENbHbIE 3aKoHoOAAaTerNnbHble akTel Poccunckon Peagepaumm»

[TocTanoBneHue [paButenbcrea Poccunckon @epepaunm ot 5 mapta 2007 r. Ne 145 «O nopsagke opraHmsaumm u
NPOBEAEHNA roCyaapCTBEHHON 3KCMEPTU3bI MPOEKTHON AOKYMEHTAUUN U PE3YINbTAaTOB MHXEHEPHbIX U3bICKAHUIN»

[TocTtaHoBneHune [NpaButenbctBa Poccnnckon Pepepaumnm ot 16 cpeBpansd 2008 r. Ne 87 «O cocTaBe pas3gernos
NPOEKTHON AOKYMEHTAUUN N TPEDOBAHUSX K UX COAEPHKAHUNION

CnpaBo4vHuk EC no Hanny4vwmm goCTyNHbIM TEXHONOrMAM «EBponenckas kommccens. KoMnnekcHoe Npeaynpex-
OEHNE N KOHTPONb 3arps3aHeHnn. CnpaBoYHOE PYKOBOACTBO MO HAUNYYLWNM SOCTYNHLIM TEXHONOMSAM. CTEKOMNb-
Has npombiwneHHoCcTb («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)

CnpaBo4YHUK NO HAUNYYLWMM OOCTYNHbIM TEXHUYECKUM METO4aM NCNOSNb30BAaHUS SHEPrOpPeCYPCOB B CTEKONBHOW
NPOMBbILLNEHHOCTU: NPON3BOACTBO COPTOBOro U tapHoro crekna. — M.: SkonawnH, 2005. — 128 c.
http://14000.ru/projects/glass/BAT _In_Energy use.pdf

CnpaBo4vHuk EC no Hanny4vwmm gOCTyNHbIM TEXHONOMMAM «EBponenckas kommcens. KoMnnekcHoe Npeaynpex-
OEHVEe U KOHTPONb 3arpsa3HeHnn. CnpaBovHOEe PyKOBOACTBO MO HAUMyYLWUM OOCTYMNHbIM TEXHONOMMAM. I MPEK-
TMBHOE ucnornb3oBaHne aneprun. Peppanb 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)

CnpaBoOYHbIN  AOKYMEHT MO HAWUNyuYWUM AOCTYNHbIM  TEXHOMoOrmsamMm obecnedveHnss sHeproadPekTnBHOC-
™. — M.: 9konauH, 2009. — 455 c¢.
http://14000.ru/work/bref/bref final full.pdf
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