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BBepeHue

Hactosawmn cnpaBoynnk HOT npepcraBnsieT cobon AOKYMEHT MO CTaHgapTu3auuu,
pa3paboTaHHbIN B pe3yrbTaTe aHanmM3a TEXHONOMMYECKUX, TEXHUYECKUX U ynpaBneHYeCcKnX
peLleHnin, NPUMEHSIEMbIX NPU NPON3BOACTBE NEPBMYHOIO N BTOPUYHOIO artoOMUHUSA, a Takke
npuv NPON3BOACTBE TEXHUYECKOIO KPEMHUA.

CnpaBoyHuk HOT paspabotaH B3ameH cnpaBoyHmka UTC HOT 11-2016 «lNpounssoa-
CTBO anioMuHusA» B cooTBeTCcTBUM C pacnopsbkeHmeM oT 30.04.2019 r. Ne 866-p «O6 yTBEp-
XOEeHUN noaTanHoro rpaduka akryanusaumm MHAOPMaLMOHHO-TEXHUYECKUX CNPaBOYHMKOB
No HauUny4WwWnM AOCTYMNHBLIM TEXHOSOMNAMY.

HacTtoawumn cnpaBoYHMK cOaepXUT MHAOPMaLINIO:
— 06 obnacTtu ero NnpuMeHeHus;
— 00 oTpacnu antoMMHMEBOW NPOMbILLIEHHOCTN B Poccumrckon degepaumm;

— O TEXHONOrMMYecKnx npoueccax, NPUMEHsSIEMbIX B HACTOsILLLEe BpPeEMS B antoMUHUeE-
BOW NMpombILLeHHoCTn B Poccumrckon depepaumm;

— O TEKyLMX YPOBHAX 3MUCCUIN B OKPYXaloLLYO cpeay Ha npeanpuaTnax antoMuHue-
BOW NMpombILLeHHOCTN B Poccumrckon depepaumm;

— O HaUNy4LKMX OOCTYMHbIX TEXHOMOMMSIX B antoMUHUEBOW NMPOMbILLNEHHOCTN Poccuii-
ckon denepaunu;
— O NEepPCneKTUBHbIX TEXHOMOIMUSIX.

OcHOBHbIMM 3aKOHOAATENBbHbLIMU OOKyMEeHTaMn, UCnosib3oBaBLLNMAUCA TMPU paspa60T-
Ke crnpaBoO4HUKa, ABNAOTCA:

— ®epgepanbHbin 3akoH oT 10 sHBaps 2002 r. Ne 7-d3 «O6 oxpaHe okpyxatroLien cpe-
ably;

— ®epepanbHbIi 3akoH OT 4 Mmasa 1999 r. Ne 96-903 «O6 oxpaHe aTMocdepHOro Bo3ay-
Xa»;

— ®epepanbHbl 3aKOH OT 24 utoHa 1998 r. Ne 89-9d3 «O6 oTxogax npomn3BoACcTBa U
notpebneHnsy;

— MocTtaHoBneHwue lMpaButensctea P® ot 23 aekabpsa 2014 r. Ne 1458 «O nopsigke
onpeneneHns TeXHOMNOrMM B Ka4ecTBe Haunydllen AOCTYNHOM TeXHOMOorMu, a Takke paspa-
6oTKN, akTyanusaumm n onybnukoBaHMs WHGOPMALMOHHO-TEXHUYECKMX CNPaBOYHUKOB MO
HaUNy4YLWMM OOCTYMHbIM TEXHOMOMUSMY .

VI
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anIHFITbIe OCHOBHbI€ COKpalLleHus

ATK — A4nHckun rmnHoseMHbI komouHat (OAO «PYCAJT A4nHCK»)

All" — aBTOMaTU4eckaa nogada rnmHosema

ACYTI1 — aBTOMaTU3NpoBaHHas cuctemMa ynpassieHUsi TEXHOSTOrMYEeCKUM NpoLLEeCccoMm
BA3 — borocnosckuit antomuHuesbin 3aBog, (punman OAO «CYATT» «BA3-CYAI»)
BpA3 — bpatckuin antommnnHunesbin 3aBog (OAO «PYCAIJT BpaTtck»)

BT — 6okoBon TokOonoaBsoA

BT — BepxHu Tokonoasos,

BC — rasoBo3gyLuHasi CMecCb

FOY — razooymncTHaga yctaHoBKa

3B — 3arpssHsoLLme BelecTsa

MpkA3 — WpkyTtckmn antomuHneBbln  3aBog (punuan  OAO «PYCAIJlT  Bpatck»
B I. Lenexose)

KA3 — Kanganakwckui antommHneBbii 3aBog (unmnan OAO «CYAT» «KA3-CYAITT»)
KM — koahduumneHT nonesHoro 4encTems

KM — koadbpnumeHT Nones3Horo Ncnonb3oBaHus

KpA3 — KpacHospckuin antomumHuesbiv 3aBog, (OAO «PYCAJT KpacHosapck»)
HAOT — Haunyywas AocTynHas TEXHONOrNs

HkA3 — Hosoky3sHeLku antommvHmesbin 3aBog (OAO «PYCAIJl HoBoky3HeLK»)
OA — 060xKeHHbIe aHOAbI

NMOA — npegBapuTenbHO 060XKEHHbBIE aHOAbI

M3K — npon3BoACTBEHHbIN 3KONTOrMYECKNUIA KOHTPOMb

KL — AO «KpemHumn» r. LLlenexos

PKY — OO0 «PYCAIJT KpemHun Ypan»

PTI — pygootepMmuyeckas nevb

PKO — pynoBoccTaHoBUTENbHasi, Kpyrnas, oTkpbiTas nevb

CAS — CagaHoropckui antommnHmnesbin 3aBog (AO «PYCAJT CasiHoropcky)

YA3 — Ypanbckun anomvHuesbin 3aBof (punman OAO «CYAI» «YA3-CYAT»)
XA3 — Xakacckuin antomnHuesbln 3aBof (OO0 «XA3»)

UPI — ueHTpanusoBaHHasa pasgada rnmHosemMa

OkoCopepbepr — Skonornveckun Congepbepr

VIl
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Npeaucnosune

Llenn, OCHOBHble NPMHUMMNBLI U NOPSOOK pa3paboTkM CnpaBOYHMKA YCTAHOBMEHbI
MoctaHoBneHnem [MpaButenbctBa Poccuickon denepaumm ot 23 aekabps 2014 r. Ne 1458
«O nopsigke onpegeneHnss TEXHOSOrMM B KavecTBe Hausyywen AOOCTYMHOW TEeXHOSormu,
a Takke pa3paboTku, akTyanusaumm n onybrnmkoBaHnA MHPOPMAaLMOHHO-TEXHUYECKNX Ccrnpa-
BOYHMKOB MO HaWUNy4yLWMM AOCTYMHbLIM TEXHOMOTNAMY.

1. CraTyc nOKyMeHTa

Hactoawmn nHpopMaUNOHHO-TEXHNYECKUI CMPAaBOYHUK MO HaUMyywWwUM OOCTYMHbIM
TEXHOMNOrMsM (4anee — CNPaBOYHUK) ABNSAETCA JOKYMEHTOM MO CTaHAapTU3aUmK.

2. NUHdopmauma o paspaboTumkax

CnpaBo4yHuK pa3paboTaH TexHu4deckon paboyen rpynnon Ne 11, cosgaHHOM nNpukasom
PocctangapTta ot 21 utonsa 2019 r. Ne 2171.

[MepeyeHb opraHn3aumi n nx NnpeacTaBUTENEn, NPUHUMAaBLLMX y4acTue B pa3paboTke
crnpaBoYHMKa, NpuBedeH B pasgerne «3aknounTenbHbIe NONOXEHMS U peKoMeHaaumnumy.

CnpaBo4HMK NpeacTaBneH Ha yTeBepxaeHue Bopo Hamnyywmx OOCTYMHbIX TEXHOO-
rmn (Bropo HAOT) (www.burondt.ru).

3. Kpatkasa xapakTtepuctuka

CnpaBOYHMK COAEPXMUT ONUCaHWe TMPUMEHSAEMbIX NpU MNPOU3BOACTBE antoOMUHUS
(MepBMYHOro U BTOPUYHOrO), a Takke npu NPoM3BOACTBE TEXHUYECKOrO KPEMHUSI TEXHOSOIM-
YecKux npoueccos, 0bopyaoBaHUSA, TEXHNYECKMX crnocoboB, METOAOB, B TOM 4uCre No3BO-
NALWMX CHU3UTbL HEraTMBHOE BO3OENCTBUE Ha OKpYXKaloLlyto cpeay, BogonoTpebneHue, no-
BbICUTb 3HEProadpeKkTUBHOCTb, pecypcocbepexeHne. Cpeamn OnUCaHHbIX TEXHOMOMMYECKMX
npoueccos, 060pyaoBaHNS, TEXHUYECKNX CNOCOB0B, METOLOB OnpeAeneHbl pelleHns, ABns-
foLMecs HaunyywmnmMm ocTtynHeiMn TexHonormammn (HAT). Ona HOT B cnpaBoyHuKke ycTa-
HOBMEHbl TEXHOMOrMYeCcKne nokasaTenu.

4. B3aumocBAa3sb € MeXxAayHapoAHbIMU, permoHaribHbIMU aHanoramu

CnpaBo4HuKk pa3paboTaH Ha ocHOBe crnpaBo4vHVKa EBponenckoro coto3a no Haunyud-
LWMM OOCTYMHbIM TexHonornam «Haunydwwme poctynHble TexHonorum (HOT). CnpaBoyHbIv
AOKYMEHT Ans NPOMBbILIIEHHOCTU UBETHbIX MeTannoB» (Best Available Techniques (BAT)
Reference Document for the Non-Ferrous Metals Industries) ¢ ydeToM ocobeHHOCTEN NPON3-
BOACTBa antoMuHus B Poccuinckon ®egepaunn.

5. C60p AaHHbIX

MHopmaumsa o TexHonormyeckmx npoueccax, 06opyaoBaHUN, TEXHUYECKMX CMOCO-
Gax, meTogax, NpMMeHsIEMbIX NpX NPOU3BOACTBE antoMuHus B Poccurickon depepaummn, Obl-
na cobpaHa B npouecce pa3paboTky cnpaBoYHUKA B COOTBETCTBMM C [Nopsakom cbopa gaH-
HblX, HeobxoaumbiX And paspaboTkm MHOOPMALMOHHO-TEXHUYECKOIO  CpaBOYHMUKA

VIl
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No HaWNyyWWMM LOCTYMHbIM TEXHOMOMMAM M aHanmsa MpUOpPUTETHBIX Npobnem oTpacnu,
yTBEPXAEHHbIM npukazom MuHnpomTopra Poccumn ot 18 anpenst 2017 r. Ne 1234.

6. B3aumocssasb ¢ aopyrumu cnpasoyHukamm HOT

B3aumocsa3b HacToswwero cnpaBoyHka HOT ¢ gpyrumun cnpaBoyHmkamu HOT npuBe-
AeHa B pasgene «Obnactb NPUMEHEHMUS.

7. MUHdopmaumnsa o6 yTBepxaeHUn, onyoyiMKkoBaHMu U BBe4eHUU B AeNcTBue

CnpaBo4HuK yTBEepxaeH npukasom Pocctanaapta Ne 2980 ot 12 nekabpsa 2019 r.

CnpaBoyHuK BBeAeH B genctene ¢ 1 mapta 2020 r., odpuumansHO onybnmkoBaH B UH-
dopmaLMOHHON cucTeme OOLLEro MoNb3oBaHWA — Ha oduumanbHoM cante degepanbHOro
areHTCTBa Mo TEXHMYECKOMY perynmpoBaHuio U meTponornn B cetn MHTepHeT (Www.gost.ru).


http://www.gost.ru/
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MH®OPMALMNOHHO-TEXHUYECKUN CMNPABOYHUK
NOo HAUNYYWWUM OOCTYMNHbBIM TEXHONOINAM

NnPON3BOACTBO AJNTIOMUHUA

Aluminium production

Oata BBegeHuna —2020-03-01

O6nacTtb NpUMeHeHUusA

CnpaBoOYHMK pacnpocTpaHsaeTCs Ha cnefyoLlmne OCHOBHbIE BUAbI AeATENbHOCTH:

— NPON3BOACTBO MMNHO3EMA;

— NPOU3BOACTBO NEPBUYHOIO antoOMUHUS;

— NpOn3BOACTBO aHOA0B M aHOAHOW MacChl,

— NUTEeNHOEe NPOM3BOACTBO (NPON3BOACTBO TOBApHOM NPOAYKLMM N3 antioMUHUSA-CbIpLa
1 anioMUHMEBBIX CMNI1aBoOB);

— NPOU3BOACTBO TEXHNUYECKOIO KPEMHUS;

— MpoLEeCChl NOArOTOBKN BTOPUYHOMO aritoMUHUEBOIO Cbipbs A5 nepepaboTku;

— npouecchl NPOn3BOACTBA BTOPUYHOIO arntoMUHUS.

CnpaBOYHMK TakkKe pacnpocTpaHAeTCs Ha npouecchbl, CBA3aHHble C OCHOBHbIMWU BU-
AamMu 0esTenbHOCTU, KOTOpble MOryT OKa3aTb BfMsiHMEe Ha 06beMbl AMUCCUN UM MacLUTabbl
3arpsisHeHus1 OKpyXxatouien cpeabl:

— XpaHeHue 1 NoaroToBKa Cblpbs, TONMMBA, NPOAYKLUNNK;

— NPOU3BOACTBEHHbIE NPOLIECCHI;

— MeTOoAbl NPeAoTBPALLEHNS U COKpaLLEHNS SMUCCUIA U 0Opa3oBaHNs OTXOA0B.

CnpaBo4YHKK HE pacnpocTpaHaeTcs Ha:

— 0eATenbHOCTb, CBA3aHHYI0 ¢ J00OblYen 1 oboralleHnem pyn LUBETHbIX MeTasnsos;

— 6n1okn BcnomMmoraTesibHbIX U NOACOBHbLIX MPOM3BOACTB (PEMOHTHbLIE, aBTOTPAHCMNOPT-
Hble, )XeNe3HO4OPOXHbIE, MOHTaXHbIe U T. M.);

— BOMPOCHI, KacarLmnecs UCKNIYNTENbHO obecnevyeHnsa npoMbilrieHHon 6esonacHo-
CTW UNN OXpaHbl TpyAaa.

Bonpocbl oxpaHbl Tpyga paccmMaTpuBaloTCs YaCTUYHO M TOMBbKO B TEX Criyvasix, korga
OKa3bIBaKOT BUSIHME HAa BUObl AEATENbHOCTU, BKMOYEHHbIE B 06NacTb NPUMEHEHUS HacTos-
LLlero cripaBoYHUKA.

[ononHutensHble BUAbl OEATENbHOCTU MPU NPOU3BOACTBE altOMUHUA U COOTBET-
cTeyowme v cnpasovHnkn HOT (HasBaHus cnpasodHukoB HOT gaHbl B pegakuuun pacno-
pskeHust npasuTenbctBa Poccuiickon ®epepauumn oT 31 oktabpa 2014 roga Ne 2178-p)
npuBegeHbl B Tabnuue 1.
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Tabnuua 1 — JononHuTenbHble BUAbI AEATENbHOCTN NPU NPOU3BOACTBE antOMUHUA N COOT-
BeTCTBYyOLME UM cnpaBovHukn HOT

Bua gpeatenbHocTn CooTtBeTcTBYlOWMN cnpaBodHnk HOT
MeToapbl OUYMCTKM CTOYHBbIX BOA, HaNpaBfieHHbIE OumncTka CTOYHbIX BOA NPpU NPON3BOACTBE Npo-
Ha COKpallieHne cOpoCcoB MeTannoB B BOAHbIE AyKumm (ToBapoB), BbINONHEHUM paboT 1 okasa-
0OBbeKTbI HUW YCNYT Ha KPYMHbIX NPeanpuUaTmaX
INpOoMbILLMIEHHbIE CUCTEMBI OXMNaXXAEHUS,
Hanpumep, rpaguMpHu, NacTMH4aTbie Tennoot- MpOMBbILLNEHHbIE CUCTEMBI OXNaXKOEHMS
MEHHUKMN

CokpalleHune BbIGPOCOB 3arpsa3HAOLLNX Be-
XpaHeHune n obpaboTtka maTepumanos LecTB, COPOCOB 3arpsA3HAOLLMX BELLECTB Npwu
XpPaHEeHUN 1 CKragnpoBaHnM TOBapoB (rpy3oB)

O6e3BpexnBaHNe 0TXO0A0B TEPMUYECKMM CMO-
cobom (CcxxmraHme oTxoaoB)

O6pallieHne ¢ oTxoaamu
3axopoHeHne 0TXo40B Npon3BoacTBa U No-

TpebneHuns
BbipaboTka napa 1 anekTposHeprum Ha Tenno- CxwuraHve Tonnmea Ha KpynHbIX YCTAaHOBKaX B
BbIX CTaHLMAX Lensx NpousBoAcTBa 3HEPruu

O6wue NpUHLMNbI NPON3BOACTBEHHOIO 3KOIO-
rMYECKOro KOHTPOIS U €ro MeTPOsIorM4yeckoro
obecneyeHus

BOI'IpOCbI npon3BoaACTBEHHO-3KONOrm4ecKkoro
KOHTpPOJIA

Cdbepa pacnpoctpaHeHus crpaBoYHMKa npueBegeHa B Tabnuue 2.

Tabnuuya 2 — Cdepa pacnpoctpaHeHna ATC HOT

HavnmeHoBaHve npoaykuum HanmeHoBaHune Buga
Kna 2 KB3[ 2
OKMA no OK 034-2014 (OKrA) peatenbHocTn no OKB3[ 2 OKBIA
Mpon3BoACTBO MeTannypruyeckoe 24
MeTannbl OCHOBHblE AparoueHHblie | [porM3BOACTBO OCHOBHbLIX Aparo-
4.4 M  UBETHble NpoYMne; TOMMMBO | LEHHbIX METANMOB U NPOYUX LIBET- 244
' sanepHoe nepepaboTaHHoe HbIX MeTannoBs, NPOW3BOACTBO '
A0epHoro Tonnmea
24.42 AnNOMUHWIA Mpon3BoACTBO antoMUHUSA 24.42
24.49 1 ANIOMUHNIA HeOOpaboTaHHLIN; OK-

cva anioMnHUS (FMUHO3eMm)
24.42.11 AnNOMUHUIA HeobpaboTaHHbIN
24.42.11.110 |AnOMUHUIA NEPBUYHBIN

CnnaBbl Ha OCHOBE MNEPBUYHOrO

24.42.11.120
aJTloOMUHUA

24.42.12 Okenp  amomubng  (rnuHosem),
KpOME MCKYCCTBEHHOrO KOpyHAa

2442 12,000 |OXCMA  @NIOMUHUS  (UHO3EM),

KpoMe UCKYCCTBEHHOIo KopyHaa
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OkoH4vyaHue Tabnuubl 2

HavnmeHoBaHWe npoaykumm HavnmeHoBaHwue Byuaa
OKMA 2 no OK 034-2014 (OKTI) peatenbHocTn no OKB3[ 2 OKBIA2
lNpon3BoacTBO npoyen HemeTan-
NIMYECKON MUHEpanbHOW NpoayK- 23.99

UMK, He BKIOYEHHOW B Apyrue
rpynnMpoBKM

OnekTpodbl U nNpoyve u3genus us
rpacouta unu gpyrvx BMOOB yrre-
poaa, NpYMEeHsiemMble B 3MeKTpo-
TEXHWKE

27.90.13
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Paszpgen 1. Obwaa wuHcdpopmMmauuMa o0 paccmaTtpuBaemMou oOTpacnu
NPOMBLILWWNEHHOCTU U OTpacneBoun npooneme

1.1 O6wue cBegeHus

1.1.1 ANOMUHUNA

ANMOMUHUA — XMUYeckun anemeHT Il rpynnbl nepnoanyeckon CUCTEMbl 3rIEMEHTOB
0. . MeHgeneeBa, nerkMi M nnacTuyHbIA MeTani mMaTtoBo-cepebpuctoro upeta. Becnea-
CTBUE BbICOKOW XMMMUYECKON aKTUBHOCTU artoMUHUIA B NpUpoae HaXOAUTCH TONbKO B CBA3aH-
HOM BUae.

MnoTHocTb (MPU  HOpMarnbHbIX ycnoBusAx) — 2,69 r/cm3,  anekTponpoBOAHOCTb —
37 x 108 Cwm/m.

YHuKanbHble CBONCTBA antOMUHUS:

— Ha BO3yxe MOMeHTasnbHO obpasyeT OKCUAHYIO 3aLLUMTHYIO MMEHKY, KoTopasa cnocob-
CTBYET BbICOKOW KOPPO3NOHHOM CTOMKOCTU MeTarnna;

— HU3Kas NAOTHOCTb NPWU BbICOKOM NPOYHOCTY;

— HEU3MEHHOCTb CBOMCTB NPWU HU3KMUX TeMnepaTypax.

AntoMuHun obnagaet amqoTEPHLIMU CBOMCTBaMU, T. €., pearnpys ¢ Kucrotamu, ob-
pasyeT COOTBETCTBYIOLLUME CONMKU, a NMpu B3aMMOOENCTBUMU C LLenoYyaMun — antoMuHaTbl. JTa
0COBEHHOCTb CYyLEeCTBEHHO paclunpaeT BO3MOXHOCTU U3BMEYEHUs antoMUHUS U3 pya pas-
NUYHOro coctasa. ANMOMUHUI PacTBOPHAETCA B CEPHOM U COMNSAHOM KUCIOTax, a Takke B Lue-
novax, HO KOHLEHTpUpOBAHHAA as30THad W oOpraHuMyeckasi KACMOTbl Ha antoMUHUNA
He JeNCTBYIOT.

MexaHu4yeckne CBOWCTBA antOMWHUS B 3HAYUTENIbHOW CTEMNEHU 3aBUCAT OT
KOnuyectBa NpUMECEn B artOMUHUK, €ro npeaBapUTENbHON MexaHu4eckon obpaboTkm wn
Temnepatypbl. C yBennyeHneM coaepXXaHnsa npumecent NpoOYHOCTHbIE CBOMCTBA artOMUHUS
pacTyT, a nnacTU4Hble CHWXAKTCH, MNpuYeM 3TU CBOMCTBA MPOSBISAIOTCA Oaxe npu
N3MEHEHMN YUCTOTbl antoMuHnsa ot 99,5 no 99,0 %.

bnarogapsa Takum CBOMCTBaM, Kak Manasd nfoTHOCTb, BbICOKasi TEMfIoNpoOBOLHOCTb,
HN3KOe aneKTpuyeckoe ConpoTUBIIEHME, BbICOKAs NMAaCTUYHOCTb, KOPPO3MOHHAA CTOMKOCTb,
antoMUHUA MOMYYNST UCKMIOYUTENBHO LUMPOKOE pacrnpoCTpaHeHMe B pPasfU4YHbIX OTpacnsix
COBPEMEHHOMN TEXHWUKN N UTPaET BaXKHENLLYIO pOSib Cpeaun BCeX LBETHbIX MeTarsoB.

UNCTbIN TEXHUYECKUA arntoMUHUA  UCMOSb3yeTCA B 3MEKTPOTEXHWKE B KadecTBe
NPOBOAHMKOBOrO MaTepuana u gns npoussoactsa gonbrn. OCHOBHaA 4acTb antoMUHWUA
NPUMeEHSAETCA B BUAE NUTENHBIX U AePOpMUPYEMbIX CMABOB M CPaBHUTENBbHO HebonbLloe
KONUYeCTBO antoMUHUS — B BUAE NOPOLLKOB.

K oCHOBHbIM 0651aCTAM NPUMEHEHUSA anNtOMUHUA U €ro ChnflaBoB OTHOCATCS adpOKOC-
MUYeckasi MPOMBILUSIEHHOCTb, CTPOUTENBCTBO, BbICOKOCKOPOCTHOW >KEMNEe3HOOOPOXHbIN 1
BOOHbIN TpaHCMOpT, aBTOMOOWUNECTPOeHWe (koprnyca ABuratenien, Ky3oBHble aeTanu u
TPpaHCMUCCUSA), ANEKTPOTEXHUKA, MaLUMHbI U TYPOUHHAA TeXHWKa, ynakoBKa MULLEBLIX MPO-
OYKTOB W HaruTKOB, KPUOTEXHWKA, NMUPOTEXHWKA U pakeTHoe TOMMMBO, NuwieBas NpPOMbILL-
NEHHOCTb.

[MpakTnyeckn eANHCTBEHHBIM METOAOM MOSTyYEHUST METaNSIMYeCcKoro aritoMUHUA ABMS-
€TCHA 3MeKTPONn3 KpMonuTtornmHosemHoro pacnnasa. OCHOBHOe Cbipbe Ans 3TOro npouec-

4
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ca — rmuHosem (Al203) — nonyyaroT pasnUYHbIMKU MOPOXMMUYECKUMU MeTodaMu nyTem ne-
pepaboTkM MUHEpPanoB, coaepXallmMx CoeaMHEHUS antoMUHMS.

CoBpeMeHHOe Mory4YeHne arntoMUHUSA OCYLLECTBIISIETCA MyTeM SNEeKTPOSIMTUYECKOro
pasnoxeHus rnnHodema (Al203), paCTBOPEHHOro B 9MNeKTposiMTe (pacniaBneHHbI KpuonuT
(NasAlFs)). TexHonornyecku npouecc ocyuwectansetca npu 950-965 °C B aneKkTponmn3sHbIX
BaHHax (anekTponuaepax). B uenom npouecc pasnoXxeHUsa rvHo3eMa B 3MeKTponmsepax
MOXHO nNpeacTaBuTb B BUAe opmyn:

Al2O3 + 1,5C « 2Al + 1,5COz,
Al203 + 3C « 2Al + 3CO.
CYMMapHyI'O peakuno MOXHO 3arncaTtb B BUae
Al203 + XC = 2Al + (3 = x)CO2 + (2x - 3)CO
UM NPeACTaBUTb €€ Kak CyMMY TPex peakLiuii:
Al203 «— 2Al + 1,502,
C+ 02 < COg,
C + 0,502 <+ CO.

OCHOBHbIM NCXOOHBIM CbIPbEM KPUONUT-FIIMHO3EMHOIO pacnnasa SABNAKTCH MMUHO3EM
(Al203), dpropuctein antommHnin (AlF3) n kpnonut (NasAlFs). Kpome Toro, B anekTponurte Bce-
roa npucyTcTByeT OTopUCTbIN Kanbumi (CaF2), cCHuKarowmun TemnepaTypy Kpuctannmsaumm
3NeKTponuTa, YTO NO3BONISIET NPOBOAUTL MPOLIECC AMEeKTponv3a npu 6onee HU3KOW Temne-
paTtype.

TexHonornyeckm npouecc B antOMUHUEBOM INEKTPONM3EPE — CIOXHbIA KOMMEKC
B3aMMOCBA3aHHbIX XUMUYECKUX, (PUBNKO-XMMUYECKNX N PU3UYECKMX NPOLECCOB.

Mpn anekTponuae Ha Katoge BblOenseTCcs antoMUHUK, a Ha aHoae — Kucnopogd. Anto-
MUHUK, obnagarowmni 6onbLlUen NNOTHOCTLIO, YEM UCXOAHbLIN pacnnas, cobnpaeTcsa Ha aOHe
anekTponusepa, OTKyAa ero nepuoanyeckn N3BnekatoT.

PeHTabenbHOCTb NPOM3BOACTBA aNOMUHUA onpefenseTcs OOCTYMHOCTbI U LEeHOW
9NEKTPOIHEPTUN, HANTMYMEM CbIPbEBbLIX KOMMNOHEHTOB N UX KAYECTBOM.

B Tabnunue 1.1 npeactaeneHbl gencreyowme B Poccurickon ®egepaunn npeanpusatms
antoMUHUEBOW MPOMBILLFIEHHOCTUW, o4 BBOAA B AKCMyaTauumio, NPOM3BOANTESNbHOCTb U MpuU-
MEHsIEMble TEXHONOMMKM anekTponunsa. Nx reorpadudeckoe pacnosioxXeHne npeactaBneHo Ha
pucyHke 1.2.

Tabnuua 1.1 — [lepevyeHb npegnpusaTMin anlOMUHMEBOW MPOMbILLMIEHHOCTN Poccuinckon
depepauyumm
3aBof MecTo pacnonoxeHus Fon sBOAR
B 3KCnnyaTaumo
KA3 MypmaHckas obnactb, 1951
«PYCAJ1 Kanpganakiwa r. KaHganakiwa
HkA3 KemepoBckasi obnacTb, 1943
AO «PYCAJT HoBOKy3HeLUK» r. HoBoky3HeLK
KpA3 KpacHosipckuin kpa, 1964
AO «PYCAIJ1 KpacHosipcky» r. KpacHosipck
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OkoH4aHune Tabnuubl 1.1

[loo BBOOA
3aBopg MecTo pacnonoxeHus
B 9KCMnyaTauuio
BpA3
MAO «PYCAI Bpatck» MpkyTckasa obnactsb, r. bpaTck 1966
CA3 Pecnybnuka Xakacus,
AO «PYCAIT CasaHoropck» r. CasHoropck 1985, 2006
MpkA3
dunnan MNAO «PYCAJT Bpatck» B UpkyTckasa obnacts, r. LLlenexos 1960
r. LlenexoBse
BrA3
«PYCAI Bonrorpag» r. Bonrorpan 1959
BoA3 KpacHosipckui kpan, boryyan-
. . .. 2015
3A0 «boryyaHckuin antoMUHUEBBIN 3aBOAY CKUW panoH
ATK . .
AO «PYCAJT A4MHCKS KpacHosapckuin kpan, r. AYNHCK 1970
MukaneBCKWi rMNMHO3eMHbIN 3aBoA («basan JleHnHrpaackas obnactb,
1959
LiemeHT Nukaneso») r. Nukaneso
BA3! Ceepanosckasi o6nacTb, 1943
«PYCAIJ1 KpacHOTYpbMHCK» r. KpacHOTYpbUHCK
YA3? Ceepanosckasi o6nacTb, 1939
«PYCAI KameHck-YpanbCkui» r. KameHck-Ypanbckui

1.1.2 KpeMHun

KpeMHUI — XUMWYECKUA SNEMEHT C MOpAaKOoBbIM HOMepoMm 14 TpeTbero nepuoaa
rnasHon noarpynnel IV rpynnbl nepuoanyeckon cuctemol anemenTos 1. . MeHgeneesa.

KpeMHuin — metannona TeMHO-ceporo LBeTa, obnagarowmnm 06blM4HO MeTanIM4eckum
6neckom, TBepabi 1 Xpynkui. MNOTHOCTb (NPU HopMarnbHbIX ycrnosusx) — 2,33 r/cm®, Temne-
paTypa nnaenexHus — 1414 °C; anekTponpoBogHocTb — 37 x 108Cwm/M. MN3BecTeH Takke
aMOPMHLIN  KPEMHUN — Bypbid  TOHKOAMCNEPCHbLIA MOPOLUOK. JSIEMEHTaPHbIN  KPEMHUN
(B8 amopdHOM cocTosiHuKM) BnepBble nony4deH B 1823 rogy wBeackuM yyeHbiM bepuenuycom,
a B KpucTannmyeckom Buae — dpaHuysckum xummkom CeHTt-Knep desunem B 1855 roay.

CogaepxaHue KpemMHUs B 3eMHOM Kope cocTtaBnseT 27,6 %. KpeMHuin BxoauT B cOCTaB
BONbLWMHCTBA rOPHbIX NOPOS; FMaBHbIE MUHEPArbl — KPEMHE3EM U CUNUKATBI.

Mpn OBLIYHBIX YCNOBUAX KPEMHUIN MHEPTEH N CTOEK K XUMUYECKUM BO3AENCTBUSIM.

C npocTtbiMun BewecTBamun (Kpome (ptopa) B3auMOAENCTBYET NULLb NPU HaArpeBaHuu,
NposBNASA Yalle BCEro BOCCTaHOBUTESNbHbIE CBONCTBA.

OcHoBHasi Macca BbINMaBASEMOro KpeMHUS npegHasHavyeHa ans Metannypruyeckoro
NPOM3BOACTBA, MaBHbIM 06pa3omM NpPOM3BOACTBA aANOMWHUEBLIX CrNaBOB — CUIYMUHOB.
LUnpoko n3BECTHbI Takke KPeMHUCTble OpPOH3bl — KPEMHUCTbIE CMfaBbl HA OCHOBE Meawu,
B KOTOPbIX NPUCYTCTBME KPEMHUSA YBENUYMBAET MPOYHOCTb, YMEHbLUIAET MOPUCTOCTb 3a CHET
MOBbILEHHOW TEKYYeCTU, YTO CNOCOOCTBYET MOMyYEHUIO NMOTHBIX OTNMBOK. B aetanax, pa-

1 B 2015 rogy HayaTa peanusauus NpoekTa no yBernmMyYeH1o MOLLHOCTM Npon3BoacTBa.
2 B 2015 rogy Ha4aTa peanusauus npoekTa no yBenmyeHno MOLLHOCTM NPOU3BOACTBA.
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BoTalWmnX Ha TpeHne Npu CpedHnX Harpyskax U CKOPOCTSX, KPEMHUCTble BPOH3bI CO CBUH-
LOM He yCTynatT ONnoBsiHHO-chocopucTon 6poHse. BpoH3bl ¢ KpeMHMEM M MapraHuem 06-
naparoT xopoLlen KOppPO3MOHHOM CTOMKOCTLIO.

KpeMHUin BbICOKOW YUCTOTbI SABMSETCA TUMNYHLIM NONYNPOBOAHUKOM U npeacTaBnseT
NCKITIOYUTENBbHBIA NHTEPEC ANS COBPEMEHHOWN SNEKTPOHUKN U CONHEYHOWN SHEPreTUKM.

LLnpok agnanasoH Ucnosib30BaHUSA KpEMHUMOPraHMYeCcKnx coeguHeHnn. B HUX yaanocb
obbeanHUTL ABa aHTUNOAA: KPEMHUM — BaXKHEWLUMKA JfeMEHT HeOopraHM4Yeckoro mwupa
n yrnepog, sIBAAOWMACA OCHOBOW XMBOro. [103TOMY NOMMMEPHbIE KPEMHUNOPraHnyeckune
coeavHeHus obnagatoT TennoBon U XMMUYECKON YCTOMYMBOCTBIO B COMETAHUN C 9NaCTUYHO-
CTbIO U PaCTBOPUMOCTBIO.

Ha ocHoBe KpeMHWMopraHM4Yeckux COeAVHEHWN W3roTaBfMBalOT TEPMOCTOWKNE CMa-
304HblEe Macna, Xuakue ONaNeKTPUKn, naku, amanm, Kay4yyku, niactMacchbl, CTEKTONMacTUKu,
obnagawowme Hapsgy C MOBLILEHHON TEMoBOWM U XUMWYECKONW CTOMKOCTbIO OTSIMYHBIMU
9NEKTPOM30NALUMOHHBIMM CBONCTBaMU. KpeMHuopraHn4yeckne coemHeHns ABnsitoTCA OCHO-
BOW MHOIMX appekTnBHENLLMX COPOEHTOB, KaTannu3aTtopoB, NeHoracuTenem n MHOrMxX Opyrnx
LeHHbIX XMMUYECKUX NPOAYKTOB U Matepuaros.

MpumepHas cTpykTypa nNoTpebneHnsa meTannypruieckoro (KpUCTannmyeckoro) Kpem-
HUA criegylowias: ang nponsBoAcTea crfaBoB ucnonb3yetcsa okono 70 % oT obuiero npous-
BOACTBA; B XMMUYECKOM NPOMBbILLIIEHHOCTU — OKOS10 15 %; Ana M3roToBneHus nonynpoBoa-
HUKOBOW TEXHUKN — 5—7 %; B MALUMHOCTPOEHUN — OCTasbHoe.

OCHOBHbIM Npou3BoaUTENEM TEXHUYECKOTO KpEeMHUSA B Mupe (Okono 65 % ot obuero
Bbinycka) siBnsietcsa Kutan. Takke B 3HauMTENbHbIX 0O0beMax KpemHuin npon3sogaTt bpasu-
nuna, CLWWA, Hopeerus, dpaHums.

[na npon3BoacTBa TEXHUYECKOrO (KPUCTanNIM4eCcKoro, MeTanyprmyeckoro) KpemMHus
B OTEYECTBEHHOM W 3apyOeXXHOW MPOMBILUNIEHHOCTN NPUMEHSAETCA KapboTepMUYECKUn Me-
TOA, B OCHOBE KOTOPOrO NEXUT NPOLEeCC BOCCTAHOBNEHUSA KPEMHUS U3 KpeMHe3eMa yrinepo-
AOM B 3S1IEKTPOAYroBbIX NeYax pasfnyHOn MOLLHOCTH.

Mpouecc kapboTEPMMYECKOTO BOCCTAHOBMEHUS KpPEMHUSI OObIYHO OnUCbIBaeTCH
0606LeHHbIM BanaHCOBbIM ypaBHEHMEM:

SiO2+2C =Si+2CO

TeopeTnyeckas TemnepaTtypa Havyana B3aMmogenCcTBUA ANOKCuaa KpeEMHUSA C yrnepo-
Aom paBHa 1554 °C. 3ameTHbIN cOBUr paBHOBECUS B 3TOW peakLmm B CTOPOHY BOCCTaHOBIE-
HUA KpemHesema HaudmHaetcs ¢ 1600 °C. BaaumopgencrBme KpemHesema C yrineponom WH-
TEHCUMBHO MNpoTekaeT npu Temnepartype 6onee 1670 °C. dakTnyeckoe BOCCTAHOBMEHME
KpeMHe3ema yrrnepoaomM npomcxoguT ¢ obpazoBaHMEM NPOMEXYTOYHbIX NPOOYKTOB.

SiO2¢x) + Cr = SiOr + COr (1)

%2 SiOr + Cr = %2 SiC + 72 COr (2)
Y2 SiOr = V4 Si + V4 SiO2 3)

Y4 SiO2 + 2 SIC =% Si+ %2 CO 4)

Bo3amoxHbl 1 noboyHble peakunn OTBETBMEHUA, Hanpumep, B3aumogencteamne SiO c
SiC.

B npouecce kapboTepMMyYecKkoro BOCCTAaHOBMNEHNSA MPOTEKAOT peakumm B pasfmyHbIX
TemnepaTypHbIX AnanasoHax, obpasyloLmnxcs no BbICOTe TUMMA C 0Opa3oBaHNEM NPOMEXY-
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TOYHbIX NPOAYKTOB. [1poLecc BOCCTAHOBMNEHUS NpOTeKaeT B 30HE HU3KUX, CPEAHUX, BbICOKNX
Temnepatyp, NoA3NeKTpoaHon obnactu unu Ha KOMoLWHKUKe. B npouecce BOCCTaHOBMEHWS
KPEMHWUA B TUrMe pyaHOTEPMUYECKON NEYN MOXHO YCITOBHO 0603HAYMTb YeTbipe OCHOBHbIE
TemnepaTtypHble 30Hbl. [lepBas 30Ha npeacTaBnsetr cobow Cnov He CNeYeHHOW LUMXThI
C TemnepaTypHbIM Auana3oHOM OT TemnepaTypbl WNXTbl Ha KonowHuke nedn go 1500 °C,
BTOpas 30Ha MMeeT TemnepaTypHbii gnanaszoH 1500-1900 °C (cron cneyvyeHHOW LUUXThbI),
TpeTbsi 30Ha (ra3oBasi NONOCTb TUMSA) — ¢ Temnepatypon 6onee 1900 °C 1 yeTBepTas 30Ha —
rapHucax (pucyHok 1.1).

[Mpn nameHeHUn Tpex nepBbixX PaKTOPOB rapHUCaX Nevym MeHsieT CBOW cocTtaB U dop-
MY, 4TO MOXET MPMBECTM K PACCTPOUCTBY TEXHOSOMMM NEYN, CHUKEHUIO COPTHOCTM, 3aluna-
KOBaHWUIO neyvn, obpasoBaHmio TPyaHOBLIBOAMMbIX TYrONfaBKMUX LUIAKOB.

anexmpod

BoawpH Ul saHHbL! nevu

Puc - 304a Haubonee akmueH020 cxoda wuxmel,
- 30Ha Mednennoz0 cxoda Wuxmel,
- 2EPHUCANK LIUXMBL,

- 233083’ nonNocme.

O M -

PlllcyHOK 1.1- I'Ipou,ecc BOCCTAHOBJIEHUA KpeMHUA B TUIIE pyﬂHOTepMMHeCKOIZ neyun

1 — 30Ha aKTMBHOro cxoda LWunxTbl (paboyvas 3oHa). B aTon 30He nponcxogaT npoLecchl Harpesa LnX-
Thbl ¥ CXOAA LWMXTbI B pabo4yyto NONoCTb BOKPYr SNeKTpoAa. 2 — 30Ha 3aMeNieHHOro Cxoaa WuxThbl. B
3TOWM 30HE NPOUCXOAUT CrEeKaHWe LUNXTbI, U3 LUNXTbI YXOOUT CBA3aHHas Bnara, netyyme coeguHeHus
BOCCTaHOBUTENEWN, HAYNHAKOTCS NPOLLECChl BOCCTAHOBMNEHUS. 3 — rapHUcax, obpasyeTcs u3 Tyro-
NNaBKMX COeQUHEHUI, Nony4aembiX B npoLecce nnaskv (kapbuaos kpemHus). MapHucax dopmupy-
eTcsa B nepuop nycka pygoTepMmn4eckon neyn n 3aBuCUT HaNpsIMyo OT NoJaBaeMoro B nevyb coctaBa
LUMXTbI, SNEKTPUYECKUX PEXUMOB BEAEHUA MNaBKW, NONOXEHUSA ANEKTPOAOB N APYrnX TEXHOMNOrNYe-
CKnx ocobeHHOoCTeNn npoLecca BOCCTaHOBUTENbHOW MNaBku. 4 — ra3oBas NONOCTb. JTa 30Ha hopmMu-
pOBaHWA UCTOYHMKA Tenmna — aneKkTpu4eckon Ayrn. B Hen npoTekaloT Bce BbICOKOTEMMEpPaTypHbIe
npoLecchl U rasnurkaumns OKUCIIOB KPEMHUS.
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1.2 Cbipbe n MaTepuanbl, UICNONb3YyHOLWMECS NPU NPOU3BOACTBE antoMUHUSA

1.2.1 OcHOBHOE Cblpbe Npu NPOU3BOACTBE NEPBUYHOIO arntoMUHUS

OCHOBHbIM CbIpbeM NPU NPOU3BOACTBE NEPBUYHOIO artOMUHUSA ABNSAOTCS:

— rnnHo3sem (Al203);

— yronbHas aHogHas macca (npeaBapuTesnibHO 0B0XOKEHHbIE YrofbHble 6I0KN);

— PTOpPUCTbIE COMK, B TOM YUCNE KPUOSUT MCKYCCTBEHHbIN TEXHUYECKUIN («CBEXUN
Kpnonut»); dTopua antoMUHUS, KPUOSNUT BTOPUYHBLIM (GONIOTALMOHHLIN, MOfydYaemMbli npu
donoTaunn n3Bre4YEHHON N3 dNeKTponn3epa yrosibHOM neHbl, U pereHepaunoHHbIn, nonyyae-
MbI NPU XMMWYECKON nepepaboTke pacTBOPOB MOCME UX MUCMOMNb30BaHUA A5 OpPOLUEHUs
ra3oouUCTHBLIX annapaToB MO0 MbIY K WnamMa ra3aooumMCTKN N OpYrnx TBepAbIX OTX0O0B).

muHosem (Al203) npegcraBnsaeT cobon nopolkoodbpasHblii MaTtepuan 6enoro useTa
C KPYNHOCTbIO OTAENbHbIX YacTuy, B 0OCHOBHOM OT 10 oo 120 MkM. ®PpakuUMOHHbIM COCTaB rnu-
HO3eMa 3aBUCUT OT CBOWCTB ruapaTta, YyCroBuUin ero Npokanku u gpyrnx oaktopoB 1 Ha npak-
TMKe konebneTcsa B AOCTATOMHO LWWMPOKMX nNpedenax. TemnepaTypa nnasneHnsa Al2Os —
2050 °C. muHo3em obpasyeT HEeCKONbKO MONMMOPMHbLIX pasHoBMAHOCTEN ha3s, UMELLMX
OAWHAKOBbIA XUMWUYECKMMA COCTaB, HO pasfiM4HOE CTPOEHME KPUCTaNIMYECKON peLleTKu
W, cnegosBaTenbHO, pasnnyHble Usnveckme cBoucTBa. [NMMHO3eM, UCNOMb3yeMbIN ANS Npo-
N3BOACTBA antoOMUHUA, UMeeT crneyowme moanukauun: a-gppakums (KopyHa) — Hambonee
ycTonuymBasa popma okcuaa antoMmnHUs, nonyvyaemas npy npokanmeaHum ruapookcuaa anto-
MUHUS Npu Bblicokon Temnepatype (1050 — 1200 °C), obnagaeT BbICOKOW TBEPAOCTLIO, MpakK-
TUYECKN He MMIrPOCKOMNUYHA, UMeeT Manyk YyAeSbHYK MOBEPXHOCTb; NnepexodHble Moandu-
Kaumm ¥, 6, y, koTopble 06pasytoTca Npy NpokanuBaHuM rMApPoOKCMAa antoMUHUA Npu Temne-
patype 500 — 1000 °C. B otnuume oT a-moguduKaumMm, OHM MMEIT BecbMa pPa3BUTYHO
yOenbHY NMOBEPXHOCTb, XOPOLLO NorfowatT otopus Bogopoaa v soay. lNpu ganbHenwem
nx npokanueaHum npu Temnepartype 1050 — 1200 °C oHM nepexoasT B a-MoandurKaLmio.

HacbinHas nnoTHocTb rnuHo3ema — 0,9-1,1 r/cm3. Yron ecTecTBEHHOro oTKoca —
<37,5°.

[ns nonyyeHuss antoMmMHUS HEOBXO4MMOW YNCTOThI B IMMHO3EME OrpaHM4YnMBaeTCst Co-
AepXXaHve npuMecen OKCUMAOB Xene3a U KpeMHUA. XKeCTKO NMMUTUMPYeTCs COoAepKaHue
npuMecen OKCMAOB TUTaHa, BaHagus, XpoMa M MapraHua, BAUSIOWMUX Ha 3MeKTponpoBoa-
HOCTb Mory4YaemMoro Metanna, NaTMokMcu gocopa, Kotopas oTpuuaTesibHO BUSET Ha Npo-
TeKaHne TEXHOMOrM4YecKoro npoLecca.

BaxkHoe 3HayeHne MmeeT orpaHudeHne coaepXaHns LEenoYHbIX KOMMNOHEHTOB (eOKnX
LienoYyen, antoMMHATOB M artoMOCUITMKATOB LLEOYHbIX MeTannoB), yCNOBHO NepecynTbiBa-
€MbIX NPW XapaKkTepucTuke rnmHo3emMa Ha cogepxanue Naz0.

[MUHO3eM, BbINyCKaeMbll OTEYECTBEHHOW MPOMbBILLNEHHOCTLIO, [OOSMKEeH coaep-
xaTtb, %: He bGonee 0,02-0,05 Fe20s3; 0,02-0,08 SiOz; 0,01-0,03
2 TiO2 + V205 + Cr203 + MnO; 0,01-0,03 ZnO; P20s < 0,002.

MaccoBas oons LWenoyHbIX KOMNOHEHTOB — He 6onee 0,4 % — 0,5 %, a notepu npu
npokanmeaHuun — He Bbiwe 0,8 %. Mpwn 6onblwom cogepxaHum menknx gpakuun (~40 Mkm o
60 %) rmMHo3eM Ha3bIBalOT «MYyYHUCTLIMY.

PasHble Mmapku rmnHo3emMa, a Takke ero KpynHoCcTb U pa3oBbl COCTaB B 3HAYUTENb-
HOW Mepe onpeaensatTca NCNosib3dyemMblM CbipbeM M cnocobomM Npons3eoacTsa.
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MWHO3eM «necYaHoro» Tuna XapakTepusyeTcsl MEHbLUMM coaepXaHnem a-gopakumm
(£25 %), bonee KpynHbIM 1 OAHOPOAHBIM FPAHYNIOMETPUYECKMM COCTaBOM. Takow rMMHO3eM
obnagaeT NOBbILEHHOW CKOPOCTbIO PaCTBOPEHUS B 3NEKTPONUTE, MEHbLUE NbINT U OTNNYa-
eTcs 6onbluen copbunMoHHOM CnOCOBHOCTBLIO K dhTOopmnay Bogopoda. o cogepxaHuio Bpea-
HbIX NPUMECEN OH XapakTepusyeTcs CTOSb XKe XXECTKUMU KPUTEPUAMM, KaK N OTEYECTBEHHbIN
rMUHO3EM.

OTeyecTBEHHbIE antOMUHWEBBLIE 3aBOAbl MOTYT UCMOSIb30BaTb B COOGCTBEHHOM NPOU3-
BOACTBE IMNHO3EM KaK «MyYHUCTOro», TakK U «nec4aHoro» Tuna.

Tpudtopna antommHma TexHmnyeckun (AlFs) npeactaBnaetT cobon NOpPoLLKOOOpasHbIn
maTepuan 6enoro, po3oBOro unM ceporo upeta kpynHocTbio Ao 150-200 mkm. B page cny-
YyaeB cogepxaHue dpakum ~100 mkm coctasnsieT 100 %, nHorga Becb NPOAYKT nNpencTas-
neH gpakuymnen ~40 MKm.

Mpwn HarpeBaHun TOPUL antOMUHNA BO3roHAeTca 6e3 nnaeBneHus. Temnepartypa Ku-
nennsa — 1270 °C. MMpoayKT rurpockonuyeH, npu temnepartypax biwe 350 °C HaunHaeT ak-
TMBHO B3aMMOLENCTBOBATb C Bnaron, obpasys dptopua Bogopona. B paBHOBECHbIX yCnoBu-
AX, NpU Temnepatypax, 6rmM3kMx K Temnepartype npouecca anekrponusa ~960 °C, tpudro-
pua antoMUHUS NOSTHOCTLIO pasfaraeTcs BOOOW.

TpudTopna anioMMHUA TEXHUYECKUn coaepxut He meHee 88 % AlFs (ocHoBHOe
BellecTBo). CoaepkaHue Boabl A4S pa3Hbix copTtoB cocTtasnseT oT 1,0 % no 3,5 %. Cogep-
XaHune SO4%~, cOOTBETCTBEHHO, He npeBbiwaeT 0,5 % — 1,0 %.

TpudTopna antoMUHUS B OTEYECTBEHHOW MpakTuke nonyyarT (B GOnbLUMHCTBE Chy-
YaeB) rMAPOXMMUYECKMM CNOCODOM NyTEM BapKu rmapokcuaa antoMuUHUSA B NIaBUKOBOW KUC-
noTte ¢ nocneaywowen dounbTpaunen, CyLKOM U NpoKankon (MHoraa B Ase craguu). Takow
NPOOYKT OTNMYaeTcs HU3KOW HackinHow maccon (0,6-0,8 r/cm3), HO coaepxut Gonblie oc-
HOBHOro BellecTBa (4o 95 %).

B 3apybexxHon npakTuke MCnonb3yT TpudTopmnag antoMUHUS, NONydYaeMbldi «CyXUM»
crnocobom npu B3anMOAENCTBMM B NeYax KMNsLWero crosi ra3oobpasHoro gotopmaa Bogopoaa
C aKTUBHbIM (Y-dopakumsi) okcmaom antoMuHus npu temnepatype -800 °C. Takon npoayKT xa-
pakTepuayeTca bonbluei HackinHon mMaccoi 1,4—1,6 r/cm®, Ho Gonee HU3KMM coaep)KaHueM
OCHOBHOrO BelllecTBa.

PTOPMPOBAHHBLIN _TMNHO3EM MpeacTaBnseT cobor oTpaboTaHHbIA MOCEe «CyXOm»
ra3004UCTKN IMEKTPOSIN3HbBIX ra3oB MMHO3EM, BO3BpaLLlaeMblil B 3MEKTPONM3 B KavecTBe
CbIPbEBOr0 KOMMOHEHTA AN1A 3aMEHbl CBEXErO MMNHO3eMa U CHMKEHUS noTpebnenunsa grop-
conen. ATo NOPOLLKOOOPAa3HbIN MaTepuarn Ceporo LBeTa, KpYynHOCTb U coaepXaHue dpakuun
B HEM 3aBUCAT OT MCXOOHOrO CBEXEro rMuMHO3emMa, npuMmeHsiemoro ans «cyxom» OY, koto-
pasi oka3blBaeT HE3HAYMTENBHOE BIUSIHWME HA ero COCTaB U CBOMCTBA.

OTpaboTaHHbIN (PTOPUPOBAHHBIN TMNHO3EM, YyAanseMbli U3 pPYyKaBHbIX (UNbLTPOB
YCTAHOBOK «CYXOW» ra3o04uCTKU, KpoMme agcopbupoBaHHOro oToOpMCTOro Bogopoaa cogep-
XWUT YNOBMEHHYIO M3 3NEKTPONM3HbIX ra3oB MNblflb, COAEPKaLLY0 TBepAble pTopmabl, yrnepos
N CMONUCTbIE BeLeCcTBa (Mpy OYNCTKE ra3oB oT anekTponusepos Coagepbepra).

[na pTopMpoBaHHOrO rMMHO3eMa XxapakTepHbl HebonbluMe W3MEHEeHus yrna ecte-
CTBEHHOro 0TKOCa, ANCMNEPCHOrO COCTaBa, BEMNYUHbI YAENbHOW NOBEPXHOCTU U psida OpYrux
napameTpoB. YBenuuusaeTcs cogepxkaHme npumecen (SiO2, Fe20s3, Na20, K20, P20s, V20s,
CaO, MgO, MnO, Cr203, ZnO), ogHako 3T N3MEHEHUSI MPOUCXOOAT B AONYCTUMbIX Npene-
nax, 4YTo MOATBEPXAAeTCHA MNPaKTUKOW 3JKCnnyaTauuMm YCTaHOBOK CYXOW OYMCTKM rasoB.

11



UTC 11-2019

B Hanbonbluen creneHn npumecsmmn oboraweHbl Menkne dpakumm oTpaboTaHHOro rMHO-
3ema (<10 MKm).

AncnepcHbin coctaB PTOPUPOBAHHOIO MMHO3EMA MO CPABHEHMIO CO CBEXMUM HEMHOTO
N3MEHSIETCA B CTOPOHY YBEMMYEHUS MENKMX (PpaKkLumi 3a CHET CMELLEHNS TMNMHO3EeMa C ArekK-
TPOMM3HOM MbINbIO, @ TaKkke U3MenbyYeHnsa 6onee KpynHon opakunm Npu TPaHCNOPTUPOBKE U
obpaboTke B peakTope (MCTUpaHUs). YBenMYeHne gonm Menkmx dopakumm MoXeT NpMBECTU K
HEKOTOPOMY YBENUYEHUIO pacxoda rMMHO3eMa 3a CYET ero nblfeHus. Takke ANna CHUKeHUS
NblNeHUs B KOpPNyce anekTponuaa nogadvy otpaboTaHHOro rnnHo3ema B ANeKTponunsepsbl Le-
necoobpasHo ocyulectenaTb Yepes All. B kopnycax anektponusa, rae All oTtcytcTByerT,
BO usbexxaHne BTOPUYHOIO MbIfieyHOCA, a Takke BTOPUYHOro obpasosaHusa HF B pesynbTaTe
rmaponu3a (PTopuCTbIX COeAMHEHU B CnyyYae neperpeBa (PTOPUPOBAHHOrO rNMHO3EMA B
HVXKHUX CNOSAX FMMHO3EMHOWM 3aCbIMKKU Ha KOPKE 3MeKTponmMTa peKkoMeHAyeTcs 3acbinaemblii
Ha KOPKY (0TOPUPOBAHHbIN FMIMHO3EM NPUCHLINATb CBEXUM FMTIMHO3EMOM.

B npouecce «cyxon» rasoovMCTKM BO3MOXHO YraBrfiMBaHWe rNIMHO3eMOM AMOKCMAA
cepbl (SO2). Ana ymeHblUeHNsa cTeneHn ynaenueaHus SOz rMUHO3EMOM LienecoobpasHo
NPUMEHATb PELMPKYNSLMIO IMMHO3EMa B COOTBETCTBMM C TEXHOSTOMMYECKUM pernaMmeHToM Ha
NPOEKTUPOBAHNE YCTaHOBKMW.

Mpn agcopbummn TOPUCTOro BoAopoaa rMmnMHO3eMoM B ycTaHoBKax «cyxom» FOY npo-
NCXOANUT U3MEHEHME CTPYKTYpPbl NOCneaHero, atombl oTopa BXOAAT B KPUCTANNMYECKYHO pe-
wetky Al203, npoMcxoguT NpakTUYeCcKM MONHOE 3aMelleHMe aTOMOB Kucrnopoda aToMamu
dpTopa B peweTtke Al203. Takum o6pa3om, NCNONb30OBaHME B TEXHONOMMK anekTponmaa To-
PUPOBaAHHOMO rNIMHO3EeMa MO3BOMSET CYLECTBEHHO COKpaTUTb pacxod (PTopconen. JKOHO-
MUS cBEXero (oTOpUCTOro antoMUHUSA NPU MCNOMb30BaHUN (PTOPUPOBAHHOIO MMIMHO3EMA MO-
»XeT cocTaBnaATb oT 6 o 11 kr/T Al.

WccnepoBaHme notepb dTopa npu TepmoobpaboTke pTOpUPOBAHHBIX MMHO3EMOB
noKasarno, YTO PTOPMPOBAHHbLIA MIMHO3EM MOXHO BO3BpallaTb Ha KOPKY anekTponuta 6es
onaceHust BTOPUYHOTO 3arpsi3HeHns pTopmCcTbiM BOAOPOAOM BO3ayxa paboyein 30HbI.

OTpaboTaHHbIN (PTOPUPOBAHHBIN TMNHO3EM C «cyxux» [OY KkopnycoB anekTponusa
Copepbepra, 3arpsi3HeHHbIM CMOMUCTBIMU BellecTBaMu, Mpu 3arpy3ke B 3NeKTponunsepsbl
TakKe He oKasblBaeT OTpuULaTENbHOroO BANAHUA Ha TEXHOSOMMIO SNEeKTponm3a n atmocgepy B
kopnyce. CMOnuCTble BELWECTBa, coaepalmecs B 0TpaboTaHHOM FMMHO3EMe, Npu 3arpyske
ero B ANeKTPoNnM3epbl He BbIOENATCS B aTMocdepy, a paspyLllalTca B pesynbrtate cropa-
HUS.

Kpronmt UCKYCCTBEHHbIN TeXHUYEeCKnin. B Npon3BoaCcTBEHHOM TEPMUHONOMNU «CBEXUI
Kpronut» — dpTopanioMmHaT HaTpus nepemeHHoro coctaBa nNaF-AlFs. CogepXuTt He MeHee
54 Bec. % dTopa; moaynbk n B npegenax 1,5-3,0; S04~ — 0,5-1,0 %; Boga — 0,2-0,8 %.

B 3aBMCUMMOCTM OT KPMONUTOBOrO MOAYNSi N COCTOUT:

—npun = 1,7-3,0 — n3 cmecu kpnonuta (3NaF-AlF3) n xmonuta (5NaF-3AIF3);

— npu n < 1,7 — n3 cmecu kpuonuta (3NaF-AlFs), xnonuta (5NaF-3AlF3) n Heobe3Bo-
XXEHHOro Kpuctannormgpata Tpudptopuga antoMmuuns (AlFz-xHF-yH20).

Kpnonut (3NaF-AlFs) npeactaBnsetr cobor MNOpowok 6Genoro uBeTa KpynHOCTbIO
no 150 mkm. Temnepatypa nnaenexus kpnonuta —1010 °C.

C yBenuyeHvem Moayns KpuonuTa yBenuumBaeTcs TemnepaTypa ero nnasreHus,
CHMXalTCH NEeTy4eCTb U CKIOHHOCTb K rmaponuay.
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BTOPWYHbLIN _KPUONUT BbINYCKAEeTCA antoMUHUEBBIMM 3aBodamMu npu nepepadoTke
razoobpasHbix M TBEPAbIX OTXOAOB. B 3aBMCMMOCTM OT BMOa MCXOAHOrO Cbipba M crnocoba
ero nepepaboTkn pasnmyaroT pereHepaunoHHbIN U NOTaUUOHHbINA KPUOMNT.

Kpnonut pereHepaumoHHbIn nonyyarT M3 OTOPUCTOro BOAOPOAA, CoaepKallerocs
B aHOAHbIX rasax, nMbo n3 TBepablX OTX0A0B (Nbifb, OTpaboTaHHaa yTepoBKa) NyTeM Xu-
Muyeckon obpaboTkn. OH npeactasnsieT cobor nopollok 6enoro unu ceporo useTa, No Xu-
MMUYECKOMY COCTaBy — Kpuonut ¢ mogynem ~2,8. OCHOBHOW BpeAHON MPUMECHI0 SIBMSIETCA
cepa B Buae ABorHon conu NaF-Na2S04 ¢ coaepxaHueMm SO42~ no 4 %. CogepxaHue dTo-
pa — He meHee 43 %, Bnarn — 0o 1 %. Hatpuncogepxawme npumecun TpedyoT NOBbLILLEHHOMO
pacxoga TpudTopuaa antoMUHUA, YTO CONPOBOXAAETCA ero rmaposin3aomM u 3arpsa3HeHUeM
aTMocdepbl PTOPNAOM BOLOPOAA.

Kpronut pnoTaumoHHbIM nonyyaT npu rioTaummn yrornbHOW MeHbl, U3BeYEeHHON U3
anekTponuta OeucTByloWKnX anektponudepos. OH npeactaBnsgeT cobOM MOPOLLOK Ceporo
uygeTa. o xnummyeckomy 1 pa3oBOMy COCTaBY HE OTNIMYMAETCA OT JNEKTPOonMTa, 0OQHaKo He-
CKOSbKO oboralleH yrnepogomM 1 OKCUAOM antoMUHUS.

BoBneyeHne B Npon3BOACTBO NPOAYKTOB pereHepauun TopmMaoB NO3BONSAET YMEHb-
LWNTb NOTpebneHne CBEXnX Conen.

AHoaHas mMacca n 060X0KeHHble aHoabl. ChipbeM AN Npon3BoACcTBa aHOAHOM Macchbl
N 0BOXCKEHHBIX aHOL4OB CryXXaT 3NIEKTPOAHbIE KAMEHHOYTOSbHbIE MEKN U SNEKTPOAHBLIE KOKCbI
(HeTsHbIE MNK NekoBble). BeIBop 3TMX BUOOB Chipbs ABNAETCS HECNyYanHbIM.

Bo-nepBbix, OHM 06nagarT HU3KOM 30MbHOCTLI0 (MeHee 0,5 %), 4TO 0COBEHHO BaXXHO
Npwn 3NEKTPONIMTUYECKOM MNPOU3BOACTBE antoMuHMs. MI3BECTHO, YTO BpeaHble MeTannuye-
CKMe npumecun (keneso, KpeEMHUN, Medb, UMHK U APYrMe) NosIHOCTbIO NEPEXOAAT B ANEKTPO-
NINTUYECKUIN antoMUHUIN, CHXKAs €ro Ka4ecTBo.

Bo-BTOpbIX, aHOA, 06pa3oBaHHbIA U3 3TUX MaTepuanos, o6nagaeT BbICOKON 3MEKTPO-
NPOBOAHOCTbLIO, 6€3 Yero HEBO3MOXEH MOABOA, TOKA K 30HE SNEKTPOXMMUNYECKON peaKkLmn.

B-TpeTbux, kKoMBUHaUnA TBEPAOro Kokca (HanonHUTENs) 1 XUOKoro rneka (CeasytoLle-
ro) nossonseT opMMpoBaTb KOMMO3ULIMOHHYO CTPYKTYPY, (OU3NKO-MEXaHUYECKME CBONCTBA
KOTOPOM NOcne CnekaHns CyLeCTBEHHO NMPEBOCXOAAT Kak CBOMCTBA KOKCa, Tak M neka no oT-
AENbHOCTW.

B-ueTBepThIX, 3TM MaTepuanbl nocne TepmMoobpaboTkn obnagarT MCKNHYUTENBHO
BbICOKMUMU TEPMOCTONKMMM CBOMCTBaMW, AOCTATOYHbIMM Ansi paboTbl B XMMUYECKM arpec-
cuMBHOW cpepe u npu Temnepatype 950 °C-1000 °C.

AHOOHas macca Mcnonb3yeTcs ANA TEXHOMNOrmm Npov3BOACTBA aniOMUMHUS Ha dnek-
Tponuaepax ¢ camoobxurarowmmmca aHogamm (anektponusepbl Cogepbepra). B atom cny-
Yyae yrosnbHbI aHo4 POPMUPYETCH HEMOCPEACTBEHHO HAa 3AMEKTPONun3epe u npouecc anek-
TpoOnM3a COMpoOBOXAAETCA MNPOLLECCOM KOKCOBAHUSI MEKOKOKCOBOW KOMMO3ULMK (aHOAHOM
Maccbl). B aHOOHbIN KOXYX 3NeKTponuaepa 3arpyxatT Maccy, rge oHa pacnnasnisieTcsa 1 no
Mepe cropaHusi aHoga, nepemelascb B bonee ropsyme 30HbI, NOABEPraeTcs KOKCOBAHWIO.
[Mony4eHHbIN cneYeHHbI MaccmB 1 NpeacTaBnseT cobon aHoa.

O60x0KeHHble aHoAHble OnokM POPMUPYIOTCA B CrneumasnbHbiX Lexax U roTOBbIMU
MOHTUPYIOTCS Ha aneKkTponuaepax, paboTatoLmx N0 TEXHONOrMM NPON3BOACTBA aNtOMUHUSA C
npenBapuTenbHO 060XCKEHHBIMW aHO4AMM.

lMekn pasnuyaloTcss NO Mapkam B 3aBUCMMOCTW OT TemnepaTypbl pasMArdyeHus.
C noBbllLeHMEM TeMNepaTypbl pa3MsrYeHnst CHUXKaeTCs coaepaHne nerknx gpakumm, Bos-
pacTaeT BbIX0[ KOKCOBOro ocTaTka, B pesyrnbTaTte Yero Npy KOKCOBaHUN aHoA4a yMeEHbLUaeTcs
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BblAeneHne rasoobpasHbiX M XUAKUX NPOOYKTOB, SABMAKOLMXCA UCTOYHUKaMU o0bpasoBaHunA
KaHLlepOreHos.

B kauecTBe TBepAoOro HanonHUTENs B aHOAHOW Macce UCNOoNb3yTcA HedTAHbIE U Me-
KOBbl€ KOKCbl, NpyyYeM nepsble — B nNpeobnagatolem konmyectse. HedTaHble KOKCbI nyylue
B3aMMOJENCTBYIOT CO CBA3yoWMM (nekomMm). K coctaBy M KayecTBy 3IEKTPOOHbIX KOKCOB
npegbasnseTcs psg TpebosaHun. [nsa npomsBoAcTBa aHOLOB M aHO4HOM Macchl TpebyeTcsa
npokarnka Kokca Ons yaaneHus Bnarm u 4actu netydmx sewects. CogepxaHue B KOKCax 30-
nbl N cepbl JOIMKHO ObITb MUHUMArNbHBIM, TaK Kak XMMUYeCKNe 3fieMeHTbl, U3 KOTOPbIX CO-
CTOMT 30r5a, Npu 3NEeKTPOnM3e KPUOSIUTOINIMHO3EMHbIX pacniaBoB NepexoasT B MeTann u
yxyAwarT ero kadectBo. CoaepxaHue okcuaa HaTpus B KOKCax He OOIDKHO npesbiwaTtb
0,01-0,06 %, Tak kaK NoBbILLEHHOE ero coAep)xaHne Bbl3blBaeT pe3Koe yBenuyeHne oKucns-
€MOCTU N OCbINaeMOCTN aHOQHOW MaccChl.

OpgHMM 13 KroYeBbIX NoKasaTenen KayecTBa KOKCa MOryT CAYyXuTb uUX O6beMHo-
CTPYKTYPHble XapakTepuctukn. OHM MOTyT BblpaXaTbCA 4Yepe3 0ObeMHYI (KaxyLlytocs)
NAOTHOCTb 3€peH, a TakKe Yyepes HACbIMHYI MAOTHOCTb NPOKANeHHOro Kokca TOW U UHOWM
dppakunn. O6BLEMHO-CTPYKTYPHbBIA aHann3 no3BosisieT cpasy Xe BblAeNUTb KOKCbl C MIOTHOM
CTPYKTYPOW, NPUrOAHOM ONs aHOOHOro NPOW3BOACTBA, M He AOMYCTUTb ferkne, nopuctble
KOKCbl C HU3KUMU (PU3NYECKNMUN CBONCTBaMM.

1.2.2 OCHOBHOE CbIpbe AN NPOM3BOACTBA TEXHNUYECKOrO KPEMHUS

[na NpoOMbILWMEHHOrO MPOM3BOACTBA KPEMHUS WUCMONb3YKTCSA KPeMHe3eMcoaepxa-
LLee Cblpbe M YrnepoancTble BOCCTaHOBUTENW. PygHoe Chipbe XapakTepusyeTcsi BbICOKMM
coaepXaHnem OCHOBHOTO BELLECTBA M HU3KUM CoAepXKaHMeM LLNakoobpasyowmx KOMMNOHEH-
TOB, BCNEACTBME Yero 3rieKTponsiaBka KpeMHUst IBNSIeTCA NpakTudeckn beclunakoBbiM Npo-
ueccom. B kayecTBe pyabl ANS NPOU3BOACTBA KPEMHUSI MOTYT MCMNONb30BaTbCA KBapL, KBap-
UUTbI U KBapueBble neckn. Hanbonbluee pacnpocTpaHeHne Nonyvmnm KBapumTbl, kak Hanbo-
nee AOCTYyMNHoOe, TEXHOMNOIMMYHOE U OTHOCUTENBLHO AeleBoe cbipbe. B kayecTBe yrnepogHbIx
BOCCTAHOBUTENEN MCMONb3YHT APEBECHbIV Yronb, HU3KO30SbHbIA KAMEHHbIV Yrofb U KaMeH-
HOYrONbHbIA KOHUEHTpaT, HE(PTSHOM KOKC MU ApeBecHyto weny. MimeeTca onbIT ncnonb3oBa-
HWS B KA4eCTBE BOCCTAHOBUTENSA NOSTYKOKCA — NPOAYKTa NOJSTYKOKCOBAHUSI KAMEHHbLIX Yrnen, a
Takke Opyrux yrnepoacoaepxalumx matepuanos, Hanpumep, kapbuga KpemHus n 6prkeTos
Ha OCHOBE OTCEeBa [PEBECHOrO Yrnsi U KOKCOBOW MENOYN.

K kauecTBy cbipbsi NpeabsaABNATCSA TpeboBaHUS MO COAEPXKaAHMKO OnNpenensoLmnx
npuMecen, peakuMOHHOM CrMOCOBHOCTW, rPaHyNOMETPUYECKOMY COCTaBy, YOENbHOMY 3JiEK-
Tpu4yeckomy conpoTtmeneHnto. OcobeHHO pe3Ko BO3pocin TpeboBaHUS K Ka4eCTBY KBapLMTOB
B CBSI3M C POCTOM CMnpoca Ha KPEMHMIA YUCTbIX MapoK, YTO Bbi3BaNo HeEOOGXOOUMOCTb He
TONbKO COPTUPOBKKU, HO 1 0BOoraleHns pyaHoro cbipba Ha MecTe 0o6biun. Ha coBpeMeHHbIX
KPYMHbIX Kapbepax YCTaHOBMEHbl APOOMIbHO-COPTUPOBOYHbIE habpuKkn, Ha KOTOPbIX 4OObI-
ThI KBAPUUT NpeaBapuTenibHO ApoOUTCSA Ha Kyckn HeOBXoaMMOro rpaHyrioMeTpu4ecKkoro co-
cTaBa, 3aTeM NoaBepraeTcsi NPOMbIBKE U pasgeneHunto No KpynHocTn Ha cutax. Micnonb3osa-
Hue apobneHoro 4o HeobxoaMmon dpakuMm U OTMLITOrO Ha MecTe Ao06bIYN KBapuMTa umeeT
pSO 3KOHOMUYECKUX MPENMYLLECTB, BbIPAXKAKLLMXCA B CHUXXEHUN TPAHCMOPTHLIX Pacxodos,
MOBbILIEHNM COPTHOCTUN TOBAPHOIO NPOAyKTa N CHUXKEHUWN YAENbHOro pacxoda KsapuuTa.
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1.2.2.1 KpemHe3em cogepkalume matepumansi

PyOHbIMW KOMMOHEHTOM LUMXTbI NPU NPOU3BOACTBE TEXHUYECKOrO KPEMHUS cryxaT
rOpHbIE MOPOAbl C BbICOKUM cofepXaHnem kpemHesema. CaMmbiMu pacrnpoCTpaHeHHbIMU MU-
Hepanamu B 3eMHOW Kope ABNSAKTCA KBapL, N KBapuuTbl. I3BECTHO MHOXECTBO KPYMHbIX Me-
CTOPOXAEHUA KpeMHe3ema BbICOKOW YMUCTOTbl, MpeacTaBnstowmx 60onblwon nHTepec Ans
anekTpomeTannyprum kpemHus. KpemHesem (SiO2) sBnseTcsa 0OAHOKOMMIOHEHTHON CUCTEMOWN,
XapaKTepusyLwencs CrnoXxHoiM nosimmopguamom. onmmopdHble NpeBpaLleHns KpemMHe-
3emMa npu NoBblWEHUN TeMNepaTypbl MOryT BbITb NpeACcTaBneHbl B BUAE CXEMbI:

1)
2 500t 870°C 2 3r/end 40°C 2200k 1723°C

o KE4pL % O TPHAMMAT — @ wpucrobamr ¥ pacuias
” 575°C ” 163°C “ 230°C
2,65 rfonr 2,291 one 2,341‘fcm3
p KEapL] B TpHOHMMMT B KpHCTAabOmMT
H 120°C
3 31rfent
¥ TPUOHMIT

MMaBHbIMM NONUMOPGHBIMU MOANMDUKALMAMN KpeMHe3eMa SBNATCA KBapl, TpUau-
MUT 1 KpuctobanuT. KeapL B Buae a-popMbl MMEET LUMPOKOEe pacnpocTpaHeHue B npupoae,
Kak COCTaBHasi 4YacTb FOPHbIX NOpoAd, Tak U B CaMOCTOATENbHOM Buae. PasHOBMOHOCTSMMU
KBapLa SIBMSKOTCS TOPHbIA XpycTanb W ero pasHOBMAHOCTWU — XXWMbHbIA KBapL, amMeTucT,
TOnas, KBapumMThbl U KBapLEBblE NECKN.

Ocoboe 3HayeHWe aOna KPeMHMEeBOro MpPOM3BOACTBA MMEKT KPeMHE3eMUCTble,
T. €. CLUEMEHTMPOBaAHHbIE KPEMHE3EMOM MecYaHWKW, HasbiBaemble KBapuutamu, obnagato-
LiMe OOCTaTOYHOM YMCTOTOM ONs NPOU3BOACTBA TEXHUYECKOro kpeMHusi. CoctaB npumecen
B OCHOBHOM OnpeaensieTcs okcuaamu xenesa, antoMUHUSA U Kanbuus. B 3aBucumocTtn ot
HeobXxo4MMOM YNCTOTbI B NPOM3BOACTBE KPEMHUS MOXET MCMNOMb30BaThCs KBapUMT C coaep-
XaHuem kpemHesema ot 97,0 go 99,6 %.

KBapuntbl 1 kBapy A06bIBAlOTCS B OCHOBHOM OTKPbITbIM CNOCOOOM M TEeXHomornye-
CKWEe NNHUM Ha PasfuyHbIX Kapbepax NpakTUYecKn He oTnmyarTcs. Huxke npeacrtasneHa
TEXHOMOrMYeckas fMHUA Ha npumepe pyaHuka YepemiuaHckoro. PaspbixneHne BCKPbILWHbIX
nopoa 1 Nones3Horo MCKonaemoro npou3BoanTCA C MOMOLLLIO BYpOB3pbIBHLIX paboT. N3 3a-
605 kBapuUTOBOE Cbipbe (pyaa) OTrpyKaeTcs dKCKaBaTopaMu U NEPEBO3UTCS KapbepHbIMU
aBTOCaMoOcCBanamu ans ero nocnegywowen nepepaboTkm Ha opoBMNbHO-COPTUPOBOYHYHO NN-
Huto (OCI) (pncyHok 1.3).

15



NTC 11-2019

PucyHok 1.3 — [lpobunbHo-copTupoBoyHasa nuHus (CI1)

KyckoBon KBapuuTt KpynHocTbio 0 750 MM M3 Kapbepa camocBanamu nogaeTcs
B NpuemMHbIn ByHkep. OHuwem BGyHkepa CryXuT nnacTUMHYaTbl NUTaTenb, KOTOPbIA TpaHC-
nopTUpyeT maTepuan B LWeKoBY Apobunky. JpobneHbii matepman NnocTynaeT Ha KOHBenep,
KOTOPbIM AOCTaBMASETCH Ha MHEPLMOHHbIA FPOXOT, r4e Npou3BoaAnTCSA pasgeneHne nocrtyna-
OWEero Ha JIeHTOYHbIN KOHBeWep MaTtepuana Ha dpakuumn: -20 +0 mm; -120 +20 mwm;
+120 mm.

Mocne nepepaboTkn KyckoBOW KBapuuT dpakumm +20 MM --120 MM OTrpyxaeTcs
B )XENe3HOOOpPOXHble BaroHbl Ans OoTnpaBku noTtpebutensm, -20 + O Mm— B OoTBan mnm
Ha npodaxy He Ana npousBoacTBa KpemHus. CogepxkaHue Menkux dpakumi -20 + 0 Mm
KBapLuuTa Bbl3blBaeT HEPABHOMEPHOCTb pacnpedeneHns BOCXOOAWMX U3 HMKHUX FOpPU30H-
TOB LWaxXTbl Ne4Yn rasoBblX MOTOKOB MO FOPU3OHTANbHOMY CEYEHUIO KOMOLUHWKA, NPUBOLMUT
K CMEeKaHWIo 1 3aBUCaHMIO WNXTbI. B pesynbTaTe cnocOBHOCTb KOMOLUIHUKOBOMW 30HbI NPEensiT-
CTBOBaTb BbIHOCY 3a npegerbl neyn nbifneBMAaHbIX NPOoAYyKTOB, 0O6pasyroLnXcs Npyu KOHAEH-
caumm SiO(r), pesko CHKaeTCs, YTO BreyeT 3a cobor yBenmyeHne pacxoia aneKkTpoaHeprum
N CHUXXEHUE U3BMNEYEHNS KPEMHUS.

Kyckn pasmepom +120 HanpasnsoTCA Ha BTOPUYHYKO nepepaboTky. PpakuMOHHbIN
COCTaB KBapumta MOXeT OTNMYaTbCA OT YKa3aHHOro B 3aBMCUMMOCTUM OT MOLLHOCTU MNeyu
N CBOMCTB BOCCTaHOBUTENEN (PUCYHOK 1.4).
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Cxema ABUXEHUA KBapLUUTOBOrO CbIPbS.

/ [Nopoabl BCKPbILLK

Kapbep
CBLLU-250,

OKI-5A
13501

PYOA

[NpobneHne

I

I

I

I

| |
I

['poxoueHune \ I
I

I

I

I

I

I

BTopuuHoe

/

©p. +0-20 Mm ®p. +120 MM

apobneHne

Dp. 420-120 \m— m— e —— — — — I

]

” Morpyska B /A BaroHbl ”

PucyHok 1.4 — Cxema ABMXEHMSA KBapLUMTOBOIO CbIpbSi.
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[ns npon3BoOACTBa KPEMHUSI UCMONb3YOTCH KBApUMTbl YepeMiuaHckoro pyaHuka, ny-
XOBCKOIO Kapbepa KBapUWMTOB, KBapua Ans BbiMycka YMCTOMO KPEMHUS U HU3KOCOPTHOMO
KBapuuMTa Ans BblNycka HepadMHUPOBAHHOIO KPEMHUSI APYTMX MECTOPOXOEHWNA.

KBapunTt YepeMLuaHCKoro MeCcTopoXXaAeHUsl MOCTaBMSAETCS N0 TEXHUYECKUM YCIOBUSIM.
OU3MKO-XUMUYECKME XapaKTEPUCTUKM NOCTaBNSIEMOro KBapuuTa KycKOBOro YepemiuaHckoro
MEeCTOPOXAEHUS OOMKHBbI COOTBETCTBOBATL TpeboBaHMAM, NpuBeaeHHbIM B Tabnuue 1.2.

Tabnuvua 1.2 — PU3NKo-XMMUYECKNE XapaKTEPUCTUKN KyCKOBOro KBapuuta YepemLuaHcKoro
MEeCTOPOXAEeHUS

EanHnybi [apaHTMpOBaHHbIE MeToabl ncnbiTaHumn
HanmeHoBaHue

N3MepeHus 3Ha4YeHus npaeuna npUeMKu
Maccoas gons SiO; % 99,500, He MeHee *PacuyeTHbIn
MaccoBas gons Fe;Os % 0,100, He bonee [OCT 2642-97
Maccosas gonsa Al,O3 % 0,180, He bonee [OCT 2642-97
MaccoBasi gonsa TiO2 % 0,010, He Oonee [OCT 2642-97
(I\i;nepmaHme KyckoB pasamepom 20—-100 % 90, He MeHee FOCT 2715-75
CopepxxaHue KyckoB pasmepom -20 Mm % 5, He bonee OCT 3306-78
(I\i;nepmaHme KyckoB paamepom +100 % 5. He Gonee FOCT 2715-75

*MaccoBasi Jons okcuaa KpeMHUs paccymTbiBaeTcs, Kak pasHocTe Mexay 100% v cymmon onpegensemMbix
npumecen (Fe203+ Al203+ TiO2).

Mapku 1 XMMUYECKMIN COCTaB KBapLuuTa ykasaHbl B Tabnuvue 1.3.

Tabnuua 1.3 — Mapkn n xmmm4eckui coctas KBapumTta

CopepxaHne OCHOBHOIO CopepxaHue npumecen, % macc
Mapka .

(BADLAT BellecTBa (SiOz), % He Fe.0 ALO Tio
pu MeHee €203 203 102
KBO 99,800 0,04 0,14 0,006
KB1 99,700 0,07 0,16 0,008
KB2 99,500 0,10 0,18 0,010
KB3 99,300 0,15 0,20 0,012
KB4 99,000 0,20 0,22 0,014
KBC 95,000 He pernaMmeHTupy- | He pernaMmeHTupy- | He pernaMmeHTupy-

eTcs eTcs eTcs

PU3MKO-XUMUYECKNE XapaKTEPUCTUKM MOCTaBMNSIEMOr0 HM3KOCOPTHOrO KBapuuTa Kyc-
KOBOIO JO/MKHbI COOTBETCTBOBaTbL TpeboBaHUSIM, NpUBEAEHHbIM B Tabnuue 1.4.
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Tabnuua 1.4 — PU3NKO-XMMUYECKNE XapaKTEPUCTUKN KBapLMTa KYCKOBOrO

EanHuubl 3HayeHune
HanmeHoBaHWe nokasartens MeTtoq aHanusa
N3MepeHms nokasartens
MaccoBas gona®:
SiO2, He MeHee % 97,0 FOCT 2642.3
Al;O3, He bonee % 0,6 FOCT 2642.4
Fe,Os, He bonee % 0,3 FOCT 2642.5
MaccoBas gons Bnaru, He bonee % 3,0 FOCT 8269.0
CopaepkaHue KyckoB pasmepom:
meHee 30 MM, He Bonee % 10 no n.4.3-4.7
oonee 150 mMm, He Oornee % 10 no n.4.3-4.7

lMocTaBnsiembln KBapL Mono4yHo-6enbii opakumm 40—-90 Mm. PUBNKO-XMMUYECKME Xa-
PaKTEPUCTUKM NOCTaBIIAEMOro KBapLmMTa KyCKOBOIo JOMKHbI COOTBETCTBOBATbL TPeOOBaHNAM,

npuBedeHHbIM B Tabnuue 1.5.

Tabnuua 1.5 — PM3NKO-XMMUYECKNE XapaKTEPUCTUKM KBapLMTa KYCKOBOIO

En. 3Ha4eHue
HanmeHoBaHWe nokasatens MeTopa aHanu3a
N3MepeHns | nokasartens
MaccoBas gona®:
SiO,, He MeHee % 99,6 FOCT 2642.3
Al;O3, He bonee % 0,14 FOCT 2642.4
Fe.Os3, He bonee % 0,06 OCT 2642.5
CaO, He bonee % 0,05 FOCT 2642.7
CogaepxaHue KyckoB pasmepom:
meHee 40 MM, He bonee % 3 n. 1.3 TEXHWUYECKUX YCITOBUN
6onee 90 mm, He Bornee % 3 n. 1.3 TeXHWUYECKNX YCITOBUN

MpyumeyaHus:

MoTpebutenem.

* Obwme TpeboBaHusa kK meTogam aHanusa no FOCT 2642.0.
** [lonyckaeTcsi NoCTaBka KBapLMTa UHOMO rpaHynoMeTpMYecKoro coctaBsa no cornacoBaHuio [ocTasLumka ¢

KeapuuT nyxoBckoro kapbepa baHn4eckoro MecTopoXxaeHusi, NocTaBnseMblii Kak KBap-
LMT KYCKOBOW AN1s1 MCMONb30BaHMS B MpoLeccax pyaHoTepMUYeckon nnasku (baHn4um), cooTBeT-
CTBYET TEXHUYECKUM YCrOBUSIM. PUINKO-XMMUYECKME XapaKTEPUCTUKN NOCTaBIISIEMOro KBapumTa
KYCKOBOrO JOJSTKHbl COOTBETCTBOBaTb TpeboBaHUsIM, NpuBedeHHbIM B Tabnmue 1.6.
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Tabnuua 1.6 — PM3NKO-XMMUYECKNE XapaKTePUCTUKM KBapLMTa KyCKOBOIO

EanHunubl 3HavyeHune
HanmeHoBaHue nokasaTens MeToa aHanusa
N3MepeHns | nokasartens

MaccoBasi gonsa®:

SiO,, He meHee % 99,0 FOCT 2642.3

Al,O3, He Bonee % 0,25 FOCT 2642.4

Fe.O3, He Bonee % 0,15 FOCT 2642.5

CaO, He bonee % 0,05 FOCT 2642.7
CopaepkaHune KyckoB pasmMepom:

meHee 20 mm + 6onee 90mMm, He Bonee % 5 TexHuyeckue ycnosus
MprmeyaHus:

* Obwme TpeboBaHMa kK meTogam aHanunsam no FOCT 2642.0.
** [lonyckaeTcs nocTaBka KBapuMTa MHOMO rpaHyfIoOMEeTPMYECKOro coctaea no cornacoBaHuto NocTtaBumka c
MoTpebutenem.

YenepoOHbie soccmaHogsumernu

Mpon3BoaCTBO TEXHNYECKOTO KPEMHUS OCYLLIECTBIISIETCA METOAOM KapboTepMumnyecko-
ro BOCCTAHOBIIEHNA U3 KpeMHe3eMa. B kadecTBe BOCCTaHOBUTENSA UCNONb3YHOT yrneposa, o6-
nagawowmn 6onblIMM, YEM KPEMHUN, XMMUYECKMM CPOACTBOM K KMCROpOAy Mpu BbICOKMX
TemnepaTtypax. [NpurogHoCcTb yrnepoacoaepxalimx maTepuarnoB K NnnaBke B Ka4yecTBe BOC-
CTaHOBUTENEN onpeaensieTca COBOKYNHOCTbIO TpeboBaHUM K ero (on3nko-XxMMmn4eCckum cBom-
ctBaM. XXecTkme TpeboBaHMsl TEXHONOMMM BOCCTAHOBIEHNSA N TpeboBaHuMs, NpeabsBrsieMble
K KayecTBY TEXHUYECKOro KpemMHus, onpegenunu tpeboBaHua K CBOMCTBaAM BOCCTaHOBUTE-
new:

— BbICOKas peakunoHHas cnocobOHOCTb, onpeaensitollas CTeneHb U CKOPOCTb BOCCTa-
HOBMEHUS KPEMHUS, U3BIIEYEHME KPEMHUA U3 KPEMHE3EMa, CHWXKEHME pacxoda SMnekTpo-
SHepruu;

— HU3Kasl 30S/IbHOCTb, KOTOpasi onpeaensieT ypoBeHb Nepexoda B KPEMHUN BPEOHbIX
npumMmecen, OCHOBHbIMW U3 KoTopbiX aBnstTca Fe, Al, Ca, Ti, P, B u gpyrme n Bnuset
Ha COPTHOCTb KPEMHUS;

— BbIlCOKasi TEPMOYCTONYMBOCTb BOCCTAHOBUTESS, KOTOPbIM JOMKeH pabotatbk B pya-
HOBOCCTaHOBUTENbHON Neyun npu Temnepatype okono 2500 °C n obecneunBaTb NOMHOE NpPo-
TEeKaHMe XMMNYEeCKOro npoLiecca BOCCTaHOBIEHUS;

— MexaHu4yeckasi NPOYHOCTb BOCCTAHOBUTENS, UCKNIOYatoLLaa nepensmernbyeHne Boc-
CTaAHOBUTENS MPU LUMXTONOArOTOBKE M HA KOMNOLUHUKE 3M1EKTPONEeYMn, CropaHme Ha KOMOLUHUKE
N BbIHOC MESI0YM C OTXOAALLMMN ra3amu;

— BbICOKas MOPUCTOCTb U yAeribHasi NOBEPXHOCTb, obecneynBaloline BbICOKYHO ra-
30MpoHMLAaeMOCTb ansi obecneyeHns NONHOTbI BOCCTAHOBIIEHNSA KPEMHUSA 13 ra3o0bpas3Horo
SiOo.

— ONTUManbHbLIN FPaHYNIOMETPUYECKMMA COCTaB BOCCTAHOBMUTESNS B LUMXTE B CMeECU
C KBapuuToM, obecneunBaoLLNn paBHOMEPHbLIN BbIXOL PEeaKLUMOHHbLIX ra3oB 1 NPOAYKTOB pe-
aKuMM C MUHMMaIbHbIM BbIHOCOM MESOYM M MbIM U NPENATCTBYOLWNA 06pa3oBaHUO CBU-
LLIen, OQHOrO M3 rMaBHbIX UCTOYHMKOB NMOTEPb U YXYALEHNA TEXHONOMMYECKNX NoKasaTenen;
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— BbICOKOE YyAeSibHOe 3feKTpu4eckoe conpoTuBreHne, obecnedmBarollee Manyro
LUMXTOBYKO MPOBOAMMOCTb TOKa W, KaK CrneacTBMe, KOHLUEHTpauuio ovara TensnosblaeneHns
3NEeKTPUYECKon Ayron n ynyyleHue ycrioBuin BOCCTAHOBIIEHNSA KPEMHUS;

— ONTUMarnbHOEe coAepXaHue neTydnx, cnocobCTByOWMX 0Opa3oBaHUIO AOMOMHMU-
TEeNbHON NOPUCTOCTU, YBENNYEHMIO OBLLE AONONHNUTENBHOM NOBEPXHOCTU N MUHMMAaNbHOE
coaepxaHne CMOSMUCTbIX BELLECTB, BbI3blBAKOLLMX CNEKaAHUE LUMXTbl Ha KOMOLLUHUKE W yXynd-
LLEeHne ee cxoaa;

— Manas CKMOHHOCTb K rpadouTtaumm, NpUBOASLLEN K YBENUYEHUIO INIEKTPONPOBOLHO-
CTU LUMXTOBOIO CrOSA N CHUXXEHWUIO PeaKLMOHHOM CNOCOBHOCTM BOCCTAaHOBUTENS.

K OCHOBHbIM NPUMECHbBIM 3rIeMeHTaM B 3051e YrnepoaHbIX BOCCTaHOBUTENEN OTHOCAT-
CH: OKCMAbl KPEMHUS, antoMUHKA, Kanbums, MarHus, xxenesa n gp. Cepa cooepXuTcst B KOK-
cax W yrnax B OCHOBHOM B BuAe Cynb(UOHON N opraHndeckon. B Hebonblmnx konmyecTBax
B KOKCe uMMeeTcsl cynbdaTtHas M anemMeHTapHas cepa. MakcumanbHoe copepXaHue cepbl
NMeeT HE(PTAHOM KOKC, B HEKOTOPbIX COpTax KOTOPOro coaepXaHue cepbl npesbiaeTt 5 %.
B BoccTaHoBUTENSX ONSA BbINNABKM KPEMHUSI COAEPXKAHME CEPbl HE NUMUTUPYETCH, TaK Kak
nocrnegHsasa B NPoLECCce 3r1eKTPONaBKM NPaKTUYECKN NOMHOCTLIO yaanseTca B BUAe neTyymx
coeJHEHU.

doctop B BOCCTAHOBUTENSAX HAXoOQUTCS B BMAE HEOPraHUYeCKUX COEOUMHEHUN U SAB-
ngeTca BpedHOW M TpyaHoydansaemMon npumeckto. MoaTtomMy xenaTesibHO UCnonb3oBaTb Ma-
nogocdopnCTbie BOCCTAaHOBUTENM NPU NaBKe KPEMHUSL.

LlpesecHnbllU y20rib

ApeBecHbin yronb (AY) — cambli akTUBHBIA U OOCTATOYHO YMCTbIN MO COAEPXaHWIO
npumecen BocctaHoBuTenb. OgHako 1Y He obnagaet Bcen COBOKYMHOCTLIO BbllLEnepeymc-
NEHHbIX CBOWCTB 1 ABNSIETCA CaMbiM JOPOrMM U3 BCEX M3BECTHbIX BOCCTAHOBUTENEN.

[peBecHbIN yronb — NPOAYKT NMPONnN3a APEeBECUHbI — TEPMOCTOEK B YCITOBUSAX MNaBKM
N OOCTATOYHO NPOYeEH, YTOObI BblaepXaTb MEXaHMYECKME Harpy3kn B BaHHE Meyu, uctmpato-
Wwnn adbdeKT, ocagky U OaBrEeHME pPeakUMOHHbIX ra3oB. Hambonbline notepu OpeBECHOro
yrns  NpoucXogsT Mnpu  neperpyskax, LWUXTOMOArOTOBKE, [POXOYEHUN, MNEpPEMELLEHUN
Ha TPaAHCMNOPTEPHbIX JIEHTAX 3aCbINKX U BbIFPY3KX LUNXTbI U3 BYHKEPOB.

Menkuii yronb CHUXXaeT ra3onpoHNLAEeMOCTb LUMXTbI, BbIOPAET Ha KOMOLUHWUKE, a Tak-
K€ YHOCUTCS razamu neyum B BuAe nbinun. [JpeBecHbIN yronb 40SMKEH ObiTb YepHOro LBeTa Kak
C NOBEPXHOCTU, TaK U B U3NIOME, NITOTHbIM U KPEnKnM, B U3NIOME 1 Nonepek BOSIOKOH — Gre-
CTAWNMM 1 6e3 CNMOLWHbIX CeTyaTbIX TPELWUH. Yronb He AOSMKEH coaepXaTb HeoByrmneHHbIX
KyckoB (Hegonarn). Pa3amep KyCcKOB LpEBECHOro Yrisi, Uaywiero Ha npousBOACTBO, OObIYHO
konebnetca B npegenax ot 5 oo 60 mm. [JpeBecHbIn yronb OOMKEH coaepxaTb He Gonee
6 % Bnarn n He meHee 78 % HeneTy4ero yrnepoaa, Coaep)aHue 305bl HE AO0JMKHO MpPEBbI-
watb 3 %. Ha npaktuke npmMxoguTca MCNonb3oBaTh BanoBbiv [1Y, XxapakrepuayoLwmnnces 3Ha-
YnTenbHbIM KonebaHnem U3nKo-XMMNYECKNX CBOMCTB. ATK konebaHnst obycnoBneHbl Heco-
BEPLUEHCTBOM TEXHOMOrMM NONy4YeHUs1, XpaHeHUs 1 TpaHcnopTupoBke Y.

[peBecunHa, nopaxeHHasi THWMblO, naywas Ha npou3BOACTBO APEBECHOrO YrNs, CHU-
)KaeT BbIX0Z roTOBOro NpoAyKTa. Yronb nNpu 3TOM NOfy4aeTcs MENKUi, HEMpPOYHbIA U Nerko
KpOLUMTCS, NPeBPaLLasiCb B YroflbHY0 MeNoYyb U MbiSb.
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Cop,ep>|<aHV|e 30J51bl B 06eCKOpeHHOM yrrne Hmxe, 4em B yrre, nosy4yeHHomMm 13 gpeBe-
CUHbI C KOpOVl. B tabnuue 1.7 npencrtasrieHbl JaHHbIe MO coAepXaHuto 30J1bl B APpEBECHOM
yrrne B 3aBUCMMOCTU OT NOPOAdbl AepeBa.

Tabnuua 1.7 — CogepxaHue 3051bl B APEBECHOM YIiie U KOpe pasHbiX Nopoa Aepesa

CopeprxaHue 3onbl, %
Mopoaa nepeBa -
Yronb ¢ Kopown Yronb 6e3 kopbl Kopa
bepesa 1,47 0,72 1,76
CocHa 3,48 15 11,65
Enb 1,12 0,52 1,45
OcuHa 1,96 1,21 6,53

[peBecHbIN yronb N3 MArkMx NopoAd, Hanpumep, U3 COCHOBOW ApPEBECUHbI, BeCbMa He-
NpoYeH n nerko paccoinaetcs. CocTtaB 301bl APEBECHbIX Yrien, NoslyYeHHbIX U3 pasnnyHom
ApeBECUHbI, CyLWecTBEHHO oTnun4yarTcs. Nnuponus gpeBecuHbl — 3TO MPOLLECC XMMUYECKOro
pasnoXeHns apeBecuHbl 3a CHET BO3AENCTBUSA OQHOMW TEMNMOBOW 3Hepruu, 6e3 goctyna Kuc-
nopoga. Pexvm nuponusa onpegenstowmm obpa3om BNUSET Ha BbIXO4 U COCTaB NPOAYKTOB,
HO MPW NPOYMX PaBHbIX YCIOBUSX BbIXO4 3aBUCUT OT Nopoabl nepepabaTtbiBaeMon ApeBecu-
Hbl N YacTu AepeBa, NOABEPKEHHOM NMUPONN3Y.

B npombiwneHHOM Npon3BOACTBE BbIXOL Yriisi YacTo OblBaeT 3aMEeTHO MeHblUe, YeM
pacyeTHbIn. Camble pacnpocTpaHeHHble MPUYMHBI — 3TO MNonagaHuve Kucrnopoga BoO3adyxa
B annapar, BCreacTBMe Yero npoucxXoamuT BbiropaHuMe YacTu Yrig, a Takke 0COBeHHOCTH pe-
XnmMa n notepu npu neperpyskax, UCKMYeHne ua 6anaHca OTCEsIHHOM U COXCKEHHOW Ha
CBOEM TMPOM3BOACTBE YronbHOW nNbinNu. KadecTBEeHHbIM cuuTaeTcss Ans GonbluMHCTBA
HanpaBneHun NoTpebneHns yronb, Npokanka KoToporo 3aBepleHa npu 450-550 °C.

TexHonorn4eckuni nNpoLecc NoNy4YeHns 4PEBECHOrO Yrnsg COCTOUT U3 YeTbIPEX CTaauMN:

|. okOHYaTenNbHas CyllKa OPEBECUHDI;

Il. nrnponua gpeBecuHbl ¢ obpasoBaHneM ApPEBECHOrO Yriis U NaporasoBon CMecy;

[ll. npokanka gpeBecHOoro yrns;

V. oxnaxgeHve opeBecHOro yrnsi.

[peBecHbIN yronb ABNAETCS Hany4ywM BOCCTaHOBUTENEM MO MHOMMM MOKa3aTesnsim.
OpaHako OH MMeeT 1 psg HeQOCTaTKOB, TaKMX, KakK BbICOKAsi CTOMMOCTb, HU3Kas MexaHuye-
CKasi MPOYHOCTb M BbICOKOE coaepxaHune docdopa. ITM HegocTaTtkm obyCcnoBnvBarkT UC-
nosib30BaHMe B NPOU3BOACTBE APEBECHOrO YIS anbTepHATMBHbBIX YrNepoaHbIX BOCCTaHOBU-
Tenen.

TexHn4yeckne TpeboBaHus K gpesecHomy yrito mapok A n B no TOCT 7657-84 npea-
cTaBneHbl B Tabnumue 1.9.
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Tabnuua 1.9 — TexHnyeckne TpeboBaHUs K 4peBECHOMY YrII0

Mapka «A» | Mapka «B»
Hopma onsa mapku
HanmeHoBaHne pMa A P
. Boeicwas
nokasarteneu 1 kaTeropus 1 kKaTeropus kadyecTsa
Kateropusi
Bobiclwumnin copT 1 copTt 1 copT 2 copt
1. K
?Kyu_gaﬂca MNOTHOCTE, 0.37 0.37 He HopmupyeTcsa
r/cm
g. MaccoBas gons 3o, 55 30 25 30
%o, HE Bonee
3. MaccoBas go enery-
DBan foTA HETIeTY 90 78 88 77

yero, C %, He MmeHee
4. M
4 accoBas 4ons BoAbl 5 5 5 5
%, He bornee
5. MaccoBas nons yrns B
MecTax Norpy3Kkun Kyckm
pasMepoM MeHee 25 MM,
%, He bonee 5 5 He HopMUpyeTcs
pasMepoM MeHee 12 MM,
He Gornee 5 5 7 7

.M -
6 . e:)ccosaﬂ AONA ronos OrcyTcTBME 2 OrcyTcTBME 2
Heln, %, He bonee
7. Macca 1 am®yrns, r, He

210 210 He HopMUpyeTcA

MeHee

Mpwn TpaHCNoOpTUPOBKE OOMYCKaeTCs yBENMYEHNe MacCcoBOW OONM YrNsa opakunmn pas-
MepoM MeHee 12 MM 1 25 MM He 6onee 4yem Ha 0.8 % Ha kaxable 100 km nyTw.

HegpmsHolu Kokc

HedTaHOM KOKC HN3KO305bHbIN U3 BCEX BOCCTAHOBUTENEN, UMEET HU3KYD CTOMMOCTb
yrnepoga v BbICOKOE COoAepkaHue TBephoro yrnepoga. OToT HedpTenpoayKT BBOAMTCH B CO-
CTaB LWNXTbl ANSA CHWXKEeHUS cebeCTOMMOCTN NPOMU3BOACTBA U CHUXKEHNSA coaepXaHus npume-
cen B KpeMHUU. HedTSHOW KOKC nNpeactaBnaeT cobor npoaykT TepMuyeckon obpaboTkm Ts-
XenblX ocTaTKoB, obpasyromxcsa npu neperoHke Hedptn Ero ycpeaHeHHbin coctaB B %:
TBEpAbIN yrnepond — 86-93, 3ona — 0,1-0,6, netydne — 8—12. HedpTAHON KOKC NOMy4arT KOK-
COBaHMEM TSKENbIX KPEKMHIOBbLIX OCTaTKOB HeddTK npu TemnepaTtype 450-500 °C.

Bcnencrtere HU3KOro cogepaHms 305bl MO CPaBHEHUIO C OPEBECHbIM yrnemM HedpTa-
HOM KOKC MMeEEeT MOBbILLEHHYIO MSIOTHOCTb M MEXaHUYECKYD MPOYHOCTb, OgHako obnagaet
pPAOOM XyAWWX MokasaTenen, Takmx, Kak MeHbLUMe NOPUCTOCTb, yAerbHas MOBEPXHOCTb U
yAerbHOEe 3MIeKTPUYEecKoe COMNPOTUBIIEHME, OrPaHNYMBAIOLLNX €r0 UCMNOoSib30BaHMe B OOnb-
WnxX Konuyecteax. [1py Npon3BoACTBE KPEMHUA UCMNOSb3YeTCA HEPTAHOM KOKC C HU3KUM CO-
AepXXaHnem cepbl, KOTopas cnocobCTBYET pasBUTUIO KOPPO3UK METANNIMYECKNX KOHCTPYKLMIA
rasoouMCTHOM YCTAHOBKM U 9NIEMEHTOB KOHCTPYKUUM Meyu, a TakkKe CHWXaeT U3BneveHve
KpeMHus, nepeBoas ero B rasoByl dasy B Buae SiS2. Ha npeanpustusix Mcnonb3yetcs
HeTAHON KOKC, MMEILLNIN B CBOEM cocTaBe He bonee 3 % cepbl.
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B KkpemMHMEBOM NpPOM3BOACTBE MPUMEHSETCA KOKC HeqTSAHOW aHoAHbIN. Puamko-
XUMUYECKNE XapaKTEPUCTUKN KOKCa HePTAHOro npeacTtaeneHsl B Tabnuue 1.10.

Tabnuua 1.10 — PU3NKo — XMMUYECKNE XapaKTEPUCTMKM KOKCa HEPTSHOIO

HanmeHoBaHue EWHM”H“ FapaHTMpoBaHHele MeToabl n3amepeHnn
N3MepEHN 3Ha4yeHus
MaccoBasi gons oOLLer Bnaru, % 3 FOCT 27588, 1SO 579
He bonee
MaccoBasi gons cepbl, He 6onee % 3 rOCT 8606, FOCT 1437,
’ FOCT P 53356, ISO 5931
30nbHOCTb, He bonee % 0,6 OCT 22692, 1ISO 1171
MaccoBas gonga neTyymnx Be- % 10 n.4.9 FOCT 22898,
LecTB, He bonee ISO 9406
ATOMHO-
1.4.6 3MUCCUOHHbIN C
FOCT 54237 .
nnasmon (ICP-
AES), ISO 14435
MaccoBas gons menoym (Kyckos
Saamonon f‘ﬂ N, (H;’ o o 50 n.4.3 FOCT 22898, FOCT 5954,
Hee ISO 2325, ISO 728

KameHHbIU y20rib

KameHHbIN yronb Hambonee pacrnpoCTpaHeHHbIN 3aMeHUTENb ApeBecHoro yrns. Ons
NPOM3BOACTBA KPEMHUSA UCMONb3YOTCA ra3oBble N ANIMHHONSIAMEHHbIE YN C NOBbILLEHHbLIM
coaepXXaHnem NneTyudnx U HU3KOW 30fbHOCTb0. YCPEeOHEHHbI COCTaB KaMeHHbIX yrien B %:
TBEpPAbIN yrnepoa — 48-59, 3ona — 1-3, netyune — 38—42. OHn obnagatoT 4OCTaTOYHOM pe-
aKLMOHHOM CNOCOBOHOCTBLIO, BbICOKMM 3MEKTPOCOMNPOTUBIIEHMEM M NPUroAHbI K BbiMfaBKe
KpemMHus. [JoCTaTOYHO BbICOKasi MOPUCTOCTb M peakuMOHHas CnocOOHOCTb, BO3HMKaoLLas
npwn HarpeBe WnXTbl U nuponuae yrnsa. OrpaHnymBarowmmMmm haktopamm SBMSOTCA BbICOKOE
cogepaHue 307bl, NeTy4Mx U CMOM, Cnekawwmx WuxTy. [ns npon3BoacTBa KPEMHUSA BbiC-
LWMX MapOoK MCNOSb3YyTCA Mano3onbHble yrnv mapok [ v O, [ns cHwkeHus cogepxaHns
oKkcumaa xenesa npou3BoguTCca oboralleHue yrren ¢ norydyeHneM KamMeHHOYrOflbHOrO KOH-
LeHTpaTa.

PU3NKO-XMUYECKME XapakTepuctukn yrnsg mapok [ v O 0ormkHbl COOTBETCTBOBATb
TpeboBaHuAM, NpMBeaeHHbIM B Tabnuue 1.11.
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Tabnuua 1.11 — PU3NKO-XMMMUYECKNE XapaKTeEPUCTUKN yrnst mapok [ n A

EanHuubl |FapaHTupoBaHHbIE MeToabl ncnbiTaHun,
HanmeHoBaHue

n3MepeHus 3Ha4YeHus npaeuna npueMku
BHewHun Bua OCT 25543-2013
Maccosas aons obluew Bnar % 10,0, He Gonee FOCT 11014-2001
(W?) B yrne
MaccoBas nonsi obLen cepbl B yrne % 0,7, He bonee TOCT 8606-93, NCO 334-92
3onbHocTb (AY) B yrne % 4, He Bonee FOCT 11022-95, UCO 1171-97
CopepxaHue B 301ne Fe03 % 3,75, He bonee OCT 10538-87
CoaepxaHue B 3o0ne Al,O3 % 30, He bonee OCT 10538-87
CopepxaHue TiO2 B yrne Kr/T 0,5, He bonee FOCT 10538-87
CopepxaHue P,OsB yrne Kr/T 0,4, He bonee OCT 10538-87
CopepxaHue Fe,O3B yrne Kr/T 1,5, He Oornee Pacuet
Copepxanune Al,Os B yrne Kr/T 12, He Bonee Pacuet
S&Tp"‘a””e kyckos -30 +5 MM B % 90, He MeHee FOCT 2093-82
CopepxaHne KycKoB -5 MM B yrne % 5, He Bonee FOCT 2093-82
Cogepxanune kyckoB +30 MM B yrne % 5, He Bonee FOCT 2093-82

PU3NKO-XMUYECKME XapaKTEPUCTUKM NMOCTaBMSIEMOro KOHUEHTpaTa KaMeHHOro yrns,
noctaensiemoro no cneundpukaummn TC Ne KK.02.2019, gomkHbl cooTBETCTBOBaTL TpeboBa-

HUAM, NpUBEAEHHbIM B Tabnuue 1.12.

Tabnuua 1.12 — OU3NKO-XMMUYECKNE XapaKTEPUCTUKN KOHLEHTpPaTa KAMEHHOrO yrns

EanHunuybl | MapaHTMpoBaHHble | MeToabl UCNbITAHWNA,
HanmeHoBaHne
N3MepeHmns 3HayeHus npasuna npUeMku
BHewHun Bug FOCT 25543-2013
MaccoBas gons obwen snarn* (W?) B yrne % 10.0, He Gonee FOCT 11014-2001
. FOCT 8606-93,
MaccoBas gons obLen cepbl B yrne % 0.7, He Gonee UCO 334-92
FOCT 11022-95, NCO
3onbHocTb (AY) B yrne % 1.5, He Bonee 1171-97
Bbixopa neTyunx Bewiects V¥ Ha cyxoe roCT 55660-2013,
6e3305bHOE COCTOSIHME % 39, He bonee CO 562-98,
MNCO 5071-1-97
Sc;ffsmame cBsa3aHHoro yrnepoga (Crix) % 50, He MeHee (1:gc_q:?j|:%af)
CopepxaHue B 3one Fez03 % 12, He bonee OCT 10538-87
CopepxaHue B 3one Al,O3 % 30, He bonee FOCT 10538-87
Copepxanue B 3one P20s % 0.6, He Bonee FOCT 10538-87
CopepxaHue Fe,O3B yrne Kr/T 1.5, He Bonee Pacuet
Copepxanue Al,O3B yrne Kr/T 3, He bornee Pacuet
CopepxaHue kyckoB -30 +10 mm B yrne % 90, He MeHee FOCT 2093-82
CopepxxaHue kyckoB -10 MM B yrne % 12, He Bonee FOCT 2093-82
CopepxaHue kyckoB +30 MM B yrie % 5, He Bonee FOCT 2093-82
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LpesecHas wena

[peBecHas wena, U3roToBfIEHHAA Ha NPeaNPUATUM C MOMOLLLIO PYOUTENBHbLIX MaLUWH
N3 COPTOBOMN LPEBECUHBI, MPUMEHSIETCH B Ka4ecTBe paspbixndtowen JobaBku K Apyrum BOC-
ctaHoBuTensam. CocTaB 305bl ApPeBECHOW Lenbl 6yIM30K K COCTaBy Lenbl 4PEBECHOrO Yrig.
Bbicokoe cogepxaHue Bnarv v neTy4ymx npu HU3KOM COLep)XaHuW yriepoga fenaet uweny
BOCCTaHOBUTEJ1IEM 3aMenJiIeHHOro ﬂ,eVICTBMFI, KOTOprI7I, nornaB Ha KOJIOWHWK nedun, OO0JDKeH
BbICOXHYTb U NMNPOJSIN30BaTbCA. Ha atom aTane Lena BbIMOJTHAET POJib PbIXIMUTENA TAXEeS1blX
KOMMOHEHTOB, BblOendeT OonbLUOEe KONMMYecTBO napoB BOAbl N NETY4YUX, CHMXaET I3JIeKTPO-

NpPOBOAHOCTb LUNXThI.

Onekmpoosb!

B npousBoacTtBe TEXHUYECKOrO KPEMHWUA MUCMONb3YTCA OOOXKEHHbIE YrosibHble, Yr-
nerpacuToBbIE U rPadUTMPOBAHHbLIE MOHO3NEKTpoabl AnametTpom 1205 mm. NMeum pabo-
TalT C NPUMEHeHNeM rpadUTUPOBaAHHBIX 3MEKTPOAOB C rpaddUTUPOBaAHHLIMW HUNMNENAMU

anameTpom 710 mm.

TpeboBaHus K MOHO3MEKTpogam anameTpom 1205 mm npeacraeneHsl B Tabnmue 1.13.

Tabnuua 1.13

[[apaHTMpoOBaHHbIE
3Ha4yeHns
EavHnya MeToabl
HanmeHoBaHue Ons PTI Ona PTT .
N3MEpEHMS NCrnbITaHUN
PKO 16,5 PKO 25
KpA KpA
1 2 3 4
OnameTp MM 1205+ 2 1205+ 2 FOCT 26433.1
OnvHa MM 3000 £ 250 | 3000 + 250 FOCT 26433.1
CopneprxaHue rpacduta % 55 HEe MeHee MapaHTUpyeTCs
80 MOCTaBLLNKOM
YpaenbHoe MKOM X M 30, 25, ISO 11713
3MEKTPOCONPOTUBIIEHNE He Gonee He Gonee FOCT 23776
lNpenen NpoYHOCTN Ha pas- MMa 3,0, 4,0, ISO 18515
pbiB HEe MeHee | He MeHee FOCT 23775
Mpenen npo4HOCTM Ha N3rnb MMa 6.0 8.5, ISO 12986-1
He MeHee He MeHee FOCT 23775
MopncTocTs % 20, 24, Pac4yeTHbIi MeTO cornmacHo
He Bonee He Bornee n4.5TC
FOCT P UCO 12987-2014
MeToguka onpegeneHus
TennonpoBoAHOCTb Npu 11 20 TeNronpoBoArocT yrne-
Temnepatype 20°C Brim xK He MeHee He MeHee POAFBIX MaTEpHarios npu
Temnepatype 20-30°C,
yTBepxaeHHon OAO
«YpananekTpoguH»
Ob6bemMHas NoTHOCTb Ha Hom? 1,56 1,58 ISO 12985-1
obpasuax HEe MeHee | He MeHee
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OkoH4vaHune Tabnuupbl 1.13

["apaHTMpoOBaHHbIE
3Ha4YeHns
EonHnua MeToabl
HanmeHoBaHve Ona PTI Ona PTM .
N3mMepeHus NCNbITaHUN
PKO 16,5 PKO 25
KpWA KpWA
30MLHOCTS % 2,5 1,6 ISO 8005
He Bonee He Bonee FOCT 22692
MakcmmanbHaga nfoTHOCTb ) 7 8,5 ["apaHTMpyeTCca NocTaBLm-
Alcm

Toka (anst neun PKO) He MeHee He MeHee KOM
TemnepaTypHbIn KOahdu-
LUWEHT NIMHENHOro pacLumpe- 10%/°C 3,0-4,6 3,0-4,6 FOCT P 54253
Hua (0—600 °C)
He yuntbiBatoTCS AedeKThbl
NOBEPXHOCTH: Mpsaimoe namepeHne
— TPEeLUMHbI LUMPUHOMN MM 0,3 max TY 19121-021-13684336
— BblKpalUnBaHUs 3epeH MM 13 max
Ha obpaasytoweln noBepxHo-
CTH He AONYOIEIOTA npo- MpAtoe usmepeHte
A PELLARGL TY 19121-021-13684336
— WnpuHa MM 1,5 max
— AnuHa % 10 max
He gonyckatotca ckonbl Ha
EpzxKiJaoPuOB: MM 50 max Mpsimoe namepeHne

P TY 19121-021-13684336
— OnvHa MM 100 max
— mybuHa MM 25 max

dunsnko-mexaHN4eckme nokasatenn rpauTUPOBaHHbLIX 3JMEKTPOAOB OMaMeTpoM

710 MM 1 HANNENEW K HUM NpeacTaBneHbl B Tabnuue 1.14.

Tabnuua 1.14 — dusnko-mMexaHN4Yeckme nokasaTenu kayectsa rpadpMTUPOBAHHbLIX 3NEKTPO-

Ao anameTpom 710 MM 1 HANNENEN K HUM

MapaHTupoBaHHbIE
3Ha4YeHus
HanmeHoBaHune EanHmua Hunnenm Ans MeToabl ncnbiTaHMn®
n3MepeHusa | dnektTpoabl | SNeKTpoaoB
@710mMm 3600mm
317T4L
HnameTp MM 710+ 2,0 317,5-0,50 FOCT 264331,
npsiMoe U3mMepeHue
2000 + 100 FOCT 26433.1,
Anura MM 2000 - 200 457,2-1,00 npsiMoe U3mMepeHue
YpaenbHoe . 55 ISO 11713
3MeKTPOCONPOTMBIIEHNE MKOM xm | 7,0+11,0 He Gonee FOCT 23776
Mpenen npo4YHOCTN Ha n3rnb Mla 9.5 20,0 ISO 12986-1
pea P He meHee He mMeHee FOCT 23775
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OkoH4vaHue Tabnuubl 1.14

apaHTUpoBaHHLIE
3Ha4yeHuns
HanmeHoBaHue Epurnua Hunnenm Ans MeToabl ncnbiTaHMn®
n3MepeHus | OnekTpoabl | 3NeKTPOaAoB
d710Mm @600MMm
317T4L
9.0 14.0 PacueTtHoe ans RDC
Moaynb ynpyroctu Ma He MeHee He Menee 144
ISO 18515
- 1,74
O6bemHas NNOTHOCTL 3NEKTPO - 1.54-1.64 , 1SO 12985-1
Aa Ha obpasuax He MeHee
30MLHOCTS y 0,5 0,5 ISO 8005
° He Gonee He Gonee FOCT 22692

[ns BCKpbITUS NETKU 1 NPOXUra NIETOYHOro KaHana Ucnonb3yrTca rpadouTUpoBaHHbIe
anektpoabl agnametpom 100 mm.

dunsnko-mexaHn4eckme nokasartenu

75/100 mm npeacTaBnexbl B Tabnuue 1.15.

Fpa(bI/ITM poBaHHbLIX 3N1eKTpoaoB AunamMeTpoMm

Tabnuua 1.15 — ®duamko-mexaHn4eckne nokasaTenn Kadectsa rpauTMpoBaHHbIX 3NEKTPO-

aoB guameTtpom 75/100 mm

EanHnua

la paHTnpoBaHHbIE 3HAYEHUA

Hunnenb ansa

HanmeHoBaHue AnekTtpoa MeToabl ncnblTaHun
N3MepeHmns 2100Mm* anekTpona
@100Mm
[vamer M 100 + 3 66,7 + 0 FOCT 26433.1,
P 100 -2 66,7 - 0,5 NpsIMOe M3MepeHie
. 135+0 FOCT 26433.1,
Anura MM 1000+1500 135-1,0 npsiMoe n3mepeHue
YaenbHOe 3neKkTpoconpo- . 7,0 ISO 11713
TUBNEHUe MKkOm X M 7,0+11,0 He Gonee FOCT 23776
Mpenen NpoYHOCTU Ha U3- . 12,0 ISO 12986-1
rmé Mria 8+15 HEe MeHee rOCT 23775
ObbemHas nnoTHoCTL rlom 1,55+1,67 i ISO 12985-1
anekTpoga Ha obpasuax
HunnenbHoe rHe3no:
[vamer M 60,6 + 0,5 ] FOCT 26433.1,
P 60,6 -0 npsiMmoe namepeHue
69 +2,0 FOCT 26433.1,
Mmy6uHa MM -
69-0 npsmMoe n3mepeHue
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1.3 AHann3 NpMopuTEeTHLIX NPobonem oTpacnu
1.3.1 AHanms nprMopuTeTHbIX NPpobieM Npu NPon3BOACTBE antoMUHUS

[MpoMblIwnNeHHoOe NpoM3BOACTBO antoMnHUS B Poccumn Hadanockb B Hadvarne 30-x rogos
XX Beka. [1nsa opraHM3aumm NpoMbILLFIEHHOrO NPOM3BOACTBA antoMMHUA TpeboBannchb Cbipbe
N gelueBasi anekTpoaHeprus. B 1o Bpemsa B Poccum GbINo M3BECTHO NULb TUXBUHCKOE Me-
ctopoxaeHne 6okentoB. B 1928-1930 rr. B CaHkT-lNeTepbypre 6biniv npoBeaeHbl uccneno-
BaHMsA NoO oTpaboTke TexHonornm nepepaboTkn aTnx GOKCUTOB Ha MMUHO3EM U BbIGOpY onTu-
MarnbHOM KOHCTPYKLUWUKW 3neKTponuaepa Ans NepBbiX antoMUHUEBBLIX 3aBogoB. PesynbtaTthl
3TuX paboTt ObinNn 3anoxeHbl B OCHOBY ANS NPOEKTUpOoBaHUS BonXoBCKOro antoMUHMEBOro
3aBoja.

BaxxHenwee 3HayeHne Onsi opraHM3aumm OTEYECTBEHHOrO NPOW3BOACTBA antoMUHUSA
nmeno npuHatne n peanusaums nnaHa FO3JIPO (FocyaapctBeHHas anekTpodukaums Poc-
CuUN), 4YTO NO3BOMMMO oOBecnevnTb CTposAWMEecs 3aBoAbl [AeLeBON 3JNEeKTPOIHEPrnen.
B 1931 rogy obpasoBaH BcecotsHbln antoMnHneBo-marHneBbin MHCTUTYT (BAMW), a B no-
cnegyowme rogbl — Bcepoccumcknin HCTUTYT nerkux cnnasos (BUJIC).

[MepBas npomblIlWeHHaa NapTna antoMvHUS Obina nonyydeHa Ha BornxoBckom antomu-
HneBoMm 3aBoge 14 masa 1932 roga. ATOT AEHb CYMTAETCss OHEM POXAEHUS antoMUHUEBOWN
npombIwieHHocTn Poccun.

C OTKpbITUEM KPYMHEWNLWIETO B MUPE MECTOPOXAEHUA anaTUTO-HEENMHOBLIX PYA
Ha KonbCkoM nonyocTpoBe BCTan BONpoc 06 MCnonb3oBaHNMN HEPENNHOB B KAYECTBE Chipbs
AN nonyyeHus rnmHosema. B Havane 50-x rogoB XX Beka B rMUMHO3eMHOM Liexe BornxoBcko-
ro antoMMHMEBOro 3aBoda bbina ycnewHo pelweHa npobnema nonyvyeHnsa n3 HedenmHoBOro
KOHUEeHTpaTa rmmHo3ema, cofbl, NoTalla U nopTrnaHguemMeHTa.

CTpouTenbCTBO anioMUHUEBBLIX U TMMHO3EMHbLIX 3aBoAoB B Poccum onpegensnoch
6rM30CTbIO K AELLEBOMN SNEKTPOIHEPTUN, CbipbEBON Base N NCTOYHUKaAM BOAOMNOTPEBNEHMS.

B 1931 rogy Ha Ypane Obinn OTKPbITbl MECTOPOXAEHUSS BOKCUTOB, B COBOKYMHOCTU
obpasytouwmx Ceepo-YpanbCkmin GOKCUTOBLIA PaioH, KOTOPLIN B AaNbHEWNLLEM CTan Cbipbe-
BOW 6a3oi antoMUHNMEBON NpoMbILNeHHOCTM Ypana. B 1939 rogy coctosncs nyck Yparnbcko-
ro afitoMMHMEBOrO 3aBoAa MOLWHOCTLIO 70 ThIC. T rMMHO3eMa 1 25 ThIC. T antOMUHUS.

B rogbl Benukon OTedyecTBEHHOW BOWMHbLI Af1si 06ecneveHunsi BO3pOoCLLUMX NOTpedbHOoCTeN
0B0pPOHHON MPOMBILLUNIEHHOCTU ObINO NPUHATO pelueHne 06 yBennvyeHnm MOLLHOCTEN No Npo-
N3BOACTBY alntOMUHUA Ha YpanbCKOM 3aBofe, a Takke O CTpouTenbcTBe BborocrnoBckoro
1 HoBOKy3HeLKoro antoMMHUEBBIX 3aBOJOB.

B nocneBoeHHbIN Nepuod antoMmH1eBasi NPoMbILLIEHHOCTb Poccnn npogoskana uH-
TEHCMBHO pa3BMBaTbCs 3a CYHET BBOAA HOBbLIX U pacLUMPEHNA OENCTBYIOLNX MOLLHOCTEN.

B 1950-e rogbl BBegeHbl B akcnnyatauuto Kanganakwckui, Hagsouukun n Bonro-
rpagckum aniMuHMEBbIE 3aBOAbl, a Takke [MMKaneBCKUN rMMHO3EMHbIN 3aBO4 — KOMMMEKC-
HOe npeanpusaTMe No nepepaboTke KOMbCKUX HEENMHOBLIX KOHLIEHTPATOB.

B 1960-1970-e roabl 6binn noctpoeHbl VpkyTckuin, KpacHosipckuin n bpatckumn anto-
MUHWEBbLIE 3aBOAbI, a Takke AYNHCKUN FMTIMHO3EMHbIN KOMOMHAT.

B 1985 rogy 6bin BBegeH B akcnnyaTaumio CasiHOropckui anioMWHUEBBLIN 3aBO[,
a B 2006-m — ero BTOpas oyepenb, Xakacckum anoMmuHueBblin 3aBog (XA3). B 2015 rogy
XA3 peopraHusoBaH u npucoeguHeH Kk CasgHOropckomy antoMMHNEBOMY 3aBOAY.
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Takum obpasom, Gonblias 4YacTb NpeanpusaTuii antoMUHUEBOW MNPOMbILLIIEHHOCTH
Poccunckon ®eanepauun akcnnyatmpytotcs 6onee 30 ner.

MHoOrve u3 antOMUHUEBBLIX U FMMHO3EMHbIX 3aBOAOB CTanu GrogxeToobpasyowmmm
npeanpuatTusamu: Bonxosckun, KaHganakwckui, borocnosckuin, Hagsouukmin, CasiHOropckui
n VIpKyTCKMIA antoMnHneBble 3aBoabl, MNMnkaneBcknun n AYMHCKUIA TNIMHO3EMHbIE 3aBOAbI.

B Mupe OCHOBHbIM CbipbeM AN NPOU3BOACTBA alntOMUHUA criyaT 6oKcuTbl, coaep-
Xawme ot 32 oo 60 % rnuHosema (Al203). K BaXXHbIM antoMUHUEBBIM pydamM OTHOCAT Takke
anyHUTbl N HedernHbI.

Mo mnpoBbiIM MepkaM Poccua obnagaet Hes3HaunTenbHbIMUM 3anacamu NPOMBbILLNIEH-
HbIx 6okcuToB — okono 400 mMnH T, 4to coctaBnseT MeHee 0,7 % MMUPOBbLIX 3anacos.
Mpy 9TOM BOMBLWMHCTBO OTEYECTBEHHbLIX MECTOPOXAEHWUM B 3HAYMUTENbHOW CTEMEHU Bbipa-
B6oTaHbl. Kpome TOro, poccumnckue MecTtopoXaeHusi cogepXaT B OCHOBHOM He BOKCUThI, a
HedbennHbl, @ OHM — Bonee XyaLlee Cbipbe ANg NPOM3BOACTBA MMUHO3eMa, YEM BOKCUTDI.

KpynHenwmnin nponssoguTenb antoMUHUn-coaepawero cbipbsi B Poccun — Cesepo-
Ypanbckue 6GokcutoBble pyaHukn. OHM OO nocnegHero BpeMeHu obecneumsann Poccuto
NyYlWUM CbipbeM MpU OOCTATOYHO BbICOKOM YpoBHe O06bluM. OCHOBHblE 3anacbl pPyaHWKOB
HaxoaaTcsa B panoHe . CeBepoyparnbcka (CBepanoBckast obnacTb) Ha riybuHe 6onee nony-
KnnomeTpa. B HacTosiwee Bpems cTapble WwaxTbl NpakTMyYeckn BoipadboTaHbl. BokcuTbl O6bI-
BatoTcA ¢ rmybuHsl 700-800 M 1 MMeIT O4YeHb BbICOKY cebectommocTb. B 2015 rogy 6bin
OCYLLeCTBMNEH BBOJ B 3KCrslyatauuio HOBOW WaxTbl «YepemyxoBckasa [nybokas» rnybuHon
Bbonee nosnytopa KMIIOMETPOB.

Beunay cnaboctn cobCcTBEHHOM CbipbEBOM 6Ga3bl POCCUMICKME NMPOM3BOAUTENN anioMu-
HUS B 3HAYNTENBHOW Mepe OPUEHTUPYIOTCA Ha NPUBO3HOW FMWUHO3eM. TpaauuMOHHbIE NO-
CTaBLMKM rMnHo3ema B Poccuio — YkpanHa un KasaxctaH — HamepeHbl paclumpsTb COGCTBEH-
Hble NPOM3BOACTBA antoOMUHUSA, U, CneaoBaTeribHO, Y HUX ByaeT MeHblue cBo6OAHOMO Chipbs
ans akcnopta B Poccuio. AHanormyHas cuTyauuss U B ganbHeM 3apybexbe: ABCTpanus,
KPYNHENLWNN B MUpe 3KcnopTep GOKCUMTOB, TOXE MOCTEMEHHO yBENUYMBAET COOGCTBEHHOE
NPOM3BOACTBO antOMUHUSA, COKpallas TeM CamMbiM BO3MOXHOCTW MOCTaBKM Cbipbsi HA MUPO-
BOW PbIHOK.

OgHumM 13 pelleHnn 3agaym obecnevyeHnsa pecypcamm POCCUUACKUX NPOon3BoauTeENen
anoMnHNA aBnseTcsa paspaboTka HOBbIX OTEYECTBEHHbIX MecTopoxaeHun. Hanbonee nep-
CMEKTUBHbIM Ha CErogHsaWHUn aeHb asnsetcsa CpeaHe-TUMaHCKOe MeCTOPOXAEHME HU3KO-
KayecTBeHHbIX 6okcntoB B Pecnybnunke Komu. Obwme 3anacbl Ha TumaHe, No pasnuyHbiM
oueHkam, coctaBnaT oT 260 ao 360 mnH T. OgHMM 13 OCTOMHCTB MECTOPOXOEHUSA ABMS-
€eTCA TO, YTO ero pa3paboTKy MOXHO BECTU OTKPbITbIM CNOCOBOM, a 3TO CHWXaeT cebectomn-
MOCTb 000bl4M Ha 15-20 % NoO cpaBHEHUIO C WAaXTHbIMKU pa3paboTkamu. MaBHbIM NpensT-
CTBMEM AN OCBOEHWUSI MECTOPOXAEHUS SIBNSIETCA MOSIHOE OTCYTCTBME MHAPACTPYKTYPbI.
OpHako paspabotka ogHoro CpegHe-TMMaHCKOro MECTOPOXAEHUA He pewwunT npobnemy
obecneyeHnss  OTEYECTBEHHbIM  [MIMHO3EMOM  BCEX  POCCUUCKMX  Npou3BOAUTENEN.
B 6nmxkariwee BpeMst UMNopT BGOKCUTOB U rMMHO3eMa HeusbexeH, YTo aenaeT antoMuHue-
BYIO MPOMbILLNEHHOCTb Poccunckon ®epepavmm 3aBuCcMMON OT 3apyOeXXHbIX NOCTaBLYNKOB.

Mpon3BOACTBO antOMUHUSA B KPUOMUT-FIIMHO3EMHOM pacnfaBe COMPOBOXAAETCSH Bbl-
aeneHnem psiga 3B 1-4 knaccoB onacHOCTU: OTOPUCTbIX COeAMHEHUI, ANOKCUAa Cepbl, MNbl-
nn, cmonucTbix BellecTB. KonnyectBo obpasoBaHua 3B 3aBUCUT OT npuMeHsieMblX UCxXod-
HbIX CbIpbEBbIX MaTepuarnoB, TEXHOMOrMM 1 YCIOBUA MPOTEKaHUS MpoLecca 3NeKkTponusa.
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Mouck nyten cHmxeHna obpasoBaHunsa n obesspexnsaHna 3B aBnaeTcsa ogHOM U3 OCHOBHbIX
3agay antoMnHUEBOW oTpachnu.

OOHUM 13 OCHOBHBIX CbIpbEBbIX KOMMOHEHTOB B NMPOU3BOACTBE aNtOMUHUSA SBMSETCH
HedTAHON KOKC — NPOAYKT HedbTenepepabaTbiBalOWen NPOMbILLIIEHHOCTU, UCMONb3YOLWMIACA
ANS Npon3BOACTBa aHOAOB 3NeKkTponi3epoB. CNpoc Ha HEPTAHOW KOKC, NPUroAHbIA AN U3-
roTOBMEHMS aHOOO0B, MOCTOSIHHO pacTeT. [NoBbilWeHe MUPOBLIX NokasaTenen coaep)kaHus
cepbl U METansnoB B KOKCe 3aTpyAHSEeT NpOoM3BOACTBO aHOAOB C COXpaHeHueM TpebyeMbix
nokasaTerien kadecTBa. 3Ha4yMTenbHOEe KONIMYECTBO NPOM3BOAMMOrO B MUPE 3eNEeHOro KOKCa,
XapakTepuaylowerocs OonycTUMbIM COAepXaHWeM MnpuMecen, SBNAETCA OYeHb MEerKUM
N OTNNYaeTCs BbICOKMMM NoKasaTensMmn cogepXXaHusa neTyynx roprodmnx Bewects. ITOT KOKC
He MOXeT noaBepraTbCA MpoKaske BO BpalLaloLWNXCA rneyax, UCMNoSb3yLWmMXCs Npu npokarn-
Ke Ha anoMuHueBblx 3aBogax Poccunckon degepaumm, NOCKOSbKY NPUMEHEHWe LaHHOW
TEXHOSIOrMN NPUBOAMUT K CHUXKEHWUIO NMPOM3BOAUTENBHOCTU, Ka4yeCcTBa NpoKasieHHOro Kokca u
noTepsiM nNpu npokanueaHun. Kpome yxygliaroLwencsa cbipbeBor 6a3sbl CbIpOro Kokca, otede-
CTBEHHasA NPOMBbILUSIEHHOCTb UCNbITbIBAET HEAOCTATOK NMPOKANOYHbIX MOLLHOCTEN, YTO TaKke
CTaBUT NPeanpusaTMS oTpacnn B 3aBUCMMOCTb OT 3apybeHbiX MOCTaBLLMKOB MPOKANIEHHOro
KOKCa U BIIMSIET Ha Ka4yeCTBO NPON3BOANMbIX aHOOOB.

[MoBbILEeHWE coaepKaHUs cepbl B KOKCax BrieyeT 3a coboK ero yBenimyeHne B aHoaax
antoMUHNEBOrO MPOM3BOACTBA, YTO MPUBOAUT K YBESIMYEHUIO 3MUCCUN OUOKCMOA Cepbl Ha
OTeYyeCTBeHHbIX 3aBofax. [1py MCNob30BaHUN ra3004YUCTHBLIX annapaToB ANs ynaBnnBaHUN
Aanokcuaa cepbl (MOKpbIX CKpybbepoB, NEHHbIX annapaToB) HEN3BEXHO NOBbILLEHE pacxoia
coAbl Ha ero ynaenuMBaHue, W, Kak CreacTBue, YBENMYEeHWe KonuMyecTBa yriaBfiMBaemoro
SO:2 BreyeT 3a cobON NOBbILLEHNE KONMYECTBa Cynb(aToB U PacTBOPOB ra3oouvuUCTKU, Noa-
nexatumx BblBO4Y Ha LLIaMOBble NOSS.

YTunusauus oTxodoB Npov3BOACTBA — OOHO U3 BaXXHEWLUMX HarnpasfeHun oTpacriu.
OCHOBHbIMM KPYMHOTOHHAXXHBIMW OTXO4aMW MPOM3BOACTBA [MMHO3EMa U antoMUHUA ABMS-
IOTCS KpacHbIM U HeMUIMHOBLIN LWNaM, OTXOAbl KaTOAHOW (PyTEepOBKU 3EKTPOSN3EpPOB.
B Poccun MHorne rogbl NpakTUKyeTcsi B OCHOBHOM MPSIMOE UCMNOSib30BaHUe oTpaboTaHHOM
YronbHOW OyTEPOBKM B YEPHOW MeTannyprun: npy npon3sBoacTee CTann B MapTEHOBCKUX Me-
Yyax, KOHBepTepax n anekTponevax.

K HacTodwemy BpemeHu paspabotaHo Gonee 300 cnocoboB nepepaboTkm oTpabo-
TaHHOW YrosibHOM (PyTEPOBKN. BOMBLUMHCTBO U3 HUX HE MOMYyYuro NPOMbILLSIEHHOrO pa3Bu-
TWS rMaBHbIM 06pPa3oM NO NPUYMHE UX HU3KOW SKOHOMUYECKOM 3(P(PEKTUBHOCTH.

[Mpon3BoaCTBEHHLIMW OTXO4aMU TMIMHO3EMHbIX 3aBOAOB SIBMAOTCA OTBaslbHble LUNa-
Mbl (KpacHble nnu HedennHoBsble), Npeactasnsowme cobon Teepabii OCTaToOK BOKCUTOB Unu
HedenMHOB nocne n3BnevYeHnsa N3 HUX rmuHosema. HedennHosble WNambl B antoMUHUEBOM
npombiwieHHocTn Poccurickon defepaunm aBnsa0TCa Hanbonee KpynHOW COCTaBnsoLwen B
CyMMapHon macce obpasyeMbix ee NpeanpuaTusaIMm NpoMbILLIIEHHbIX OTXOA0B. TeXHOMNOornen
KOMMeKCHon nepepaboTkn HepennHOBOro Chipbsi NpeaycMaTpuBaeTCa ero UCnonb3oBaHmne
KaKk OCHOBHOrO KOMMOHEHTa LUMXTbl AN NPOU3BOACTBA LIEMEHTHOro KIWHKepa, 4YTo cylie-
CTBEHHO cokpallaeT cebeCToOMMOCTb He TOSbKO MMMHO3EeMa, HO U LIEMEHTA.

PacTtywme LeHbl Ha 9NeKTPO3HepPrmo, HeAOCTYNHOCTb COBCTBEHHONO ChIpbsi, @ Takxe
yXXeCTo4YeHMEe IKONOrMYECKUX HOPM MPUBOAAT K OCTAHOBKE UMW 3aKPbITUIO antOMUHUEBLIX 3a-
BOOOB He Tonbko B 3anagHon EBpone, HO n B Poccuinckon degepaumn. MNMockonbKy antomu-
HMeBas NMPOMbILLIIEHHOCTb SIBMISIETCA UCTOYHMKOM BblaeneHns B atmocdepy 3B, ocobeHHO
aKTyarnbHbIMW B HacTosee BpeMs SABMASKTCHA BOMNPOChbl obecnevyeHns akorormdeckon b6es-

31



UTC 11-2019

OMacHOCTU NPOM3BOACTBA antoMUHKSA. B cBA3M ¢ 3TUM B antoMUHWEBOW OTpacnu BCTaeT BO-
MPOC He TONbKO O NPMMEHEHMM Hanbonee 3KOHOMUYECKN Mano3aTpaTHbIX TEXHOMNOMMI Nosy-
YEHUs antoMUHUS,, HO U TEXHONOMMIA, KOTOopble OTBeYanu O6bl COBPEMEHHbLIM TpeboBaHMAM
MO OXpaHe OKpyXKatoLLen cpeapbl.

Takum o6pasom, COBpeMeHHasi TeHAEHUUS pa3BUTUS antoMUHUEBOWN OTpacnm — NOUCK
N BHEAPEHWE BblCOKOI(PEKTMBHBIX TEXHOMOMIA NPOM3BOACTBA antoMUHMS ¢ obecrneyeHnem
3KOMorMyeckom 6e3onacHoOCTU.

1.3.2 AHanuna NnpuopuTeTHLIX NPo6ieM NpU NPOMU3BOLACTBE KPEMHUS

Ha tepputopun 6biBwero CCCP kpeMHuin 6bin BrnepBble nosnyvyeH Ha [HenpoBCKOM
anomMmvHneBom 3aBoge B 1938 rogy. B 3aBoAcKuX YCroBUSX ANS MNNaBKM TEXHUYECKOro
KpeMHUs1 Obinn onpoboBaHbl KBAPLUUTbI Pa3fUYHbIX MECTOPOXAEHUIN M BbINOSTHEHA OLIEHKA
NPUrOAHOCTN HEKOTOPbLIX YrNepoanCTbIX BOCCTAHOBUTENEN — APEBECHOro Yris, HePTAHOro
N NEeKOBOro KOKCOB, TOp(psiHOro kokca u apyrux. bbinn HanaeHbl onTumarbHble 06GbEMHbIE
COOTHOLLIEHNA BOCCTaAHOBUTENS M KBapuuTa, paspaboTaHa B NPOMLILLIIEHHbLIX MacwTabax
TEXHOMOrMs NOMyYEHNA KPUCTANNIMYECKOTO KPEMHMUST TEXHUYECKOW YNCTOTLI. Ha aToMm xe 3a-
BoAe BrepBble onpoboBaH HEMPEPbLIBHLIN BbINYCK KPEMHUS N3 NMedYen — cnocod, KoTopbin B
roabl Benukon OTeyecTBEHHOW BOWHbI Oblfl OKOHYaTENbHO OCBOEH Ha YpanbCKOM antoMUHN-
€BOM 3aBoje.

Mpon3BOACTBO 3NEKTPOTEPMMUYECKOTO NOSYHYEHUST KPEMHUS — SHEPTOEMKMIA NPOLECC.

B cBs3M C 3TMM OCHOBHblE MOLLHOCTU NPOU3BOACTBA KPEMHUS TEXHUYECKON YMCTOThI
pacnonoxeHbol BOMM3M panoHoB, obnagawwmx OTHOCUTENbHO AeweBbiIMU  TOMSUBHO-
SHEpreTUYECKMMN pecypcamu.

HeobxoanmocTb onTMMmn3aumMm nNpou3BOLCTBA TEXHUYECKOINO KPEMHUS CBSA3aHa C po-
CTOM NOTPEBHOCTM B HEM MHOIMX OTpacrie 0TeYECTBEHHOW NPOMBbILLINEHHOCTU. [oBbIlEeHnE
TpeboBaHUN K Ka4ecTBy NPOLYKUUKN, NHTEHCUMMKALNA TEXHOOrMYECKUX NPOLECcCoB, nepe-
Xo[4 K pecypcocbeperatowemMy, 3KONorm4eckn YNCcToMy npoM3BOACTBY HEpPa3pPbIBHO TpebyroT
BHEAPEHMWSI HAYYHbIX JOCTMXXEHUI B NPAKTUKY.

OcCHOBHblE TEHAEHLMM Hay4YHO-TEXHUYECKOrO Nporpecca HanpaeneHbl Ha 3HaYMTEeNb-
HOE€ YyMeHblUeHMEe BeCa MalUMH WM MEeTanfOKOHCTPYKLMIA, MNOBbILEHME WX LONrOBEYHOCTU
3a CYET NPUMEHEHUS antOMUHNEBO-KPEMHUEBLIX CMNIABOB, CO34aHME HOBEWLWMX npubopos
BbICOKOW HafeXHOCTU Ha 6a3e KpeMHMEBOW MONynpOBOAHUKOBOW TexHMKW. PaspaboTtka Ho-
BbIX BMOOB KOMMO3ULMOHHBLIX OPraHNU4ecKnx MOSMMEPHbIX MaTepuarioB Ha OCHOBE KpeM-
HUNOPraHMYEeCKNX COEeOMHEHUN C YHUKaIbHbIMM CBOWCTBaAMM MPUBENa B MOCMEeAHWE roabl
K pE3KOMY YBENTMYEHUIO MPOMN3BOACTBA M NOTPEONEHNS KPEMHUS.

B obnactu npousBoactBa TEXHWYECKOro KpemHusi PP umeer GoraTbii Hay4qHO-
TEXHUYECKUI noTeHumnarn, obecneymBaroLLnin TEXHONOMMYECKNE NOKasaTenu no pacxogy Cbl-
Pbsi U SNEKTPOIHEPINM HA YPOBHE NyYLUNX 3apyOeXXHbIX TEXHOMOMNNA.

B TO Xe Bpems pasBuTME NPOM3BOACTBA KPEMHUSA cOoepXmnBaeTcst psaoM akTopos,
B TOM Ymncne:

— Ka4yeCTBOM pPyOHOro Cblpbs, AeULMTOM U BbICOKOW CTOMMOCTbLIO YrNepoancTbIX
BOCCTaHOBUTENEN;

— HECOBEPLLEHCTBOM CYLLECTBYIOLLMX CUCTEM MOLAFOTOBKM CbIpbsl, HEAOCTATOYHO Bbl-
COKMM YPOBHEM KakK CaMOW TEXHOMOMMW, Tak ucrnonb3dyemMoro obopyaoBaHusi, B TOM 4yucre
N ra3o004YnCTHOrO;
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— oTcytcTBMeM B BY3ax kadheap co cneumanusawumen no NponsBoacTBY KPEMHUS.

MeaneHHO BHEAPSTCA MMEKLMecs OoTedecTBEHHble U nepenosBble 3apybekHble
pa3paboTku, nossonsowme obecneuntb TpeboBaHMUS TEXHOMOMMM K CbIpblO MO Takum napa-
MeTpaM, KakK peakumoHHasi CnocoOHOCTb, MexaHuyeckass MPOYHOCTb, TEPMOCTOMKOCTb,
yaerbHoe anekTpuyeckoe conpotmsneHve u gpyrne. OgHako pesepsbl JarbHeNLWero nosbl-
LWEeHUS TexXHMYEeCKOW, IKOHOMMYECKOW U 3IKOSormdeckon apgekTMBHOCTU MNPOU3BOLCTBA
NMELoTCS.

NHTeHcudmKkaumnsa anekTpoTepMmnYeckoro NpomMsBoACTBa KPEMHUSA BO3MOXHA 3a CYeT
NOBbILIEHWS U3BIIEYEHNS LIENEeBOro0 KOMMOHEHTA MU CHWXKEHNSA pacxoda 3Heprum n cbipbs, Npu
MCNOMb30BaHMM HOBbIX BUOOB LUMXTOBbLIX MatepmanoB M KOMMNO3MUMIA U3 HUX, obragarowmx
YNy4YLEHHbIMU TEXHOMOMMYECKUMM XapakTePUCTMKaMMU.

OOHUM 13 HUX 9BNAETCS MeTO[ OKYCKOBaHUS MenkogucnepcHoro cblpbs. Mpaktnye-
cKkasi peanusauusi TEXHONOIMU BbINSIAaBKU KPEMHUA C NPUMEHEHUEM arfioMepupoBaHHON
LWIMXTbl MNO3BOSMIUT paclUMpUTb CbipbeBYD 6a3y NPOu3BOACTBA U pelnTb pPAL 3KONOrMYEeCKMX
npobnem 6Gnarogaps BO3MOXHOCTU MCMNOSMb30BaHUSA KBapLEBbIX MECKOB, yTunusauuu auc-
NEepPCHbIX KPEMHE3eM- U yrnepoacoaepXallimx BTOPUYHbIX MaTepuanoB n GpukeTUpoBaHUA
KOKCOBOW Menoym nocrne oborawieHus.

Heobxoanmo npoBefeHue nccrnegoBaHUM MO NMOUCKY ONTUMAarbHbIX COCTABOB LUUXThI
N PU3NKO-XMMUYECKMX XapaKTEPUCTUK COCTaBASOLLMX LLUMXTY KOMNOHeHTOoB. OgHa U3 OCHOB-
HbIX 3aJay COBEpPLUEHCTBOBaHMS TEXHOMOMMYeCcKoro npouecca nosiyYeHus KpeMHUSA 3aKmto-
YaeTcs B opraHusauum ycrnosuin, obecrneymBaromMx ONTUManbHble PeXuMMbl NPOLEecCcoB ra-
3ndukaummn kpemHesema. [laHHble pexrMbl B OCHOBHOM OMnpeaensitoTCsd BO3MOXHOCTbIO 60-
rniee NOJSIHOro MCNONb30BaHUA razoobpasHOro MOHOOKCMAA KPEMHUS B peakumsax obpasosa-
HUS U paspylieHns Kapbuaa KpeMHuda, a Takke MakCMMarbHOW CKOPOCTbI paspyLueHus
SiC(T) ¢ obpasoBaHMEM 3NEMEHTAPHOIO KPEMHWUSA B BbICOKOTEMMNEPATYPHON pPeaKLUMOHHOWN
30HE aneKTponeYu.

Mpobremon ynyyleHus TEXHOSIOrMU 3NeKTPOTEPMUYECKOTO NPOM3BOACTBA KPEMHUSA
ABMSETCA HU3KOE M3BIieYeHMe MONe3HOro KOMMOHeHTa, 0OycnoBneHHoe MOBbILWEHHbIMU MO-
TEpAMU KPEMHUSA, BBIHOCUMOIO 13 NeYn NOTOKOM OTXOASALMX ra3oB. PelueHne akonorn4yeckmnx
npobnem gocturaeTca 3a cyeT yBenuyeHus adpdekTnsHocTn TOY, npuMeHeHus coBpemeH-
HbIX annapaToB ra3aoo4yMCTKM, acnUpaunOHHbIX CUCTEM, MOBbILEHNEM KayecTBa, NpoM3Boau-
MOro MWKpPOKpeMHe3emMa AN rapaHTMpPOBaAHHOM €ero peanusauum notpedbuTtensm BMeCTO
yTunuaaumm Ha NBO.

[peBecHbIN yronb — BbICOKOKA4YeCTBEHHbIN YrrepoancTbii BocCcTaHoBUTENb. meeTcs
TEHOEHUMS K CHUXKEHMUIO €ro NPUMEHEHNS B 3NIEKTPOTEPMUYECKMX MpoLieccax— He TOMbKO MO
NPUYNHE BLICOKOM CTOMMOCTU, HO U MO 3KOSIOMMYECKUM acrnekTtam ero npon3soacraea (Bbipy6-
Ka necos, npobnema ytunusauum BTOPUYHbBIX NPOAYKTOB nuponusa). OgHako B HacTosliee
BpeMSI MOSMTHOCTbI UCKIOYUTL N3 TEXHOMOMMYECKOro npouecca ApeBecHbI Yronb Ha npea-
npuatTnax KomnaHuM He npeacTtaBnseTcsa BO3MOXHbIM [0 pellueHuUs Bonpoca Cco3faHus
HaJeXXHOW CbipbeBON 6a3bl yrNepoanCTbiX MaTepUarnos.

Benytcs pa3paboTkm no BHEAPEHMIO B METannypruio KPEMHUSA TakMxX YrnepoancTbiX
BOCCTAHOBUTENEN, Kak BYpOYronbHbIN KOKC, peakunoHHast CnoCcOBHOCTbL KOTOPOro cCounsme-
pyMa C peakuMoHHOW CNnocoBHOCTM APEBECHOrO Yrns.

[MepcnekTMBHO OKyckoBaHWe (BpukeTMpoBaHWEe, arnoMepauusi UM OKOMKOBaHue)
CMeCeln MEeriko3epHUCTbIX KpeMHesemcodepxallero n yrnepoguctoro matepuanos. Vccne-
[0BaHMA NnokasblBalOT, YTO OpraHu3aumnsa nepegena rno nonyvyeHuo OKYCKOBaHHOM LUMXTbl B
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COCTaBe 3MEKTPOTEPMUYECKMX LIEXOB MOMOXET PELUNTb HE TOMbKO CbipbeBY Npobnemy 3a
cYyeT BOBNEYEHMS B NPOU3BOACTBO OELUEBOr0 TEXHOrEHHOIO Cblpbs, HO U MO3BOSIUT UHTEH-
cmduumpoBaTh npouecc KapboTepMmnyeckoro BOCCTaHOBMEHUSI KDEMHUS, CHU3UTb YAEmNbHblE
pacxodbl CbIpbs U 3NEKTPOIHEPTNN, NOOHATL U3BMEYEHNE KPEMHUA U, KaK CneacTBue, CHU-
3UTb BbIOPOCKI 3arpA3HAOLLNX BELLECTB B aTMOCHepy.

Takum 0Opas3om, coBpeMeHHasi TEeHAEHLUMS pas3BUMTUSA MPOU3BOACTBA TEXHWYECKOTO
KPEMHUS — 3TO MOUCK N BHeAPEHME BbICOKOIPEKTUBHBIX TEXHOMOMMN C OOHOBPEMEHHbBIM
obecnevyeHnem 6e30nNacHOCTU OKpYXatoLLen cpeabl.
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Paspgen 2. OnucaHue TeXHONOrM4eCKnx NpoLeccoB, NPUMeHsieMbIX
B afllOMUHUEBOM NPOMbILLNIEHHOCTH

2.1 NMpon3BoAacTBO rMMHO3emMa

Cnocobbl Npon3BOACTBA MMHO3EMA M3 PasfnNYHbIX BUOOB Cbipba (MWHEpPAnoB), CO-
AepXallero antoMUHUN, OCHOBaHbI Ha MOSTyYeHUU artoMUHATHBIX PacTBOPOB U UX CBOMCTBE
CaMONpPOM3BOSIbHO pasnaratbCs NPW CHWKEHUM TeMnepaTypbl U KOHLEHTpauMn Ha rMapoKcua
anoMuHna 1 Wwenoyb. MNMpokanueasa rmapokcua antoMmHmna npy temnepatype 1000-1200 °C,
nony4aroT rMUHO3EM.

Hanbonee wupokoe npvMEHEHNE B MPOMbIWSIEHHOCTN Hawen paspaboTaHHbIn
K. Barepom Leno4yHom rmgpoxXmMmMyYecknin cnocob, ¢ NOMOLLBI0 KOTOPOro, Kak npasumo, ne-
pepabaTbiBalOT NALLL BbICOKOCOPTHbIE BOKCUTBI C MarnbiM coaep)kaHnem KpemHesema — 6ok-
CUTbI C KpeMHMeBbIM MoayreM (cooTHoweHue Alz0O3 n SiO2 no macce) Bobiwe 6. [Nocne noa-
rOTOBKU Cblpbs (OpobrieHne n pasmosnt bokcuTa) ocyLLecTBAKT ero ob6paboTKy LenoYHo-
antoMMHATHBIM PacTBOPOM — NPOLECC BbllLenavymBaHus, B pesyrnbTate KOTOporo u3 bokcuta
N3BNeKaeTcss OKCUL antoMUHWUA, Nepexoslinin B pacTBOp C KOHueHTpauuen Al2O3 250—
300 r/n. MMpn aToM B 0OCadoK BbiNagalT HEPACTBOPUMbIE COEOMHEHUA, COAepKalmecsa B
BokcnTe, — Tak HasblBaeMbIN KpacHbIv Wwnam. Nocnegyowme npoueccsl NpoM3BOACTBaA CBS-
3aHbl C OTAENEHMEM N OYUCTKOW antoMUHATHOrO pacTBOpa OT KPaCHOrO LwamMa U NpOMbIBKOM
nocnegHero onst 6onee NOAHOro U3BMeYeHNst antoMUHATHOrO pacTeopa.

BokcuTbl C KpEMHMEBLIM MOAYNEM HXKE 6 U ApyrMe BUuabl BbICOKOKPEMHUCTOTO Cbipbs,
NPUroAHOro Ans NpoM3BOACTBA rMuMHo3eMa (HedbenuHbl, anyHUTbl, KaonuHbl), nepepabathbl-
BalOT uUnu no cnocoby cnekaHus, nnu KoMOUMHMPOBaAHHOMY Cnocoby — co4yeTaHune cnocoba
Banepa co cnocobom cnekaHus.

Cnocob cnekaHnss OCHOBaH Ha Tepmuyeckon o0bpaboTke cmecu antoMOCUIMKATHOWM
pyabl C N3BECTHSKOM C Lienblo NepeBoaa NpakTUYeckn BCEro okcuaa antoMUHUS U3 Cbipbs B
pacTBopuMYyto bopMy B Cneke (antomMuHaT HaTpus) N CBA3bIBAHUN ANOKCUOA KPEMHUS Cbipbs
B HEPaCTBOPUMYIO POopMY (OBYKanbLMEBBLIN CUMUKAT).

Cnocob banepa — camblil 3KOHOMUYHLINA, HO €ro NMPUMEHEHNE OrpaHMYMBaETCs Kade-
CTBOM M KOSNiM4yecTBOM OokcuTa; cnocob crnekaHust asndetcs Hambonee 3aTpaTHbIM, HO 60-
nee yHuBepcanbHbIM 1 NpurogeH ang noboro BMaa Ccoipbs.

Ha pgencTByoWnX pOCCUNCKUX NPeanpuaTUSAX, BbIMyCKalOLWMX rMMHO3EM, NMPUMEHSIOT-
Csl BCE M3 NepeyncrieHHbIX TeXHonormn. Ha A4MHCKOM rIMHO3eMHOM KombuHaTe u MNMukanes-
CKOM rnnHo3emHon 3aBoae («basan LiemeHT NukaneBo») nepepabaTbiBaeTcs HebenmHoBoE
Cbipbe. TexHonorns Npou3BoAcTBa MMMHO3eMa, OCHOBaHHAs Ha cnekaHun HedenuHa c us-
BECTHSKOM (pucyHok 2.1, Tabnuua 2.1), npegycMmatpmBaeT KOMMIEKCHYO nepepaboTKy Chbl-
pbsi — Ha MMUHO3EeM, COAY U LEMEHT.
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HedenMHosana pyaa, M3BECTHAK, BOAa

i

Melne
[NpuroToBAEHME LUMXTHI >
(M3menbuyeHne, cMeLIEHME, pa3Mon)
MNynbna
Mox, 502, CO, neinb
CnekaHme  [--m-mmmoooo--o-oo-- >
Cnex i
Lnamosan lMponssoacTeo
eMEHTA
MepepaboTka cneka ny/ena 4 >
(M3menbyYeHME, BbILENAYMBAHWE)
Lnamoean
nynena
o C EHHE U
AMOMWHATHEIN Tyt
NpoMBIBKa
pacTteop P
Crywiexnan OceeTnenue, Lnam
wnamosas | gt pBespomuBaHME B [ --------- »
Mynena WIAMOXpaHUIMLLE
Y
MepepaboTka pacTeopa LWenoys
(oBeckpemHuBaHMe, KAPBOHU3ALMA, |----------------mmsoosoooooooooooooooo- »
AEKOMNO3MUMA, GUAbTpaLma —
MaTou4HbIM lNpownseoacTeo cogbl
Imgpokocug pacTeop >
aNMHHMA
Mox, 502, CO, nelne
KanbumHauma 0 oo »
[nMHO3em

PucyHok 2.1 — Cxema Npou3BoACTBa rMMHO3eMa CrnocoboM criekaHust HedenmnHoB
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BoKcuT, M3BecTHAK, Boaa BEOKCKMT, M3BECTHAK, COAA, BOAA

! !

n
._ lNoaroToska WKXTbI _____________b_”: MNogrotoBka ceipba Meine
(smenbuerme, cmewenue, pasmos) (Msmenvuerve, cmewenue, pasmon) | >
Mynbna i Mynena i
Lenoub NOx, 502, CO, nbinb
BbiwenaymsblaHme IERREEEEEEEEEE o CnekaHme 0 Fremmmmemmmmemmmeeee- >
ANKOMWUHATHBIA Unamosan i Cnek i
nynena
pacTeop Y MbiAb, Weno4b
MNepepaboTkacnexka | >
CrywieHue u (M3menbyeHMe, BbILIENAYMBAHKE)
NpoMbIBKa
ANKOMUHATHBIN LLnamosan
v pacTeop nynena
ANKOMWUHATHBIRA
Beigenexue pacTeop MepepaboTka CryuweHve 1
K Al{OH)3 B pacTeopa NpOMBIEKA
CrywexHan
WAaMOBaA Myabna
CrywenHaa
LWIAEMOBaA MyNbna OcseTnerwe, LWnam
» obe3sommBaHme 8 [--------- »
LWA3MOXPaHUAKLLE
OB0pOTHBIE PACcTEOPEI ‘
h 4
NOx,502, CO, nelnb
T T T I e b »
FnnHozem

PucyHok 2.2 — Cxema npou3soacTsa rnnHo3ema cnocobom banep-cnekaHus
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LLinam, nony4yaemsbiin Npu BbilenadnBaHnmn cneka (HeennHoBbLIN LWnam), CNONb3YHT
AN NONyYeHNsa LeMEHTHOrO KINuHKepa.

Borocrnosckuin 1 YpanbCkun antoMuvHueBble 3aBoAbl nepepabaTbiBalOT OTEYECTBEH-
Hble BariepoBckue n crnekatenbHble 6oKCUTbI. MPoOM3BOACTBO MMUHO3EMA OCYLLIECTBNAETCA MO
KOMOUHMPOBaHHOMY cnocoby — napannenbHas cxema banep-cnekaHna (pUCyHOK 2.2).
Mo cnocoby Bbanepa nony4vatT okoro 80-90 % rnvHo3emMa, ocTanbHOe — MO TEXHOMNOornm
cnekaHunsa. BeTBb cnekaHUs COCTOUT U3 OTAENEHUA NPUrOTOBIIEHUS LUNXTbI (JONONHUTENBHO-
ro Kk Betsn banepa), cnekaHus, pasmorna, BbllenadvMBaHusa cneka n otaeneHnsa anomMumHar-
HOro pacTBopa OT ocagka Lnama. [lonyyaemblin B 3TON BETBM antOMUHATHbLIA pacTBop 06b-
eNHAEeTCA C antMmMHaTHBIM PacTBOPOM U3 BeTBU banepa, a ycpegHeHHbI pacTBOp MOCTY-
naeT Ha nocreayLlyo nepepaboTKy, BKNOYas CTaamio NpoKanku rmapokcnaa antoMmHUsS B
neyax kanbuuHaumm (tabnuua 2.1 n Tabnuua 2.2).

Tabnuua 2.1 — OcHOBHbIE 3Tanbl npon3BoacTBa rMMHo3emMa cnocobom crnekaHus He(beJ'II/IHOB

OcHoBHoe
. OTan npouecca .
BxogHon noTok BbIXxogHOM NOTOK | TexHororm4yeckoe Amuccnm
(moanpouecc)
obopynoBaHue
HedenuH, ns- MpurotoeneHne BnaxHas wuxrta Opobwunku, Mbins
BECTHSIK, BOAa LUMXThI (nynbna) MesbHULbI
Bpawatouimnecs Mbine, SO,, NO
Mynbna CnekaHve Cnek patiarotl *
neyu CcoO
Crek MepepaboTtka AnNOMUHATHBIN Opoburnku, Mbinb, Wenoyb,
creka pacTBop, Lwnam MesbHULbI wnam
KapboHusaToptl,
. MepepaboTka 'mppokcuna anto- eKoMno3epsbl,
ANOMUHATHBIN pep AP A A P LWenoyb, SO,
antoMUHATHbIX MUWHUS, COO0BbIE crycturenu, ae-
pacTBop NOy, CO
pacTBOpOB pacTBOpbI TOKNaBbl, punb-
Tpbl
'mapokenp anto- Mbinb, SO2, NO
Ap A KanbumHauus [MMnHo3em MNeun x
MUHNA (6{0)

Tabnuua 2.2 — OcHoBHbIe 3Tanbl NPOM3BOACTBA MMUHO3eMa crnocobom bainep-crnekaHus

OcHoBHOE
. OTan npouecca -
BxogHon noTok BbixogHOM NOTOK | TexHomnornyeckoe Amucenn
(mnoanpouecc)
obopyaoBaHue
MNoproToBka
A Apobwunku, wa-
BokcuT, na3secrt- LWWNXTbI K BblILLE- BnaxHasa wmnxra
poBble MeIlbHU- Mbinb
HSIK, BOAa, coaa navynBaHuio u (nynbna) bl
crnekaHuto
ANOMUHATHBIN ABTOKMNaBHblE
Mynbna Bbiwenavnsanue LLlenoub
pacTtsop, wnam barapeu
CryweHue un
NMpoMbIBKa LUNa- CryLweHHas
LLinamoBas P o . yul Cryctutenn,
Ma BeTBen bare- | wnamoBas nynb- LWenoyb, wnam
nynona dunbTpbI

pa n cnekaHus
(pasgenbHo)

na, pacTBopbl
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OkoHuyaHue mabnuupl 2.2

OcHoBHoEe
. OTan npouecca .
BxogHon noTok BbIxogHOM NOTOK | TexHomormyeckoe Omuccnmn
(mnognpouecc)
obopygoBaHue
OcBeTneHune LLinamoxpaHu-
CrywieHHas pacTBOpPOB, Wnam, nmue,
LuaMoBas nyrb- 0be3BOXMBaHNE 00opoTHbIE pac- npyabl o6opoT- Mbinb, wnam
na LLINaMOBON NyIb- TBOpPbI HbIX pacTBOPOB
nbl (Npu Hannuun)
Bpawatouipnecs Mbine, SO,, NO
Mynbna CnekaHue Cnek patuarow %
ne4n (6{0)
AntoMMHaTHBLIN
MepepaboTtka Opoburku,
Cnek pacTBop, Wam Mbinb, Wenoyb
creka N MeIbHULbI
(kpacHbIn)
MepepaboTtka OunLEeHHbIN
. antoMUHaTHbIX antoMUHaTHbIV
ANOMUHATHbIN [ekomnosepsl,
pacTBOpoB (pas- pacTtBop (060o- LLenoub
pacTBop _ cryctutenu
AEeNbHO NS KaX- | POTHbIW), MMAPOK-
O0WN BETBK) cng antoMuHus
M'mppokcug anto- Mbinb, SOz, NO
Ap A KanbumHauus [MnHo3em MNeun *

MUHNA

CO

HasHayeHne, onucaHuMe, TEXHONOMMYECKNE XapaKTEePUCTUKM OCHOBHOIO M NpUponao-
OXpaHHOro obopyaoBaHus, UCMONb3yeMOoro B npouecce MpovM3BoACTBa MMHO3eMa, NnpuBe-
AeHbl B Tabnuuax 2.3 n 2.4.

Tabnuua 2.3 — OcHoBHOEe obopyaoBaHue

HanmeHoBaHune
HasHauyeHue obopyaosaHus Onucanne
obopynoBaHus
Cnocob bawnep-cnekaHue
Opobwunku [pobneHne n namenb4eHne colipbe- MonoTkoBble, LeKoBble, KOHYCHbIE

BbIX MaTepuanos

Opoodunkm

LWapoBble menb-
HULbI

Momon cbipbeBbLIX MaTepunanos U
ycpeaHeHue, NPUroToBeHne WNXTbl
(Nynbnbl) Ha BbILLeNaynBaHue n Ha
criekaHvie

BpaLiarowmecsi MenbHUUbI C LINUH-
ApVYEeCKUMU CTanbHbIMK obevankamu,
3arpyeHHble MeNoLLMMN Tenamm
(wapbl)

ABTOKNaBHbIE . "epmeTnyeckn 3akpbiTble cocyabl,
BoiwenaynsaHme 60KCUTOBOM Nynbnbl

batapeun paboTatouwme nog AaBrneHUeM

Cryctutenn PasgeneHune xngkon n teepgon ¢das OfHoSApyCHbIE 1 MHOTOSIPYCHbIE Cry-

KpacHOro wmnama nyrnbnbl, yNIOTHEHWE WNnamMa cTuTenm

Hekomnosepsl PasnoxeHne antoMMHaTHOro pacTBo-

pa c BbleneHnem u3 pactesopa B
TBEPAYH (pasy rnapokcuaa antomm-

HUA

LiunuHgpuyeckne cocyabl pas3nmyHblX
pa3vepoB

Neyn cnekaHuns

CnekaHne DOKCUTO-U3BECTHAKOBOW
LWKUXThI

Bpaiyatowmecs TpybyaThie neun
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OkoHuyaHue mabnuupl 2.3

HanmeHoBaHue
HasHauyeHune obopyaoBaHus Onucanwne
o6opynoBaHus
LleHTpobexHble, MembpaHHO-
Hacocbl lMepekayka TEXHOMNOrMYECKNX cpeq

nopLuHeBbl€ HACOCbl Pa3fin4HbIX TUMNOB

BbinapHble 6aTa-
peu

YnapvBaHue TEXHONOrMYeCcKnx pac-
TBOPOB

epMeTnYeckn 3aKkpbITble COCyabl pa-
GoTatoLme noa AaBrneHeM 1 BakyyMOM

MNeyn kanbumnHa-
ummn

Mpokanka rugpokcmaa antoMUHUS ans
nony4yeHus rMMHo3ema

Bpawatowmecs TpybyaTbie neyu,
LIMKIMOHHO-BMXPEBbLIE NeYn

Cnocob cnekaHus Hedben

MHOB

Apobunku

[pobneHne n namenbyeHme colpbe-
BbIX MaTepuarnos

MonoTkoBble, KOHYCHblE Ll,pOGVIJ'IKI/I

MenbHuubI pas-
mMona

[Momon cbipbeBbLIX MaTepunanos U
ycpeaHeHve, NpUroToBreHne WnxThbl
(Nynbnbl) Ha cnekaHue

Bpawatowmecsi MenbHUUbI C LAIUH-
APVYECKUMU CTanbHbIMM 0b6e4varikamu,
3arpy>keHHble MenLwuMmn Tenamm
(wapbl, umnbneobcenbl)

Neyn cnekaHuns

CnekaHve WwuxTbl

Bpaiyatowmecs TpybyaThle neun

Hacocbl

Mepekayka TEXHOMOIMYECKUX Cpes

LleHTpobexHble Hacocbl pasnuyHbIX
TUMOB

TpybuaTble BbI-

BellwenaynBaHmne crneka

AnnapaTbl HenpepbIBHOrO AEWCTBUS, pa-

Lenaymsartenm OoTarowme no NpUHUMNY NPOTUBOTOKA
TexHonornyeckue annaparbl C Un-
CtepxHeBble BbilenaynBaHne v gousmenbyeHme NNHOPUYECKMMUN CTalnbHbIMKN 06eyvain-
MenbHULbI cneka Kamu, 3arpyxeHHble MenoLnumMm Te-
namu (CTepxxHu)
ABTOKITABHI ObeckpeMHMBaHWEe antoMMHATHOIO CapHble cocyabl co cheprnyeckum
pacTBopa OHULLEM 1 KPbILLIKOM
OpnHokamepHble . CranbHble UMNUHAPOKOHNYECKne pe-
A P CryweHve TBepgon dasbl H Ap P
crycturenmu 3epByapbl
Pa3snoxeHne antoMMHaTHOIroO pacTBo-
a C BblgeneHnem n3 pacteopa B MNNHAPUYECKUE cocydbl C KOHMYe-
[ekomMmno3sepsl P A P P H AP yA
TBEPAYI dhasy rmgpokcmaa antoMm- CKUM OHULLEM
HUSA
PasnoxeHne antoMMHaTHOro pacTBo- .
Cocyabl unnmHgpuyeckon opmbl €
pa c BblAENEHNEM U3 pacTBopa B .
KapboHusaTopsl KOHYCHbIM OHULLEM CBApHOW KOH-

TBEPAYH (pasy rnapokcuaa antomm-
HKS

CTpyKUnn

MNeun kanbumHa-
Lmmn

Mpokanka rugpokcuaa antoMUHUS ans
nonyYeHus rMMHo3ema

Bpawiatowmecsa tpybyatbie neum

PykaBHble dourib-
Tpbl

OuuncTka oT Nbinm cbpocHoro (acnupa-
LIMOHHOrO) BO3ayxa OT MECT NepechInku
Npu TpaHCNopTe ChiNy4nx MaTepuanoB
(cblpbe, nonynpoayKTbl, TOBapHasi Npo-
Aykums), Npn 4pobrneHuu, Cyxom ms-
MerbYeHM 1 MoMone B Liexax npuro-
TOBMEHNS LUMXTbI, CNEKaHUS, KanbLy-
Haummn 1 oBXura N3BeCTHsIKa

Tunbl ®PUN n ®PKI, KINO oo 95 %,
ocTaTovHas 3anbl1IeHHOCTb A0
20 mr/m®
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HanmeHoBaHue
obopynoBaHus

HasHauyeHue ob6opyaoBaHus

TexHomnornyeckne xapakTepucTukm

OnekTpodusnb-
Tpbl BEPTMKAmb-
Hbl€, MHOTOCEK-
LIMOHHbIE

OuuncTKa OTXOOALLMX ra3oB neyen
KanbLuHaLUn

OpaHononbHble, KMNA oo 99,7 %, ocrta-
ToYHas 3anbINeHHOCTb ra3os A0
200 Mr/Hm®

MNbineBasi kamepa

OuuncTka rasoB psga neyen cnekaHus
(cnekaHvne HedennHoOB)

3anbINeHHOCTb ra3oB Ha BbIXxoae [0
100 r/Hm®

OnekTpodusnb-
TPbl FOPU30H-
TanbHble

OuncTka OTXOOALMX ra3os neyemn
CreKaHus 1 BpaLllaoLLMXCs neYen
obXura nssecTtHdaka

MHorononeHbie (3—4 nong), KMNA go
99,8 %, ocTaToyHas 3anblIEHHOCTb
razos o 300 mr/Hm®

Ckpyb66epa Mok-
pble

OuuncTka OTXOOALWMX ra3oB neven
cnekaHmsi (KoMOMHMPOBAHHbIN CMO-
cob)

KA 50 % — 85 %, ocTtaTo4Has 3anbl-
neHHocTb rasos Ao 100 mr/Hm®

LLInamoxpaHu-
niwe

OcBeTneHune pacTtBopoB, 06e3BOXU-
BaHWe LWNamMoBON Mynbmbl

OnpepensieTcs nokasaTensiMm TeXHo-
nornyeckux TpeboBaHuii K pacTBopam

2.2 NMpon3BoacTBO aHOAOB M aHOAHOMN MaccChbl

B 3aBMCMMOCTM OT TMNa MUCNONb3yeMOro 3f1eKTponM3epa B KayecTBe aHOOHbIX MaTe-
puanoB UCNosib3yeTca aHo4Hasi Macca unu npegsapuTeribHo 060X0CKeHHbIE aHOAbI.

AHOOHbIE MaTepuanbl ABNAKTCSA OOHMM U3 KINOYEBbLIX 9NIEMEHTOB B TEXHOMNOIMMMN 3r1EK-
TPONUTUYECKOTO NPOM3BOACTBA aNtOMUHUSA. YTOMbHbIE aHOAbl UMM aHOOHY Maccy AnS Bbl-
NnaBkn NEPBUYHOIO antOMUHUSA, Kak NpaBumo, NPOM3BOAAT Ha TOM Xe antoMUHUEBOM 3aBO-
Ae, 4To 1 cam meTtans. XoTa B HEKOTOPbIX Cryvasix MX MOryT NPOM3BOAUTb Ha OTAENbHbIX
aHOAHbIX habpukax.

CblpbeM ans Npou3BoACTBa aHOAHOW MaccChl M aHOAOB Cry>KaT KaMEHHOYrOfbHbINA NeK
(cBasyowmn mMatepmasn) U HeTAHON KOKC C HU3KUM coAepXXaHueM 30fbHbIX MpuMecen
(HanonHuTenb). CoBpeMeHHOe aHOOHOEe XO3SNCTBO npeacTaBnsieT cobon KpynHoe npouns-
BOACTBO C pa3BETBMIEHHON TPAHCMNOPTHO-TEXHOMOIMYECKOM CXEMOW N aBTOMaTU3NPOBAHHOMN
CUCTEMOW yNpaBieHNs TEXHONOrMYECKMMM NPOLIECCaAMM.

2.2.1 [Npon3BoACTBO aHO4HOW MacChl

Ob6lwan cxema TexXHOMOrMYeckoro npouecca NpovM3BOACTBA aHOOHOW Macchbl npea-
CTaBfieHa Ha PUCYHKe 2.3, a npouecc Npom3BoACcTBa OnNmncaH Hmke. VICXOOHbIN CbIpON KOKC
nocTynaeT Ha cknag npeanpuaTna u no TPaHCMOPTHOW CUCTEME MOJAETCA Ha nepBUYHOE
apobneHue. [lanee yepes cuCTeMy NUTaHUS KOKC NOAAEeTCs B MPOKanoYHbIA arperaTt, nocne
KOTOPOro no cucteme TpaHcnopTa NpOKaneHHbIN KOKC noctynaeT B OyHKkep 3anaca. HekoTo-
pble NpeanpuaTus, He UMes B CBOEM COCTaBe MPOKasiOYMHbIX NeYen, OCYLLECTBSAIT 3aKynKy
y>Xe NpOoKaneHHOro kokca. M3 GyHkepa npokaneHHOro KoKCa KOKC NOCTYNaeT Ha CYLUKY, 3aTem
Ha apobneHne n pacces, NOCne Yero noslyYeHHbIe COPTOBbIE PPaKUMM MPOKArIEHHOrO KOKca
noaorpeBaloTCs U HanNpaBnsaAlTCA B CMecUTernb, rae NPONCXoanNT CMELLEHNE KOKCa C MEKOM.
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HedTsiHom Koke
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Mpuewm, xpaHeHue

Mbinb Kokca, CO, SO,, NOy

B aTMocdepy

Ouncrtka NBC

<—‘

Mbinb Kokca
B aTMocdepy

MbinNb Kokca
B MPOV3BOACTBO

Mbinb KOokca B aTMocdepy

Ouuncrtka NBC

A 4

Cywka, apobneHve,

pa3mon 1 pacceB
Ha cpakumm

MbinNb Kokca
B NPON3BOACTBO

CopToBble thpakumm
NPOKaNEHHOro Kokca

B aTMocdepy

Ounctka NBC

A

Mek
rpaHynMpoBaHHbIN

KaMeHHO!I’OJ’IbeIVI )

Mbinb neka, BO3roHbl Neka

Ouunctka MBC

ek xupkmin

»
1

_

Bo3sroHbl neka
B aTtMocdepy

ChbIpoWi KOKC MpokaneHHbIN KOKC
M NoAroToBka > Mpokanka >
(npeaBapuTensHoe
npobneHwve)
v MbINb KOKCca
B NPOM3BOACTBO
Ouunctka NBC
»
>
ek Xuakni XpaHeHme
lNpuem, xpaHeHue, | R T
neKkonoaroToBka ” ’
neKkonoAroToBka
Y
Mek xvakuin

Ouuncrtka NBC

B aTMocdepy

Y

[o3snpoBsaHue,
CcMelLleHue,
dopmoBaHne
6puKeTOB

MbiNb KOKCa, BO3roHbl Neka

[oToBas aHogHas macca

Ha 3neKTponn3epbl

BpukeTbl
aHOOHON Macchl

PucyHok 2.3 — CxeMa TexXHONorM4eckoro npotecca npovu3BoacTsa aHo4HOW Macchl

XpaHeHue
roTOBOMW NPOAyKunn
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Mek nocTynaeT Ha NpeanpusiTMe B XXMOKOM U (Mnn) TBEPAOM BMAE M NOCne NOAroTOBKU
C MOMOLLIbIO [03aTopa M NEKOBOro Hacoca nogaeTcst B cmecutenb. Mocne cmecutens yepes
opollaeMblii BOOOW KOHBENEpP 1 cUCTEMY TpaHcropTa oxnaXaeHHble 6pukeTbl aHOAHOW Mac-
Cbl MOCTYNalT Ha CKNaz roToBOW NPOAYKLNN.

KonmyecTBO 1 Ka4eCTBO CBSI3YHOLLErO Neka siBnsieTcst hakTopoM, Onpeaensiowmnm Bbl-
faeneHve B atmoccdepy 3B. YnaenuBaemasi B cucTtemMax acnvpauum 1 MbifieouUCTKU Nblfb
OT NepeaenoB NPOM3BOACTBA aHOAHOW Macchl BO3BpaLlaeTcs B NPOM3BOACTBO.

N3noxeHHble NPUHLMMBI NPOU3BOACTBA aHO4HOW MacChl HE MEHSIOTCS y)Ke MHOro Je-
catuneTuin. OgHako annapaTypHoe OdOpMIIeHME, KavyecTBO 06OpyAOBaHMS U MPUHLMMbI
ynpaeneHnst TEXHONOrMYECKUM NMPOLIECCOM MOCTOSIHHO COBEPLLEHCTBYHOTCS.

B Tabnuue 2.5 npeactaBneHo onvcaHMe OCHOBHbLIX 3TanoB TEXHONOIMYECKOro npo-
Liecca MorydeHusi aHoAHoOM Macchl. HasHayeHue U TeXHONOrMyeckne XapakTepucTUKU Oc-
HOBHOIO U NPUPOAOOXPaHHOro 060opyaOBaHUS, MCMOMb3YEMOro B NpoLIecce NpoM3BOACTBA

aHOAHOW Macchbl, NpMBeaeHbl B Tabnvuax 2.6 n 2.7.

Tabnuua 2.5 — OcHoBHble 3Tanbl TEXHOMNOMMYECKOro npoLecca nonyyYeHmst aHoaHOM Maccehl

OcHoBHoe
. OTan npouecca .
BxogHown noTok BbixogHOM NOTOK | TexHornorn4eckoe Omuccmm
(mognpouecc)
obopyaoBaHue
. lMNpuewm, xpaHeHne, | Kokc HedTAHOM ByXBarkoBas
Kokc HehTAHOM P P N ® fsy
ChipOii npeaBapuTensHoe |  Cblpon apobne- 3ybyartas gpo- Mbinb KOKCa
apobnexve HbI Bunka
o Bpawatowasacs
Kokc HedTaHON . patiarol
. Kokc HehTaHOM npokasro4yHad Mbinb kokca, CO,
cblpon ApobrieH- Mpokanka .
i NPOKaNEeHHbIN neyb 6apabaHHo- SO,, NOx
ro tuna
[pobunka monot-
KoBasi OAHOPO-
TopHas. [pobunka
. ApobneHue, CopToBbie P Ap
Kokc HehTAHOM OByXBarkoBasi.
. pasMoJi, pacces dpakumm npoka- Mbinb kokca
NpOKaneHHbIN "pOXOT yHMBEpP-
Ha dopakumm NEHHOro KoKkca N
canbHbIn. WWapo-
Bble 6apabaHHble
MeIbHULbI
Cbipon npoka- Cviuka Cyxon npoka- CywwunbHbii ar- | lMbeinb kokca, CO,
NEHHbIN KOKC y NEHHbIN KOKC perat SO2, NOx
ek rpanynupo- MNpuem, xpaHe-
pu ynmp P P . lNbinb neka, Bo3-
BaHHbI KAMEHHO- HWe, NeKonoaro- Mek »xunakni MekonpmneMHuKn
- roOHbl Neka
YronbHbIn TOBKa
lMek »xngknn ka- Mpuem, xpaHeHue, . [MekonpMeMHuKN.
. Mek »xnaknin BoaroHbl neka
MEHHOYrOMNbHbIN nekonoaroToBka MekonnasuTenu
CopToBble dpak- Becosble fo3a-
P ®p [osunposaHwe, A
LM NpoKaneHHo- CMELLEHNE BpukeTbl aHOA- Topbl. CmecuTe- MbInb KOKCa,
ro Kokca, nek ’ HOW Macchl nn. ®opmoBoY- BO3IOHbI Nneka
¢opmoBaHue

YKNOKNN

HOe YCTPOMCTBO
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Tabnuua 2.6 — OcHoBHOe o6opyaoBaHme

HanmeHoBaHue
obopynoBaHus

HasHauyeHue obopyaoBaHust

TexHomnornyeckne xapakTepucTukm

[ByxBankosasi
3ybuartas gpo-
6unka, apobunka

[poGneHne cbipbiX 1 NPOKaNeHHbIX

Mpon3BoANTENBHOCTL B 3aBUCUMOCTM
OT KPYMHOCTK ApOBNEHHOro MaTepua-

KOKCOB

MOJI0TKOBaga oa- na—21-150 1M
HOpPOTOpHas

Mpon3BoaNTENBHOCTb MO NpOKaneH-

HOoMy Kokcy — 10 T/4
Tpw 30HbI TEPMOOGPaAdOTKK:

Bpawatouwiancs

— CylWKa — nporpes crosi kokca oT 20
npokano4yHas

neyb 6apabaHHo-
ro tuna

HDOKaJ'IVIBaHI/Ie CbIPbIX KOKCOB

no 400 °C;
— yaaneHue neTy4mx BeLlecTB —
HarpeB kokca ot 400 go 1000 °C;
— NpoKannBaHWe — NPOrpeB Crosi KOK-
ca po 1250 °C

CywunbHbIv ar-
peraTt

CyLKka npokaneHHoro Kokca

MNpounssoantensHocTb A0 20 T

'poOXOT yHMBEpP-
carnbHbIl, Wapo-
Bble 6apabaHHble

MexaHunyeckasi COpTMPOBKa U pa3mon
KOKCOBbIX (ppakumm

MpownssoantenbHocTb 6—-30 T/u

MenbHULbI
MeTtannuyeckue pesepsyapbl pasnuy-
HOW eMKOCTU, 0DOrpeBaemMbIe NapoMm.
lNekonpueMHuKn,
Pa3melleHne neka, nekonoaroToBka Temnepatypa neka B NeKOnpMeMHum-
nekonnasuTenu

ke — 140-160 °C, B nekonnasurterne —
150-190 °C

BecoBble go3a-
TOpblI

[losnpoBaHne KOMNOHEHTOB KOKCOBOW
MbINX 1 Neka

MakcrumanbHas Npon3BoaUTENbHOCTb:
— NS NIpoKaneHHoro Kokca —
14000 «kr/y;

— ANs Xuakoro neka — 10000 Kkr/4

CwMmecutenu He-
NnpepbIBHOTO

CmelLeHne NeKoOKOKCOBOM KOMMNO3M-

MpounsBoanTenbHoCTb — 6—30 T/

[encTensa Hun
lMpogaenueaHne Yepes aKCTpyaep
dopmoBoOYHOE Mony4yeHne 6pukeTOB aHOAHOW MacChl WM NpPoxoXxaeHue creumnasnbHoro
YCTPONCTBO Tpebyemon hopmbl OpPMOBOYHOIO YCTPOMUCTBA U OXIla-
XOeHne «0bopoTHOM» BOOON
YnaBnueaHue nbinv Kokca u3
BEHTBbLIOPOCOB, OTBEAEHHLIX acnupa-
AnekTpounnbTp HOHHO-TEXHMASCKMMA yCTPOUCTBAMM ApdpekTnBHOCTL 04nCTKM — 90-99 %

OT NOTOYHO-TPAHCMOPTHbIX Y3I10B,
CKNnaaos, ApPOGUNbHO-Pa3MONbHOIO
oTAeneHns
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Tabnuua 2.7 —lNpupoaooxpaHHoe obopyaoBaHmne

HavnmeHoBaHwue TexHonornyeckme
HasHauyeHune obopynoBaHus

obopygoBaHus XapaKTepUCTUKN
YnaBnuBaHue Mbifiv KOKCa U3 BEHTBLIOPOCOB, OT-

Livkrion BEOEHHbIX acnMpaunOHHO-TEXHUYECKUMU O PEKTUBHOCTL OUNCTKN —
YCTPONCTBaMM OT NOTOYHO-TPAHCMOPTHbLIX Y3r0B, 70-93,9 %

CKnagoB., ApoOMbHO-Pa3MOSIbHOIO OTAENEHNS

YnaBnuBaHue nbifn KoKca 13 BEHTBLIOPOCOB, OT-

PykaBHble BEJEHHbIX acnMpaunMOHHO-TEXHUYECKMMU O PEKTUBHOCTL OUNCTKN —

GunbTpbI YCTPONCTBaMM OT NOTOYHO-TPAHCMOPTHBLIX Y3r0B, 97,1-99 %

cknagos, Apo6ubHO-Pa3MOrbHOrO OTAENEHUS

BaTapenHbli
YnaBnueaHue nbifn KOKCa U3 OTXOASLLNX ra3oB O heKTNBHOCTb OUNCTKM —

HRKToR- neyen npokanku 80,6-93,4 %
ANEKTPOPUNLTP

Tpyba BeHTypwu YnaenvBaHne BO3roHOB KAMEHHOYIOSIbHOMO neka

(apcopbeHT 13 BEHTBbIOPOCOB, OTBEAEHHbIX acnMpaLOHHO- O PHEKTUBHOCTE OUNCTKN —
KOKC) — pyKaB- TEXHUYECKNMM YCTPONCTBAMU OT 40O3UPOBOYHO- 99,6-99,9 %

HbIN PUNBLTP CMECUTENBLHOro OTAENEHNA

[Mpon3BOACTBO aHOAHOW MacChl SIBNSIETCA NOAYUMHEHHBLIM K MPOM3BOACTBY arntoMUHUS
N OCYLLECTBNSETCS NPaKTUYEeCKM Ha BCEX arltoOMUHUEBBLIX 3aBOAAX, MPUMEHSOLLMX TEXHOMO-
T anekTponmsa ¢ camoobxurarowmmmnca aHogamm (Cogepbepra).

2.2.2 Npon3BoacTBO aHOAOB

lMpouecc npou3BoacTBa aHOAOB B 4acTu APOONeHus, U3MernbyeHns U CMeLLNBaHUS
CbipbEBbIX MaTepuanoB MAEHTUYEH MPOM3BOACTBY aHOLHOW MaccChl, 3@ WUCKIHOYEHUEM WUC-
NoNb30BaHNA OTXOA0B OOOXCKEHHbBIX aHOA4OB (Orapku), KOTOpble BMECTE C KOKCOM MPOXOasT
ctagun gpobneHnsa n pacceBa. 3aTeM M3 CMELUAHHOrO Matepuana popMupyroTcsa «3erne-
Hble» aHOoAbl M MOCre oXnaxaeHust NoCTynaltT Ha cknag «3eneHbix» aHogoB. Co cknaga
«3erneHble» aHodbl NO CUCTEME KOHBEWEPOB HanpaengawTcs B nedn obxkura. O6xur ocy-
LLECTBNSAETCA B MHOrOKaMEpHbIX KOMbLEBLIX Mevyax OTKPbITOro Tuna C MOABMXXHOM 30HOW
«OrHsy. MNMeyb obXxumra cocTomT U3 Bnoka BepTUKanbHbIX Kamep, COeANHEHHbIX Mexay cobou
NpOCTEHKaMWN ANs NocnegoBaTenbHOro0 Npoxoga AbIMOBLIX ra3oB M3 O4HOW Kamepbl B ApY-
ryto. 3TV NPOCTEHKM OENAT KaMepbl HA KacCeTbl, B KOTOPbIE 3arpy>KatTcs aHOAHbIe GrOKM.
MpoaBwmxkeHne OrHa NPoOM3BOAMTCSA NyTEM NepeHoca pammbl C ropenkn, AyTbeBbIX U OTcachl-
BaloLMX Tpyd BOOMb NeYnm Ha O4Hy Kamepy B COOTBETCTBUM C 3agaHHbIM TEMMOM obGXxura.
B kayecTtBe Tonnuea mncnonbdyetca masdyT. O6oxoKeHHble aHOAHbIE BOKM MO KOHBEWEPY Mo-
CTynatoT Ha cOOopKy B aHOAHO-MOHTaxHoe oTaeneHne (AMO), koTopoe BknoyaeT B cebs oT-
AerneHne AemMoHTaxa U MOHTaxa aHogoB. [Mpn MOHTaxe 0DOXOKEHHbIX aHOL4OB OCYLLECTBAS-
IOTCS 3anMBKa HUMNMNESbHbIX MHe3n YyryHoM, NogroToBKa aHogodepXaTtensd v, Kak npaBuno,
NOKPbITME NOBEPXHOCTU aHOAHOro 6510Ka 3aWMUTHBIM ClOEeM OT MHTEHCMBHOIO BbirOpaHus No-
BEPXHOCTHOro cnosi. Npu gemoHTaxe orapkos aHoaoB B AMO ocyLlecTBASOTCA UX 3a4MCTKa
OT 3MEeKTponuTa, oTAeNeHne OT aHoAoAEPXKATENS U ero 3a4ncTka, AgpobneHne orapka B opo-
BGunkax ona TpaHCMOPTMPOBKM €ro B 3aroToBUTENbHOE oTaeneHne. Cxema TEXHOMNOrMYECKoro
npouecca nNpons3BoacTBa 000X KEHHbIX aHOOOB C 3Tana CMELLUEHUS CbiPbEBLIX MaTepuanos
npencrasneHa Ha pucyHke 2.4.
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B TexHonornyeckom npotecce obpasyeTcs HEKOTOPOE KONMMYECTBO Gpaka «3eneHbIX»
aHOJO0B M aHOOHOW Macchl, KOTopble nocne ApobrneHns Bo3BpallatTcsa obpaTHO B CMecu-
Tenb. [py NponsBOACTBE aHOO4OB Ha cheumarbHbIX YCTAHOBKAaX ra3004UCTKU C MOMOLLBHO
rmMHo3eMa mM3 napoB abcopOupytoTCs CMONUCTbIE BelwlecTBa, oTopuabl U3 aHOAHbLIX orap-
KOB. YnaBnuBaemasi B cucTemax acnupaumm 1 nbineodncTki KOKCoBasi Nbifb OT nepeaernos
Npoun3BoACTBa aHOA40B BO3BpaLlllaeTcs B MPOU3BOACTBO.

B Tabnunue 2.8 npuBeaeHbl OCHOBHbIE TEXHOMOMMYECKMe aTanbl Npou3BoacTBa 060X-
XEHHbIX aHoaoB. KpaTkoe onucaHme OCHOBHOIO M MPUPOOOOXPAaHHOIr0 obopyaoBaHus npea-

cTaBneHo B Tabnumuax 2.9 n 2.10.

Tabnuua 2.8 — OCHOBHbLIE 3Tanbl npon3BoacTBa 000XCKEHHBIX aHOO0B

OcHoBHoEe
. OTan npouecca y
BxogHon noTok BbixogHOM NOTOK | TeXHONornyeckoe amuccum
(mnoanpouecc)
obopynoBaHue
- Mpnewm, xpaHe- Kokc HedTsaHOM
Kokc HedTAHOM P P . ® [ByxBankoBas
. HWe, NnpegBapu- cblpon apobreH-
CbIpPOW; orapkmu - 3ybyaTtas gpo- MbInb KOKCa
TenbHoe Apobne- | Hbli; Orapku aHo-
aHoOoB ounka
Hue [0B ApobneHHbIe
Hpobwunka mo-
noTkoBasi OgHo-
- oTopHasi. [ipo-
Kokc HehTAHOM poTop Ap
IDOKANEHH(iA [poGneHne, pas- CopToBble thpak- Ounka gByxearn-
P ’ MOJ1, pacceB Ha LUK NpOKarneHHo- koBas. (poxoT Mbinb KOKCa
ApobrieHble orap- .
o dpakumm ro Kokca YHMBEpPCasbHbIN.
LapoBklie 6apa-
OaHHble Menb-
HULbI
Nek rpanynupo-
pv ynip lMNpuem, xpaHe-
BaHHbI KAMEHHO- . INekonpueMHuku, Mbinb neka,
o HWe, NekonoAaro- Mek »xunakui
YronbHbIN, Nek nekonnaBuTenm BO3rOHbI Neka

. TOBKa
KUOKUIN
CopToBble hpak-
P ®p BecoBblie go3a-
LN NPOKasieHHOro [o3npoBaHue, INbinb KOKCa,
AHogHasa macca Topbl. Cmecute-
KOKCa 1 Orapkos, cMelleHne m BO3rOHbI Neka
NeK >XNOK1n
«3eneHbie» aHo-
AHoOOHasa macca dopmoBaHue bl Bubponpecc BoaroHbl neka
MNbinNb KOKCa,
MHorokamepHas
«3eneHble» aHoabl Oo6xur OboxokeHHbIe KofbLeBasd neyb BOSTOHEI Tieka,
aHobl HF, CO, SO,
OTKPbITOro TMna
NOx
Meun NYT, KoH-
. [Mbinb KOKCa, B
Benepsbl, cucTe-
OBOoxOKEeHHbIE CMOHTMpOBaHHbIE TOM vucne
MoHTax aHogoB Mbl OYNCTKM
aHoabl aHoabl TBEpPAblE PTO-
orapkos, gpo- Wb
ounku P
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Tabnuua 2.9 — OcHoBHOe obopyaoBaHue

HanmeHoBaHue
obopynoBaHus

HasHaueHue
obopynoBaHus

TexHonornyeckne xapakTepucTmkm

[ByxBarnkosasa gpo-
Ounka, KoHycHasa gpo-
Ounka, wekopasa apo-
Ounka, rpoxoT, 6apa-
OaHHble MenbHULbI

[po6neHne KoKcoB,
orapkoB aHOO0OB, COp-
TUpPOBKa, pa3mMorn

Opobnexne dpakumi go — 0-12,5 mm, nomon

no +0-0,5 mm

lNekonpueMHukn, ne-
KonnaBuTenu

PasmelueHune neka,
nekonoaroToBka

TemnepaTypa neka B nekonpuemHuke — 180—
220 °C, B nekonnasutene — 180— 220 °C

Cmecutenu Henpe-
PbIBHOIO AENCTBUS

CmMeLlleHne NeKkoKok-
COBOW KOMMNO3ULINKA

Ob6ecneyveHne romoreHn3auumn n SKCTpPyampoBa-
HWS1 B HanpaBneHun Bbixoda. Temnepartypa
«3eneHon» aHoaHon maccekl — 220 °C

MHorokamepHas
KonbLeBasi neyb

O0OXUr «3eneHbIX»
aHoaoB

OOGXxur npon3BoanTCA 3a CHET CKUraHUs MasyTa
N NEeTY4YNX BELLECTB, BbIAENAIOLWMXCA Npy Tep-
Moob6paboTke «3eneHbix» 6rnokoB. Temnepatypa
obxura (TemnepaTypa B Kamepe MosHOoro or-

HA) — 1250 °C

Meun NYT

MoHTa)K 00OXCKEHHbIX
aHogoB

Pacnnas yyryHa ons 3anuBkv HUMNEnbHbIX rHe3p,
000XCKEHHbIX aHogoB. EMkocTb neven — 2,51

Tabnuua 2.3 — lNpupogooxpaHHoe obopyaoBaHue

HavnmveHoBaHune
obopynoBaHua

HasHa4yeHue obopyaoBaHus

TexHomnornyeckme xapakrepucTu-
Ku

PykaBHbI oynbTp

YnaBnueaHue nbinv Kokca u3
BEHTBbIOPOCOB, OTBEAEHHbIX acnu-
PaLMOHHO-TEXHUYECKUMWN YCTPON-
CTBaMM OT MOTOYHO-TPAHCMOPTHbIX

y31n0B, CKIagoB, ApobunbHoO-
pa3MONbHOro OTAENEHNS, y4acTka

A03VMPOBaHNS LUNXTbI, U3 OTXOOALLMX
rasoB CyLuIbHbIX bapabaHoB, aHOAa-
HO-MOHTa)XHOrO OTAENeHUs

O DEKTUBHOCTD OUUCTKN —
98,0 %

«Mokpas» QY: no-
NbIA CKOPOCTHOM
ckpyb66ep

YnaenueaHue nbifin KOKca, BO3roHOB
KaMeHHOYronbHoro neka, Topnaos
rasoobpasHbiX, ANOKCHMAA cepbl U3
OTXOASLLMX ra3oB neven obxura

O HEKTUBHOCTb OUUCTKU: Nblifb —
70 %; dbTOopUabl razoobpasHbie —
98 %; BO3roHbl KAMEHHOYIONbHOTO
neka — 70 %, anokecug cepbl — 90 %

«Cyxasn» FOY: mo-
Aynb — agcopbumoH-
Hble peakTopbl — py-
KaBHbIN PUILTP

YnaBnvBaHue NbINu KOKca, BO3roOHOB

KaMeHHOYronbLHoro neka, Topnaos

razoobpasHbIX U3 OTXOASILLMX ra3oB
neyen obxura

O PeKTUBHOCTb OYUCTKM: Nbifb —
98,5 %; dpTopuabl razoobpas-
Hble — 99 %; BO3roHbl KAMEHHO-
yronbHoro neka — 98,5 %

«Cyxasn» FOY: mo-
Aynb — agcopbumoH-
Hble peakTopbl — py-
KaBHbIN hUnbTp

YnaBnvBaHuWe Nbinv KOKCa, BO3roHOB
KaMeHHOYroNbHOro neka 13 BEHTBbI-
GpocoB, OTBEAEHHbIX acnMpaLMOHHO-
TEXHUYECKMMUN YCTPOMUCTBAMM OT
TEXHOMOMMYECKNX NMMHUIN CMECUITbHO-
MPEeCccoBOro yyacTka Npov3BOACTBa

OdPEKTMBHOCTL OUYNCTKN: MO Mbl-
M — 98 %; no octanbHbIM KOM-
noHeHtam — 90 %
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PaccMOTpPEHHbIN TEXHOMNOMMYECKUM NpoLEeCcC MNPOoM3BOACTBA OOOMCKEHHbIX aHOAOB
peanuayeTcs NpeMMyLLECTBEHHO Ha 3aBoAax, Lenmkom obopyaoBaHHbIX 3reKTponmsepamm
C npeaBapuTeribHO 000XCKEHHLIMWN aHO4AMM.

2.3 npOM3BO,D,CTBO nepBUYHOro aqktoMmMHUA

ANIOMUHUI NPOU3BOAMUTCA MyTEM 3NEKTPOSIUTUYECKOrO BOCCTAHOBIEHNSA OKCuaa arto-
MUHUSA (TNUHO3eMa), PaCTBOPEHHOro B pacnfiaBfieHHOM 3rfeKkTponuTe (Kpuonute) npu Tem-
nepatype npubnuamtensHo 960 °C. B coctaB anekTponusepa BXOOAT YrnepoaHbl Katoa,
N30SIMPOBAHHbIA OrHEYMOPHLIMU KMPNNYaMK MO BHYTPEHHEN MOBEPXHOCTU MPSIMOYTrOfbHOro
CTanbHOro KOXyxa, 1 yrnepoaHble aHoAbl, NMPUKPENSIEHHbIE K 3NIEKTPONPOBOASALLEN aHOAHOWN
Ganke u norpyxaemble B pacTBOp. ONEKTPOnM3epbl COeANHEHbI NocrnegoBaTenbHO 1 obpa-
3ylOT CEPUI0 ANeKTponun3epoB. [MOCTOSAAHHBIN TOK MoJaeTcsi C aHOOOB 4epe3 SINeKTponuT
N CNon MeTanna Ha Katof, a 3aTeM — Mo KOMMNSIEKTY NPOBOAHUKOB, M3BECTHbIX KaK «OLLUMHOB-
Ka», Ha cregyoLwwmin anekTponuaep.

Knokuin anoMMHUIn ocedaeT Ha KaTtode anekTponmsepa. PacnnaeneHHbI meTann
nepuoanyeckn U3BrEKaeTCsl U3 ANEKTPONIM3EPOB CreukoBWaMn 1 nepegaeTca B NUTenHoe
oTAeneHve Ona nonyvYeHns ToBapHOM npoaykumn. B npouecce anekTponusa Kucrnopon
N3 rMMHO3emMa pearmpyeT C yrnepogHbiM aHoAoM U obpasyeT guokcua yrinepona U MOHOOK-
cug yrnepoga. Taknm obpasom, B XO4e 3TOro npouecca NponcXxoauT HENpPepPbIBHbIN pacxon
yrnepoaHbiX aHO4OB.

OCHOBHbIM CbIpbEM ANSA NOSTYYEHUST aNOMUHUA CRyXaT: rMUHO3eM, (OTOPUCTbIE COMn
(KprMonNUT, PTOPUCTLIV aNOMUHUIN) N OBOXOKEHHbIE aHOAbI UM aHO4HAasi Macca.

Cxembl MpoOM3BOACTBA antOMUHUS B 3eKTponmsepax C OOOXCKEHHbIMW aHOogaMW,
B  anekTtponusepax C OOKOBbIM M BEpPXHMM  TOKONOABOAAMW  NpeacTaBrfeHbl
Ha puUCyHkax 2.5-2.7.
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B tabnmuax 2.11 n 2.12 npuBegeHa WHdoOpMauMa O TEXHOMNOIMYECKOM npolecce
3NeKTponmns3a 1 npuMeHseMom obopygoBaHUN.

Tabnuua 2.4 — OnucaHne TEXHOMOMMYECKOro NpoLiecca aneKkTponnsa

o . OcHoBHoe
BxogHon OTan npo- BbixogHomn
TeXHosnorn4yeckoe Omuccum
NoTOK uecca NoTOK
obopygoBaHue
Ceexun Mpuewm, Ceexun B aTMocdepHbI BO3ayX:
rMNHO3EM, XpaHeHue rMINHO3EM, — OKCUA antoMuHUS;
TOpCOonu Cblpbsl Ha aHoaHas — TBepable pTopmnapl
¢TOp P A Cknagbl, cunoca, GyHkepa pAbie (pTopua
cknagax v mac-
B cunocax cal/aHofpbl,
dTopconu
Cblpbe: nekTpo- MepBuny- OneKkTponm3epsbl: B aTMocdepHbI BO3gyX:
rMUHO3EM, nmTnye- HbI anto- — C camoobxuratowmummcst | — TOPUCThIN BOAOPOL;
aHogHas ckoe npo- MWHWIA aHogamMu 1 BEPXHUM TO- — TBepable pTopuasbl;
mMac- n3soacTeo | (antomu- konogsoaom (Conepbep- — OMoKcuA cepbl;
ca/aHogpl, nepBUYHO- HUR-cbipey) | ra); — oKcupg yrnepoaa;
dTopconu. | ro antomu- — C camMoobXuUratowmMmMmcst | — Nblfb HEOPraHn4eckas;
OnekTpo- HUsI aHogamm 1 GOKOBbIM TO- — CMONUCTLIE BeLlecTBa
3Heprus konoasogom (Conepbep- (ons sanekTponusepos

ra);
— C NpeaBapuUTenbHO
000XCOKEHHBIMW aHogaMuU

Copepbepra).
B noBepxHOCTHbIE N NoA
3eMHble BOAbl — OTCYT-
CTBYHOT.
B no4yBy — Henocpen-
CTBEHHO OTCYTCTBYHOT.
OTxoapbl NponsBoacTBa:
— oTpaboTaHHas yronbHas
dyTepoBka;
— oTpaboTaHHasA Kpnuy-
Has pyTepoBKa;
— yronbHas neHa;
— Orapkm 000XCKEHHbIX
aHOAOB.

Mpouee: dunsmnyeckue
BO34encTBms (TennoBoe,
LWwymMm, BUOpaums, anek-
TPOMarHUTHoe 3arpsasHe-
HWE) He ABNAKTCA NUMK-
TUPYIOLWUMKN ONS NPOU3-
BOACTBa NEepBUYHOro
antoMmHus
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Tabnuua 2.5 — OcHOBHOE TexHonornyeckoe obopyaoBaHne npoLecca anekTponmsa

TexHonorn4yeckune XapaKTepucTtukn

H 6 HasHaueHune
anMMeHoBaHue obopyaoBaHus e Cuna Toka, KA BbIXO,EI,O
no Toky, %

OneKTponM3epbl C CaMOOOXMratoLLIn-
MUCS aHOA4aMn N BEPXHUM TOKOMOA- Jo 175 Jo 89
BOAOM MonyyeHne nep-
OnekTponmaepbl ¢ caMoobXuraroLm- BUYHOIO anoMu-
Mucs aHodaMn U BOKOBbLIM TOKOMNOA- HUA (antoMUHUSA- [o 85 Jo 90
BOAOM cbipua)
OneKkTponua3epbl C NpeaBapuUTenbHO Mo 400 [0 94.5
000XCKEHHBIMW aHogaMuU

B Tabnuue 2.13 npvBedeHO OCHOBHOE NpUPOAOOXpaHHOe obopydoBaHue npoLlecca
3M1EKTPONN3a N ero xapakTepuCTUKM.

Tabnuua 2.6 — MpupoaooxpaHHoe 0GopyaoBaHme NpoLecca aNekTponmaa

HanmeHoBaHne obopynoBa-
HMS

HasHauyeHue obopyaoBaHusi

TexHonornyeckme xapakrepucTu-
Ku

Cyxas rasooumncTtka (peakto-
pbl + pyKaBHble UNbTPLI)

Ouunctka oTX0OAWMX
oT:

— bTOpPMCTOro BOAOPOAa;
— TBepAbIX pTOpNaos.;

— HeopraHn4ecKkom nbinu;
— CMOJSIUCTbIX BELLECTB

rasos

AP P EKTUBHOCTb OUNCTKU, %:

98,4-99,7
97,4-99,5
97,4-99,5
96 — >99

Cyxas OY + MOKpbIN cKpyO-
bep

Ounctka oTxoasaLmx
OoT:

— (pTopucToro Bogopoaa;
— TBepabIX PTOPUAOB;

— HeopraHM4eckom nbinu;
— CMOJIUCTLIX BELLECTB;
— Quokcuaa cepbl

rasos

ObheKkTBHOCTL OUNCTKM, Yo:

99,5-99,8
99,4-99,7
99,5-99,8
98,8-99,4
85,0-98,7

OnekTpounbTp + MOKPbIV
Cckpy66ep unv neHHbIN anna-
pat

Ounctka oTxoaALNX
OoT:

rasoBs

— pTOPMCTOro BOAOPOAa;
— TBepabIX pTopnaos;

— HEOpraHM4yecKowm nbinu;
— CMOMUCTbIX BELLECTB;
— Avokcmaa cepbl

O PEKTUBHOCTL OUNCTKU, %!

95,0-98,7
80,0-90,0
80,0-90,0
55,0-90,0
85,0-98,7
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2.3.1 Buabl anekTponm3epoB 1 TEXHOSOMKW 3NeKTponn3a

[MpoMbIlWNEeHHOE MNonyyYeHne antoMuHUA kak B Poccuu, Tak m BO BCEM MUpE OCY-
LLLEeCTBNAETCA B 3MEKTpONn3epax, pasnmyatomxcsa no KOHCTPYKLUUN N €QUHUYHOW MOLLHOCTW.
B HacTogLee BpemMsa NPUMEHAOTCSA cneayowmne TEXHONOrMu anekTponnsa:

— TEXHONOrMsa NPoM3BOACTBA aNtOMUHUS Ha ANeKTponusepax ¢ npegBaputenbHo 06o-
HOKEHHBIMM aHogaMu (TexHororus anektponunsa OA);

— TeXHONOorMsa NPoM3BOACTBa antoOMUHUS Ha ANEeKTponusepax ¢ caMmoodbxurarowmmmcs
aHogamu (Mnn anektponuaepbl Cogepbepra).

OnekTponusepbl ¢ CaMOOBXMUralLLMMNCA aHOA4AMWN PasnMyaloTCs Takke No nNpuHUmnny
noaBoda Toka K aHoay, ¢ GOKOBbIM M BEPXHMM TOKOMOABOAOM (TEXHOMOrMWU 3neKTponuaa
BT n BT cooTBETCTBEHHO).

Ha anektponusepax BT TtokonogBogsiime LWITbIpU YCTaHaBMMBAKOT BEPTUKANbHO
Ha BbICOTY, obecnevmBaloLLy0 UX 3anekaHue npu ornyckaHuu aHogHoro maccusa. pu go-
CTMXKEHUM HWXKHUM KOHLOM LUTBIPS pacCTOsiHMSA OT MOAOLWBLI aHoda, onpefensiemoro 6es-
onacHbIM BeeHneM npouecca (MUHUMarbHOEe pacCTosHME OT LWThIPA A0 NOA4OLWBbI aHoda —
He meHee 20 cM), WTbIPb packpy4MBaeTCs U U3BneKkaeTcsa n3 Tena aHoaa.

KaTtogHoe ycTponcTtBo anektponusepa BT cocTtouT m3 cTanbHOro Koxyxa, dpytepo-
BaHHOINO BHYTPW YrofibHbIMM MNOAOBbIMM Gnokamu M GOKOBbIMM NAMTAMU, OrHEYMNOPHbLIMU
N TENNOU30NSAUMOHHBIMM MaTepmanamu. B HUXXHIOK YacTb NOAOBLIX GrIOKOB Nepea ux ycTa-
HOBKOW B 3MEKTPONM3ep 3anMBaloT YyryHOM CTasnbHble CTEPXHU — BntoMChbl, Cnyxawme ans
OoTBOAA ToKa OT NoAuHbl. LBkl Mexay nogosbiMu 6nokamu n nepudepuiHbiv WoB HabueakoT
NMoJ0BOW MacCoMm.

AHOAHOE YyCTPOMCTBO anekTponunsepa BT cocTouT n3 yroneHOro aHoga, NnoMeLeHHOro
B CTaNbHOM KOXYX, aHOOHOW LUMHbI M aHOAHbIX LUTbIPEN, CryXalumMx Ons nogBecku aHoga
n nogBoga Toka. B HWXHEN YacTn aHOQHOro KoXyxa no ero nepuMmeTpy Ha crneumanbHOM no-
sice noaBeLleH ra3oCcOOPHbIA KOMOKOSM, COOpaHHbIA U3 YYryHHbIX NUTbIX cekuun. Konokon
noaseLmnBaeTCs Ha yrosiok (Mosc) aHO4HOIO KOXyXa 1 CAY>XUT ra3oCOOpPHUKOM, cobupatomm
n3-noJ aHoda cMech ras3oB. Ha pucyHke 2.8 npeacraBneHa KOHCTPYKUMA anekTponuaepa BT.

Ha anektponuaepax BT aHogHble rasbl 3BaKyupylTCs C MOMOLLBK CUCTEMbI KOMO-
KONbHOro ra3ocbopHUKa 1 ropenioyHoro yctpomctea. KonokosibHbIN ra3ocbopHUK, COBpaHHbIN
N3 YYryHHbIX CEKLUMI, KPENUTCS K MOSCKY aHOAHOrO KOXyXa U repMeTusnpyeTcs B HKHEN Ya-
CTM 3acCbINKOW rmnHo3emMa. AHogHbIe ra3bl cobmparTcs nog ra3ocbopHUKOM M nog M30bITou-
HbIM JaBrieHMeM MOoCTynatT B roperioyHble YCTPOMCTBA (ANS OOXUraHna okcuaa yrrnepoaa u
CMOJIUCTbIX BELLECTB).

PaspaboTkon HOBOW KOHCTPYyKUuK anekTponuidepoB BT asngaetca npoekt «CosgaHue
9KONOrM4Yeckn nNpUemMnemMom U KOHKYPEHTOCNOCOOHOW TEXHOMOMMWU 3eKTponn3a C aHoL4OM
Copepbepr» (npoekt «3koCopepbepr»). MNMpoekt «IkoCoaepbepr» BKNHOUUIT NPaKTUYECKU
BECb KOMMMEKC paboT, CBsA3aHHbIX C MPOM3BOACTBOM antOMUHUSA, @ UMEHHO:
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PucyHok 2.8 — Onektponusep BT:
1 — kaToAHbIE YronbHble BNOoKK; 2 — aHOAHbIV MaccuB; 3 — aHOOHbIV TOKOBEAYLLMI WThIPb;
4 — KONOKOJbHbIN ra3ocbopHMK; 5 — ropenioyHoe YCTPOMCTBO; 6 — aHOOHbIV KOXYX; 7 — aHOAHas WnHa

— TexHonoruno n obopyagoBaHne No NPoM3BoACTBY aHOQHOW Macchl;

— TEXHOMNOIM0 N3rOTOBIIEHUSA N KOHCTPYKLMIO KaTO4HOTIO Y3Na;

— TEXHOMNOMNI0 aHOAA M ANEKTPONN3a C COBPEMEHHOW aBTOMATU3MPOBAHHOW CUCTEMOM
yrnpaBrieHns1 CUCTEMOWN;

— KOMMJIEKC MEPONPUATIIA NO JOXMUIY U yOaNEeHUIo ra3oB OT 3NEeKTPOonn3epa;

— aBTOMAaTMU3MpPOBAHHbIE CUCTEMbI MO TPaAHCMOPTUPOBKE M MUTAHUIO JANEKTPonu3epa
CbipbeM;

— MEeXaHu3Mbl, YCTPONCTBA U MHCTPYMEHTbI, UCKIIOYaOLWMe NN CHUXaoWwme OO0
PpyYHOro TpyAaa B 06CnyXmBaHUW anekTponmsepa.

K HOBbIM TEXHMYECKUM U TEXHOSOMMYECKMM PELLEHUSIM KOHCTPYKLMW 3nekTponuaepa
«9koCopaepbepr» oTHOCATCS:

— ycTtponcteo anektponusepos C-86M(3) n C-8B5(3) ¢ HoBbIM 6e3ropefnioyHbIM raso-
CcOOpPHBIM KOMOKOSIOM 1 HOBOW CUCTEMOW ra3oyganeHuns;

— HOBbIN TEXHOMNOIMMYECKUA NHCTPYMEHT, CPeaCcTBa MexaHu3auumn, HOBble TEXHOMOru-
YecKune NpPakTUKM Ans o6Cny>XMBaHNSA AaHHbIX 3NEKTPOSNN3EPOB;

— TEXHONOrMSA NPOU3BOACTBA M UCMONb30BaHUA aHOLHOW MacChl C HU3KUM cCoAepKa-
HMEM CBA3YOLLETO.

Ha pucyHke 2.9 npeacraeneHa cuctema rasoyganeHus anektponusepa «OkoCoaep-
Bepr».
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PucyHok 2.9 — Cuctema rasoyganeHus anektponmsepa «3koCoaepbepr»:
1 — ra3ocBOPHBbIV KOMOKOI 3MeKTponuaepa; 2 — c6opHbIe Kyrora CMCTEMbI rasoynaneHus;
3 — Tpy6GonpoBOALI CUCTEMBI YaarneHusi ra3os; 4 — NPoAyBKa CUCTEMbI yaaneH s ra3os

Ha anektponusepax BT KOHCTPYKUMS KaTOQHOrO YCTPOMCTBA CXOXa C KOHCTPYKUMEN
cTaHgapTHoro (psgoBoro) anektponuasepa BT.

AHOOHOEe YyCTpPOUCTBO anekTponusepa BT cocTouT n3 cranbHOM aHOLHOW paMbl, KOTO-
pasi C NOMOLLbBIO CTaslbHbIX KAHATOB M CUCTEMbl MONIMCNACOB MNOABELUMBAETCA HA MeTansno-
KOHCTpyKUMn. o Mepe cropaHusi aHoda U ero onyckaHus ans nogaepXkaHusi ycTaHOBMEHHO-
r0 MEX3eKTPOOHOro pacCTOsiHUS OAHOBPEMEHHO C HMM OrfyckaeTcs aHogHas pama. Toko-
BeAYLMMUN SABMSIOTCH ABa HWXHUX paga wrblipen. OHM NOgKNIYaTCa K aHOAHOW OLUMHOBKE
C MOMOLLbIO MeAHbIX MUK (Yalle) antoMUHUEBbIX CNycKoB. CTarnbHble TOKOBEAYLUME aHOLHbIE
WTbipK 3abmBaloTcs No4 onpedeneHHbIM yriomM B 60KOBbIE NOBEPXHOCTU aHOAHOIO MaccmBa
B BEPXHUX 30HaXx, rge ewe He nNpoLufy Npouecchbl CrnekaHus aHoda, U Mo Mepe CropaHud
aHofa nepemMeLlarTcsl BMECTE C aHOOOM B HMXHME, Bonee ropsiune 30HbI, rae CnekarTcs co
CKOKCOBaBLUMMCSI MacCUBOM W Mpu SOCTUXKEHUU ONpeaeneHHbIX TeMnepaTyp BOCNPUHMMAOT
TOKOBYIO Harpysky. Korga CTaHOBUTCA BEPOATHBIM BbIXOA HWKHEro KOHUa WTbipa U3 Tena
aHo4a M KOHTaKT C 3NeKTPonuUTOM, LWThiPpb M3BMEKAaeTCs M3 Tena aHoda v 3abuBaeTca B
BEPXHU rOPU3OHT. AnekTponusepbl BT cHabxeHbl ykpbiTMeM Ana cbopa BpeaHbIX BELLECTB,
BbIAENAIOLWMXCSA MPU SNEeKTponm3e. YKpbITUe MOHTUPYETCSH Ha KapKkace U uMeeT BBEpPXY raso-
cOOpHbIN KOMNak 1 WTopbl (HaBUBHbIE, CTBOPYaTbIE N AP.), 3aKpblBatoLLimMe GOKOBbIE CTOPOHbI
anekTponusepa.

[Mo-pa3HOMy OCyLLECTBNSAETCA U 3BaKyauus aHOAHbIX ra3oB, obpasyloLmuxcsa B npo-
Lecce aneKkTponM3a Ha anekTponuaepax pasHbix TunoB. Ha anekrponusepax BT Bce ycTpon-
CTBO, OrpaHMYEeHHOE KOPKOW 3nekTponuta u 6oKOBbIMM MOBEPXHOCTSIMU aHO4a, NEPEKpbITO
LUTOPHbIMU YKPbITUAMU. AHOAHbIE ra3bl, CoaepXXallue roprodmin oKcug yrnepoaa, BblaensoT-
Csl Yepes cneunanbHO yCTpanBaemble OTBEPCTUSI B KOPKE ANEKTPONUTa «OroHbkm». Npu atom
roptodme KOMMOHEHTbI aHOLHOro rasa croparT, a NPoAyKTbl rOpeHUst yaanawTcs ¢ oTcachl-
BaeMOW OT 3feKTponunaepa ra3oBo3ayLHON CMEChIHO.

Ha pucyHke 2.10 npegcraBneHa KOHCTPYKUKUS anektponusepa bT.
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PucyHok 2.10 — Onektponusep bT:
1 — kaToAHbIE YronbHble BNOoKK; 2 — aHOAHbIN MaccuB; 3 — aHOOHbIV TOKOBEAYLLMI WTbIPb;
4 — aHOoA4HaA LWNHA; 5 — mexaHusm noabema LTop; 6 — MexaHu3m nepemMelleHna aHoaa, 7 - LITOpHOE
YKpbITUE; 8 — NaTpyGOK OTCOCa ra3oB

Onektponusepbl OA OTNMYaKOTCA OT PaCCMOTPEHHbIX Bbllwe anekTponusepos BT n BT
KOHCTpyKUumMen aHogHoro yctponctea. O6biyHO anekTponusepbl OA MMeT MHOro6no4YHbIN
aHoAHbIN MaccuB. Yncno aHogHbIX GNIOKOB 3aBMCUT OT UX Pa3MeEpPOB.

AHogamu cnyxaT (oOpMUPOBAHHbIE N NPECCOBaHHbLIE YronbHble GI0KN, 0BOXCKEHHbIE
B nevax npu koHevHon TemnepaType 1100-1200 °C. MNocne ob6xura aHO4OB B HUX MOHTUPY-
l0TCS aHogogepXaTenu, B KOMMEKTe C KOTOPbIMU OHM NOCTaBMAATCS B KOPMYC 3f1EKTPOnn-
3a. AHOObl NPUCOEONHAKTCH K aHOOHbIM LUMHAaM C NOMOLLbIO aHododepXaTeneun, antoMmuHu-
eBag LUTaHra KOTopbIX NPWXMMaeTcsa cneynanbHbIM 3aXKMMOM K LUKHE, a cTanbHas (Hunnenwm)
3aKpennaeTca B HUMMEmNbHbIX rHe3fgax 6roka C NOMOLLBK YyryHHOW 3anuBku. [ns nepeme-
LLIeHNA aHOL4HOro MaccuBa Ha 3NeKTponm3epe NMeeTcs NOAbEMHbIA MEXaHU3M.

YkpbiTne anektponusepa OA npegHasHayeHo ansa cbopa v yaaneHus obpasyromnxcs
BpeOHbIX BellecTB. [a3bl HAaNpaBnsTCA Ha ynaBfvMBaHWE LEHHbIX KOMMNOHEHTOB U pereHe-
pauuto ptopconen. Ha pucyHke 2.11 npefcraBneHa KOHCTpyKuus anektponmsepa OA.
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PucyHok 2.11 — Onektponuaep OA:
1 — aHogHas WuHa; 2 — kaTogHoe ycTponcTBo; 3 — OA; 4 — aHogHble WTaHru; 5 — aHoaHas pama;
6 — CTBOPKM YKpbITUSA

2.4 lluteMHoe Nnpou3BOACTBO

OcHOBHOE Ha3Ha4YeHne NUTENHbIX LIEXOB antoMUHUEBLIX 3aBOA0B — NPUEM antoMUHUS-
cbipua 13 KOpnyCcoB 3MeKTPonun3a, ero nepepaboTka 1 BbiMyCK TOBApPHOW NPOAYKLMMN.

JInTenHble oTAENEHN BXOOAT B COCTaB BCEX AEMCTBYIOLNX antOMUHMEBBIX 3aBOJ0B U
BbIMYCKaOT antOMUHMEBLIE YYLIKA pPa3HbIX TUNOPa3MepoB, nnockue, T-obpasHble N LNNUH-
ApVYecKne CrnTKu, KaTaHKy, arltoMUHUEBbIE CNiaBbl pa3HbIX MapoK.

CxeMa TexHOnorm4yeckoro npouecca nNpon3BoacTea antoMUHUEBOW NPOAYKLMU Npeay-
cmaTpuBaeT onpeeneHHy nocnefoBaTenbHOCTb. XKUOKMA antoMUHUA-ChIPEL, N3 KOprnycoB
3NeKTponm3a noctynaeT B NMIMTENHLIN LIEX B cneumanbHbIX KOBLUAX U 3anMBaeTCsa B MUKCEPHDI,
roe NpoMcxoauT NpUroToBreHne pacnnaea. [nsa goBegeHnsa pacnnaea B MMKCepe 0O 3adaH-
HOro0 XMMMYECKOro cocTtaBa MPOBOAATCSA onepauun dornocoBaHUs, OTCTOS U CHATUA LUNaka.
3arem meTann nocTynaeT B pa3gaTOYHbIi MUKCEP, U3 KOTOPOro NpoOBOAUTCA pasnuBKa pac-
nrasa Ha NUTENHYIO MaLUWHY NS NUTbS COOTBETCTBYIOLWEro Buaa antoMUHUEBOW NPOAYK-
uuun. FoToBas Kk OTrpy3ke NoTpedbuTenam antoMmMHUEBas NPOAYKUMS HakannMBaeTCa Ha ckna-
Aax, raoe popMmnpyroTca TpaHCNOPTHbIE NapTUN.

OcHoBHOe TexHonornyeckoe obopyaoBaHue, UCNONb3yeMOE Mpu NOSTyYeHUU antoMmu-
HWEeBOW NPOAYKLNK, N ero onvcaHue npueegeHo B Tabnuuax 2.14-2.15.
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Tabnuua 2.7 — OnncaHne TeXHONOrM4Yeckoro npotecca

OcHoBHOE TeX-
. OTan npouecca .
BxogHoi noTtok BbIxogHoM NOTOK Homnorn4yeckoe 3AmMunceuu
(mnoanpouecc)
obopyaoBaHue
MbiNb HeopraHu-
MpurotoBneHne yeckas B aTMO-
AntoMnHMN- acrnsaea 3a- cdepy. Lnak
P Pacnnas Mukcep depy
cbipel, dntochl JAaHHOro xmmmye- antoMmnHus —
CKOro cocTaBa TBEpPAbIN 0TX0A
Ha nepepaboTKy
Mbinb HeopraHu-
Mopayva pacnna-
Pacnnae 5a Pacnnas Mukcep yeckad B aTMO-
cepy
. [Nbinb HEOpraHm-
AntoMmnHmneBas JlutenHas mawm- P
Pacnnas JlIntbe pacnnaea yeckasi B aTMO-
NpoAyKums Ha
cepy

Tabnuua 2.8 — OcHoBHOe obopyaoBaHue

HanmeHoBaHue
obopynoBaHus

HasHayeHune obopygoBaHus

TexHonornyeckue xa PaKTeEPUCTUKN

Mukcepsbl

MpuroToBneHve pacnnaea, noaaep-

XaHWe ero 3afjaHHoW TeMnepaTypbl,

nodada pacnrnaBa Ha NUTeHyo Ma-
LLINHY

OnekTpu4eckne oTpaxartenbHble ne-
4yun. EMKkocTb MukcepoB — 15-60 T.
Bpems 3anuneBkn — go 1,5 4. losege-
HWe pacnnasa 40 3a4aHHOro Xumu4ye-
ckoro coctaea — Ao 1 4. dnrocoBaHue,
OTCTOWN, CHATUE WNnaka—a0 1y

NntenHasa ma-
wmHa

dukcauma nUTenHom ocHacTku, dop-
Moob6pasoBaHme NnUTbs

O6opynosaHa nynbTamu ynpasneHus
OCHOBHbIMW NapameTpamu (Temnepa-
Typa MeTanna, CKOpoCTb NNTbS, AaB-
NeHne B CUCTEME U pacxof oxra-
Xgatowen soabl). lNogrotoBka nutemn-
HOW OCHAacCTKN K NuTbio — a0 1 4. OT-
nuBKa cnuTkoB — B cpegHem 1,15 4

2.5 npOM3BOACTBO TeXHN4YeCKOro KpemMmHus

Modzomoeka cbipbs

KBapuuT noctynaeT B cknafbl Cbipbs MO Xenes3How Aopore B nornysaroHax. MNogava
NnoslyBaroHOB B CKNag M MX MaHeBp OCYLLECTBASTCA C NOMOLLbIO TennoBo3a. Paboyune oT-
AerneHust NoAroToBKM NPOmM3BOACTBa C NOCAAOYHOrO0 MOCTOBOIrO KpaHa OTKPbIBAKOT JHOKU MNO-
NyBaroHOB, U KBapuuT pasrpy>kaeTcs B NPUEMHbIE TpaHLLEen cknaga. 3akpbiTUe fOKOB Mosy-
BaroHOB NPOU3BOAUTCA C NOMOLLbIO Terbdepa, yCTaHOBNEHHOro Ha nrowazke nocago4Horo
KpaHa. KBapuuT 13 NnpuémMHbIX TpaHLLen rpendepHbIM KpaHOM neperpyxaeTcs B 3aKpom Ans
XpaHeHus KBapumTa.

KBapuuT 13 3akpoma C NOMOLLbIO rpendepHOro KpaHa nogaétcsa Ha peléTky byHkepa
KBapumuTa cknaga cblpbs ¢ a4venkon 200x200 mm. U3 ByHkepa Cbipbsa KBapuuT nutaTenem
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nogaérca Ha rpoxot 'MJ1-32, roe knacc -20 MM nogaétcs Ha nnoLwlagky CKrnagnmpoBaHUs
OTCeBOB, a krnaccbl ot +20 go +100 mm nocTynatoT B copToBble OyHKkepa kBapuuTta. B 3aBu-
CMMOCTW OT BMOA WUCMONb3yeMOro KBapuuTa Kracc KPYNHOCTU MOXET U3MeHATbed. [Ons
ynaBnuBaHUa MeTaniMdeckux npeameToB Hag NEeHTOYHbIM KOHBEWepOM YCTaHOBIEeH Mmar-
HUTHBIN cenapartop.

HedTaHOM KOKC NOCTynaeT Ha cknag Ccbipbs B norysBaroHax. Pasrpyska nponsBoguTcs
nogobHO pasrpyske KBapuuTa B MpPUEMHble TpaHWeWn ANA BbIPY3KM HeMTAHOro Kokca.
HedTAaHOM KOKC U3 NPUEMHBIX TpaHLLEN rpendepHbIM KpaHOM MeperpyXxaeTca B 3aKpom A5
XpaHeHus. HedpTAaHOM KOKC 13 3akpomMa rpendepHbIM KpaHOM NodaéTcs Ha peLueTky byHkepa
BOCCTAHOBUTENS cknaga cblpbs ¢ a4venkon 200x200 mm. HedTaHOM KOKC noaBepraeTtcs
APOGNeHnto 1 rpoxodeHnto 0o kracca 5-20 MM M MO TPaHCMOPTHOM CUCTeMe nopaeTca
B copToBble ByHKepa, knacc -5 MM nogaetcs B ByHkep oTceBa, OTKyda NpoUCXoguT peanu-
3auma notpebutento. Pasmep KyckOB BBOAMMOIO B LUMXTY HEQPTAHOIo kKokca — oT 5 Ao 20 mm.
C uenblo OOCTUXKEHNA ONTUMAanbHOMO 3NIEKTPOCONPOTUBIEHNS U PEaKLUMOHHOM CNOCOBHOCTU
NOArOTOBMEHHbIN 115 BBEAEHWS B LUNXTY HEPTAHOM KOKC LOMKEH coaepXaThb:

— OCHOBHOTO Kkracca (dppakumm) 5-16 mm He meHee 85 %;

— OCHOBHOTO Kkracca (dppakumm) 16—20 mm He 6onee 15 %;

— (ppakuum -5 mm gonyckaetcs He 6ornee 5 %;

— Hanuyune gpakumm +20 MM He JonyckaeTcs.

Mpn oTcyTCTBUM peanu3aumm oTceBa HETAHOrO KOKca AOMyCKaeTCA BBeAEeHWe ero
B LLUMXTY, MUHYSI CTagMI0 IPOXOYEHUS.

[peBecHbI yronb NOCTynaeT B CkNaj Cblpbs Ha aBTOTPAHCMNOPTE, B KPbITbIX BaroHax
N nonyBaroHax no enesHon gopore. [IpeBecHbIN yrosnb U3 Xene3HoO4opPOXHbIX BaroHOB pas-
rpy>kaeTcsi C NOMOLLBbIO MHEBMOPA3rPY34YMKOB. YTOSlb U3 MPUEMHBIX TpaHwen rpendepHbiM
KpaHOM neperpyxaetcsa B OTCeK Ans XpaHeHus. [JpeBecHbINn yronb, NOCTYNMBLUNA Ha npea-
NpUsiTUE B aBTOTPAHCMOPTe, pas3rpyxaeTcs B CKrage Cbipbsi B OTCEK UMM B COPTOBbIE ByHKe-
pa.

[peBecHbI yronb nNpu OAUTENBHOM XPaHEHUW B KOHTAKTE C KUCNOPOAOM BO3Ayxa
CrnocobeH OKUCNATBLCA, U BblOeNsoLWeecs npyu 3TOM TENAo MOXeT NPUBECTM K cCaMOBO3ropa-
HWIO apeBecHOro yrns. MNoaToMy ycTaHOBMEHa criegylowasi cxema XpaHeHusa n nepepaboTkm
APEBECHOrO YINs: pasrpyXeHHbIN Ha cKnagax Cblpbs APEBECHbIN Yroflb XPaHUTCA B OTCEKe
obbémom He 6onee 500 M3 B TeuyeHue 7 CyTOK, Jariee OCyLeCTBMAETCAa paBHOMEpHasi no-
Aaya B NpomsBoAcTBo. [Mpy obHapy>keHUn oyara camoBO3ropaHus ApeBeCcHOro yrns Heobxo-
AMMo aencteoBaTb B cooTBeTcTBUM C [NJTA.

[peBecHbIn yronb TPaHCNOPTUPYETCA MO TOW >XE& TEXHOSIOrMYEeCKOW JIMHUMK, YTO
N HEPTAHOWN KOKC, HO ApOBnIeHNo He noaBepraeTcs.

KameHHbI yronb noctynaeT B CKfadbl Cbipbs B NofyBaroHax. Pasrpyska npov3BoauT-
csl NogobHO pasrpyske KBapuuTa B npefHasHayeHHble ONA KaMeHHoro yrnga TpaHwewn. Ka-
MEHHbIN Yroflb U3 NPUEMHbIX TPaHLIEN rpendepHbIM KpaHOM Mneperpyxaetcs B OTceK Ans
XpaHeHus.

KameHHbIn yronb nepepabaTtbiBaeTca MO TOW XXe TEXHOMNOTMYECKOW FMHUK, YTO
N HedpTAHOM KOKC. [Npn NOAroTOBKE K NPOM3BOACTBY KaMeHHbIN yronb noasepraetcs apobne-
HUIO U pacceBy. KameHHbIM yronib knacca 5-25 MM no TpaHCNOPTHOW CUCTEME MnoAaeTcs
B copToBble ByHkepa, knacc —5 MM nogaeTcst B ByHkep oTceBa (MM Ha OTKPbLITYH nnoLwiaj-
Ky), OTKyZa npoucxoauT peanunsauus notpebutento.
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[peBecnHa TexHonornyeckass noctynaer Ha LeHTpanbHbIM ckrag B nosiyBaroHax
n aBToTpaHcrnoptoMm. C LleHTpanbHoro cknaga 6anaHcbl KOHCONbHO-KO3M0BbIM KpaHOM, 06opy-
AOBaHHbLIM rpendepom reca, nogarTcs Ha pasobwmtens 6péeeH. C paszobwmutens 6peseH b6a-
naHcbl NogarTcs Tonkatenem Ha nutatens pyéutensHon MawwmHel UTC —1000-2N. Lena koH-
BENEPHbIM TPAHCMOPTOM 3arpykaeTcsa B COPTOBble ByHKkepa 403MPOBOYHOro otaeneHuns. Pasve-
pbl BBOAMMOM B LUNXTY Lwenbl — 20x80%60 mm, meHee 20 mm gonyckaeTcs He 6onee 5%.

Pasrpyska u pasmelleHne anektpogoB auametpoMm 1205 MM  ocyuwecTsnseTcs
Ha cneumanbHbIX NoAcTaBkax. XpaHAT 9NeKkTpoAbl B ynakoBaHHOM Buae Ha LleHTpanbHom
cknage.

Pacuem wuxmosbix Mamepuarnos

PacyeT WnXTOBbIX MaTepuanoB BeAeTCs Ha OAHY HaBECKY LUMXTbl, kBapuuTa 450 kr.
[lnsa pacyeToB MPUHAT KO3hPUUMEHT nepecyeTa KBapumta, pasHbii 0.4, nokasbiBaoLLUN,
4YTO ANna BoccTaHoBneHus 1 kr keapuuta Tpebyetcsa 0.4 kr TBepaoro yrnepoga. TeopeTtuye-
CKMM pacyeT HaBecku BedeM npu u3bbiTke TBepporo yrnepoga — 110 %. CopepkaHue
TBEpOoro yrrepoaa B BOCCTaHOBUTENSAX pacCyMTbiBaeTCcs No oopmyne:

(100 -W) — (A+V)
B 100 ’

C

roe: W — cogepxaHue snaru, %

A — cogepxaHue 30nbl, %

V — cogepxaHue netyunx sewects, %

CopepxaHue TBepOoro yrnepoga B BOCCTAHOBUTENSAX MPUHSATO:

— B gpeBecHom yrne — 0.7 eq.;

— B Konymbumnckom kameHHom yrne — 0.55 en.;

— B Ka3axckoMm kameHHom yrne — 0.48 eq.;

— B KaMeHHoM yrne w. JinctesikHasa — 0.53 eq.;

— B 6ypom yrne — 0.34 eq.;

— B HedbTsiHOM Kokce — 0.86 en.;

—B wene — 0.1 en.

COOTHOLIEHNE KOMMOHEHTOB BOCCTAHOBUTENEWN B HABECKE LUNXTbl YCTaHaBNMBAET M
N3MEHSIET rMaBHbIN MeTannypr, pykoBoACTBYACH NfiaHOM NPOU3BOACTBA.

MNpumep pacyerta:

Ksapuut 450 kr x 0,4 = 180 (kr yrnepoga — 100% n3bbiTKa); B nepecyeTte

pacyeT BoccTaHoBuTeneun ¢ n3bbitkom 110 % yrnepon — 198 kr.

YcTaHoBneHa HaBecka:

— KONMYECTBO KaMEHHOrO Yrns B HaBecke — 7,2 (Kr yrnepoga), B nepecyete = 15 «r;

— KONM4YeCcTBO KONMyMBUNCKOro kameHHoro yrns — 112,75 (kr yrnepoga), B nepecyeTte =
205 kr;

— KONU4YeCcTBO HedpTAHOro Kokca — 25,8 (kr yrnepoga), B nepecyete = 30 kr;

— KONNYeCTBO ApeBECHOro yris B HaBecke — 35 (kr yrnepoaa), B nepecyete = 50 Kr;

— KONUYeCTBO LWenbl B HaBecke — 17,25 (kr yrnepoga), B nepecyete = 172,5 kr.

N36bITOK TBEPAOrO yrnepona B HaBeCKe:

_ 0,7x0p.y2on6+ 0,86 x n.koxc + 0,55 x k.y2on6+ 0,1 x wena

C %.

me

0,4 x keapyum
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LlosuposaHue wuxmosbix Mamepuarsios

B [03MPOBOYHLIX OTAENEHUSX INEKTPOTEPMUYECKUX OTAENEHUN NPUMEHEHbI ABa
NpUHUMNA aBTOMaTU3NPOBAHHOIO A03MPOBAHNSA LLUMXTbI: MOPLMOHHLIA U HENPEPLIBHbIN.

B nuHUM nopuMOHHOIro A03MPOBaHUS YCTAHOBMNEHbBI NOPLVNOHHbIE 403aTOpPbl, COOPHbIV
NEHTOYHbIN KOHBeKrep u wnbep. JInHNA HenpepbIBHOrO 4O3MPOBAHNA COCTOUT U3 NIEHTOYHbIX
[03aTOPOB OUCKPETHOIO AENCTBUSA N Takke COOPHOro NIEHTOYHOro KoHBenepa u wubepa.

PaboTta A03MPOBOYHbBIX NUHUIA OOSMKHA PerynmpoBaTtbCca Tak, YTobbl o6ecnevmBanoch
3aaHHOE COOTHOLLEHME KOMMOHEHTOB LUMXTbl U KaXabl nocneaywowmuin matepuan, no aABu-
XXEHUI0 NeHTbl COopHOro KOHBEWepa, HaknaapiBancs Ha npeablayLwmim, no Bcen ero anvHe. B
BMAE «CNOEHOro nupora» LnxXTa nocTynaeT B rMaBHbIA KOPMyC, rae peBepCrBHbIMU KOHBEN-
epamMmu pacnpeaensieTcs no neyHolM GyHkepam.

KOHTpOonb TOYHOCTM paboTbl BECOBLIX 403aTOPOB obecneymBaeTcss nepmoamyeckumMmm
KOHTPOSbHbIMX B3BELLUMBAHUS CTaHOAPTHbIMK rpy3amu 1 pa3 B Heaento n nokasaHusiMu Be-
coBoro OyHkepa B COOTBETCTBUWN C PErfIAMEHTOM MO BbINOMIHEHUO KOHTPOJSIbHOIO B3BELLMBA-
HUSA. Pe3ynbTaTbl KOHTPONS OUKCUPYIOTCS B XXypHane NpoBEPKM BECOL03aTOPOB.

KoHTponb Hag NpaBunbHOCTBIO 3KCMyaTauumn n paboTon BECOBbIX 403aTOPOB OCYLLECTB-
nsetca cnyxbon KUMWA, cnecapem OO3MPOBOYHOrO OTAENEHUss U cTtapwmMm mactepom ITO.
Cnyxba KUIMWA 1 cnecapu JO3MPOBOYHOrO OTAENEHNST 06A3aHbl €XXeCyTOYHO NpoBepsTb paboTy
[03aTOPOB U MPUHUMATL CPOYHbIE MepPbI MO YCTPaHEHUIO OBHaPYKEHHbIX HE4OCTaTKOB.

Mpn oBHapyxeHun OTKNOHeHU B paboTe A03aTOPOB HEMESIEHHO BbI3blBaeTCH cre-
ynanuct cnyxobl KUMWA. 3a TOYHOCTb B3BELLUMBAHMS U COCTaB LUMXTbl HECET OTBETCTBEH-
HOCTb WKnXTOBLUMK. OH XXe BeOeT y4eT pacxoda LUMXTbl, NOCTynawLen 3a CMeHy Ha neyn. Ha
OCHOBAHUWN OaHHbIX LMXTOBLUMKA CTapLUMKA NMaBUMbLUUK PETMCTPUPYET B NMEYHOM XypHarne
pacxop LMXTOBbIX MaTtepmnarnos.

BoccmaHosrieHue KpeMHus 8 nevu u eedeHue rnasku

TexHN4YecKnn KpeEMHUA BbINNaBnseTcs B pyAHOTEPMUYECKUX AYroBbIX Neyax npu He-
NPepbIBHOW 3arpy3ke LUMXTOBbIX MaTepuarnos 1 NEpPUOANYECKMX BbiNyCKkax MeTansna u wnaka.
O6cnyxuBatowmin nepcoHan BefeT nepuoanyeckyto obpaboTKy KOMOLWIHWMKA, MOCTOAHHOE
HabnogeHne 3a paboTon neyun, ee oOOpPygoOBaHMEM, MEXaHW3MaMW, MOKa3aHUAMMU KOH-
TPONbHO-U3MEPUTENBbHLIX NPUOOPOB M NPUHUMAET CBOEBPEMEHHbIE MEpPbl MO YCTPAHEHUIO
NPUYMH, HApYyLLAKOLWMX XO4 NeYMn.

KpemMHuin, 06pa3oBaBLUMINCS B HWXHUX FOPU3OHTAxX BaHHbI MeYn, B pacniiaBfieHHOM
COCTOSIHMM cOBMpaeTcsa Ha NOAMHE BaHHbI MEYN U NO MEPE HAKOMIEHUS BbiMyCKAeTCsl B KOBLU
NN N3NOXHULLY.

HopManbHbIN X04 neYn xapakTepmusyeTcs Crieayowmmmn npusHakamm:

— paBHOMEpPHOE BblAeneHne rasoB MO BCEW MOBEPXHOCTU KOJOLUHMKA MEeYn, OTCyT-
CTBME MOTEMHEBLUMX CMEKLIMXCSA Yy4acTKOB, OTCYTCTBME MECTHbIX BblAENeHu rasoB («CBU-
Len»);

— pPaBHOMEPHbLIN CXO4 LUNXTbl NO BCEW aKTUBHOW MOBEPXHOCTW KOSOLLUHMKA M MO KOHY-
cam BOKpYr 3IIEKTPOAOB, OTCYTCTBME MPOBANOB B LIEHTPE Meyu, COOTBETCTBME KONUYECTBA
3arpy>xaeMomn LnxXTbl pacxony aNekTposHeprun. B LeHTp BaHHbI nevn 3arpyxaetca 25-35 %
BCEW 3arpy’>KeHHOWN B NeYyb LNXThbI;

— ycTon4mBas 1 rnybokasi nocagka afeKkTpoaoB;

— poBHas, 6e3 3Ha4YNTENbHbIX OTKITOHEHU OT 3afaHHOW, ANeKTpuYeckasl Harpyska Ha
anekTpogax;
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— perynsapHbii BbIxo HebonbLLOro konuyecTsa wnaka (3—7 % oT KonuyecTea BbIMyc-
KaeMoro KpeMHus);

— paBHOMEPHbLIN MO BbIMyCKaM BbIXOA4 KPEMHUS; B KOHLUE BbiNyCka W3 NETKA LOSKHO
BblOMBaTbLCA Niams CBETNO-XENTOro UBeTa.

HopMmanbHbIN X04 neyn 3aBUCUT OT:

— (PM3MKO-XMMMYECKOTO, rPaHyNTIOMETPUYECKOro cocTaBa, KayecTBa MOArOTOBKM U [0-
3MpOBaHNSA LLMXTOBOIO MaTepuana,

— Ka4yecTBa (NpaBUibHOCTN U CBOEBPEMEHHOCTM) 3arpy3kn LLUMXTbI B NeYb 1 ee obpa-
BOTKM Ha KOMOLLUHUKE neyn;

—- 9NEKTPUYECKOrO pEXNMA;

— pexunma paboTbl aNEeKTPOOOB;

— COCTOSIHUA NETKW;

— KayecTBa 0bCcnyXnBaHusi NeYHOM YCTAHOBKM NEPCOHAN0OM.

3azpy3ka wuxmel 8 reyb

3arpyska LUMXTbl Ha KOMOLUHUK NeYu Npou3BOaUTCS paBHOMEPHO, HebonbnmMu nop-
UMAMKM, C TakKMM pacyeToM, 4YTobObl YpOBEHb KOMOLUHWKA OCTaBariCid NOCTOSHHbIM. Bokpyr
Kakgoro anekTpoga noaaepKmBaeTcsl KOHYC LWKMXTbl. KOHYCHOE pacnonoXeHue LWnXTbl BO-
KpYr 9NeKTpoAoB yBENMUMBAET CONPOTUBIIEHME BbIXOAY ra3oB OKOSIO 3NEKTPoAoB, NpedoT-
BpaLLaeT Cy)XeHune TUrns, co3gaeT YCrnoBus Asi COXpaHEeHMs Tenna n paBHOMEPHOro Bbige-
NEeHNsI Ta3oB MO BCEW aKTUBHOM MOBEPXHOCTU KOMOLIHMKA. BbicoTa KOHYCOB AOSmMKHa ObiTb
400-500 MM OT BepxXHEro cpesa BaHHbI NneYu.

Mpw BpalleHUn BaHHbI HEOOXO04MMO NPOBOAUTL M3BMpaTenbHbIN Noaxoa kK obpaboTke,
yunTbiBasi, 4TO Npu HaberaHUM BaHHbI Ha ANEKTPOS B KOSbLEBOM 3a30pe TUrNSA BO3HUKALOT
30Ha crekaHns 1 30Ha XOPOLUEero CXo4a LUNXTbl C MPOTUBOMOMOXHOW CTOPOHbI.

3arpyska LUMXTbl AOSMKHA NPOM3BOANTLCA Yepe3 TpyboTeukn, KoppekTupyowmx goda-
BOK — 3aBasfiodHOM MaluMHOW. KonmyecTBO 3arpy>KeHHOW LUMXTbl AOSMKHO COOTBETCTBOBATb
pacxofny anektpoaHeprum 1 Toic. KBT4 Ha 190-200 kr kBapuuTa. 3arpys3ka WWXTbl B MNeyb
AOMKHa NPOM3BOAUTLCA paBHOMEPHO Hebonblwmmu nopunsaMmmn no 200-220 kr unn obbvem
0,7%x0,7x0,7 m c kaxgon TpyboTeukn. [na ynyyweHus paboTbl neyn, obecneyeHns paBHO-
MEPHOWN ra3onpoHMLIAEMOCTH, YNy4LLEHNS CXxo4a LWNXTbl, YCTPaHEHUS CBULLEN NPOU3BOAUTCA
obpaboTka KOMOLWHMKa OMMKOBOYHOM MalumHon. OBpaboTka KOSMOLWHMKA OOSMKHA MPOU3BO-
ANTbCS OMMKOBOYHON MAaLUWMHOW NyTeM BbINOMIHEHUS MOCTynaTeNbHbIX, NPOKanbIBaloLWMX KO-
HYC LUMXTbl ABWXEHUIN Xepabto. [pokanbiBaHme WnXTbl OCYLLECTBNAETCA OT OCHOBAHUSA KO-
Hyca K 3nekTpody C paBHOMEpHbIM nogrpebaHnmemM LIMXTbl B KPYroByH K Teny arekTpofa.
Ob6paboTka KOMOLHMKa AOMMKHA NPOU3BOANTLCS C NEPUOANYHOCTBIO HE MEHEe YeTbIpex pas
B vac.

Bnarogaps Takon o6paboTke cnekwascs WwuxTa paspbiXNSeTca Ha MerKuMe KyCKM,
He paspbliBas KOMOLIHMKA, XOPOLLO 3anofHAsa WwaxTty Turng. Heobxoanmo noMHUTBL, YTO ca-
Mon BonbLUOW Oonen NoTepb ABMSETCS noTepsa Tenna ¢ otxoadawmmu rasamm 20 + 22 %
N, Kpome 3Toro, BoiHOCUTCSA B Buae MoHookmcu 20 + 30 % kpemHusa. B cnyvae nsbbitka nnm
HeJocCTaTKa yrnepoja B LUMXTE MPOM3BOAUTCS OTAava KOPPEKTUPYIOLLE HABECKN LUNXTbI Ha
KOMOLLHUK neYvn («TSHXenom» — ¢ NOBbILEHHbIM COAepXXaHWeM KBapuuTta, «J1Erkom» BocCCTa-
HoBuTens). Bce koppekTupytowmne fobaskun, nogaBaemble B Mneyb, oTpaxarTcs B NEeYHOM
XypHane c ykazaHueM BpeMeHU OTAaun KOPPEKTUPOBKM U MeCTa OTAAuM.

64



UTC 11-2019

Pexxum pabomsi annekmpodos

[na obecneveHns Hagnexallero xoga TEXHONOMMYECKoro npouecca Heobxoammo obec-
NeYnTb PaBHOMEPHOCTb Mepenycka aneKTpoa4oB U MX ONTMMAarbHO YCTOMYMBOE MOrpyXeHue
B TUrNax. [AnvHa paboyunx KOHUOB 3NEKTPOAOB A0MMKHA cocTaBnaTb 2500—-3200 MM (OT HUXKHEro
o6pe3a KOHTaKTHbIX LLEK A0 HWXKHEro KOHLA 3MekTpoAa) npu HWKHEM MOSMOXKEHUN KOHLIEBOrO
BbIKMto4aTensa maHespa. [ns nogaepaHnsa NOCTOSIHHOM AfNMHbI AneKTpoaa no Mepe ero cropa-
HMS NpPoM3BOAMTCA nepenyck. Nepenyck anekTpoaoB NPOU3BOAMTCA CTapLUUMM MIaBUMbLLMKOM
neyn (3BEHLEBLIM) NIMYHO C COBMIOAEHNEM CreayoLmx TpeboBaHW:

— pacxoq, akTUBHOW 3MEKTPO3HEPrMn Mexay nepernyckamu OOoSmKeH cOoCTaBnATb 35—
45 MBTY npu Benu4dnHe nepenycka 50 mwm;

— NONOXeHWe anekTpoaoaepXaTensa A0/MKHO ObiTb He Bblle CpeaHero Mexay KoHue-
BbIMM BbIKNOYaTENSIMN MaHEBPA;

— HanpsKeHue Ha nepenyckaeMoM 3reKTpoae OOMKHO cocTaBnAaTb He meHee 100 B;

Ansa nsberaHns TepMUYECKUX HaNPSXXEHUN BENMYMHA pa3oBOoro nepenycka JoMmKHa Cco-
ctaBnatb 25-50 mm.

3amep paboyero KoHLa 3MeKTpo4oB NPOM3BOAMUTCSA HA HOpMarbHO paboTatoLen neum
Nno yKasaHuo cTapLlero macrepa, npu otknodeHun Ha MNP v npn npogomkuTenibHOM pac-
cTponcTBe neyn. PacyeT anuHbl paboyero KOHLA OCyLLEeCTBNSAETCS Ha OCHOBaHWUW npeablay-
LLlero 3amepa, BENIMYUHLI Nepenycka U CbémMa anekTpoaHeprnn. Npu HeobxoaMMoOCTM NPoun3s-
BECTU YBENUYEHNe ANUHbI SNEeKTPOoaOoB, 3adaHne Ha (POpPCUPOBaHHLIN Nepenyck gaeT crap-
LM MacTep.

[Mepen oTKNOYEHMEM MeYn Ha NNaHoBO-NpeaynpeavTenbHbIN PEMOHT NepenycKk arnekx-
TPOAOB U CHUXEHWE MOLLHOCTU NPOU3BOAATCSA TOSMIbKO B COOTBETCTBUM C rpacoMKoM, BblaaH-
HbIM cTapwmnm mactepom OTO.

B ucknountenbHbIX criyyasax npu AAvHHbIX 3NeKTpogax unv rinybokom 3akBapLeBaHUn
neun genaetcsa obpaTHbIN nepenyck anekTpoaos. PaspelleHne Ha obpaTHbI Nepenyck Bbl-
AaeT aupektop no npoussoactey. O6paTHbIM Nepenyck NPOM3BOAUTCS TOMBKO NPU 3aKPbITOM
BEHTMNE Nogayn BoAbl B CUCTEMY MMOPONPUKMMA KOHTAKTHbIX LLEK Nog HENOCPEeACTBEHHbLIM
PYKOBOLCTBOM MacTepa CMEHbI.

Bbinyck KpemMHusi

Bbinyck KpeMHUs Npon3BoaMTCA NEPUOLMYECKM UNN HENPEPLIBHO B KOBLU C Nocneny-
IOLUM pachHUPOBAHNEM W PA3NMBKON B U3NOXHULBI. JleTka neun gomkHa UMeTb npaBub-
Hyto (Kpyrnyto) dpopmy n pasgensiBatbcs go anametpa 120-180 mm ¢ Tem, 4Ttobbl obecne-
YNTb MOSHbIA BbIXO4 KPEMHMS, LUNaKa U UMETb MMHUMarbHbIE TENNOBLIE NOoTepU. BekpbiTue
NeTKN NPOU3BOAUTCH AMEKTPUYECKOW AYron, ropsilen mexay rpacdutMpoBaHHbIM 3NEKTPO-
aom (9100 mm) npoxxmMroBoro annapaTta U CBo4OM feTku. B Havyane Bbinycka oTBepcTue ae-
naetca Hebonbwnm C uenbio nsberaHnss GypHoro Bbixoda KpemHus. Bo Bpemsi Bbinycka
N 0COBEHHO B KOHLIE ero ans obecnevyeHns Bbixoda Lufaka U KpeEMHUSA neTka LypyeTcsa ae-
PEBAHHON Cyxon xepabto. Ecnn kaHan neTku wnakyeTcs, BbIXo4 KPEMHUA U LWNaka 3aTpya-
HEeH, TO NneTka NPorpeBaeTCs ANEeKTPUYECKON OYron MpoXMroBoro yctpoucTtea. B koHUe Bbl-
Mycka NETOYHbIN KaHamn OuvMLiaeTCcs OT Lfaka M 3aCTbIBLLUEr0 KPEMHUS C NPUMEHEHMEM arl-
napaTa gnga npoxura neTku.

3aKpbITVe NeTkn NpPou3BoaMTCA NpU NMOMOLLM KOHYCOB (BpUKETOB) U LLAPUKOB U3 MNK-
Hbl. JTIeTOYHbIN KaHan JormkeH 6bITb 3akpbIT Ha rybuHy He meHee 200—-300 MM 3a rpaHuLEen
CBOAMKA, NMpK 3aKkpbITUX UCNONb3yeTcs TpamboBka AnvHOM 4—6 M. 3anpeluaeTcs nepekpbl-

65



UTC 11-2019

BaTb NIETOYHbIN KaHan Ha ypoBHe cBoauka. JIoTok CNMBHOrO ernoba MeHseTcs He pexe oa-
HOro pasa B CyTKM, a Takke npu HEOGXOAMMOCTM B Criyyae 3alunakoBaHus, paspyLieHns unm
yCTaHOBKM cBoguka. B crnyyae 3HauntensHoro ysenuyeHusa anametpa néeétkn (250—-300 mm),
a Tawkke HapyleHUa BHYTPEHHEW MOBEPXHOCTU YrofibHOM (PyTEepOBKW NETOYHOro KaHana,
Heobxo4MMO: pa3xeyb NETKY, yAanuTb U3 NETKM LWIak, 3aKpbiTb €€ KOHYCOM M3 3NEKTPOAHOM
Maccbl U1 HAbUTb NeTKy aNeKkTpoaHOM Maccon. Ha cnefyrowem Bbinycke neTka npoxuraercs
[0 HOpManbHbIX pa3MepoB. BoccTtaHoBreHne dyTepoBKM NETOYHOro y3na npousBOAUTCH
npwn ycTaHOBKE CBOAMKA He pexe ofHoro pasa B 12-15 gHen B npucyTtcTBum Bpuragmpa ne-
4yn. 3ameHa KopeHHOoro 6rioka NnpoBoaMTCH NS YCTpaHeHUs noacoca Bo3gyxa M BOCCTaAHOB-
NeHns yrofibHON (byTepoBKM NETOYHOro y3na BO BpeMsi NNaHOBO-NpeaynpeanTernibHoro pe-
MOHTa Nneuyw.

lMepen BBOAOM KOBLUEW B aKCMfyaTaumio Heob6XoAMMO NPOU3BECTU pas3orpeB U 0OXur
dyTepoBkn. OBXUr yTEpOBKM U pa3orpesB KOBLUA BeAEeTCs C NOMOLLbIO TOMMMBHOW ropenkn
B TedeHne 5-7 yacos. [locne nporpesa go temnepartypsbl dyteposkn 1000-1100 °C, yTto co-
OTBETCTBYET TemnepaTtype Koxyxa KoBlia Ha pacctostHum 20-50 mm Huxe BaHgaxa B 250—
350 °C, koBL roToB K paboTe.

MporpeTbin KOBLU CTaBUTCA Ha CaAMOXOAHYI TENEeXKy, NpUucoeanHseTcs pykas ans no-
Aavn ckKaToro BO3Zdyxa M 3aKkpblBaeTCsA KpbIWKOW. Bkrwovaetcsa nogadva cxaTtoro Bo3gyxa,
1 C NMOMOLLIbIO NPMBOPOB KOHTPONS ycTaHaBnuBaeTcsa pacxod Bo3ayxa 20—30 Hm3/yac.

Tenexka C KOBLUOM YyCTaHaBfiMBaeTCA nog NeTKy U NpPouU3BOAUTCS BbINMYCK KPEMHUS.
HenocpeacTBeHHO neped OTKPbITUEM FETKM U BbINMYCKOM pacnfiaBa B KOBLU yBenM4YMBaeTCH
pacxof noaasaemoro Ans paduHnpoBaHus cxaToro Bosayxa no 30—60 HM3/uac.

[Ansa npefoTBpalleHnsi nepenmBaHnsa KpeMHUS Yepe3 HOCOK KOBLUA MpU BblkaTbiBAHUK
TENEeXKN C KOBLLUOM, HarnoSIHEHHbIM XWOKAM KpeMHUeM, criefyeT BblAepXuBaTb YPOBEHb
KpemHusi He 6onee 200 mm Jo xenoba CNMBHOIO HOCKKA KOBLUA.

MnaBunbuK 06513aH Nocrne pasnUBKUA KPEMHUSA Y OYUCTKM KOBLLA OT LUMaKa, a Takke
NPUEMKM U COAYN CMEHbI, MPOU3BOAUTL OCMOTP KOBLUA Ha Hannyve HeUCnpaBHOCTU, paspy-
LWeHna pyTepoBKM U Npu oBHapy>XeHUn CTaBUTb B M3BECTHOCTb MacTepa. Mactep CMmeHbl
NPUHUMAET peLLeHne 0 BO3MOXHOCTM AalibHENLEN aKCcnnyaTaumm pasnmBoOYHOro KoBLua.

B Hauane, cepegvHe n B KOHUe Habopa KOBLUA CTapLiMi FOPHOBOW B crneumnanbHbIn
rpacuToBbIN TUrenb oTbmnpaeT Npoby pacnnasa ANS 3KCnpecc-aHanmsa coaepXXaHus npume-
CEeN B pacnrase B TEKYLLEN NnaBkKe.

HopmanbHas npogomkuTenbHOCTbL Habopa koBLwa coctaensieT oT 1 o 3,3 u.

PaguHuposaHue kpemHusi

B npouecce Bbinnaesku kpemHus okucnbl Al203, CaO n gpyrue, cogepxawimecs B Buae
npumecen B OCHOBHOM Cbipb€ W BOCCTAHOBUTENSX, BOCCTAHABNMUBAKOTCS HE MOJSTHOCTLIO.
OcTaBLlumecs HEBOCCTAHOBMEHHbIMW OKUCHbI aritOMUHUA U KanbLuus obpasytoT C KpemHese-
MOM LUS1aKKW, KOTOpble 3anyThiBAlOTCS B KDEMHUWN KaK B BUOE OTAENbHbIX KPYMHbLIX CKOMMEHUN,
Tak U B BUAE MENKUX BKITHOYEHUI.

PadvHupoBaHne KpemHMss B OCHOBHOM MPOBOAUTCH [LONA CHUXEHUS coaepXaHus
anioMUHUSA N KamnbUMa NyTEM OKUCHEHUSI UX KUCITOPOLOM, COAEPXKALLMMCS B CKaTOM BO3aY-
Xe, NponyLeHHOM Yepes pacnnas:

2Al + 1,502 = Al203
Ca + 0,502 = CaO.
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BblaeneHHoe Tenno obecneynBaeT MOBbIWEHWE TemMnepaTypbl pacnnaBa B KOBLUE.
Kucnopoga, BBeAeHHbIN B pacnnaB Yepes nNpobKy B BMAE KMCNOPOAA MMM CXaToOro BO3Ayxa,
04YeHb ObICTPO M 3PPEKTUBHO OKUCIIAET KPEMHUA N CcO34aeT Hag NPoOKON NOPUCTLIN HAKO-
HeYHuK («rpnb»). Hanuumne gaHHoro «rpmba» HeobxoaMmo Ana npefoTBpaLleHust MPsIMOro
KOHTaKTa NpobKn COo LLnakoMm.

lMockonbKky Temnepatypa nnaeneHus Lwnaka coctaensieT 1450 °C, Bbile Temneparypbl
nnaeneHvs kpemHus 1414 °C, u nnoTHOCTb LWnaka 2,8 r/cm3, 4To Bbille MNOTHOCTU KPEMHUS
2,518 T/M3, B )XKMOKOM COCTOSIHUM METKOAUCTIEPCHbIE YaCTULIbI LLIMAaKa NOCTENEHHO KoarynmpytoT B
Bonee KpynHble 1, UMest HECKOIbKO BObLUY0 NIIOTHOCTb, OCeaatoT Ha AHO KOBLLUA.

[na 6onee nonHOro oTAeneHus waka oT pacniaBa KpeMHusa gobusarotca crneayto-
LLlero cocTaga Lunaka:

69% SiOz2 - 18% Al203 - 13% CaO

Bo Bpemsi pachMHMpOBaHMS BO3HWUKAIOT TPYAHOCTM M3-3a BCMMbITUSA LUMaKa, Npu KOTOPOM
OYeHb TPYAHO M3bexaTb ero nepeMeLLBaHns C pacniaBoM KPeMHUSI BO BPEMS pa3nuBKM, U3-3a
yero B KPEMHUM NOSIBMSIOTCS LUMaKoBble BKMoYeHus. LieneHanpaeneHHasi nogaya necka nepepg
pa3nMBKOM MO3BONSIET KoarynMpoBaTb MENKME Kanmnu Linaka Ha 3epHax fecka, koTopble u3-3a
GonbLuen NAOTHOCTU, YEM pacniiaB KPEMHUS!, COEAMHSIKOTCS C AOHHBIM LLAKOM.

B HacTosillee BpeMsi B NPaKTUKE OYUCTKU KPEMHMSI OT NpMMecen KanbLus UCnonbay-
eTcs cnocob nNpoayBKM pacniaBa OKUCIUTENbHbLIM Fra3oM Yepes3 AOHHY NPoAyBOYHY Npob-

Ky (cbypmy) (pmcyHok 2.12):

L' __——Orxeynop

| ol

—— CMeHHaA rMnLaa
- Konbuseol zazop

PucyHok 2.12 — [loHHasa npoayBoyHas npobka (dypma)

MopucTtble npoayBoOYHbIE MPOOKM C KaHanaMmm NPAMOYrofibHOrO CeYeHUs1 NO3BOSISHOT
obecneunTb Npoxoq Yyepes3 NPobKy onpeaeneHHoe N KOHTPONMpyemMoe KONMYeCTBO rasa, yYTo
obecneunBaeT aBToMaTM3aUMo npouecca paoMHUPOBAHNSA KPEMHUSI.

Ona pachuHMpOBaHUS KpeMHUSA UCNOoNb3yeTCs CxXaTblii BO3ayX C AaBrneHnemM 5—6 kr/cm?.

B xopne npouecca padmvHMpoBaHNA 13-3a NpOoTeKaloLWmnX B pacniase KpeMHUs SK30Tep-
MUYECKUX peakUnin OKUCNEHUS B KOBLLE MPOUCXOOMT yBenunyeHve TemnepaTypbl pacrnasa.
[na KoHTpons TemnepaTypbl pacnfnasa B npoLuecce 3arnofiIHeHUs U OTCTOA Ha paduHUpoBa-
HUX MPOUN3BOAUTCH 3amMep TemMnepaTypbl KPEMHUA Yepe3 CIIMBHOM HOCOK C MOMOLLbI MNO-
rPY>KHOM TepmMmonapbl Npu ypoBHe pacnniaBa He meHee 400-500 MM OT BepxXHero cpesa Ko-
Xyxa koBLua. [lokasaHusa pe3ynbLTaToB U3MEpPEeHNin 3annUCbiBalOTCA B KapTy padpMHMPOBaHUS.

OntTumanbHaa TemnepaTypa pacnfasa B KOBLUIe MNpu paduMHMPOBaHWWU CcoCTaBnseT
1550120 °C, 6onee BbicOKkasa TemnepaTypa NpMBOAUT K NOBbLILLEHHOMY M3HOCY OrHEeyrnopHON

67



UTC 11-2019

yTEPOBKM U MOBbIWAET PUCK Mnporapa koswa. [Ona cHwXeHna TemnepaTypbl pacnnasa
KPEMHUSI B KOBLU 3arpy>kaeTcs KyCKOBOM KPEMHWUW, a Takke KBapLeBblW Necok NopunsmMu rno
3—7 kr n obwmm konmnyectsom 20—-80 Kr.

Mpu 3awnakoBaHWM NOAMHbLI KOBLUA A5 Pa3MbIBAHUSA U Pa3XUKEHUS LLNAKOB, OTIIOXUB-
LLUMXCS Ha NoAMHE U CTEeHKax KoBLUA, Nepep, BbiNyCKOM B KOBLL NPOU3BOANTCS 3arpy3ka U3BECTHSA-
Ka B Konudectee 20—40 kr. Mactep cMeHbl Ha OCHOBaHUWM MHpopMauum, NOy4YeHHOM OT cTapLue-
r0 rOPHOBOIO O COCTOSIHUK 3aLUSIaKOBAHHOCTW KOBLUA U aHanM3oB papMHUPOBAHHOIO KpeMHUS,
onpefensaeT KONMYecTBO U3BECTHSIKA ANA 3arpy3ky B KOBLL M AaeT pacnopsikeHue o 3arpyske us-
BECTHsIKa CTapLleMy ropHOBOMY. 3arpy>XeHHbl B KOBLU W3BECTHSIK, BCTYNas B OKUCIUTESNbHYHO
peakumto, cnocobeH NogHUMaTh TemnepaTypy pacnnasa KpeMHUSI.

Mepepn 3arpys3kon B KOBLU KBapLEBbIA NECOK U U3BECTHSK NpeaBapuTesibHO HacbinawT
Ha KPbILKY KOBLUA, NPOrpeBatoT AaHHble MmaTepuarnbl B TedeHne 15—20 MUHYT 1 nocne 3T1oro
NOCTENEeHHO, NOPUMAMM MO 3—7 Kr, 3arpy>atoT B KOBLLU.

Mocne 3anonHeHWs KOBLUA pacniaBOM KPeMHWsI NEeTKY 3akpbiBaloT, KOBLU MepemeLatoT
K OCTbIBOYHOMY NPOEeTy nog BbITSXKKY U NPOJOIKaoT padhvHMpoBaHue B TedeHne 1,5-2 u.

TexHonornyeckaa cxema paduMHMPOBAHUSA TEXHUYECKOrO KPEMHUA NpeacTaBneHa Ha
pucyHke 2.13:

dncel 4NA
obpazoeaHua
winaxka

HNobaeneHue
dnoca

CHATHE ;
Linaka u i
MUTEE

Brinueka

Kucnopona

PucyHok 2.13 — TexHonormnyeckas cxema pauHUpPOBaHUSA TEXHUYECKOIO KPEMHUS

Pasanueka kpeMHusi

PaanvBka KpeMHUs 13 KOBLUA OCYLLECTBASETCA B YYryHHble UM KOMOUHMPOBAHHLIE
N3NOXHUUBI. TemnepaTypa KpeEMHUS B KOBLUE Npu pasnueke OoOrmkHa ObiTb 1430-1450 °C,
npu Gonee BbLICOKOW TeMnepaType YBENMYMBAOTCA XUAOKOTEKYYECTb LWaka M ero nnoxoe
OTAENEeHME OT XNOKOro KpEMHUS BO BPEMS PasfiMBKU NPU NPOYNX PaBHbIX YCIOBUSIX.

KprokoM MOCTOBOro KpaHa KOBLU 3auennaeTcsa 3a TpaBepcy KoBLIA U nepemMeLlaeTcs K
NUHUKN pas3nmBKU KpeMHUA. KoBLL pa3BopayvmMBaeTCH CIIMBHbIM HOCKOM B CTOPOHY WU3ITOXHWL,
N KPEMHUIM pasnmnBaeTca nocnegoBaTenibHO OT OA4HOM U3MOXHULBI K OPYrOn.

Mepea HayanoM pasnuBKM MOBEPXHOCTb U3NOXHUL, AOSMKHA ObITb NOACHINAHA POBHbIM
cnoem otcesa TonwmHon 20—-30 MMm. Ha mecTo nageHus CTpyu yKnaabiBatOTCH KYCKU KpeMm-
HUSA OT Npeablaywunx nnasok pakumnen 200—300 mm B konnyecTee 3—4 LWIT.

Cpasy nocre OKOH4YaHus pasfnuBKM MNepeq YMCTKOW KOBLUA MPOWU3BOAUTCHA OYMCTKA
NpoAyBOYHON NPOBKM NyTeM pe3Koro OTKPbITUS BEHTUMS CXaToro BO3Jdyxa Ha Makcumarb-
HbIN pacxos.
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OuuncTka KoBLIA NPOU3BOAMTCH B OTBEAEHHOM [ns 3TOW onepauuu mecte. Hag wna-
KOBHEWN KOBLL HAKMOHSAETCS HOCKOM B HUXXKHee KpanHee nonoxeHue. Lnak camonponsBonsHO
CTeKkaeT 13 KoBLla B LWakoBH. OcTaTku Wwraka ygansiTcs ¢ NOMOLLbI0 MaLUUHbI ANS YUCT-
kn koBwa (MYK). lNMpn BbINONHEHMM oOnepauMyM NO YMCTKE KOBLUA 3anpeliaeTtcd HaHOCUTb
npsAMble yaapbl MO HOCUKY KOBLUA, TaK Kak U3-3a y4apoB B 3TOM MeCTe MpOoUCXoauT paspy-
lweHne gyTepoBkU. [locrne OYMCTKM KOBLU YCTaHaBNMBAETCH Ha TeNexky Ans TpaHCnopTu-
POBKMN KOBLLUEW, 3aKPbIBAETCHA KPbILWKOW. 3aCTbIiBLUMA HA CAIMBHOM HOCKe LUaK yaansercs C
MOMOLLIbIO OTOOMHOrO MOMOTKA UIM fIOMa NOCMe YCTaHOBKN KPbILLKU.

[na cokpalleHms noTepb NPy pasrnvBKe U3MOXHWLbI YCTaHaBMMBAKOTCH rOPU3OHTasb-
HO, BMAOTHYIO OpYr K Apyry. Yribl U3NOXHUL, a Takke paspylleHHble MecTa noAacblnakTcA
OTCEBOM KPEMHUA.

[na obecnevyeHns MMHMMarbHbIX NOTEPb KPeMHUS pa3bpbi3rmBaHNEM BO BpeMsi pas-
NNBKM HaKIIOH KOBLUA MPOU3BOAAT pPaBHOMEPHO, BblOepXMBasi BbICOTY OT CIMBHOIO HOCKa
KOBLLA 40 NMOBEPXHOCTU U3NOXHULBI He 6onee 150—-300 mm.

Hannume Bnarn (cHera) B M3NOXHWLAX, a Takke MOACLINAHME WU3NOXHUL, BAAXHbIMK
OTCeBaMM KpeMHUS KaTeropmyeckn sanpeLlaeTcs.

3anonHeHne U3NOXHUL, pasnnBaeMbiM KpeMHUEM NPOU3BOLAUTCH PaBHOMEPHO, He A0-
nyckasi nepennuBoB, CIIUTOK MO TOSMLWKUHE A0MKeH ObITb pOBHLIM He 6onee 150 Mm.

B TeyeHue pasnuBKM KpEMHUS M3 KOBLUA B KOMOWMHUPOBAHHbIE U3MOXHULbI NIaBuib-
LMK TWATENbHO crnegaT 3a TeM, 4Tobbl B pasnuBaeMbli KPEMHUA He nonagany NoCTOPOH-
HWe npumecu (KycKu wnaka, rmuHbl, 6eToHa OoT HocuKa koBwa u T. 4.). [1pu nonagaHuun no-
CTOPOHHUX NPUMECEN B pasnMBaeMbll KPEMHUNA UX HEMEASIEHHO MU3BMEeKalT CyXOn AepeBsiH-
HOW Xepablo.

CnnTKM KpEMHUS, OCTbIBLUME A0 TEMHO-BULLHEBOrO LBETA, U3BMEKAKTCA U3 U3NOXHUL,
KneLiammn 1 cKNnagmpyoTca B TEXHOMOMMYECKYHO Tapy.

Xapakmepucmuka mogapHou npodyKyuu u omxo008 rpou3soocmea KpeMHUs

TpebosaHusi K MeEXHUYECKOMY KPEMHUIO

TexHNn4ecknin KpeMHU BbIMYCKAaeTCA B COOTBETCTBUM C TEXHUYECKMMU YCITOBUSIMU
npeanpusaTMin NyTeM BOCCTAaHOBUTENbHOW MMaBkM KBapuuTa (npsimoe kapboTepmuyeckoe
BOCCTAHOBMEHNE) B AYroBbIX 3rieKTpornevyax M BHEMEYHbIM padMHMPOBAHMEM B KOBLUAX,
npegHasHayeHHbIX ONS U3roTOBIEHUS antOMUHUEBO-KPEMHUEBBIX CrflaBoB, NPOU3BOLCTBA
KPEMHUMNOPraHNYeCKNX COeaMHEHU, MPOU3BOACTBA MONYNPOBOLHUKOBOrO KpeMHus. [lpe-
AeNbHO OOMYCTMMOE COAep)KaHMe OCHOBHbLIX NPUMecen B TEXHUYECKOM KpPEMHUU NpeacTas-
neHbl B Tabnuue 2.16.
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Tabnuua 2.16 — Mapkm n XMMn4eCKnin CocTaB KpeMHUS

Maccoas gons, %
Kgﬂea:::ﬂ Si Mpumecn, He 6Gonee %
He MeHee Fe Al Ca
3301 99,3 0,30 0,30 0,010
3001 99,3 0,30 He pernameHTupyeTcs 0,010
3302 99,3 0,30 0,30 0,020
3303 99,3 0,30 0,30 0,030
3003 99,3 0,30 He pernaMmeHTupyeTcs 0,030
331 99,2 0,30 0,30 0,10
352503 99,2 0,35 0,25 0,03
4401 99,1 0,40 0,40 0,010
4001 99,1 0,40 He pernameHTupyeTcs 0,010
4402 99,1 0,40 0,40 0,020
4403 99,1 0,40 0,40 0,030
4003 99,1 0,40 He pernameHTupyeTcs 0,030
441 99,0 0,40 0,40 0,10
443 98,9 0,40 0,40 0,30
434 98,9 0,40 0,30 0,40
5503 98,9 0,50 0,50 0,03
551 98,9 0,50 0,50 0,10
553 98,7 0,50 0,50 0,30
554 98,6 0,50 0,50 0,40
665 98,4 0,60 0,60 0,50
751 98,6 0,70 0,50 0,10
776 98,0 0,70 0,70 0,60
868 97,8 0,80 0,60 0,80
951 98,4 0,90 0,50 0,10
1078 97,5 1,00 0,70 0,80
10610 97,4 1,00 0,60 1,00
1551 97,8 1,50 0,50 0,10
15715 96,3 1,50 0,70 1,50

Mo cornmacoBaHuio ¢ noTpebutenamm MoryT nMMUTUPOBATLCA M Apyrne npumecw,
Hanpumep, Ti, B, P, Ni, Mn n gp. MaccoBble gonu npumecen onpeaensatTca pasnnyHbIMn
WHCTPYMEHTasnbHbIMWU MeTo4aMU U XUMUYECKMM aHanu3om. MaccoBasi 4oNs KpEMHUSA ycTa-
HaBnuBaeTcs, Kak pasHocTb mexay 100 % n cymmon onpegensembix npumecen (Fe, Al, Ca,
Ti) + 0,1% apyrux npumecen B npoueHTax. B kpemMHuu, npegHasHadeHHOM Ansi NPOU3BO.4-
CTBa altOMUHUEBO-KPEMHUEBLIX CMNIIaBOB, AOMNYyCKaeTcs MaccoBas gonsa anomMmHms oo 2 % ¢
COOTBETCTBYIOLLUMM CHMXEHMEM MACCOBOM [ONU KpemMHusi. B aTom crnyyae Kk 0603HayYeHuto
Mapkun kpemHua gobasnaetca OykBa A, Hanpumep, 553A. KpeMHuIn MOXeT n3rotaBnmBaTbCA
c cogepxaHnem gocdopa He 6onee 0,003 %. B atom cnyyae kK 0603HAYEHNIO MapKK KpeM-
Hua gobasnsetcs Gyksa P. KpemMHun mn3rotoBnaioT B BuAe KyckoB pasmepamm ot 10 go
100 mm (copepkaHue dpakumm 10—-100 mm — He meHee 90 % maccel naptun). Mo cornaco-
BaHUIO C noTpebuTenem KpeMHU MOXeT M3roTasnmBaTbCA APYroro rpaHynoMeTpuyecKkoro
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cocTtaBa. [pn He3HauYNTENbHbIX PACCTOAHUAX OT KPEMHMEBOIO NPOM3BOACTBA A0 Lexa U3ro-
TOBNEHNA antOMUHUEBLIX CMSIaBOB KPEMHUIM MOXET NOCTaBNATLCS B BUAE pacniaBa B CMecu
C antoMUHNEM.

B kpemHuu, npegHasHadeHHOM ANs XUMUYECKOM MPOMbILLSIEHHOCTU, MOBEPXHOCTb
KYCKOB KPEMHUSA HE OO0SDKHA codepXKaTb BKITOYEHUM LWaka, necka, xernesa oT U3NOXHUL, U
APYrMX MHOPOAHbIX BKMOYEHUA. Ha NOBEPXHOCTU KYCKOB KPEMHMUS, NpeaHa3Ha4yeHHoro Ans
Npoun3BoACTBa aNtOMUHNEBO-KPEMHMEBDLIX CMSIABOB PasfnyHbIX MapokK, OOMycKalTcs crneabl
NPOTUBONPUrapHON 3acbinku, NIMKBALMOHHbBIE HaMmbIBbl, OpPbI3rM KPeMHUA, NNeHKn nobexa-
NOCTW, OTAENbHbIE LUNAKOBbLIE U APYrMe MHOPOLHbIE BKITHOYEHMUS, KOTOPbIE HE OOMMKHbI npe-
BbiwaTtb 0,1 % macc.

HaunmeHoBaHMe, HasHayeHWe W KpaTKoe OonMcaHue TEXHONOormyeckoro obopyaoBaHMs
NPOMN3BOACTBA TEXHUYECKOrO KPEMHUSA B IMIEKTPOTEPMUYECKMX Mevax npuBoauTcs B Tabnu-
ue 2.17.

Tabnuua 2.17 — TexHonorn4yeckoe obopynoBaHue Ansi NPON3BOACTBA TEXHNYECKOrO KPEMHUS

OcCHOBHble
Pexxunm paboTbl 1 HasHayeHune
HanmeHoBaHve XapaKkTepUCTUKN
obopynoBaHus
obopynoBaHus
Q=10 TH HenpepbiBHbIN. [MepemelLieHne NocTy-
KpaH mocToBom rpendepHbIn Vrpend. = 3 m® natoLLLero Cobipbsi U3 N/B 1 TpaHLLEN B 3a-
I=22.0 KpoMa u 3arpy3oyHble OyHkepbl OK[
- - OTKpbITUE U 3aKpbITUE MIOKOB N/BaroHOB.
KpaH MOCTOBOWN 9N1EKTPUYECKUN, Q=10 TH
o C nnatdopmbl KpaHa OTKpbIBaOTCH U
rnocagoyHbIn L=22.0
3aKpblBalOTCHA ABEPU BaroHOB
OneKTpU4ecKkMn NoaBeCHON Noab- Q=1 OTKpbITME U 3aKPbITUE MOKOB MOSyBaro-
eMHUK HOB
. Paarpyska BaroHoB /4 cocTaBa 1 aBTo-
KpaH KOHCOMbHO-KO3M10BOM C
- Q=32 TH TpaHcnopTa C fiecom, nogaya feca B
rpendepom Angd nogaym neca
npou3BoaCTBO
PacdopmnpoBaHune naketa 6peseH go
Pasobwutens 6peseH JIT-80 V=10 m3 cbopmup P A

FIOLLITy‘-IHOVI noaayun B TonkaTesb

MawwuHa pybutensHaa UTC-1000-

P=100 m3/uac

Npon3BoaCTBO APEBECHON LENbI

2N
. . B=800 mm
KoHBenep NeHToYHbIN xenobya- _ .
o L=133 m HenpepbiBHbIV. [Nogava wenbl
V=1,37 m/cek
- - B=800 mm
KoHBeriep neHTo4HbIN xenobya- o
Tt L=66 m HenpepbiBHbIA. [Mogava wenbl
V=0,95m/cek
. . B=800 mm
KoHBenep NeHToYHbIN xernobya- _ .
ol L=38 m HenpepbiBHbIW. [Nogava wenbl
V=0,95m/cek
MpomexyTouHbIN ByHKep, C CETKOM _ 3
200 x200 MM V=40 m lMopaya maTepuana Ha nuTaTenb
Bubponutatens NM3B 1200/430- P —30 m®/uac; U — Mogayva kBapumTa M3 NpUeMHoOro OyHke-
2000-150 24 B pa Ha nuTaTenb
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lNpodormkeHue mabnuubi 2.17

OcHoBHbIE
Pexnm paboTbl 1 Ha3Ha4yeHue
HanmeHoBaHve XapakTepUCTUKM
obopynoBaHus
obopynoBaHus
P=100 m3/4ac Mopgaya kBapuuta 13 npuemHoro GyH
KoHBenep NeHTouYHbIN B=800 mm A <ena HpauKOHBeVlep No 483 y
L=6000 MM P e
P=185 uac lMogaya BoccTaHoBUTENS U3 ByHKepa Ha
Mutatenb nnactuHyatwin MJ1-8 B=800 mm A _ yHkep
KONOCHWKOBbIV FPOXOT
L=9000 mm

[pobunka gByxBankosas, 3yb4a-

P=20+100 m*/vac,

HenpepbiBHbIN. [JpobneHne BocCcTaHo-

Taa 403-6 knacc 0+75 mm BUTENEN
Tanb anekTpnyeckas nepeaBmx- Q=3 TH
Has T92-541 L=12 m MoHTa)Hble paboTbl
Tanb py4Has QE?éZMTH MoHTaxHble paboTbl
. . B=650 mm .
KoHBenep NeHTOYHbIN CTaumo- L=82 m HenpepbiBHbIN. [logava BoccTaHoBUTE-
HapHL V=1,5 m/cek A
KoHBenep NeHTouYHbIN cTaumno- B=650 mu
P . 4 L=82 m HenpepbiBHbIN. [Nogada kBapuuTa
HapHbIN
V=1,5 m/cek

'pOXOT UHEPUMOHHbLIN MAJT-32

P = 60+150 TH/yac

HenpepbiBHbIn. OTCEB KBapumnta —
20 MM Npu BNaxHocTn <6 %
OTceB BoccTaHOBUTENEN —5MM Npu
BNaxHocTn <6—10%

Tanb anekTpuyeckas nepeaBux- Q=3 TH
Has T93-531 L=18 m MoHTaxHble paboTbl
Tanb py4Has QE?éZMTH MoHTaxHble paboTbl

lNoaBecHOW aNeKTpPOMarHUTHbIN
»xenesootaenutenb MN3AXK - 100

2,9 kBT, rnybuHa 30-
Hbl N3BAEYEHNS —
400 mm

BbiGop meTannunyeckux npeaMeToB BO
BPEMS MOAAYMN LUNXTbI

LLIknBHOM 3NEKTPOMarHUTHbIN Xe-
nesootaenutens MNMLL — 6365 T

1,2 kBT, macca uns-
BfieKaeMbIX npegme-
TOB — A0 15 kr

Bbibop meTannuyecknx npegmeToB BO
BPEMS NOOAauYN LLUNXTbI

[MpomMeXxyToYHbIM ByHKep Ans oT-
CeBOB BOCCTaHOBUTENEN

10 m®

XpaHeHne 0TCeBOB BOCCTaHOBUTENEN
nepen oTrpy3Kon

[pobunka gByxBankosas, 3ybya-

P=20+100 m3/vac,

HenpepbiBHbIN. [IpobrneHne BoccTaHo-

Taa 0O3-4 knacc 0+75 mm BUTENEN
. . B=650 mm
KoHBerep NeHTOYHbIV xenobya- .
o L=94 m HenpepbiBHbIV. [logava WnxThbl
V=0,95 m/cek
o . B=650 mm
KoHBenep neHTouYHbIN Xenobya- .
. L=94 m HenpepbiBHLIN. [Mogava WnXTHI
ThbIN
V=0,95 m/cek
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OcHoBHbIE
Pexxnm paboTbl 1 Ha3HavyeHne
HanmeHoBaHve XapakTepUCTUKM
obopynoBaHus
obopynoBaHus
KoHBenep neHTouYHbIN Xenobya- B=800 mm 3ArOV3Ka LIMXTh! B CODTOBbIE BVHKEDDI
TbIN L=18,5m Py P yHKEP
CopToBble OyHKepbl V=130 m3 XpaHeHne WNXTOBLIX MaTepmnasnos

[loszaTop BeCOBOM aBTOMAaTMM.
ABLIN-425M

BaBelunBaHMe LLUMXTOBOIO mMaTtepunana

[loszaTop BecoBon aBTomMaTnye-
ckun ABIN-2400M

B3selumBaHue kBapuuTa, OPEBECHOO U
KaMeHHOro yrrnen, wenbl

MuTaTenb anekTpudeckmi Bnbpa-
LUMOHHbIN TUN MN3B-4

P -30 m%/vac; U- 24 B

Mopava LWMXTOBbLIX MaTepnanos Ha
cOOpHYyIO NeHTy

KoHBeriep NeHTOYHbIV xxenobya- B=1000 mm HenpepbIBHLIN. TpaHCNOPTUPOBKA LUNX-
ThIN L=37 m Thl
KoHBenep NeHTOYHbIN enob4aTbiin Bi?gg mM HenpepbiBHbINA. TpaHCNOpTUPOBKA LUMXTbI
03aTOp BECOBOW HENPEPbLIBHOMO 03MpOBaHWe 4PEeBECHOro yrna n
§ ’ nencTens PP Tvin 4286 AH Hoanp HquﬁzKOKca ’
KoHBenep NeHTO4YHbIN Xenobya- B=800 mm HenpepbiBHbIW. [Togada 0o31poBaHHON
ThIN L=128 m LWNXTBI
KoHBenep NeHTo4YHbIN Xenobya- B=800 mm HenpepbiBHbIN. [Togada 0o31poBaHHON
Tbin Ne25 L=22 m LINXThbI
KoHBenep NeHTO4YHbIN Xenobya- B=800 mm HenpepbiBHbIW. [Togava [o31poBaHHON
Tbin Ne26 L=wm LINXThbI
KoHBenep NeHTO4YHbIN peBepcuB- B=800 mm HenpepbiBHbIW. [Togava [o31poBaHHON
HbIV L=89 m LLUMXTbI B MeYHble ByHKepbl
MeuHble ByHKepb V= 130 v XpaHeHne 0O3MPOBaHHOW LUMXTbI 4O

nogayn B npomn3BoacCcTBO

MawwnHa onnkoBo4YHas

Hpas — 250 kr; Papss -
5-6 krc/cm?; V —
56 M/MWH

HenpepbiBHbIN. OB6paboTka KONOoLHUKA

MawwnHa onmkoBoyHasd DANGO-

Harpyso4Has cno-

HenpepbiBHbIN. O6paboTka KONOLWHMKa

DIENENTAL cobHocTb — 2000 Kr
Ve - 1,8 M3 HenpepbiBHbIN. [Togaya KoppekTnpo-
MalumHa 3arpy3oyHas v Pep oA ppeKTvp
P — 20 t/vac BOYHOM LUUXTbI
KoBw ansa paduHnpoBaHus V=3,2 TH Mprém un pasnueka XnOKoro KpeMHUs.
=10 TH; HenpepbiBHbIN. [1Na TPaHCNOPTUPOBKU
Tenexka camoxogHas Q pep . A P pTvp
V- 0,2 m/cek KOBLLUEN N U3NOXHUL, C KpEMHUEM
Papas - 5 krc/cm? Ha xugkom Tonnuee aAnga pasorpesa
dopcyHka (TonnmMeBHas ropersika) .
V — 20 kr/yac KOBLLEN
HﬁanKM - 2,7 M; o o
. HenpepbiBHbIN. YncTKa KOBLUEN OT
MawmHa ans YNCTKN KOBLLEW Hpas — 250 Kr; Papas -
) LLUNaka nocre pasnmBkN KPEMHUS
5—-6 krc/cm?;
KpaH MOCTOBOW aneKkTpu4eckum
P P Q =20/5TH Mepemelenne rpysos B 3TO-1

TINTENHBbIN
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OcHoBHble
Pexxnm paboTbl 1 Ha3HaveHne
HanmeHoBaHue XapaKTepUCTUKN
obopynoBaHus
obopynoBaHus
KpaH MOCTOBOI 3neKkTpu4eckum
P N P Q=20/5TH Mepemellenne rpysos B 3TO-1
NUTENRHbIN
KpaH MOCTOBOI 3neKkTpu4eckum
P N P Q=20/8 TH Mepemellenne rpysos B 3TO-1
NUTENHbIN
M3noxHuua KoMOMHMpOBaHHas V=300 + 400 kr [ns pasnmBKKM XXMAOKOTO KPEMHUS
[nst MOHTaXHbIX paboT B T.4. ANA N3-

Jlebénka MoHTaxHas

Q=10 TH; V-3,5TH

BHeHeHMHO6HOMKOBSH€HDOHOB

Krobenb ¢ peleTkon gnst CNMTKoB

Q=5TH

OxnaaeHve CrUTKOB KpeMHUSI nocne
pasnuBKm

KpeMHUS

["a3ocmelumBatowasa naHenb

Papas - 1-10 krc/cm?
V — 1-39.6 M3/MuH.

[ns nogayun ra3oBo3ayLLHON CMECU B
KOBLU 151 padoMHMpPOBaHUS

Komnpeccop Atnac-Konko

GA -250 AA-10.0
Papas — 10 krc/cm?
V — 39.6 M¥/MuH.

BbipaboTka raso-Bo3gyLUHOM cMecu Ans
padmHNpoBaHUS

Papas - 10 krc/cm?

TpaHCcnopTUpoBKa razo-Bo34yLLUHON CMeCH

Pyootepmuyeckasn neybs PKO-16,5
KpA
PTM-1, PTMN-2

BHelwHASA ceTb cxaToro Bo3gyxa
Nebenka V= 0,08 micex lNogbEM 1 yCTaHOBKA KpbILLEK KOBLLEN
Tun JIK®-1 H= 10 kH
KpaH MOCTOBOW anekTpuyeckuii Q=10TH MoHTax 1 ycTaHOBKa 3NeKTpoaoB Ha
Ne6, Ne7 L=16,5m nevyax
P.=16,5 MBA
N¢=3

Don-7a=1205 mm
Dpacn.sn.=2980 MM
Dioxyxa=7300 Mmm
Dnn.npocrp.=5700 Mm
Hnn=2300 MM

Mpon3BOACTBO TEXHUYECKOTO KPEMHUS

Pynotepmuyeckasn neys PKO-25
KpW1

P,=25 MBA Ng=3
Dsn-na=1205 mm
Dpacn.sn=3140 mm
Diowyxa=9100 Mm
DI'IJ'I.I'IpOCTp.:7000
Hnn.=3000

npOM3BOﬂCTBOTeXHMHeCKON)erMHMﬂ

Pyootepmuyeckasn neyb PKO-16,5

P.=22,5 MBA
N¢=3
Dan-na=1205 MM
Dpacn.en.=2980 MM

Mpon3BOACTBO TEXHUYECKOTO KPEMHUS

KpA
PTI-I‘3, PTI-I'4 DKQ)nya:7300 MM
Din.npocrp.=5700 MM
Hnn=2300MMm
MexaHuam ans gOBUHYMBAHMWS D =1205 MM [loBnHYMBaHWE aNEKTPOaOB

3ANeKTPoaos @ 1205 Mmm

TpaBepca anga anektpogos 1205 _ lMepemeLlleHne N MOHTaX 3NeKTPoa OB
Q=10TH

MM @ 1205 mm

TpaBepca Q=10TH [MepemeLlleHne KOBLLEN C KPEMHUEM
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OcCHOBHble 3Tanbl NPON3BOACTBA TEXHNUYECKOTO KpEMHUS KapboTepMNYECKMM CMOCO-
GoM 1 conyTCTBYHOLLME UM IMUCCUMUN YKa3aHbl B Tabnuue 2.18.

Tabnuua 2.18 — OcHOBHble 3Tanbl NPOM3BOACTBA TEXHUYECKOTO KpEeMHUS kapbGoTepmude-
CKMM CMoco6oM 1 ConyTCTBYHOLLME UM AMUCCUN

y OcHoBHoe
. BbixoaHom
BxoaHown noTok OTan npouecca HOTOK TexXHonorn4yeckoe amuccum
obopyaoBaHue
Cblpbe (KBapuur,
Kapbug KpemHus,
OpEBECHbIN Yronb, CopTupoBaHHble | TpaHcnopT, pasrpy-
HeTAHOM KOKC, Ka- Mpunémka, cknagm- CblpbeBbIE Ma- 304Hble YCTPOMUCTBA,
MEHHbIN Yronb, Lie- poBaHue, copTu- Tepuansol. py4HON TpyA, Mbinb
naw gp.). pOBKa
padunTMpoBaHHbIE AnekTpoabl
N YronbHble 3nek-
Tpoabl
MpurotoBneHne
LUMXTbI, U3Menbye- [IpoGunKM, rpoxoTa
To xe HWe, pacces. LunxTa P TP ’ Mbinb
cuTa, TpaHcnopTepsbl
YcTaHoBKa anek-
TPOAOB B NeYb
OnekTpoTepMmyeckas
LUnxTa cbipbeBbIx 3arpyska, Boinnaes- | Pacnnas kpem- poTep Mbinb,SO,,
neyb, neTka, N3nox-
mMaTtepuanos Ka HKUA NOy, CO
HULbI
Pacnnas KpeMHus, Pacnnas kpem- | PasnnBo4Hbl€ KOBLUMW,
PadunHupoBaHme Mbinb
dontochbl HUS, Wnak N3NOXHULbI
ToBapHbI LLlekoBasi apobunka,
CnuTKn KpemHusa Pasgenka KPEMHUIN, dopak- | rPoOXoTa, NEHTOYHbIN Mbinb

umsa 0-5 Mkm

KoHBewnep
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PucyHok 2.14 — OCHOBHbIE y35ibl U MeXaHU3Mbl TpexdasHon pyAOBOCCTAHOBUTENBHON NeYu:
1 — MexaHn3M nepenycka 3NeKTPOAOoB; 2 — MeXaHU3M NnepeMeLLEeHns 3NekTpoaoBs; 3 — TpyboTeuka;
4 — Hecywmn uMnNuHAp; 5 — TpaHcdopmatop; 6 — KopoTKasa ceTb TOKONoABoAa; 7 — ra3ooTBof;

8 — anekTpoaoaepxaTenb C KOHTaKTHbIMU Lwekamu; 9 — 3oHT; 10 — annapat npoxwura neTku; 11 — ko-
XYX BaHHbI neyn; 12 — pytepoBka BaHHbI; 13 — MOBOPOTHLIN MexaHn3Mm; 14 — npuBo NOBOPOTHOrO
MexaHu3ma
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PucyHok 2.15

1 — MexaHn3M nepemMeLLeHns SNeKTPoaoB; 2 — 3alUMTHbIe orpaxaeHus; 3 — Bo34yxXonoaBoa;
4 — anekTpoAbl; 5 — WTopkl; 6 — anekTpogoaepxartens; 7 — ONMKOBOYHas MallMHa; 8 — MOHOpenbC
ANg npoxwura; 9 — yCTpoMUCTBO Ana npoxura neTtky; 10 — 3awmTHbIN 3kpaH; 11 — kopnyc neyu;
12 — cuctema ToKkonoasoaa u oxnaxaeHus; 13 — cuctema OTBOOOB rasa.

B Tabnuue 2.19 npuBegeHa TEXHOMNOrMYECKas xapakTepmcTuka neyen Ans Bbinnasku
TexHunyeckoro kpemuus, — PKO-11.0KpWU (6 wT.) — pyaoBoccTaHoBUTENbHAA, Kpyrnas, oT-
KpblTas, ogHoda3sHas asyxanekTpoaHas; TpexdasHolie — PKO — 16,5KpW (4wT.) n PKO —
25KpW (2 wT.)
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Tabnuua 2.19 — TexHonorn4yeckne xapakTepucTuKn neyen

MokasaTenb, eAnHULbI HanmeHoBaHue neun
n3mMepeHmns PKO-11.0KpA PKO - 16,5KpU PKO — 25KpWA

Mpon3BoaNTENBHOCTD, Kr/4yac 500-600 800-900 1200-1300

Mabaputbl neun, Mm 6260x4790x3680 -— -

Paamep waxtbl, MM 4900x3200x1950 - -

Temnepatypa B neun, °C 1800-2200 1800-2200 1800-2200

MowHocTb, KBA 11000 16500 25000

Konun4yecTtso TpaHcdopmaTopoB 2 3 3

Ha neYb, LWT.

Twvn 1 MOLWHOCTbL TpaHchopma-

Topa, KBA S0UH- 3Q0LH-8200/10, Q0UH-

8200/10 - 69Y3 3 wT., 5500 21000/10, 3 wr.,

2 wrt., 5500 8333

O6beMHbIN pacxod AbIMOBbIX ra- 30-40 65-75 110-120

308, M3/cek

Temnepatypa AbIMOBbIX ra3os, °C 200-270 180-250 180-50

HanmeHoBaHue, HasHa4yeHne 1 KpaTkoe ornnmcaHmne npnpoagooxpaHHoOro O60py,D,OBaHI/I9|,
npumMmeHAemMoro B rnpon3BoacTBe TEXHUYECKOIo KpeMHUA B SJTIEKTPOTEPMUNYECKUX MNMedax, npu-

BoAguTCA B Tadbn. 2.20.

Tabnuuya 2.20 —

MpupoaooxpaHHoe obopyaoBaHue

HanmeHoBaHune TexHonorn4yeckme
HasHayeHue obopyaoBaHus
obopynoBaHus XapaKTEPUCTUKN
OuuncTka OT NbINK acnMpauMoHHOro Bo3ayxa
npw pasrpyske, CKrnagmpoBaHum, TpaHcnopTe, OAanHOoYHbIE, rpynnoBble, Chu-
LIkrioHI nepechInke, N3MeNb4YeHUn, rPOXO4YEHNM Chipbe- parbHO-KOHUYECKME,
BbIX MaTepuranos, NonynpoaykToB, TOBApHOM Krpa 75-95 %, octaTto4Hasa 3a-
NpoayKumm rno BCeM nepeaerniam TeXHONormye- MblNeHHOCTb — A0 20 mr/m3
CKOro npotecca, otxogswux rasos PTT1
OuuncTKa OT NbINK acnMpaLMOHHOro Bo3ayxa
patl Ay Tuna CMLI, ®PKH, ®PVIA 1 ap.
npw pasrpyske, CKnagMpoBaHum, TpaHcnopTe, ..
nepecbInke, U3AMenbYeHUN, rPOXOYEeHUn Chipbe C TEPMOCTOMKOM TKaHbIO (A0
PykaBHble P ' - P P y 250 °C) gnsa pykasos; KMNO — go
BblX MaTepuarnos, NOMynpoayKTOB, TOBApPHOM o .
GunnbTpbI 99 %, C OTAYBKOW U pereHepa-
npoaykumm, otxogawmx razos PTI1 (¢ cunoca- .
LMen octaTtovHas 3anblneH-
MU, OCHALLLEHHbIMW CUCTEMaMK ANS ynioTHe- 3
HocTb Ao 20 mr/m
HWUS NbIN)
. KMAa oo 85 %, octatoyHas 3a-
Ckpy66epa OuncTka OTXOAALMX ra30B Neyven oT Nbin n
NbINEHHOCTb ra3oB — [0
nonble OKCUAOB Cepbl 3
100 Mr/HM®, KOHLEHTpaums
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2.6 OCHOBHble MepOMNpPUATUS MO CHMKEHUIO PacXoAa Cbipbs U 3NeKTPOIHEpPrum

2.6.1 Meponpusitusi npy NPOV3BOACTBE NEPBUYHOIO antoMUHUS

OCHOBHbIE MYTU CHMXEHUSA pacxoda rMUHO3emMa — CHUXKeHWe noTepb Npu TpaHCnopTu-
POBKE W 3arpyske B 9MeKTponu3epbl U noBblilleHne ero kayectsa. OT kayecTBa rmuMHo3ema
3aBUCUT He TOMBbKO COPTHOCTb MOSy4aeMoro antOMUHUA, HO U ero pacxop, Tak Kak rmnHo3em
COAEPXNUT pasHoe KONMMYEeCTBO MENKUX (Ppakuuin, 3Ha4yMTenbHasa 4YacTb KOTOPbIX yrneTy4vBa-
€TCs NMpu TpaHCnopTUpoBke M 00paboTke BaHH. 3aMeTHbIM pPe3epBOM CHWXKEHUS pacxona
rMUHO3eMa SBMSIeTCA NPpUMEHEHME MblNeybopoYHbIX MalMH B KOprycax afekTponnaa, a Tak-
Xe nepepaboTka nbinn, cobpaHHOM C KPOBMM KOPMYCOB; O4HAKO OTCYTCTBUE yyeTa pacxoda
MO Koprnycam 3neKkTponin3a He CTUMYNMPYET CHUXEHUE ero pacxoga. lNpumeHeHune ueHTpa-
nun3oBaHHOWN pa3gaym rmnHodema (LIPIN) B couyeTaHnm ¢ aBToMaTu4eckon nogayen rnmHosema
(Al B anekTponuaep NO3BONUT PE3KO CHU3UTb €ro pacxon W, KpoMe Toro, cTabunuanpys
KOHLIEHTpaLUMIO MNMHO3eMa B 3MEKTPOSIMTE, CHU3UT JNEeKTPOCONPOTUBIEHME, pacxon 3sekK-
TPO3HEPrun 1, Kak crieacTeme, cebecTouMoCTb antoMUHNUS.

K ogHUM 13 BaXXHbIX HanpaBneHu NPON3BOACTBA aHOAOB M aHOOHOW Macchl creayeT
OTHEeCTM nNoabop HaMOMHUTENsS U CBA3yKLWEro. Tak, KOKCbl ¢ 6onee HU3KUM coaepXaHnem
cepbl NpU Npokarnke Kokca n obxure aHo4oB OyAyT BblAENATb MEHbLUEE KONIMYECTBO OMOKCH-
Aa cepbl B atmocdepy. MHorne rogbl B 31eKTpOgHON MPOMBILLNIEHHOCTU AeNnatoTCs NONbITKM
BHEAPUTb MEKM, NOSTyYEeHHble Ha OCHOBE HedTenpoayKTOB (TSHKENbIX HEPTSAHbLIX OCTaTKOB,
CMOJ NUPONN3a, KPEKUHr-OCTaTKOB U Ap.). [JaHHble Nekn MMET NpakTUYeCcKn HeorpaHn4eH-
Hble CbipbeBbl€ PecypcChbl AN UX NPOU3BOACTBA U COOEPXAT HU3KYI0 KOHLIEHTPAaLMIO CMONK-
CTbIX BellecTB. [pyrmmMum BaXXHbIMU MEPONPUATUSMU SABMSAIOTCA NogaepxaHue TemnepaTtypsbl
9NeKTponmn3a Ha MMHUMarbHO AOMYCTMMOM YPOBHE M HeJomnyLlleHne NpOoTEKoB Nneka u Macc
B npoLecce aKcnnyaTaunm BaHHbI.

K OCHOBHbIM MeponpusiTUaM, HanpaeneHHbIM Ha CHWXEHWe pacxoga pTopuaos, cre-
AyeT OTHECTH:

— MOBbILLEHME Ka4yeCTBa Cblpbs;

— YBENu4YeHne cpoka Cnyxbbl KaTOQHOro YCTPOWMCTBA, TaK KakK 3HauyuTeNnbHas YacTb
dTopa TepseTca ¢ oTpaboTaHHON YrofibHOM (PyTEPOBKOW 3MEKTPONN3EPOB; MMEETCS MPUH-
uunuanbHass BO3MOXHOCTb W3BMeYeHus M3 oTpaboTaHHOM YronbHOW (PYTEPOBKM LIEHHbIX
KOMMOHEHTOB (rnrMHo3eMa, PpTopmnaoB, yrinepoaa), ogHako cnocobbl M3BnevYeHus B HacTos-
Lee BpeMsi 3KOHOMUYECKN HEA(PIEKTUBHDI;

— CHWXEHMEe Cbema YronbHOW MNeHbl, coaepXaHue Topa B KOTOpPOWM [JocTuraer
29-31 %;

— COBepLUEeHCTBOBaHME cnocoba KOpPeKTUPOBKN SNEKTPONNTA;

— CHWKEHNe TemnepaTtypbl anekTponuTa.

OCHOBHbIMM NMYTAMU CHWXKEHUSA NOTPEeONeHNs INEKTPOIHEPIUM ABMAIOTCS:

1 lMNoBbiWweHne BbIxo4a No TOKY. YBenuyeHue Bbixoda no ToKy Ha 1 % Bbl3biBaeT CHU-
XeHue pacxoga anektpoaHeprin ~150 kBT -4/t Al, unn 6onee yem Ha 1 %. OCHOBHbIM Ccpea-
CTBOM MNOBbILUEHUS BbIXO4a MO TOKY SABNSAETCA BHEAPEHME aBTOMaTMYECKON CUCTEMbI ynpaB-
neHuns TexHonornyecknm npoueccom (ACYTIT), ocobeHHO Ha BaHHax ©ONbLUOM MOLLHOCTMW.
Mony4nTb BbICOKMI BbIXOL MO TOKY, OCOBEHHO Ha MOLLUHbLIX 3MEKTponu3epax, HeBO3MOXHO
6e3 paunoHanbHOM KOHCTPYKUUM OLUMHOBKM 3MeKTponu3epoB, obecneyunBarollen paumo-
HanbHY KOHMUrypaumio MarHUTHOrO MOSs U CHMXKaLWeEN HeraTuBHbIE NOCNeACTBUSA Jnek-
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TPOMarHUTHbIX CUIl, BO3HUKAKOLWKUX B pacnnase, NpMBOOALMX K ero UMPKYNaunm U OKuUcne-
HWMIO HapaboTaHHOro antOMUHNS;

2 CHwXeHne [0 onTuMarbHbIX 3HAYEeHUN paboyero HanpsbKeHUs, Tak Kak pacxon
SHEeprun NpsMO MpPonopuUMOHaneH ero BenuynHe. ATO JOCTUraeTcs 3a CYET MUHUMU3ALUK
noTepb HanNPsPKEHUs1 Ha BCEX TOKOBEAYLUMX HYacTsX, BKIIOYas N SNEKTPONUT, a Takke CHuMXe-
HWe YacTOTbl U NPOAOIPKUTENBHOCTU aHOOHbIX 3(P(EKTOB;

3 lMpaBunbHasa akcnnyaTaums NPUTOYHOW BEHTUNALMM U 3MIEMEHTOB adpaLMOHHbIX
oHapen No3BONSET CHU3UTb Pacxon CUITOBOW SHEPIMM, MOCKOSbKY YBEnuYeHne Temnepary-
pbl OLUMHOBKM NPUBOANT K YBENNYEHUIO NOTEPL SHEPIUN B HEN.

CobntogeHne TEXHONMOrMYECKON ANCLMMNIMHBI, NogaepKaHme onTuMmarsbHbIX napameT-
pOB NPOLECCOB NPOU3BOACTBA TaKkKe SABMSIOTCHA Ba)KHbIMW HamnpaBrieHMsIMU, CnocobCTBYO-
LWMMM CHMXKEHUIO pacxoda Cbipbs M 3MEKTPOIHEPrum 1 HegonyLweHUo BO3MOXHOCTU aBa-
PUNHBIX BLIOPOCOB.

2.6.2 MeponpuaTtus npu Npon3BOLCTBE KPEMHUSA

Cuctema 9KOMNMOrMYECKOro MeHeIKMeHTa SIBNAETCS HEOTbEMIIEMOW 4acTbio 0OLlen
CMUCTEMbI YNpaBreHns npeanpuaTMaMn no nNpou3BoacTBY TEXHUYECKOro KpeMHus. B ee oc-
HOBe nexar cnegyowme Luenm n NpuHUMNbI:

— naeHTndmKauma U oueHka 3HAYMMOCTM IKOSOrMYECKMX acrneKkTOB M PUCKOB npea-
NPUSTMIA Ha BCEX 3Tanax Npou3BOACTBEHHOrO LMKNa — OT 3aKyMKu Cbipbs 4O peanusauun ro-
TOBOW NPOAYKUUU;

— MOCTaHOBKa 3KOSMOrMYeckux Lenen u nokasartenen addeKkTMBHOCTU, paspaboTka
MEepPONPUATUIA 1 NporpamMMm, HanpaBeHHbIX Ha YNy4lleHne 3KONOrM4YecKknx nokasaTenen;

— onpegerneHne OTBETCTBEHHOCTU, NpoLeayp M PecypcoB MO yNpaBneHno 3Konornye-
CKMMM acnekTamMu U puckamu;

— onpeaeneHne MeToaoB NPOBEPOK, MOHUTOPUHIA, U3MEPEHNS U aHanM3a ans OLEeHKU
OOCTWKEHUS pe3ynbTaToOB M OLEHKM COOTBETCTBUS TPeOOBaHMSIM 3KONOrMYECcKOro 3akoHoaa-
TenbcTBa U 4OOPOBONbHLIX 00513aTENLCTB.

Cnctema 3KOMOrMYeckoro MeHemKMeHTa CTPOMTCS Ha OCHOBE MeXAyHapOLHOro
ctangapta ISO 14001.

2.7 Cucrtema 3KONorm4eckoro MeHeg)kKMeHTa

Cucrtema 3SKONMOrMYECKOr0 MEHEMKMEHTA SABNSAETCSA HEOTbEMIIEMOM 4acTbio obuien
CUCTEMbI YyNpaBneHnst antoMUHUEBBLIMU U TIIMHO3EMHbLIMWU NpeanpuaTuaMn. Ee oCHoBHbIMK
LensiMmm SBNSATCS:

1) noeHTMduUKaumnsa 1 oueHka 3Ha4YMMOCTM IKOSTOrMYECKUX acrnekToB M PUCKOB npea-
NPUATUIN Ha BCeX aTanax Npou3BOACTBEHHOIO LMKNa — OT 3aKynku Cbipbsl 4O peanusaunm ro-
TOBOW NPOAYKLMMU;

2) MOCTaHOBKa 3KOJSIOrMYECcKMX Lenen v nokasatenen agpdekTMBHOCTU, pa3paboTka
MEPONPUATUIA N NPOrpamMMm, HanpaBIiEHHbIX Ha yNy4lLleHNe 3KOMOrMYeCcKnx nokasaTtenem;

3) onpegeneHne oTBETCTBEHHOCTU, Npoueayp N PecypcoB NO ynpaBfeHU 3KOSorn-
YeCKMMM acnekTaMmn u puckamu;

4) onpepgeneHne MeToaoB NPOBEPOK, MOHUTOPUHra, N3MEPEHNS U aHanusa ans ouex-
K/ OOCTWXKEHUSA pe3ynbTaToB M OLEHKE COOTBETCTBMSA TpeboBaHMAM 3KOMOrMYeckoro 3ako-
HogaTenbCTBa U A0OPOBOSIbHLIX 00S3aTENbCTB.

80



UTC 11-2019

Cuctema 3KONOrMYECKOro MeHemXKMeHTa CTPOUTCA Ha OCHOBE MeXAyHapOoaHOro
craHgapta ISO 14001.

2.8 lMpounsBoaCcTBEHHbIA 3KONTOrMYECKUN KOHTPOIb

Mpon3BoacTBEHHLIN 3Konorndecknit kKoHTponb (M3K) ocyuwecTBnseTcss HA OCHOBaHUK
Mporpammbl NPON3BOACTBEHHOIO 3KOSIOrMYECKOro KOHTPONA.

Mporpamma MNM3K BkntovaeT cnegyolime CBeAeHNS:

1) 06 nHBeHTapu3aumm BbibpocoB 3B B aTMOCMEpPHbIN BO3AYX U UX UCTOYHUKOB;

2) 06 uHBeHTapusauun cbpocos 3B B okpyxatoLlyto cpegy U UX UCTOYHUKOB;

3) 06 MHBEHTapm3aumMm OTXO0O0B NPOU3BOACTBA U NOTpebneHms n o6beKTOB MX pas-
MeLLEHWS;

4) o nogpasgeneHusx n (Mnn) QOSMKHOCTHBIX NNLAax, OTBEYAIOLNX 3a OCYLLECTBIIEHNE
NPON3BOACTBEHHOIO 3KOMOMMYECKOrOo KOHTPOSS;

5) 0 coBCTBEHHbIX M (MN) NPUBIIEKAEMbIX UCNbITATENbHbIX NabopaTtopusax (LeHTpax),
aKKpeaMTOBaHHbIX B COOTBETCTBMM C 3akoHogaTenbcTBoM Poccunckon ®epepauumn ob ak-
KpeauTaumm B HauMoHarbHOM CUCTEME akKkpeauTaumm;

6) 0 NepMOANYHOCTM N MeTOAaXx OCYLLECTBMEHNA NPOU3BOACTBEHHOIO 3KOSIOrMYeCKOro
KOHTpOSis, MecTax oTbopa npob n metoamnkax (Mmetogax) n3mepeHuni.

Mpon3BOACTBEHHLIN 3KOSTIONMYECKUA KOHTPOSMb BbIOPOCOB, COPOCOB 3arpA3HAIOLLNX
BELLECTB MPOM3BOANTCA B OTHOLUEHUM 3arpA3HSOLWNX BELLECTB, XapaKTepusylowmx npume-
HAeMble TEXHONOMMN N 0COBEHHOCTU NMPOU3BOACTBEHHOIO NpoLecca Ha ob6bekTe, Oka3biBa-
toLLEM HEraTUBHOE BO3AENCTBME HA OKPY>KatoLLyto cpey (MapKepHble BELLLECTBA).

Mpwn opranunsaumm NM3IK yuntbiBaoTCA peEKOMEHOALMM:

1) FTOCT P 56059-2014 [1pOM3BOACTBEHHbIN 3KOMOIMYECKNA MOHUTOPUHI. O6wue
NOSTOXEHUS;

2) TOCT P 56061-2014 lNMpon3BOACTBEHHbIN 3KOMOMMYECKNN KOHTPONb. TpeboBaHus
K nporpaMmme npon3BogCcTBEHHOIO 3KOSIOrMYECKOro KOHTPONS;

3) NOCT P 56062-2014 [Mpon3BoACTBEHHbLIN 3KONOMMYECKUN KOHTpOSb. Obwime no-
NOXEHMWS.

81



UTC 11-2019

Paspen 3. Tekywme ypoBHU NOTpeGIeHNA U IMUCCUM B
oKpyXaloLuyio cpely

3.1 MpousBoacTBO rNMUMHO3eMa

3.1.1 Pacxop cblpbsi, MaTEPUArnoB N 3NEKTPO3IHEPTNN

Pacxopa cblpbs Ha 1 T rM1MHO3eMa U, Kak cneactene, KONM4ecTso BbIGpPOCOB, COPOCOB
1 06pasyroLLNXCS OTXOA0B 3aBUCUT OT NPUMEHAEMON TEXHOSOMMU NPON3BOACTBA.

[Mpu aTOM yaenbHble YPOBHU NOTPebNeHns ChipbeBbIX MaTepuanos (Tonnumea, BOAbI U
9NEKTPO3HEPrnN) MUHUMArbHBI AN npouecca banepa n makcumanbHbl 4Nns TEXHONOMMK ne-
pepaboTku HedennHoB Ha rnmMHo3eM. [pumeHaembin B Poccuiickon depepauumm cnocod
Banep-cnekaHusa (napannenbHbii BapuaHT) 3aHUMaET Mo YPOBHIO NOTPebneHna npomMexy-
ToYHoe nonoxeHue. B Tabnuue 3.1 npeacrasneHbl JOCTUTHYTbLIE YAelNbHble pacXOAHble Mno-
KasaTenu no cbipbto, NoTpebrnssiemomMy B NPOM3BOACTBE MMIMHO3EMA MO TEXHOSOMMAM, npume-
HAeMbIM B Poccuinckon ®enepaunn.

Tabnuua 3.1 — Pacxog cbipbsi, Matepmnarnos 1 3HEPropecypcoB

Pacxog Ha 1 T rmnHo3ema
EgvHnuya 1en-
HanmeHoBaHve MaMepeHUs ?::;:niliia::; MepepaboTka
BapMaHT) HedenvHoB
Bokecut T 2,54-2,74 -
HedennH T - 4,0-5,0
M3BeCTHSK, HaTypanbHbIN T 0,009-0,05 6,0-8,0
KaycTuk (coga), no Na,COs3 T 0,11-0,16 -
TexHonornyeckoe TonvMBo TY.T. 0,205-0,286 1,25-1,50
Tennosasa aHeprung kan 2,90-4,0 1,25-1,35
OnekTpoaHeprus ThbiC. KBT'Y 0,35-0,40 1,0-1,1

Uem BbilLe cogepkaHne okcuaa antoMuHus B cobipbe (bokcuTte, HedbenmHe), TEM HuxXe
yaerbHbIN pacxogHblin koadduumeHT. [na 3aBogoB B Poccuirickon denepaunn, NCNonb3y-
oKX napannenbHbin cnocod banep-cnekaHus, obwmi pacxoq 6okecuTta (Mnn Ux cmecu) 3a-
BUCUT OT A0S KaXXO0N BETBU B CYMMAaPHON MOLLHOCTU NPeAnpUaTUs Mo MMUHO3EMY.

YaenoHbl pacxod u3BecTHsika (nepepaboTka cnekaHvem) 3aBUCUT OT COAepKaHus
KpemMHe3ema 1 okcuaa Kanbumsa B bokcute (HedenunHe): A03npoBKa N3BECTHSKA AOSMKHA CO-
OTBETCTBOBAaTb MOSEKYNSIPHOMY COOTHOLUEHUIO OKCUOOB KanbUMA U KpeMHe3ema B LUMXTe,
paBHOMY 2. B HedpennHOBYIO WWINXTY ANA OOCTUXKEHUS LWEeroYHOro Moayns, pasHoro 1, npwu
HeobXo4MMOCTN MOXET BBOANTLCS 0OOPOTHbIN CO4OBbLIN PacTBOP.

B npousBoacTBe rmnHo3ema n3 HeenmHa OCHOBHaA 4aCTb pacTBopa ynapvBaeTcs B
HEeCKOmbKO CTaguin 0 MOMHOro pasaesibHoro BblaeneHus cogbl U cynbdarta kanvs. Hedpenu-
HOBbIN UNK 6eNUTOBbLIN WNam (Mocne OTMbIBKN) ABNAETCA OTXOAOM NPOU3BOACTBA MMHO3e-
Ma 13 HepenuHoB. TexHOoNnornen KOMMNNeKCHoOn nepepaboTkn HedPennMHOBOIoO Cbipbs Npeay-
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CMaTpuBaEeTCs ero UCMNonb3oBaHWE Kak OCHOBHOIO KOMMOHEHTAa LWWXTbl ANA Npou3BoAcTBa
LEeMEHTHOrO KIIMHKepa, YTO CyLLEeCTBEHHO coKkpallaeT cebeCToMMOCTb He TONbKO MMHO3eMa,
HO 1 uemeHTa (Tabnuua 3.2).

Tabnuua 3.2 — Bbixog N0604YHbIX NPOAYKTOB

Bbixog Ha 1 T rmnHo3ema
HavnmeHoBaHue EAvHiLa Mn 6
nN3MepeHna Banep-cnekaHne epepaboTKa
HedennHoB
Copa T - 0,475
CynbdaT kanus T - 0,049
Wnam® T 1,61 8,1

Mpon3BoacTBO rMMHO3ema 13 HedenmHoB TpebyeT Hambonee BbICOKMX pacXOAoB Chbl-
pba 1 aHepropecypcoB. Ero npumeHeHne B Poccuinckon denepaummn Bbi3BaHO OTCYTCTBUEM
3anacoB KayeCTBEHHbIX OTeYeCTBEHHbIX BOKCUTOB M LienecoobpasHOo TOMbKO MpU HanmuMynm
[AeLLEeBON 3NEKTPOIHEPIM N TONNNBA, HU3KMUX TPAHCMOPTHBIX pacxodax Ha NepeBO3KY Cbipbs
M rOTOBOro NPOoAYKTa 1 Npu YCNOBUN KOMMIEKCHOIO MCMNOSMb30BaHNSA ChIPbA.

3.1.2 Xapaktepuctmka aMmmccum

3arpsAsHaLWNMMM BELLLIECTBAMN B NMPOM3BOACTBE [MMHO3EMa SABNANOTCS TBepable Be-
LecTBa (TexHonornyeckas nbifib), WeENoYHble napbl B rMAPOXMMUYECKMX NpoLeccax, Bpea-
Hble rasbl, obpasyroLmecs Npu CXUraHum TOMNMBA, a TakKe MPOM3BOACTBEHHbIE OTXOAbl —
KpacHbIn (nepepaboTka 60kcMTOB) N HedennHoBbIn (NepepaboTka HedennHoB) wnambl. Ko-
NNYECTBO LUMamMa HanpsiMyto 3aBUCUT OT Ka4yecTBa UCXOLHOrO Cbipbsl. YUYMTbIBas 3HAYUTENb-
Hble 06beMbI LWiama, BOMPOC €ro yTunuaaumm ABnseTcsl BeCbMa BaXKHbIM. 3HaunTenbHas
A0S WNamMoB pas3MeLlaeTcs Ha WwnamMmoxpaHunuwax. Yacte 06 bemMoB HedhennHoBoroLwnama
MCNONb3yeTcs B CTPOMTENbHOW OTpacin, B TOM YMCne B LLEMEHTOM npou3soacTee. Bo3amox-
HOCTW UCNOSb30BaHMs HEPENNHOBOrO LWlaMa OrpaHnYeHbl oKarnbHbIM CNPOCOM U yaaneH-
HOCTbIO MECT HaKOMMEHUs LWnama OT PErMOHOB, IAe CKOHLEHTPUPOBaHbI NOTEHLMANbHbIE KO-
HeYHble noTpedutenu. KpacHbi wnam Takke mmeeT 60MbLLION NoTeHUnan npuMMeHeHus B
cTpoutenbcTBe. Hanbonee BeposaTHas pblHOYHAsS HULIA NPOAYKUMM U3 KPaCHbIX LUaMOB U
NX CBOMCTBA aHamnoOrM4yHbl HULIE U CBOMCTBAM 0OLLEpacnpOCTPaAHEHHbIX NOME3HbIX NCKonae-
mbix (OPT1N). Ucnonb3oBaHne B cTpouTenbCTBE Aano Obl cambli OWyTUMbIA 3dEKT MO
YMEHbLUEHMNIO KONMYEeCTBa LWama, pasmewaemoro B otBanax. Tak kak OPINA nokanesHo fo-
CTYMHbl BO BCEX PErMoHax, To BOCTpeboBaHHOCTb NPOAYKLUMM M3 KPacCHbIX LLaMoB U Lene-
co00pa3HOCTb MX TPAHCMOPTMPOBKM HA HACTOSILLMA MOMEHT OYeHb orpaHuyeHa. [pyrum
HanpaBfeHMeM UCMONb30BaHUS SABMSIETCS SKCTPaKUMSA M3 KPacHOro Lwnama oTAesbHbIX no-
Ne3HbIX KOMMOHEHTOB, HaNpPUMep, CKaHOMEBUX UMK KenesocoaepXKalumx. ITo HanpaBneHme
MMEET CBOM OrpaHuYeHuns. B cnyyae mManoTOHHaXXHOM NPOAYKUMWN KONMYECTBO Lufiama Ha oT-
Bane He YMEHbLUAETCA M MOXET BO3HUKHYTb MOTPEOHOCTb B AOMONMHUTENbHbLIX OObEeKTax
pasmeLlleHns oTxoaoB. B cnyvae KpynmHOTOHHaXXHOrO Npown3BoAcTBa Heobxoaumo obecne-

% B npou3BoACTBe IMUHO3eMa U3 He(hENMHOB LWnam YactuyHo (8o 30 %) ncnonb3yeTcs B NPON3BOACTBE Lie-
MeHTa.
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YNTb CTaHA4ApPT NPOAYKUMU, NOAXOAAWMN AN CYLWEeCTBYHOLMUX NPOU3BOACTBEHHbLIX MOLLHO-
cTen notTpebutenen. ATn 3agaymn Ha HaCTOALWMIN MOMEHT He peLleHbl OKOHYaTENbHO HUrAE B
mupe. PaboTta Hag HUMM NPOAOKAETCA N B HAYYHbIX U B MPOM3BOACTBEHHbIX OpraHn3aumsix.

TexHonormyeckasa nbifib — TOHKME 4YacTuubl nepepabaTtbiBaemMoro cbipbsa (bokcuTta,
HedbennHa, N3BecTHsiKa) U nony4yaeMblX NPOAYKTOB M NONYNPOAYKTOB IMMHO3EMHOr0 Npoun3s-
BOACTBa (creka, M3BeCTW, rMapokcuaa arntoMUHUSA U rmMHo3eMa). VICTOYHWKM BblaeneHuns
3B — TexHonorudeckue annapatbl (Cknagbl), B KOTOPbIX OCYLLeCTBNsSeTcs nepepaboTka,
TpaHCNOPTUPOBKA (XpaHeHMe) Cbipbs M NONYNPOAYKTOB, YrNakoBKa U TPaHCNOPTUPOBKa Npo-
aykummn. IctouHukmn BeibpocoB 3B — opraHn3oBaHHble (4bIMOBbIE TPYObl, CBEYN) U HEOPraHW-
30BaHHble (OTKPbITblE CKNaapbl, 4OPOrn, rpy30BOM TpaHCnopT u Ap.). C uenbio CHWKEeHUs He-
OpraHn3oBaHHbIX BbIOPOCOB TPaHCMOPTEPbLI U 3NeBaTopbl, NpeAHa3HaYeHHbIe ANa TpaHCcnop-
TMPOBKN MbINSWEro mMartepuana, KOHCTPYMPYITCA Kak 3akpbiTble cucTteMbl. [aHHble no
yaernbHbIM Bblbpocam B atmocdepy OCHOBHbIX 3B n obbemam obpasoBaHUs OTXOO0B Mpo-
N3BOACTBA MNHO3eMa NpmuBeadeHsbl B Tabnmuax 3.3-3.4.
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Tabnuua 3.3 — BblGpoch! 3arpsisHSOLLIMX BELWECTB B aTMocdepy

Hanuune/otcytcTBue B nepeyHe
3B, nognexawmx

MUHUWI)

— CBe4n cnrnocoB
rmmnHosema

KaBHble PUIbTPbI UNN LNK-
noHbl (KMNQ — 85 % — 99,5 %)

Kon EonHnua MeTog ouncTkn, nostopHoro | KoHueHTpauus 3B
HanmeHoBaHue 4 rocperynmpoBaHuio McTouHmKM BbIGpOCa
3B N3MepEeHns NCMosb30BaHUs nocre O4YMCTKK
(pacnopswkeHune NpaBuTensLCTBa
P® Ne 1316-p ot 08.07.2015)
Banep-cnekaHne
AntomMuHUA okema (B AeimoBble TPYOb!: ONeKTpodUNLTPLI, pyKas-
3 - NeYu KanbumHaLmu,
nepecyeTe Ha anto- 101 OtcytcTBME MI/HM Hble UNbTPbI, LUKITOHbI 100-200
o - CBeYn CunocoB
MWHWIA) (KMng 99,7-99,9)
rmMHo3emMa
e e puonse o | ECRODTIES, SIS
P : 2909 Hanuuve mr/Hm3 - ckpy66epoB; PoL, Py P 200
cogepxaHmem SiO; - nevelt cnekaHms umkroHsl (KM — 85 % —
Hxe 20 %) 99,5 %)
1,4-2,3 (npu npouns-
[bimoBble TpyObI: BoACTBE U3 BOKCUTO-
MapHuKoBbIe rasbl - OtcytcTBME T CO20KB/T | — neven KanbLuHa- Bes ouncTkn BbIX PyA)
rmuHo3emMa umu; no 11 (npu npoms-
— neyen cnekaHus BOACTBE U3 Hedhenu-
HOBbIX pya)
) [lbIMOBbiE TpyBb: OnekTpodunbTpbl, Pykas-
AntomMnHmn okeng (B el KaNbLMHALLAN Hble puNbTPbI, LIMKMIOHbI
nepecyeTe Ha anto- 101 OtcytcTtBrEe Mr/Hm3 HaRannn, (KNAQ — 95 % — 98 %), py- 150-200

4 3aechk 1 ganee — kop, 3arpasHsAoLLEro BelllecTBa cornacHo «lepeyHto U KogaMm BELLECTB, 3arpasHstowmx atMmocdepHbii Bo3gyx» (HUU Atmocdepa, HAW Qkonornm

YyenoBeka U rmrmeHsbl okpyxatowen cpeabl M. A. . CeicnHa, Poccuinckunin rocygapcTBeHHbIN MEAULMHCKUIA YHUBEPCUTET, ompMa «HTerpan»).
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OkoH4vyaHune Tabnuubl 3.3

Hanuune/oTcyTcTBrE B NepeyHe
3B, noanexatumx rocperynmpo-

6T0Z—LI JO1U

Kog EanHnua MeToa ouncTku, nostopHoro | KoHueHTpauus 3B
HavnmeHoBaHue 5 BaHWIO NcTouHukn Beibpoca
3B N3MepeHns MCMNONb30BaHUS NoCIne O4YUCTKN
(pacnopspkeHue MpaButenbcTea
P® Ne 1316-p ot 08.07.2015)
CnekaHve HebenuHoB
Anektpodunbtpsl (KMO —
AbimoBble Tpy6bi: poc o pot (KMA
MNbiNb HeopraHnye- Qevel: 99,7 % — 99,8 %), UMKINOHBI
ckasi ¢ cogepxaHunem | 2909 Hanuune Mr/Hm® ’ (KMg — 95 % — 98 %), py- 200
) — XONOANIbHUKOB
SiO; Hmxe 20 % S KaBHble PUNbTPbI UNKU LMK-
noxsbl (KMNA — 85 % — 99,5 %)
AbimoBble Tpy6bi:
T CO29KB/T | — neyen KanbLnHa-
MapHuKoBble rasbl - OrtcytcTBME 2 H Bes ouyncTkun 8,2-10,5
rmMHo3semMa Lmm;
— nevyemn cnekaHms
Tabnuua 3.4— OTxoabl NpoM3BoACTBa
Eannnua O6pa3soBaHue MeTog 04nCTKN, MOBTOPHOIO MC- PasmelleHne
HanmeHoBaHune McTo4yHmkn obpasoBaHms
N3MepeHmns 0TX0J0B nonb3oBaHns OTX00B
Obpasyetcs npu Bbiliena|msa- lNocne npombIBKM BOAOW TpaHC
KpacHbin wnam T/T rMMHO3ema 1,52-1,70 HuM 6okcnToB B BeTBU baiepa P A P 1,52-1,70
N NopTUPYETCSA Ha XpaHeHne
N cneka B cnekaTernbHOW BETBU
HedenuHoBbIn Mocne npoMbIBKM BOAOW TpaHC-
N O6pasyeTcs npu BblLenavmea-
(6enutoBbIn) T/T rMMHO3emMa 7,5-8,7 MW CreKa nopTUPYeTCH Ha XpaHeHne unu B 0-8,7
wnam NpPoOn3BOACTBO LleMeHTa

5 Bpecb 1 ganee — ko 3arpsA3HSAOLLErO BELLECTBA cornacHo «lepeyHto 1 kKogam BELLECTB, 3arpasHALWmMX aTMocgepHbii Bo3gyx» (HUW Atmocdepa, HAN Skonorum
YyenoBeka U rmrmeHsbl okpyxatowen cpeabl M. A. . CeicnHa, Poccuinckunin rocygapcTBeHHbIN MEAULMHCKUIA YHUBEPCUTET, ompMa «HTerpan»).
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3.2 NpomusBoacTBO aHOAOB U aHOAHOW MaccChbl

Mpon3BoaCTBO aHOAOB M aHOLHOW MacChl Ha antOMWHWEBBLIX 3aBOAax, Kak npaswuno,
pacnonaraeTcs Ha OgHOW NpomMnowazke ¢ NPOU3BOACTBOM armtoMUHUA U CryXuUT ans obec-
neyeHns cobCTBEHHOMO NPOM3BOACTBA aHO4aMN M aHOAHOW MaCCOMN.

NcTtouHnkammn BbiaeneHnn n BbibpocoB 3B sBNsieTca UCNonb3yeMoe Cblpbe — KaMeH-
HOYronbHbIA Nek n HedpTaHOW KoKc. B Tabnuue 3.5 npeactaeneH Mx pacxod nNpy NpovsBoa-
cTBe 0B6OXCKEHHBIX aHOO40B M aHOAHOW Macchl.

Tabnuua 3.5 — Pacxo cbipbsi Npy NPOM3BOACTBE aHOL40B M aHOAHOW Macchl

EanHnua
HanmeHoBaHune n3MepeHis Pacxog Ha 1 T npogyKkumm
Ins TexHonorun anektponmsa OA
KameHHOyronbHbIN nek Kr/T Al 80-90
HedTsHoOM KOKC Kr/T Al 400-415
[ns TexHonornm anektponu3a Cogepbepra
KamMeHHOYronbHbIN nek Kr/T Al 150-185
HedTaHoM kokC Kr/T Al 340-380

BoigeneHne 3B B npon3BoaCcTBE aHOOHOM MacChbl HAYMHAETCS C NPOLECCOB NPUEMKU
N XpaHeHus cbipbd. KOKC MOXET nocTynaTtb Ha NpeanpuaTue CbipbiM UM NPOKaneHHbIM.
OT cknagoB 1 y3roB Neperpyskn kokca B atmocdepy 6yaeT noctynatb KokcoBas Mbifb. MNpu
CNMBE MeKa U XpaHeHUM ero B pesepByapax 0yayT BblAENSATbCA BO3rOHbl KAMEHHOYIONbHOMo
neka.

B npoueccax gpobneHus n pasmona, 403MPOBaHUS U CMELLEHUS] KOKCa C MEKOM BO3-
MOXHO BbleneHne KOKCOBOM Mblfin U BO3rOHOB KAMEHHOYroNbHOro neka. Ecnun npeanpuatmne
B Ka4YeCTBe CbIpbs NOSy4aloT CbIPO KOKC, TO MPY NPOM3BOACTBE aHOAHOW MacChl ero npoka-
NMBAaOT BO BpaLLAoLLMXCA NpokanoyHbix nevax. OT npouecca npokanku Kokca B nevax B at-
mMocdpepy ByayT noctynaTthb: Nbiflb KOKCOBAasi, ANOKCUA Cepbl, OKCUAbI a3oTa, OKCUA yrnepoaa.

B nponsBoacTBe aHOAOB NeEK NOCTynaeT B LMCTEPHAX-MEKOBO3ax M pa3MeLlaeTcs Ha
cknage neka B emkocTsix. Cknaabl neka obopyagoBaHbl MPUEMHBLIM YCTPOMCTBOM C NMOCTaMU
pasorpeBa neka oo temnepartypbl 180-220 °C u yyacTkOM nekonoaroToBku. BbloeneHue
CMOJSIUCTbIX BELLECTB — BO3rOHOB KaMEHHOYroflbHOro neka — npoucxoguT npu crnvBe neka
N3 UNCTEPH U B Nepmnon nepekadkm neka Hacocamm 1 3anosIHEHNSI EMKOCTEN.

MocTynawwmn B >KeNe3HOOOPOXKHbIX BaroHax MPOKaNeHHbIN KOKC pasMelyaeTcs
Ha cknage, obopyaoBaHHOM BaroHOOMPOKMAbIBATENEM, NMPUEMHBLIM YCTPONCTBOM U cCuroca-
MU ONs XpaHeHus Kokca. [pu neperpyske u XxpaHeHUn Kokca B aTMocdepy BblaensaeTca Kok-
coBasi Mbifb. Takke ee BblAENeHMe MpPoOUCXOAUT B peasynbTaTte MNpoueccoB OpobneHus
N TPaAHCMNOPTUPOBKM KOKCA MO TEXHOSNIOMMYECKMM JIMHUSIM aHOAHOro NpPOWU3BOLCTBA.
B npouecce cmelleHus Kokca 1 neka B atMmocepy BblAENSTCA BO3rOHbl KAMEHHOYIOSbHO-
ro neka un Kokcosasi Nbifb.

Mpn 0bxure «3eneHbIX» aHOOO0B B Neyn obxura obpasyroTcsa okcuabl a3oTa, KOKCoBast
NbiNb, AWOKCUA Cepbl, OKCUA, yrnepona, BO3roHbl KAMEHHOYrofbHOro neka, MasyTHasi 3ona
(Mpn ncnonb3oBaHUK Ma3dyTa B KayecTBe Tonnmea). [Mpun NCNonb3oBaHUN B KAYECTBE Chipbe-
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BOro KOMMOHEHTa OrapkoB aHOAOB Npu obxure BygeT Takke BblAENATbCA HEKOTOPOE KOSu-
4YecTBO (PTOPUCTOro Bogopoaa.

MapkepHbiMn 3B ans npomsBoacTBa aHOAOB M aHOAHOM Macchl ByayT ABASATLCA NbiNb
N BO3rOHbl KAMEHHOYTONbLHOro neka. Npu aTom Nog MapkepHbIMU BelLecTBaMy MOHUMAKTCH
OCHOBHble (NpuopuTeTHble) 3B, xapakTepHble Ons KOHKPETHOM TEeXHOMOorMuM npovusBOACTBA,
no cogepxaHuto (06bemy uUnm macce) KoTopbix MOryT ObiTb CAenaHbl 4OCTOBEPHbLIE BbIBOAbI
0 Bblbpocax NpeanpuUATUS B LLENOM.

B npouecce npousBoacTBa aHOLOB M @HOAHOM MacCbl BOAa  MPAKTUYECKM
He UCNonb3yeTcs, BOAHbIE pecypCbl MOryT UCMOSb30BaTbCH TOMbKO Af1S NPOLEecCoB OxIa-
XOeHns, a cuctema BogocHabXeHns/BogooTBEAEHUSA NMpeacTaBnsieT cobon 3aMKHYTbIA BO-
A0060pOT C noKasnbHbIMU OYUCTHBIMU COOPYXEHMAMMU. K OCHOBHBIM TEXHONOIMMYECKUM OTXO-
AaM npou3BOACTBa aHOAHOW MacCbl M aHOAOB OTHOCATCA OoTpaboTaHHble PyTEepOBOYHbLIE
MaTtepuansl neyen npokanku n nedven obxura. ObpasoBaHMe JaHHbIX OTXOO0B 3aBUCUT OT
cpoka cnyxbbl nevyen 0O NpoBedeHUs PEMOHTOB. Ha aHOOHbIX Npou3BoACTBaX anioMuHue-
BblX 3aBOAOB JaHHble OTXOAbl NepefarTcsa Ha nepepaboTKy CTOPOHHUM OpraHmM3aumsiM no
NPOM3BOACTBY OrHEYNOPOB UMK Pa3MeLLaloTCs Ha NOSIMroHax NPOU3BOACTBEHHbLIX OTXOO0B.

[aHHble no yaenbHbiM Boibpocam 3B B atmocdepy n obbemam obpasoBaHust OTXO-
A0B NPOM3BOACTBa aHOA0B M aHOAHOW Macchl NpuBeaeHbl B Tabnnuyax 3.6—3.8.
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Tabnuua 3.6 — BeiGpochk! 3arpsisHstoLLmx BewecTs B atMocdepy. Mponssoactso aHOAHOW MaccChl

Hanunune/otcyTtcTeume B ne- O6bem u (nnn) O6bem un /unu
peyHe 3B, nognexatinx mMacca obpasy- Texnpoueccs! — | MeTos oueTku, Macca BblbpocoB
Kog rocperynmpoBaHuio EavHnuya towmxea 3B (oo 3B nocne o4nct-
HanmeHoBaHue NCTOYHMKN NMOBTOPHOrO UC-
3B | (pacnopspkeHue MpaButenb- | U3MepeHns O4YUCTKK) B pac- . KW B pacyeTte Ha
BblaeneHmn 3B Nnonb30BaHWA
ctBa PO Ne 1316-p yeTe Ha TOHHY TOHHY MpoAyK-
ot 08.07.2015) npoayKumm uun
Xparere u | oM V@B
0,6-4,0 nepemeLleHme P 4 0,08-0,12
ANEeKTPoUnbLTP,
KOKca
anekTpodunbTp
M3menbuyeHne, |LIMKMIOH, pyKaBHbIN
Mbifib KOKCOBas! 328 * OTcyTCTBYE Kr/T aHOAHOM 2,5-14,0 CMELIMBAHIE, | PUNBTP, Srek- 0,1-0,28
dopmoBaHue TpothunbTp
mMacchbl —
baTtapeiHblin LnK-
NOH; GaTapenHbIn
4,5-13,3 Mpokanka LIMKITOH- 3NeKTpo- 0,06-1,33
unbTp; anek-
TpothunbTp
[unokeng cepbl 330 Hannune Mpokanka Be3 ouncTkn 3,2-7,1
* BO3MOXHO npumMeHeHne koga Harun
2909 nn 2902. anuane
Bo3roHbl kKameHHo- 725 XpaHeHue n
YrosibHOro neka . 0,05-0,06 nepemelleHne - 0,05-0,06
Kr/T aHOOHOM
(Bkntoyas OtcytcTtBrEe neka
GeHs(a)nvpeH n gpy- Maccel CwmelumBaHve
0,013-0,063 ’ Cyxasa Moy 0,0003-0,013
rne MAY) dopmoBaHne
[MapHuKoBbIe rasbl - OTtcyTtcTBYE T CO29kB./T Al 0,01-0,15 Mpokanka Bes3 ouncTtkn 0,01-0,15
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Tabnuua 3.7 — OTxoabl NnponsBoacTea. [1poM3BOACTBO aHOAOB M aHOAHOW MaccChl
O6bem u (1nu) O6bem u (1nu)
macca obpasoBa- MeTon ouncTKM, mMacca pasmMeLleH-
Knacc EavHnuya P McTouHnkn obpaso- A P =
HanmeHoBaHue oTxo00B HWS1 OTXOAOB B pac- NOBTOPHOIO UC- HbIX OTXO40B B
OnacHoCTH n3MepeHus BaHUS
yeTe Ha TOHHY Npo- nosnb30BaHUs pacyeTe Ha TOHHY
AyKumm npoAayKumnm
OtpaboTtaHHas dyTepoBka
P . byTep 4 Kr/T aHoOoB 1,2 Meyn obxura - 1,2
neyen obxura
OtpaboTtaHHas dyTepoBka Kr/T aHoa-
. 4 . 2-0,5 MNeun npokanku - 2-0,5
neyen npokanku HOW Macchl
Tabnuua 3.8 — BeIbpochl 3arpssHAOLMX BELLECTB B aTMocdepy. [1pon3BoacTBO aHOAOB
Hanunune/otcyTtcTeue B ne- O6bem n (Mnu
y () MeTopn Ob6bem n /vunn mac-
peyHe 3B, nognexalimnx mMacca obpaay-
Texnpouecchbl — OUUCTKM, ca Bbibpocos 3B
Kon rocperynmpoBaHuto EovHuua towwmxca 3B (zo
HanmeHoBaHne NCTOYHUKN Bbl- NOBTOPHOIO nocre O4YMCcTku B
3B (pacnopsikenwue Npasu- N3MEepEeHNs | OYUCTKM) B pac- .
aenexHni 3B NCnonb3o- pacyeTe Ha TOHHY
TenbctBa P® Ne 1316-p YyeTe Ha TOHHY BaHUS DOAVKLMM
ot 08.07.2015) npoayKumnmn poAyKy
XpaHeHue, ne- LinkroH, py-
0,7 pemeLleHne un KaBHbIN 0,05
CyLLKa Kokca duUnbTp
N3amenbyeHue, PYKABHbiA
1,86 cMeLLBaHye, émm 0,023
MNbiNb KOKCOBas 328* OTCyTCTBUE Kr/T aHo4oB dopmoBaHue P
O6xur «3ene Monbin
0,29-0,53 ckpy66ep, 0,008-0,045
HbIX» aHOA4OB
cyxas QY
PykaBHbIl
6,1 AMO y 0,061-0,305
unbTp
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OkoH4yaHue Tabnuupbl 3.8

Hanunune/otcyTtcTeume B ne-

O6bem n (nnn)

MeTton O6bem n /vunn mac-
peyHe 3B, nognexatinx mMacca obpaay-
Texnpouecchbl — OYUCTKMU, ca Bbibpocos 3B
Kon rocperynmpoBaHuio EovHuua towmxea 3B (no
HanmeHoBaHve NCTOYHUKN Bbl- NMOBTOPHOro nocre O4YMCcTKu B
3B (pacnopsixeHue NpaBu- NU3MepEeHNs | O4YMCTKM) B pac- .
aenenunn 3B NCnonb3o- pacyeTe Ha TOHHY
TenbctBa P® Ne 1316-p YyeTe Ha TOHHY BaHUS DOAVKLMM
ot 08.07.2015) npoayKkumnm POAYKU
* BO3MOXHO npuMeHeHne Ko- Hanuuue
na 2909 nnm 2902.
Cuncrema
XpaHeHune u ne- ABNNBA-
0,03 pemeLleHune ne- y 0,006
Bo3roHbl kameHHo- < HWS NapoB
YronbHOro neka neka
(Bkntovas 725 OtcyTtcTBYE Kr/T aHoOoB CwmeluvBaHwue,
0,06-0,37 Cyxasa oy 0,002-0,037
GeH3(a)nmpeH un dopmoBaHne
apyrue MAY) OB «3ene Monbin
1,3-2 HbiXy AHOMOB ckpy66ep, 0,03-0,26
A cyxas QY
COakB./ 06 3ene- Bes ounct-
lMapHuKoBbIE rasbl OrtcyTtcTBYE T L 29KBIT 0,13 AT «sen et 0,13
Al HbIX» aHOA0B KU
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3.3 NMponsBoacTBO NEPBUYHOrO anOMUHUA

3.3.1 Pacxop cbipbsi, MaTepMaroB 1 3NeKTPO3HepPrn

Pacxoq cbipbs 3aBUCUT OT MHOIMMX hakTOPOB: TWUMa 3MeKTponu3epa, COCTOAHNA Tex-
HOMOMMK, Ka4YeCTBa Cblpbd, TPAHCNOPTHbLIX NOTEPbL U T. 4.
B tabnuue 3.9 npuBeaeHa anHammka ycpeOHEeHHbIX PacxOAHbIX Ko3adhduMumMeHToB 3a
2010-2014 rogbl no anoMvHUEBLIM 3aBodam Poccuiickon ®epepaumn.

Tabnuua 3.9 — InHamuka ycpeaHEHHbIX pacXoaHblX KO3 MUNEHTOB

2010 ropg, 2011 ropg, 2012 ropg 2013 rop 2014 ropg
Pacxop rnnHosema, 19362 1933.9 19335 19331 1931,3
Kr/T Al
Pacxon aHopHoM Mac- 532 530 524 519 517
chbl, Kr/T Al
Bbixog no Toky, % 89,61 89,85 90,07 90,2 90,26

B Tabnunue 3.10 npuBedeHsbl AaHHbIE NO pacxoay Cbipbs, MaTtepuanos U aHepropecyp-
COB AN pa3HblX TEXHOSIOMMI 3MeKTponuaa.

Tabnuua 3.9 — Pacxo cbipbsi, Matepmnarnos 1 3HEPropecypcoB

TexHonornyeckue xa PaKTeEPUCTUKN

Pacxopn,
H
HanmeHoBaHmne 022:3;2:‘;? Pacxon Pacxopn arofos Pacxon
o6opynosaHus aneKTpo- mosema, | HETTO WM chTOp. ano-
HUA aHeprum, </ Al aHogHOM MUHUS,
KBT-u/T Al Macchil, Kr/T Al
Kr/T Al
OneKkTponu3epsl ¢ ca-
15216—
MOODXKVraroLMMUCH 5216 1920-1939 | 522-528 21-40
aHoZamMn v BEPXHUM 16111
TOKOMNOABOAOM
MonyyeHune
OnekTponusepsl ¢ ca-
MOOoOKuraroLMmMmncs MEPBIHHOTO 15171-
antoMUHUs 1932-1944 510-515 12,0-21,0
aHogaMun U BOKOBbIM 15620
(antoMuHus-
TOKOMOABOAOM
cbipua)
OnekTponuaepsbl C
13158—
MPCABAPUTENEHO 3158 1917-1938 | 420-460 12,0-21,0
0060XOKEHHBIMW aHo- 15126

Aamu

Pacxoa rnMHo3emMa NpakTUYecKM He 3aBUCUT OT TUMa 3MNeKTPONM3epoB 1 onpeaenseT-
CS1 B OCHOBHOM TPaHCMOPTHbLIMW NOTEPSIMU, MOTEPSIMM HA NEPEBO3KY OT Cklaga A0 3neKTpo-
NN3epoB N CoAepXaHNEM MeNKMX ppakunin, 3HaUMTENbHas YacTb KOTOPLIX TEPSIETCA B BUAE

nblJ1n.
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Pacxog dptopuaoB (Kpuonut n TpudTopma antoMMHNA) 3aBUCUT OT MHOIMMX DaKTOPOB:
TVNa 3NeKTponm3epa; COCTOSHUS TEXHOMNOMN; CoCTaBa U TemnepaTypbl Neperpesa aneKkTpo-
nuta; Hanuuus, suaa, KMo v KM razaoc6opHoro n rasoounmctHoOro obopyaoBaHust; COCToNA-
HUA TEXHOMNOMMYECKON OUCUUNIIMHBI; COOAEPXXaHUA OKCcuaa HaTpua B IMMHO3eMe; KonnyecTsa
CHMMaEeMOW YronbHOM neHbl N 3¢PEKTUBHOCTU ee prioTaumm n ap.

Pacxon aHogoB 3aBUCUT OT TUNa anekTponusepoB. PakTYeckn B aneKTponuaepe Ha
npounssoacTeo 1 T antoMmuHusa pacxoayetca 420—-460 kr 06oxokeHHbIX aHogoB. [lpyn aTom
OCTaeTCs orapok, crefoBaTternbHO, NonHas NoTpebHOCTb B 06OXOKEHHbIX aHO4AaX 3aBUCUT OT
KayecTBa aHoga M Benu4YuMHbl orapka. Pacxog aHOOHOW MacChbl Takke 3aBUCUT OT MHOIMX
¢rakTOpOB: MOTEPL NPU TPAHCMOPTUPOBKE, NOTEPL NETYYNX KOMMOHEHTOB MPWU KOKCOBaAHWUU
neka n ¢ NOBEPXHOCTU XMAKOW aHOAHOW MacCChbl, OCbINAHUS 1 OKUCNEHNA BOKOBbIX MOBEPXHO-
cTen aHofa, BbiIxoAa No TOKY M MAOTHOCTM TOKa.

Pacxop anekTpoaHeprum 3aBUCUT rriaBHbIM 0Opa3oM OT TuMa 3neKkTponuaepa n BbIXO-
Aa rno Toky. NMpu nNpounx paBHbIX YCIOBUAX HANBONbLUMI pacxod 3NEeKTPOIHEPTUN — Y JfeK-
Tponuaepos BT, a HaMmeHbLuMi — y BaHH ¢ OA.

3.3.2 XapakTtepucTmka ammccum

McTouyHMKOM BblaeneHnst BpeaHblX BELWECTB Npu NPOM3BOACTBE aNtOMUHUSA ABMNAIOTCS
ncnonb3yemble Cbipbe U MaTepuanbl. [pn 3TOM 3a4acTylo OYeHb BaXkKHYK poOSib urpaet
HEe CTONIbKO XMMUYECKUN COCTaB MPUMEHSIEMbIX Cblpbsi U MaTepuarnoB, CKOMbKO X hunsnde-
CKME XapaKTepUCTUKK, Takme, Hanpumep, Kak rpaHyrioMeTpu4ecKknin CocTas.

Ob6pa3oBaHue 1 BblOAENEHMNE N3 3MEKTPONN3EPOB PTOPUCTLIX COEOUHEHNIN, OCHOBHBIM
N3 KOTOPbIX ABNSIeTCA PTOpUa BOAOPOAA, NPOMUCXOAAT HENPEPLIBHO, XOTA OHM U HE CBSA3aHbI
HEenocpeacTBEHHO C 3MEKTPOXMMMNYECKUM NpoLeccoM, a 0byCcnoBneHbl npoLeccammn ncnape-
HUSA N PasnoXeHWsi pacniasBa 3NeKkTponuTa u 3arpyxaemMmblx pToOpuUCTbIX conen. Jletyyectbto
3NEeKTponMTa 1 3arpyxaembix (TOPUCTbIX CONen 0BYCrOBMAEHO BblAENEHNE N3 INEKTPONM3E-
POB NKLLb HEKOTOPOW YacTu TBepAbiX (TOPMAOB, OOHaApYXMBaeMbIX B Mbifn. BTopbiM ncTou-
HUKOM MbINEBUOHbLIX (PTOPUOOB CAYXUT MEXaHUYECKUA YHOC 3arpy>kaembiX COfen BOCXoOs-
LWMMM NOTOKaMM aHOOHbIX ra3oB NIMOO oTcacbiBaeMOM OT JNeKTposi3epa rasoBo3gyLLHOM
CMECHI0.

NCTOYHMKOM BblOENEHNA OKcuaa yrnepoga sBRAsieTCA YrofbHblA aHOg, KOTOPbIN
B NpoLiecce 3IeKTPOiM3a OKUCNSETCS C BblAeNeHNEM ANOKCHMOa U OKcuaa yrnepoaa.

ConyTCTBYIOLWMM KOMMOHEHTOM YroSfibHbIX MaTepuanoB SIBMSIETCA cepa, koTopasi
C aHOAHbIMW MaTepuanamn BOBJIEKaeTCs B NpouLecc nosnydeHust antoMumHna. Hekotopoe Ko-
NNYEeCTBO Cepbl NOCTynaeT ¢ PTOPUCTbIMU COMSIMU, FOe OHa NPUCYTCTBYET B Buae cynbda-
TOB.

McToYHMKOM BbloeneHnst 1 BbIBPOCOB B aTMOCHEPY CMOSIUCThLIX BELLECTB MpU Npous-
BOACTBE antOMUHUSA B AneKkTponmsepax ¢ camoobxurarowmmmncs aHogamum (BT n BT) asnseT-
Csl KAMEHHOYIOSbHbIN NEK, UCMOSb3YyEMbIN B KAYECTBE CBA3YHOLLEro Npu Nosy4YeHnn aHogHom
mMaccbl. CMONUCTbIE BELECTBA BbIAENATCS U3 SNEKTPOSNIM3EPOB B pedyrbTarte TEPMOXUMU-
YeCKMX MpoLeccoB, NPOUCXOAALLNX NPU KOKCOBAHUM aHOQHOW Maccbl. BTOpOW UCTOYHUK Bbl-
AeneHns CMOMNCTbIX BELLECTB CBS3aH C onepaunen nepectaHoBKM TOKOMNOABOAALUMX LUTbI-
pen B aHoae Ha anektponuaepax BT. [Npn ncnonb3osBaHuu psagosor aHOAHOW MacChl nocne
packpy4MBaHuUs U U3BNEYEHNsa WTbIpa B obpasoBaBLLUEECS OTBEPCTUE B CMEYEHHOW 4YacTu
aHoda 3aTekaeT Xuakasi aHogHasi Macca M3 BepxHUX 30H. [pu nonagaHmn Xngkom aHogHOM
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MaccCbl B 30HY BbICOKMX TeMnepaTtyp Nponcxoant BypHoe KokcoBaHue neka ¢ obpasoBaHueM
BGonbLlOro KonuyecTesa BO3rOHOB CMOJbl, KOTOpOe BblbpacbiBaeTcst B aTMocdepy kopnyca.
Kpome ToOro, cbipas yronbHas Macca HanunaeT Ha ropsidumn WTbipb B MOMEHT U3BIieYeHUs
€ero 3 aHoja, Korga packarieHHas ero 4yaCTb KacaeTCHa Crnos XWOKOW aHOOHOW Macchl, npu
9TOM B aTMocdepy Kopryca Takke BbleNsTCA CMOSIUCTbIE MOrOHbI.

CmonucTtble BellecTBa, obpasyoLlmecs nNpy KOKCOBaHMM aHOAHOW MacChbl Ha anek-
Tponuaepax BT n noctynatowme B razocObopHUK, JOXUraloTcs B ropernkax. [lonHoTta cropa-
HWS 3aBUCUT OT KOHCTPYKLMM rOperiok, perysimpoBkM npouecca ropeHns n KOHTponsa 3a npo-
LeccoM. YacTb HecropeBLUEN CMOSIbl, OCODEHHO ee Tshkenble (hpakunmn, KOHAEHCUMpPYETCa U
BMECTe C Mblfbl0 OcefdaeT B KaHanax rasoxogoB, ocTaribHasi NMocTynaeT Ha rasoouUCTKY.
B 3aBMCUMMOCTM OT TMNa anekTponuaepa, yCroBuUi U YPOBHA ero aKkcnnyataumm obbem u co-
CTaB Mblf1era3oBo3gyLLHON CMECU MOXET U3MEHSTbLCS.

TexHonorus anektponusa OA B anekTponusepax nepsoro nokosnexHus (Ao 300 kA)

[aHHaa TexHonorus anekTponuisa B Poccurckon ®epepaunmn npeacraBreHa anekTpo-
nusepamn ¢ npeasaputenbHo 0boxekeHHbIMM aHogammn (OA) Ha cuny Toka oo 300 kA, obo-
PYy4OBaHHBIMW PAaMHO-CTBOPYATBIMU YKPBITUAMU. DPPEKTUBHOCTD YKPLITUIA SMNEKTPONIM3EepoB
nepBoro nokoneHusi coctaensaet 96,6—97 %. YnoBneHHas yKpbITMEM ra3oBO3ayLLHAas CMeCb
HanpaBnsieTcs Ha YCTaHOBKU «CyXOM» OYMUCTKM ra3oB MMUHO3EMOM B peakTopax MU pyKaBHbIX
dunbTpax. APPEKTUBHOCTL «CYXMX» Fa3004YUCTOK KOPMYCOB 3MEKTPOSiM3a, OCHALLEHHbIX
anektponusepamn OA nepBOro NokoneHusi, MoxeT cocTaensaTb 98,4-99,8 %. OunweHHble
rasbl MOCTynalwT B aTMocepy yepe3 AbiMoBble TPyObl, 0TpaboTaHHbIN ((PTOPMPOBAHHbLIN)
rMUHO3eM BO3BpaLLaeTCcs B NPOLECC SNEKTponm3a.

OCHOBHblE TEXHMYECKME peELLeHUs Onsi COKpalleHunsa BbibpocoB 3B oT anekTtponuae-
poB OA nepBOro NOKOMEHUS:

1) aBTOMaTM3auUMs NPOU3BOACTBA, NO3BONSAOLAsA Bonee TOYHO perynnpoBaTb TEXHO-
niornyeckme 1 TennoBble PeXnMbl paboTbl SNEKTPONM3epPOB, ONTUMU3NPOBATL COCTaB JekK-
TpoNuTa, KOHTPONMPOBATL pa3favy Cbipbs B 3M1EKTPONN3EPHI;

2) NMpUMeHeHue YCTaHOBOK CyXOM OYMUCTKN ra3os;

3) aBTOMaTu4eckoe nutaHue rnmHosemoM (All), dpropconamm n gpobneHbIM anek-
TPONMUTOM 9NEKTPONN3EPOB, YTO MO3BOMSET UCKIOYUTL pasrepMeTusaumio anekTponuiepa
npu NpoBeaeHNN JaHHOW TEXHONOMMYEeCKon onepaumn.

TexHonorusa anektponuda OA B anekTponusepax nepsoro nokoreHuns (go 300 kA)
BHeJpeHa Ha YeTblpex OTe4YEeCTBEHHbIX antOMUHUEBLIX 3aBOax.

TexHonorus anektponusa OA B anekTponusepax BToporo nokoneHus (300 kA n
BblLLeE)

[aHHasa TexHonorus anekTponuasa B Poccurickon degepaumm npegcraBrneHa anekTpo-
nnsepamu ¢ npegsaputensHo oboxokeHHbIMM aHogamn (OA) Ha cuny Toka 300 KA 1 BbliLle,
obopyanoBaHHbIMU paMHO-CTBOPYATLIMU YKPBLITUAMU. DPEEKTUBHOCTL YKPbLITUIA NIEKTPONN-
3epOB BTOPOro MOKONEHUsSI MOXET cocTaBnaTb 40 98,7 %. YNoBneHHas YKpbITUEM ra3oBO3-
AyLHas CMeCb HanpaBnseTcsl Ha YCTAHOBKN «CYXOM» OYUCTKM ra3oB rMUHO3EMOM B pPeaKTo-
pax n pykaBHbIX punbTpax. APAPEKTUBHOCTL KCYXMX» ra3004UCTOK KOPMNYCOB 3NEKTPONn3a,
OCHaLLEeHHbIX anekTponmsepamm OA BTOPOro MOKOSIEHUS, MOXET cocTaBnsaTb 99,2—-99,8 %.
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OuuweHHble rasbl NOCTynarT B aTMocdepy Yepes AbiMoBble Tpybbl, oTpaboTaHHbIN (PTO-
PUPOBaHHbIN) IMMHO3EM BO3BpALLIAETCH B NPOLIECC 3eKTponnsa.

OCHOBHbIE TEXHUYECKME peLLeHus Ans cokpalleHus BbibpocoB 3B OT anekTponuse-
poB OA BTOPOro NOKONEeHUs:

1) aBTOMaTU3auUA NPOM3BOACTBA, NO3BONAOLWAsA Gonee TOYHO perynmpoBaTb TEXHO-
norn4yeckne n TennoBble pexmnMmbl paboTbl ANEKTPONN3epoB, ONTUMN3NPOBATL COCTaB AreK-
TponNuTa, KOHTPONMPOBATb pa3gavy Chipbs B 3M1EKTPONN3EPDI;

2) NpUMEHEHNE YCTaHOBOK CYXOW OYUCTKM ra3os;

3) aBTOMartmMyeckoe nutaHue rnnHosemom (Alll), dpTopconamm n opobneHbIM anek-
TPOMUTOM 3MEKTPONM3EPOB, YTO NO3BONSAET MCKMIOYMTL pasrepmeTnsaumio anekTponuaepa
npv NpoBeAEeHNN JAaHHON TEXHONOMMYECKOWN onepaLmm;

4) ynnoTHEHWe LUTaHr aHO4OB AfIEKTPONM3EPOB AN MUHMMKU3aUMn BolgenexHni 3B B
KOpMyC 3MeKTPOonM3a Yepes HENMOTHOCTM B MECTE BXOAA LUTAHMN B YKPbITUE 3NEKTPONM3epa;

5) aBTOMaTM4yeckoe ralieHme aHoaHbIX ahekToB B anekTponmsepe 6e3 ero pasrep-
MeTM3aunu;

6) Mcnonb3oBaHME NPoOeMa B YKPbITUSIX 3feKTponusepa 4ns BbIIMBKWM MeTanna, oT-
6opa npob n gpyrnx onepauuin.

[aHHble MeponpuaATUSA NO3BONAIOT NOBLICUTL 3MEEKTUBHOCTL YKPbITUS 3rEKTponm3e-
pa 1 coKpaTuTb BbiOpockl 3B Yyepes aspaumoHHble hoHapu.

HaHHas TexHonornsa anektponusa OA B anekTponmsepax BTOPOro NnokosneHus (CBbille
300 KA) BHegpeHa Ha ABYX OTEYECTBEHHbIX aritOMUHUEBBLIX 3aBOAAX.

[ns npouecca anektponusa TexHonornn OA He TpebyeTcs pacxoga Npou3BOLCTBEH-
HoW BOAbl. [NloTpebneHne BOAHLIX PECYPCOB BO3MOXHO TOSIbKO B NMINTENHLIX OTAENEHUAX OIS
oxnaxageHusa obopynoBaHnsa (NPON3BOLACTBEHHbBIE BOAbI) M NMPU UCMOMb30BaHMM BOAbl NMUTbE-
BOro KayecTBa Af151 XO3ANCTBEHHO-ObITOBbIX HYXA,.

C6pocbl 3B Ha antoMUHMEBLIX 3aBOAaXx, OCHALLEHHbIX TexHonornen anekrponuaa OA,
OTCYTCTBYIOT B CBSI3M C UCMNONb30BaHNEM 3aMKHYTON CUCTEMbI BOA0OOOpOTA.

OcHoBHblE MPOM3BOACTBEHHbIE OTXOA4bl — OTpaboTaHHas yronbHasi U kupnuyHas dy-
TepoBKa — pa3meLlatTca Ha COBCTBEHHbIX 0ObekTax pasmelleHns otxonos. Orapkun obox-
)KEHHbIX aHOA4OB BO3BPALLAKTCS B NMPOU3BOLACTBO «3ESIeHbIX» aHOO0B.

B Tabnnue 3.11 npencraeneHbl Bbibpockl 3B oT TexHonorun anektponuda OA B anek-
Tponuaepax NepBoOro n BTOPOro NoKoNeHn.

B Tabnunue 3.12 npeacrtaeneHbl 06beMbl 06pa3oBaHNa N pasMeLleHns 0TX0O0B AJs
TexHonorum anekTponuasa OA B anekTponmsepax NepBoro n BTOPOro NOKOSEHU.
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Tabnuua 3.10 — Beibpockl 3B B atmMocdepy. TexHonorus anektponusa OA.

Hanuune/otcyTtctaue
B nepeyHe 3B, noa-

O6bem u (1nu)

O6bem u (nnn) MeToq
nexawimx rocpery- macca Bblibpocos 3B
macca obpasyoLmx- OYUCTKM, No-
Kon NNPOBAHNIO EomHuua NcToYHMKM ¢oHapb + Tpyba
HanmeHoBaHue ca 3B (oo ounctkn) B BTOPHOIO
3B (pacnopsikeHue n3MepeHus BblGpoca (mocne o4ncTkn) B
pacyeTe Ha TOHHY NCNonb3o-
MpaButensctea PO G BaHUS pacyeTe Ha TOHHY
Ne 1316-p PoAyKd npoaykuum
ot 08.07.2015)
OnekTponuaepbl nepBoro nokoneHus (4o 300 kA)
dTopucTbii BOgopon | 342 Hanuune Kr/T Al 7,8-9,8 Cyxas Moy 0,25-0,38
Teepable hbTopnabl 344 Hanwnune kr/T Al 9,6-14,0 Tpy6sbl, o- (peakTtop — 0,53-0,77
Hapwu anek- pPYKaBHbIN
Mbinb obLwas OTcyTcTBME Kr/T Al 68-88 TPONM3HBIX bunbTp) 3,4-4,9
[unokeng cepbl 330 Hanunuve Kr/T Al 9,4-11,6° Kopnycos bes ouncTtkn 9,4-11,6
OA
MapHuKoBbIe rasbl - OTtcyTtcTBME T COZ?IKB'/T 1,9-2,2 Bes ounctkmn 1,9-2,2
OnekTponusepbl BTOporo nokonexus (300 KA v Bbile)
dTOPUCTBIN BOAOPOA 342 Hanuune Kkr/T Al 9,2-11,7 Cyxas QY 0,21-0,36
Teepable Topmabl 344 Hanwnune kr/T Al 11-16 Tpy6sbl, o- (peakTop- 0,37-0,65
HapW anek- pyKaBHbIN
Mbinb obwas OTtcyTtcTBME Kkr/T Al 60-102 TPONM3HBIX bUnLTP 2,2-2,7
Hwvokcuna cepsbl 330 Hanuune Kkr/T Al 9,2-12,87 KoprycoB Bes ounctku 9,2-12,8
OA
lMapHuKoBbIE rasbl - OTtcyTtcTBME T COZKB'/T 1,5-1,7 Bes ounctkum 1,5-1,7

6 3aBucuT OoT coaepKaHua cepbl B UICXOOHOM Cbipbe — KOKCe.
7 3aBUCKUT OT coaepKaHua cepbl B UICXOOHOM CbIpbe — KOKCe.
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Tabnuua 3.11 — OTxoabl nponsBoacTea 1 notTpebneHus. TexHonorna anekrponusa OA

O6bem u (1nu)
mMacca obpasoBa-

O6bem u (nnn)

NCcTOYHUKM Macca pasMeLLeH-
HanmeHoBaHue Knacc Eannuua HUS1 OTXOO0B A0 MeTtog ouncTku,
obpasoBa- HbIX OTXOA0B B
0TX0J0B OMacHoOCTH N3MepeHus OYNCTKM B pacyeTe NOBTOPHOIO NCMONb30BaHMS
HUsA pacyeTe Ha TOHHY
Ha TOHHY NPOAYK- MpOAYKLMM
Lm poay
VMcnonb3oBaHne B NpON3BOACTBE
AnekTponu- Topconen un (unn) pasmeLleHme
YronbHas nexa 3 Kkr/T Al 0-0,8 P ¢prop ( )P W Jo 0,8
3epbl OA Ha NOJSIUroHEe NPOMBbILUMIEHHbIX OT-
X0[0B
Orapkun 060XKeH- anexkTponu- BoaBpalleHne B Npon3BoacTBO
4 Kkr/T Al 65-124 0
HbIX aHOO0B 3epbl OA aHogoB
Pa3meLleHne Ha nonuroHax npo-
OtpaboranHas AnekTponu MOTXO,EIL,I(-.l)B BosmorkHa qacmql-?aﬂ
yronbHasi yTepoB- 3-4* Kr/T Al 9-14 P ) Ho 14
@ 3epbl OA nepegava CTOPOHHUM OpraHmn3auu-
AM A115 UCMNONb30BaHUA
OtpaboTtaHHas
KupnuyHas doyre- AnekTponu- Pa3melleHne Ha nonuroHax npo-
P dy 4 kr/T Al 7-13 P . P o 13
pOBKa 3MeKTpPonu- 3epbl OA MOTXO0B

3epoB

* YcTaHaBnuBaeTcH B COOTBETCTBUM ¢ DefepanbHbiM KracCcudUKaLMoHHbIM KaTanorom otxogos (PKKO).
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TexHonorusa anektponusa bT

[laHHaga TexHonorus anekTponuisa B Poccurickon ®egepaunn npeacTtaBreHa anekTpo-
nmsepammn ¢ camooburarowmMmmncs aHogamm n GoKOBbIM NOABOAOM TOKa K aHO4y Ha cuny
Toka 83—85 KA. 3OnekTponuaepbl OCHaLleHbl LUTOPHBLIMU YKPbITUAMU C 3FEKTUBHOCTLIO
93-96 %. BblgeneHua 3B, yrnoBrieHHble YKpbITUEM, MOCTYNatT Ha YCTAHOBKY «CYXOW»
OUYUCTKM ra3oB (peakTopbl U pyKaBHble PUNbTPbI), 3PFPEKTUBHOCTL KOTOPOW MOXET COCTaB-
natb: no dTopuctomy Bogopoay 98,4-99 %; no TBepabiM dTopugam u nbin — 99 %;
Mo CMOMUCTbIM BeLllecTBamMm — 96 %.

OCHOBHblEe TEXHMYECKME peLleHust Ons COKpalleHusa BbibpocoB 3B oT anekTtponuae-
poB bT:

1) NpUMEHEHNE LUTOPHbIX YKPbITUA 3NEKTPOSNTN3EPOB;

2) NPUMEHEeHne YCTaHOBOK «CYXOM» OYMCTKM ra3os.;

3) repmeTun3aums y3rna aHOAHOro CTOsIKa AfiekTponmsepa.

[ns npouecca anekTponusa TexHonormn BT He TpebyeTca pacxoga NpPon3BOLCTBEH-
HoW BoAbl. [MoTpebneHne BogHbIX peCypCcoB BO3MOXHO TOMBbKO B JIMTENHbIX OTAENEHUSX AN
oxnaxgeHusa obopyaoBaHus (MPOU3BOACTBEHHbIE BOAbLI) U NPW UCMOMb30BaHUM BOAbI NUTbE-
BOro KayecTBa Ans X03aMCTBEHHO-ObITOBbIX HYXA,.

C6pocbl 3B ¢ npon3BoACTBEHHBIMM BO4AMU B MOBEPXHOCTHbIE U NOA3EMHbIE BOAHbLIE
00beKkTbl Ha arntoMUHUEBLIX 3aBOAaX, OCHALLEHHbIX TexHonoruven anektponusa bT, oTcyT-
CTBYIOT B CBSA3U C UCMNOSIb30BaHMEM 3aMKHYTOW cUCTeMbl BogoobopoTa.

OCHOBHbIMM OTXO4aMW 3MEKTPOSIM3HOINO MPOU3BOACTBA, OCHALLEHHOrO TEXHONOormemn
BT, agnatoTca yronbHas neHa, oTpaboTaHHasi yronbHas u KMpnvyHasa oyTepoBKu.

TexHonorus anektponusa BT BHegpeHa Ha OOQHOM OTe4YeCTBEHHOM antoMUHUEBOM 3a-
BOAeE.

B Tabnunuax 3.13 u 3.14 npencraBneHbl XxapakrepucTukmn Bolbpocos 3B B atmocdep-

HbIN BO3OyX U OaHHblIE NO O6pa3OBaHI/I}O OCHOBHbIX BUOOB OTXOO40B TEXHOJIOITMN 3NEKTPOoIin3a
BT.
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Tabnuua 3.12 — Beibpochkl 3arpssHaoLWmnX BewwecTs B aTmocdepy. TexHonorms anektponmsa BT

Hanunune/otcyTtctaue
B nepeyHe 3B, noa-

O6bem u (unu) mac-

O6bem u (unn) mac- MeToq
nexawiux rocpery- ca Bblopocoe 3B
ca obpasyroLmxcs O4UCTKU, NO-
Koa NNPOBAHNIO EomHuua NcToUHMEKM ¢oHapb + Tpyba
HanmeHoBaHue 3B (o ounctkn) B BTOPHOIO
3B (pacnopsikeHue n3mMepeHus BblGpoca (mocne o4ncTkn) B
pacyeTe Ha TOHHY NCNonb3o-
MpaButensctBa PO ADOAVKLMM BaHmS pacyeTe Ha TOHHY
Ne 1316-p PoAyKd npoaykuum
ot 08.07.2015)
dTopucTbii Bogopo | 342 Hanuune Kr/T Al 6,2-10,3 0,5-0,82
Teepable pTopuabl 344 Hanunuve Kr/T Al 9,2-15,3 0,5-0,83
Cyxas oy
Mbinb obLwas - OrcyTcTBME Kr/T Al 60,9-101,5 (peakTop — 3,20-5,50
CMonucTbie Belle- Tpy6bi, o- PYKaBHbIN
Hapwu anek-
ctea (Bkriovas 3748 OtcyTcTBME kr/T Al 10,3-17,1 ° PuneTP) 0,9-1,52
GeH3(a)nmpeH n gpy- TPONU3HbIX
rne MNAY) kopnycos BT
[unokeng cepbl 330 Hanuune Kr/T Al 7,1-11,88 Bes3 ounctku 8,2-13,6
MapHukoBbIe rasbl - OtcytcTBME T COZ?IKB'/T ~3,2 bes ouncTkm ~3,2

8 3aBucKHT OT coaepKaHua cepbl B UICXOOHOM CbIpbe — KOKCe.
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Tabnuua 3.13 — OTxoabl nponsBoacTBa U NoTpebneHus. TexHonorna anektponusa bT

EanHu-

O6bem u (nnn) macca obpa-

Knacc M CTOUHMKM O6bem u (Mnn) macca pas-
ua 30BaHMSA OTXOO0B 40 OYUCT- MeTon 04UCTKM, NOBTOPHOIO
HanmeHoBaHue oTxogoB | onac- obpasoBa- MeLLLEHHbIX OTXO40B B pac-
n3mepe- | Kn B pacyeTe Ha TOHHY Mpo- NCNonNb30BaHWs
HOCTU HUS yeTe Ha TOHHY NPOAYKLMM
HUS AyKumm
onekTponu- | PasmelleHne Ha NONuroHe
YronbHas neHa 3 Kkr/T Al 11,2-13,0 P W Jo 13
3epbl BT NPOMOTXOA0B
OTtpaboTaHHas yronbHas Onektponu- | PasmelleHne Ha NonuroHe
P y 3-4% | i/t Al 12-13 P » o 13
dyTepoBka 3epbl BT NPOMOTXOA0B
OTpaboTaHHasa Knpnuy-
Onektponu- | Pa3melyeHne Ha nonuroHe
Hasa pyTepoBKa aNEKTPO- 4 kr/T Al 8-9 o9
3epbl BT NPOMOTXOA0B

nn3epos

* YcTaHaBnuBaeTcs B COOTBETCTBUN ¢ DeaepanbHbIM KrnaccuunkaunoHHbIM katanorom otxogos (PKKO).
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TexHonorusa anektponusa BT

[aHHaa TexHonorus anektponusa B PO npeacraeneHa anekTponnsepamm ¢ camoob-
XuUrawwmMmmca aHogamum W BEPXHUMM nogBoaoM Toka K aHoay (BT) Ha cuny Toka
oT 140 pgo 176 KA.

Paposble anekTponusepbl BT ocHaleHbl KOSTOKONBbHBIMU YKPbITUSMU C 3hdEKTUBHO-
cTbto 86,3—-88 %. Pagosble anektponusepbl BT moryT ocHawatbea cuctemamn All, 410
no3BoniseT NOoBbICUTb 3PPEKTUBHOCTL YKPbITUS A0 90 %. YKpbITUS MOAEPHMU3MPOBAHHBIX
(3a cyeT ycoBepLUEHCTBOBaHMSA KOHCTPYKUWUW rasoyganeHus U CblpbeBbIX KOMMOHEHTOB)
anekTponnsepoB BT (TexHonorusa «3koConepbepry») coctaBnset 97,5 %.

Kopnyca anektponusa, paboTatowme no TexHonornn anektponusa BT, ocHawatotcs
CMCTEMaMM ra3004UCTKM PasfMYHbIX KOMOUHaLWN:

1) nepBasi CTyneHb OYMCTKM B 3neKkTpodunbTpax + BTOpasi CTyNeHb — «MOKpasi»
o4ncTKa B cCkpybbepax unm neHHblx annaparax;

2) nepBas CTyneHb O4YMCTKU — «cyxasi» [OY + BTOpasi CTyneHb — «MOKpas» O4MUCTKa
B CKpyb6b6epax nnun neHHbIx annaparax;

3) ogHocTyneH4yaTas «cyxas» [OY;

4) opHocTyneH4yaTas «Mmokpasay FOY.

B 3aBncumocTn ot cnocoba rasoouncTkm ee 3EKTUBHOCTL ANSA TEXHONOrMM arek-
Tponusa BT coctaBnser:

1) no ¢propuctomy Bogopoay — 95-99,8 %;

2) No Nbinu n TBepAbIM propugam — 70-99,7 %;

3) no cmonucTbiM BewecTBam — 50-99,4 %;

4) no gmnokcuagy cepbl — 0-98,7 %.

OCHOBHblE TEXHMYECKME PELLEHMST AN COoKpaleHus BbibpocoB 3B OT psagoBbIX anek-
Tponusepos BT:

1) npuMeHeHue ra3oouMUCTHbIX annapaTtoB («cyxasa», «Mokpasi» FTOY unm ux Komou-
Hauus);

2) NPUMEHEHME «CYXOW» aHOLHOM MaccChl AN COKpalleHUsl BblAeNeHUA CMOSUCTbIX
BELLECTB.

Jlyywimx nokasaTtenen MmHMMmu3aumm selbpocos 3B B aTMocepy B HacTosiLee BpeMs
AOCTUraloT MOAEPHN3NPOBaHHbIE anekTponuaepbl BT — texHonormns «3koCoaepbepr».

K TEXHUYECKMM M TEXHONOMMYECKUM peLlEeHNsIM MOAEPHU3aLMU PSAOBbIX ANEKTPOSn-
3epoB BT ¢ nepexogom Ha TexHonormo «9koCoaepbepra» OTHOCATCS:

1) HoBbIV ra30CcHOpPHbBIN KONTOKON U cMCTEMA rasoyaaneHus;

2) HOBble TEXHOMOrMYECKNUA MHCTPYMEHT, CpeacTBa MexaHu3auumn, HoBble TEXHONOIN-
YecKkune NpPakTUKM NS 06Cny>XMBaHNSA 3NEKTPOSNTNIEPOB;

3) MoOEepHU3NPOBaHHbLIE ra30Xxo4bl C aBTOMATUYECKOW MHEBMATUYECKOM OYNCTKOW;

4) HoBasi TeXHONOorMs NPOM3BOACTBA M MCMOMb30BaHWS aHOLHOM MacCbl HOBOrO TU-
na — aHOAHOW MacChl C MOHWXKXEHHbIM COAEPXXaHUEM CBA3YIOLLIETO.

[aHHble pelleHna No3BONAT COKpaTUTb BblAeneHus 1 Bbibpockl 3B 0T anekTponuse-
poB Cogepbepra, a Takke obecneunTtb BO3MOXHOCTb YBENUYEHUS BbIXO4A MO TOKY YCOBEp-
LLIEHCTBOBAHHbIX 3NIEKTPOSIM3EPOB.

TexHonorna «3koCoaepbepr» BHeApeHa B HECKOSbKUX Koprycax 3fekTponusa Ha
ABYX OTE€YEeCTBEHHbIX antOMUHNEBBIX 3aBOAaXx.
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[o nepexoga Ha TexHonoruo «3AkoCoaepbepr» kopnyca anekTponusa C¢ psgoBbIMU
anektponusepamn BT moryT ocHawaTbca cuctemammn AlNlM n 6onee coBpeMEHHbIMU «CyXu-
MU» ra3o004UCTKaMMU.

[na yactn pagosbIx anekTponuaeposB BT, akcnnyaTtupyrowmxcs Ha antoMUHUEBBIX 3a-
Bogax Poccunckon degepaunn, Hanpumep, LWNAHIOYTHOrO Tuna, nepexon Ha TEeXHOSOoruio
«9koCoaepbepr» 3aTpyaHEH B CBSA3N C UX KOHCTPYKTMBHbLIMU OCOBEHHOCTAMK. B aTtom cny-
Yyae, a Takke Onsa paaoBbIX anekTponusepoB BT ¢ uenbio cokpalueHnsa Boibpocos 3B B aT-
MOCMEPHbIN BO3ayX A0 nepexona Ha TexHonornio «3koCoaepbepr» NpMMeHseTcst KOMMNIIEKC
onepaunoHHbIX MepPONPUATUI, HaNpPaBIiEHHbIX Ha COKpalleHWe BpeMeHW pasrepmeTusauun
anekTponusepa, noBbileHne 3PPEKTUBHOCTM CUCTEMBI Fa300TCOCa U CHUXEHME BbiGPOCOB
yepes3 aspauMOHHble hOHAPW BNEKTPONM3HBLIX KOPMYCOB — UCTOYHMKM BbIOPOCOB, Aarouime
HanbonbLWKnK BKNag B 3arpsisHeHne atMocdepbl. [JaHHbIN KOMMMEKC MeponpuaTUM HasbliBa-
eTca «lMpounsBoacrTeeHHas cuctemay.

TexHonorna anektponusa BT ¢ «[pon3BoacTBEHHOM cUCTEMOM» BHeApeHa B KOpMy-
cax AnekTponn3a Ha ABYyX OTeYEeCTBEHHbIX artOMUHUEBBIX 3aBOAaX.

[ns npouecca anekTponusa texHonornn BT He TpebyeTcsa pacxoga Nnpon3BOLCTBEH-
How BoAbl. [MoTpebneHne BogHbIX pecypcoB BO3MOXHO TOMBbKO B JIMTENHbLIX OTAENEHUsX AN4
oxnaxageHua obopynoBaHusa (NPOU3BOLACTBEHHbIE BOAbI) M NPU UCMOMNb30BaHUN BOAbl NMUTbE-
BOro KayecTBa 4151 XO3ANCTBEHHO-ObITOBbIX HYXA,.

C6pocbl 3B ¢ npon3BoACTBEHHBIMM BOAAMWU B MOBEPXHOCTHbLIE U NOA3EMHble BOAHbIE
00beKkTbl Ha antMUHUEBBLIX 3aBOAAX, OCHALLEHHbIX TexHonornen anektponusa BT, oTcyT-
CTBYIOT B CBA3M C UCMNOJIb30BaHMEM 3aMKHYTOW CUCTEMbI BOgoOGOopoTa.

OCHOBHbIMM OTXOA4aMW ANEKTPONN3HOro nponssoacTea BT aABnsoTCs yronbHasa newa,
oTpaboTaHHada yronbHasa nU KMpnuyHas PyTepoBKU. YronbHasa neHa, Kak npasumno, LefIMKoMm
nepepabatbiBaeTcs B COMNyTCTBYHOLLEM MPOM3BOACTBE (PTOPCONEN, YronbHas U KUpPMMYHasa
dyTepOBKM B OCHOBHOM pa3MeLlaloTCs Ha MOoNuroHe npomMoTxXodoB. HacTb yronbHon yte-
POBKM B 3aBMCUMOCTU OT PLIHOYHOMO CMpOCa MOXET peann3oBbiBaTbCsl CTOPOHHUM NOTpebu-
Tensam.

B Tabnunuyax 3.15-3.18 npuBegeHbl XxapakTepucTukn BbldbpocoB 3B B aTtmocdepHbIn
BO34yX AONS1 BapMaHTOB TexHosnorum anektponusa BT. B tabnuue 3.19 npuBeneHbl AaHHbIE
no o6pa3oBaHUIO OCHOBHbIX BMAOB OTXOAOB AN TEXHOMNOrMn anekTponuaa BT.
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Tabnuua 3.14 — BeIbpochl 3arpsisHaOLLMX BELWECTB B aTMocdepy. PagoBas TexHonorus anektponusa BT

Hanuune/otcyTtctaue
B nepeyHe 3B, noa-

O6bem u (unu) mac-

O6bem u (unn) mac- MeToq
nexawux rocpery- ca Bblopocoe 3B
ca obpasyroLmxcs OYUCTKM, No-
Kon NNPOBAHNIO EomHuua NcToYHMEKM ¢oHapb + Tpyba
HanmeHoBaHue 3B (go ounctkn) B BTOPHOIO
3B (pacnopsikeHue n3MepeHus BblGpoca (mocne o4ncTkn) B
pacyeTe Ha TOHHY NCNonb3o-
MpaButensctea PO G BaHUS pacyeTe Ha TOHHY
Ne 1316-p PoAyKd npoaykuum
ot 08.07.2015)
dTOPUCTBIN BOAOPOS 342 Hanuune Kr/T Al 10,0-11,6 1,20-2,11
Teepable pTopuabl 344 Hanuune Kr/T Al 10,0-18,7 1,3-2,8
Mbinb obLwas - OTcyTcTBME Kr/T Al 43-67 OnekTpo- 11,0-16,9
CmonucTble Belle- Tpy6sbl, o- dunbTp +
Hapu anek- «MOKPbIN»
CTBa (BKIO4as 3748 OTcyTcTBMe kr/T Al 25-42 P P 1,5-2,24
6eHs(a)nvpeH n apy- TPOMU3HBIX «XBOCT»
rne MNAY) kopnycoB BT
Hwvokcuna cepsbl 330 Hanuune Kkr/T Al 10,9-13,8° 1,5-2,3
lMapHuKoBbIE rasbl - OTtcyTtcTBME T COZ?IKB'/T 2,0-3,0 Bes ounctkum 2,0-3,0

9 3aBucKUT OoT coaepKaHua cepbl B UICXOOHOM CbIpbe — KOKCe.
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Tabnuua 3.15 — Beibpockl 3B B atmMocdepy. TexHonorus anektponusa BT ¢ npon3BoaCcTBEHHOMW CUCTEMOMN

Hanunune/otcyTtctaue
B nepeyHe 3B, noa-

O6bvem u (nnn) mac-

O6bem u (unn) mac- MeToq
nexawmnx rocpery- ca Bblbpocos 3B
ca obpasyroLmxcs OYUCTKM,
Koa NNPOBAHNIO EomHuua NcToUHMKM ¢oHapb + Tpyba
HanmeHoBaHue 3B (o ounctkn) B NOBTOPHOro
3B (pacnopsikeHue n3mMepeHus BblGpoca (mocne o4ncTkn) B
pacyeTe Ha TOHHY NCNonb30-
MpaButensctea PO ADOAVKLMMN BaHUS pacyeTe Ha TOHHY
Ne 1316-p PoAyKd npoaykuum
ot 08.07.2015)
dTOPUCTBIN BOAOPOS 342 Hanuune Kkr/T Al 12,4-13,8 1,2-1,4
Teepable pTopuabl 344 Hanuune Kr/T Al 6,3—7,1 1,3-1,88
Mbinb obwasn - OtcyTtcTBME Kr/T Al 39,2-43,7 :zyibgni)s- OnekTpo- 6,85-9,11
CMonucTbie Belle- 3748 P punbTp +
TBa (BKNtoYas TPOMN3HbIX «MOKPbIN»
c OTcyTcTBME Kr/T Al 1,6-2,6 kopnycos BT 1,5-1,68
GeH3(a)nmpeH n gpy- ¢ npou3Eoz- ckpy66ep
rne MAY) Y
CTBEHHOW
[vokeuna cepbl 330 Hanuune kr/T Al 13,422,310 CUCTEMOI 1,5-2,3
lMapHuKoBbIE rasbl B OtcyTtcTBME T COZKB'/T 2,0-3,0 Bes ounctkum 2,0-3,0

10 3aBucut ot coaepKaHua cepbl B UICXOOHOM CbIpbe — KOKCe.
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Tabnuua 3.16 — Beibpockl 3B B atmocepy. PsaoBasa texHonorna anektponuaa BT, ocHaweHHasa Al u «cyxony FOY

Hanunune/otcyTtctaue
B nepeyHe 3B, noa-

O6bvem u (nnn) mac-

O6bem u (unn) mac- MeToq
nexawmnx rocpery- ca Bblbpocos 3B
ca obpasyroLmxcs OYUCTKM,
Koa NNPOBAHNIO EomHuua NcTouHMKM ¢oHapb + Tpyba
HanmeHoBaHue 3B (o ounctkn) B NOBTOPHOro
3B (pacnopsikeHue n3mMepeHus BblGpoca (mocne o4ncTkn) B
pacyeTe Ha TOHHY NCNonb30-
MpaButensctea PO ADOAVKLMMN BaHUS pacyeTe Ha TOHHY
Ne 1316-p PoAyKd npoaykuum
ot 08.07.2015)
dTOPUCTBIN BOAOPOS 342 Hanuune Kkr/T Al 10,4-13,8 0,62-0,81
TBepable hTopmabl 344 Hanuune Kr/T Al 7,3-9,8 Tpy6bl, do- 0,62-0,83
Mbinb obLwas - OTcyTcTBME Kr/T Al 39,0-51,4 Hapw anek- 3,2-4,2
«Cyxasa»
CMonucTble Belle- TE;)”””:’CH;X FOY + Mok-
cTBa (Bknio4as 3748 OtcyTcTame kr/T Al 2,98-3,04 by Pbilt «XBOCT» 1,46-1,48
6eH3(a)nmpeH u opy- BT, ocHa-
rne MAY) LLEeHHbIX
[viokeun cepei 330 Hanuuve kr/T Al 17,87-17,9111 AMT n «cy- 1,9-2,1
xon» MOy
lMapHuKoBbIE rasbl - OtcyTtcTBME T COZKB'/T 2,0-3,0 Bes ounctkum 2,0-3,0

11 3aBucut ot coaepxaHua cepbl B UICXOOHOM CbIpb€ — KOKCe.
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Tabnuua 3.17 — Beibpockl 3B B atmMocdepy. TexHonorus «3koConepbepr»

Hanuune/otcyTtctaue
B nepeyHe 3B, noa-

O6bem u (unu) mac-

O6bem u (unn) mac- MeToq
nexawux rocpery- ca Bblopocoe 3B
ca obpasyroLmxcs OYUCTKM, No-
Kon NNPOBAHNIO EomHuua NcToYHMEKM ¢oHapb + Tpyba
HanmeHoBaHue 3B (o ounctkn) B BTOPHOIO
3B (pacnopsikeHue n3MepeHus ACYETE HA TOHH BblGpoca CHOMB30 (mocne o4ncTkn) B
MpaButensctea PO P G y BaHUS pacyeTe Ha TOHHY
Ne 1316-p PoAyKd npoaykuum
ot 08.07.2015)
dTopucTbii Bogopoa | 342 Hanwnune kr/T Al 11,4-18,6 Tpy6bl, do- 0,38 *
Teepable pTopuabl 344 Hanuune Kr/T Al 7,6-12,4 Hapb 3r1eK- Cyxas FOY 0,34 *
Mbinb obLwas - OtcyTcTBUE Kkr/T Al 40-65,3 TPOJN3HBIX (peakTop- 1,8-3,6
CMonucTble Bellie- Koprycos, PYKABHBIA
OCHaLLEHHbIX
ctea (Bkriovas 3748 OtcyTcTBME kr/T Al 0,88-1,10 3neKTponu- PunbTp) + 0,89-1,38
GeH3(a)nmpeH n gpy- sepawy BT «MOKPbIN»
rne MAY) 60
«3koCopaep- CKpyobhep
[vokeua cepbl 330 Hanuune kr/T Al 17,1-17,4%? Gepr» Jo 1,5

* Jlyqwas npakrtuka.

12 3aBHUCHT OT COACPIKAHUA CEPhI B UCXOJAHOM CBIPHC — KOKCC.
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Tabnuua 3.19— OTxoapbl npomsBoacTeBa U notpebnennsa. TexHonorusa anektponusa BT

O6bem u (nnn) macca

O6bem u (nnn) macca

HanveHoBaHune Knacc EonHnua obpa3oBaHusa 0Tx04o0B |  MICTOYHUKM MeToa o4ncTKy, pasmeLleHHbIX OTXO-
0TX0A0B onacHoCTH N3MEpPEHMsT | 0 OYMCTKM B pacyeTe | obpasoBaHns | MOBTOPHOIO UCMNONb30BaHNSA [OB B pacyeTe Ha
Ha TOHHY NPOAYKUMN TOHHY NPOAYKLMM
OnekTponu- | Vcnonb3oBaHune B NPOM3BOa-
YronbHas neHa 3-4 Kr/T Al 15-43 P P . A 0
3epbl BT cTBe (pTOpCOnen
PasmelleHne Ha nonuroHax
npomMoTxodoB. BoamoxHa va-
OTpaboTaHHas yronb- . OnekTponu-
34 kr/T Al 8-20 CTU4YHas nepegaya CTOPOHHUM o 20
Haga pyTepoBka 3epbl BT
opraHusaumam ans UCnoJsib3o-
BaHNSA
OtpabotanHas Knp- nekTponu PaamelleHne Ha nonuroHax
nnyHas yTepoBka 4 Kr/T Al 6-15 P o 15
3epbl BT NPOMOTX0OA0B

aNeKTPOonn3epoB

* YcTaHaBnmBaeTcs B COOTBETCTBMM ¢ DefiepanbHbIM KnaccudukaumoHHbIM kaTtanorom otxogos (PKKO).
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3.4 JllutenHoe NponM3BOACTBO

OCHOBHbIMW UCTOYHMKaMK BblaeneHna 3B B NUTENHOM NPoM3BOACTBE SABMSIOTCA MUK-
cepbl, NnaBuribHbIE Neyn, NPecchl, UHOYKLMOHHbIE NeYn, NUTEeNHbIe MaLUWHbI, JIMHUN Pe3Kn
CINUTKOB.

NCTOYHMKN NUTENHOrO NPOM3BOACTBA BHOCAT HE3HAUYUTENbHbIN BKNag B 06wmnin o6bem
BbIOPOCOB antoMUHMEBOro 3aBoda. lpu nnaeke meTanna B MUKCepax M NiaBUSbHbIX Nevyax
BO3MOXHbl He3HauyuTernbHble BblOENEHNA Mblfn, OKCuaa antoMUHUSA, a NMpu UCNoNb30BaHUN
¢ntocoB B BbIAENEHUAX MOTYT cofepxaTbCcs pTopuabl U xnopuasl. B nutemHom nponssoa-
CTBE antoMVHUEBbLIX 3aBOJOB UCMOSMb3YTCA 3MEeKTPU4eckne MMKCepbl, a nnaBuiibHble neyn
B KayecTBe TOMnMBa UCMNoNb3yT ras unn mMasyt. [1pu cxuraHnm Tonnvea B MnaBUIbHbIX Me-
Yax B atMocdepy BblAeNATCA NPOAYKTbl €ro CropaHus: okcuabl asoTta, okcup yrnepoaa,
anokeng cepbl. [Npu peske CNUTKOB NUiaMu Ansa oxnaxaeHnsa ucnonb3yeTcs macno, U Bblge-
nqawaaca npu peske nbifib antoMUHUSA NONHOCTBIO yraenveBaeTcsa. B atmocdepy npu atom
OyayT nocTynaTth TOMBKO Napbl Macra.

O6opynoBaHne NUTENHOro NPOU3BOACTBA MOXET OblTb OCHALLEHO MECTHbIMU OTCOCa-
MU 019 MUHUMU3aUUK BO3OENCTBUS Ha BO34yX paboyen 30Hbl. B OCHOBHOM 3TO NpUMeHsieT-
CA Ha HOBbIX 3aBojax. Ha aniomMuHueBbIX npeanpuatusx, akcnnyatupylowuncs 6onee
20 neT, BblgeneHus 3B oT obopyaoBaHna NMTENHOrO NPOU3BOACTBA NOCTyNarT B aTtMmocde-
py Yyepes ooHapb.

B cBA3M ¢ He3HaunTenbHbIMK KonuvectBamn 3B MuKcepbl, NNaBuribHble U UHOYKLUM-
OHHbIE MeYM He OCHALAKTCA CMCTEMaMM ra3oo4umCcTKnN. Boibpockl 3B OT NUTEnHbIX oTaene-
HUM He co3JaloT 3a npegenamu NPoMNIoWaaKM NpeanpuaTUS 3HaYUTESbHBIX MakcuMarnb-
HbIX NPU3EMHbIX KOHLUEHTPaUUn U He yXyALaT Ka4eCcTBO aTMOCHEPHOro Bo3ayxa B XUIbIX
30Hax.

YpoBeHb yaenbHbIX BbIOPOCOB NMUTENHbLIX OTAENEHUN antoMUHUEBLIX 3aBOogoB Poc-
cumnckon depepaumm coctasnaet 0,02-0,2 kr/T Al (ansa nbinu).

3.5 NMpon3BoAcTBO TEXHNYECKOro KpeMHUA

3.5.1 Pacxop cbipbsi, MaTepuarnoB U 3reKTPO3Heprum

Pacxon cbipbsi HA 1 T TEXHUYECKOrO KPEMHUS U, Kak CneacTBue, KONM4ecTBO BbiOPO-
coB, cOpOCOB 1 OTXOL0B, 06pa3yOLMXCA B NPOLIECCE BbINMaBKM TEXHNYECKOrO KpeMHMUS Cro-
cobom kapboTEPMUYECKOrO BOCCTAHOBIEHUS, ONpeaensieTcsi Ka4eCTBOM CbiPpbA U TUMOM
(MOLHOCTBIO) OCHOBHOIrO 060pYAOBaHNSA — PYAHOTEPMUYECKON NEYN.

B Tabnuue 3.20 npeacTtaBneHbl npeaensl U3MEHEHUsT yaerbHbIX pacXOdHbIX NMokasa-
Tenemn no Cbipbly, 3MEKTPOAAM U IMEKTPOIHEPTUM B NPOU3BOACTBE TEXHUYECKOrO KPEMHMUSI.
OTHOCUTENBHO LUMPOKMIA Ananas3oH pacxXOAHbIX NnokaslaTenen SBNsSeTCs CrneacTBUMEM Kade-
CTBa CbIpbS M BO3MOXHOIO BapbMpPOBaHNSA COOTHOLLIEHNSA BOCCTAHOBUTENEN B COCTaBE CbIpb-
€BOW LUNXTb.
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Tabnuua 3.20 — Pacxog cbipbsi, MaTepuarnoB U 3HEPropecypcoB

HanmeHoBaHue Epurnua Pacxon B T Ha 1 T KpEMHUSA
n3mMepeHus

Keapumt T 25-32
[lpeBecHbIN yronb T 0,34 -1,225
HedTaHOM KOKC T 0,16 - 0,24
KameHHbIn yronb T 0,138 — 1,580
TexHonornyeckas gpesecuHa (wena) T - 0,83 -1,40
Onektpoabl 1205mMm T - 0,088 — 0,100
Onektpoabl 710 0,050 - 0,056 -
Onektpogbl 100Mm T 0,015 - 0,040
OneKTPO3Heprnst TEXHoNorn4eckas MBT-Y 11,00 - 17.78
OnNeKTpoaHeprusi cunoeasi MBT-y 13-42

3.5.2 Xapaktepuctunka ammccum

MpoM3BOACTBO TEXHUYECKOrO KPEMHUSI COMPOBOXAAETCH BbIOPOCOM 3arps3HSAOLLIMX
BeLlecTB 1 obpasoBaHMEM MPOU3BOLACTBEHHbIX O0TX0A0B. OTX0Abl — OTCEB KBapuuTa, Mbifib,
yNoBfieHHasi B annapartax Cyxon ra3oo4ymcTKu, Wiam OT MOKPbIX cTyneHen [OY.

OTtxogbl 6o yTunuanpyrotcs, nmbo peanuaytotcs notpedbutenam. OTxoabl OTHOCAT-
cs K IV knaccy onacHOCTW, He coaepaT BpeAHbIX npumecen. MenkogucnepcHble YacTuubl
KPEMHUS, YNOBMEHHbIE MPU U3MESTbYEHUN, COPTUPOBKE N pacPMHNPOBAHNN FOTOBOMO NPOAYK-
Ta peanuayloTcs notpebutenam.

O6pasyowmica npu nnaeke LWak ABNAeTca BTOPUYHLIM NPOAYKTOM U peanusyeTcs
no 3anpocam noTpedurenen.

BbligeneHne nbinv MMeeT MecTo Npu TpaHCnopTe cbipbsi, NonydabpunkaToB, roTOBOM
NPOAYKUUN N OTXOA0B MPOU3BOACTBA, UX U3MENbYEHUU, TPOXOYEHUN U copTupoBKe. cTou-
HUKaMK NbIEBbIENEHUN ABNANTCS TPaHCNOPTHbIE, APObUnbHbIE U Pa3MOSibHbIE YCTaHOB-
KN — KOHBEWepbl, NnuTaTenu, neperpy3oyHble U O03MPOBOYHbIE YCTPOMUCTBA, rPOXOTa, CUTa,
ncnonb3yemble Npy NOAroTOBKE CbipbEBOW LUMXThl U NepepaboTke roToBoro npoaykra (Kpu-
CTannmM4eckoro KpemHmns).

HenocpeactseHHo n3 PTI1 oTxoadwmmm razamm, obpasyrowmMmmncs B npouecce BOC-
CTaHOBMNEHUS KPEMHUS, N rnoAcacbiBaeMbiM BO3QYXOM BbIHOCATCA MblfieBUAHbIE YacTULbl,
KOTOpble NpeacTaBneHbl TpeMS BUAAMU:

—MpPOAYKTbl XuMmnyeckmx peakummn ( Si n SiO2) 1 okcmabl MeTanmnoB, CoaepXKalunxcs B
3one BocctaHoButenen — Cao, Fe203 u Al20s;

— Hanbornee TOHKME YacTULbl KOMMNOHEHTOB LUNXTbI U3 KONMOLIHUKOBOroO criosi (obpasy-
l0TCS B pe3ynbraTe U3MenbyeHust npu OO03UPOBKE, TPAHCMOPTUPOBKE M 3arpyske LWKXTbl B
neyb);

— NPOAYKTbl U3MESIbYEHNA KOMMOHEHTOB LUNXTbl (OCOBEHHO YrnepoaucTbiX MaTepua-
NoB) B X04€e BOCCTAHOBMNEHUS U pasyKpYNHEHUS pearnpyoLwmx YacTu, npyu ocagke n ornmkos-
Ke LUNXTbI.
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Menkue YacTuubl BbIHOCATCA peakUMOHHbIMU ra3amMn Ha KOMOLHWK, rae pas3baBnstoT-
Csl noAcacbiBaemMblM BO34yXOM. 3aTeM MblfierasoBas CMeCcb 3a CHeT pa3pexeHud, co3gaBa-
€MOoro blMococamu, MOCTynaeT no cucteme rasoxoaos B cuctemy [OY.

Bbixog nbinn 13 neun konebnetca B wmnpokmx npegenax ot 300 go 1 000 kr (Ha 1T
TOBAPHOrO KPEMHUS).

KonuyecTBO rasos, BblAENSOWMXCA C KOMOLWHMKA Neyun, ux cocrtas, TemnepaTypa u
3anbINIEHHOCTb 3aBUCUT OT (PU3NKO-XMMNYECKMX CBOMCTB UCMOSIb3yeMbIX LUMXTOBbLIX MaTepu-
anos. Masbl ot PTI1 cogepxat B cpegHeM, %: 80—-85 CO; 4-8 CO2; 1 — 3CHa; 0,1—10 H20;
0,1-4 N2 n 1-3 Hz2. HenocpeactBeHHO Hag KOMOLIHWKOM rasbl pa3taBndaloTCs BO34YXOM U B
OCHOBHOM cropatoT (Npu HopmanbHOM XoZe npoLecca coepxaHue okcuaa yrnepoaa B Ko-
NOLLHUKOBBIX ra3ax He3HaunTeNbHO, CoOAepXXaHne KMCcnopona — NoYTu Takoe Xe, Kak B aTMo-
ccbepHOM BO3ayxe).

lasbl oT PTIM Ha Bxoge B TOY UMEIOT KOHLEHTpaumio no nbinun okono 3,5 r/me. Meinb
coctouT (no macce) ns 80 % SiO2; 2—4 % Al20Os; 0,1-0,2 % Fe203; 1-2% CaO un 7-8 C% u
npeacraesneHa Yactmuamm pasmepom okono 0,1 mkm (go 80 %).

NcTouHukn Boibpocos 3B — opraHu3oBaHHble (OAbiMoBasi Tpyba) n HeopraHM3oBaHHbIE
(OTKpbITbIE CKNagbl, AOPOrK, rpy30BOM TpaHCcnopT M Ap.). C uenblo CHUXEHUS HeopraHu3o-
BaHHbIX BbIOPOCOB TpaHCMNOpTEpPbl, NpeAHa3HadYeHHble 451 TPaHCNOPTMPOBKN NbINSLLEro Ma-
Tepuana, KOHCTPYMPYIOTCS KaK 3aKpbITble CUCTEMBI.

[aHHble No amuccuam — Bbibpocam B aTMOCepy OCHOBHbIX 3B, napHMKOBbLIX ra3oB—
n obbemam OTXOA0B NPOU3BOACTBA TEXHNYECKOro KpeMHUS nNpuBeaeHbl B Tabnuuax 3.3.
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Tabnuua 3.21 — [1aHHbIEe MO 3MUCCUAM

Hanwnuue/otcyTtcTBre B nepeyHe 3B,

Koa
HauveHosarme 3B noanexawmx ocperynupoBaHuto EAnnmua NcTOoYHMKM BbI- (I\:sgfg :Z?ST:S_ Ko;ge:;iigm
3B (pacnopsikerue Mpasutenscrea PO | 18MEPEHNA 6poca I'IOJ'Ib3F())BaHVIFI) uneTin
Ne 1316-p ot 08.07.2015)
* -
MbiNb HEOpraHnyeckas AbimoBbie TPYOb! Luknoriel, py
C comenkanneM Sio PTI1, ycTtaHoBKK KaBHble unb- He 6onee 20
Aep ? 2907 Hanune Mr/HM3 acnupauuu Tpbl
>70%
AbimoBble TpyObl «MOKpas»
PTMN OYNCTKA Ao 300
Hanuune 3 [bimoBble TpyObI «MOKpasi»
Cepa guokecung 0330 MI/HM PTI ouNCTKA
MapHuKoBbIe rasbl - OtcytcTBME T CO,/T Si 'ubIMOT;II_T_Ipr&I Be3 ounctku oo 9

*B coctaB [[OY BXoOAT Takke CMIOC Mblfu, YNOBAEHHOW B LIMKITOHAX, U 2 cunoca, yroBreHHON B pyKaBHbIX (unbTpax.

6T0C—LI J1U
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Paspen 4. OnpeaneneHne HaMny4lmMx AOCTYMHbIX TEXHOOMMMN

CornacHo noctaHoBneHuto [lpaButenbctBa PP ot 23 gekabpsa 2014 r. Ne 1458,
«MeToanyeckum pekomeHgaumam no onpeaeneHnto TEXHONOMMM B Ka4ecTBe Hauny4wen Jo-
CTYMNHOW TEXHOSIorMmy», yTBepXaeHHbIM npukaszom MuHnpomtopra Poccun 31 mapta 2015 .
Ne 665, onpegeneHve TEXHOMOMMW B KayecTBe Haurydwen [OCTYNMHOM MNPUMEHUTENBHO
K antoMUHUEBOM NPOMBILLITEHHOCTU NPOBOAUTCSH C Y4ETOM COBOKYMHOCTU CreayoLwmnx Kpute-
pues:

a) HauMeHblUMI YypOBEHb HEraTMBHOINO BO3OENCTBUSA Ha OKPYXaloLlylo cpefy B pac-
yeTe Ha eQUHULY BpeMeHU nnu obbem npon3soanMon npoaykumm (toeapa). B cootBeTCcTBMM
c «MeTogmnyeckMmmn pekoMmeHgaumsiMu...» BO34ENCTBUE OT BbIOPOCOB B BO34yX paccmaTpu-
BaeTCs Kak akTtop, MMewwun Hanbonblwunn oTpuuatenbHbii addekt. OkasbiBarowmm
HanMeHbLLee oTpuLaTenbHOEe BO3AENCTBME HA OKPYXKAKOLLYIO cpedly cuMmTaeTcs Bo3gencraune
OTX00B, 3aTeM BbIOpOCHI B BOAY M 3arpA3HEHNE NoYBbI;

0) 3KoHOMUYecKkasa aPPEKTUBHOCTb BHEAPEHUSA N 3KCMyaTaumm;

B) NpPUMEHEHWe pecypco- 1 aHeprocbeperatoLMx METOAOB;

r) nepuoa BHeOpPEHUS;

A) MpOMbIWSIEHHOE BHeAPEeHWe TEXHOMNOrMYeckux npoueccos, 06opyaoBaHUs, TeXHU-
Yyeckmx crnocoboB, MeToAoB Ha ABYX M b6onee obbekTax B Poccuiickon degepaumm, okasbl-
BalOLLMX HEraTMBHOE BO3AENCTBME Ha OKPY>KaKoLLYHO cpeay.

4.1 NMpousBoACTBO rNMHo3emMa

Bbibop TexHOMNOrMM Npomn3BOACTBA MMUHO3EMA ONpeaensaeTca HanM4yMem n BO3MOXHO-
CTblO MCMNOSb30BaHNA TOrO MMM MHOIO Chipbst (BokeuT, HedbennH). Chipbe onpeaenseT 3Ko-
HOMWKY MPOM3BOACTBA, BEIMYUHY MaTepuarnbHbiX MOTOKOB, CbipbA WU 3HEPrun, SMUCCUU B
oKpy>xatoLyto cpeny. B HacTosLLee BpeMsi 4ns NpoM3BOACTBa MMUHO3eMa Ha OTEYECTBEHHbIX
3aBogax NPMMEHSIETCA TEXHOMNOMS BbllenadnBaHuns, peann3oBaHHas no AByM cXxemam npo-
LLeCCOB:

— KOMBUHMpPOBaHHLIN cnocob (napannenbHasi cxema banep-cnekaHuns), o6beanHso-
LMK ABe pa3Hble TexHonornm — cnocod banepa n cnocob cnekaHnst GOKCUTOB;

— crnekaHme HeenUHOBLIX WNXT (HeennH n N3BECTHSIK).

4.1.1 MNMpon3BoacTBO rnnHo3eMa wn3 HGOKCUMTOB MO  KOMOMHMPOBAHHOMY Crnocoby
(napannenbHas cxema banep-cnekaHns)

OnuncaHwue npoueccos

Ncnonb3yemoe obopynoBaHue:

1) nepepenbl NOATOTOBKW LUMXThI K BbiLeNavymMBaHuIo, CNekaHuo 1 nepepaboTtka cne-
Ka — 4pOOUNKKM, LUapOBble MENbHULbI;

2) nepegen BbllLenayMBaHNSa — aBTOKNaBHble 6aTapeu;

3) nepepgen cryweHus 1 NPOMbIBKU LWaMa — CrycTuTenu, unbTpsbl;

4) nepefenbl CrnekaHus M KanbUWHAUMKM — Bpallalolwmecs neyn u nedn LUKIOHHO-
BMXPEBOro TUMNa, XONOANMbHUKM KAMALLEro CNos U LMKIOHHOMO TUNa;
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5) nepegen nepepaboTkM antOMUHATHbLIX PACTBOPOB — AEKOMMNO3Epbl, Cryctutenu,
aBTOKIaBbI.

K OCHOBHbIM TEXHUYECKNUM pELLEHNAM, HanpaBreHHbIM Ha cokpalleHne Bbibpocos 3B,
OTHOCATCS:

1) npumeHeHne Ha aTane NOArOTOBKM CbiPbsi B CKNagax NpoAyKUMM LUKITOHOB UK py-
KaBHbIX pUNIbTPOB, YTO NO3BOSISET 06eCneyYnTb OCTAaTOYHYHO 3anblfIEHHOCTb acnMpPaLNOHHOIO
Bo3ayxa He 6onee 20 Mr/HM3;

2) NpMMEHeHMe OAHOW WNU ABYX CTyneHen OGaTtapenHblX (rpynnoBbiX) LMKINOHOB
N 3NeKTpouUnNbLTPOB Ha nepefene KanbuMHauuKM, YTO NO3BONAeT obecrneynTb OCTaTOYHYHO
3anblNeHHOCTb AbIMOBbIX ra3oB He 6onee 100—200 Mr/HMS;

3) npumMeHeHWe Ha nepeperne crnekaHus O4HOW CTYMNEHW rpynmnoBbIX LIMKIOHOB, 3fieK-
TPOUNLTPOB M MOKpPOro ckpybbepa, 4To Mo3BonsieT obGecneynTb OCTaTOYHYH 3anblfieH-
HOCTb AbIMOBbIX ra3os He 6onee 100-200 mMr/HmS.

OCHOBHbIM OTXO4OM MPOU3BOACTBA SIBMSIETCA KPACHbIN LWiaM, KOTOPbIA MOASNEXUT
pa3MeLLEHNIO HAa NONUIrOHAaX NPOMbILLIEHHbBIX OTXOA0B.

Mo komBMHMpoBaHHOMY crnocoby paboTatoT rMUHO3EMHbIE 3aBOAbl Yparna, UCNosSb3ys
B KQ4eCTBE CbIpbA OOKCUTbI.

Ha paccmaTtpmBaeMbix npeanpusaTusix NPpoOM3BOACTBO IMMHO3EMa UMEET 3HauvuTenb-
HOEe CXOACTBO (Mcnonb3oBaHue GNM3KOro rno KavyecTBY Cbipbsi, MPUPOLHOMO rasa B KayecTse
TONMMBAa), UCNONb3YEeTCA NPaKTUYECKN OaNHAKOBbLIN Habop obopyaoBaHnsa. OCHOBHOE OTNU-
4ynme paccmaTpuBaeMbIX TEXHOSOMMM — COOTHOoLWeHne BeTeen (banepa u cnekaHus). Ha YA3e
BbIMYCK rMMHO3eMa B BETBU criekaHusi coctaBnseT 12 %, B BeTBu banepa — 88 % o1 obLuen
mMowHocTu npeanpusatms. Ha BA3e cooTHoweHune BetBen — 20 % 1 80 % COOTBETCTBEHHO.

lMoka3aTenu KOHUEHTpauunM MapkepHbix 3B, xapakTepusylowmx TEXHOMNOrnK npouns-
BOACTBA IMnHo3eMa, npuHnmaemon B kavyectse HAT, npeacraBnexsbl B Tabnuvue 4.1.

Tabnuua 4.1 — TexHonornyeckme nokasartenu BbidpocoB

EavHnua
HaumeHoBaHMe 0TX040B 3HayeHune
n3MepeHns
B3BelueHHble BelecTsa Mr/HMm3 100-200 13

4.1.2 Mpoun3BoacTBO rMMHO3eMa Nno cnocoby cnekaHus HedenmHoB

OnucaHue npoueccoB

Wcnonb3yemoe obopynoBaHue:

1) nepepenbl NOArOTOBKU LUMXTbI U NepepaboTkn cneka — ApoOunkn, MenbHULbI;

2) nepeaen cnekaHusi — BpallatoLwmMecs neyYn ¢ KOrOCHMKOBLIMU XONOAUITbHUKaMMU;

3) nepegen KanbUMHAUMM — BpaLLAOLLMECS NMEeYM KanbUMHAUUKU C XONOAMITbHUKaMM
KMNSALLEro cros;

4) nepepen nepepaboTkM anOMUHATHbIX PAacTBOPOB — kapboHM3aTopbl, AEKOMMNO3e-
pbl, CryCTUTENN.

13 BanblneHHOCTb ra3oB B BbIOpocax OT neyewn KanbLmHaumm u cnekanus (nocne rOY).
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K OCHOBHbIM TEXHUYECKUM pELLUEHNAM, HanpaBfeHHbIM Ha CoKpalleHme BbibpocoB 3B,
OTHOCATCS:

1) npumeHeHue Ha 3Tane MOArOTOBKWM Cbipbsl, B CKMNagax NpoAyKUUW LMKITOHOB Wn
pyKaBHbIX (OMNbTPOB, YTO NO3BONSAET 06ecnevnTb OCTaTOYHY 3anblfIEHHOCTb acnMpaumoH-
Horo Bo3gyxa He 6onee 20 Mr/HMS;

2) NpuMeHeHne OByX CTyneHen 6atapenHbix (FPynnoBbIX) LMKNOHOB U 3NeKTpodunb-
TPOB Ha nepefene KanbuMHaUuK, YTO NO3BoNsieT obecrneynTb OCTATOYHYHK 3anblfIEHHOCTb
AbIMOBbIX razos 100—200 Mr/HMS;

3) NpUMeHeHWe Ha nepegerne cnekaHusi OAHOW CTYNEHU rpynnoBbIX LMKIOHOB, ropu-
30HTasbHbIX MHOTOMNOSIbHbBIX 3NEKTPOUILTPOB, YTO NO3BONSET 06ecneynTb OCTaTOYHYO 3a-
MbINEHHOCTb AbIMOBbIX ra3os 100—200 Mr/HM3.

OCHOBHbIM OTXOA0OM MPOU3BOACTBA ABNAETCS HEENMHOBLIN LUMaM, KOTOPbIA YacTu4-
HO (go 30-50 %) ncnonb3yetcs B NPOM3BOACTBE LleMEHTHOro knuHkepa. OcTtaBwascs 4yactb
noanexuT pasMeLLEHNIO Ha 06 beKTax pasmMeLLeHNss OTXOLOB.

TexHonornsa nepepaboTkn HedenMHOB cnocoboM crnekaHusi ocyllecTensieTcs Ha [u-
KaneeBckoM n AumMHCKOM 3aBogax. CnekaHuio nogBepraeTca wmxTa M3 HedenuHa n n3BecT-
HSIKa.

TexHonornyeckme cxembl NPOU3BOACTBA rMMHO3eMa 13 HedennMHOB Ha NPeanpuUsaTUsaX
o4eHb 6nm3km mexagy cobor. OCHOBHbIE OTNMYMSA paccMaTpuBaeMbIX NPON3BOACTB — MOLL-
HOCTb OCHOBHOIO TEXHOSIOrMYeCcKoro obopyaoBaHusa (onpeaensTcsd MOLWHOCTbIO npeanpus-
THS), a TakKe UCNOSb30BaHNE pasnnyHbIX BOOB TOMMBA.

[MokasaTenn KOHUEHTpauunM MapkepHbix 3B, xapakTepusylowmx TEXHOMNOrnK npouns-
BOACTBA rMnHo3emMa, npuHnmaemon B kavyectse HAT, npeacraBnexsl B Tabnuue 4.2.

Tabnuua 4.2 — TexHonornyeckme nokasartenu BoidpocoB

EavHnua
HaumeHoBaHMe 0TX040B 3HaueHune
n3mMepeHus
B3BelueHHble BellecTBa Mr/Hm3 100-200 4

4.2 AHogHOe Npou3BOACTBO

Mpon3BoacTBO aHOOOB U aHOAHOW MAacChl B HacTosiLLEee BpeMs SABMSIETCA COMyTCTBY-
OLLMM NPOU3BOACTBY antoMuHuS. NporM3BOACTBO aHOAOB OCYLLECTBASETCA Ha npomMnsoLwag-
Kax alltoMUHMEBbLIX 3aBOAOB, OCHALLEHHbIX LENMKOM UM MPENMYLLECTBEHHO 3M1EKTPONnun3e-
pamu c npegBaputenbHo oboxokeHHbIMM aHogamu (OA). Npon3BOACTBO aHO4HOM Macchl
OCYLLIECTBNSAETCA MpakTU4YEeCKN Ha BCeX 3aBOAaX, OCHALLEHHbIX 3MNeKTponu3epamm C¢ camo-
obxwurarowmmmncs aHogamu. Onpeaenenve HOT Ans npoM3BOACTB aHOAOB M @HOAHOM MacChl
OypeT 3akno4vaTbcsa B Bblibope 060pyaoBaHMs 1 ra3004MCTOK NSl NepeaernoB NpoM3BoACTBa,
obecneunBatoLLero Hambonee HM3KkNe yaenbHble Boiopockl 3B B atmocdepy.

C6pocbl CTOYHbIX BOA4 M 06pa3oBaHMe OTXOAOB AN NPOU3BOACTBA aHOA0B M aHOOHOW
MaccCbl He SIBMSTCA NMUMUTUPYOLLMMKU DAKTOPOM, TaK Kak Ha antoMUHMEBLIX 3aBOAax MC-
nonb3yeTca 3amkHyTad cuctema BogoobopoTta, a obpasoBaHME OCHOBHbIX OTXOLOB qoyTe-

14 3anbINeHHOCTb ra3oB B BbIGpOcax OT nevei KanbLUMHaLUUM 1 cnekaHus.
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POBKM neyer obXnra n npokanku 3aBUCUT OT CPOKa MX CryX0bl, KOTOPbLIA NPaKTUY4ECKN OAW-
HaKoB ANs BCeX paccMmaTpuBaeMbix NPON3BOACTB.

4.2.1 Mpoun3BoacTBO aHOAHOW Macchl AN CaMOoOoBXKMraoLLMXcs aHO40B

OnucaHue TexHonoruu

Ha Bcex 3aBogax JaHHOe Npou3BOACTBO MOEHTUYHO U UMEET NPaKTUYEeCKU OAMHAaKO-
BbIi HAbop obopynoBaHMS.

Mcnonbayemoe obopyaoBaHue:

— nepefenbl XpaHeHUs 1 NOATOTOBKM KOKCa — TpaHCMopTepbl, KOHBENepbl, 4poburku,
rPOX0Tbl, MENbHULbI;

— nepegenbl cMeweHna U PopMOBaHUA — A03aTopbl, cMecuTenu, OpPMOBOYHbIE
YCTPOWCTBA;

— nepepgenbl NpoKarnky — NpoKanoYvHble Neyun, CyLunIibHbIe arperarthl;

— nepegenbl XpaHeHUs U NOArOTOBKM Meka — NEKONPUEMHUKN, NeKoNnaBUTEsN.

K OCHOBHbIM TEXHUYECKNM peLUeHNAM, HanpaBneHHbIM Ha cokpalleHue Bbibpocos 3B,
OTHOCATCS:

— MNPUMEHEHMEe ra3oounCTHOrO 0BopyaOBaHUSA Ha Nepeaenax XpaHeHus U NOAroTOBKM
Kokca. Bo3aMOXHO npumMeHeHne O4HOro Mnmn KOMBMHaLMM HECKONbKNX BUOOB CreayroLlero ra-
3004MCTHOrO 06OPYAOBAHUA: LIMKINOH, 9NEKTPOPUIbLTP, PyKaBHbIM punbTp. [JaHHble TexHu-
Yyeckue pelleHnst NO3BONAT COKpaTUTb BbIBPOCHI NbIM B aTMocdepy OT npoueccoB apobrie-
HWSA N TPAHCNOPTUPOBKM KOKCA.

— MNPUMEHEeHMe ra3oouncTHoOro obopyaoBaHUA Ha nepeerie nNpokarnku Kokca. Bos-
MOXHO NpUMeHeHne 6aTtapernHoro UMKnoHa n (unu) anekrpodpuneTtpa. [JaHHble TeXHUYeCKne
peLLeHns NO3BONAT COKPaTUTb BbIOPOCHI Mbinv B aTMocdepy OT npouecca NpoKasnku Kokca u
TBepAbIX KOMMOHEHTOB OT NpOLecca CXUraHns TONnMBa, UCMOMb3YIOLLErocs B nevyax npokan-
KW.

— MPUMEHEHME YCTAHOBOK CYXOW ra3o0umuCTKM (peakTop + pykaBHbI ounbTp) Ha ne-
pefenax cmeweHuss U popmoBaHus. [JaHHble TEXHUYECKME peLUeHUsd HamnpasfieHbl Ha Co-
KpalleHne BbIOPOCOB BO3rOHOB KAMEHHOYrOfIbHOrO neka OT NPoLEeccoB CMeLLeHns U hopMo-
BaHWA aHOLHOW MaccChl.

lMokasaTtenu KoHueHTpaunn BblIBpoOCcOB MapkepHbIX 3B, xapakrtepusylowme TexXHoMo-
M NPOU3BOACTBA aHOAHOW Macchl, NpuHMMaemon B kavyectse HOT, npuBeaeHsl B Tabnu-
ue 4.3.

Tabnuua 4.3 — lNokasaTenu KoHUEHTpaUun BbIBPOCOB MapKEPHbIX 3arpA3HAIOLNX BELLECTB
npou3BoACTBa aHOAHOW MaccChl

EanHnua
N3MEpPEHMS

HanmeHoBaHue 3B 3HayeHune

Mepepensl cMmelleHns 1 opMUPOBaHUS aHOLHOW Macchl

Bo3roHbl kKaMeHHOYronbLHOro neka (Bkno4vas Mr/HMm® <35
6eHs(a)nupeH n gpyrue MAY)

Mpokanka kokca (nocne MOY)

Mbinb KoKkcoBas ‘ Mr/Hm® ‘ <200
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4.2.2 Npon3eoacTtBo 060X KEHHbIX aHOA0B

OnucaHue TexHonornu

Ncnonb3yemoe obopynoBaHue:

— nepeaenbl XpaHeHUs1 U MOArOTOBKM KOKCa — TpaHCMopTepbl, KOHBenepbl, Apobun-
KW, FPOXOTbl, MEMbHULbI;

— nepepenbl CMELLEHNS N NPeCcCcoBaHNA — [03aTopbl, cMecuTenu, Bubponpecc;

— nepegen obxura aHo4OB — MHOIOKaMepHble KOSbLEBbIE NeYn 0bxXura;

— nepegenbl XpaHeHUs1 1 NOATOTOBKM NeKa — NEKOMPUEMHUKI, NEKONIABUTENN;

—  MOHTaX-AEMOHTaX O0OOXKEHHbIX aHogoB —neun WYT, KoHBeWepbl, CUCTEMDI
OYUCTKM OrapkoB, APOBUNKN.

K OCHOBHbIM TEXHMYECKNM pPELLEHNAM, HanpaBreHHbIM Ha cokpalleHne Bbibpocos 3B,
OTHOCATCS:

—  MPUMEHEHME ra3o04nCcTHOro 06opyaoBaHMs Ha nepenenax XpaHeHnsa n NoaroToB-
KN kokca. BO3MOXHO NpUMEHEHNEe OAHOMo NN KOMOMHALMKN HECKOSBbKNMX BUOOB CeAyHoLLEero
razoouMcTHOro ob6opyaoBaHNSA: LUKITOH, pyKaBHbIN punbTp. [JaHHblE TEXHUYECKNE peLleHUs
NO3BONAT COKpaTUTb BbIOPOCKI Mbifin B aTMocdepy OT npoueccoB ApobrieHnst n TpaHCcnopTu-
POBKM KOKCa. QPpPeKTMBHOCTb AaHHbIX [OY mMoxeT coctaBnaTb 4o 98 %;

— NPUMEHeHMne rasoouMcTHoro obopyaoBaHus Ha nepefene obxura aHogos. Bos-
MOXHO MPUMEHEHME CYXOW ra3o0uUCTKM (peakTop + PYyKaBHbIN (PUNLTP) UAN «MOKPOTO»
ckpybbepa. [JaHHble TEXHMYECKME peLleHns NO3BOSIAT CoKpaTUTb Bbibpockl 3B B aTmocdepy
OT npouecca obxura aHogoB. Cyxasa rasoounctka obnagaet Gonblwen ahHeKTUBHOCTLIO:
nbinb — 99 %, razoobpasHble propmabl — 99 %, BO3roHbl KAMEHHOYrONbHOro neka — 98,5 %.
«Mokpasi» TOY c ucnonb3oBaHnem ckpybbepa obecneumBaeT cnegyloowme nokasaTenu:
nbinb — 84 %, rasoobpasHble pTopmabl — 98 %, BO3roHbl KAMEHHOYronbHOro neka — 70 % —
75,5 %, guokeung cepbl — 90 %. C Toukm 3peHusa agpdpekTuBHOCTU «cyxaay» [OY saBnsetca
Bbonee NpeanoYTUTENBHON, OQHAKO OHA HE OCYLLECTBMSET OYUCTKY OT AMOKCMAA Cepbl, Mo-
atomy Bblbop Tuna OY onpegensieTcs mcxogs M3 YCMOBUM pasMeLLeHus nNpeanpuaTms
N yPOBHS1 POHOBOIO 3arpsi3HEHNsI TEPPUTOPUN;

—  NPUMEHEHNE YCTAaHOBOK CyXOW ra3004UCTKM (peakTop + pyKaBHbI oUIbTP) Ha ne-
pegenax cMeleHnss 1 npeccoBaHus. [JaHHble TEXHUYECKME PEeLUeHUs HanpaBfieHbl Ha Co-
KpalleHne BbiIOpOCOB BO3rOHOB KaMEHHOYrONIbHOMO Meka OT MpOoLEeCcCOB MPOM3BOACTBA «3e-
neHbIX» aHogoB. AddekTnBHOCTL AaHHbIX [OY MoxeT cocTaBnAaTb Mo nbinu go 98 %,
Nno BO3roHamMm KaMeHHOYronbHoro rneka — 4o 90 %;

— MPUMEHEHME pYyKaBHbIX (PUNbTPOB B aHOAHO-MOHTaXHOM oOTAeneHun. [aHHble
TEXHMYECKME peLLUEeHUs HanpaBfeHbl Ha CoKpalleHue BbIGpocoB Mbinn. AddeKkTUBHOCTb
MNbTPOB MOXET cocTaBnATb A0 99 %.

lMokasaTenu KOHUEHTpaumm BbIGPOCOB MapkepHbix 3B, xapakTtepuaylwme TexHOso-
M nNpou3BoAcTBa OOOMOKEHHbIX aHOA4OB, NMpuHMMaemon B kadectBe HIAT, npuBeaeHbl B
Tabnuue 4.4.

116



NTC 11-2019

Tabnuua 4.4 — lNokasaTenu KOHUEHTpaunin BbIOPOCOB MapKEPHbIX 3arpsi3HAIOLMX BELLECTB
npoun3eoacTBa 060X KEHHbIX aHO4OB

EanHnua
HanmeHoBaHve 3B AvAnd 3HayeHve
N3mepeHus
Mepenensl cMeLleHnst 1 NpecoBaHus
Bo3roHbl KaMeHHOYronbHOro neka (Bkno4as Mr/Hm® <35
6eHs(a)nupeH n gpyrue MAY)

O6xur «3eneHblx» aHogos (nocne FOY)

B3BellueHHble BellecTBa

Mr/Hm®

\ 7

30

4.3 NMpou3BoacTBO NEPBUYHOrO antoOMUHUA

Ha antoMnHneBbIX 3aBogax B NPOMBbILLUNEHHbIX MacwTabax NMPUMEHAITCA TPU TEXHO-

J10rnMn aneKkTponnia:

— TEXHOSNOIMs 3NeKTponM3a B 3MeKTponusepax C npeaBapuTernibHO 0BOXCKEHHbLIMM

aHogamu (OA);

— TEXHONOrMs 9nekTponusa B 3nekTponuaepax ¢ caMmoobXuramowmmmnucs aHogamu u
BEPXHUM NoaBoAOM Toka K aHoay (BT);

— TEeXHOmOorus anekTponu3a B anekTponusepax ¢ camoobxurarwmMmmca aHogamn u
HokoBbIM NOABOAOM TOKa K aHogy (BT).

B cBs3un ¢ Tem, 4TO CHPOC CTOYHBLIX BOA U 0Bpa3oBaHMe NPOM3BOACTBEHHbLIX OTXOO0B
He ABNAITCA npeBanvpylowmnmMmn gaktopamun Ans TEXHONOMMn anekTponusa, B tabnuue 4.5
npeacraBneHbl yaenbHble Boibpockl 3B B pa3pese TexHonoru (Ha oCHoBaHuW pasgena 3).

Tabnuua 4.5 — YaenbHble Boibpockl 3B no TexHonornam anektponusa (¢poHapb + Tpyba)

YpaenbHble Bbibpock! 3B, kr/T Al

Cmonuctble
BelllecTBa
TexHonorus
HF Fre Mbinb S0, (BrIONas
OeH3(a)nmpeH
n apyrve
MnAY)
OA nepBOro nokoneHus 9,4-13,8 (6e3
(00 300 KA) 025-0,38 1 0.53-0.771  Ho49 | \oiooii» FOY) B
OA BTOpPOro nokosieHus 9,2-13,8 (6es
(=300 KA) 021-0,36 | 0,37-0,65 fo2,7 «MOKpOI» FOY) B
o 13,6 (6es
BT 0,5-0,8 0,5-0,8 [o 5,5 «MOKpOIt» FOY) Jo 1,5
Psnosas BT 12-21 | 1,328 Ooteg |Fo23(Caor p )y
A e T ’ poit» FOY) ’
BT c npoussoacTteeH- [o 2,3 (c «MOk-
HOW cUCTEMOM 1,2-14 1,3-19 flo 9.1 poi» FOY) o7
BT c ANl n «cyxon» o 2,1 (c «mMok-
roy 0,62-0,81 | 0,62-0,83 o 4,2 poii» FOY) Jo 1,5
Ho 1,5 (c «mok-
BT «3koConepbepr» 0,38 0,34 Ho 3,6 boit» FOY) o 1,4

117




UTC 11-2019

OcHoOBHblE TEXHMYECKNE XapaKTepuCTnkn n yaerbHble pacxodbl CbipbeBbIX KOMMNOHEH-
TOB NO UCMNOJMb3YHLWNMCA TEXHOJIONMAM 3JNTIEKTPOININ3a NpencrtaBlieHbl B Tabnuue 4.6.

Tabnuua 4.6 — CpaBHEHME TEXHUYECKUX XapaKTePUCTUK Ans TexHonorun anektponmsa OA,
BT, bT

TexHONOMS Cuna Toka, KA BbIXOD,OFIO TOKY, KA rasooTtcoca,
% %

OA nepsoro nokoneHus (ao 300 kA) 0o 300 kA 92,7-93,0 96,6-97,0
OA BToporo nokoneHus (=300 kA) 2300 kA [o 94,5 Ho 98,7
Pagoeasa BT 140-175 87,5-89 86,3-88

BT c ANl n «cyxon» MOY 165-175 87,5-89 Oo 90

BT «3koConepbepr» 172-176 88-91 96,0-97,5*
BT c npon3BogCTBEHHOW CUCTEMOM 167-170 87,7-90 89-93

BT 83-85 89-90 93-96

* BepxHun npegen — Hauny4las npaxkrmka.

TexHonorns anektponusa c anektponusepamm OA xapakTepusyeTca OTCYyTCTBUMEM
BbIBPOCOB CMOJSIUCTLIX BELECTB U UMeET HanmeHblune yaenbHble Bbiopockl 3B. CoBpeMeH-
Hble MOLLHbIE 3NEeKTPONiM3epbl, BHEAPEHHbIE HAa OTEYECTBEHHbIX arntoMUHUEBBLIX 3aBofax,
OCHaLLEeHbl BbICOKOI(EKTUBHBIMM paMHO-CTBOpYaTbiMU yKpbiTuaMu ¢ K[ rasootcoca o
98 %. [Na OYNCTKM OTXOAALLMX OT SNEKTPONN3EPOB ra3oB NPUMEHSAIOTCA BbICOKOI((EKTUB-
Hble «cyxue» FOY c KO 6onee 99 %. YuntbiBag ypoBEHb 3MUCCUIN N pPeCypCcoaPdEKTUB-
HOCTb TEXHOJSIOMMN C UCMNONb30BaHNEM 0BOXOKEHHbBIX aHOO0B, €€ LienecoobpasHo NPUMEHATL
KakK OCHOBHYHO Mpu NPOEKTUPOBAHNN U CTPOUTENBCTBE HOBLIX 3aBOLAOB.

B kadyectBe HOT ana texHonornmn anektponuasa BT pekomeHaytoTcs cneaylowme Tex-
HOJSIOrnK:

1) texHonorus BT «QkoConepbepry;

2) TexHonorna BT ¢ npon3BO4CTBEHHOW CUCTEMOWN.

TexHonorusa BT ¢ ANl n «cyxon» FOY aBnseTtca nepexogHom Kk TexHonornm «3koCo-
nepbepr».

YuuTbiBad cteneHb NPOMbILWIEHHOrO BHEAPEHUS TexHonorun anektponmsa ¢ bT (oa-
HO npeanpusaTMe Ha TeppuTopumn Poccuinckon degepaumm), OTCYTCTBUE SKOHOMUYECKU NPU-
eMfieMbIX anbTepHATMB 3aMeHbl JaHHOW TEXHOSIOrMM Ha 3NeKTponM3 C UCMOofb30BaHMEM
060X0KEeHHbIX aHOAOB, NPUMEHeHNe TexHornornmn anektponusa bT uenecoobpasHo Ha gewn-
CTBYIOLLLEM NPeanpuUsaTUA C NPUMEHEHNEM JTyYLUINX POCCUNCKUX MPaKTUK, HanpasBrieHHbIX Ha
MUHMMM3ALMIO BbIOPOCOB B aTMOCEPHbIA BO34YX, — «CyXOM» OYUCTKU ra3oB U LOMOSHKU-
TenbHOW repMeTM3auun aHO4HOro y3na.

[MpakTnyeckn ons Bcex antoMUHUEBBLIX 3aBOLAOB XapakTepHO Hanuyne 3aMKHYTOW Cu-
cTeMbl BogoobopoTa n pasmelleHme otpaboTaHHON (PyTEPOBKU INEKTPOSNIM3EPOB Ha MOMu-
roHax MPOMOTXOA0B, MPY 3TOM BO3MOXHA MX YacTU4YHasi peanu3aumsi CTOPOHHUM noTpebu-
Tensam B 3aBMCUMOCTM OT Cripoca U pbiHKa cObiTa B KaXXO0M PErMOHE.

Hwxe npueegeHo onncanve HAT ans npon3sBoacTBa NEPBUYHOIO artoMUHNA.
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4.3.1 BneKkTponuna B aneKTponuaepax ¢ npeaBaputeribHO 060XCKEHHbIMM aHOo4aMM

OnucaHue TexHonoruu

Ncnonb3yemoe obopynoBaHue:

1) anekTponusepbl C NpeasapuTenbHO OBOXOKEHHBIMW aHO4aMK NEPBOro MOKONEHUN
MoLLHOoCTbo A0 300 KA;

2) anekTponusepbl ¢ NpeaBapuTernibHO 0BOXKEHHbIMU aHOo4aMu BTOPOro MOKOSIEHUS
MoLyHocTbio 300 KA v BbilLe.

Bbicokne nokasatenu anekTponunsepoB obecnednBaloTcsa obs3aTesibHbIM NPUMEHEHM-
eM psiia TEXHUYECKNX U TEXHOMNOMMYECKNX MEPONPUSATUIA, OCHOBHBIMU U3 KOTOPbIX ABNAOTCSA:

—  MPUMEHEHME ANEKTPONUTa C KPMONUTOBbLIM OTHOLLEHNEM 2.2—-2.4, kOoTopoe obec-
nevymBaeT CHUXEeHNe TemMrnepaTypbl NiaBneHnsa 3NeKTponuTa, YTo No3BosieT BECTU TEXHONO-
rMYecKnn pexmum npu bonee HU3KNX TemnepaTtypax anektponusa. Pabota npu Takom TexHO-
nornn obecneymsaeTca Npu cTtabunmsaummnm TEXHONOIMMYECKOrO U TEMMOBOro peXxmnma B y3Knx
npegenax, 4To gocturaeTtcsa 3a cyeT npumeHeHunsa ANl

—  CHWXEHWe KOHLEeHTpauuun rmHo3emMa B 9feKTponuTe, KOTopoe Mo3BONSeT yBenu-
4NTb BbIXOA4 NO TOKy. OOHAKO CHMXEHME KOHLEeHTpauuu rmuHo3emMa BedeT K MOBbILLEHWUIO
TemnepaTtypbl NIMKBMAYCA, YTO KOMMNEHCUMPYETCS NpuMeHeHnem 0o6aBoK hTOPUCTBIX Conen
B anekTponut. C TEXHOMNOrMYeckon TOYKM 3peHus uernecoobpasHo npumeHeHne CaFz, no-
CKOJbKY ero cogepxaHuve nerdye nogaepxueartb B Tpebyembix npegenax. lNogaepxaHne HU3-
KOW KOHUEHTpauuMm B CTabunbHOM TENSIOBOM pexunme obecrneymBaeTtcs cuctemon ACYTI
n cuctemon Al npu obecnedyeHnn «necHaHbiM» FMUHO3EMOM CO CTabUMbHbIMU PU3MKO-
XUMUYECKMMUN CBONCTBAMMU;

—  UCMONb30BaHME IMMHO3EMAa «MNecyaHoro» Tuna no pesyrbTaTaM MPOMbILLIIEHHOM
aKcnnyaTauun gaet npupocT Bbixoda No Toky He meHee 1,5 %. NMpumeHeHne «nec4aHorox»
TMNa rIMHo3ema npeanodTuTernibHee npu UCMonb30BaHUN «CYXOW» ra3004YMCTKU, MOCKOSbKY
obecneunBaet 6onee apdekTUBHOE yrnasnmBaHne OTOPMAOB 3a CYET Pas3BMTOM YAESbHON
NOBEPXHOCTU IMIMHO3EMa;

— wucnonb3oBaHve cuctem Al ToyeyHoOro Tuna MO3BONSAET MOALEepXuBaTb CTa-
OMMNBbHYIO KOHUEHTpAUMIO FNIMHO3EMa U KPUOSIMTOBOE OTHOLUEHWE (NpW HanmuMyuu OOMNOSTHU-
TenbHOro nutTaTens oTopcosien) B y3KOM MHTepBasie, 4OCTaTOMHOM A5 NofyyYeHns Hanbo-
nee BbICOKMX NokasaTtenemn no BbIxo4y Mo TOKY;

— cTtabunusauusa Toka cepum nossonsieT obecneunTb YCNoBUS AMs NOMy4YeHUs Bbl-
xoda no Toky cBbiwe 94,5 %, Tak kak nobble BO3MYLLEHNA TEXHONIOMMYECKOrO peXnuma Bbl-
3blBalOT AOMOMHUTENbBbHbIE BO3MYLLEHUS NOBEPXHOCTU MeTara u, COOTBETCTBEHHO, ero rno-
Tepu;

— cuctema ACYTTI anekTponuasa npegHasHavyeHa Ass NoBbleHUss 3hPeKTUBHOCTH
npouecca, CHMXEHNA BpeaHbIX 3KONOrMYECKUX BO3OENCTBUN, MOHUTOPUHIA COCTOSAHUS TEX-
HOJSTOrMYecKoro pexuma n padbotbl 060pyaoBaHus, cTabunusaumm n oONTUMM3aUnn TEXHOMO-
MMYECKOro pexumma, CHWXKEHUS KONMMYecTBa M TSXKEeCTU HapylieHun, npefoTBpalleHus aBa-
PUAHBIX CUTyaLmMn 1 obneryeHna Tpyaa Npon3BOACTBEHHOIO nepcoHana.

K OCHOBHbIM peLLeHnsM NO COKpaLLeHMO BbIOPOCOB 3arpA3HSAOLLMX BELWECTB B aTMO-
cbepy OT ANEeKTPONM3epoB OTHOCATCS:

— aBToMaTM3auus Npou3BOACTBa, MO3BoniALWaa bonee TOYHO perynupoBsaTtb Tex-
HOMOrMYeckMe n TenmnoBble pexumbl paboTbl 3MNEKTPONM3epoB, OMNTMMU3NPOBATL COCTaB
SNEeKTpoNnTa, KOHTPONUPOBATL pasfady Cbipbs B 9NIEKTPONMN3EpHI;
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—  MPUMEHEHME YCTaHOBOK CyXON OYUCTKM ra3os;

—  aBToMatumyeckoe nutaHue rnnHosemom (All), propconamm n apobneHbiM anek-
TPONMUTOM 9NEKTPOSIM3EPOB, YTO MO3BOMSET UCKIOYUTL pasrepMeTusaumio anekTponusepa
npwv NposefeHU AaHHOW TEXHONOrMYeckon onepauuu.

Bornee moulHble anekTponusepbl BTOporo nokoneHna (>300 kKA) no3sBongalT cylle-
CTBEHHO CHU3UTb 9HEProeMKOCTb MPOoM3BOACTBa, obecneyvrBas 3KONOMMYECKUA U IKOHOMMU-
yecknn agpekt. OgHaKo OHU MMEKT COOTBETCTBEHHO Bonblune rabapuTtHble pa3mepsbl. Ons
NX YCTAHOBKM, KaK NpaBumo, TpebyeTcsl CoopyeHne OTAeNbHbIX KOPNYCOB 3MeKTponm3a unm
3Ha4nUTeNbHas PEKOHCTPYKUMS CyLLlecTBYoLWMX. MeHee MOLLHble 3MneKTponunsepbl NepBoro
nokoneHus (<300 KA) ¢ MeHbLIMMK rabapuTHbIMKM pa3mepamu MoryT ObiTb YCTaHOBMEHbI NpU
MOAEPHU3aLMN CYLLIECTBYIOLLIMX KOPMYCOB 3r1eKTpoin3a npu nepexoge ¢ texHonorum BT vnn
BT Ha TexHonoruio OA.

Ansa mmHnmmsaummn Bolbpocos 3B B aspaumoHHble (hoHapU aNeKTPOSIM3HbIX KOPNyCcoB
ANS1 MOLLHbIX 3nieKkTponn3epos BToporo nokorneHns (2300 kA) ocyLLEeCTBAKOTCA crieayroume
MepOonNpUATUS:

1) ynnoTHEeHWe WTaHr aHOOOB 9MEKTPONM3epoB ANA MUHUMMU3aUMX BblAeneHun 3a-
FPSA3HAIOLNX BELLECTB B KOPMYC 3MeKTponn3a yepes3 HensloTHOCTU B MeCTe BXOA4a LUTaHru
B YKpbITUE 9NeKTponmn3epa;

2) aBTOMaTMYecKoe ralleHne aHOoAHbIX ahdeKToB B anekTponmsepe 6e3 ero pasrep-
MeTusauuu;

3) Oons BbINMBKM MeTanna, otbopa npod n apyrmx onepauumn — BbIMOMHEHWE Npoema
C ABepLaMn B YKPbITUAX neKTponusepa.

Bnarogapa atum meponpusatnam KM ykpbITUn anekTponmsepoB BTOPOro NOKOSIEHUS
MoXeT gocTturaTb 98,7 %.

[na o4NCTKN SNEKTPONM3HbIX ra3oB OT (PTOPUCTLIX COEAUHEHUIN U MbIfM NPUMEHAETCH
CMCTEMA «CYXOM» OYUCTKM ra3oB MMMHO3EMOM B peakTopax U pykaBHbIX punbtpax. OTxoas-
LMe OT 9NeKTpOoSsIM3epoB rasbl NOCTYNaT U3 KOSMeKTopa, NPOXo4saT yepe3 Moaynn peak-
TOp — PYKaBHbIM (PUNbTP, rAe ouYnwarTcs oT PTOPMUCTOro BOAOPOAA U NbIIM U BEHTUNATO-
pamu BblbpacbiBatoTca B atmocdepy. Nepeq kaxabiM (punbTpoM B NOTOK 3arpsi3HEHHOrO ra-
3a JosvpyeTcs cBexun (nepBuYHbIN) rMuHo3eM. Agcopbumnsa TopucToro Bogopoda npouc-
XOOWUT Kak B peakTope, Tak U B ounbTpyloLLEM Crioe rMMHO3eMa Ha pykaBax unbtpa. 3a-
FPSI3HEHHbIN ra3 C MMUHO3EMOM W MbifbI0 C MOMOLLBI pacnpenenuTenbHoOro yCTponcTea,
YCTaHOBIIEHHOIO Ha BXoAde B (ournbTp, paBHOMEPHO MNOoJaeTcsd Ha Bce pykasa. [TvMHO3eMm
C agcopbupoBaHHbIMKU hTOopMaamMmM 1 Nbinbio 06pa3ytoT Ha pykaBax ounbTpa PUITbLTPYHOLLNIA
CNON, B KOTOPOM MPOMCXOAAT agcopduma v nbineynaenmeaHue. MNbifib ¢ pykaBoB ygansdeTcs
UMMYNbCHOW NPOAYBKOM MpW NOMOLLM CXXaToro Bo3ayxa. Bosgyx nogaeTcsi ¢ NOMOLbIO dfek-
TPOMarHUTHbIX KnanaHoB. MIMnynbCbl 3a4atoTcs NPOrpaMMupyoLen 3f1eKTPOHHOW CUCTEMON.
YNoBneHHbIe MMUHO3EM U Mblflb cobupatoTcsa B OyHkepe punbtpa. OYnLLEeHHbIN ra3 Hanpas-
NSeTCH B KOMMEKTOP YMCTOro rasa v ygansetcsa B atmocdepy vepes Tpyobl. OTpaboTaHHbIN
(dbTOPUPOBAHHLIN) FAMHO3EM HanpaBnalT B anekTponusepbl. CTeneHb ynaenuBaHusa ¢To-
PUCTBIX COEOUHEHUI N SNEKTPOSIU3HOM MNbININ B YCTAHOBKaX CyXOM OYUCTKU ra3oB cocTaBnseT
<99 %.

TexHonorun anektponusa OA c anekTponu3epamu NepBOro M BTOPOro MNOKONEHUs
(mowHocTbo Ao 300 KA u ot 300 KA 1 Bbile) BHeAPEHbI HA OTEYECTBEHHbIX antoMUHUEBLIX
3aBojax, npuyemM MMmn MOXeT BblTb OCHaLLEH U 3aBOo LIENMKOM, N OTAEeNbHbIE Kopnyca anekK-
Tponuaa.
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B Tabnuue 4.7 npencrtaBneHbl OCHOBHbIE TEXHUYECKUE XapaKTepPUCTUKU INEKTPONn-
3epoB C npeaBapuUTenbHO 00OXCKEHHBIMW aHOA4AaMMU, NMPUMEHSIOLMMUCA HA OTEYECTBEHHbIX
antMUHMEBBIX 3aBOaXx.
Tabnuua 4.7 — OCHOBHbIE TEXHUYECKNE XapaKTepUcTukmn anektponmsepos OA

OdPeKTMBHOCTE | OPPEKTUBHOCTL
Bbixoa Mo Toky,
TexHonorus Cwuna TOKa, KA cucTeMsl NPUMEHSEMbIX
%
rasootcoca, % roy

SOnekTponusepsl

nepBoro nokorie- 140-255 93,0 96,6-97 * 99,0-99,8 *
HUSA

OnekTponusepsbl

BTOPOro NnoKorne- 300-400 0o 94,5 * 98,0-98,7 * 99,2-99,8 *
HUS

* Hannydwas npaktuka.

Bbibpocbl 3B B aTMOCepPHbIN BO34YX SBASOTCA OCHOBHLIM NIMMUTUPYIOLUM (haKTo-
pOM B NPUPOAOOXPaHHOM AEATENbHOCTM antoMUHUEBBLIX 3aBoAoB. Kpome TOoro, B COOTBET-
ctBun ¢ «MeTtognyeckumn pekomMeHgaums MM No onpefeneHnto TEXHOMNOrMM B KayecTBe
Hauny4ywen OOCTYMHOW TEeXHOMNOormm», YTBEPXAEHHbIMU rnpukaszoMm MwuHnpomTtopra Poccum
oT 31 mapta 2015 r. Ne 665, Bo3gencrteme oT BbIGPOCOB B aTMOCKEPHbIN BO3AyX creayeT
paccmMaTtpumBaTh Kak hakTop, UMEKLLMA HanbonbLINN oTpULaTenbHbIN 3 eKT.

Mcxoaa 13 BbILLEM3NOXKEHHOrO, BbIGOP HaUNyyWmnX OOCTYNHbLIX TEXHOMOMN 3MeKTpo-
nun3a OA ocHOBbIBaeTCs Ha HaMeHbLUIEM KonmnyecTBe BblbpacbiBaembix 3B.

B Tabnunue 4.8 npuBeneH nepeyeHb TEXHUYECKUX PELLEHWU, HampaBfieHHbIX Ha CO-
KpalleHue BbiOpocoB 3B, npuMMeHsieMbiX ONA KOPNYCOB 3MEKTPOosiM3a, OCHALLEHHbIX 3fek-
Tponmsepamun OA antomuHmeBbiX 3aBogoB Poccunckon degepaunn. B tabnuue 4.9 npuse-
AeHbl yaernbHble Bolopockl 3B anga TexHonorum anektponuda OA B anekTponvsepax nepsoro
1N BTOPOrO MOKOMEHUS ANA Hauyylwmx UX NpakTUK 3KCnnyaTaumMm Ha antoMUHUEBBIX 3aBOAaXxX
Poccuinckon ®egepaunn.

Tabnuua 4.8 — TexHunyeckne pelleHus,
3arps3HALMX BELLECTB

HanpaBneHHble Ha CcokpalweHne BblIGpocoB

3aBog A: 3aBog A: 3aBop b: 3aBop B:
3NEKTPOnu- | SNEKTPONu- | SNEeKTPONu- | JneKTponu-
TexHMuecKO® pellieHme 3epbl Nep- | 3epbl BTOPO- | 3epbl Nep- | 3epbl BTOPO-
BOrO MOKO- ro nokone- BOrO NOKO- ro nokone-
neHus (oo Hus (300 kA neHus (8o Hus (300 kA
300 kA) 1 BblLLe) 300 kA)  BblLWe)
ANr + + + +
ABTOMaTU3aLUUA NPON3BOACTBA + + +
YNNOTHEHME LUTaHT aHOOO0B 3MEKTPO- _ N _ N
nmM3epos
[nsa BbiNnuBkM MeTanna, otbopa npob
n apyrux onepaumm — npoem ¢ asep- - + - +
Lamu B YKpPbITUSIX aneKTponmsepa
YcTtaHoBka cyxown [OY (peakTop + py- N N N N
KaBHbIN UnbTP)
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Tabnuua 4.9 — YgenbHble BbIOPOCHI MapKepHbIX 3arpsa3HAOLWNX BELWECTB ANS NpeanpusaTumn
c TexHonoruen anektponuaa OA (Havny4lume npakTukm)

TexHonorugd HF, xr/T Al Frs, kr/T Al Meirte, SOy, kr/T Al
Kkr/T Al
OneKTponuaepbl NepBOro NokKoneHus < < .
(70 300 KA) <0,35 <0,75 3,4-4.,9 go 30
OneKkTponuaepbl BTOPOro NOKONeHUs < .
(300 KA 1 BblWE) 0,21-0,23 <0,37 2,2-2,7 no 30

* [Noka3aTenb UHPOPMALIMOHHBIN 3aBUCUT OT COAEPXKaHUSA Cepbl B aHOAAX.

4.3.2 OnekTponus B anekTponusepax Cogepbepra ¢ 60koBbIM NOABOLOM TOKA K aHOA4Y
(BT) 1 WITOPHBLIMK YKPBITUAMMU

OnucaHue TexHonornu

Ncnonb3yemoe obopyaoBaHue — 9MeKTponu3epbl C caMoobXurarowmMmmnca aHogamm
(Conepbepra) 60koBbIM MOABOAOM TOKA K aHOAY W LUTOPHBLIMKU YKpbITMAMU Tuna BT-85 ¢ cu-
now Toka 85 KA.

Mpn AaHHOW TEXHONOrMM NPUMEHSIKOTCS:

- YKpbITUS 3MeKTpONn3epoB, MOHTUPYIOLLMECS Ha Kapkace U MMmellmne BBepxy ra-
30COOpHbBIN KONNaK 1 LTOpbI, 3aKkpbiBatoLme BOKOBbIE CTOPOHbI AMEKTPONn3epa;

- «Ccyxasy rasooumncTtka (peaktop + pykaBHbIN PULTP);

- repmeTtu3aums yarna aHOL4HOro CTOsiKa anekTponunaepa.

Mpu cobnogeHnn TeXHONOrMYeCckon AUCLMMIIMHBLI B 06CNYXNMBaHUW 3MNEKTPONnN3epoB
BT n npn ncnonb3oBaHUM LUTOPHBIX YKPbITUA U repMeTn3aumm aHogHOro crtosika adpekTms-
HOCTb YKPbITUSI AAHHbIX 9N1EKTPOSIM3EPOB MOXET COCTaBNATb A0 96 %.

B HacTodlee BpeMsa JaHHasi TEXHONOMMS UCNONb3yeTCs TOSMIbKO Ha OAHOM antoMWUHK-
eBoM 3aBoae Poccurickon degepaumn.

MpenmyLLecTBamMm gaHHOM TEXHOSOMMN SBNSAIOTCA:

—  MPUMEHEHME LOCTAaTOYHO IPPEKTUBHBIX YKPbLITUN IIEKTPOSIU3EPOB LLUTOPHOIO TH-
na, KOTopble BMeCTe C repMeTu3aLmen y3noB aHOAHOIro CTOSKa 3NeKTponm3epoB 1 ¢ cobnio-
AEeHWEM TEXHONOMMYEeCKON ANCLUUNINHBI MOTYT NOKa3biBaTb 9(PekTUBHOCTL 40 96 %,

—  NPUMEHEHMNE CYXOM OYUCTKM ra3oB (peakTop + pyKaBHbI punbTP), KOTOpas Nos-
BonsieT ynaenueaTb 3B ¢ 9(eKTMBHOCTLIO: MO NbiNM M TBEpAbIM PTOPUAAM — HEe HUXKe
99 %, no propuctomy Bogopony — He Hke 98,4 %; MO CMOMUCTbIM BELLeCTBAM — HE HUXE
96 %.

[ns gaHHOW TEXHONOMMM XapakTepeH Takke KOMMMEKCHbIN MNOAXOA K CHUKEHUIO BO3-
OENCTBUSA Ha OKpyxatLwyto cpeay. Kpome TeXHUYECKMX peLleHui, HanpasneHHbIX Ha CoKpa-
lweHne BbiGpocoB 3B B atmocdepy, npegycmaTpuBaroTCca cucTeMbl obopoTa npousBoAa-
CTBEHHbIX BOJ, pa3MeLLeHne 0TXO040B OCYLLEeCTBMASETCS Ha cneunanm3MpoBaHHbIX NOSIMroHax
NPOMOTXOLOB.

B tabnuuax 4.10—4.11 npuBeaeHbl OCHOBHbIE TEXHUYECKME XapaKTEePUCTUKN U yaenb-
Hble BbIOpockl 3B anga texHonornm anektponuaa bT.
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Tabnuua 4.10 — OCHOBHbIE TEXHNYECKME XapaKTEPUCTUKKN AnekTponmsepoB BT

O PeEKTUBHOCTE | OPPEKTUBHOCTL
Bbixog no Toky,
TexHonorusa Cwuna Toka, KA CUCTEMbI ras3ooT- NPUMeEHSIEMbIX
%

coca, % roy
HF — 98-99,4 *,
nbinb, Fi — 97—
BT 83-85 89-90 93-96* 99 *, cMonucTble
BellecTBa — 95—

99 *

* Hamnyywas npakrtuka.

Tabnuua 4.11 — Beibpockl MapkepHbIx 3B onga texHonornm anektponusa bT (Hauny4was
npakTuka)

Cmonuctble
BellecTBa
(Bkntovas

SOy, kr/T Al | 6eH3(a)nupe

H 1 apyrue

MAY),
Kr/T Al

Mbinb,

TexHonorus HF, kr/T Al FrB, kr/T Al
kr/T Al

BT 0,5-0,8 0,5-0,8 3,2-5,4 o 30* 0,9-1,5

* [NokasaTerb MHPOPMAaLIMOHHbIN, 3aBUCUT OT COAEpPXXaHUA cepbl B aHoAax

4.3.3 ONeKkTponu3 B arnekTponusepax C BepxHUM noABodoM Toka K aHogy (BT) no
TexHonorum «3konorndeckun Conepbepr» («3AkoCoaepbepr»)

OnucaHue TexHonornm

Mcnonbdyemoe obopynoBaHme — anektponudepbl C8BM(3) n C86(3) (moaepHusnpo-
BaHHble anekTponusepbl TNna C86M n C8b, Ha KOTOpbIX peann3oBaHa TEXHONOMMSA «JKOSOo-
rmyeckun Conepbepry).

[aHHasa TexHonorna npegycmaTpmBaeT NPUMEHEHNE Creayowmx TEXHUYECKUX peLle-
HUW:

— YCOBEpLUEHCTBOBAHHAs CUCTeMa rasoygarneHus, BKIYas MOOepHU3NPOBaHHbIE
ra3oxogbl C aBTOMaTU4eCKON MHEBMAaTUYEeCKON o4vucTkoW. [JaHHas cuctema nos3BonsdeT no-
BbICUTb 3(P(PEKTUBHOCTb YKPbITUS JNEKTponmM3epa M COKpaTUTb BbIOPOCHI 3arpA3HSAOLLMX
BELeCTB Yepe3 a3dpauMOHHble (PoHapu 3INEKTPONU3HbLIX KOPMycoB, Aalowue HanmbonbLinim
BKNapg B 3arpsis3HeHue atmocdepbl;

—  MPUMEHEHME aBTOMAaTMYECKOro NuTaHna rnnHosemom (AMI). MNMo3BonuT cokpaTutb
BpPeEMS pasrepmMeTusauun anekTponuaepa Bo BpeMs nogadv rimHo3ema, HarnpasreHo Ha no-
BbllleHNEe 3P(PEKTUBHOCTU CUCTEMbI ra3ooTcoca 3reKTponm3epa U CHUWXeHUe (OHapPHbIX
BbIOPOCOB 3arpA3HAOLMNX BELLECTB;

— MNPUMEHEHME aHOOHOW MacCbl C TMOHWKEHHbIM COLEepPXXaHMEM CBS3YHOLLErO.
HanpaBneHo Ha cokpalieHue NepBUYHOrO BblAesieHUss CMOJSIUCTbIX BELLECTB U3 3NeKTponu-
3epa;

—  TPUMEHEHME CYXOW ra3oounCTKU U/UIM CYXOW ra3oouUCTKU C OOOYUCTKOM B MOK-
pbIx ckpybbepax (neHHbIX annapaTax). HanpaBneHo Ha cokpalleHue BbIOpOCOB 3arpsi3Hsto-
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LWMX BeLLecTB, NOCTynawLwmx B aTMocdepy vepes Tpybbl aNeKTponusHblix kopnycos. Cte-
NeHb OYMCTKN OT 3arpAsHALWMX Bewects >99 %.

OhbekTUBHOCTL YKpbITUA anekTponudepoB BT, paboTarowmx no TEXHONOMMn «3IKO-
Copnepbepr», moxeT cocTtaBnaTb 96—97,4 %.

Kpome TexHU4eCKnx peLleHnin 3KOSI0rM4yeckon HanpasieHHOCTHN, TexHosorus «koCo-
Aepbepr» No3BonuT obecneynTb BO3MOXHOCTb YBEMUYEHUSA CUIMbI TOKa CEPUN INEKTponnse-
POB, CHU3UTb pacxofHble KO3PUUMEHTbI NO aHOOHOM Macce U TEXHONOrMYeCcKomn 3neKkTpo-
SHepruu.

C6pocbl CTOYHbIX BOA B BOAHble 0O6bEKTbl OTCYTCTBYIOT, MPUMEHAETCA 3aMKHyTasi Cu-
ctema BogoobopoTta. OTxoabl oTpaboTaHHOW (PyTEPOBKM 3MEKTPONM3EPOB noanexar pas-
MELLEHMIO Ha NOSIMroHax NPOMOTXOAOB, BO3MOXHA WMX YacTUyHas peanus3auusi CTOPOHHUM
noTpebuTensam B 3aBUCMMOCTM OT CNPOCca 1 pbIHKa CObITa B KaXX4OM permoHe.

TexHonorna «3koCoaepbepr» BHeOpeHa B HECKOMbKUX Koprnycax 3rfekTponuia Ha
ABYX antoMnHUEBbIX 3aBogax Poccuinckon ®epepaunn.

[Ons oueHkn npeumyliecTts BblibpaHHon HOT npoBegeHo ee cpaBHEHME C PSOOBOM
TexHonormen anektponuaa BT (tabnvubl 4.12 n 4.13).

Tabnuua 4.12 — OCHOBHble TEXHUYECKNE XapaKTePUCTUKKN anekTponmsepos BT

3 €KTUBHOCTb 3 €KTUBHOCTb
Bbixog no Toky, ®P P

TexHonorus Cwuna Toka, KA % CUCTEMbI ra3ooT- NPUMEHSIEMbIX
coca, % roy, %
«3koCopnepbepr» 172-176 88-91 o 97,4 >99
HF — 95-98,

nbinb, Fis — 70—
86, cmonucTble
BellecTBa —
66,5-83,5 (npu
MCNOMNb30BaHNN
«cyxomnm» FQY —
>99)

Psaposasa BT 135-175 87,5-89 [o 85,5

MpumeHeHne TexHonornm «AkoCoaepbepr» NO3BONAET YBENMUNTDL CUMY TOKA U BbIXOA
Mo TOKY, NOBbICUTb 3(P(PEKTUBHOCTb CUCTEMbI FA300TCOCA ANEKTPOSIM3EPOB.

B Tabnuue 4.13 npuBeneHo cpaBHeHWE yaerbHbIX BblIbpocoB 3B aAnsa psiaoBOM TEXHO-
norum anektponuaa BT n TexHonorum anektponusa «3koCoaepbepr».

124




NTC 11-2019

Tabnuua 4.13 — CpaBHeHME BbIOPOCOB  MapKepHbIX  3arpsi3HAOWMX  BelecTs  Ans
npeanpuaTuin ¢ TexXHonormen anekTponusa BT

Cmonuctble
BellecTBa
(Bkntovasn

SOy, kr/T Al | 6eHs(a)nnpe

H 1 apyrve

MAY),
kr/T Al

Mbinb,

TexHonorusa HF, kr/T Al Fre, kr/T Al
Kkr/T Al

«3koCopepbepr» 0,38 0,34 1,8-3,6 <1,6% 0,89-1,38

Psaposasa BT 1,20-2,11 1,3-2,8 11,0-16,9 1,5-2,3* 1,5-2,24

* [Moka3aTtenb MHOPMaLNOHHBIA. [1py Mcnonb3oBaHMK BTOPOW, «MOKpory» cTtyneHn FOY. MNpu ncnonb3oBaHum
TONbKO NepBon, «cyxon» ctyneHn OY konuvectBo SO2 3aBMCUT OT COoAepXaHWUS cepbl B aHOLHOM Macce u
MoxeT gocturaTb Ao 30 kr/T Al

Kak BuaHO n3 tabnuubl, cpegHune yaernbHble Bbibpockl 3B ana texHonorum «3AkoCo-
aepbepr» 3HAUYNTENBHO HUXE, YeM Ons pagoBon TexHonornn BT.

4.3.4 OneKkTponM3 B 9neKkTponuaepax C BEpXHUMM noABoAoM Toka K aHogy (BT) c
NCNosib30BaHMEM NPOU3BOACTBEHHbBIX CUCTEM

OnucaHue TexHonornn
Mcnonbayemoe obopynoBaHme — anektponuaepbl BT Bcex Mmapok.
[aHHas TexHonorusa npegycMmatpmBaeT NPMMEHEHWE CrneayroLmnx TEXHUYECKNX peLle-

— MOKpasi Unn cyxasi ra3o04mcTKa Unm nx KomomHaums.

[ns o4ncTKn oTXo4saWmMX OT anekTponm3epoB BT razoB MoXeT MCNONb30BaTbCA cove-
TaHWe cregyoLwero razaoo4mncTHoro obopyaoBaHus:

a) aNeKTpounbTP + MOKpas AO00OYUCTKA B CKpybbepax mnm neHHbIX annapaTtax ¢ ad-
PEKTUBHOCTBIO: N0 (hTOPUCTOMY Bogopoay — He MeHee 98 %, No AMoKcMAay cepbl — HE MeHee
95 %, no nbinn u TBEpAbiM dTopmaam — He meHee 90 %, Mo CMONUCTbIM BeLecTBam —
He meHee 78 % — 85 %;

0) peakTop + pyKkaBHbIN (PUNbLTP + MOKpas OOYMCTKA B CKpybbepax umnm neHHbIX an-
napartax ¢ acpdekTuBHocTbIO Bonee 99 %;

B) peakTop + pykaBHbIN unbTp ¢ apdeKkTMBHOCTLIO 99 %.

[aHHble TexXHUYecKue pelleHnsa HanpaBrieHbl Ha COKpalleHue BbibpocoB 3B uyepes
Tpy6bl;

—  NPUMEHeHWe aHOL4HOM MacCChl C MOHWKEHHbLIM cofepXaHuem ceasytoulero. [laHHoe
TEeXHUYEeCKoe pelleHne HanpaBfieHO Ha COKpalleHue MNepBUYHOro BblAESIeHUS CMOJSIUCTbIX
BELLIECTB U3 3NeKTponm3epa;

— Npou3BOACTBEHHaAdA cuctema. BknioyaeT KOMMMeKCc onepaumoHHbIX MepONpUATUN,
HanpaBfiEHHbIX Ha COKpalLleHWe BpeMEHM pasrepMeTu3aumm 3nekTponusepa, noBblLEHUE
3PPEKTMBHOCTU CUCTEMBI rAa300TCOCA U CHUXEHNE BbIOPOCOB Yepes aspaumoHHblie doHapu
SNEKTPONMN3HbIX KOPMYCOB — MCTOMHUKM BbIOPOCOB, AaloLmne HanbornbLluMi BKNaa B 3arpssHe-
HMe aTMocdepsbl.
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OpraHu3aumoHHbIE MEPONPUATMA NO ONTUMU3aLUK rPadKOB TEXHOMNOMMYECKnx obpa-
BOTOK, YMCNEHHOCTU U cneumMannsaumm nepcoHana ANeKTpPoNnM3HbIX KOPNycoB, a Takke npu-
MEHEeHMe CcpeacTB MexaHusaumm M aBToMaTu3auum MO3BOSIAT CHU3UTbL BPEMS ralleHus
aHOOHbIX 3P(EKTOB M UX KOMMYECTBO, CHNU3UTL 0Bpa3oBaHME YrofnbHOW MEHbl, KONMYEeCTBO
TEXHOMNornyeckmx obpaboTok M BpeMs UX NpoBeaeHUsl, YTO NPUBOAUT K obLeMy cokpalle-
HUIO BPEMEHW pasrepmeTu3aumm anekTponusepa. [Ons CHWKEHUS BblAENEHUA CMOSIUCTbIX
BELLIECTB Mpu NepecTtaHoOBKE aHOOHbIX WTbHIPEN Ha ANEKTPONU3epe NpUMEHSIETCA repMmeTnsa-
LmMs NyHOK, 06pasyroLmMxcs nocne n3BrevYeHns WTbIpst C MOMOLLbIO 3arfyLKky (antoMMHUEBOW
nNpobkK), ycTaHaBNMBaAaeMOW B fIyHKY Ha Nepuon KOKCOBAHWSA 3acbiNaHHOW nepen 3TUM nog-
LWUTbIPEBOM @aHOOHOM MaccChl. Takke MeponpuaTus NpPoM3BOACTBEHHOM CUCTEMbI NO3BONSAIOT
NoBbICUTb 3(PPEKTUBHOCTb FOPENOYHbIX YCTPOMUCTB 3a CYET OnepaTMBHOrO BbISIBIIEHUA Y
yCTpaHeHUs1 pasnuyHbIX HEMCNnpaBHOCTEN B paboTe ropennoyHOro YCTpoOnCTBa.

TexHonorus anektponusa BT ¢ ncnonb3oBaHMeM MPOU3BOACTBEHHbLIX CUCTEM BHeEO-
peHa Ha ABYX antoMuHmneBbIX 3aBogax Poccunckon depepaumm.

CpaBHUTESNbHbIE XapPaKTEPUCTUKN OCHOBHbIX TEXHOSOMMYECKMX NapamMeTpoB 3NEKTPO-
nunsepoB BT ¢ npomsBoacTBeHHOM cuctemon n psagoBbix BT npueeaeHbl B Tabnuue 4.14.
CpaBHeHue yaenbHbiX BblIOpocoB MapkepHbix 3B anga texHonorun BT ¢ npon3BOACTBEHHOWM
cuctemomn n psigoson BT npuBeaeHo B Tabnuue 4.15.

Tabnuua 4.14 — OCHOBHblE TEXHUYECKNE XapaKTEPUCTUKKN anekTponmsepos BT

O PeKTUBHOCTE | OPPEKTUBHOCTL
Bbixog no Toky,
TexHonorus Cwuna Toka, KA CUCTEMbI ra3ooT- NpPUMEHsEMbIX

0,
% coca, % roy, %

HF — 98, nbinb,
F-s — 90, cmonu-
CTble BelecTBa —
78 (npwn ncnonp-
30BaHUKN «CYXON»
roy —>99)

BT c npounssoa-
CTBEHHOW cucre- 167-170 87,7-90 89-93
MOW

HF — 95-98,
nbinb, Frs — 70—
86, cmonucTble

BellecTBa —
66,5-83,5 (npu
NCNOJSIb30BaHUM
«cyxon» QY —

>99)

Paposasa BT 135-175 87,5-89 o 85,5
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Tabnuua 4.15 — CpaBHeHMe BbIOPOCOB MapKEPHbIX 3arpsas3HAlWMX BelecTB Ans
npeanpuaTuin ¢ TexHonormen anekTponusa BT

Cwmon. Be-
wecrea
(Bkntovasn
SOy, kr/T Al | 6eHs(a)nnpe
H 1 apyrve
MAY),
kr/T Al

Mbinb,

TexHonorusa HF, kr/T Al Fre, kr/T Al
Kkr/T Al

BT c npousBoacTeeh- 1,2-14 1,3-1,88 6,85-9,11 1,5-2,3* 1,5-1,68
HOW CUCTEMOW

Psposas BT 1,20-2,11 1,3-2,8 11,0-16,9 1,5-2,3* 15-2,24

* [Moka3aTtenb MHOPMaLNOHHBIA. [1py Mcnonb3oBaHUKM BTOPOW, «MOKpor» cTtyneHn FOY. MNpu ucnonb3oBaHum
TONbKO NepBon, «cyxon» cTyneHn FOY konmvectBo SO2 3aBMCUT OT COoAepXaHUsA Cepbl B aHOAHOW Macce U
MoxeT gocturatb Ao 30 kr/T Al.

MpuMmeHeHne TexHonormm anekTponusa BT ¢ nponsBOACTBEHHOM CUCTEMOW NO3BOMNUT
YBENUYNTb CUIY TOKa M BbIXOA4 MO TOKY, NOBLICUTb 3PPPEKTUBHOCTb CUCTEMbI ra3ooTcoca
31EKTPONIN3EPOB MO CPaBHEHUIO C pSAoBON TexHonornen BT.

3 Tabnuvu BUAHO, YTO MO 3KONMOrMYECKUM Mnokasatenam TexHonorns anekrponusa BT
C MCNOJSIb30BaHNEM MPOU3BOACTBEHHbLIX CUCTEM YCTynaeT TonbKo TexHonornn «3koCoaep-
Bepr». YuutbiBas, 4to TexHosnorus «dkoCoaepbepr» MOXeT NPUMEHATLCA He ONd BCeX Ma-
POK 9NEKTPONM3epoB, TEXHONOIMIO anekTponusa BT ¢ ncnonb3oBaHneM Npoun3BOACTBEHHbIX
CUCTEM MOXHO PEeKOMeHOOBaTb B Ka4eCTBE €€ anbTepHaTuBbl NMMBO Kak nepBbIn aTan nepe-
Xo4a Ha TexHonormo «dkoCoaepbepr».

4.4 Tpon3BOACTBO MO BbINYCKY arlOMUHUA U €ro CNiaBoB C NPUMEHEeHUeMm
aBTOMATU3NPOBAHHbIX IUTEMHbIX JIMHUN

OnucaHme TexHonornm

JInTenHoe Npon3BoOACTBO SIBNAETCA COMYTCTBYHOLLMM NPOU3BOLCTBY NEPBUYHOIO anto-
MUHUSI N SKCNNyaTUpyeTCs Ha BCex antoMuHMEBLIX 3aBodax Poccunckon ®epepaumn. O6o-
py4oBaHWE NUTENHbIX OTAEMNEHUN 3aBUCUT OT Buaa TOBApPHOMW NMPOAYKLMU, BbiMyCKaeMon Ha
KaXXgoM KOHKpeTHOM 3aBoge. OCHOBHOE ucnosibdyemoe obopyaoBaHUe — MUKCEPLI, NIUTEN-
Hble MalUWHbI, NnaBunbHble nevn. ObopyaoBaHNe NUTENHbLIX OTAENEHUN 13-3a MasblX BESn-
4YMH BbIGpocoB 3B He ocHallaeTcss CMCTEMaMM ra3oounCTKX, Onst oTBoAa M3 paboyen 30HbI
NblferasoBo3gyLHON cmecu OoT 0bopyaoBaHMA NUTEWHBIX OTAEeNeHurW MoryT ObITb npeay-
CMOTpPEHbI MECTHbIE OTCOCHI.

Kputepnam HOT gns nutenHbix otaeneHun OGyaeTt COOTBETCTBOBAaTb COBPEMEHHbLIN
YPOBEHb aBTOMAaTM3auUMN NPOU3BOLCTBEHHbLIX NMPOLIECCOB, KOTOPbLIN NPUMEHSIETCA B HACTOS-
LLee BpeMsi NpakTUYEeCKM BO BCEX NIUTENHbIX OTAENEHNAX antoMUHUEBBIX MPON3BOACTB.

YpaenbHble BbIOPOCH MapKepHbIx 3B, xapaktepusylowme TEXHOTOMMI0 NNTENHOIO Npo-
n3BOACTBa, NpuHMMaemyto B kadectse HAT, coctasnstoT: nbinb — 0,02-0,2 kr/T Al.
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4.5 OnucaHue TeXHONOrnMn NPon3BOACTBA TEXHUYECKOrO KpeMHUS

B ocHoBe TexHOnorMmM NponsBOACTBa TEXHMYECKOTO KPEMHUSA NEXUT CNOCOob anekTpo-
TEPMNYECKOro BOCCTaHOBMEHUSA KBapLMTOB YrnepoaHbIMU BOCCTAHOBUTENSMM.

B kaudecTtBe yrnepoacogepxallero Cbipba MOryT MPUMEHATLCA OPEeBECHbIN U HeddTS-
HOW KOKC, KaMeHHbI (BypblIn) yronb (oboralwéHHbIN U KOHLIEHTPAT), APEBECHas Lena.

Mcnonb3yemoe obopyaoBaHue st NOSTyYeHUsS KpEMHUSA:

— MpW pasrpyske Cbipbs U MOArOTOBKE CbIPbEBOWN LUNXTbl — rPY30N0abEMHbIE YCTPOW-
CTBa, TpaHcnopTepbl, APOOUIKM MENbHULbI, CUTA, FPOXOTA;

— B Mpouecce 3neKkTpoTEPMUYECKOrO NfaBneHnsa — pygHotepMmmyeckas neds — PTI
(tTvn PKO);

— MNpW pasnuBKE KPeMHUS N POPMUPOBAHMM TOBaPHbLIX MapTuir; ApOGNeHnn Kyckos
KpeMHUA, padoMHMPOBAHUM — KOBLUW, U3MOXHWLbI, APOBUIKK, rpoXoTa.

K OCHOBHbIM TEXHUYECKUM pELLEHNAM, HanpaBrneHHbIM Ha cokpalleHue Bbibpocos 3B,
OTHOCATCS:

— NPUMEHEHNE LIMKNOHOB U pyKaBHbIX (OUITbTPOB Ha 3Tane NoAroTOBKM Cbipbsi B CKIa-
Aax u npu nepepaboTke roToBoON NPoAyKLUMK, YTO NO3BONseT o6ecneynTb OCTaTOUHYO 3anbl-
NEeHHOCTb acnupaunoHHoro so3ayxa He 6onee 20 Mr/Hm3;

— NPUMEHEeHne B pyaoTepPMMUYECKOM oTaeneHmnm cuctemol [OY, cocToswen ns Lmkmno-
HOB W pyKaBHbIX (PUNbTPOB B KOMMMEKTE C CUITIOCAMU MbIfN U e€-yRASTHEHUst NPU OOCTMXKE-
HMUM OCTaTOYHOW 3anbINEHHOCTM BbiGpackiBaeMbIx ra3oB He 6onee 20 Mr/HMS,

OcCHOBHbIM OTXOAOM MPOM3BOACTBA ABnsieTcs ynasnvsaemasi B [OY nbifnb CbipbeBbIX
MaTepuarnoB M roTOBOW MPOAYKUMW, KOTOopasa MOAMNEXUT yTUNu3auun unu pasmeLleHno Ha
NONUIOHax MNPOMBbILISIEHHBIX OTXOA0B, Wak. KonnmyecTBO LWinaka npu nraBke KPEMHUSA He
AormkHo npesbiwaTb 100 Kr Ha 1 T KpeMHMUA.

Ha npeanpusaTtusax, Npon3BoasALLMX TEXHUYECKUA KPEMHUI, NpuMeHsieTcs 6nmnskoe no
KayecTBY M TEXHMYECKUM MOKa3aTensM Cbipbe, UCNOMb3yeTCcs OAHa U Ta e TeXHOMOorus, uc-
NONb3yeTCA KOHCTPYKTMBHO OAMHAKOBOE OCHOBHOE TexHonormyeckoe obopygoBaHne — OauH
N TOT e TN nnasunbHon neun — PKO (Ho pasnuyHon mowHoctn). OTnmyme, KpoMe MOLLHO-
cTn — komnnekTauma PTI1 TpaHcdhopmaTopamm U NpUMEHSIEMbIE AS151 OYUCTKM ra3oB OT MblNnu
annapartbl [OY.

lMokasaTenu KoHUEHTpauum MapkepHbiX 3B, xapakTepuaylolmx TEeXHOSNOMMK MNpous-
BOACTBA TEXHMYECKOrO KPEMHUS, NpUHMMaeMon B kadectBee HOT, npeacraeneHbl B Tabnuue
4.16.

Tabnuua 4.16 — TexHonorn4yeckue nokasaTtenu Bolopocos

HanmeHoBaHne amuccui EanHunua namepeHnsa 3HayeHune

Mbinb HEOpraHndeckasa ¢ cogepxa-
Huem kpeMHus meHee 20, 20-70, a Mr/HM® Oo 200
Takke 6onee 70 npoLeHTOB
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Paspgen 5. Haunyywue oOCTynNHbIe TEXHOMOIrNU

B pasgene npuBeaeHbl XapakTepUCTUKU U TEXHOSOMMYECKNe nokasaTtenu obopynosa-
HUA NS COKpalleHnss amuccui B atmocdpepy u otxogos. Onucanne HOT npueBeaeHo B pas-
aene 4.

5.1. NpousBoacTBO rMMHO3emMa

HAOT 1. MNMpounsBoacTBO rNMMHO3eMa U3 BOKCUTOB KOMOMHUMPOBaAHHbLIM CMOCOGOM
(napannenbHaa cxema Bbaunep-cnekaHus)) ¢ gonen BeTBU chnekaHus He bonee
20 %

HOT Ha nepemenax npon3BoacTBa rnMHo3ema n3 60KCUTOB KOMOMHMPOBAHHbBIM CrO-
cobomMm npegycmaTpuBaeT MCMNOSb30BaHUE MPUBEOEHHbLIX HWXe MeToaoB/obopyaoBaHuUS
(cm. 3.1n4.1.1).

MeTon/o6opynoBaHue MNpuMeHnMocCTb

an/IMeHeHI/Ie Ha nepegenax noarotoBKM CbipbdA, B

. cknagax npoaykuum (cmnoca, OyHKkepa cneka, rmuHo-
a LINKNOH unu pykaBHbIN punbTp A poaykumm ( YHKEP

3ema).
Kak npaBuno, npMmMmeHnmo
OpHa unu gBe cTyneHn batapenHbix MprmeHeHne Ha nepegene KanbuuHaUum.
6 | (rpynnoBbIX) LMKNOHOB M 3MEKTPO- Kak npaBuno, npuMmeHMmMmo
GunbTpOB
lMpumeHeHne Ha nepegene cnekaHus.
MpUMEHMMOCTb «MOKpOro» ckpybbepa MoxeT ObiTb
OorpaHnyeHa B CreayoLmx crnyyasx:
OpHa cTyneHb rpynnoBbIX LMKITOHOB, — obpasoBaHue 3Ha4uTernbHbIX 06BEMOB OTXOLOB U
B | 9NeKkTpounbTPOB M MOKPOro CKpyo6- CTOYHbIX BOZ;
bepa — B 3aCyLUIMBbLIX panoHax — NoTpebHOCTb B 6onbLLMX

obbemax Boabl U HeobxoaMMocTb 06paboTKM CTOY-
HbIX BOA, @ TakKe COMyTCTBYKOLLMIA MeEXCPeaoBomn

adpgpekT

TexHonornyeckne nokasatenu BbIOPOCOB OT neden cnekaHus U KanbumHaumm ans
HOT 1 npuBeneHbl B Tabnuue 5.1.

Tabnuua 5.1 — TexHonornyeckme nokasatenu BbIBPOCOB B aTMOCdePy OT Nneyven cnekaHus u
KanbsunHaumm gnsa HOT 1

. EavHnua 3HayeHne
TexHonorn4yecknin nokasaTernb
n3MepeHus (Bnana3soH)
B3BelLeHHble BelllecTBa Mr/HMm3 <200

MpumennmocTb HAOT 1

BO3MOXHO NpUMeEHeHMe TEXHOMNOrMM Ha HOBOM NpeanpusaTMKM, Npyu MoAepHM3auun
[AENCTBYOLLIEr0o NPeanpuUaTUS.
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HOT 2. TexHonorua npoM3BoAcTBa rMMHO3eMa cnekaHuem HedenmMHOB

HAOT 2 npegycmaTtpuBaeT NpUMEHEHME MPUBEOEHHbIX HWXKE MeTonoB/06opyaoBaHUSA

(cm. 3.1 1n4.1.2).

MeTtoa/obopynoBaHune

NpuMeHnMoCTb

a LIMKIOH nnu pykaBHbIn pUnbTP

lMpumeHeHne Ha nepepgenax MOArOTOBKM Cbipbs, B
cknagax npogykumm (cunoca, byHkepa creka, rivHo-
3ema).

Kak npaBuno, npumMmeHnmo

[1Be cTyneHun 6batapenHbix (rpynno-
BbIX) LIMKIIOHOB M 3neKTpodunbTpOB

lMpumeHeHWe Ha nepegene KanbLuHaUU.
Kak npaBuno, npumMmeHnmo

OpHa cTyneHb rpynnoBbIX LMKIOHOB,
rOPU3OHTaNIbHbIX MHOIOMOSTbHbIX
ANEKTPOPUNBLTPOB («KMOKPbINY CKPYOD-
6ep)

lMpuMeHeHne Ha nepegene cnekaHus.

Kak npaBuno, npumeHnmo.

MpMMEHMMOCTb «MOKpOro» ckpybbepa MoxXeT ObiTb
OorpaHnyeHa B CreayoLmx cnyyasx:

— obpasoBaHne 3Ha4MTemnbHbIX 06BHEMOB OTXOLOB U
CTOYHbIX BOZ;

— B 3acyLUNMBbIX paioHax — NOTpebHOCTb B 60mbLUnX
obbemax Boabl U HeobxoaMMocTb 00paboTkM CTou-
HbIX BOL, a TakkKe COMyTCTBYIOLINN MeEXCpeaoBomn

adbdekT

TexHonornyeckme nokasartenu BbI6POCOB OT MNevyen cnekaHms U KanbuumHauum ans

HOT 2 npuBeneHsbl B Tabnuue 5.2.

Tabnuua 5.2 — TexHonornyeckne nokasaTenu BeIGPOCOB OT NeYen crnekaHns 1 KanbuuHauum

ansa HOT 2
. EavHnua 3Ha4eHune
TexHomnorn4yeckuii nokasaTtenb
n3MepeHus (BnanasoH)
B3BelleHHble BellecTBa Mr/Hm3 <200

MpumeHnmocTb HAOT 2

MoaepHu3aumsa AeACTBYIOLWEro NPeanpusaTus.

5.2. lpousBoacTBO aHOAOB U aHOAHOW MacChl

HAT 3. NponsBoacTBO aHOAHOM MaccChl Aisi CaMOObXUraroLWmnxcsa aHo40B

HAOT 3 npyn npou3BoAcTBE aHOAHOM MaccChl npegycMaTtpuBaeT MpUMEHeHue npuBe-
AeHHbIX HXe MmeTogos/obopygoBaHns (cMm. 3.2 n 4.2.1).
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MeTopn/o6opynoBaHne

MpyMeHUMOoCTb

LInknoH, n (nnn) anekrpopunsTtp,

MpyMeHeHne Ha nepepenax XpaHeHusi U NoArOTOBKM

a . KoKca.
n (MnNn) pykaeBHbIN PUINBTP
Kak npaBuno, npumMmeHnmo
6 BaTapenHbI LUKNOH U (Mnn) anek- lNpuMmeHeHWe Ha Nepenene NPoKarsnky KoKca.

TpopunbTp

Kak npaBuno, npumeHnMmo

«Cyxasn» razoounctka (peaktop + py-
KaBHbIN UnbTP)

lNpumeHeHWe Ha nepegenax cmelweHna un dgopmosa-
HWSA aHOOHOW Macchl.
Kak npasuno, npumeHnmMo

TexHonornyeckne nokasatenu soibpocos ana HAT 3 npuBeneHsbl B Tabnumue 5.3.

Tabnuua 5.3 — TexHonornyeckme nokasatenu Boldpocos ana HAOT 3

. EovHnua 3Ha4eHune
TexHonorn4yeckuin nokasaTtenb
n3MepeHus (BnanasoH)
B3BelleHHble BellecTBa Mr/HME <200
BensanupeH Mr/Hm® <0,0525

MpumeHnmocTb HAOT 3

Bo3moxHo npuMeHeHne TexHosnormn npmn mMogepHmsaumnm ﬂeﬁCTBmeeFO npeanpua-

TUA.

HAOT 4. NponsBoacTBO 060XKEHHbIX aHOAOB

HOT npn npousdBoacTBe 06OXCKEHHLIX aHOAOB NMpedycMaTpuMBaeT MPUMEHEHUE MNpu-
BEOEHHbIX HMXe meTogos/obopyaoBaHus (cm. 3.2 n 4.2.2).

MeTtoa/ob6opynosaHue

MpumeHumocTb

a | UmknoH un (unu) pykaBHbIn punbTp

MpymeHeHWe Ha nepefenax XpaHeHust U NOArOTOBKM
Kokca.
Kak npaBuno, npMmMeHnmo

«Cyxas» razoouncTka (peaktop + py-
6 | KaBHbIN PMABTP) UM KMOKPbINY»
ckpyb66ep

MpumeHeHWe Ha nepegenax cmelleHus, opmoBa-
HUS, 0BXMre «3eneHbiX» aHOO0B.

MpMMeHMMOCTb «MOKpOro» ckpybbepa MoXeT ObiTb
OorpaHMyeHa B CreayloLmx cnyyasx:

— obpasoBaHne 3HaunTenbHbIX 06bEMOB OTXOLOB U
CTOYHbIX BOZ;

— B 3acyLnMBbIX panoHax — NoTpebHOCTb B 6onbLumx
obbemax Boabl U HeobxoamMmocTb 06paboTkM CTOu-
HbIX BOA, a TaKkKe COMNyTCTBYIOLLMA MeXCcpeooBOn

adppekT

TexHonornyeckne nokasatenu soibpocos ana HAT 4 npuBeneHsbl B Tabnuue 5.4.
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Tabnuua 5.4 —TexHonornyeckne nokasatenu Boibpocos ana HAT 4

. EanHnua
TexHonorn4yecku nokasartenb 3HayeHune
N3MepeHs
B3BelleHHble BellecTBa Mr/HME <50
beHsanupeH Mr/HMm3 <0,0525

NMpumeHnmocTtb HAT 4

BO3MOXHO NpMMEHEHME TEXHOMOMMU Ha HOBOM MPeanpuaTUM U NpU MoAepHU3aLmm
[EeNCTBYIOLLEro NpeanpuaTus.

5.3. npOM3BOACTBO nepBUYHOIro anrtoMmMHUA

HOT 5. AnekTponus B aneKTponusepax ¢ npeaBapuTenibHO 060X KeHHbIMU
aHoaamu nepBoro nokoneHus (MowHocTbio Ao 300 kKA)

HOT npwn nponsBoacTBe antoMUHUA B 3fieKTponmnsepax ¢ npegBaputenibHO 060XOKeH-
HbIMM aHoZamu NepBoro nokoneHus (MowHocTblo o 300 KA) npegycmatpmBaeT NpUMeHe-
HWe npuBeLEHHbIX HKe MeTogoB/obopyaoBaHus (cm. 3.3 1 4.3.1).

MeTon/o6opynoBaHue MNpuMeHnMocCTb

«Cyxasn» razoounctka (peaktop + py-
a y . (P PRy MNpumeHnmo
KaBHbI OUNbTP)

ABTOMaTU4ECKOE NMUTAHWNE IMNHO3€e-

6 MpymeHumo
MOM
Cuctema ACYTTI npouecca anekTpo-

B sa MpymeHumo

TexHonornyeckne nokasartenu BolbpocoB ana HOT 5 npueeaeHs! B Tabnuue 5.5.

Tabnuua 5.5 — TexHonorndeckue nokasatenu Boldbpocos gna HAT 5

3HadeHne ansa Tex- | 3HaveHune KOHLUEeHTpauum
. HOMorMmM Kopnyca BbIOpOCa Ha BbIxode 13
TexHonorn4yeckumn nokasarenb
anekTponuaa (gua- | YCTaHOBKM OYMCTKM rasa,
nasoH), kr/TAl Mr/HM®
®dTopuabl razoobpasHble (rmapodTopua, Kpem- <0,35 <2,5
HUIM TeTpadTopma) (B NnepecdeTte Ha pTop)
dTopnabl TBEPAbLIE <0,75 <25
Cepbl guokeuna <30 < 300
B3BellLeHHble BellecTBa <49 <10

Mpumennmocts HAT 5

BO3MOXHO NpuMeHeHMe TEXHOMOorMn npyv MoAepHM3auun OeVCTBYHOLWEro npeanpus-
T”S.
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HOT 6. AnekTponus B aneKTponunsepax ¢ npeaBapuTenibHO 000X KeHHbIMU
aHogamu BToporo nokosieHus (mowHoctbio 300 KA U Bbiwwe)

HOT npwn npon3BoacTBe aniOMUHUA B 3MEKTpOnn3epax ¢ npeaBapuTenibHO 060XOKEeH-
HbIMM aHodamu BTOPOro nokoneHus (MowwHocTtbio 300 KA 1 BbIwe) NpegycMaTpmBaeT npu-
MeHeHuWe nprBeaeHHbIX HKe meTogos/obopyaoBaHuns (cM. 3.3 n 4.3.1).

MeTtoa/obopynoBaHue MpumeHuMocTb
«Cyxas» razoounctka (peak-
a N MprmeHumo
Top+pyKaBHbIA HUNbTP)
ABTOMaTU4ECKOE NUTaHMe rMUHoO3e-
6 MpmumeHumo
MOM
Cuctema ACYTI npouecca anekTpo-
B MpymeHumo
nnsa
YNNoTHEHWE LUTaHT aHOAOB 3MEKTPO-
r MpymeHumo
nnM3epos
[nsa BbINMBKM MeTanna, otbopa npob
N Opyrux onepawmm ncnonb3oBaHne MpMMEHMMO TONbKO A5 BHOBb YCTaHaBIMBAEMbIX
A npoema c ABepuamMm B YKpbITUAX 3NEeKTponm3epoB
anekTponuaepa

TexHonornyeckme nokasatenu Bolibpocos ana HAOT 6 npuBeneHbl B Tabnuue 5.6.

Tabnuua 5.6 — TexHonornyeckne nokasatenu eoibpocos ans HAOT 6

TexHonornyecknm nokasaTtenb

3HayeHune ana Tex-
Honorum Kopnyca
anekTponuaa (auna-
nasoH), Kr/TAl

3HayeHne KOHLUEHTpa-
umMmM BblIbpoca Ha Bbixoae
N3 YCTAHOBKN OYMNCTKU
rasa, Mmr/um®

dTopuapbl razoobpasHbie (rmgpodTopua, Kpem- <0,23 <1,5

HUIM TeTpadTopma) (B nepecdeTte Ha pTop)

dTopuabl TBEPALIE <0,37 <1,5

Cepbl guokeuna <30 < 300
B3BelleHHble BellecTBa <27 <10

Mpumennmoctb HAOT 6

Bo3moxHO npuMeHeHne TeXHOJ1I0rMM Ha HOBOM npeanpuaTtum m npun mMoagepHmuilauunmn

AENCTBYIOLLEro npeanpuaTus.

HAT 7. dnekTponu3s B anekTponusepax Conepbepra c 60KkOBbLIM NOABOAOM TOKa
K aHoay (BT) 1 WTOpHbLIMU YKPbLITUAMU

HOT npn npon3BoACTBE aniOMUHUA B 3NIEKTPONM3epax ¢ CamMooOXuraowmnmMmncsa aHo-
AamMu 1 BOKOBbLIM TOKONOABOAOM npeaycMmaTpusaeT NpUMEHEHNE NMPUBEAEHHbIX HUXE METO-

pos/obopynoBaHus (cm. 3.3 n 4.3.2).
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MeTon/o6opynoBaHue MpumeHuMocTb
«Cyxas» razooumcTka (peaktop + py-
a y . (P PRy MNpumeHnmo
KaBHbIN UbTP)

6 | NepmeTn3aums y3na aHOAHOro CTosiKa MpumeHnMo

TexHonornyeckune nokasatenu solbpocos ana HAOT 7 npuBegeHbl B Tabnuue 5.7.

Tabnuua 5.7 — TexHonornyeckme nokasatenu Belbpocos ana HOT 7

3HauveHue ansa Tex- | 3HayeHue KOHLEeHTpauum
T eXHOMOIMYECKIT NOKA3ATENb HoMorMm Kopnyca BblGpOCa Ha Bbixoge u3
aneKkTponuaa (oua- | YCTaHOBKM OYMCTKM rasa,
nasoH), kr/TAl Mr/Hm3
dTopuapbl razoobpasHbie (rmgpodTopna, Kpem- <0,8 <2,5
HUIM TeTpadTopma) (B nepecdeTe Ha pTop)
dTopuabl TBEPALIE <0,8 <2,5
Cepbl guokeuna <30 <150
B3BelleHHble BellecTBa <54 <10
beHsanupeH <0,008

MpumeHnmocTtb HAOT 7

B0O3MOXHO NpYMeHeHWe TEXHONOMMN Ha AeNCTBYIOLLEM NPEANPUSTUAN.

HAOT 8. SnekTponus B aneKTponusepax ¢ BepXHUM nogBoaomM Toka K aHoay (BT)
C UCMOJNIb30BaHWEM NPOU3BOACTBEHHOW CUCTEMbI

HOT 8 npu npomsBoacTBe antOMUHUS B 3MEKTponm3epax C camMoobXurarowmmmcs
aHogamMu W BEPXHMM TOKOMOABOAOM C WCMOSb30BaHMEM MPOU3BOACTBEHHOM CUCTEMDI
npegycMaTtpmBaeT MNpUMEHEHUe NpUBEAEHHbIX Hwke meTtogos/obopyaoBaHusa (cm. 3.3 wm
4.3.4).

MeTtoa/ob6opynosaHue MNpumMmeHnMocCTb

a | «Mokpas» nnm «cyxas» razooumncTka MpumeHnmo
NN UX KoMOMHaUmS

6 | «Cyxasa» rasoounctka (peaktop + py- | [NpuMeHUMOCTb «MOKporo» ckpy6bepa moxeT 6biTb
KaBHbI unbTpP) C Il CTYNEHbIO «MOK- | OrpaHMYeHa B Criefyowmx cny4vasx:

POMN» OOOYUCTKN — obpasoBaHne 3HaYUTENbHbIX OOBLEMOB OTXOOO0B U
CTOYHbIX BOZ;

— B 3acyLMBbIX panoHax — NoTpebHOCTb B 6ombLUmx
obbemax Boabl U HeobxoomMmocTb 06paboTkM CTOu-
HbIX BOA, a TaKkKe COMNyTCTBYIOLLMA MeXCcpeooBOn

appekT
B | ABTOMaTu4eckoe nutaHue rimHo3se- MNpumeHnmo
MOM
r | AHogHas macca C NOHMXEHHbLIM CO- MNpumeHnmo
Aep>KaHMeM CBS3YIOLLLErO
0 | lNMpounsBoacTBeHHasi cuctema MNpumeHnmo
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TexHonornyeckmne nokasarenu BoldpocoB ana HOT 8 npueeaeHsbl B Tabnuue 5.8.

Tabnuua 5.8 — TexHonornyeckme nokasarenu Boibpocos gns HOT 8

3HauveHne and Tex- | 3HadeHue KOHUEeHTpaumm
. HOMorMmM Kopnyca BblGpoca Ha BbIxofge 13
TexHonornyeckmi nokasaTtenb
3MeKTponuaa (ana- | YCTaHOBKM OYUCTKM rasa,
nasoH), kr/TAl Mr/HM®
dTopunabl razoobpasHble (rmgpodTopua, Kpem- <14 <25
HUIM TeTpadTopma) (B nepecdeTe Ha pTop)
dTopnabl TBEPAbLIE <1,9 <35
Cepbl guokeung <2,3 <50
B3BelleHHble BellecTBa <9.1 <100
BeHsanupeH <0,008

MpumeHnmocTtb HAOT 8

BO3MOXHO NpMMEHEeHMEe TEXHOMOrMK NPy MOAEPHM3AUMU OEACTBYOLWEro npeanpus-

TUA.

HAT 9. dnekTponus B aneKkrponusepax ¢ BepxXHUM NnoaBoAOM ToKa K aHoay (BT)
no TexHonoruu «dkonornvyecknm Conepbepr» («AkoCoanepbepr»)

HOT 9 npu npomsBoacTBe antOMUHUS B 3MEKTponm3epax C camMoobXurarowmmmcs
aHod4amMu M BEPXHUM TOKOMOABOAOM MO TexHosiormm «3koCopepbepr» npegycmaTtpusaeT
NpUMEHEHNE NPUBEOEHHbIX HMXEe MeTogoB/obopyaoBaHus (cm. 3.3 1 4.3.3).

MeTtoa/ob6opynosaHue

MpumeHumMocCTb

«Cyxasn» razoouncrka (peakrtop + py-
KaBHbI OUNbTP)

MpymeHumo

«Cyxasn» razoounctka (peaktop + py-
6 | kaBHbIN PUnbTP) C |l CTYNEHBLIO MOK-
pOn AOOYNCTKM

MpMeHUMOCTb MOKpOro ckpybbepa MoxeT ObiTb
OorpaHnyeHa B CreayoLmx crnyyasx:

— obpasoBaHne 3HaYUTENbHbIX OOBHLEMOB OTXOO0B U
CTOYHbIX BOZ;

— B 3aCyLUSIMBbLIX panoHax — NoTpebHOCTb B 6onbLLMX
obbemax Boabl U HeobxoamMmocTb 06paboTkM CTOu-
HbIX BOA, a TaKkKe COMNyTCTBYIOLLMA MeXcpeooBOon

appekT

ABTOMaTU4eECKOE NMUTAHWNE IMNHO3e-
MOM

MNpumeHnmo

Cuctema rasoyfaneHus yCoBepLUeH-
CTBOBAHHOrO TMNa

MpMMeHMMOCTb MOXeT OblTb OrpaHMyYeHa KOHCTPYK-
Lumen anekTponuaepa

AHoOHasa Macca C NOHWXEHHbIM CO-
AepXxaHnem ceA3yrLlero

MpumeHumo

TexHonornyeckne nokasatenu Bbibpocos ana HAT 9 npuBeneHsbl B Tabnumue 5.9.
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Tabnuua 5.9 — TexHonornyeckune nokasatenu Boibpocos ansa HAT 9

3HayeHve gns Tex- 3HayeHne KOHUEeHTpa-
o Honorunm Kopnyca uuKn Beibpoca Ha Bbixoae
TexHonornyecku nokasaresnb
anekTponusa (auna- N3 yCTaHOBKN OYMUCTKU
nasoH), Kr/TAl rasa, mr/Hm®

dTopuapbl razoobpasHbie (rmgpodTopma, Kpem- <0,38 <2,5
HUIM TeTpadTopmg) (B nepecdeTe Ha Top)
dTopnabl TBEPAbIE <0,34 <2,5
Cepbl gnokeung, <1,5 <50
B3BelleHHble BellecTBa <3,6 <10
beHsanupeH
— (boHapHbIe BbIOPOCHI; <0,001
— BblGpochl B TpyOy <0,001

MpumeHnmocTb HAOT 9
B0O3MOXHO npuUMeHeHne TeXHOormmn Npu MoA4epHN3aUmMmM AeUCTBYHOLLEro Npeanpusitus.
5.4. JlntenHoe nNpousBoACTBO

HAOT 10. NMpou3sBoacTBO MO BbINYCKY antOMUHUA U €ro CnnaBoB C MPUMEHeHNneM
aBTOMaTU3UPOBAHHbIX IUTEMHbIX IMHUK (B T. Y. ANA NIUTEUHbIX OTAENEeHUN
¢honbronpokaTHOro Npou3BoACTBa, NPOU3BOACTBA KONECHbIX AUCKOB, KaTaHKKU
M np.)

HOT nutenHoro NpomsBOACTBa, pecypcocbepexeHnsi, CHMKEeHUS BbIOPOCOB 3arpsis-
HAIOLNX BELECTB U 0b6pa3oBaHMs OTXOAOB NpeaycmaTpuMBaeT NPUMEHEHNE COBPEMEHHOTO
YPOBHS1 aBTOMaTu3aLmMm NPON3BOACTBEHHbIX NpoueccoB (CM. 3.4 n 4.4).

TexHonornyeckue nokasatenu Boidpocos onsa HAT 10 npueeneHsl B Tabnuue 5.10.

Tabnuua 5.10 — TexHonormnyeckue nokasatenu eoibpocos ans HAT 10

. EanHnua 3HaueHune
TexHomnorn4yecknii nokasaTenb
N3mMepeHus (amanasoH)
B3BelleHHble BellecTBa Mr/HM® <6

MpumenumocTtb HAOT 10

BO3MOXHO NpUMeHeHne TEXHONOMMU Ha HOBOM MNPESNPUATAM U MPU MOOEPHU3aLNN
AENCTBYIOLLEro NpeanpusTus.

5.5 MNpou3BoACTBO TEXHMUYECKOIro KpeMHUA

B pa3gene 4 npuseneHbl onvcaHne HOT: HaMmeHoBaHWe TEXHOMNOMMU U NPUMEHAEMO-
ro Cblpbsl, XapakTepucTuka n TeXHonornyeckme nokasareny obopyaoBaHus aAnsa CokpalleHus
amMmccumn B atmocdepy 1 0TX040B.
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HAOT 11 NMpoun3BoACTBO TEXHUYECKOrO KPeMHUSA CNOCOGOoM
Kap6oTepMM4YeCcKoro BOCCTaHOBIIEHUA KBapLUTOB Yrnepoaom

HOT npon3sBoacTBa TEXHUYECKOIO KPEMHUA cnocobom kapboTepmMmyeckoro BoccTa-
HOBMNEHUS KBapUUTOB YrneponoM npegycMmaTpusaeT UCMONb30BaHME Ha pasfiMyHbIX 3Tanax
NpoOn3BOACTBEHHOIO Npouecca U NpuBeaeHHbIX HKe MmeTogos/obopynoBaHus — Tabnuua
5.11.

Tabnuya 5.11

MeTopn/o6opynoBaHne NpuMeHNMOCTb

MpumeHeHWe B cknagax Cbipbs U NPOAYKUNN, Ha ne-
LINKnoHbI (e4MHWUYHBIE NNK rpynna) pefenax nogroToBKK Cbipbs

NN pyKkaBHbIN UNbTP
Kak npasuno, npuMmeHnmo

YCTPONCTBO NbINIE3aLLNTHOIO SKpaHa lNprmeHsieTcs Npy pasrpy3ke kBapumTa B 3ymndbi
Ha OTKPbITOM CKIage KBapuuTa Cknafa

Mpumenumo ko Bcem MIY. OnepatmBHOE 0GCNYXK-
BaHue (O0), TexHnyeckoe obcnyxunsanme (TO), Te-
LInknoHbl (eaAMHWYHBIE NNK rpynna) . . N
B - KyLuin n cpegHunin pemoHT (TP), KanuTanbHbIn pe-
UNKN pyKaBHbI QUNBLTP
MOHT (KP) ycTaHOBOK OYMUCTKM rasa B COOTBETCTBUM C
rpadpukom IMriP

MpumeHeHune B otaenerum PTI n TOY. Beinyck 13
cunoca npeacTtaensieT cobom 3akpbIToe ¢ 4-X CTOPOH
noMeLLeHne ¢ NPoeMom Ans noave3na/sbie3na aB-
TONorpy3yunka. B nomeLleHnn yctaHoBneH gosatop
ANS aBTOMaTUYEeCKOro A03MPOBaHWSA U B3BELLMBAHWS
NopLUMIA CbiNy4YnX MaTepmanoB B MSArkMe KOHTENHEPDI.
1 cTyneHb — rpynnoBbIe LMKIOHI; B [103aTOp YCTaHABNMBAETCS MATKWIA KOHTENHEP
r 2 CTyneHb — PyKaBHbIE (PUILTPLI C CU- | MKP repMeTUUHO 3aKpenmsieTcsl 1 NPOU3BOAMTCS
nocamu u BbIrpy3koit 8 MKP BbLIrpy3Kka YNOBMNEHHOM Nbinu 13 cunoca aAns cbopa
YFNOBMEHHON MbIfiM OT FPYNnoBbIX LMKIOHOB. [locne
3aBepLueHnsd Boirpy3sku noinn MKP nnoTHO 3aBA3bI-
BaeTCs 1 a/Norpy3ynkoM TpaHCNopTMpyeTcst 40
yyacTka norpyskv B aBToMobunm

Kak npasuno, npuMmeHnmo

Tabnuua 5.12 — TexHonornyeckme nokasarenu Boelopocos ana HOT

TexHonornyeckuin nokasartenb EaomHnua namepenuns 3HavyeHne

Mbinb HEOpraHnyeckas ¢ cogep)xaHnem
KpemHust meHee 20, 20-70, a Takke 60- Mr/Hm3 <200
nee 70 npoueHTOoB

MpumeHnmoctb HAOT 11
B0o3MOXHO NnpUMeHeHne TEXHONOMMN Ha HOBOM NPeANPUATUKN, NPY MOL4EPHM3ALMM
AENCTBYIOLLEro NpeanpusaTus.
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Paszpgen 6. DkoHOMMYecKMe acnekTbl peanu3auMuM  Hauny4wwux
AOCTYMNHbIX TeXHOJOrMmn

6.1 npOM3BO,D,CTBO nepBUYHOro aqktoMmMHUA

OKOHOMUYeckne acnekTbl peanu3aumm HOT paccMoTpeHbl C TOYKM 3peHusa 3aTpaT
Ha nNpupogooxpaHHoe obopyaoBaHME U MOAEPHU3ALMNIO AEUCTBYIOWNX antOMUHUEBBLIX NPO-
N3BOACTB.

MeToabl, NpUMeHsAeMbIE ANA OYUCTKN OTXOAALLMX ra3oB, 0OpasyoLmMxcsa Kak B CONyT-
CTBYHOLUMX NPOU3BOACTBAX, Tak U NpU MpPou3BOACTBE MNEPBUYHOIO artoMUHUS, HanpasfeHbl
npexge BCEro Ha ynaBnuBaHWe NbiIW M ra3oobpasHbIX BelwecTs, Bkroyada HF n TBepable
dpTopunabl. Npumepamum LWMPOKO NPUMEHSIEMbIX Fa3004UCTHLIX cnucTeM/obopyaoBaHUs SABMS-
IOTCS1 ANEKTPOUNBLTP, PYKaBHbIA PUNLTP, LIMKINOH, CyxXasd ra3ooumncTka (peaktop + pykaBHbIN
dunbTp), «MOKpbIe» ckpybbepbl 1 T. 4. [laHHble 0 3aTpaTax Ha NpUPoAooXpaHHoe obopyno-
BaHWe, Ucnonb3yemMoe npu Npon3BoacTBe antoMUHNA, npuseaeHsl B Tabnmuyax 6.1-6.6.

B gaHHbIX O 3aTpaTax He y4TeHa CTOMMOCTb BcnomoratensHoro obopyaosaHus [OY
N CTOUMOCTb CTPOUTENTbHO-MOHTaXHbIX paboTt (CMP).

Tabnuua 6.1 — OnekTpomnbTpbI

HavmeHoBaHue TexHonornyeckne xapakTepucTukm CrtoumocTb

42 mnH py0. (B ueHax
2005 roga) v

15 mnH py6. (B ueHax
2013 roga) ?
€1,1 MnH ¥
€1,0 MnH Y

OpaHononbHbIE, MHOFOMOSTbHbLIE.

KnQd — oo 99,8 %.

OctaTto4Has 3anblNeHHOCTb ra3osB — 50—
300 Mr/Hm®.

MpounssoanTenbHocTb — oT 10000 HM3/Y

OnekTpodunbTpbI
(BepTUKanbHble, ropu-
30HTarnbHble, MHOIO-
CEKUMOHHbBIE)

1) OTeyecTBEHHbIV 3NeKTPoUNbLTP ANA NeyYn KanbuuMHauuMu npoussoautensHocTbio 40 T/4, TemnepaTtypa oT-
xoasaLmx rasos — 170 °C.

2 OTeYeCTBEHHbIN aneKkTpodunbTp, 06bem rasos — 27 T HM3/yac, Temnepatypa — 230 °C, BxodHas 3anblneH-
HocTb — 0,15 r/Hm3, KN4 — 90 % — 95 %.

3) BapybexHblit anekTpodunsTp (Yexus), oobem rasos — 115,2 Thic. M3/4, TemnepaTypa — 190 °C.

4 3apybexHblt  anekTpodunbTp (FepmaHus), obbem rasoe — 201,6 Teic. M3/4, Temnepatypa— 170 °C —
190 °C.

Ha3sHauyeHue. OyucTka OTXOOSALLUMX ras3oB MNeyYer KanbuuHauuK, nevyen crnekaHus,
BpaLlaloLLmnxXcs neyven obxmra n3BecTHsaKa B Npon3BoacTBe rmnHosema. Ounctka rasos npo-
Kano4HbIX NeYen n acnmpaumin npons3BoacTBa aHOQHOM Macchbl.

Tabnuua 6.2 — LInknoHbl

HavnmeHoBaHue TexHomnornyeckne xapakTepucTukm CrtoumocTb

OTteyecTBEHHbIE LMKNOHBI TUNa LiH-15 npowns-

LInKnoHsl, rpynnbl BOAMUTENbHOCTLIO OT 630 A0 55 ThiC. M3/u. flo 540 Teic. pyo.

LIMKITOHOB OTeuecTBeHHbIE GaTapenHble UUKNOHbI Tuna bL|

Npoun3BOAMTENBHOCTLIO OT 15 Ao 50 Thic. M3/u. flo 900 Teic. py6.
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Ha3HauyeHue. YnasnuBaHne nbifin Kokca u3 BeHTBbI6pOCOB, oTBEAEHHbIX acnupauun-
OHHO-TEXHNYECKNMH yCTpOVICTBaMM OT NMOTOYHO-TPAHCNOPTHbLIX Y3J10B, CKIaaos, ﬂ,pO6VIJ'IbHO-
pa3MOJibHOro otaesneHna npomn3BoacTea aHOOHOM Macchbl.

Tabnuua 6.3 — PykaBHble (punbTpbI

HavmeHoBaHue TexHonornyeckme xapakTepucTmkm CrtoumocTb

OteuecTBeHHbIE UINLTPbI HA OCHOBE UM-
NOPTHbLIX MaTepuaros.

O6bembl razoB — 5500—-12000 m3/4. 0,9-2,5 mnH pyo. (B
MakcumaneHas Temnepatypa — 140 °C. ueHax 2013 roga)

BxogHas 3anbineHHocTb — 30—65 r/m3.

OcTaToy4Has 3anbineHHocTb — 10 mr/m3

PykaBHbI (bynbTp

HasHauyeHue. O4yunctka o1 NbiNn COPOCHOro (acnUpaumMoHHOro) Bo3ayxa oT MecT nepe-
CbIMKW NPW TPaHCMNOPTE CbiMy4YnX MaTepmanos, CYXOM U3MeSNbYeHUN 1 NOMOre B Lexax npu-
rOTOBMEHUS LWNXTbl, CMEeKaHus, KanbUMHaUUKM KU obXura M3BECTHSKA. YnasnuBaHue Mbinn
KOKCa M3 BEHTUSISILMOHHBLIX BbIOPOCOB, OTBEAEHHbIX acnUpaunoHHO-TEXHUYECKUMU YCTPON-
CTBaMM OT MOTOYHO-TPAHCMOPTHLIX Y3r0B, CKNagoB, APOBUIIbHO-Pas3MOfbHOro oTAeseHus
Npon3BOACTBa aHOAOB U aHOOHOW Macchbl.

Tabnuua 6.4 — «Cyxaa» NOY cMmecunbHO-NPeccoBOro oTAeNeHNs aHO4HOro NPon3BoACTBaA

HanmeHoBaHue TexHonorn4yeckne xapakTrepucTmkm CTtoumocTb
O6bem razos — 29500—30400 HM3/u. «Cyxas» QY
«Cyxasa» oy (pe- MpounssoguTeneHOCTb — 13,2 T/M. (PpaHumsa) — €1,6—
aKTop + pyKaBHbIN KoHueHTpauus Ha BbIxoae: 5 MIH, «cyxas» oY
GunbTp) — NbiNb — <5 Mr/HMm3; (Kutan) — €1 mnH
— BO3roHbl — <5 Mr/Hm3

HasHa4yeHue. OuucTtka OT MbINN U BO3rOHOB KaMEeHHOYIoJIbHOIro rneka B CMeCUIibHO-
npeccoBoM oTaefieHnn aHoaHOro nNnpon3BoacCcTBa.
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Tabnuua 6.5 — «Cyxaa» MOY neyen obxumra aHo4OB

HanveHoBaHune

TexHomnornyeckne xapakTepucTukm

CTOMMOCTb NOCTaBKU
obopyaoBaHus no
TKM

«Cyxas» QY (peak-
TOp + pyKaBHbIV

dunbTp)

MponssoantenbHocTb — ~104,0 ToIC. T/rog,.
KoHueHTpauus Ha Bxoae:

— nbirb — 100 Mr/HmE;

— BO3roHbl neka — 200 mr/HmS.

AncopbeHT — Kokc, pacxoa — 2,5-3 T/u.
O6bem rasoB — 85 ThIC. HM3/u.

«Cyxas» QY (dpakn-
umnsa) — €3—7 MNH

KoHueHTpauuns Ha Bxoge:

— HF — 20-30 mMr/HmE;

— BO3roHbl neka — 50-100 mr/Hm?;

— Nbinb — 50-100 Mr/HME.

OcTaTo4Hast KOHLEeHTpaUMs:

— Fras — <1,0 Mr/Hm3;

— NbiNb (BKMHOYas BO3roHbl) — <5,0 Mr/HmS.
AOcopbeHT — CBEXWUA  [MMHO3EM, pacxod —
5,5 T/u.

O6bem rasos — 250,0 Tbic. HM3/4.

$8—12 mnH

HasHa4yeHue. OuncTka OT NbINIM N BO3rOHOB KaMeHHOYIOoJIbHOIo rneka ot neyen obxura

aHO[0B.

Tabnuua 6.6 — «Cyxaa» [OY kopnycoB anekTponmsa

HanmeHoBaHue

TexHonorn4yeckne XapaKTepucTtukn

CToumocTb nocTaBku
obopynoBaHua

«Cyxasn» FOY (pe-
aKTop + pyKaBHbIN

punbTp)

Ouuctka rasoB OT  anektponu3epoe BT
(18 mogynen peakTop — pykaBHbI UAbTP).
O6bem rasos — 835 TbiC. HM3/4.

ApcopbeHT — cBeXun rmuHo3em, pacxog — 7,5 T/u.
Krpg roy:

— HF — 98,4 %;

— Fwe  nbinb — 99 %;

— CMonucTble BewectTBa — 96 %

OTteyvecTBeHHasn MOY —
25 mrH py6. (B ueHax
2002 roga)

OuuncTtka rasos ot anekTponusepos BT n OA.
O6beM rasos — 65 TbiC. HM®/u.
AncopbeHT — CBEXUIN MMNHO3EM

OY (Hopserus) —
$2,1 MInH, oTeYecTBeH-
Haa TOY — $1,3 mnH

OuuncTka rasos ot anektponusepos OA.
O6bem raszos — 3631,2 TbiC. HM3/u.
Copnepxanue 3B, mr/Hm?, He Gonee:

— Fraa — 170;
— Fre— 114;
- S0, - 118;

— Nbinb, BKNtoYaa F — 760.
ALCOpOEHT — CBEXUIN MMMHO3EM

Bes TpaHcnopTa rnuHo-
3eMa: poccuickas no-
ctaBka — €1,3 MnH; nm-
nopTHasa NocTaBka —
€9,9 MnH
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HasHauyeHue. OuuncTka OT NbinNn, PTOPMUAOB, CMOSTUCTbIX BELLECTB.
OpUEHTUPOBOYHBIN YPOBEHb KanuTanbHbIX 3aTpaT HA MOAEPHU3ALMIO CYLLECTBYHOLLEN
TexHonornun Coaepbepra npeacrasneH B Tabnuue 6.7.

Tabnuua 6.7 — OpPUEHTUPOBOYHBLIA YPOBEHb KanuTarnbHbIX 3aTpaT Ha MOLEPHU3ALUMIO
TexHonornn Conepbepra
TexHonorus
HavnmeHoBaHwue -
Okocopepbepr OA OA ¢ npowsson
CTBOM aHOJ0B
KanutanbHble pacxoabl, $/1 Al 125 2000-3000 3000-4000

KoHnBepcua texHonornn Copepbepra Ha TEXHOMOMMIO NPOU3BOACTBA antOMUHUA C UC-
Nonb30BaHNEM O0BOXCKEHHBIX aHOAOB NoTpebyeT He MeHee 2—4 Thic. $ kKanuTanbHbIX BIOXe-
HUA Ha 1 T aniomMuHusa. C y4eToM TeKyLlero ypoBHsI LieH, peHTabenbHOCTM Npou3BOACTBA,
CPOKOB MOAEPHU3aLMN N CTOMMOCTU 3aEMHbIX CPeACTB TakoWm NPOEKT He ByaeT okynaTbCs.

MepeBoa TexHonorm Copgepbepra ¢ BEPXHUM TOKOMOABOAOM Ha TEXHOMOMMI « KO-
Copepbepr» notpebyeT He meHee 125 $ Ha 1 T antoMunHMSA. YuuTbiBas mMacwtabbl BHeape-
HUSa TexHonorum «3dkoCoaepbepr» ¢ BEPXHUM TOKONOABOAOM Ha POCCUNCKMX NPeanpUATUsX
(6onee 60 % poccuinckoro NpoM3BoACTBa antoMUHUSA), ee MogepHU3auusa npegycmaTpmBaert:

1) HapsiQy C UCNONb30BaHMEM «CYXOW» ra3004vMCTKN, aBTOMATUYECKOrO NMUTAHNS Nn-
HO3eMOM, aHOOHOW MaccChbl C MOHWXEHHbIM COAEPXaHWEM CBA3YOLLEro, BHegpeHue npous-
BoacTBeHHou cuctemsl (HOT 9);

2) nepexoa Ha TexHosorumw «3konorndecknn Coaepdbepr» € y4eToM pernameHTHbIX
CPOKOB KanuTanbHOro pemoHTa anektponusepos (HOT 8).

6.2 NMpon3BoacTBO KPeMHUSA

OkoHOMMYeckne acnekTbl peanusaumm HOT paccMOTpeHbl C TOYKM 3peHUst 3aTpaT Ha
npupoaocoxpaHHoe 06opyaoBaHMe U MOAEPHM3ALMIO OENCTBYHOLLIMX NPOM3BOACTB.

MeToabl, MPUMEHSIEMbIE ANsi OYMCTKM acnMpPaUMOHHBIX U OTXOASLWMX (MeYHbIX) rasos,
B NPOM3BOACTBE TEXHMYECKOrO KPEMHUS HanpaBreHbl, Npexae BCero, Ha ynaBnvBaHue Mbi-
n.

MpumepamMun LUMPOKO NPUMEHSIEMbIX Fa3004UCTHBIX cucTemM/060pyaoBaHNS SBMSIHOTCS
LIMKITOH — pyKaBHbI unbTp (cyxas razooumcTka). Mpu BbICOKOM coaepXaHun B NEYHbIX ra-
3ax OKCUOOB Cepbl MOTyT NPUMEHSATLCA «MOKPbIE» CKPYOOepbI.

[aHHble 0 3aTpaTax Ha NpUpoaooxpaHHoe obopyaoBaHMNe, UCMONb3yeMoe Npu NPous-
BOOCTBE TEXHUYECKOrO KPEMHUS, NpuBeAeHbl B Tabnmuax 6.8—6.9.

Tabnuua 6.8 — LInknoHsbl

HavmeHoBaHue TexHomnornyeckne xapakTepucTmkm CrtoumocTb

LiMkrnoHsl, rpynnbl
LimknoHoB (15 UMKNOHOB TU-
na CKLH 3600: 5 rpynn no
3 UMKIOHa

OTe4ecTBEHHbIE LMKIMOHbI Pa3fNYHbIX TU-
noB npoussoauTenbHocTblo oT 630 go 55 | o 1,3 mnH. pyo.
ThiC. M3/Y.
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Ha3sHauyeHue. YnaBsnuBaHve nbinn KBapuuTa, BOCCTAHOBUTENEN, TEXHUYECKOro (Kpu-
CTalnIM4ecKoro) KpeMHMsa Ku3 acnupauMoHHbIX YCTPOWCTB MOTOYHO-TPAHCMNOPTHLIX Y3M0B,
CKrnagoB, 4pobunbHO-pa3monibHOro o6opyaoBaHnsi B NPON3BOACTBE KPEMHMS.

Tabnuua 6.9 — PykaBHble unbTpbl

HanmeHoBaHue TexHonornyeckue XapakTepnucTtmkn CtoumocTb

OTeuecTBeHHbIE PUNBLTPLI HA OCHOBE
UMMOPTHbLIX MaTepuanos.
O6bembl rasos — 486000 m3/u.
MakcumaneHas Temnepatypa — 170 °C.
BxogHag 3anbineHHocTs — 3,5 r/me.
OcTaToyHas 3anblineHHocTb — 20 Mr/m®
OTe4vecTBEHHbIE DUNBLTPLI C pykaBaMu 13
MMMOPTHLIX MaTepunanos
O6bembl razos — 533 000 M3/y.
MakcumaneHasa Temnepatypa — 200 °C. Ho25mMnH $
BxogHas 3anbineHHocTb — 3,5 r/me.
OcTaTo4Has 3anbIeHHOCTbL — He Gonee
20 mr/m®

PykaBHble omnbTpbI
Tvna ®PUA ¢ nmnynsc-
HOW pereHepauven (24
LUTYKW : 4 HATKKM NO 6
LITYK),

Jo25MnH $

PykaBHble onnbTpbl
Tuna KE7-4512 c 06-
paTHOM NpoayBKOW

2 Wr.

HasHauyeHue. O4ncTtka oT nbifiv COPOCHOro (acnupaumMoHHOro) Bo3ayxa OT MecT nepe-
CbIMKW NPU TPaHCMNOPTE CbiNy4nMx MaTepmanos, U3MenNbYeHUN B Liexax NpUroToBEHUS LUNX-
Tbl, FOTOBOM NPOAYKLMY . YNaBnmBaHue nbinv B razax ot PTT1.

142



NTC 11-2019

Pasgen 7. MepcnekTUBHbIE TEXHONOMMMU
7.1 nepCI'IEKTVIBHbIe HanpaBlieHunAa B npon3BoacTtBe aJilOMUHUA

MHepTHble aHOObl Bceraa Obiny LEenbio nponsBoanTenen antoMmnHmns. Ona nHepTHoOro
aHoga nbiTanucb MCNonb3oBaTb MHOrME Matepuanbel. Ha camom gene nosIHOCTbIO MHEPTHbIX
MaTepuanoB He CyLLleCTBYyeT, HO HEKOTOpPble MaTepuanbl MOryT pacxogoBaTbCs C 3amMeasneH-
HOW CKOPOCTbIO, U KOMMYECTBO MPUMECEN, MONy4YaeMblX 3a CYET PacTBOPEHUS MHEPTHbIX
aHOAo0B, MOXET ObITb NPMEMMEMO AN NPOMbILLIIEHHOrO NPON3BOACTBA.

Mpon3BoaCTBO antOMUHUSA C UCMNOSIb30BAaHMEM MHEPTHOrO aHoda — PEBOSIOLMOHHASA
TEXHOSOIs, HEe MMEIoLLLaa aHanoroB ¢ TOYKM 3peHust akonormyeckoro agpgekra. OCHOBHbIE
npenMyLlecTsa 4aHHOW TEXHOMOMK C TOYKM 3PEHUST OXPaHbl OKpYXatoLen cpeapbl:

1) nonHoe uckniYeHne BbIBPOCOB NAPHUKOBBIX ra3oB U NoiMapoMaTUYecKux yrineso-
A0pOA0B Npu NPOU3BOACTBE antOMUHUS;

2) cHwxeHue cebecTtoMmocTn npounssogcTea bonee yem Ha 10 % 3a cyeT SKOHOMUU
aHOAO0B W 3NEKTPOIHEPTUM;

3) COKpalleHue KanuTanbHbIX 3aTpaTt Npu CTPOUTENBLCTBE HOBbLIX 3aBOA0B Bonee yem
Ha 30 %.

Ha cerogHsawHui geHb y «PYCAIla» yxe ecTb matepman ans MHEPTHOro aHoaa, Ko-
TOPbLIN MNO3BOSISAET NPOU3BOAUTL anNtOMUHMIA ¢ Boree HN3KON CeBECTOMMOCTBLIO MO CPaBHEHUIO
C TexHomnornem yronbHblx aHogoB. Ha KpacHosipckoM anitoMMHMEBOM 3aBOAE TEeXHONOorus
anekTponmMsa C WHEPTHbIMM aHogamu Ha cuny Toka >100 KA npoxoauT OMbITHO-
NPOMbILUIIEHHBIE UCTbITAHUSA B OMNbITHOM KOPMNyCe 3feKTposinaa.

Xymunyeckasi peakuusi nNpouM3BOACTBA aNlOMWHUA B 3MEKTPONU3epax C MHEPTHbIMU
aHogamu MoXeT ObITb NpeacTaBneHa B creayowemM Buae:

Al203 — 2Al + 3/20:..

Takum obpasom, ecnu npu UCnonb3oBaHUN 06OXCKEHHBIX aHOOOB B 3MEKTPONnN3e npwm
nonyyeHum 1 T anomuHus cropaet 0,5 T yrnepoga ¢ obpasosaHvem 1,4 T okcmaa N ANOKCU-
Aa yrnepoga, TO Npy UCNOMb30BaHUM HepacxodyeMbiX MHEPTHbIX aHOA4OB B aTMmocdepy Oy-
aet Bblgenatbces 0,9 T kucnopoaa. Kpome Toro, Mcnosnib3oBaHne MHEPTHLIX aHOAO0B MNO3BONUT
NCKNIOYUTb BbIOPOCHI AMOKCMAA Cepbl U CMOMNUCTLIX BELLECTB, 3HAYUTESTIbHO CHU3UTL BbIOPO-
Cbl MbINN 1 PTOPMAOB 3a CYET BbICOKOW repmeTm3anmm 3NeKTponn3eposB.

[N 04MCTKM OT (PTOPUCTLIX COEQUHEHMI U NbINN MPU AKCMyaTaumm 3feKTponn3epon
C WHEPTHbIMM aHod4aMKn NpedycMaTpmMBaeTCs YCTaHOBKA CyXOM OYMCTKM ra3oB (peaktop + py-
KaBHbIN punbTp) € 3PPEKTUBHOCTBIO NO PTOPUCTBIM coeamHeHnam 98—99 %.

YaoenbHoe konuyecTtBo 3B, nocTynawwmx B atMocdepy OT npouecca 3neKkTponmaa
C UHEPTHbIMM aHO4aMMW, MOXET COCTaBUTb:

1) nbinb — go 2 kr/T Al;

2) propuctein Bogopos — o 0,3 kr/T Al;

3) TBepable Topuabl — o 0,4 kr/T Al
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7.2 NMepcneKTUBHbIE HanpaBneHUs B NPOM3BOACTBE MMUHO3eMa

MocnegHue rogbl GOMbWOE BHUMaHWE yaenseTcs uccrnefoBaHWsiM Mo YCOBEPLUEH-
CTBOBAHMWIO TEXHOSOMMM CnekaHnsa HebennHoB, a UMEHHO NepeBoay NeYen cnekaHusa Ha cy-
XOM Unn nonycyxon cnocod TepmoobpaboTkm LWNMXTbl B KOPOTKMX Nevax ¢ TennoobmMeHHuKa-
MMU.

MogobHas TexHonorms BHegpEeHA B LLEMEHTHOW NPOMbILLAEHHOCTM ANg obXura KruH-
Kepa 1 gana 3HaunTesnbHbIN 9KOHOMUYECKUIA N 3KONOrn4ecknin apekT (SKoHOMUSA Tonnmea —
6onee 30 %).

PeKOHCTPYKUMS CyLLEeCTBYIOLLMX NeYer CrekaHUs «MOKPOM» LUMXTbl WU COOPYXKEHne
NoAo06HbIX YCTAHOBOK MPU CTPOUTENBLCTBE HOBbLIX MMMHO3EMHbIX 3aBOAOB MO3BOSIUT JOCTMYb
nogobHoro adppekra. OgHako Banosble BbIGpocoB NOx MOryT 6bITh CyLLECTBEHHO CHUXKEHBDI
TONbKO 3a CYET YCTAHOBKM Ha NeYyax ropernok ¢ HU3KUM BblAeNeHMEM OKCUOOB a3oTa U BHeA-
peHus cneunarnbHbIX NEPCNEKTUBHBIX TEXHOMNOMMN — TEXHOSOMMMN CENEKTUBHOIO HeKaTtanuTu-
yeckoro BoccTaHoBrneHus (SNCR) n TexHOnormm cenekTMBHOIO KaTanuTU4eCcKoro BOCCTa-
HoBneHus (SCR), 4To no3BonuT cHM3UTL BbIBpoCbl NOx OT neyen rMMHO3eMHOro Npou3Boa-
cTBa B atmocdepy o 70 %.

SNCR 3akno4yaeTcs B MHXEKUUN BOOHOro pacteopa ammunaka (8o 25 % NHs), BogHbIX
pacTBOPOB COEAMHEHUA aMMMuaka UMM MOYEBMHbI B ObIMOBbIE rasbl ANt BOCCTAHOBMNEHUS
NO go N2. B SCR NO n NO2 BocctaHaBnueatotcs 4o N2 ¢ nomowbto NH3 1 katannsaTopa.

[MepcnekTUBHBbIMM TEXHOSOMMSIMU CcneayeT Takke cynTaTb NPUMEHEHNE COBPEMEHHOIO
razooumMcTHoro obopyaoBaHus — ANEKTPOUNLTPOB N pPyKaBHbIX PUNbTPOB, obecneymnBato-
LLIMX KOHLEHTpauuio Nbinu B Bbibpoce MeHee 50 Mr/HM3, a Takke CUCTEM KOHTPOnNs, ynpas-
NeHns peMOHTOM, ob6cnyxuBaHusa npu akcnnyatauum FOY.

O6pasoBaHue NPoM3BOACTBEHHbIX OTXOA0B (LWrama) HendbexHo. [nga ero cknagupo-
BaHMs MOCTOAHHO TpebyloTca gononHuTenbHble nnowaan. B HacTosiee Bpemsi BegyTtcs
pa3paboTku, HanpaBfeHHble Ha UCMOMb30BaHME KPaCHOro LWnaMa B CTpouTenbCTBe, U3BMe-
YeHue M3 Wnama LeHHbIX KOMMNOHEHTOB.

7.3 MepcneKTUBHbIe TEXHONOMMU NP NPOU3BOACTBE KPEMHUSA

OCHOBHble TEHAEHUMM MO MOAEepHM3aLUMM U ONTUMMU3aLMM NpoLecca NonyyYeHus Npo-
N3BOACTBA TEXHUYECKOrO0 KPEMHMS, MOBLILLIEHWE W3BMEYEHUS HanpaBneHbl Ha CHUXeHue
3aTpaT B MPOW3BOACTBE KPEMHMS, MOBbLILIEHNE €ro KayecTBa W CHWKEHWe BO34eNCTBUSt
Ha OKpY)XatoLLlyto cpeay.

Hanbonee nepcnekTMBHbIMM HaNpaBNeHUsIMU COBEPLUEHCTBOBAHUS TEXHOMOMMN Npo-
N3BOACTBA KPEMHMS MOTYT ObITb:

— NpV NPOBEAEHUN KanuTanbHbIX PEMOHTOB NeYyein NpUBECTU B COOTBETCTBUE Mexay
coboli reoMeTpuyeckme, SHeEpPreTMYeckne U TEXHONOrM4Yeckne napameTpbl neden (T.e. nepe-
cyMTaTb NeYn U SHepreTUYecKme Harpysku;

— BHeZpeHne TEXHOMOMM NPON3BOACTBA KPEMHUS C MCNOMNb30BaHWEM pyaHOTEPMUYe-
CKMX NneYyei MOCTOSIHHOro ToKa fisi YBENMYEHUS! U3BMNEYEHUS KPEMHUS;

— BHEJpPEHNe Ha pyaHOTEPMUYECKMX Neyax NHEBMaTMYECKOro nepernycka afekTpoaoB
AN UCKMHOYEeHNsI NULWHNX NPOCTOEB U CHOXEHUS yaerbHbIX BbibpocoB 3B Ha eguHuuy npo-
AYKUNN.

144



NTC 11-2019

— W3MeHeHune crnocoba v npuHUunNa o6paboTKM KOSOLHMKOB neven (Npou3BecTu
3aMeHy MalmnH 06paboTKM KOMOLLHUKOB) A5 YBENUYEHUSA N3BMEYEHNS KPEMHUSA U CHUXKEHUS
BbibpocoB 3B B okpyxatoLlyto cpeay;

— aBTOMaTU3aumMs Nofdayum LINXTbl HA KOSTOLHUK, B pacyeTe Ha CHUMaeMyk akTUBHYHO
MOLLIHOCTb;

— OpraHu3aumsi NPoOM3BOACTBO BOCCTAHOBUTENEN Ha OCHOBE BYpPOYrosibHOro MosTyKOK-
ca C nocrneayrLen MarHUTHOM cenapaumMenoT npumecen (>kenesa) nosydeHHOro KyCKOBOro
NOJSTYKOKCA,;

— BHeApeHue apobunbHoro obopynoBaHMst Npu NOATrOTOBKE LUMXTOBLIX MaTtepuarnos
K nnaBke obecrneymBaroLLero MMHUMManbHbIA BbIX04 MENKNX dpakUmMi KOMMNOHEHTOB LUNXThI,

— BHeJpeHWe TEXHOMNOMMN MonyYeHNsa KPEMHUA C UCMONb30BaHMEM BbICOKOYMCTOrO ak-
TMBHOro kapbuga KpemHus cobCcTBEHHOro Npon3BoACTBa C OAHOBPEMEHHBIM YMEHbLUIEHNEM
BbI6poCca peakUMOHHbIX ra30B U CHUKEHMEM Harpy3ku Ha ra3o04UCTHbIE YCTAHOBKY;

— MPUMEHEHME PYKaBHbIX PUMbTPOB ANA OYMCTKMU MEYHbIX ra3oB OT MNblnn (6onee ad-
EKTUBHOIO Noka HUYEro HET Ha pPblIHKE 06OPYAOBaHUS);

— BHEAPEHNE TEXHONOMMU KMCIOPOOHOro paddMHMPOBAaHMUS, CHWXaloLee BpeMsa Mnpo-
AYBKN KOBLUEN B 2-3 pa3a 4O MOMEHTa pasfnMBKM U, KaK CreacTBme cHMXeHue Bbibpocos 3B
B OKpY>KaloLLytO cpeay;

— MOBbILWEHNE KavyecTBa MUKpoKpemMesema Of1s yBennvyeHna ob6bemMoB Npogaxu, Kak
LeHHOoe Cbipbe AS1s MPOM3BOACTBA BbICOKOMPOYHbLIX BETOHOB N CHUXEHUSI 06BEMOB yTUNn3a-
UMM HU3KOKAYeCTBEHHbIX OTXOA0B Mbifn

— cO3aHne COBPEMEHHOIo NPOU3BOACTBA APEBECHOr0 yrnsa 6e3 BbIGpoCcoOB NpOoAYyKTOB
NMPONiM3a B OKPYXKatoLLyto cpeay, KOTOPbIN ABMASETCA O4HMM U3 CaMbiX NEPCNEKTUBHBIX BOC-
CTaHOBUTENEN.

B mMupoBoI npakTuke ans npousBoACTBa LPEBECHOMO YIS UCMOMb3YHTCS pasfnyHble
BUAbl APEBECUHbI C BOCNPOM3BOAMMOCTbIO NeCHbIX MaccneoB oT 20 go 50 neT, B TO Bpems,
KaK KaMeHHOYrosnbHble N HeTSAHbIE 3anacbl orpaHuyeHbl U X obbl4a conpsikeHa C OYeHb
XECTKMUM BO3ENCTBMEM Ha OKPYXXaloLLyHo cpeqy;

Takum o06pa3om, COBpeEMEHHasi TEHOAEHUMS pPasBUTUSA MPOU3BOACTBA TEXHUYECKOro
KPEMHUSI 3TO — MOUCK N BHEOPEHNE BbICOKOI(PAEKTUBHBIX TEXHOMOMN U BbICOKOKAYE€CTBEH-
HOroO Cbipbsi C 0AHOBPEMEHHBLIM 0b6ecnevyeHnem 6e30nacHOCTM OKpYXKatoLen cpeabl
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Paspen 8. [pon3sBoacTBO BTOPUYHOIO antoOMUHUS
8.1 Obwue cBegeHnnA

AnNIOMUHMI — caMbli YacTo nepepabaTbiBaeMbli MaTtepuan. BropmyHoe ncnonb3oBa-
HWe aniMUHUS CHWXKaeT aHepro3aTpaTthl U BbIGPOCHI YrNeKkncnoro rasa B atmocdepy. BTo-
PUYHLIM aniOMUHMEM Ha3bIBAKOT antOMUHUEBBLIE CNSiaBbl, NOMyYEHHbIE MyTEM MepennaBku
fioma » oTXo40B.

AnOMUHUI nogaaeTcs CTONPOLIEHTHOM nepepaboTke, HE yTpayunBas nNpu 3TOM CBOUX
yHUKarbHbIX cBoMCTB. OKOMNo 75 % antoMunHus, BbINyLEHHOrO 3a BCe BpeMs CyLLeCTBOBaHUS
oTpacnu, ucnonb3yeTcsa 4o cux nop. NepepaboTka antoMvHMa TpebyeT 3aTpaT 3Heprum B Ko-
nu4yecTBe, cocTaBnAwoLEeM Bcero 5 % OT aHeprosaTpaTt Ha ero NpouM3BOACTBO U3 IMNHO3EeMaA,
a 06beM BbLIOPOCOB MapHMKOBLIX rA30B MPU NPOU3BOACTBE BTOPUYHOIO artOMUHUS COCTaB-
naet 5 % o1 KonuyecTBa BbIBPOCOB MNP BbiMyCKe NEPBUYHOIO antOMUHUSA.

CerogHs Npov3BOACTBO BTOPMYHOIO antOMUHUSA 3aHMMaeT okorno 16 % ot obuwero
obbema BbiNycka antoMUHMEBOKW Npoaykumm B Poccuun, 1 ero gonsa npogornkaeT pactu. [Npu
3TOM 0O6beMbl NPOM3BOACTBA BTOPUYHOrO antoMumHua B Poccum coctaenstoT okono 40 %
oT obuwero obbema noTpebrieHns antMMHUEBON NPOAYKLMM, MOCKOMbKY 3HaYUTernbHas
4YacTb NEPBUYHOrO antoMUHUA 1 CNABOB Ha €ro OCHOBE 3KCMOPTUPYETCS.

AHann3 MMpOBbIX TEHOEHUMIN Pa3BUTUS MeTanyprum BTOPUYHOIrO arntoMUHUA cBuae-
TenbCTBYEeT O AOCTAaTOYHO BbICOKMX U YCTOMYMBLIX TEMMNAX pacluMpeHust ero nponsBoacTBa,
00yCnoBneHHbIX 4BYMS] OCHOBHbIMU NPUYNHAMN:

— BnaronpuUATHLIMKU TEXHMKO-IKOHOMUYECKMMW MoKasaTensiMu (B CTpyKType cebecTto-
MMOCTM NPOM3BOLACTBA BTOPUYHBIX anitOMMHUEBbLIX CMNAaBOB 3aTpaThl HA Cbipbe U MaTepuansol
cocTaBnsoT okono 88 %, a Ha 3Heprnto — TONbKO OKOMNo 2 %, B TO BpeMs Kak 3aTpaTbl Ha
9NEKTPOIHEPIUIO NPU NPOU3BOACTBE NEPBUYHOIO antoMUHUA npesbiwatoT 40 %);

— BO3MOXHOCTbIO peanu3aummn Npon3BOACTBa B KOSOrM4eckn boree YMCTbIX BapuaHTax.

B AnoHun npakTnyeckn ocywlecTBreH nepexon Ha BbliMyCK BTOPUYHOIO aroMUHUS,
a B CLUA ypoBeHb yTunusaumm anioMumHMeBOro rnoma coctasnseT 6onee 60 %. B Poccuun
OTMeYaeTcs CTpeMSieHne K OCBOEHMUIO npouecca nosiy4eHusi BTOPUYHOrO antoMUHUS Ha 3a-
BOJAX, OPUEHTMPOBAHHbLIX paHee TOSMbKO Ha NPOU3BOACTBO MEPBUMYHOIO artoMUHUA U NOSy-
¢abpukaTtoB U3 Hero. Takum ob6pasom, NPOU3BOACTBO BTOPUYHOIO antoMUHUSA SIBASIETCS ce-
rOL4HSA BaXKHeWLLen COCTaBMSOLWEN MeTannyprum antoMUHNA, a COCTOSIHME ero Xxapakrepusy-
€T YPOBEHb HauMOHanbHON 0BLLETEXHNYECKON KYNbTYpbl.

HecmoTp4a Ha To 4TO Ans Poccun peunknuHr antoMmMHUS OYeHb akTyarieH U opraHuyHo
BMUCbLIBAETCH B rOCyJapCTBEHHYK 3KOJIOrMYECKylo MONUTUKY, CPeHUN YPOBEHb UCMOJIb30-
BaHWSA NPOMbILLIIEHHbBIX OTXOAOB CcOocTaBndaeT npumMmepHo 36 %.

B Poccum gencteyet 6onee 13 000 npegnpusatuii U HanBmuayanbHbIX NpeanpuHMma-
Tenen, MMerLWmx NMUEH3NN Ha 3aroTOBKY, nepepaboTky M peanusauuio fioMa U OTX040B
LUBETHbIX MeTansnos. Mpu 3TOM NpeanpuaTUs, y KOTOpbIX OTXO0Abl 0bpasyloTca B npouecce
OCHOBHOWN OeATENbHOCTN, TaKUX NUUEH3UA B OONbLUMHCTBE Crly4aeB HE NMEIOT.

MeTannyprudeckyto nepepaboTKy antOMMHWEBOro filOMa WU OTXOAOB OCYLLECTBNSAIOT
6onee 100 3aBogoB — NPOU3BOAMTENEN NUTENHBIX antOMUHUEBLIX CMMaBOB W pPaCKUCIUTE-
nen. Kpome TOro, oM 1 O0TxXo4bl antOMUHUA U €ro CrniaBoB BOBIIEKAOT B NPOU3BOACTBO OKO-
no 30 npousBoanTenen antoMMHMEBOro NPodunsa 1 Npokara.
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MOLLHOCTM POCCUNCKNX MeTannypruyeckux npeanpuaTuii, Kotopble cneunanmsmpyoT-
Csl HA NPOU3BOACTBE antoOMUHUSA BTOPUYHOIO U ero cnnaeos, B 1,8 pasa npesbIwaoT 06bembl
3aroTOBKM SlOMa M OTXOLOB antoMuHMEBbIX. B €BS3M ¢ aTum nmeetca npobnema, cBA3aHHas
C HeOoCTaTKOM KayeCTBEHHOrO Cbipbs (floMa C HU3KMM COAEpXaHWeM Apyrux MeTansos,
CNnaBoB M HeMeTannnyeckmx npumecen). CerogHs npegnpuaTus nepepabaTbiBaloT antomMm-
HWEBLIN NTOM C Bonee BbICOKUM cofepXaHueM MpUMeCen, YTO OCITOXKHSET TEXHOSOMMn npo-
N3BOACTBA BTOPUYHOIO antoMuHusa. B ntore y nepepabotyunkoB nossnserca npobnema pa-
LUMOHANbHOro UCNOSib30BaHWUs pPecypcoB CBOero npeanpuatusa. IMeHHoO noaToMy cerogHsi
0cobo ocTpon sBnsieTca HeobxoammocTb B paspaboTke 6onee adhdekTUBHbIX METOAOB Ne-
pepaboTkn BTOPMYHOrO antoMUHNS N MOAEepHM3aLumMmM 0b60pyLoBaHNA JaHHOMO NPOU3BOACTBA.
Bce aT0 Heob6xoauMo Ans coKpalleHUs 3aTpaTt Ha TeXHOSormyeckne npoLecchbl, CoKpaLLleHns
6e3B03BpaTHbIX NOTEPL ANOMUHUSA, CHKEHUSA HEraTMBHOMO BAMSIHUSA Ha OKPYXXaloLLYK cpe-
Ay, a Takke Anga pacluMpeHns HOMEHKNaTypbl BbiMyCKaeMblX CNnaBoB N obecneyeHns BbICo-
KOro kadecTBa NpoayKUMW.

MepepaboTka floma M O0TX040B ANS MPOM3BOACTBA BTOPUYHOIO antoMuHus Tpebyet
MUHUMarbHbIX 3aTpaT 3HeprMn no CpPaBHEHUIO C MPOM3BOACTBOM MEPBUYHOrO MeTanna,
N Npu HEeW BblAenseTcs ropasgo MeHbLUe ra3oB, Bbi3blBalOLLMX NapHUKOBbIN adhdoekT. o
9TOM NPUYMHE antOMUHWEBBLIE KOMMaHWM BKNaabIBalOT AEHEXHble CpeacTBa B COBPEMEHHbIE
NpeanpusaTMa NO PELMKINHIY antoMUHUS.

8.1.1 Cblpbe n Matepuarsbl, UCNosnb3yrowmnecd npmn npon3soacrtse BTOPUHHOIo aritoMMHUA

BTopuyHasa nepepaboTka antoMMHUA MMeeT CBOM OCOBEHHOCTU. ANOMWHUW coaep-
XUTCHA KaK B KYCKOBOM MPOMBbILUSIEHHOM 1 BbITOBOM fIOMe, Tak 1 B donbre, CTPyXKe, Lunake
n ynakoBke. HeHyxHast 6bITOBas TexHuKa, OCTaTku OT MpoM3BOACTBA NOCyAbl U ObITOBbIX
NPUHaANEeXHOCTEN, OTCNYXMBLUee 06opyaoBaHME N aBTOMOBUITbHAS TEXHUKA — NPAKTUYECKN
B Ntobon cdepe YenoBe4EeCKom Xn3HM obpasyeTca SIoM antoMUHUS, KOTOPbIA MOXHO U HY>XHO
nepepabatbiBaTb AN NOBTOPHOrO UCMOMNb30BaHNSA U COXPaHEHUSA NPUPOAHBIX PECYpPCOB.

ANMIOMUHUN — UEHHbIM MeTann, obnagalowmi MHOXECTBOM MOME3HbIX CBOWUCTB.
CoeavHeHNa antoMUHUS NPUMEHSIIOTCS HE TOMbKO B CTPOUTENbLCTBE M OLITOBOM NPOU3BOA-
CTBE, HO Jaxe B BblMyCKe NleKapCTBEHHbIX CPEACTB, a antoMUHMUEBLIE CMfaBbl NOMOratoT no-
nyyaTtb MeTannuyeckne nsgenusa npaktuydecku ¢ nobbiMn ceoncTBamu. MNpaBunbHO nepepa-
BGOTaHHbIV antoOMUHUEBBIA JIOM — 3TO OTMMYHOE Cbipbe ANs NPOM3BOACTBA OTMIMBOK, MeTarn-
nonpokaTa u npocuns, 6e3onacHon HETOKCUYHOM Nocyabl. ECTECTBEHHO, B pa3HbIX Criyyasx
n npouecc 06paboTkn NpoTekaeT no-pasHoMy. Tak, Hanpumep, npouecc nepepaboTkn men-
KOro NpOMBbILSIEHHOrO Mycopa 6Gonee TPyAOEMKWM, Hexenu nepennaska ObITOBOro noma
(antoMnHmneBble GaHKkKU 1 Np.). N3BneyYeHne antoMHNA, COAepKaLLerocs B ynakoBke, onbre,
B CTPY)XKe M Wnake, TpebyeT npeaBapuTenbHOM NOATOTOBKN ChIPbA.

Mpn NnaBke antoMUHUA 0Opas3yloTCs LWNaku, Nnpeacrasnsaowme cobon BpeaHyo cMech
N3 XUMUYECKUX COeOMHEHUNA, O0OpasyloLMXCs MNpU KOHTaKTe artoMUHUA C KUCIOPOAOM,
1 oroCcoB.

AnOMMHMEBBIM NTOMOM HasbiBatoTca 6/y nsgenunsa, NponsBOACTBEHHbIE OTXOAbl C CO-
AepXXaHnem OCHOBHOro metanna He meHee 70 %. Jlom cogepxuT B cebe BKMOYEeHUsA opra-
HUYECKUX MaTepuanos, Npu NraBleHUN OHU MOTYT 3arpA3HATb aTMocdepy BpeaHbIMU CO-
eavHeHnaMu. K HUM OTHOCATCA: Kpacka, pe3nHa, OCTaTKu U3onauuun, nonumepsl n gpyrue
mMaTepuansl. Kpome TOro, BO MHOMMX BuAax fioMa NpuUCyTCTBYIOT NMpUAEnkA U3 TyronnaBKuX
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MeTasnsoB (CTtanb, YyryH, TUTaH), KOTOpble B NpoLecce NfaBky filoMa MOryT YacTUYHO pac-
TBOPSATLCS B XUOKOM armtoMUHUN N YXYALAaTb €ro XMMUYEeCKUn COCTaB.

[nsa ynpoweHus npoueaypbl NepennasBky, a Takke ONna paclnXTOBKN NpUMecen, BXO-
ASLWMX B XMMUYECKUIA COCTaB NTIOMa, B HEKOTOPbLIX Criydasax AobaBnseTcsa nepBUYHbLIN anto-
MUHUIA.

Ecnn B nome npucyTcTByeT MarH1m, o4ncTka oT Hero ByaeT NponcxoauTb C NOMOLLBHO
Xfiopa, XrnopuaoB HaTpusa M Kanusi, TOPUCTbIX COEAMHEHWM Kanusa U antoMuHuA. LIMHK
N MarHUin B psge criyyaeB yXyaLlarT KayecTBO artoOMUHMEBOrO CrnsiaBa, Npyu 3TOM UX HESb3s
onpeaenuTb BU3yasnbHO.

O6blYHO cogepxaHne UBETHOro MeTanna B MENKMX WU3Oenusx He npeBblluaeT
30-90 % no Becy.

Ecnu cnepoBaTtb TEXHONOrMM NpaBuibHO, B LUSIAKe Nocne nepensiasa fioMa oCTaHeTCs
nmwb 1-2 % o1 obwero obbema nepenniaBneHHoro antoMuHKs. M3-3a 6onbLION 4ONU BKIO-
YeHUs aniMMHUA B LWINakKe ero nepepabartbiBaloT 4O TEX NOP, NOKa MakCcMMarbHO HE M3Bre-
KyT YACTbIM MeTann. [Jnsa 3Toro wnak copTupyoT, 4pobaT, cenapupyloT OT HEMETaNINYECKNX
COCTaBAKOLWMX, NOCMEe Yero NoslyYeHHbIA KOHLEHTpAT nepennasnsoT B NPUCYTCTBUKN cone-
BbIX (pSIHOCOB, KOTOPbIE MOMOratT BblAeNUTb antoMuHM. [lanee cnmBaeTca YMCTbIM MeTarnsn,
a CosieBOu KeK yTUnmnaunpyeTcs.

Mo ctatuctmke B Poccun o 40 % antoMunHus B BUAE ObITOBLIX M NMPOMbILLIIEHHbIX W3-
Aenui Bo3BpaLlaeTcs Ha BTOPUYHYKO nepennasky. Kak npaBuno, 3To okynaeTtcs, npasaa,
peHTabenbHOCTb Takoro NPoOM3BOACTBa OYEHb CUIbHO 3aBUCUT OT KayecTBa nepennaensie-
MOro fioma.

MHorne npomnsBoauTENM LIBETHOrO MeTanna 1 YnakoBKM C UCMONb30BaHMEM antoMu-
HUA CO34al0T cneuunanbHble NPorpaMmbl, KacalLlmnecss BTOPUYHOIO MCMONb30BaHUSA arntoMu-
HWEBOW YNaKOBKMW, MNOCYAbl U MPOMbILLSIEHHbLIX eMKOCTEeN. ANMIOMUHUEBLIA NTIOM U OTXOA4bl, CO-
Aepxawime B CBOEM XMMMYeCKOM cocTaBe Gonee 1,2 % >xenesa, B OCHOBHOM MNMPUMEHSIOT
A5 NPOM3BOACTBA PaCKUCNUTENEN, UCMONb3YEeMbIX OS5 CHUXEHUSI CoAepXXaHus Kucnopoga
npv Npon3BOACTBE CTanu.

Haunbonee goporocroswimmMm BMAOM MeTannonoma SBfsieTcs antoMUHUIN SNEKTPOTEeX-
HUYECKUIN — XWUMbl, MOMyYEeHHble B pe3ynbtaTte pasgenkm kabenen u nposogoB. OHM He
AOIDKHbI UMETb 3arpA3HEHWU, CrneaoB Kpacku UmM nakoKpaco4yHOro nokpbitnsa. HepasgeneH-
HbI artOMUHMEBLIN NPOBOL HE OTHOCUTCHA K JAHHOMY BMAY MeTannosioma u onnavyvmBaeTcd
3HAYNTESTBbHO HUXE.

Mepen meTannypruyeckum nepenenom BTOPUYHOIO CbIpbA UCMOMb3YHT onepaumm
CYLLKM CTPYXKKW, JTOMA M KYCKOBbIX OTX040B, (Pft0COB, LUMAKoB M APYrnX NPpOAYKTOB ANsl Npu-
AaHUs JONYCTUMOrO CoAepXaHusi Bnaru: B LUMXTe, MOCTynawLwen Ha nepennas, He bonee
4 %, a wnakax u cdontoce — 1 %.

OgHMM 13 pacnpocTpaHeHHbIX OTXOAOB MPOM3BOACTBA SBMAETCS antoMUHMEBast
cTpyxka. MeTtannypru npegbsaBrnsioT K HEM OOCTAaTOYHO XecTkme TpeboBaHUA — OHa OOMKHA
ObITb CyxOW, OYULLEHHOW OT HeMeTannuyeckux npumecen (Mbifb, POPMOBOYHLIE CMECK)
N MarHUTHOW ppakuunu.

AntoMuHueBble 6aHKM — Takke OOBOSIbHO pacrnpocTpaHeHHbI BMa noma. OTcyTcTBUE
MEeTasnIM4eckmx BKITIOYEHUI — rMaBHoOe TpeboBaHue, npeabsasnsemoe K HuM. Cnnasbl, Nony-
YeHHble 13 nepepaboTaHHbIX antOMUHUEBLIX OAHOK, NPU NPaBUbHOWM MOArOTOBKE CbIpPbS,
nnaBke C NPUMEHEHMEM COBPEMEHHbIX TEXHOMNOIMMI 1 paPuUHMPOBAHUM OT ra3oB U HemeTarn-
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NINYECKNX BKIMHOYEHUIA YCMELLHO MCMONb3YTCH ANS NOBTOPHOIO U3roTOBMEHUSA aHanorm4yHomn
Tapbl.

[na cywkn cbipbs 1 BCMOMOraTesnbHbIX MaTepuanoB nepea nnaBKoW MUCMNONb3yTcs
GapabaHHble, kamepHble (ANs CYLWKM KyCKOBOrO floMa U OTXOQO0B nepen 3arpy3kon B nna-
BUSbHYIO NeYb AN CHUXEeHUNA coaep)kaHnsa cBoboaHom Bnarn B cbipbe A0 3—4 %), UHOYKL M-
OHHble (ONs CYLKM MENKO3epHUCTOro martepuana (gpobneHoro cntoca)) u gpyrue Tunol
CYLUMNBbHBIX YCTAHOBOK.

UToObl MOMYy4nTb BLICOKME TEXHUKO-IKOHOMWYECKME MokasaTenu npu nepepaboTke
CTPYXXKW, €ee Heob6X0aUMO OYMCTUTL OT Braru, Macna v Apyrmx MexaHu4eckmx npumMmecen.

8.1.2 AHan13 npuopuTeTHLIX NPobrem oTpacnu

MpeanpuaTtus, nepepabaTbiBatolLne CMELLAHHbIN NTOM, 1 3aBOAbl, KOTOpble cneuuanu-
3MpYIOTCS Ha NPOU3BOACTBE NpokaTta M nNpodund, He OTNNYalTCs MO KayecTBY NPOU3BOAM-
MOW MpoAyKUMK, HO OTANYAKTCS NO TUNy NpomM3BoAUMBbIX cnriasoB. [Jecbopmupyemble crnna-
Bbl, MPOM3BOANMbIE NPOKaATHbIMM 3aBo4aMu U NPOU3BOAMTENAMM NPOUNs, NOAXOAAT ANA
NpoKaTKN U NpPeccoBaHusl, Torga Kak nepepaboTymkm CcMeLlaHHOro fioMa nNpounsBoadaT NuTen-
Hble cnnaBbl N packucnutenu. NepepaboTynkm CMeLLaHHOro ioma MOryT UCNONb30BaTb Cbl-
pbe, COCTOsILLEE NPEMMYLLECTBEHHO N3 AeopMMpyEMbIX CNNaBoB, AS1s1 KOPPEKTUPOBKU XU-
MMYECKOro coctasa cBoen npogykuuun. OgHako npu npomsBoAacTee AedopMupyeMblx cnna-
BOB HENb35 UCMNOMb30BaTh NIMTENHLIE CrfaBbl. B OCHOBHOM 3TO 0OBLSACHAETCA TEM, YTO B HUX
COOEPXKUTCSA MHOIO Mean U KPEMHUSI.

YposneTtBopeHue TpeboBaHW K KavyecTBY BTOPUYHbLIX aSlOMUHUEBBLIX CMaBOB,
npeabaBnsaeMblX 3akazymkamu, TpebyeT NpUNoXeHns Hemanbix ycunun. [lna atoro Heobxo-
AUMbI TWaTenbHasi NOArOTOBKA Cbipbsl, pacyeT LWUMXTbl, KOHTPOSb SloMa 1 addekTuBHasa 06-
paboTka XuOoKkoro meTanna C Uenbl yaaneHus HexenaTtenbHbIX NpMMecen, B TOM 4ucne
PacCTBOPEHHbIX ra3oB M HEMETaNNMNYECKMX BKNIOYEHUN. Kak TONMbKO BTOPUMYHOE Cbipbe O0-
CTaBnsgeTCcsa Ha 3aBoAd, ero HeobxoAnMMO OTCOPTMPOBATL M NepeaaTb Ha XpaHeHue B crneuu-
anbHO YCTAHOBSMEHHbIE MECTa ANSA pasfdesibHOro XpaHeHus No Bugam fioma u rpynnam cnna-
BOB, U3 KOTOPOro OH COCTOUT. OTO MO3BOSNSIET CKOMMOHOBATbL NapTMM SiloMa U OTXOA4OB B CO-
OTBETCTBMU C pacyeTamu WuXTbl. bbiCTpaa nepennaBka v nepenue MeTanna B MUKCEpbI
Takke UMelT DonbLUIoe 3HaYeHne Ansi NPOM3BOACTBA antOMUHMEBBIX CMaBOB XOPOLLEro Ka-
yecTBa, MOTOMY YTO 3TM ONepauun COKpallarT NOTEPU LLEHHOIO antoMUHUA U NErnpyroLmx
KOMMOHEHTOB, a Takke MO3BOMAT MUHUMU3NPOBATL COOepXKaHUe HeXenaTesibHbIX npume-
Ceun, Taknx Kak xxeneso. A ynopsagodeHHbIN nepenves MeTanna npegorspallaet obpasoBaHue
N BKpanmeHne OKUCMOB MeTasnsnoB. HekoTopble HeXenaTesibHble 3fIEMEHTbI, Takne Kak Ka-
NUR, HATPUI, KanbUUA UM MarHUM MOXHO yAanuTb UM COKPaTUTb UX COoAepXaHue nytem
0b6paboTkn razoobpasHbiM XIOpPOM Unn propcoaepalummm rrocamm B NaBUNbHON NeYn.
Mpn nnaBke B POTOPHbLIX NeYax AOMNONHUTENBbHOM 06paboTkm ANS yaaneHus ykasaHHbIX npu-
mMecen He TpebyeTcs, NOCKOSbKY B YCNOBUAX POTOPHOM NEYN OHU pearupyroT ¢ KOMMNOHEHTa-
MU (pritoca U nepexoaaT B CONeBoun Kek. [lpyrne anemeHTbl, Takne Kak Meapb, Xeneso, LMHK,
KPEMHUIA U UM NoaobHble, HEBO3MOXHO yCTpaHuUTb. VX cogepaHne AO0IMKHO ObiTb OorpaHu-
YeHO NyTeM MPaBUITbHONO pacyeTa LWMXTbl, YMESIOro CMELLUMBaHNSA pacnnaBneHHOro MmeTanna
C APYrMM MMELLUMCS NOMOM unu gobasneHnst nepBUYHOro antomuHmsa. OgHako nocnegHun
METO NPaKTUYECKN HE MPUMEHSIETCS NPU NPOU3BOLCTBE NMUTENHbLIX CMAaBOB U packucnute-
newn no NpUYnHe HeoBOCHOBAHHOMO NOBbLILLEHMST CEBECTOMMOCTIN NPOLYKLNMN.
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3Ha4YMMOCTb OAHOW onepauuM Ha MPOU3BOACTBEHHOM MPEANPUATUM OYEHb YacTo
HeJoOoUEeHNBaeTCA: pedb naet o6 ouMcTke neven n NnUTenHbIX xenobos. He Bce nervpytowime
3NeMEeHTbI, NPUroaHble ANd OQHOrO0 KOHKPETHOro cniiasa, NoaxogaT v AN ApYroro cnrasa.
MoaTomMy Mpu 3ameHe cnnaBa BeCb Npeablaylnin cnnae aormkeH ObiTb yaaneH. Kakas-T1o
YacTb MeTanna B xenobax n gpyrom TpaHCNOpPTHOM 060pyaoOBaHMM MOXET OCTaTbCA B BUAE
3acTbiBLLErO MaTepmana. Ho Bce e 6onblue BCEero ero CoOAepXnUTCs B LUMAKOBbIX HACTbINAX,
CKannmBaloLLNXCA Ha CTeHaxX 1 nogmHe neyen. HeobxoanMo NONHOCTLIO yaanATh 3TOT LWNak.
970 HenpocTasa paboTa. Mo3aTOMy NPOEKTUPOBLUMKaM 3aBoga cnepyet obpawaTtb ocoboe
BHUMaHME Ha KOHCTPYKLUMIO NEYn, KOTOPYH OHM XOTHAT YCTaHOBUTb Ha CBOEM 3aBode, YTOoObI
npeaycMoTpeTb BO3MOXHOCTb JIErKOM N HETPYAOEMKOWM OYMCTKU, TO €CTb yaaneHus LWwaka.

[axe npu Bcen TLWATENbHOCTM pacdeTa LWMXTbl U COBNIOAEHNA TEXHOMOIMN MHOrAa
coaepXaHve pasnuyHbiX 3f1IEMEHTOB BO BCEW NapTMM MeTanna B neyn npesbliliaeT JonyCcTu-
Mble Npeaenbl, U HUYTO HE MOXET MCNpPaBUTb NONOXeHWe, kpoMe AobaBneHust Apyroro me-
Tanna unn NepBUYHOrO antoMmMHKUA. Takylo NapTUO NPUXOAUTCA BPEMEHHO OTMOXWUTb, NOTO-
MY 4YTO €Crnv OoTnpaBuTb ee Ha OOopaboTKy M pasnmBKy, TO 3TO MOXET NPUOCTAHOBUTL paboTy
neyn Ha HekoTopoe Bpemsi. C Apyron CTOPOHLI, BECb 06beM MeTanna AOMKEH COCTaBNATLCA
TakMMKn NopumsiMn, KOTopble No3Bonunn 6ol NoaTanHo 4o06aBNATL LEHHbIA MaTepuan B Npo-
uecce Npom3BOACTBA, KaK TONbKO OH MoHagobutcd. 1o aTon npuymMHe axe Ha camblx Ma-
NEeHbKNX 3aBOAax >KernaTefbHO WUMEeTb YCTAHOBKY ANSA NUTbS KpynHorabapuTHbIX CIUTKOB
B M3NOXHMUbI. YTOObI pernameHTMpoBaTb NPOU3BOACTBO XOTHA Obl HEKOTOPOro KOnMnyecTtea
NPOAYKLUN OOHOMO M TOrO e KayecTBa, MeXayHapOoAHbIA PbIHOK MEeTansoB YCTaHOBMN Tpe-
GoBaHMe K pasmepy MUHMMANbHOW NapTUM antoMuHus — 20 T. DTOT (PaKTop TakkKe HYXHO
YYMTbIBaTb NPU YCTAHOBKE NEYEN.

MpaBunbHasa gerasaums meTtanna gormkHa 6biTb CTaH4apTHOWM onepaumen Ha nobom
3aBoae, nepepabaTtbiBaollemM cMeLllaHHbI oM. OgHAKo M3BECTHO, YTO MaLUWHbI ANS NIUTbSA
noa AaBneHMEM He npegnonaratloT paduHupoBaHne metanna nepeg nutbem. oatomy ra-
30Bble BKIOYEHWS, Takne Kak BOAOPOS, He yaansoTcsa npy nocnenywmnx nuTenHblx onepa-
UnsaX, 1 B MeTasnne MOXeT HakonuTbCs elle bonblue BOAOPOAa, YTO B KOHEYHOM cyeTe npu-
BOOUT K NOSIBNEHUIO B OTNAMBKE Nop. Takum obpa3om, OTBETCTBEHHOCTb 32 OTCYTCTBME B Me-
Tanne rasoBblX BKIOYEHUN NEXUT Ha 3aBOJe — NPOM3BOAUTESNE CMNNaBoB.

KayecTBO ABNSA€TCA O4EHb BaXXHbIM (DAaKTOPOM Ans NPOM3BOACTBA, MOCKOSbKY Mroxoe
nnm xotsa 66l 6onee HNM3KOEe Ka4eCTBO CYLLLECTBEHHO CKa3biBAE€TCHA HA KOHEYHOM NPOAYKTE.

Hagnexaliee kayectBo MOXeT ObiTb AOCTUIHYTO TOMbKO MPU YCINOBUWN BbLICOKOIO Ka-
yectBa ob6opyaoBaHMA, NpegHa3HAYeHHOro ANs KaXXaown OTAENbHOW onepaunn, U akkypaTHOM
paboTbl ONepaTopoB.

ANIOMUHUI NPUHALNEXUT K YMCny Hanbonee 3KONOrMYHbIX MeTannoB. Beicokasa pere-
HepaLuMOHHas CrnOCOBHOCTb artOMUHUS — O4HO U3 3KOSTOrMYECKMX NMPenmMyLLEeCcTB 3TOro maTe-
pnana. OH nerko noggaetca nepepaboTke U MOXET UCMONb30BaTbCs BTOPUYHO HEOrpaHu-
YeHHOEe YmMcro pas. Ero nponsBoacTBO HAHOCUT ropasgo MEHbLUMIA Bpen, 3KOMOorum, Yem npo-
N3BOACTBO ApyrMx meTannoB. Mcnonb3oBaHMe BTOPUYHOrO artOMUHUS, MOJSTYYEHHOrO Mpu
nepepaboTke NOMOB M OTXOAOB, 3KOHOMUT A0 95 % SHeprumn, Heo6xooMMON ANs BbINMABKA
NepBUYHOrO MeTarnma, COXpaHAs NPUPOAHbIE PECYPCbl M CYLLECTBEHHO CHMXasA BbIOpPOCHI
Takux rasos, kak COz2, NO2, SOo..
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8.2 OnncaHue TeXHONOMMYEeCKMX MNPOLEeCCOB Npu MPOU3BOACTBE BTOPUYHOrO
anoMUHUA

Mpon3BOACTBO BTOPUYHOIO antoMUHUS BeAeTCA Mo ABYM OCHOBHbLIM HanpasfeHUsAM.
B nepBom cnyyae cobpaHHble OTXO4bl K NIOM anioMUHUA onpefeneHHoro popmarta n Tuna
cnnasa MoryT BbITb NepennaBneHbl 1 0bpaboTaHbl 6€3 JoNoNHUTENBHOM NoAroToBKU. bonee
TOro, JornyckaeTcsa Hannyme onpenerieHHoro, HO He CrMLWKOM BorbLIoro Konmyectsa Heme-
TannMyecknx 3arpsasHeHunin. MocTynMBLINIA MeTannonoMm NpoCcTo nepennaBnaeTcs, Xumude-
CKWUI COCTaB pacnnaBa KOPPEKTMPYETCH B criydae HeobxoanmmocTu, MmeTann paduHupyetcs,
mMoamduumpyeTca, PUNbTPyeTCa U pasnmMBaeTcsl B 3aroTOBKW ANs1 NpoKaTa MW SKCTPY3UMW.
Kak npaBuno, takon cnocob nepepaboTku antOMUHMEBOrO floMa M OTXOAO0B MPUMEHSAETCH
B OTHOLUEHMM OTXOLOB AedOopMUPYEMbIX CMMABOB Ha MPOKATHbIX WU MPEeCcCcOoBbIX 3aBofax,
a Takke Ha nNpeanpuATUSX, NPOM3BOOSALLNX CIUTKU O NPOU3BOACTBA NPOdUNa MeToaom
aKkcTpy3mn. OcBoeHMe Takoro npouecca obnerdaer nepepaboTky OOOPOTHLIX OTXO4OB
NPOKaTHbIX U NpeccoBbIX 3aBoAoB. CTpemreHne NpoMbILLIEHHbIX NPeaNnPUATUA NPOSOIKaTb
paboTaTb B 3TOM HanpasneHUn yMeHbluaeT 00 beMbl YACTOrO U HOBOIO SIOMa Ha PbiHKE.

BTopoe HanpaBneHne — npouecc nnaBku N padMHUPOBAHMUS CMELLUAHHOMO U NINTENHO-
ro fioma, Kak npaBusio, NPUMEHSIETCA NPW NMPOM3BOACTBE NUTENMHBLIX crnaeoB. [Ana aToro
BMAa NPOU3BOACTBA MOryT MCMONb30BaTbCs BCE BUAbl floMa M cnnaesoB. Ho npu aToM me-
Tann Heob6xoaMMo paduHUPOBaTL Nocne nnasku. MNyTem NpaBUNbLHOrO CMELINBAHUS PasHbIX
BMOOB Cblpbd, Mpowewux npeasapuTenbHoe yaaneHue HemeTanfIMyeckux npumecen,
MOXHO MOMYYUTb HY>XHbIA CMfaB B COOTBETCTBUMN C TpeDOBaHUAMMU XKenaemMoro XMMmn4eckoro
cocTaBa.

B HacTosdwee Bpems 6onbluas 4yacTb MMEKOLErocs fioMa — B 3aBUCUMOCTM OT Mpo-
AOIMKUTENBbHOCTU XKU3HEHHOIO LIMKNa COOTBETCTBYHOLLErO M3genmst — cobupaeTca u nepepa-
GaTblBaeTCSA Ha BbICOKOPA3BMUTLIX MPEANnpUATUAX C OYEHb BbICOKOM MPOU3BOAUTENBHOCTLIO,
roe He TpebyeTtcsa GonblIMX NOACKMX pecypcoB. [na cTpouTenbCTBa TakMx 3aBOOOB HEO6-
XOAMMO BJIOXKEHME 3HAYUTENbHbIX OEHEXHbIX cpeacTB. [logpobHoe paccMoTpeHue obuien
NNaHUPOBKN 3aBoda W npuBnekaemoro ob6opygoBaHUSA OYEHb BaXHO AS11 9KOHOMUYECKOro
ycnexa npegnpuatus. CneynansHoe obopyaoBaHue, KOTopoe crnocobHo obpabaTtbiBaTh Ma-
Tepman ocoboro Tuna, KOHEYHO, O4EHb IPAEKTUBHO B YCIIOBUSIX COBPEMEHHOW CUTyaLuu,
OQHaKo MOXeT MOCAYXWUTb M OrpaHMuYMBalowMM (PakTopoM, eCcriv M3MEHUTCH CuTyauums
Ha pblHKE UM €CNK CbipbEBOK MaTtepuarn, T. €. anioMUHMEBBIA NTOM, CTaHET MeHee A0CTyn-
HbIM.

[ns NoBTOpPHOro NPOW3BOACTBA Pa3NUYHbLIX artOMUHUEBBLIX CMIAaBOB fIOM M OTXOAbl
HeobxoQMMO nepennaBvuTb U OTNUTb B POPMbl B COOTBETCTBMM C TpebOBaHUSIMM pbiHKa.
YT06bI MMHMMN3NPOBATL HEraTMBHOE BO3O4ENCTBUE MPUMECEN M KOMMO3ULIMOHHBIX Matepua-
noB, HeO6XOOMMO YCTPaHATb UX AKOHOMMUYECKWN BbIFOAHBIM NyTEM C Y4ETOM 3KONOrMyecKnx
pakTopoB. XOTSA MPOLECChl MMaBku ABMASKOTCH LEeHTparbHbIM MOMEHTOM Mpu nepepaboTke
fioMa 1 OTXOAOB antoMUHUSA, B Cryvasix nepepaboTkM CMeLaHHOro M NUTENHOro fnoma,
CTPYXKM W LUNAKOB NpeanoyYTeHne otaaeTcs nogrotToBUTeNbHbIM paboTtaMm n MexaHn4yeckomy
oboralleHnto nepeq Havanom nnaeku. Bcrneacreme 3Toro CoBpeMEHHbIN NPoLLEeCcC BTOPUYHON
nepepaboTkn anioMUHUSA BKIIOYaeT MexaHudeckoe oboralieHne n COpTUPOBKY NloMa C no-
cnepyowen metannyprideckon obpaboTkon. TexHonormyeckasa cxema peunknmnHra antomm-
HWS NpeacTaBneHa Ha pucyHke 8.1.
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[ns pasHbix TMNOB MaTepuana TpebyeTtca pasHas obpaboTka. YncTbin nom 6e3 Heme-
TanMyeckmx npuMmecen U Npuaenok Apyrux MetasnsnoB CKnagupyeTcs oTAerbHO no rpynnam
CMMaBoOB M 3aTeM OTNPaBIIIETCA HaNPsSMy B NaBurbHbINA LeX. TO Xe npoucxoguT u ¢ Ma-
TepunasioM C O4YeHb He3HauUTeslbHbIM CoAepXXaHWeM HeMeTariMyeckux 3arpasHeHun. Becb
ocCTanbHOM Matepuan NoAMNexXuT cneunanbHOW NOAroToBMTENbHON 06paboTke.

Llenbto mexaHmn4yeckoro oboraileHns noma antoMmnHUSA, NOCTaBNAEMOro U3 pasnnyHbIX
NCTOYHUKOB, AIBNSieTCs npugaHme emy bonee ygobHom dhopmbl Ansi NocneayoLwen nepepa-
60TkM Ha 3aBoge nMbo ApobneHne ero Ha CpaBHUTENbHO HebonbLIMe hparMeHTbl, YTOObI
yaanuTb HemeTannnyeckue KOMMOHEHTbl W/WNKM MeTanfMdeckue BKITHOYEHUS, OT KOTOpPbIX
HeobxoaMMo n36aBUTbLCA K MOMEHTY NepensiaBKku.

PaccopTupoBaHHbLI MaTepuan C BbICOKOW CTENEHbID OMUCTKM NoaBepraeTcsl npecco-
BaHWMt0. B OCHOBHOM Tak MOCTYynakT CO CrnraBaMu, KOTOpble NErko rHyTca U oopMUPYOTCA.
[MpeccoBaHne NpoBOAAT C Lenblo YNNOTHEHUS HEKOMMAKTHOIO Cbipbs B NakeTbl onpeaenex-
HOW Macchbl, rabapuToB M NAOTHOCTU. OTa onepauus npegHasHavyeHa Ansi COKpalleHnsa pac-
X040B Ha TPaHCMNOPT, XPaHEHNE CbIpbsl, YMEHbLUEHMWS yrapa nNpu nnaeke, NOBbILLEHUS NPON3-
BOOUTENBbHOCTUN NNaBuUibHbIX NeYen. Pa3amepbl NakeToB AN KaX40ro BMaa Cbipbs NpuUHMMa-
0T U3 MECTHbIX YCNOBUKN, a NSIOTHOCTb NakeTa, onpeaensemMasi Befiv4MHON NpeccoBoro ycu-
nma M TOMWMHOW npeccyeMoro martepuana, konebnetca nna anioMyHUS B npegenax
1400-2400 kr/m3, npy 3TOM MNOMy4aroTCs NaKeTbl C PasnUYHbIMU pa3MepamMu, B 3aBUCMMOCTM
OT TMNa nmetoLlerocs obopyaosaHus. NakeTMpoBaHMO NogBeprarT oTXo4bl TPy6, NpyTKOB,
obpesn, BUTYHO CTPYXKKY, NyTaHKy, GbITOBOM SIOM.

Takke ans NoBbILWEHNST KOMNAKTHOCTM BTOPMYHOMO Cbipbsi MPUMEHSAETCS N3MENbYeHne
KPYNMHOKYCKOBOrO floMa npy NOMOLLM NMPECC-HOXHMLL.

KpynHbii nOM, OTNMBKM MNKU MaTepuarnbl B BUOAE KOHCTPYKUWW, Hanpumep, OKOHHbIE
paMbl, pa3pes3atoT Ha YacTu 1 COPTUPYIOT NO pa3Mepy 1 rpynnam CrjaBoB.

AnoMHWEBas CTPYXKKa 3@ CYET CBOEW PasBUTOM MOBEPXHOCTU, Kak NpaBuo, coaep-
XWUT B 3HAYUTENbHBIX KOoNnyecTBax (8o 25 % no macce) npuMecu CMa304HO-OXaXaatoLLen
xngkoctn (COXK), a Takke MenKoANCNEPCHbIX YePHbIX MeTannoB. Hanudne npumecu yep-
HbIX MEeTasnoB Mpu NnaBke CTPYXXKN MOrno 6bl NPUBECTU K CEPbE3HOMY YXYALUEHUIO XUMUYe-
CKOro cocTaBa MosflydeHHOro crfasa, MOCKOSbKY yaanuTb 3T MenKogucnepcHble NpuMecu
MEXaHU4YeCKMM NyTEM U3 BaHHbI MeTanna, kak 3To AenaeTcs Npy NnaBKe KyCKOBOro anoMu-
HWEBOrO SIoMa C Xenes3HbiMy Npuaenkamm, He NPeacTaBnseTca BO3MOXHbIM. B ntore mexa-
HUYEeCKMe NPUMeECHK YepHbIX MeTansnoB, coaepXKalmecs B CTPYXKe, paHO Uiy No34HO NOJSTHO-
CTbl0 PACTBOPATCA B antOMUHUN. JTO NPUBEAET K NONyYeHUto 6Gpaka B CBA3U C NPeBbILLEHU-
€M [OonyCTUMOro COAEPKaHUs Xenesa B XMMUYEeCKOM COCTaBe Crnrasa.

B cBsA3n ¢ aTMM 0COBEHHOCTSAMU antOMUHUEBYHO CTPYXKKY HEOBXOAMMO OcBOBOXAATb
oT npumecenn COXX nyTem CyLIKM NpU NOBbLIWEHHbBIX TeMNepaTtypax unn LeHTpudyrmposa-
Hua. Mocne ypanenns COXK anomMuHMeBasi CTpy)Kka noasepraeTcss MarHUTHOW cenapaumm
ANA yaoaneHus 4YepHbiX MeTannoB, CKnaguvpyeTcs Mo rpynnamM crnaBoB W OTNpaBriseTcs
Ha nraBky.

LWnakn, obpasylowmecs npu NpovM3BOACTBE NEPBUYHOIO antoMuHUA 1M nepepaboTtke
noma n otxogos, MoryT cogepxatb oT 20 0o 80 % n3Bnekaemoro MeTannIMyeckoro antomMm-
HUA. X nepepaboTkon 3aHMMAOTCs, Kak NpaBunio, cneuvannu3vnpoBaHHble NPeanpusTus,
nmetrowme obopynoBaHue ans odborawieHna 6efHbIX WNAaKkoB U POTOPHLIE NMeYn And nnaBku
NOSTyYEeHHbIX KOHUEHTpaToB. boraTtble wnaku, cogepxawue ot 60 go 80 % meTtanna, moryT
nepennaBnsaTbCs B POTOPHbLIX HAKOHSAEMbIX nevax unm 6apabaHHbIX nevax ¢ NOCTOSIHHOM
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OCbl0 BpalleHus 6e3 npegsapuTenbHoro oboraiweHus. Nnaeka 6eaHbIX wWnakoe 6e3 obora-
LeHNst HeahEKTMBHA, NO3TOMY UX NOABEpralT ApPOOMeHuIo, N3MenbYeHno U cenapaumm
ANSA NOMy4YeHUst KOHLEHTPATOB C COAepXKaHMeM MeTanIM4Yeckoro antoMmHna He meHee 60 %.
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PucyHok 8.1 — Cxema TexHONorm4yeckoro npouecca peuuknmHra antoMnHns
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8.2.1 TexHonorn4yeckme cxembl nepepaboTky noMma n OTXO40B antoMUHUSA

8.2.1.1 NamenbyeHune

Ha kpynHbIX 3aBogax No MexaHudeckon obpaboTke noma nocTynawwmin matepuan
npeacTtasnsaet cobon pasHOPOAHY0 CMeCb U3 MeTasnmnoB U nNnacTMacc U gpyrux HemeTtannm-
Yyecknx matepmanos. [pu B3BelMBaHUM MaTepuana NMbo BO BpeMs ero NpoxXoXaeHus ye-
pe3 BXOAHble BOpOTa NPOBOAUTCA MpOBepKa Ha cofepkaHue pagnoakTUBHbLIX KOMMNOHEHTOB
C MCNOSb30BaHMEM COOTBETCTBYIOLLErO 06opyaoBaHUA. B 3aBMCMMOCTM OT TUNa JIOMOMNOAro-
TOBUTENBHOrO NPeanpuATUA-NOCTaBLLMKA MOXET TakKe MOCTaBMATbCA OYMLLEHHbI MaTepu-
an. Takon nom oTbupaeTcs Ha OCHOBE BM3yanbHOrO OCMOTPaA, Nocne 4ero nepegaeTcsa Ha
XpaHeHne B crneumnanbHO OTBEAEHHbIX ANA HEro Mectax. ATOT MaTepuan npogaeTca Hanps-
MYI0 NfaBUNbHbLIM 3aBogam 6e3 npegBapuTenbHon 0b6paboTku.

OcHoBHast macca noma nMbo NPOXOAUT PYYHYKD COPTUPOBKY, NMnbo nepepabaTtbiBaeT-
CA NyTEM ero MaMesibMeHust B LUpeaepe ¢ nocrenyouwen cenapaumen B HECKOSbKO CTaaun.
Ansa paboTbl ¢ KpynHorabapuTHbIM JTOMOM OObLIYHO PAAOM C 3arpy304HbIM KOHBEMEPOM LUpe-
Aepa HaxogsaTca ABa unu Tpu nepeaBMkHbIX KpaHa ¢ rpendepammn. ObpaboTaHHbIn MaTepu-
an ckannmBaeTcs PSAOM C NyHKTaMu pasrpysky ApobunbHbIX YCTAaHOBOK. Ero pasgenstoTt Ha
anOMUHUIA, HemeTannmMyeckne npuMecu U YepHble MeTannbl. HekoTopble nblfeBUAHbIE
N Menkue nerkoBecHble KOMMOHEHTbI loMa npu ApobneHnn oTBogaTCca Yepes cuctemy yaa-
NEeHNst OTXOOALWNX ra3oB. PasHOPOAHbIN N3MENbYEHHbIN MaTtepman NocTynaeT Ha cneunanb-
Hble CKnagbl, OTKy[a ero BMOCNeACTBMM NOrPY>KalT Ha rpy30BUKM NS JOCTaBKU Henocpen-
CTBEHHbIM 3aKasuynkam unu ons ganbHenwen nepepaboTtku.

Ona adpdekTnBHOM paboThbl YCTAHOBKU ONA U3MenbYyeHust Heobxoanmo aobuBaTbCs
nonyyeHnss opobreHoro fioma MWHUMArbHOrO pasmepa, KOTOpbIi He Bcerga cosBnagaet
C pasMepoM, TUNUYHLIM ANs MeTannypruyeckoro nepepabarbiBatoliero 3asoga. MexaHunye-
CKOMYy OOoOralleHuno OOMMKEeH NoABepraTbCs TOMbKO JIOM, COCTOSILLMA U3 KOMMO3MLMOHHBIX
mMaTepuanos (MeTann + HeMmeTansbl), a Takke CoaepXalimMi Npuaenkm n3 apyrmx MeTansos,
Takux Kak keneso, Medb, CBUHEL, UMHK U T. 4. [ns Toro 4tobbl onpaBaaTb AanbHENLYH
COPTMPOBKY M MCNOSb30BaHMe cenapaumoHHOro obopynoBaHnd, pasmep 3aBoaa OOSTKEH CO-
OTBETCTBOBATb NPOMNYCKHON CNOCOBHOCTM YCTAHOBKM ANs1 U3MenbyeHnsa n obecneunsatb 40-
CTaTO4HYt0 3arpy3ky obopyaosaHusi. 3aBog nogobHOro TMna AoMmkKeH HenpepbiBHO paboTtaTtb
CO crneungu4ecknm cblipbem, YTobbl ObITb peHTabenbHbIM. MponyckHas cnocobHOCTL ycTa-
HOBKW NS n3MernbYeHus MoxeT gocturaTtb oT 15 1/4 o 240 ToHH B AeHb npu paboTe B ABe
CMEHDbI.

OObIYHbIN MeTannypruyeckuin nepepabartbiBatolMA 3aBOL, KPOME W3MENbYeHHOro
noma, obpabaTbiBaeT U NIOM, He TPeBYOLWNA MEXaHNYECKOro oboraleHunsi. YunTbiBad aTu
akTbl, He 06513aTENbHO UMETb HA OOHOM NMPEeanPUATAN YCTaHOBKN A5 MeXaHN4eckoro o6o-
raweHms n metannypruyeckue nevv OAMHaKOBOW NPOU3BOAUTENBbHOCTM. BnomnHe BO3MOXHa
Takas cuTyauusi, Korga ofgHa yCTaHOBKa AN M3MenbyeHus noma OygeT noctaBnATb He-
CKOJTbKMM MfaBuibHbIM 3aBOA4aM MaTepuan, NoAXo4AWnMA AN BbiNyCKaeMoW UMK NpoaykK-
unn. OgHako, B 3aBMCMMOCTU OT TUMa MMEIOLLLErocs IoMa, Ha MeTannypruieckomMm 3aBoge no
NPOM3BOACTBY BTOPUYHOIrO antOMUHUSA MOXET NoHagobuTbca M cobeTBeHHas Hebonblias
yCTaHOBKa A5 U3MefNbYeHnsa 1 cenapauum noma.

C apyrmmun Bugamm MexaHm4eckon NnogroToBKM, TAaKUMKU Kak yaaneHue rnokpbiTUs unm
obpaboTka wWnaka, cMTyauus coBepLUeHHO MHagd. NMpoun3BoacTBeHHasi MOLWHOCTL obopyno-
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BaHUS ANs 9TUX paboT OTHOCUTENbHO HeBenuMkKa U MOXeT ObiTb BbiOpaHa B COOTBETCTBUM
C NOTPEBHOCTAMM OTAENBHOIrO MEeTanNypruyeckoro 3aBsoaa.

YcTaHoBKa NS U3MenbyeHus noMa OOSMKHA UMETb MPOU3BOACTBEHHYH MOLLHOCTb,
AOCTaTOuHY0 Ans nepepaboTky nocTynawwmx o6bemoB filoma, u 6biTb 06opyaoBaHa LWKNpo-
KOV BXOOHOW YacTbto Afis TOro, 4Tobbl MOXHO ObIfo 3arpy3nTb B Hee KpynHble Kycku. OCHOB-
HOW HexenaTtenbHOM NPUMECHIo B ApOOnNeHOM antoMUHMEBOM JSIOME, KOTOPYH Heobxoammo
OTAENUTb, ABNAOTCA YepHble MeTannbl. B nlome MoXeT npucyTcTBOBaTh B TOM YUCIE He-
p>XaBelulasi ctanb, KOTopasi He OYeHb MarHUTOAKTMBHA, MO3TOMY AONs1 OTAENEHUS YEPHbIX
MeTansoB cnegyeT UCMofb30BaTb MarHNUTHbIE CUCTEMbI C CUSbHbLIM MOMNEM.

OcTaBwunincs antoMMHUA BCe elle CMeLllaH C NNacTMKOM U MyCOpOM. JTU MpUMeciu
yAansalTCca ¢ NOMOLLbIO MOTOKa BO34yxa, KOTopbii obpasyeTcs B cucteme otBoga otpabo-
TaHHbIX ra30B YCTAHOBKM OS5 U3MeSbYeHUs1, MO0 C MOMOLLbIO BUXPEBLIX TOKOB UNKN CcoYeTa-
HMeM obounx cnocoboB. ATN 3arps3HEHUs YOANATCS Kak OTXoA4bl npouecca U3MenbYyeHus.
OuMLLEHHBIN OT YepHbIX METanmoB U HEMETANNNYECKUX NPUMECEn NoM MOCTynaeT Ha cne-
AYOLY0 CTaguto, rae yaansoTca npuMecu nNpoumx MetannoB. VX yaaneHue MOXeT ocy-
LLECTBNATLCA HECKONbKMMK cnocobamu:

— cenapaums B TsShKenbIX cpefax;

— 3neKTpoanHamMmnyeckas (BUXpeTokoBasi) cenapauus;

— peHTreHorTyopecLeHTHasa cenapaums.

Takke onsa yganeHust Npovmx HEMarHUTHbIX MeTannoB U3 ApobrieHoro antoMUHMEBOIO
noMa MOXeT MUCMNosib3oBaTbCA pyyHasi copTupoBka. OQHAKO OHa He ABNsSieTCs npeanoyvTu-
TENbHOW, NOCKOSbKY CBA3aHa C MOBbILEHHbIMM TpyAo3aTpaTtamMy U TPYAHOCTLHO BU3yaribHOIo
onpeaeneHnst HEKOTOPbLIX METaNMoB B MESKMX KyCKax.

OTtpeneHne nNpoYnx HEMAarHUTHbIX METAsNSOB B TSHXKENbIX Cpedax TakkKe He siIBNsieTcs
npegnoyTUTENbHLIM. B 9TOM cnyyae ucnonb3yetcs CyCcneH3usi Ha OCHOBE heppOCUNIMLMS,
N B antOMMHMEBOM fIOME OCTaeTcs HebonbLloe KONM4ecTBo xenesa. Kpome Toro, nocne ce-
napauum B TsKernblX cpegax TpebyeTca npoMbiBKa NpoAyKTa U ero cylka nepep nogaden Ha
nnasky.

B kauecTBe KOHEYHOro maTepuana nocrne Bcex BMOOB cenapaumm OCTalTCHa YUCTble
KyCKM antoMuHus pasmepom oT meHee 10 mm go 50-100 MM, KOTOpble XOpOoLIOo nepennas-
NAKTCA B OTpaXKaTeNbHOW UK PpOTOPHOM NeYn.

LUnak — ewe oAnH pacnpoCTpPaHEHHbIN BUA Cbipbs, Tpebyowmn oboraleHmns ¢ 1c-
nonb3oBaHnemM ApobneHns. B 3aBUCMMOCTM OT UCTOYHMKA OH MOXET coaepXaTb antoMUHUI
BbICOKOrO KayecTBa. Takon wrak obblMHO NMOCTaBMNSAETCA C 3MEKTPONMU3HbIX 3aBogoB. LUnak
COCTOUT B OCHOBHOM M3 antOMUHUEBLIX YacTul 1 okcuaa anomuHns (Al20s). OgHako cogep-
XXaHne meTanna B HEM MOXeT BbiTb M JOBOSIbHO HU3KUM — 20 % (macc.), xoTa oborauieHme
AenaeTt BO3MOXHbIM €ero 3addeKkTuBHOE MCnonb3oBaHME AfA MNPOM3BOACTBA BTOPUYHOrO
antoMUHMA.

[pobneHne n namenbyeHne NPUMEHSOTCS Npu nepepaboTke antoMMHUEBBIX LLUMAKOB,
ABMAIOWMXCA OTX0A4aMn MPOU3BOLCTBA BTOPUYHOIO aniOMUHUS BO BCEX TUMax ne4vyemu,
a TakkKe 3MeKTPONIN3HOro NPON3BOACTBA NEPBUYHOIO antOMUHUA.

OTtpenbHO crnegyeT ynoMsiHyTb UCMonb3oBaHMe ApobneHnsa npu nepepaboTke cone-
BbIX LLSAKOB N KEKOB, 06pasyoLLmMXCcs Npy NNaBKe SioMa U OTXOA0B Ha POTOPHbIX NeYyax. AToT
MaTepuan Coaep>XUT MeTanmnmyeckmi antoMMHUN B TaKNX KONUYECTBax, YTO ero ganbHeunwee
N3BnNeYeHne 3KOHOMMYECKM HEe onpaBAaHHO. B npouecce mamenbyeHuss M nocnenyowmx
onepaumn No yaaneHuto conu (Kak npasuiio, ¢ UCMNONb30BaHNEM BbllLlENAYNBaHNA) pa3ae-
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NATCS OCHOBHbIE KOMMOHEHTbI: COMK, anNtOMUHUI N OKCKA antoMuHus. MupoBoKr onbIT Noka-
3blBaeT, YTO paboTa Takmx YCTAHOBOK YObITOYHA, MOCKOSIbKY CTOMMOCTb M3BIiEKaeMbIX KOM-
NMOHEHTOB COJSIEBOrO Keka (Lunaka) He okynaeT 3aTpaTbl Ha ux pasgenexue. Npeanpuatna no
nepepaboTke CONMEBbLIX KEKOB OT MMaBKW arlOMUHUEBOrO floMa M OTXOAOB HA POTOPHbLIX Mne-
Yax B cTpaHax EBpocoto3a v page Apyrmx cTpaH CTPOATCH M (PYHKUMOHUPYIOT TOSbKO Npwu
YCIOBMM FOCYAapPCTBEHHbIX AOTAUUN UNN B3MMaHUSA OOCTAaTOYHO BbICOKOW MfaTthl 3a yTUNu-
3aUMo0 Keka C NpeanpusiTUi, Ha KOTopbiX OH obpasyeTcs. Takme 3aBoabl UMEKOT AOCTAaTOYHO
60nbLUY0 MOLLHOCTb M pa3MeLLaoTCsl, Kak NpaBunio, B LLEHTpanbHOM pPernoHe ang Toro, YTo-
Obl NepepabaTbiBaTb COMEBbLIE LUMAKM, NOCTynarLwme OT pasfmyHbiX nepepaboTymkoB BTO-
PUYHOrO antoMUHMEBOrO Cbipbs. B Poccumn Takmx ycTaHOBOK HeT B CBS3UM C OTCYTCTBUEM
HopmaTuBHOM 6asbl, obecneymnBatoLen Nx PyHKLUNOHMPOBAHME B YCITOBUSAX NIIAHOBOW YObl-
TOYHOCTW.

M3menbyeHne ncnonbdyetcsa Takke npu nepepaboTke BbIOHOOOPa3HOM artoMUHMEBOW
CTPYXKW. Takas CTpyxka obpasyeT chnyTaHHble KiyOKW, KOTOpble HEenb3s 3arpyxaTb B Cy-
LUMNbHbIE YCTAHOBKN M MarHUTHbIE cenapaTtopbl. [na Toro 4tobbl ob6ecnevnTb BO3MOXHOCTb
CYLLKM U yOaneHus MEXaHMYeCKOM NPUMECH Xernesa, Takyto CTPYXXKKY ApobAaT.

Lpoburnku

B 3aBucMmocT OT Tuna matepuana M Xenaemoro rpaHyroMeTpu4ecKkoro cocrasa
NPUMEHSIOTCA pasHble TUNbl 4pobunbHoro obopyaosaHus. B ocHoBHOM aaHHoe obopyaoBa-
HWe ncnonb3yetca Ans nepepaboTkm CbEMOB N antOMUHUEBOIO LUMAaKa, HO U ANs UCNONb30-
BaHHbIX GaHOK 4N HANUTKOB M METanIM4eckon TOKApPHOW CTPYXKM Takke Heobxoammo uns-
MenbyeHne. 3To obopyaoBaHME AOBOMbHO KOMMNAKTHO. HO OHO MMeEeT 3HauMTenbHbIE OTNN-
4yuns, ecnun obpabaTtbiBaeTca KpynHorabapuTHbI MaTepuan, cogepXxawum 6onbLluoe Konude-
CTBO MOCTOPOHHMX 3arpsisHeHnin. B cBA3n ¢ 60MbLION MOLLHOCTBIO TakuMX YCTAHOBOK MUX Crie-
AyeT paccMmaTtpuBaTh Kak KroyeBoe obopyaoBaHue Ans MexaHuyeckon obpaboTku antomu-
HWEeBOro fioma.

YdapHas Opoburika

Ha 3aBogax no BTOpU4HON nepepaboTke antoMUHUA ANs U3MENbYEHUS Yalle BCEro
ncnonb3yeTcs yaapHasa gpobunka (pucyHok 8.2). OHa cocTouT 13 BpallaloLerocs potopa ¢
MOLLHbIMX CTanbHbIMW M3MENbYAOLLMMN NE3BUSIMU U3 M3HOCOCTOWKON cTanu. Jle3susa aens-
I0TCA M3HaALIMBaAEMbIMKU AeTansmMm 1 MoryT ObiTb Nerko 3ameHeHbl. MaTepuan, nogatowwmincs
Ha poTop, NPOXOAUT Yepes3 Habop TsKenbIX CTanbHbIX OTOOMHbIX NIIUT, KOTOPbIE NOABELLEHbI
Ha NOBOPOTHOM YCTPOWCTBE U NOAAEPKMBAKOTCA YNOPHbIMU CTEPXKHAMMW. o BO3AenCTBMEM
CUIbHOrO yaapa maTepuan pa3busaeTcs U BbirpyxaeTca u3 gpobunku yepes AOHHOE OKHO.
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Mogava

OTeog

1-uamensyalouee neasme, 2-potop, 3-orbonHas nnnta

PucyHok 8.2 — YaapHas gpobunka

Ecnun KOHCTpyKUMA namenb4varowmx ne3suin nogqobHa monoTam, NPUKPEnsIEHHbIM K po-
TOpY M NOABELUEHHbIM C MOMOLLbI LAPHUPHBLIX 00NTOB, TO ApobMnKka npeacTaensieT cobon
MONOTKOBYIO MenbHULYy. Elle ogHon pasHOBUMOHOCTLIO SABMASKTCA APOOWNKM C pelueTkamu,
yCTaHOBMEHHbIMM B paboyen kamepe. MNprHUMN M3MenbYeHNs NPUMMEPHO TakoW e, Kak U 'y
TpaguuMOHHOW yaapHon Apobunku. B OCHOBHOM OHWM NpuMeHsiloTcs ana obpaboTkm He-
fbonblwKnx NnapTmn matepuana, Ho obecneymBatoT Bonee paBHOMEpPHbIA pasmep KyCKOB U3-
Menb4YeHHOro maTepuana, YeMm B TpaauLMOHHOW yaapHou apobunke. MNMocne npeaBaputenb-
HOro M3MenbYeHUs maTepman NPonyckaeTCs Yepes HUXKHIOK UM BEPXHIO peLleTKy unm ye-
pe3 obe cpasy. HebonbLume MONOTKOBbIE MESNbHMLIbI B OCHOBHOM WCMOMb3YHTCS Npu obpa-
OoTKe LWnaka.

Llipedep

Ana namenb4yeHuss noma anioMUHUS UCMNONb3YTCH Bonblune YCTaHOBKN MOLLHOCTbIO
1000 kBT nnun 6onee. Nx yxe Henb3st Ha3BaTb MOSIOTKOBBLIMU MK yAapHbIMK Apobunkamu,
OHW MU3BECTHbI N0 HAMMEHOBAHNEM LUPEOEPOB U ABMSIOTCA KoYeBbIM 000pyaoBaHMeEM Ans
NpoLeccoB MexaHn4yeckoro oborawleHns cCMeLaHHoro antoMmMHMEBOro fioma. KoHuenumsa umx
YCTPOMCTBA B OCHOBHOM Ta Xe, YTO U Yy yOapHOW OpOOUIKN, COCTOSLLEN U3 poTopa C ropu-
30HTasnbHOM OCblO, K KOTOPOMY MpPUKpPenneHbl MonoThl. MaTepuan pasbnBaeTtcsa noa Bo3gen-
CTBMEM MOJSIOTOB U OT yaapa 06 peleTky n oTOonHble NnNuTbl. PasHuua coctont B pasmepe
unu Tune potopa n ero ckopocTtu. Lpeaep obopynoBaH pelleTkon Ans nponycka nsmesnb-
YeHHOro npoaykta. HekoTopble aniMuHUEBbIE ChfaBbl, B 4aCTHOCTU Aedopmupyemble
cnnaBbl, O4EHb NPOYHbI N HE NEerko NoaAalTCa n3MenbyeHunto. NMoatomy Bepx Apobunkmn ot-
KpbIT. OCHOBHOWM NOTOK MaTtepuana npoxoauT Yepes BEPXHIOK peLleTKy U BbIBOAUTCSA HAPYXY
B KOXyX wpeaepa. N3amenbyeHHbI antoMuUHMA nagaeT Ha BUMOPALMOHHLIN KOHBeWep, npu
39TOM Mbiflb OTCACbIBAETCS Yepe3 BepxHee OKHO NSl BbiNycka Bo3adyxa. BbiTskka Bosgyxa
obecneunBaeTcs BEHTUNATOPOM PUbTPALMOHHON YCTAaHOBKN 1 paboTon wpeaepa, KoTopbIn
AeCTBYeT KaK BeHTuUnaTop. Heobxoanmo oTMeTuTb, YTO TemnepaTypa B YCTaHOBKE ONS U3-
mMenbyeHnss moxeT gocturatb 200-300 °C BcnegctBme paboTbl gedopmauuun. Matepuan
BbIXOOMUT U3 YCTAHOBKU Yepes HMXKHEE BblMyCKHOE OKHO.

157



UTC 11-2019

LWpenepbl 6biBaloT pasHbiX pa3amepoB ¢ MOLWHOCTLIO 4o 2200 kBT (npumepbl npuBeae-
Hbl B Tabnmue 8.1). MNMponsBognTenbHOCTb 3aBUCUT OT BMaa antoMmmHus. ObpaboTka OTNMBOK
TpebyeT yaenbHOro pacxoga anektpoaHeprum 20-25 kBty/T, ana aecdopmmpyembix Cniasos
9HepronoTpebneHne ysenmuneaeTca npumepHo B 3 pasa u gocturaet 50-75 kBtuy/T.

Tabnuua 8.1 — XapakrtepucTtuka wpegepa Zerdirator

Twvn wpegepa MowHocTb Npu- WnpwuHa paboyero Aecpopmmpyemsie Aniom.
Zerdirator Boaa (kBT) npocTpaHcTBa(MM) anoMVIRNEBLIS cnira- OTTMBIV
Bbl (T/4) (T™)
499 6-10 20-30
ZZ 175 x 160 600 1600 8-14 25-35
750 10-16 35-45
750 12-18 40-50
ZZ 175x260 920 2600 14-22 45-65
1030 15-25 50-70
1470 20-36 60-100
ZZ 210x260 1840 2600 26-42 80-120
2200 32-48 100-140

LlJekoeasi Opoburka

LLlekoBas gpobunka mcnonb3yetca Ans namenbvYeHust BoMbLIMX KYCKOB floMa, Takmx
Kak OTNMBKM BOMbLUMX pa3MepoB (6nokn umnnuHapoB ABUraTenen), Unm KpynHbiX KyCKOB Luia-
Ka. LLlekoBasi apoburnka coctont n3 ogHon OUKCUPOBAHHOW LLEKN M OQHON NOABMKHOM LLIEKM,
KOTopas KPenuTcs Ha SKCLEHTPMUYECKOM NMPMBOAHOM Barne B BEPXHEWN YacTu U yaepXMBaeTcs
B TpeOYyEeMOM NOMOXEHUN NPOYHBIM KOHTP(OPCHBLIM CTEPXXHEM Ha HWXKHEN YacTu wekun. bna-
rogapsi NOALUMIMHMKY 3KCLLEHTPUKA NOOBMXKHAS LLEeKa COBEPLUAET KPYroBble ABWMXEHUS!, KOTO-
pble obecnevnBaloT MOCTYNfIEHNE MaTepuana CBepxy W npoTankmBaHuWe ero B LpoOunky.
CTepXeHb Ha OHe yaoepXMBaeTCs MPY>KUHOM UMM CUCTEMOWN C rmapaBnMYEeCKON Harpyskown,
koTopas crnocobHa obecneynTb NPOXOA, ECNM B YCTAHOBKY C CUMOW NpOTasikMBaeTCcs CruvLl-
KOM BOonbLION KyCOK Matepuarna. B otnnuve oT ygapHow OpoOwunku, B LWEKOBOW Apoburke
mMaTtepuan pasbuBaeTcs Ha o4yeHb Mernkue dpakummn. OgHako oHa MOXeT nepepabaTbiBaTb
TONbKO XPYNKne matepuanbl. OTO ngeanbHoe obopyaoBaHMe And nepepaboTku NUTLIX anto-
MWHWEBLIX AeTaneun, Hanpumep, KOpnycoB ABuUraTenen.

[pyroe obopygoBaHne ons U3MenNbYEeHUs, Takoe, Kak KOHycHasa apoburnka nnu Banko-
Basi Apobunka, He MCnonb3yeTcsl B MPOMbILLIIEHHOCTM MO BTOPUYHOW nepepaboTke antomu-
HUS.

Lllaposasi menbHUYa

9710 obopynoBaHWe NMPUMEHSIETCS, Koraa HeobxoaMMo MOMNyYUTb AOBOSIBHO MEnKue
yactmubl. OcobbiM criydaem sBNsieTCA M3MernbYeHne Wwnaka. B aTom matepmane anioMmnHuimn
MOKPbLIT CAOAMW OKCuAa antoMnHUs. B LwapoBon MenbHULE OKCUA antoMUHUSA N3MeSibYaeTcs,
N BbICBODOXOAETCA MEeTannMyeckui anioMuHU. Tak Kak 3TOT Martepuan OYeHb BSA3KUN,
OH He paspyLuaeTcs U BbIXOAUT U3 YCTPOMCTBA B BUAe TBepablx Yactuu. LLlapoBas mensHuua

158




NTC 11-2019

cocTouT M3 Bpawatouweroca b6apabaHa, NoaoepPXKMBAEMOro MOLLUHBbIMU MOALUMMNHUKAMWN Ha
BxoAde u Bbixoge MmaTtepuana. 30 % obbema 3anonHeHo WwapamMmm pasHbiX pa3MepoB.

Korga 6apabaH BpawjaeTcs, wapbl 06pylwMBalOTCA Ha maTepuarn, YTo U Bbi3blBaeT
a(peKT namenbyeHus. Tak Kak B LLAPOBY MeNbHULY HENPepPLIBHO NogaeTca martepuarl, ro-
TOBbIM U3MeESIbYEHHbIN NPOAYKT TakKe HenpepbIBHO NOKMAAET YCTPOMUCTBO Yepes OKHO Ha Ocu
C Apyron cTopoHbl 6apabaHa. lNbinb 1 apyrue Menkue 4Yactuubl yaansTca NOTOKOM BO3Ay-
Xa. JTOT NOTOK, co3fgaBaeMbli OONbLUMM BEHTUNATOPOM, NPOXOAUT Yepes3 BCH LIApOBYH
MenbHULY OT BbiIxoA4a A0 Bxoga. Bosgyx, HanonHeHHbI Mbifblo, 3aTeM HanpasnsieTcs
B hunbTpaumoHHOE YCTPOMNCTBO, OOLIYHO 3TO MELLOYHbIN MblNeynoBUTENb.

[na nosblweHns 3(PPEKTUBHOCTN pa3mMora 4YacTb MNbIIM U BO3Ayxa, coaepxaliero
MerKuMe YacTuubl, BO3BpallaeTcs B MeNbHULY rnepeq TeM, Kak OKOHYaTeSIbHO BbIBECTU 3TOT
NpoAYKT U3 uenu. 3ta cuctema nogxoaut ans obpadoTku wnaka. lNMNpmusog cocTtouT U3 asura-
Tena c perynvmpyeMon CKOpPOCTbIO BpalleHus U Kopobkom nepefad, KoTopasi coeguHeHa
C 3yb4aTbiM KONecoM, pasmeLleHHbIM BOKpYr 6apabaHa menbHuubl. MaTepuan, nogarowmnn-
CSl M BbIXOOALWMI U3 LLAPOBOWN MENbHULbI, OOIMKEH NPOXOAUTb Yepe3 BO3AYLUHYH pasgenu-
TENbHYI Kamepy, YTobbl n3bexartb yTeukn Bosgyxa ua yctponctea. CTEHKM MenbHULbI yCU-
NeHbl CbEMHbIMU 0ONNLOBOYHBIMU NaHENAMM.

8.2.1.2 Knaccudvkaums ans copTMpoBKu

Mpn n3amenb4YeHnn nonyyarTca pparMeHTbl MaTtepuana pasHon BenuunHbl. Ons cop-
TUPOBKM UX MO pasMepy MCMonb3yTCHa KnaccuduKkaunoHHble yCTaHoBKN. CyLlecTByOT ABe
OCHOBHbIE Tpynnbl Takoro obopyaoBaHus: BUOpaUNOHHbLIE CUTa U COPTMPOBOYHbLIE HGapaba-
Hbl.

BubpauyuoHHble cuma

BunbpaumMoHHOE CUMTO COCTOMT M3 OOHOM WNKN ABYX OEK C pasnMyHbiMKU pasmepamu
otBepcTuin. OHM npencTaBnaAlT cobOoM 3aKkpbiThble kKOopoba, PacnoNOXEHHbIE HAa MNPYXUHaX.
Bubpauusa cosgaetcs HecbanaHCMpoOBaHHLIMK ABUraTeNs My UM 3NeKTPOMarHUTHOW cucTe-
mMon. Takum obpasom, BUGpaLMOHHAs cucTeMa COCTOUT U3 OCLMNNNPYIOLLEN CUMbl U NPYXUH.
MapameTpbl nogdbuparoTcs Tak, YTOObl AOCTUTHYTb CBEPXKPUTMYECKOTO ABWXKEHUS, TO €CTb
cMTO paboTaeT CBEpPX PEe30HAHCHOM YacTOThbl. Tak Kak 3KCLEHTpUYeckas CKOpOCTb AeK cuTa
NpeBbIaeT rPaBUTALMOHHYIO CKOPOCTb, BCE YACTMYKM MOOHMMAOTCS B BO34yX M nagaroT
Ha aeky, ocBoboOXaasi OTBEpPCTUA, NO3ITOMy Bonee Menkne 4YacTUYKM MOryT MOMacTb Ha HUX-
HIOK AeKy. B KOHEeYHOM cyeTe Menkme YacTUYKW, NpoLlueaLllne BTOpYo AeKy, cobupatoTca Ha
[AHEe CcuTa, pacnofio)KeHHOM MOA HaKMOHOM, U BbIrpyXatTca OTTyda no mepe Heobxogmmo-
ctu. Matepuan, He npoweawuin 4Yepes OeKky, TOXe BblOpacbiBaeTca M3 cuTa, nonagaet
B HaKOMUTENb W BNOCNEACTBUM MOXET ObITb OTnNpaBneH B Apoounky. [BuKeHne 3arpyxeH-
HOW napTum maTepuana obecneymBaeTcs HaKNOHOM BMOPALMOHHOIO CUTa B CTOPOHY Bbl-
rpy3ku maTtepuana.

Copmupoeo4Hble bapabaHbi

Odpyrum npucnocobneHnem ans COPTUMPOBKM SABMSIETCS COPTUPOBOYHbIM GapabaH.
OH coctouT n3 H6apabaHa C pasnMyHbIMW OKHAMK UMM OTBEPCTMSIMM B Kopnyce. B pasHbix
cekumax 6apabaHa pacnonoxeHbl OTBEPCTUS pa3Horo anameTpa. Npoxoaa yepes H6apabaH,
mMaTtepuan MoxeT bbITb paccopTUPOBaH NO pasmepy Ha HECKONbKO dpakuuin. Pasamep oTBep-
CTUI yBenu4yMBaeTcs No Mmepe nNpubnmxeHus K Boixogy Matepuana. Takum obpasom, B nep-
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BOW CeKLMM OTCEMBAIOTCA CaMble MefKMe Yactuubl. B cneaytowen — 6onee KpynHble YacTu-
Ubl M TaK fJanee, Noka B KOHLE He OTAENAITCH caMble KpynHble opakumm matepuana. Mate-
puarn, He npowelun B caMble KpyrnHble OTBEPCTUS, BbIXOAUT M3 ycTponcTea. CopTUpoBOY-
HbI 6apabaH nogaepKMBaeTCsl Ha POSIMKOBBLIX MOALUMMHUKAX OMNOPHbLIM KOMbLOM B OCHOBa-
HuW. [IBMxeHne obecnevnBaeTcs ABUratenemMm ¢ nepemMeHHOn CKOPOCTbIO BpalleHus. YacTtu-
Lbl pasHoOro pasmepa cobuparTcsi B KOHTEUMHEPDLI UM NOCTYNAKT Ha FIEHTOYHbIA KOHBEWEpP
AN TPaHCNOPTUPOBKM K MECTY nocnegytoLlen odbpaboTku.

Mpu npocenBaHun obpabaTbiBaeMbli MaTepuan pasfgensieTcs Ha rpynnbl No pasmMepy.
Ho ero Takke HeobxogMmo pacnpenenntb U No coctaBy. OTOT npouecc 06blYHO Ha3sbiBalOT
COPTMPOBKOW. YaaneHne Opyrmx MeTansioB UMM HEMarHUTHbIX MaTepuanoB NpoM3BOAUTCA
pasHbiMn MeTogamn. CBepxnerkme matepuanbl, Takme kak bymara unm nerkuin nnactuk, yxe
yaarneHbl MOTOKOM BO3[yxa B YCTaHOBKe ANS uaMernbyeHus. Ho Taxernble matepuansl, Takue
Kak cTanb, Medb, CBMHEL, ONoBOo, BPOH3a M LMHK, 4acTO COCEeACTBYKOLMNE C artOMUHMEM
B COCTaBe KOMMO3MLMOHHbIX MaTtepuarnos, elle NpUCyTCTBYHOT B CMECU U3MeESIbYEHHOro Ma-
Tepvana. Ytobbl oTAENUTb UX, UCNOMB3YIOT PasHULY rPaBUTALMOHHBLIX CBOWCTB U NriaBy4ye-
CTM B npoLecce cenapaumm B TSHKENOW CyCNeH3nun, Kak U Npu cenapawuumm noTokoOM BO3ayxa,
MNN X (PU3NYECKNX XapPaKTEPUCTUK, KaK Npu pasgeneHnn BUXPEBbIMU TOKaMW, PEHTreHo-
donyopecueHTHON cenapaumen, M MarHUTHON cenapauven.

JleHmo4HbIe KOHeeliepbl Osi PYYHOU COPMUPOBKU

MpocTtenwmnm obopynoBaHneM AnNa COPTUPOBKU ABNAETCS COPTUPOBOYHLINA KOHBENED,
ABMXYLLMIACA Ha HebonbLuon ckopocTu. Paboyne no obenm ctopoHam KoHBenepa oTbunpatoT
MaTepuar, KOTopbln Obin NPpU3HaH HErOAHbIM UM OTHOCUTCS K ApyruMm MeTannam. Kputepu-
MK Knaccudumkaumm aBnsoTcs popma, BHELWHUN BN, LBET unn Bec. B napTum MoryT Haxo-
ANTbCA pasHble meTannbl. KoHBenep moxeT paboTtatb NMbo HenpepbiBHO, NGO ¢ nepuoamn-
YeCKMMM OCTaHOBKaMu, B 3aBUCUMOCTU OT KONUYeCcTBa yaansemoro matepuana. [ns nosbl-
LWEeHMA NPOU3BOANTENBHOCTU OBObIYHO MCMONb3YTCA JIEHTOYHbIE KOHBEWEpPbl C HenpepbiB-
HbIM pexumom. [ns paboyero mMecta B COPTMPOBOYHOM MO3UUUM JonycTuMa LruHa
oT 1,5 0o 2 m nNpu MakcumanbHOW AnvHe neHTbl 16 M. CKOpOoCTb TpaHcnopTepa 3aBUCUT OT
CMNOXXHOCTN COPTUPOBKM M MOXET BbITb B Npegenax 1,5—2 M B MUHYTY.

[Mpouecc COpPTUPOBKM MOXET MPOM3BOAUTBCA Ha OCHOBaHMM XMMMUYECKOro cocTaBa
MaTepuana, KOTopbln CHavana obcnenyeTcs ¢ NOMOLLBIO fla3epa, B coMeTaHun ¢ aBTomMaTu-
YECKOW COPTMPOBOYHOM CUCTEMOW. PasnuyHble maTtepuanbl MOryT ObiTb pacrno3HaHbl npu
obcnepoBaHun nasepom Unn PeHTreHOBCKOW YyCTaHOBKOW. [1na oTaeneHus BblbpaHHOro ma-
Tepuana n3 notoka MCNosib3ylT BO3QYLUHOE COMMo, co3darollee UMMYIbC B HYXHbIA MO-
MEHT, NocCrie TOro Kak MaTepuarn cXxoguT C KOHBerepa no nagaroLen Kpueown.

MazHumHbIie cenapamopbi

UepHble meTannbl ygansitoTcs M3 antoMUHUEBOrO JloMa M OTXOAOB C nomoLblo 6apa-
©aHHOro MarHMTHOro cenaparopa unM MarHUTHOro cenapartopa, pa3MeLleHHOro Hag KOHBEN-
epom. MarHuTHbIM BapabaH pacnonaratoT B BEPXHEN TOUYKe M3rnba NeHTOYHOro KOHBenepa.
Takum obpasom, matepuan NpoxoauT Yepe3 MarHUTHoe rnorse, AENCTBME KOTOPOro npocTu-
paeTcs HMWKe BEPXHEN YaCTU NEHTOYHOrO KOHBenepa. HemarHuTHbIN MaTepman gBUXeTCAa No
GannmMcTn4eckon KpMBOK crnaga ¢ HopMaribHOW rpaBuTaumen n MoxeT 6bITb Takum obpasom
nepefaH Ha fneHTy Apyroro KoHsenepa. MarHuTHbI MaTtepuarn NepeHOCUTCH BOKPYr OTKIO-
HAKOLLLEro ponuka 1 nagaeT, Koraa 3akaHumBaeTcs AecTBUe MarHMTHoro nons. Kycku xene-
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3a cknagbiBaloTCs 3aTeM B KOHTEMHEPbI U NepeaarnTcs Ha NEeHTOYHbIe KOHBENepbl, OTBO-
Asilmne ero B OTAeNbHbI KOHTENHEP.

BTopas cuctema npumeHsietcs ansa yaaneHus 6onee KpynHbix pparMeHToB Xxernesa.
OTO HaaKOHBENEPHbI MarHUTHbIM cenapatop. OH cOCTOUT 13 BOMNbLIOro NMMHENHOrO MarHuTa
B KOMOMHaAUWKM C NEHTOYHLIM KOHBENepoM. JleHTa 3Toro koHBerepa cHabxeHa nonepeyHbIMu
neperopoakamn gnst TPaHCNOPTUPOBKN Matepuana B HY>XHOM HanpasfeHUn Npu Npoxoxae-
HUW MarHuTHoro nong. XKenesHole pparMeHTbl NPUTAMMBAKOTCS K MarHUTy U C MOMOLLbIO ne-
PEeropoaoK HanpaBesalTCA B CTOPOHY, r4e nonagatT B KOHTENHEPLI UM Ha KOHBENEP.

HepxxaBetowas ctanb 06bIYHO HE NPUTArMBAETCS UMW NPUTATMBAETCS TOMbKO OY€Hb
MOLLHbIM MarHuToMm. C uenblo yganeHnsa gpakumm HepXXaBetowwen ctanu ycTtaHaBmMBaloTCA
GapabaHHble cenapaTopbl CO CBEPXMOLLHbIM nonemM. Kpome CunbHbIX MarHUTHbIX MOnen,
NPUHLMN UX OENCTBUS CXOX C 4ENCTBMEM OBbIYHOrO MarHUTHOMO cenapaTopa.

Pa3deneHue euxpeebiMU mMoKamMu (3nekmpo¢3UHaMquCKaﬂ cenapauu;l)

YCTpPOMCTBO NS pa3gerieHns BUXPEBbIMU TOKaMU COCTOUT U3 NNIEHTOYHOIO KOHBenepa
C MHOrOMOMOCHBbIM MarHUTHbBIM POTOPOM, pasMeLLEHHbIM B OTKMOHsOLWeM 6apabaHe B Bbl-
XOZHOW YacCTu NEHTOYHOro KoHBenepa. Npu BpalleHMn MHOrornotoCHON MarHUTHOM CUCTEMBI
B MeTannnyeckux Yyactmuax MHOyUMpYyrTCa BUXPEBbIE TOKWU, KOTOpbIE, B CBOKD o4epenb, CO-
34al0T MarHUTHOE nosie ¢ NPOTUBOMOSIOXHBIM POTOPHOM MarHUTHOM CUCTEME HanpaBSieHUEM.

B pesynbTaTe aToro metannuyeckMe vactuubl 6yayT BblOpOLEHbl U TakuMm obpasom
OTAeNeHbl OT HEMarHUTHOrO MaTepuwana, Ha KOTOpbIA 3TOT 3pdeKkT He AencTByeT, U no-
cnegHun nokMaaeT KoHBenep no obbl4HOW BannMCcTUYecKon KpuBoun. BelOpoLlleHHble meTan-
NUYEeCKNe 4YacTuLbl BbIAENAKTCA M3 NOTOKa MaTepmana ¢ NomMoLLbio NePEropoakm n oTnpas-
NAKTCA Ha OTAENbHbLIM KoHBenep. M3-3a pasnnyHbix on3nyeckux CBOWUCTB MeTannmnyeckme
YacTuubl U3 pasHbiX HEMArHUTHbLIX MeTansmoB BbiOpacbIBaOTCA C pa3HOM MHTEHCUBHOCTLIO U
3a cYyeT 3TOro MoryT 6bITb OTAENEHbI APYr OT Apyra. Ho pasnunums B UX MarHUTHbIX NOMSX HE
TaK BENUKN, YTOObI NO3BOSIUTbL TOYHYKD COPTUPOBKY. T€M HE MEHEE TakKMM METOAOM MOXHO
3Ha4YUTENbHO CHU3UTbL COAEPKaHME MPOYMX LUBETHLIX MeTanmnoB B ApobrneHoOM antoMUHNEBOM
nome. Tak Kak KOHCTPYKUMSA cernapaTtopa BUXPEBbIMU TOKaMU MpeacTaBnseT cobon neHTou-
HbI KOHBEWep, TO OH MOXeT OblTb YCTaHOBIEH, HaNpuMep, Kak BbIXOOAHOW KOHBeWep nop
COpTUPOBOYHbIM BapabaHoM. B aToM criydae nNOTOK maTepuana yxe pasgefieH Ha pasnuy-
Hble dopakumm B Boree TOHKUX CNosiX Matepuarna Ha neHTe, YTO NoBbiwaeT 3PPEKTUBHOCTb
COPTUPOBKN.

Pa3deneHue 8033yWHbLIM MOMOKOM (a3poduHaMu4yecKasi cenapauyusi)

[enctBre BO3QYyLWHOrO cenapaTopa OCHOBAHO Ha pasnuyuun B yOeNbHOW Macce marte-
punanoB. ATOT MeToq 0CO6eHHO 3PIEKTUBEH, ECNM PA3NMYNA 3HAYUTENBHbLI U MOBEPXHOCTU
OKa3blBaKOT XOpollee CONpoTMBIIEHME BO34YLUHOMY MOTOKY. CKOpPOCTb BO34YLUHOrO MOTOKA
AOMMKHa OblTb NogobpaHa Taknm obpasom, 4YToObl Tsra Obina OCTAaTOYMHOW ONst NErkux va-
CTML, HO NMo3BoONsANa YacTuuam antoMUHUS BCTynaTb B MPOTMBOTOK CTpye Bo3ayxa. Kaxabin
mMaTepuan obrnagaeT onpedenieHHOW CKOPOCTbI0 OCaXAeHus, KoTopas 3aBUCUT OT (POpPMbI
N CUMbl NPUTSXKEHUS OTAENbHbIX YacTul,. TONbKO T€ YacTuLbl, CKOPOCTb OCaXKAEHUS KOTOPbIX
HWXXEe CKOPOCTU ABMXEHUS BO34yXa, YHOCATCA 3TUM NMOTOKOM. OTOT (DakT BaXeH Takke Ang
NMHEBMATMYECKON TPaHCMOPTUPOBKM MaTepuana n aong yaaneHus neinv. Yactuubl, nmeowme
CKOPOCTb OCaXOEHWSI HUXKE CKOPOCTWU BO3AYLLIHOMO NOTOKA, MOAHMMAKOTCA BBEPX. OTO 0ObIY-
HO obpbiBKM Bymaru, nnactuka u nbifb. Takum obpasom, 3Tn pakumm OTAENsTCa OT Ya-
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cTuy ¢ 6onee BbICOKON CKOPOCTbIO OCaXAEHUs, TO eCTb YacTuly Metanna. Menkne yactuubl
nnactuka, 6ymara u nbib MOryT ObiTb OTAENEHbI HE TOMBbKO B BEPTUKANbHOM peakTope,
HO M B ropuM3oHTanbHOM Bpallarwemcs bapabaHe. ITOoT MeToa OBbIMHO UCMONb3yeTcs C
Lernblo nNbineyaaneHns BO BpallaroLmMXcs neyax, Cylmmnkax umM ycTpoucTeax anga yganeHus
nokpbITnA. MNpu BpaweHun maTtepunana B 6apabaHe BHyTpeHHMe cnown obayBatoTcs BO3Ay-
XOM, U MerfKue YacTuubl YHocATcA. 1o aTon npuynHe, ocobeHHOo B Wpeaepax Ans u3mMerb-
YyeHus noma, nbineygansowmn 6apabaH BCTPOEH B CUCTEMY pasrpy304HOro KoHeerepa. bo-
nee KpynHble YacTuLbl, YHECEHHbIE BO3QyXOM, COBUpaloTCa B LUUKIOHHOM NbineynosuTene, a
YAaCTUYHO OYMLLEHHbIM BO34yX OTMPAaBMseTCs B MbleynoBUTENbHYIO Kamepy C pyKaBHbIMU
MaTtepyaTtbiMn punbTpamMu.

LuknoHHbIU cenapamop

MpuHUMN OEACTBUS LIMKIIOHHOMO cenapaTopa OCHOBaH Ha MHEPLIMOHHbIX CBOWCTBAXx
pasnuyHbIX MaTtepunarnos. bonee Tsxenble YacTuLbl OTNETAKT K BHELLHEN CTEHKE LIMKIOHHO-
ro cenapaTtopa 1 BAOMb Hee NafalT Ha OHO, 3a CYET Yero OTAENSATCA OT OCHOBHOMO NOTOKa
Bo3ayxa. LInknoHHble cenapatopbl 3heKTMBHO NPUMEHSIOTCA ANs oTAeneHus 6onee Kpyn-
HbIX ppaKLmMii B 3anblfIEHHOM NOTOKE OTXOASLLMX ra3oB.

Cenapauyus e msixenou cycrneH3uu (8 mspkenbix cpedax)

[Mpouecc cenapaumu B TSHXKENOW CYCMEH3MM OCYLLECTBISAETCA C NMOMOLLBIO XUOKOCTH,
NNOTHOCTb KOTOPOW HAaXOAUTCS MeXAy 3HaYEeHUSIMU NIIOTHOCTEN KOMMOHEHTOB, Nnonexalynx
pasgeneHunio. Yactmubl ¢ Bonblien NNOTHOCTBIO OMYCTATCA Ha AHO, @ YacTuubl C MeHbLUENn
NNOTHOCTbIO ByayT nnasaTb Ha MOBEPXHOCTU. JTa CUCTEMa MNO3BOMSET OTAENUTbL HemeTarn-
NNYeCcKMe KOMMOHEHTbI, TSXenble MeTansbl U MarHMeBble CnnaBbl OT anioMuHusa. Pasgene-
HWe pasnnyHbIX artoMUHUEBLIX CMIaBOB TEOPETUYECKN BO3MOXHO, HO CIIULLIKOM TPYAHOOCY-
LLEeCTBMMO Ha MpaKTUKe U3-3a OYEeHb HEe3HAYMTErNbHOW pasHuubl B MNNOTHOCTU. PasHocTb
NIOTHOCTEN pasgensdemMblX pakunin SABMSETCH KNoYeBbIM (PaKTOPOM KayeCTBEHHOM cena-
pauuu.

Bosgyx, nonaswui B MeTans, 4To MOXET CNy4YUTbCS B npouecce namernbyeHus, byget
oKasblBaTb HeraTMBHOE BO3OENCTBME Ha KayecTBO cernapauuu. B kavectBe areHTa 06bl4HO
ncnonb3yeTcs cycneHsnsa deppocunuums. Tak kak niIoTHOCTb 3TOro BellecTBa AOCTaTOYHO
BbicOka (6,7 Kr/am3), MOXHO [OCTUMHYTb MaKCUMarnbHOW KOHLUEHTpauuu CycrneH3um
B 30-35 % cyxoro BewiecTtBa. [pyrMm npeMmMmyLLeCTBOM SIBMISIETCA TO, YTO €ro MOXHO yaa-
NNTb U3 CYCNEH3UN C NOMOLLBIO pasaenuTenbHOro MarHTHoro 6apabana.

OGbIYHbIV cenapauMoHHbIi 6ok cocTouT M3 Bpawatweroca 6apabaHa, nogaepxu-
BaeMOro posrikamu 1 OnopHbIM KOJSbLIOM, C BXOAHBIM U BbIXOAHbIM OTBEPCTUSMWU BAOSb €r0
ocu. bapabaH HanonHseTcs cycrneH3nen 4o TOro YpoBHS, MPU KOTOPOM ornpeaeneHHoe Komnu-
4YeCTBO CYCNEeH3nn C artoMUHNEM Ha ee NOBEPXHOCTU MOXET BbIIMTLCA U3 LIEHTpanbHOM Ya-
CTWU. TsbKkenble MeTansbl ONyCTATCSA Ha OHO, U OTTyda OHWM OyayT NOAHATHI NPOLOSbHBIMU
nnacTMHamu n BblBpoLLIEHbI B XXeNnod unm Ha KOHBenep Hag YPOBHEM XMAKOCTU. OHU BbIrpy-
XalTcs U3 CUCTEMBI Yepead XKenob n cobuparoTcsa B KOHTEMHEPDLI UMW HA NIEHTOYHbIN KOHBEW-
ep. ANIOMUHUN BMeCTe C CyCrneH3nen, Ha NMOBEepPXHOCTU KOTOPOW OH nraBaeT, nonajaeT
Ha COPTUPOBOYHOE CUTO. AIIOMUHNA OCTaeTCHA Ha CUTE, a CYCMNeH3ns CTeKaeT B KOJNEeKTop.
BaxHo ypanntb BeCb beppocuMnuuum ¢ NOBEPXHOCTU aniOMWUHUA, TakK Kak npu nrasneHun
HexenaTenbHO NPUCYTCTBME AOMOMHUTENbBHbIX KOMMYECTB Xeres3a, CoAepXallmMxca B 3TOM
mMaTepuane.
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Ha nepBon ctagmn, go 3arpysku matepuana B 6apabaH ¢ cycneH3nen, HemeTtannu4ye-
CKWEe KOMMOHEHTbl MOryT BbITb yaaneHbl B 6ake-oTCTOMHUKE. [1NOTHOCTL pacTBopa nogdvpa-
eTcs TakuMm obpasom, 4Tobbl BCE HEMEeTanMyeckme matepuarnsl NaBanyM Ha NOBEPXHOCTH
N MX MOXHO Bbl 6bIn0 yaanutb. Mponas cuTo ansa yaaneHus XXugkoctu, matepuan nonagaet
B HaKonuTenb BMECTE C OTXO4amu U3 YCTAHOBKU ONA U3MenbyeHus. Yganexwus eppocunm-
una obbl4HO He TpebyeTcs, Tak Kak NNOTHOCTb pacTBopa HWU3Kas, a heppoCcunuuuin He Bpe-
ONT OKpyxXatowlen cpene. OgHako, ecnn 3To HEOBXOAMMO U IKOHOMUYECKM onpaBAaHo, Mo-
XeT ObITb yCTAHOBMNEH MarHUTHbIM 6apabaH. MeTannuyeckun matepman cobupaeTtcsa Ha gHe
Baka-oTCTOMHMKA. YaaneHue aToro matepmana MOXHO OCYLLECTBUTb NMpU MOMOLLM TaK Hasbl-
Baemown rpebeHkn ynoBuTens, LWHEKOBOrO KOHBENEpPa UM NEHTOYHOrO KoHBenepa. Mpeano-
YTEeHWe OTAaeTCs LWUHEKOBOMY KOHBEMEepy WNN YNOBUTENO, TakK Kak MX KOHCTPYKUMSA npoLue
N nerdye B akcnnyaTtaumu. lNocne otaeneHnss HemeTanndeckux npumecen metann u3 baka-
OTCTOMHUKA MOXeT nogaBaTbCs No nboMy KOHBENepY NpsiMo B pasgenntesibHbln 6apabaH.

8.2.1.3 TexHonorn4yeckne nNMHUK ons MexaHn4yeckoro oboralleHus

HekoTopble maTepuanbl TpebyoT mexaHn4yeckon obpaboTkm ans yBennveHns copep-
XaHus antoMnHUS 0O NpoBeAeHUs MeTannyprnyeckoro npowuecca. 9To CpaBHMMO C npouec-
com oborauleHnss MMHeparoB, KOTopble 0ObIMHO TOXEe NoABeprarTcs npeasapuTenbHon 0b-
paboTke ANs NOBbIWEHNS COAEpP)KaHNA B HUX LiEHHbIX BelecTB. [pMMepom MOXeT CryXutb
npouecc oboraleHnsa antoMUHNEBOW pyabl, U3 KOTOPOW BNOCNEACTBUM MOMy4vatoT MeTannm-
YecKuMr antoMUHUA U KOTOPLIN, Hanpumep, B criydae ¢ BOKCUTOM, AOBOSbLHO CrioXeH. [po-
ueccbl oboralieHnst noma He TaK CIOXHbl, HO 3(EKTMBHbI U B LIENIOM 3KOHOMWYECKM Bbl-
rogHbl. 3TO B OCHOBHOM OTHOCUTCS K oboraweHuto waka. ToT matepman obbl4HO coaep-
XWUT BONbLUOE KONMMYECTBO OKCUMAOB M (britoca, CMELIaHHOMo C BTOPMYHBIM antOMUHUEBBIM
CnnaBoM B BUAEe TaK HasblBaeMblX KOPOMbKOB pasHOro pasmepa. Yacto wnak cHumaetcs
n obpabaTtbiBaeTCs OYEeHb HEKa4YeCTBEHHO, COAEPXaLLMACHA B HEM artOMUHUIN NpoAosKaeT
WHTEHCUBHO OKMUCNATLCS NOCHE CHATUS C MOBEPXHOCTWN BaHHbI MeTansa y>e B LUNakoBHULAX.
N korga matepuman B KOHLE KOHLOB NonagaeT K NnaBuibHOM YCTAaHOBKE, B HEM OCTAeTCs yxxe
He3HauYnTEeNbHbIA MPOLEHT MeTannuyeckoro antoMuHua. oatomy Mbl ©onee noapobHo
OCTaHOBUMCS Ha npoLecce oboralleHmst 3TOro LLEHHOro CbipbS.

MaTtepuwan, cogepXxawun 60onbLIOe KOMMYECTBO OpraHUYeCcKUX BKITHOYEHUW, UHorga
yMeHbLlaeT addeKTMBHOCTb Nnasku. C uenbio NoBbIlWeHUs peHTabenbHOCTN npouecca 06-
paboTKkM aTOro MaTepmana HaCcTOSATENbHO PEKOMEHAYETCA YAanuTb HexenartenbHble npume-
CW. OTO OTHOCUTCS U K aNFOMUHUIO C NOKPbITUEM, B OCHOBHOM peyb naeTt 06 Mcnonb30BaHHOM
Tape u3-nog HanuTKOB, Ha KOTOPYK HaHeCeHbl Criou nnactuka u kpacku. Ecnv obpabaTbl-
BaTb 4OCTAaTOYMHOE KONMMYeCTBO TaKoro BuMAaa Noma, TO yaaneHue noKpbiTUS CTaHOBUTCH Lie-
necoobpasHbiM. TexHonornyeckas nNMHUSA Ans 3TOro cxoxa c NMHMEeNn Ans yaaneHus macna c
MeTannmMyeckon CTPYXKK, SABNSIOLWENCA OTXO4aMN CTaHOYHbIX paboT.

8.2.1.4 TexHonornyeckas NMMHUA onst nepepaboTku noma

®poHTanbHbIA NOrpy3ynK C 3axBaTbiBalOLLMM nNpucnocobneHnem goctaBnseT oM co
CKrnaga, 1 OH rnomMellaeTcs Ha papTy4yHbIM KOHBeVep ONnd 3arpysku B wpegep. Ha pucyHke
8.3 nokasaHa KOHCTPYKUMS YCTaHOBKM AN nepepaboTku noma. 3gecb matepuan gpobutcs
Ha ManeHbKne KyCOYKM pasHOro pasmepa, B COOTBETCTBUM CO CBOMCTBaMW Martepuana.
MbINb N Menkne HemeTannIU4eckne KOMMNOHEHTbl YHOCATCHA BO34YLUHbIM NOTOKOM, CO3aBae-
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MbIM MblfeyaansiowmmM BEHTUNATOPOM. YacTb Bonee KpynHbix YacTuy, bygeT otaeneHa umk-
NOHHBLIM MbINEYNOBUTENEM, PACMONOXEHHbIM Nepen 6/10KOM MblNeynoBuUTENst TOHKOW OYUCT-
Kn. OTO MOXeT OblTb BO34YXO0UMCTUTENDL MOKPOrO MM Cyxoro Tuna. Tak Kak fiom, nogasae-
MbIl B LUpeaep, MoXeT ObITb MOKPbIM UK coaepXaTb HEKOTOPOE KONMMYECTBO Macna, ycTa-
HOBKa BO34yXOO4MCTUTENSA MOKPOro Turna npeanoyvtutensHa BO Bcex criydasix. Matepuan,
N3MeribY4eHHbIN YCTAaHOBKOW, BbIFPY)XXaeTCA Ha NEHTOYHbLIM KOHBEWep, YCTaHOBJSIEHHbIN Mo
Hen. MarHUTHbIN cenapaTop BCTPOEH B OTKMOHALWMN 6apabaH neHTo4HOro koHeernepa. OH
yaanseT yacTuubl Xenesa 13 Maccbl U3MeNbYEeHHOro MaTepuana u HanpasnseT UX Ha pas-
rpy304HbIN KOHBeNep. KpyrnHble KyCcKu xenesa yaanatTca HagKoHBENEPHbIM MarHUTHbLIM ce-
napaTopoM U CKIaablBalOTCA B KOHTENHEP.

Tenepb M3MeNbYEHHbIM MaTepman He COAEPXKMUT XKenesa n MOXeT ObliTb OTCOPTMPOBaH
Nno pasnuUYHbIM pakuMamM B COPTUPOBOYHOM BGapabaHe. 3TO HeobxoaMMO, TONbKO ecnu
pa3HbIM 3akas3ymkam TpebyeTcsa onpefenieHHbIn BUA dpakuuin. Ons npsmon nepepaboTkm
COpPTMpPOBKa He TpebyeTcs, NO3TOMY BCe dpakumm MoryT ObiTb OTNpaBreHbl BO BpaLlaoLLmi-
cs1 bapabaH. VIHorga nniom cogepXXUT MHOrO HEMETanIMYECKMX KOMNOHEHTOB. PasHble dpak-
Uumn n3 coptnpoBoyvHoro 6apabaHa MoryT ObiTb OTNpaBfeHbl B YCTPONCTBO ANsi cenapaumm
BUXPEBbLIMM TOKamu. B pesynbTate GyoeT MOnyyYyeH YUCTbIA U3MENbYEHHbIN JIOM, KOTOPbIN
MOXeT 6bITb NepepaboTaH 6e3 npobnem.

Ecnu npucyTCTBYIOT BKNIOYEHUSI HE TOSBbKO Kene3a, HO U TShKemblX MeTannoB, Takmx
Kak Me[b, CBMHEL, N UMHK TO HEOBXOAMMO BKIIHOYUTL OOMNOSTHUTENbHbIE 3Tanbl 06paboTky.
Ho aTo genaeTcs 4O COPTMPOBKM filoMa Ha pa3nuyHble dopakumn. Ha pucyHke 8.2 nokasaHa
TUNUYHas TEXHOMOrMYeckas fiMHUA no nepepaboTke noma.
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PucyHok 8.3 — TexHonorn4eckas cxema npouecca nepepaboTku foma:
pasgaTtodHas nedb: 1 — wWpeaep; 2 — MarHUTHLIW cenapaTop; 3 — cuTo; 4 — bapabaHHbI cenapartop;
5 — cenapaTtop BUXPEBbLIX TOKOB; 6 — CUTO; 7 — HAaKONUTENbHbIN ByHKep

8.2.1.5 TexHonornyeckas nuHna gna odbpaboTky wnaka

LLInak — 31O cMecb antoMuHKs, okcnaa antoMmnHna n dgntoca. OHa obpasyeTcs B oTpa-
KaTtenbHOM Neyn 1 yagansetcsa M3 neyu npu cbeme wnaka. MNMpn aTtom cockpebaetcsa n vyactb
antoMmunHng. CogepxaHve metanna B wnake moxet gocturatb 70 %. YacTte antoMuHmg, co-
AepKallerocq B LWake, MOXeT OKUCINTBCS, KaK TOMbKO BOMAET B KOHTaKT C aTMOCKHEPHbIM
BO3YyXOM, €CMM LUMaK COAEPXUT Mano ntoca n He NPUMEHSIOTCS YCTAaHOBKM NPUHYAUTESNb-
HOrO OXnaxaeHus wWnaka. Tak Kak 9TO 3K30TEPMUYECKUI NMPOoLEeCcC, TO NOYTU BECb MeTanm,
coepallMncs B LEHTPE LUaKoBHMLbI, MOXET NPEBPaTUTLCA B OKCUA, antoMUHUS, YTO Npu-
BeAEeT K 3HauMTenbHbIM notepsaM. CyLecTBYOT pasHble Cnocobbl NOAaBUTbL 3TO OKUCIIEHUE.
Cambini npocTon — pasbpocatb wnak no paboden nnowaake. OH 6yget 6bICTPO OCTbIBATH A0
TemnepaTtypbl HWKe TemnepaTypbl BOCM/IAMEHEHUS, U OKMCNEeHMe ocTaHaBnuBaeTtcs. Ecnu
oxnaxgeHue NpoBedeHO onepaTtMBHO, TO OTnagaeT HeobxoAMMOCTb B AarnbHenwen obpa-
6oTKe, TaK Kak cogep>xaHue antoMnHUs B MaTepuane MoxeT npesbiwatb 60—70 %.
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XopoLwunm, NpoCTbIM peLleHneM 3afaun COKpalleHnsa noTepb MeTanna nocne yaane-
HWUS LWaka U3 NeYn ABNAeTCa UCnonb3oBaHMe rmapaBnmMyeckoro npecca. Lnak nomewaetca
B KOHTEMHEP C OTBEPCTMSMW Ha AHe. [mapaBnMyecKknin npecc-wreMmnens BblaBnMBaeT Me-
Tann 13 wWnaka, u anoMUHUA nonagaeT B U3NOXHULY, PacnofIOXEHHYK Nog KOHTEMHEePOM
npecca. OctaBWMNCA WNak ynnoTHsaeTcs B 6onbLlon 6ok ¢ coaepaHmeM meTtanna MeHee
40 %. ITOT BNOK MOXET ObITb OTNPaBEH NPSMO BO BpalatoLlytoca bapabaHHyto neyb. He-
KOTOpble NMPOM3BOAUTENM TakUX NPECCOB NpeaycMaTpuBaloT NPUHYAUTENbHOE OXMaXaeHue
npecc-uTeMnens nyTem NpoayBkM Bo3ayxa Yepes kaHarnbl B HEM. [1py NCNOMb30BaHUM TakmX
NpeccoB NPOMCXOAUT HE TOSbKO BblAaBNUBaHWE 4YacTU aniOMUHUSA U3 LUNaka, HO OgHoBpe-
MEHHO M OXNaXAeHue Liraka, 3a CYeT Yero dK3oTepMmuyecKkasl peakums OKUCMEHUsS antoMm-
HUS B HEM npekpaltaeTtca. tak, metogamm o6paboTkuM LWnaka, CHATOro C NOBEPXHOCTU BaH-
Hbl, ABNAOTCA BblAAaBNMBAHME XMUAKOro MeTanna u cokpallieHue, Takmm obpasom, metannu-
YEeCKOro COAEPXXMMOro B HeM u/unu ero 6bICTpoe oxnaxaeHne Ansi OCTAaHOBKM 3K30TepMunye-
CKOM peakumm OKUCIEHMs antoMuHus. [lpu 3TOM B npouecce oxnaxneHusi NpoucxoamuT
N npenBapuTenbHasi CoOpTUPOBKa.

Ho 370 npakTukyeTcsl B OYEHb peakux crydasx, no3ToMy LUnaK, NMoCTaBMsEMbIA Ha 3a-
BOAbl, KOTOpPblE CNELNanM3vpyroTCs Ha NPOU3BOLACTBE BTOPUYHOIO artOMUHUS M3 LUMAKOB,
3a4acTylo UMeeT O4YeHb HU3Koe coaepxaHue meTanna. bonblwasa yactb MmeTanna, cogepxa-
LLlerocs B LWMNake U cbemax, OKUCMSETCH elle Y NocTaBLiMKa B TE€YEHME HECKOSTbKMX 4YacoB
nocrne yganeHust wwnaka m3 nedn. Takoe cbipbe B 3HAYUTENbHOM Mepe TepsieT CBOK LEeH-
HOCTb Ans nepepaboTkn. OgHaKO gaxe 3TOT LWaK ocTaeTcsl 3Ha4YMMbiM cbipbeM. Coaepxa-
HMe B HEM antoMnHUA — MuHMMyM 20-30 %, B cpegHem e oHo coctaBnseT 40-50 %. Ecnn
nepepabartbiBatowlee npegnpuatve yaenut 6onblue BHUMaHUA NPoLEeCcCcy NOArOTOBKM Luna-
Ka, TO MOXHO MOMNyYnTb XOPOLUYHD 3KOHOMUYECKYH BbIrogy, oboraTuB ero 0O coaepXaHus
antomMunHus Bolwe 60-70 %.

[na n3BneyeHns meTtanna Bo Bpallawlencsa 6apabaHHoOM neun BCA cagka, BKIYas
conb, AOIMKHA ObITb JOBeAeHa A0 TeMnepaTypbl NNaBneHnst. ATO 3HAYUT, YTO OKCMAHOE COo-
AEePXNMOe LUMaka pas3orpeeTcs Tak e, kKak n MeTann. Tak Kak yCnosusi nepegaym Tenna Bo
BpaLjatowencs neum ans obomx matepmanos 6onee nnnm MeHee MOEHTUYHbI, pasorpeBaHne
HemeTannMyeckoro matepmana npmegeT K NoBbiLWeHHOMY noTpebnennto aHeprun. MNoTpeb-
neHune aHeprnm B npouecce obpaboTkn B COBpEMEHHONM Bpauatowienca bapabaHHon neyu
cocTtaBnsaeT npmbnuantenoHo 600 KBTY/T 3aBankn. OTO OTHOCUTCS K antOMUHMIO U LUNAKy.
Mpw ycnoeum, yto 1 T wnaka cogepxut 80 % antoMuHKSA, pacxoq SHEPrun B nepepacyeTe Ha
cogepxaHue anomuHua coctaBut 600 pasgenutb Ha 0,8, TO ecTb NpUBAM3NTENBHO
740 kBTu/T. ECcnn cogepxaHme antoMunHus B winake Tonbko 40 %, aHepronoTpebneHne Ha
TOHHY MeTannuyeckoro antoMmHmus coctaBuT yxxe 1500 kBTy. OT10 3HaumnTenbHas pasHuua,
noaTomy oboraljeHne antoMUHUEBOrO LWaka Ao NnaBfeHus NpeacTaBnsAeTcs YpesBblHanHO
9KOHOMWYECKM BbIFOAHOW 3a4a4yen, 0cOOEeHHO A4S wraka ¢ HU3KUM coaepkaHnem meTanna.

[na noaroToBKkM €ro K npoueccy nnaekn HeOBXoAMMO MexaHuyeckoe oboralleHue.
Ha pucyHke 8.4 npnBoguTCs TEXHOMOrMYecKkasa cxema npotlecca ob6paboTku Lwnaka.
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PucyHok 8.4 — TexHonornyeckas cxema npouecca o6paboTku wnaka:
1-nogaya; 2 — nuTalrLWun KoHBeKrep; 3 — MmonoTkoBasi Apobunka; 4 — BubpaunoHHoe cuTo; 5 — wapo-
Bas MenbHuUA; 6 — HakonUTEeNbHbIN ByHKkep ANs NnpoaykTa — 50 MM; 7 — KOBLLOBbI 311€BaTop;
8 — HakonuTenbHbIN OyHKEP Ansa npogykra +50 MM

[Ona nepepaboTkn LWNAKOB C COAepXXaHMEeM MeTanIMYeckoro antoMUHUA MeHee
40-50 % ucnonbayoTca oboratuTenbHble YCTaHOBKU. B nogobHbIX ycTaHOBKaxX LWMak nog-
BEpraeTcsi MHOrOKpaTHOMY APO6GMEHNI0 Ha POTOPHbIX UMK LWEKOBbIX Apobunkax, namenbye-
HUIO Ha LIAPOBLIX MMM CTEPXKHEBLIX MenbHUUAX, cenapauum Ha 6apabaHHOM rpoxote mnu
BMOpoCUTax 1 MarHMTHOW cenapauuu.

MecTa nepecbIinok maTepuanos, pobunkn n menbHULUbl 060pyayTCS NPUHYAUTENb-
HbIMW OTCOCaMK C NocneyloLwen nogadyen acnmpaLumMoHHOro Bo3ayxa Ha unbTpoBalribHble
yCTaHOBKW. B pesynbTaTte yxe Ha nepBon ctaguun ApobreHus wwnaka 3a cyeT yganeHus nbl-
neBngHoON pakuum ero OKCUaHo-SIICOBON COCTaBMSALWEN HauyMHaeTca oboralleHne ma-
Tepuana.

B pesynbtate nepepaboTkm 6eOHbIX LUMAKOB Ha TakMX YCTAHOBKax nosiydaeTtcs anto-
MUWHWEBLIN KOHLUEHTpAaT ¢ coaepxxaHnem antomuHmna ot 60 go 80 %, npurogHbin Ans nnaeku
B POTOPHbIX NeYax.

8.2.2 TexHonornyeckas nuHus ons o6paboTkn CTPYXKKM

3HaunTenbHasa YacTb BTOPUYHOIO artoMUHUEBOTO CbiPbA NpeacTaBnseT cobon CTpyx-
Ky, TEXHONorn4eckas cxema nepBu4Hom obpaboTkm KOTOPOKM NpeacTaBreHa Ha pucyHke 8.5.
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BpukeTsl, pocchlbio ITakeTs

PlllcyHOK 8.5 — TexHonornyeckasi cxema I'IepBW-IHOIZ O6p860TKI/I CTPYXKM antoMnHnA 1 anko-

MUHUEBDLIX CrnJj1aBoB

CornacHo aton cxeme, cbifnydyasi U BUTast CTPYXXKM CKNaauMpyroTca pasgenbHo. ['poxo-
YeHue BUTOM CTPYXKKU OCYLLECTBIISETCA C LENbi OTAENEHUs1 KYCKOB KpPynHOCTblO 6onee
100 MM, KOTOpble MOCTYNalT Ha BMOOBYIO COPTUPOBKY Cbifyden CTpyxkm knacca 100 mm.
Mpolweawasa rpoxoyeHne BuTasa CTpyxka nogsepraetcs apobneHuto, a He agpobumble npea-
MeTbl BblOpacbiBalOTCs M3 APOOUIKM M NOCTYNaloT HAa COPTMPOBKY. ECnNn HET BO3MOXHOCTU
npouseect OpobrneHne BUTOW CTPYXKW, ee NopBepratT pyvyHOM COPTUPOBKE, KOTopas 3a-
KnioyaeTcs B OTAENeHUN floMa, KYCKOBbIX OTXOOO0B, NMOCTOPOHHUX npeamMmeToB v np. lNocne
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COPTMPOBKM BUTYIO CTPYXKKY OpPMKETUPYIOT U HanpaBnsloT Ha nepennaeky. CTpyxka npeccy-
eTcs B OpuKeTbl pasnnyHoro pasmepa (B 3aBUCMMOCTU OT umetoerocs 6puket-npecca). Mpu
9TOM MeXaHW4ecKMe NMPUMECH YEpPHbIX MEeTansioB U CMa30YHO-OXNaXaarowme XnakocTn He
ypanatTtcsa. B pesynbtate 6pukeTbl nony4aoTca OBOSIbHO COMHUTENBHOIO KavyecTBa U Uc-
NONb3yTCA NPENMYLLECTBEHHO AMs NPOM3BOACTBA packucnutenen. B ceasm ¢ atum npeg-
noYTUTENbHBIM Cnocobom nepepaboTkM BUTON CTPYXKM ABnsieTcs ee ApobrneHwe u ganb-
HenLwasn NoaroToBKa K NnaBKe No CXxeme, NMPUMEHAEMON AN ChinyYen CTPYXKKM.

MpowepaLasa rpoxodeHne cbinyyasa CTPYXKa, a TakkKe CTpyXKKa, NoslydeHHas B pesyrb-
Tate ApobneHus BUTOW pakumm, NocTynaeT Ha CyLWKy AN yAaneHus Bnarm u macen
(COX). Cyxasa obe3axumpeHHasi CTpy>KKa HanpaBfsgeTcs Ha rpoOXovYeHne C Lernbio oTceBa 3eM-
nucton gpakumm -3...+0 MM, KOTOpas 3aTeM OTNpPaBrsSEeTCH 3aBo4aM YepHOW MeTannyprum
no cneuunarnbHbIM TeXHUYEeCKUM ycrnoBuaM. O4vnieHHas OT MenKon dpakumm CTpyxka nocTy-
naeT Ha MarHUTHYIO cenapaumio, B NpoLecce KOTOPON U3 Hee BblAenseTcs MarHuTHas pak-
uns, nepepabaTtbiBaeMasi No cneumanbHbiM cxemaM. Cyxasi cbinydasi CTpyXka, U3 KOTOpow
yaaneHol menkaa dopakuusa (-3 MM) M MexaHu4Yeckme NpUMEecH YepHbiX MeTannoB, naet
Ha nepennaeky unu dpukeTMpoBaHme.

Bbi6op TEXHONOrMYECKOWM CXEMbI B 3HAYNTENBHOM Mepe 3aBUCUT OT TEX BUAOB CbipbS,
kKoTopble nepepabaTtbiBaloTcA Ha AaHHOM 3aBoge. C uUenbk COKpalleHWsa KanuTanbHbIX
N 3KCNNyaTauWOHHbIX 3aTpaT psag nepefenoB Ha 3aBodax Ucnonb3dyeTcs Ans nepepaboTkm
BCEX BMOOB Cbipbs (COPTMPOBKA, B3BELUMBaHUE, MUPOTEXHUYECKUA U pagnauMOHHbBIA KOH-
Tponb U T. A.). Ho, HECMOTpPs Ha 3TO, TEXHOMOIMYeCcKkMe CXeMbl Ha TakMX 3aBogax 4OCTaTou-
HO CIOXHbI, NOCKOSIbKY UCMONb3yemoe obopyaoBaHue 3aBUCUT OT BMAa nepepabaTbiBaeMoro
noma n orxogoB. OTcioga NOHATHO, YTO B KaXXOOM KOHKPETHOM Crlydae TexHonorndeckas
Cxema 3aBoja CO34aeTCHd C Y4€TOM KOHKPETHbIX YCMOBUKI, U, KaK NpPaBuio, 3T CXeMbl NOCTO-
AHHO MEHSITCA NoA BNNAHMEM PbIHKA.

CTpyxKy, BbiCEYKy, 06pesb Tpyb, npoBosioku, npodunen, 6pakoBaHHble nonydabpu-
KaTbl, OnNbry, NMACT, LUNAKN U CbeMbl Ha3blBalOT oTXxogamu. 13 Bcen maccbl OTXOA0B, MNOCTY-
natowien Ha nepepaboTKy, MakcumarnbHy Oonto coctaengeT cTpyxka (60 %). CTpyxka co-
AEPXKAT pasnuyHble NpUMecu: Macno, Bnary, 3eMfnCTbI 3acop, OKCUA, antoMuHUs, apyrue
MeTannbl. Boicokme copTa Takoro Bnaa cbipbs cogepaT antoMmHms 4o 95 %; B XyaLwmx cop-
Tax — 50...75 %.

B kauectBe npumepa Ha pucyHke 8.6 npuBedeHa TEXHOMoOrM4Yeckas cxema noaroToBKM
N NNaBKM CTPYXKK. [laHHas cxeMa npegycmaTpmBaeT nepepaboTKy CTPYXKKKU, ee CYLIKY U Bbl-
nnasKy artoMUHUEBOrO Crnnasa.

B 3aBMCUMMOCTM OT XMMNYECKOro cocTaBa, TepMooBpaboTKM 3aroTOBKKN, BUAA pexyLue-
ro MHCTPyMeHTa bopma u pasmepbl OTAENbHbIX YaCTUL, CTPYXXKM MOrYyT OblTb pasnnuYHbIMU.
C TOYKM 3peHns NoAroTOBKU K NSIaBKE CTPYXKKA OENUTCH Ha CbiNy4yo U BUTYIO, CMELLAHHYIO U
ogHopoaHyto. NMpu 0bpaboTke 3aroTOBOK antOMWHMEBAsi CTPYXKa 3arps3HAETCH Kenesom
BCNEACTBME UCTUMPAHUSA PEXYLLEro MHCTPYMeHTa U obpaboTkn xenes3oantoMUHUEBBLIX 3aro-
TOBOK, a Takke crny4darHbIMK YacTuMLaMn xernesa 13-3a HebpexxHocTu nepcoHana. Moatomy
copgepXXaHne MexaHM4Yeckux NpMMecen YepHbiX MeTannoB B artOMUHUEBOW CTPYXXKE MOXET
pocturatb 30 %. Kpome Toro, ctpyxkka 3arpsisHSeTCs 3MyfnbCUEN MU MacioM, KOTOpble MC-
nonb3yTca npu obpaboTke CnNNaBOB Ha CTaHKax B BMAE CMAa304YHO-OXJTaXAAKLWMX KUAKO-
cten (COX). MNpun xpaHeHUM ee Ha OTKPLITOM BO34yXe cCoAepkaHwe macna v Brnarm MoxeT
pocturatb 20...30 %. YTo6bl NONYYUTb BbICOKME TEXHMKO-IKOHOMMWYECKME MoKasaTenu npu
nepepaboTke CTPYXKU, ee HeobBXoANMO OYUCTUTL OT BNark, Macna u Apyrmx MexaHm4eckmx
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npumMecen, a ANd NOfHOTbLI U3BNEYEHUS Xenesa N yBermyeHus yaeribHOW HacbIMHOM MaccChl
BUTYIO CTPYXKKY NoAaBepratoT ApobneHunto. YunTtbiBaa 60MbLION yaeNbHbIA BEC CTPYXKKN B 06-
wem GanaHce noma n OTXOAOB, ANs €e NOArOTOBKM K MnaBKe NPUMEHSAIT crneunannuampo-
BaHHbIE NUHUMN.

MepBu4yHOM onepaumen 06paboTkm BUTON CTPYXKKM aBnsieTcs ee apobneHue. MNocne-
aywowme onepaumm obpaboTkn ApobNeHON CTPYXKKM NPOBOAAT Ha NMHUAX 06e3XMpuBaHus
N CYLUKWN, KOTOpble OENATCS Ha NMHUM TMAPOXMMUNYECKOTO N TEPMNYECKOTO 06e3XMpUBaHUS,
a TaKke ueHTpudyrnposaHus.

Cipyxxa
BreionooOpazaan
‘ IIaxkeTHpORaHHE Jipobnenne I'pozo4enne
Cymxa ‘ XBOCTH

Hemeran-

JNHYECKHE L .

OpHEMECH [+ I'poxo1ienne ‘ CopTHpOEKA
E & ./

Kenezo B ' >
qepHOH Orxpencane Fe Menxai Hemeran-
MeTan- | MAIHHTHOH JIOM, NH9YCCKHE
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B OIDAXATENLHOH
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PucyHok 8.6 — TexHonorndeckas cxema nogroToBKW U NNaBKN CTPYXKN

JInHMN Tepmmnyeckoro 06e3XMpPMBaHNS U CYLLKU CTPYXXKM HE3ABMCUMO OT UCMOSb3ye-
MOro OCHOBHOMO W BCMOMOraTefibHOro 0b6opyqoBaHNSA BKIOYAKOT criegyrowme TexHonormye-
CKue y3nbl:

— NpMéma cbinyyden n opobneHom CTPYXKK;
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— NpeaBapuTENbHOrO rPOXOYEHNS Cbipba AN OTAeNeHns HerabapuUTHbIX BKINIOYEHUN
N MOCTOPOHHUX NPeAMETOB Nepes CyLUKOW;

— 06€e3XNpMBaHNSA N CYLLKN CTPYXKKW;

— KOHTPOJILHOIO rPOXOYEHUSA N OTCEBA OKallMHbI U OPYrMX OTXOA0B;

— MarHuTHOW cenapauuu, npegHasHayveHHbl ANns yaaneHusa U3 CTpyXku dpeppomar-
HUTHBIX BKIFOYEHUI.

BHe 3aBUCMMOCTU OT KOHCTPYKLUUN N KOMMOHOBKM 0B6OPYAOBaAHUSA NNHUA CYLLUKU OOSX-
Ha yOoOBNEeTBOPSATb creaylwmm TpeboBaHWUSM: BMaXHOCTb CTPYXXKKW MOCIe CYLUKW OOSXKHa
O6bITb He Gonee 1 %, copgepxaHue: COX - po 0,4 %, xenesa — He 6onee 0,2 %, nbiu
1 3eMnncToro 3acopa — He 6onee 1 %.

Brnara v macno ypansioTtca HarpeBom cTpyxku npu Temnepartype 400...450 °C.
CTpyxKa nmeeT pasBuUTYIO NMOBEPXHOCTb, MO3TOMY MpPU HarpeBe TepsieTCH 4YacTb MeTanna
BCneacTeme okucneHus. PaspaboTtaH cnocob 6e30KMCrMTenbHON CyLWKM CTPYXKU. OCHOBHOM
y3en yCcTaHOBKM — Bpawatowmmnca b6apabaH, oborpeBaembin n3sHe (pucyHok 8.7). Becnep-
cTBUe BpalleHus GapabaHa 1 yKnoHa CTpyXKa nepemeLLaeTca Co CTOPOHbI 3arpysku K npo-
TMBOMNONOXHOMY Topuy. Boga npu HarpeBe mcnapsieTcsd, mMacro B OCHOBHOM CropaeT, 4va-
CTMYHO ucnapsieTcs. Bosgyx noctynaet B 6apabaH ¢ pasrpy3o4HOro KOHLa B KONMYecTBe,
HeJOCTaTOYHOM ANS MOSMIHOro CropaHus mMacna C LUernbio Co3JaHus BOCCTaHOBUTENbHOM
aTMocdepbl B 30HE KOCBEHHOMO HarpeBa.
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PucyHok 8.7 — YcTtaHoBKa Be30KMCIUTENBHON CYLLKN CTPYXKK:

1 — ceKumsa CyLKM 1 oxnaxaeHus; 2 — 3ybyaTtbin BeHel,; 3 — pa3rpy3oyHasi kamepa; 4 — KOHTaKTHble
KonbLa; 5 — pasrpy3oyvHas Teyka; 6, 9 — onopHble ponuku; 7 — ynopHbIi ponuk; 8 — npusog,; 10 — ka-

Mepa KOCBEHHOro HarpeBa; 11 — popcyHka KOCBEHHOrO HarpeBa; 12, 18 — BeHTUNATOp NepPBUYHOIO
Bo3ayxa;13 — BubpaunoHHbIn nuTaTens; 14 — Tapenbyatbin nuTaTens, 15 — 6yHkep; 16 — nHankaTo-
pbl YPOBHS; 17 — BEHTUNATOP BCrioMmoratensHom ropenku,19 — popcyHka; 20 — BEHTUNATOP NepBuy-
HOro Bo3ayxa; 21 — kamepa goxuranus; 22 — geimoBas Tpyba; 23 — razooTtxos; 24 — tepmonapesl; 25 —

CeKUMs nNepBOn 30HbI CYLLKN; 26 — Kamepa Harpesa

BesokncnutenbHas ycTaHOBKa OGXura CTPYXKM CHabXeHa XONOAWMMbHUKOM U Kame-
POV AOXWUraHus 1 npegctaBnseT cobon ropmsoHTanbHbl 6GapabaH, COCTOALWLMIA U3 TpeX Cek-
Uunin: nepsas oborpeBaeTCa CHapyXu radamu, o6pasyowmMmnca B kKamepe OT CXKUraHust Ton-
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nuBa, BTOpas UMeeT TENMOBY U30NAUUIO B BUOE LLAMOTHON (PYTEPOBKM, N TPETbSA CEKUMS
He MMmeeT yTepoBkN. Kamepa QOXuraHus BbINOMIHEHA B BMAE uuMnuHapa, yTepoBaHHOro
LWaMOTHbBIM KMpNn4oM, n coobulaeTca ¢ nepson 3oHon GapabaHa rasoxogom. B Hen ycTa-
HOBMeHa POPCYHKa A8 CKUraHUsa TOMMMBa C pPerynupyemMon nogadvyen BTOPUYHOro Bo3ayxa.
Cywwnka n kamepa goxuraHmsa paboTtaroT Ha eCTECTBEHHOM TAre oT AbIMOBOW TPyObl, UK Ha
NPUHYOUTESbHOM TAre, co3gaBaeMon AbIMOCOCOM.

Mokpas cTpyXka nogaetca B CYLUMNKY nuTaTenem, Hag KOTOpbIM YCTaHOBMEHa Cu-
cTeMa OpoLUeHNss BOOOW N MacrioM. B ycTaHOBKe CTpyka noasepraeTcs Tpem crtagusam ob-
paboTKW: KOCBEHHbIN Harpes C AUCTUNNAUMEN Macrna 1 ucnapeHuem Bnaru; HenocpencTBeH-
HbI Harpes, B TOM YMCIle 3a CHET CroparoLLMX NapoB Macna; OxfiaxaeHne CTPYXKKU.

30Ha KOCBEHHOro HarpeBa oborpeBaeTCs BHELLHEN TOMKOW, CBOL KOTOPOW MMeEeT Npo-
pesn ansa pacnpegeneHus tenna no annHe 6apabaHa. Tenno oT CKuraHusa TonnvMeBa Harpe-
BaeT CTPYXKy B nepsou 30He GapabaHa B BOCCTaHOBUTENbHOM aTMocdepe. Tono4vHoe
yCcTponcTBo obecneunBaeT HarpeB GapabaHa Ao TemnepaTypbl, 4OCTAaTOMHON ANs ucnape-
HWS Brarm 1 Macra u3 CTpyku, He onyckas ee neperpesa.

BTopas 30Ha He nmeeT BHellHero oborpesa, HO Tensia, HaKOMMEHHOro CTPYXKOW, [0-
CTaTOYHO AN OKOHYaHWS npoLecca CyLLUKW.

TpeTba 30Ha GapabaHa — X0NOA4MMBbHUK — NPOAYBaeTCA BO34YyXOM, MOCTynakLwuM C
pasrpy3o4Horo koHua 6apabaHa HaBCTpeYvy ABMXKEHUIO CTPYXKK. Mocne oxnaxaeHus CTpyx-
KM BO34yX MOCTynaeT BO BTOPY 30HY, U3 KOTOPOW OH YHOCUT B NEPBYI0 30HY Napbl Macen u
BOAbI, F4e napbl Macna 4YacTUYHO CropatoT B YCNOBUSAX HEQOCTAaTOYHOrO KONMYecTBa KMUCMOo-
poaa. 3a cyeT 3TOro B NepBON 30He obpasyeTcsl BOCCTAHOBUTENbHAA aTtmocdepa, npensT-
CTBYHOLLAA OKUCMEHMIO antoMunHus. OCTaTtok NPOA4YKTOB ropeHus U TemnepaTypHOro pasro-
XEHMs1 Macna MorHOCTbIO CropaeT B Kamepe pgoxuranus. [ns perynupoBaHust Konuvecrsa
BO34yxa, MOCTynawwero B CywunbHbid 6apabaH, Ha pasrpy3o4yHOM oOrosioBke bapabaHa
NMEeEeTCs perynupytolee ycTponcTeo (>kansn).

Temnepatypa B nepou 30He — 400-450 °C, Bo BTOopon — 250 °C, B Kamepe foxura-
Hnsa — 730-750 °C. OTn yCcTaHOBKN B 3aBMCMMOCTM OT MX PasMepoB MO3BONSAIOT YyTUNIM3UPO-
BaTb Tenno B konuyectee Ao (0,4-5,0) 103 kdx/u.

BmecTo cywkun ctpyxkn ans yganeHna COX MoxeT NpUMeEHATbCA ueHTpudyrmpoBa-
HWE CTPYXKMU.

OTOT cnoco® MNOArOTOBKM CTPYXKKM K MiaBKe ABNAETCA MaKCMMarbHO 3KOMOrnMyecku
Ge3onacHbIM, Tak Kak B npouecce LeHTPpMAYrMpoBaHNa He UCNoNb3yeTcsa TOMMNBO, He Tpe-
OyeTcs nblneyganeHus M rasoouMcTHOro obopyooBaHWSA U3-3a OTCYTCTBUS 3arps3HSAOLLIMX
BbIGpocoB B aTMOcdepy.

JInHMA ueHTpUgyYrnpoBaHMs COCTOUT U3 CReayoLMX KOMMNOHEHTOB:

1. Nogatowmm TpaHcnopTep ¢ MaHUNYNSTOPOM 3arpy3Ku.

2. bapabaHHbIv rpoXoT Ansa pasgeneHust BUTON U Cbifyven CTPYXKN.

3. UeHTpudpyra, B KOTOPYIO 3arpyxaeTcs cbinydas CTpyxka. B ueHTpudyre otaens-
l0TCA BO4A, Macno n BogHasa amynbcus. [NonyyeHHas amynbcus BO3BpallaeTcs Ha npeanpu-
ATUSA, C KOTOPbIX NOCTynaeT CTPYyXKa, M nocne unbTpaunm NOBTOPHO UCMONb3YeTCs npu
MexaHoobpaboTKe 3aroTOBOK.

4. MarHuTHbIV cenapaTop Ans OTAENeHNss MeXaHU4eCKOM NPUMECU YepHbIX MeTasnsos.

lMonyyeHHas cyxas OTMarHM4yeHHasi CTpyXKa noaaeTcs Ha NnaBuibHble arperaTbl.

BbloHOOOpasHas cTpyxka ¢ 6apabaHHOro rpoxoTa noctynaet Ha gpoburnky, u nony-
YeHHas ApobneHas CTpyXxKa NnogaeTcs Ha NUHUIO LeHTPUPYrnpoBaHus.
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8.2.2.1 N3BneyeHne meTanna npu nnaBke CTPY>KKU

MpoMmbiLLfEHHbIE O0TX0Abl, 0COBEHHO CTPYXKa, coaepKaT 6orblIoe KONMMYECTBO OKCU-
[10B, Bnaru, Macrna v Apyrmx HeMeTanmnmyeckmx npMMecen, NnosTomy crnnaebl, NPUroTOBMNEH-
Hble M3 BTOPMYHOIO CbIpbsl, MO CPABHEHUIO CO CMflaBaMy Ha OCHOBE NEPBUYHOrO antoMUHUS
HEeCKOINbKO B BGOMbLUEN CTeneHn 3arpsisHeHbl OKCuaaMm, pacTBOPEHHbIMU ra3amMu.

Mo mMepe COBEPLUEHCTBOBAHMS METOOOB MNepepabOoTKM MPOMbILUSIEHHBIX OTXOAOB U
noMa cTeneHb 3arpsi3HEHHOCTWU MOJlyYyaeMblX CMaBOB MeTasIMYecKMMM U HemeTannmye-
CKMMU NMPUMECSIMU CHUXKAETCS, U MO Ka4yecTBY OHM Bce Gonee npubnuxkatoTcs K cnnasam u3s
NepBUYHOTO ChIpbSi.

Mpw NnaBke anoMUHUS U3BMEYEHNE MeTarnna OCrOXHSAETCS NErko OKUCISIEMOCTbLIO U
Heo6pPaTUMOCTLIO peakLnn OKUCTIEHUST antoMUHKS. OKUCIIEHNE antoMUHUS NPSIMO NPOMNopLUU-
OHanbHO TemnepaType U BpeMeHW, NMpuyYeM ponb nocregHero npeobnagatowas. Moatomy
PEXUM MnaBku GyaeT onTMMarnbHbIM Npy cobroAeHNM NpUHLUMNA — NNaBUTb ropsiYo U BbICT-
po. MNpu nnaBke OTX0O0B MeTasn okucrnsieTcs Gonblue BCero B nepuos, npealecTBYLnA
pacnnaBneHuto, Korga TemnepaTtypa BbicoKasi, a NOBepXHOCTb Gonbluas. PacnnaBneHHbIi
MeTann MoXeT MMeTb Gonee BbICOKYHO TemnepaTypy, HO 0Opa3oBaHWe XNOKON BaHHbI pe3ko
YMeHbLUaeT ero NoBEPXHOCTb, KOTopas K TOMY e NpuKpbITa (IIt0COM.

MnaBKy CTPYXXKW BeayT B OTpaxkaTerbHOM UM POTOPHOW NeYun.

8.2.2.2 YaaneHue nokpbITna

OkpalleHHbIn MaTepuan unu matepuwan, UMerLwmin kakoe-nmbo [pyroe nokpbiTue,
HanpasnsieTcs Ha 06paboTKy B yCTAHOBKY ANS yAaneHUsl NoKpbITUA. OTOT 3aTan TEXHOMOMm-
4YecKoro npouecca crnegyet 3a U3MeNbYeHUEM floMa U yaaneHueMm >xenesa, BUXPETOKOBOW
cenapauuen, unn cenapaumen B TSXKENOW CycrneH3umu, NMbo NOMHOCTLIO NPOXOANT CTaaun
ApobneHnsa n COpTUPOBKK, KaK B Crlydae C TOKapHOM U MeTannmn4eckomn CTpyxkon. B cobpah-
HOW Tape U3-noA HanuTKOB OBbIYHO COAEPXUTCA onpenerieHHoe KONMYeCTBO CTarbHbIX 6a-
HOK C anioMWHMEBOWN KPbILWKOW. Tak YTO OHU ABMASKOTCA TUMWYHBIM MaTepuarnoM Ha aTane
yaaneHusi NoKpbITUA nocne M3aMenbyYeHus u cenapauumn xenesa. Matepuan ¢ okpalleHHOn
NOBEPXHOCTbIO MoABepraeTcsl Takom Xe onepauun. MHoraa aToT MaTepuan npegcrasndet
cobon KOMMO3UT U3 NIAacTMacCcoBOro MOKPbITUS U antOMUHUEBLIX NUCTOB. Mo3aToMy npexae
yeM antMUHUA MOABEPrHETCS onepauuy No yaaneHur noKpbITUA, Heobxoanmmo yaanuTb
nnacrtmaccy npv nomMoLiM BUXPETOKOBOro cenaparopa.

Tepmuyeckoe yaaneHue MOoKpbITUA npoucxoant npu TemnepaType okono 400 °C.
TemnepaTtypa KpariHe BaXXHa C TOYKM 3peHnsa obpasoBaHuna okcmaa antomuHusa (Al203), oco-
GEeHHO Mo OTHOLUEHWUIO K CrnnaBaMm, fierMpoBaHHbIM MarHMeMm, Kak B Criydae C Tapown M3-nog
HaNUTKOB. OTO MOXET NPUBECTM K NOTEpe MeTasnna, ecrnv B cpede Ans nepefadun Tenna
NpUCYTCTBYET CBOOOAHLIN KucnopoAd. [loaTomy AN yaaneHus NOKPbITUIA XXenaTenbHO UcC-
Nnofib3oBaTb NUPOMN3 C MHEPTHBIM ra3oM UKW NPoAyKTaMu cropaHust 6e3 cBobogHOro KUCo-
poga. [1ns aToro npouecca CyLecTBYOT HEKOTOPbIE OrpaHuYeHns. B 3aBucmmocTn oT npu-
pobl OpraHN4ecKoro Martepuarna, B npouecce yaarneHusi NOKpbITUS NONyyatoTcs TPy NpoaykK-
Ta: ras, cmosna u caxa (yrnepog B 4uctom Buae). KonnyectBeHHOE COOTHOLLEHNE pasnnYHbIX
NPOAYKTOB 3aBMCUT OT BPEMEHWN pa3orpesa u Temnepatypbl. Kak npasuno, npu 6onee BbiCO-
KOW TemrnepaTtype yaareHusi MOKPbITUS KONMYEeCTBO CMOJSbl U CaXun YMEHbLUAeTCH, a coaep-
XaHue rasa ysenumuneaeTtcd. Ha HayanbHOM 3Tane 3Toro npowuecca cMorna u ras yneTtyynsa-
toTcs. [lockonbKy AN NMPONU3HOro nNpouecca Kucnopon He TpebyeTcs, 3TOT NpoLecc OYeHb
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ypobeH. OcTaBLiasica caxa npununaeT K antoMUHUIO, N eOUHCTBEHHBIN cnocob yaanutb ee —
9TO OKWUCIEHME, a Takke BCMOMOratenlbHoe MexaHn4eckoe namenb4eHme Yactuy,. Ytobbl ns-
6exaTb OKUCNEHNS antoMUHKSA, TO eCTb NOTEPb MeTasna, O4YeHb BaXXHO TLLATENbHO KOHTPO-
nMpoBaTb CoAepXXaHue Kucrnopoaa.

O6bI4HO copepXaHne opraHNYeckmx BELLECTB B flOMe, KOTOPbIA NpOXoauT Yepes aTtarn
yaaneHnsa nokpbitus, He npesbiwaeT 5-10 %. OgHako 3TO OTHOCUTCH He KO BCeEM MaTepua-
nam. CogepxxaHme opraHM4ecKkuMx BeLLeCTB B NTaMUHUPOBAHHOM YyNakKOBKe MOXET AoCcTuratb
50 %. BBugy ocobeHHOCTeN Takoro Npoaykra MmexaHunyeckoe oboraiieHne HeadhEeKTUBHO.
Ana Takoro Tuna matepuana 6bina paspaboTaHa u ycnewHo NPUMEHSIETCH yCTaHOBKa ANis
yAaneHnsa NoKpbITUA C MCnonb3oBaHWem ncesaoxumakoro cnos. OHa npeacrtasnsieT cobon
nepcopMpoOBaHHbIA LUMHAP, BpalaloWUNCca B NCEBAOKNOKOM Coe C COMbl UNN MNECKOM
B Ka4yecTBe HanonHuTens. Jlonactn WHEKOBOro Tuna BHYTPU UMNMHAPA NepemMeLLatoT mate-
puan yepes BeCb UMnMHAp. Tenno, noctynatwee B NCEBAOKNOKNA CNOWN, ncnapsieT opraHu-
YyecKkue BellecTBa, HaXOAsLWMecss Ha NOBEPXHOCTU antomMuHus. KOHTpOmb 3a coaepXaHnem
KMcnopoga B cCOYeTaHUM C M3MenbyallmnM OeNCTBUMEM MNCEeBAOXKUOKOIO CIos MO3BONSAT
yAanuTb OCTaBLUYKOCS caxy. [IBMKXeHne ra3oBoro NoToka aHanorm4Ho OBMXXEHUIO ra3oB B po-
TOPHOM Neyn.

CyLlecTBylOT 1 Apyrne onepawuum, Takme Kak nepepaboTtka Lwnaka, KoTopble TOXe MO-
ryT NPUMEHATLCA B npouecce npeaBaputenbHon ob6paboTkm noma. To BO MHOIOM 3aBUCUT
OT MMEIOLLIEroCs CbipbEBOro MaTepmana. ATo Takke OKa3blBaeT 3aMeTHOE BNUSHWE Ha opra-
HM3aLMI0 BCEro npouecca noarotoBkun 1 o6paboTkm noma. He Becb NOM npoxoauT Yepes Bce
aTanbl TEXHOMNorn4yeckoro npouecca. MexaHudeckass noarotoBka MoxeT OblTb 3aBeplueHa
nocre Nboro aTana TEXHOMNOrMYeCcKoro nNpoLecca, 1 NosyYeHHbIn MaTepuan oTnpaBnaeTca
B cneyunanbHO oTBeAeHHble xpaHunuwa. MoxeT Takke notpeboBaTbCs MCNONb30BaTh MNPO-
MEXYTOYHbIA CKNag Ang YyacTU4HO nepepaboTaHHOro foma, 4tobbl obecneunTb Makcumarb-
HOe MCMNONb30BaHWE OTAESNbHbIX TEXHOMOrMYEeCKMX YCTaHOBOK. [1ns aTtoro Heobxogum npo-
deccrmoHanbHbI OCMOTP MNOCTYNalLWero Matepmana, a Takke TLaTenbHO CrniaHUpoBaHHas
opraHusauus npounsBoACTBa. [1ns okasaHus pyKOBOACTBY NpeanpusiTusi COOeNCTBUS B peLue-
HUWM 3TON 3agaun OOSMKHbI paspabaTbiBaTbCA KOMMbIOTEPHbBIE NMPOrpamMMbl.

8.2.3 lNpon3BoaCcTBO BTOPUYHOIO antoMUHUS

Knaccuueckoe noHvMmaHwe npouecca peuukiiMHra antoMUHUSA HEMNPEMEHHO CBA3aHO
c TepmoobpaboTkon. Tpu cTagum TEXHONOMMYECKOro nNpoLecca npespaLlaoT antoMUHUEBbBIV
NIOM B BbICOKOKA4Ye€CTBEHHbIE aNtOMMHUEBbBIE CMMaBbl: Nepennaska, pauHUPOBaHUE U OT-
nuBeka.

Ha nepBom aTtane obpaboTkm neyb gormkHa obecneunBaTtb aPPEKTUBHOE NaBneHne
MeTanna, a TaKkke OTAeneHMe ero OT HeXemnaTesnbHbIX KOMMOHEHTOB, NPUKPENSIEHHbIX
K antoMUHUIO, KOTOpble He Obinn yaaneHbl BO BpeMsi MexaHudeckon obpaboTku noma. llo-
CTOSIHHO pacTylUMe LEeHbl Ha 3HEepPrui BMECTEe C YXecToueHueM TpeboBaHWi, CBA3aHHbIX
C 3alUMTON OKpyXatoLwen cpedbl, ABMASIOTCSA OBUXYLLEN CUMOW AnSa pa3paboTkm COBpeMeH-
HbIX 9(PEeKTUBHBLIX TEXHONOMMI nnasneHus. KnovesbiM obopygoBaHnem Ang MeTtannypru-
yeckon 0bpaboTku antoMMHMEBOrO fioMa SBNATCA neyn. 3arpsasHeHus U cryvariHble npu-
MECU MOXHO YAanuTb, Kak TONbKO MeTann LOCTUraeT XUAKOro COCTOSHUA. Tenepb MOXHO
Ao6aBnaTb Nobon NervpyoLwmnin aNemMeHT N CMeLnBaTb €ro C UICXOOHOW LWMXTON. YToObI no-
ny4nTtb Tpebyembln cnnae ¢ onpeaeneHHbIMU ONYyCKaMn XMMUYECKOro coctaBa, pasfuyHble
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BMAbl JIOMa CMELUMBAIOTCA C NErnpyrowmnuMm KOMNOHEHTaMU. OTU Lenn He MoryT ObiTb Jo-
CTUTHYTbl C NPUMEHEHNEM «YHUBEPCASIbHOW TEXHONOrMM neymy». PasHble Tunbl noma npeg-
CTaBMAIOT KOHKPETHblE TPYAHOCTW npouecca nnaeBku. Hanpumep, B OTnM4mMe OT MESKMX 4a-
CTUU, ONS NakeTMpOBAHHOIO Martepuana TpebyeTca MuHMManbHasa 3alimMta OT OKUCIEeHUSN
MeTanna, a JioM C BbICOKMM COAEPXXaHMEM OpraHMYeckux BelecTB Heobxoanmo noasepraTb
obpaboTke, OTNIMYHON OT 06pPaboOTKM MaTepuana, Hanpumep, LWnaka, KOTOpbIA XapaKkTepuay-
€TCS MOBbLILWEHHbIM CoAepXaHMeM OKCMOOB C camMoro Havana. [Ansa nonyyeHus Hanbonee
3(PPEKTUBHON TEXHOMOIMN, OCOOEHHO C SKOHOMWYECKOW WM IKONOrMYECKOW TOYEK 3peHus,
3a npowealee Bpems 6binn paspaboTaHbl, UCNbITaHbl U, HAKOHEL, NPUMEHEHbI pasfnnyHbIe
npouecchl. [NoaTomy BbIGop obopyaoBaHusa Ans 3aBoga LOMMKEH MPOWTM TwaTenbHoe WUc-
crnegoBaHue, nNpu 3ToM HeO6XOAMMO YyYNTbIBaTb XapaKTEPUCTUKM Cbipbd, KOTOpOe npeanona-
raeTcs UCnonb3oBaTb, aCCOPTUMEHT BbIMyCKaeMon NpOoAyKUMN, Hannime pecypcos, NOTped-
NeHne 3Heprn n Tun Tonnmea (KMAKoe TONMMBO UNK ras), MHPACTPYKTypy 3aBoga U T. A.
Mpwn BbIGOPE TEXHONMOMMKU TakXkKe BaXeH NraHMpyembli 06 beM Npom3BoACTBaA.

Bce BblwenepeyvncneHnHble ¢akTopbl SBASIOTCA OCHOBHbIMU Af1si onpeferneHus Tex-
HONOrMN NNaBneHNs AN KaXxaoro oTAenbHO B3ATOro 3aBoja.

Kpome TOro, us-3a pactyLimx LieH Ha Cbipbe A1 3KOHOMUYECKN YCMNELLHOro npolecca
Ba)XHO HEe AoNyCTUTb 60MbLION NOTEPU LLEHHOIro MaTepuana Bo Bpemsa 06paboTkm B neyn.

Meyamu, ncnonb3yemMbiMn Ha NepPBOM 3Tane NPOU3BOACTBA, ABMNATCA «NiaBuUibHbIE
neym».

Ha BTopom aTane meTtannypruyeckon obpaboTkn, a UMEHHO Ha 3Tane paduHupoBa-
HWUS, ONpeaensiTCa OKOHYaTesbHble XapakTepucTukn cnnaea. lNMpoucxoguT 3arpyska u ne-
pemelnBaHme HeobXoOUMbIX KOPPEKTUPYIOLNX NErnpyoWmnx 3NeMEHTOB C XUOKUM MeTan-
nom B neyu. NMoaTomy nedb Ha JaHHOM 3Tane NPoOU3BOACTBA Ha3blBAETCA «CMECUTENbHOM»
nnn «mukcepom». NommumMo atoro, nevb JosmkHa obecnednBaTtb yBenuyeHue TemnepaTtypbl
MeTanna, ero oxnaxaeHve 4o onpeneneHHon Temnepartypbl U nogaepxaHve Temnepary-
pbl MeTanna, HeobxoanumMon Ansi BbINOMHEHUS ero paduHupoBaHus. B aTom cnyyvae arperat
CT@HOBUTCA «MNeybto BblaepXkn». CyLLeCcTBYIOT 1 ApyrMe XxapakTepucTukn, KoTopble Heobxo-
ANMO y4MTbiBaTb Ha BTOPOM 3Tane npomsBoacTBa. Ha nepepabartbiBalowmx 3aBofgax npuHa-
TO Ha 3Tane padHNPOBaHUA BBOAMTbL B NeYb GpakoBaHHbIN MaTepuan, U3roToBneHHbI pa-
Hee, 6onblume oparMeHTbl loMa UnNu NpuobpeTeHHbIe YyLKW. MOCKONbKY AaHHbBIM MaTepuan
HeobxoQMMO pacnnaBuTb, TO A1 MUKCEpa UNN neuvu BblAEpPXKM TpebyeTca onpeneneHHas
n36bITOMHAsA NNaBubHas MOLLHOCTb.

OpaHvM 13 nokasaTenen kavecrtBa NPOAYKUUN ABNSAETCHA KONMYECTBO ra3oobpasHbixX
UM MeXaHMYECKNX 3arpsa3HeHun B pacnnase. [Mo3aToMy neyvb AoSMKHa gonyckatb o6paboTky
C MUCMONb30BaHMEM XMMMUYECKUX BELLECTB UMK rasa ans CHWKEHUS cCoaepXKaHusi pacTBOPEH-
HOro BOAOPOAA, a TaKkKe HexenaTtenbHbIX NpUMecen, HanpumMmep, HaTpUs, Kanbumsa unm Ka-
NS U T. M., @ B HEKOTOPbIX Cry4asix Takke N MarHus.

OTteyvecTBeHHas knaccudukauma neyven ons nepepaboTkm noma n 0TXO40B antOMUHNSA
npeacTaBneHa Huxe.

MepepaboTka floMa M OTXOLOB aNtOMWHUS MPOM3BOAUTCA B Nevax pasfnyHbIX KOH-
cTpykuun (Tabnuua 8.2).
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Tabnuua 8.2 — NpuMmeHeHne neyen B antOMMHMEBOWN NPOMBbILLITIEHHOCTHN

3aBog — npous- | 3aBog — Npous-
Bua neun BOAUTENb K- BoAuTENb ae- JInTenHbIn | BNEKTPONn3HbIN
TEeNHbIX CNNaBsoB | hopMUpyemMbix 3aBo[ 3aBofg
n packucnutenen| nonydgabpukaTtoB
OtpaxaTtenbHas nedyb cTaumo- 4 3 3 0
HapHasi
I'Ievqb C BepTUKarbHOW 3arpys- 5 1 0 0
Koun
Kpyrnas neyb 1 0 0 0
Meyb C OTKPLITEIM BOKOBbLIM 0 0 5 0
MeTannonpueMHNKOM
[lByxkamepHasa neyb 3 1 1 0
Neyb c cyxvm nogom 0 3 0 0
Neyb A4ns CKOPOCTHOroO nnae- 0 0 3 0
neHuns
LLlaxTHasa nevb 0 0 3 0
OTpaxaTenbHasi NeYb Hakro- 4 3 3 4
Haemas
Bo4ykoobpasHasi nevb 2 3 0 0
OBanbHas neyb 2 3 0 0
TurenbHaga nevb 0 0 3 0
TurenbHasg NHAYKUMOHHAsA 5 1 3 1
neyb
MHayKunoHHasa kaHanbHasi neYb 2 0 1 2
PoTopHasa HaknoHsemas neyb 4 4 1 0
PoTtopHasa 6apabaHHas neyb ¢
PMKCMPOBAHHOW OCbIO BpalLie- 4 3 0 0
HUS
MpumeyaHue:

O — He ncnone3yeTcs, 1 — ncnonb3yeTcst B 0CobbIX criyyasx, 2 — 4acTo Ucnonb3yeTcs, 3 — cTaHAapTHasa Tex-
Honorusi, 4 — OCHOBHasi TEXHONOrns.

C yBenMyeHnemMm MOLLHOCTM NPeanpusaTUst U KONMYecTBa COBPEMEHHbLIX MEYHbIX TeX-
HOMOMM TakKXke YBENMYMBAETCH €MKOCTb BaHHbI, T. €. KONMMYEeCTBO XWOKOro mMeTanna, KoTo-
poe neyb MOXeT BMEeCTUTb. [1ns 0ocoboro HasHa4yeHUst UCMonb3yrTCs HebonbLUMe NeYn em-
KOCTbto Bcero nuwb 5 nnn 10 TOHH. ATO OTHOCUTCS K NIIaBUNbHBIM U Pa3gaToOYHbIM Nevam.
Hebonbwon pasmep neyn obycnasnmBaeT HeOOBXOAMMOCTb BbINOSIHEHUS MHOXeCTBa cep-
BMCHbIX onepaumi ansa obecnedyeHnss ee NPON3BOAUTENBHOCTU, U 3TO BPEMS CYUTAETCA Mo-
TEpPsHHbIM ANS NPoM3BOACTBA. B HacTosllee BpeMsi EMKOCTb Havbonee noaxogswen neym
ANg NPOu3BOACTBA BTOPWUYHOIO arntOMUHUS MOXeT npesblwaTb 25 TOHH. [laHHas eMKOCTb
BaHHbl ONTUMArbHO NOAXOAMT ANA 3KCnryaTtauum u NpousBOAUTENBbHOCTU. [1OCKONbKY MHO-
rme 3akasyukum TpebyloT MUHUManbHY NapTuio B 20 TOHH, TO MapkeTUHT MOXET Takke SB-
natbea gpaktopom, obycnasnumeaowmm Bbi6op 6onbluen emkocTn neyun. [pyrum akropom,
KOTOPbIN HEOBX0AMMO y4uTbIBaTb, ABNAeTCA yaobcTBo obenyxmnBaHms. LLnak, obpasyembii
BO Bpemsi 06bpaboTkn B neun (Bbyab TO B NnaBUMbHOW, CMECUTENBHOW UNv pasgaToOyHOn),
MOXeT CKannmMBaTbCsl Ha CTEHKAX UM Ha NoAWHE Meyn, a nHorga u Ha ceoge. Jaxe npw uc-
NONb30BaHUN Hanbonee ONTUMAanbHOW KOHCTPYKUUW NeYn SaHHOe siBNEeHWe npeaoTBpaTuTb
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HEBO3MOXHO. YBenunyeHne OKCUOHOro Cnosi yMeHbllaeT eMKOCTb neyun. [1loaTomy crnou wna-
Ka Heobxogmmo nepuogudeckn yaanate. OcobeHHO 3TO BaXXHO Npu cMeHe cnnaeos. Cnepo-
BaTeNbHO, KOHCTPYKUMUSA NeYn JomkHa obnerdyaTtb NpoLecc yaaneHus Lwaka.

Takke BaXHbIM (pakTOPOM ANSA KOHCTPYKUMM MeYn ABNsSeTca TMn notpebnsaemMon aHep-
rmn. CyLlecTBYHOT pasfnunyHble TEXHOMOorMu, oTBevawlmne aaHHbiM TpeboBaHusaM. OObIYHO
Temnepatypa npouecca nexut B npegenax 700-830 °C. Hanbonee 4ncTbin antoMUHUA N ero
crnnasbl NONyYarTCA B cpefe 3alMTHbIX ra3oB (aproH, a3oT u renun). Bee cywecTsylowme
nnasurbHbIE MEeYn, UCNoNb3yemble And nepepaboTkn noma U O0TXOL40B antoMUHUS, MO METO-
Ay HarpeBa MOXHO NoApasaenuTb Ha ABE OCHOBHbIE IPynmbl: TONSIMBHbBIE U 3NEKTpUYEcKme.

K nepsou rpynne oTHOCATCS neyu, oborpeBaemMble ra3aoM UnvM MasyToM, KO BTOPON —
oborpeBaeMble 3MeKTPoaHEPren.

lMnaBunbHbIA arperaT BbIOMpPalOT HAa OCHOBE 3KOHOMWUYECKMX PacyeToB C y4ETOM KOH-
KPETHbIX YCMOBMM MPOM3BOACTBA, MECTOHAXOXAEHUS MpeanpuaTus, TapudgoB Ha TONMMBO
N 3aNeKTPo3aHepruio. MNMpakTuyeckn nom n oTxonbl antOMUHUA U €ro CnnaBoB MOXHO NNaBUTb
B ntobon neun, Tak kak Temnepatypa ux nnaesrneHunst HeBbicoka. OgHako BCreacTBMe cneum-
PUKN NNaBkM BTOPUYHOIO Cbipbs LenecoobpasHee MCnonb3oBaTb TOT TUM Meudn, KOTOPbIN
NO3BOMSET NepennaBnsTb Cbipb€ C HAMMEHBLLUMMU NOTEPSAMM, BbICOKOM CTEMEHbIO N3BMeYe-
HUS 1 HAMMEHbBLUMMUW MaTepuanbHbIMU U SHEPreTUYECKUMIN 3aTpaTamu.

MpakTuyeckmii onbiT NO NepepaboTke BTOPUYHOIO antOMUHUEBOIO CbIPbsi, HAKOMEH-
HbIi B MMPOBOWN MpakTUKe, NO3BOSMMA ONpeaennTb OCHOBHbIE TEHAEHUMN B PasBUTUN U CO-
BEPLUEHCTBOBAHWUM TEMNSOBbLIX arperaTtoB U UX YCITOBHYHO KNaccudurkaumio.

TonnueHble neyn B 3aBMCUMOCTM OT Buaa paboyero npocTtpaHcTBa pas3gensioTcs
Ha TurenbHble U BaHHble. [locneaHve, B CBOKO oyepenb, MOryT ObiTb CTauMOHAPHbBIMU, NOBO-
POTHBIMW 1 BpaLLaloLLMMUCS.

OnekTpuyeckme neyun rno cnocoby npeBpaLleHns INEeKTPUYECKON SHEPTNN B TEMMOBYHO
AENATCA Ha NeYn ConpPoTUBNEHNSA N MHAYKUNOHHbBIE.

[Meun conpoTtueneHna no dopme paboyvero NpocTpaHCcTBa NOApPa3fensTCca Ha Tu-
renbHble U KaMepHble, a MHAYKUMOHHbIE MeYn B 3aBUCMMOCTWU OT Hanuumns cepaedHuka ge-
NATCA Ha TUrenbHbIe N KaHanbHbIE.

TemnepaTtypa nnaeneHnst YACTOro antoMmHmna paeHa 660,37 °C, a ero cnnaBoB — 3Ha-
YNTENbHO HWXE U AN 9BTEKTMYECKOro curymumHa coctaBnseT Tonbko 562 °C. MNpu cpaBHu-
TEeNbHO HU3KOW Temnepatype nnaBneHnsa aniomMuHui obnagaeT BbICOKMMWU 3HAYEHUSMMU
CKpbITOM TennoTbl nnasnenus (391,2 kx/kr, nnn 93,3 kkan/kr) n TeNsIOEMKOCTU Kak B TBEp-
aom (1,033 kx/(kr °C), unn 0,247 kkan/kr °C), Tak n B xungkom (1,63 kx/(kr °C), wunu
0,390 kkan/(kr °C) — npu TemnepaTtype nnaBreHnst) COCTOAHUKN. To3ToMy ANns NnaBKu anto-
MUHUS TpebyeTca Gonblloe KonMYecTBO Tenna. Hanpumep, Onsa HarpeBa antOMUHUS [0
700 °C HeobGxogumo BaBoe Gonblue Tenna, YeM AN HarpeBa Takoro e KonmvyecTBa Meam
po temnepatypbl 1100 °C, nnn HemHoro 6onee, 4em ANs HarpeBa TaKOro e KonuyecTtsa
ctanu go 1600 °C.
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Pl/lcyHOK 8.8 — 3aBNUCMMOCTb U3MEHEHNSA SHTANbMNUM aNtOMUHNSA OT TeMnepartypbl

KonunyecTBo Tenna, pacxogyemMoro Ha Harpes, nnasfeHne u neperpes pacniaBrieHHo-
ro Metanna oo 3agaHHou TemnepaTypbl, MOXXHO onpeaenuTb C NOMOLLLIO AnarpaMmmsl (pucy-
HOK 8.8) kak pas3HOCTb 3HTanNbNUI B 3agaHHOM AnanasoHe Temneparyp.

Mpouecc TennoobMeHa B neyu 3aknoyaeTca B nepegade Tenna oT UCTOYHMKA SHep-
Mn K MeTanny ans ero Harpesa W nnasfieHnsa nyTeM paguawmm, KOHBEKLUN 1 TeNnonpoBoa-
HocTu. Kak npaBuno, aTm Tpu Buga AeUCTBYHOT COBMECTHO, HO POJib KaXgoW COCTaBSAOLLEN
CYLLLECTBEHHO MEHSIETCS B 3aBMCUMOCTM OT KOHCTPYKUUKN neyumn (pUCyHoK 8.9).

B oTpaxaTenbHoOM nnaMmeHHoOn neyn (LUMPOKO MCNOoSb3yeMON ANs nepennasky ioma u
OTXOO0B antoOMUHUSA) LINXTa HarpeBaeTcs Npu Ny4encnyckaHnm OT pacKaneHHbIX CTEH N CBO-
Aa rneyu, a Takke npu HenocpeacTBEHHOM COMPUKOCHOBEHUM MeTansfna ¢ NevyHbIMU rasamu
(cm. pucyHok. 8.9a). NoaTomy meTans, 3arpyXeHHbl Ha Cyxyto NoAVHY, HarpeBaeTCs TOMNbKO
CHapyXw, U, HECMOTPS Ha BbICOKYIO TEMMONPOBOAHOCTb aNtOMUHUS, LUMXTa B NeYn nporpesa-
eTCcs KpanHe HepaBHOMepHO. lNMocne obpa3oBaHWa Ha NOAUHE Cros XWOKoro metanna (pu-
CyHOK 8.96) npouecc nnaBneHnst YCKoOpsSeTcs U CHU3Y 3a cyeT nepegaydm tenna. OnbIT pabo-
Tbl OTpaxaTenbHbIX Neyen, 06opyaoBaHHbIX YCTPOMCTBaMN ANS NepemeLllMBaHus pacnnasa,
NnokasblBaeT, YTO NPOU3BOAUTESNBHOCTL MIaBKM B TakuMx nedax Bo3dpactaeT Ha 10-30 % no
CpaBHEHMIO C NMeYamu, He MeLMMKN NnepemelunBaTenen metanna. Cnegyet OoTMETUTb, YTO
BblCOKas OoTpa)kaTeribHasi cnocobHOCTb antoMuHua (oH nornowaet Bcero 10 % nyyducton
9Hepruu, Toraa kak meab — 30, a xeneso — 42 %) genaet ManoddEeKTUBHLIM pagnaLmoH-
HbI Harpes Npv NMaBKe CNraBoOB B OTpaXKaTeslbHbIX Neyax.

Kuokun metann HarpeBaeTcs Yepes OTKPbITYH0 NOBEPXHOCTb, MPUYEM TEMMO OT BEPX-
HUX CNOEB MeTarnna K HXHUM nepegaeTcs Tonbko 6narogaps TennonpoBOAHOCTU MeTanna,
MOCKOJSIbKY HarpeTble CrioM MeTanna, UMeroLwmne MeHbLUYIO NIOTHOCTb, HE MOTyT OMNyCTUTLCA
BHU3, TaK YTO KOHBEKUMOHHLIX NMOTOKOB MeTasnsia B BaHHe He obpasyeTtcs. Hannumne Ha no-
BEPXHOCTWN MeTarna OKCUAHOW MAEHKN unn cnosa donoca pesko 3aMennsieT npouecc nnaBky,
BCNeaCTBME Yero NPOUCXOAAT OOMNOMHUTENbHbIE NOTEPU MeTanfa 3a CYeT ero OKUCINEHUS.
[MoaTomMy Npu NnaBke MENKUX OTXOAOB (CTPYXKa, MENkui Linak) NpakTUKYT UX 3arpysky
B BaHHY C nNpeABapuUTesibHO HannasfeHHbIM XUAKUM MeTarnnoMm.
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[Mpy nnaBke meTanna B TUrenbHOW MNe4Yu YCNOBUSA HaArpeBa MeTanna 3HavuTernbHO
nyyiie, 4Yem B OTpaxkaTernibHOW, Tak KaK OH HarpesaeTcs Yepes AHO U CTeHKM Turnsa. CKopocTb
noasedeHuns Tenna Kk metanny H 3aBUCUT OT ero noBepxXHOCTU S, OTHECEHHOW K ero obbe-
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Pl/lcyHOK 8.9 — lNnaBKa WnxTbl B ne4yax pa3nn4Horo Tuna

[nsa TurenbHbIX Ne4Yen oHO cocTaBnseT 2-3, a Ansg nnamMmeHHblx — 1,5-3,0. bnaronpu-
ATHbIE YCNOBWUSA Harpeea B TUresbHbIX NeYax co3aarnTcs NPU KOHBEKLMOHHOM OBWXKEHUUN Me-
Tanna, HarpeBatoLLLErocs CHU3Y U ¢ GOKOB.

Mpouecc nnaeBneHNa antoMUHUEBBLIX CMIAaBOB CYLLECTBEHHO YCKOPSETCHA npu norpy-
XEHUWN WNXTbl B pacnnas, Korga ogHOBPEMEHHO C NPOrpeBOM LUMXTbl MAET €e pacTBOpeHue
B XXMOKOM MeTanne.

OcobeHHO Xxopowo nfaBuUTCA MeTann B WHOYKUMOHHBIX 3SIEeKTPUYECKUX nedvax —
3a CYyeT Tenna, Co34aBaeMoro HaBeAEHHbIM 3MEKTPUYECKMM TOKOM B CaMOM MeTarnne,
N 3a CYET Tenna >XMAKoro neperpeTtoro metanna. NMpyn 3TOM XUAKUA MeTann XopoLo nepe-
MELLUMBAETCA He TONbKO Bnarogaps KOHBEKLMW, HO U BCrEACTBME B3aUMOOENCTBUS MarHUT-
HOro Nosisi C HaBe4EHHbLIM B MeTarnne TOKOM.

Ecnn nnaBka Begetcs ¢ NpUMEHeEHWeEM (OIIloCOB, TO HA MX HarpeB M pacnnasneHve
Takke pacxogyeTcs bonblloe KonuyecTso Tenna. Hanpumep, Ans Harpesa 1 pacnnasfeHus
donoca, COCTOALErO U3 paBHbIX YacTen XITOPUCTOro Kannsa u XSopucToro Hatpus, TpebyeTcs
CTONMbKO Xe Tenna, CKOMbKO HY)XXHO AN pacnnaBfeHns paBHOro MM MO Macce KonmyecTBa
antoMuHNA.

TUNUYHbIE TEXHONOIMMYECKNE CXEMbl PEUMKIIMHIa arntoMUHUS NPeacTaBrieHbl HUXE.
Ha pucyHke 8.10 npeacrtaBneHbl TEXHONOIMYECKME CXeMbl NepennaBky pasnuUyHbIX BUAOOB
nomMa n 0TX04O0B, UCMNONb3yeMble Ha 3aBoaax upMbl «PemeTtanny. NepepaboTky KyCKOBbIX
oTxonoB (8.10a) npoBOAAT B OTpaXXaTenbHOW Neyn, U3 KOTOPON pacnnaBfeHHbIA MeTans no-
CTynaeT B MUKCeEp, a 3aTEM pas3nmMBaeTCs B YCTAHOBKWU MOMyHENpPepbIBHOMO NnTbs, nNpensa-
puTenbHO nponasa Yyepe3 punbTp. MNepepaboTky menknx dppakumm noma mn otxogos (8.10 6)
NPOBOOAT B POTOPHOM U OTpaXKkaTesnbHOM nevax, npu4em n3 nocregHen metann, npomnasa ye-
pe3 punbTpoBaribHY YCTAHOBKY, NonagaeT Ha pasfnuBky.

Ha pucyHke 8.11 npeacraBneHa TEXHOMOrMYECKasi CXxema pasfivBKM CnraBa B YYLLKWN.
MeTann, nponaa vyepes uUnbTP, NOCTYNaeT Ha KOMECHbIN [03aTop, C NOMOLLLI KOTOPOro
oTMepsieTcs onpefeneHHasa go3a MeTansa U 3anmMBaeTca B U3NOXHULY NMTENHOrO KOHBere-
pa. [NNocnegHss TpeTb KOHBeNepa oxnaxgaeTcsl BOAAHbIM TymMaHOM, a obpasyolimecs napbl
oTcacbiBalOTCA U BblbpackiBatoTcsl B aTMmocdepy.

UyLlwKkM, BbiNaBLIME N3 U3MOXHUL, JIMTEMHOrO KOHBEWepa, nonagarT Ha ropusoHTanb-
HbI TpaHCNopTep, NPOXOAAT YCTAHOBKY AOMOMHUTENBHOIO OXMNaXA4eHUs YyLleK U NocTynaroT
Ha YYLLKOYKIaa4vK, a 3aTeM Ha YCTPOMCTBO 4151 B3BELUMBAHUS, NAKETUPOBAHNA U YBA3KKM Na-
KeTOB.
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TexHonormyeckas cxema pasfiMBKM CrnaBa B YyLIKW, NAKeTUPOBaHWUSA, B3BELUMBAHUS
N YBA3KN NAKETOB NPUMEHSAETCA HA MHOMMX 3aBodax Mupa.

Bbibop TEXHONOrMYECKOM CXEMbI B 3HAYMTENBHOW MEpe 3aBUCUT OT TEX BMAOB CbipbS,
KOTopble nepepabaTbiBalOTCA HA JaHHOM 3aBoe.

Ha HeKoTOpbIX OTEYECTBEHHbIX NPEANPUATUAX BbINYCKAOTCA ChnaBbl pasHbiX BTOPUY-
HbIX LIBETHbIX MeTannoB (antoMUHUI, NaTyHb N OPOH3a, LUMHKOBLIE cnfiaBbl U T. A4.). C uenbto
COKpaLLeHUs KanuTanbHbIX U 3KCMiyaTauWoHHbIX 3aTpaTt psg NepeaenoB Ha ykasaHHbIX 3a-
BOAax Mcnonb3yeTcs Ans nepepaboTkn Bcex BUAOB Cbipbsi (COPTUPOBKA, B3BELUMBAHME, NU-
POTEXHUYECKUIA N paguaLMOHHbIA KOHTPOMb M T. 4.). Ho, HecMoTps Ha 3To, TEXHOMOrMYecKne
CXeMbl Ha TakMX 3aBOAax LAOCTATOYHO CIOXHbI, MOCKOSIbKY MCMonb3yeMoe obopyaoBaHue
3aBucuT OT BMaa metanna. OTcioga NOHATHO, YTO B KaXXOOM KOHKPETHOM Crydae TeXHONOoru-
yeckas cxeMa 3aBofa CO34aeTcs C Y4eTOM KOHKPETHbIX YCITIOBUI, U, KaK NpaBuIio, 3Tn cXembl
NMOCTOSIHHO MEHSIIOTCA NOA BIIUSIHMEM PbIHKA.
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PlllcyHOK 8.11 — TexHonorn4yeckasa cxema pa3nnBKku crnjiaBa B HYLLKA

B kayecTtBe npumepa Ha pucyHke 8.12 npuBegeHa ynpoLleHHasa cxema 3aBoja, KoTo-
pasa npegycMmatpmBaeT nepepaboTKy NIMTEMHOro Lwaka, CTPYXKM U KPYMHOro fioMa u paccyu-
TaHa Ha Npomn3BOACTBO A0 60 ThiC. T BTOPUYHOIO aritoMUHUS B rof.
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lMocne npegBapuTenbHOW NOAMOTOBKM NIOM M OTXOAbl nogseprawTca nepepaboTke
B nnaBunbHbIX arperatax. OCHOBHblE MPOLIECChI B NMeYn No CBOEW NpUpPOAEe MOXHO OTHECTU
K Tennodusanyeckmm, a conyTcTBylOLNE — K PU3NKO-XxmMmnyeckum. MeTtannypruyeckue npo-
Lieccbl B NaBUNbHOM NeYun, Kak NpaBurio, 3akroyalnTca B NepeHoce Tenna v BelecTsa.

Mo meTony HarpeBa NnaBumbHbIE NeYn Ansa nepepaboTkm noma 1 OTXOL40B artoMUHUSA
noapasgensaTca Ha ABe OCHOBHbIE rpynnbl:

1. TonnueHble, oborpeBaemble rasom MM MasyToM (OTpaxaTerbHble — OJHOKa-
MepHble, MHOTOKaMepHble, LaxTHbIE):

— TuUrenbHble (MOBOPOTHbIE W CTaUMOHAPHbIE), MCMNOMb3yeMble B JlabopaTopHbIX
YyCTPOWMCTBaxX U B MPOM3BOACTBAX C MasnbiM pacxogoM MeTanna;

— BaHHble (CTauMoHapHble, MOBOPOTHbIE M BpaLlaloLmecs).

2. AnekTpuyeckne, oborpeBaemMble 3NeKTPo3Hepruen (no cnocoby npespalleHus
SNEKTPUYECKON SHEPTUN):

— MeyYn cConpoTUBNEHNs (TUrenbHbIE U KaMepHble — N0 dOpMe NPOCTPaHCTBA);

— WHOYKUWOHHbIE Neyun (TurefibHble W KaHarnbHble — B 3aBUCMMOCTW OT Hanuyusa cep-
AEYHUKA).
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PucyHok 8.12 — YnpolueHHasa TexHosormyeckasa cxema npovMsBoACcTBa BTOPUYHOIO artoMUHNUA

OCHOBHbIMM NOKa3aTensiMu, XapakTepusyrLmMn 3deKTUBHOCTbL paboTbl NnaBuib-
HbIX arperaToB, SIBMSIOTCS:
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— CTeneHb M3BMeYeHnss MeTanna B rotToBy NpoayKumio u BenudnHa 6e3B03BpaTHbIX
noTepb €ro;

— yOenbHbIA pacxopq aHeprum Ha 1 T BbINfaBnseMoro cnnaea;

— MPOM3BOAUTENIbHOCTb;

— KanuTanbHble 3aTpaTbl Ha COOPYXXEeHUE NNaBUiIbHOrO KOMMJIEKCa;

— BO3MOXHOCTb MexaHu3auum n asToMmaTmsaumm nnasku.

Ana nonyyeHns nsgenun ¢ 3agaHHbIMW CBOMCTBAMM MOBbIWAIOT Ka4yecTBO CriaBoB
nyTem yaaneHusa u3 Hero BpedHbIX npumecen B npouecce paduHMpoBaHus (MeTanmnos, He-
MeTannMyecknx BKNHOYEHWI, ra3os).

MeToabl padoMHUPOBaHWS:

— OTCTavMBaHWe, B NpoLecce KOTOPOro NpoMCXoauT yaaneHue M3 antoMMHUEBOro pac-
nnasa BOAOPOAA M HEMETANNNYECKNX BKIOYEHWUN;

— ounbTpaumnsa — NPonycK pacniaBneHHoro metanna 4Yepes punbTpbl, NpyY 3TOM MNpo-
NCXOAAT OYUCTKA MeTarnna OT HeMeTanM4eckux NpMMecen n YacTUYHO erasaums.

— ¢hntocoBaHme n o6paboTka NOCTOAHHBIM TOKOM;

— BaKyyMnpoBaHue n obpaboTka ynbTpa3BykoM;

— MNpoAyBKa rasamu;

— KOMBUHMpOBaHHOE paduHMpoBaHNE (KOMBWHAUMS HECKOSbKMX cnocoboB paduHu-
poBaHUs);

— ydaneHue MeTannmMyeckux npumecen (BO3OENCTBUE XUMMUYECKMMU peareHTamu,
pasgeneHue a3 kpuctannusaumen, BakyyMmHas AUCTUNASAUMS, SMEKTPonM3 u KoMbuHaums
3TUX METOAOB);

— mMoaMduLmMpoBaHne cnnaBoB (NPOLECC U3MEHEHUSA CTPYKTYpbl JIMTOro cnnasa) nojg
AencTBMeM HeDOOMNbLUMX KONMMYECTB creumanbHO BBOAUMbIX 00aBOK (MoANGUKATOPOB).

CyllecTByeT HECKOSIbKO pa3HOBUAHOCTEN MMaMeHHbIX neyvyen: TpaauuUOHHbIE MOAOo-
Bble Meyn, TUrenbHble U PpOTOPHbIE Neyn. POTOpHbIE NeYvn, B CBOKO o4vepenb, AenaTcs Ha ba-
pabaHHble nevn ¢ PUKCUPOBAHHOM OCbH BpaLLEHUs 1 POTOPHbIE HaKIoHsieMble neyn. B oc-
HOBHOM MflaMEHHbIE MeYn MUCMNONb3YyTCA B antoOMUHMEBOW MPOMbILLNIEHHOCTM Onarogaps
BbICOKMM MoKasaTensam Mo U3BMEYEHMIO MeTanna M NOHWXKEHHbIM 3Hepro3atpatam. bnaro-
Aapst NPSAMON TENSOBOM aMUCCUN 3PPEKTUBHOCTD NITAMEHHbLIX CUCTEM OOCTAaTOYHO BbICOKA,
a nepefada Tenna nNpoaykTy ontumarnbHa. 3aTpaTbl HA TOMSIMBO TakkKe HAMHOMO HMXe Mo
CpaBHEHMIO C 3aTpaTaMun Ha 3NEKTPOIHEPTMIO.

OnekTpuyeckme nevm MoryT BbiTb CNPOEKTUPOBAHBI KakK MHAYKLUNOHHbBIE MEeYn Unu nevm
CONPOTUBNEHNA. DNEKTPUYECKMIA HArpeB KaxeTcs Hambonee yaobHbIM cnocobom Harpesa,
€Cnn CTOMMOCTb [aHHOro Buaa aHeprum sisnsietcs npuemnemon. O4eBMaHO, 3TO sIBMsieTcs
NpeanocbINKOM AN pasMeLleHnst 3aBoda No NPou3BOACTBY NEPBMYHOIO antoMUHUSA B onpe-
AeneHHOM parioHe. Ho ycrnoBusi MeCTOMNONOXEHNSA 3aBoga BTOPUYHOM nepepaboTkm antoMum-
HUS MOryT ObiTb COBepLUEHHO MHbIMWU. OTCYTCTBME OTXOASALUMX ra30B BO BpeMsi dKCnnyaTa-
UMK 3nekTpudecknx nedyen obecnevvBaeT MUHUMAarbHYKO MNOTEPI MeTanna BCrneacTBue
okucneHus. Kpome T0ro, psiAoM C Neybto INEKTPUYECKOro HarpeBa OTCYTCTBYIOT Kakme-nmbo
3arpsA3HeHnst OT OTXOLALLEro rasa, eCnm Cbipbe XOPOLLO MOArOTOBIIEHO U HE COAEPXKUT opra-
HUYECKUX NMpUMecen.

TurenbHble WHOYKUMOHHbIE MEYM MOXHO 3arpyxaTb OYULLEHHBLIM FIOMOM, YyLIKaMu
UNU Jaxe >Xugkum anomMmvHveM. K coxaneHuto, HOMUHanbHas 3arpyska cocTaBnset
8—10 TOHH, KOTOpasa He yaoBneTBopsAeT TpeboBaHMAM COBPEMEHHOrO 3aBofa MO NPoun3BOa-
CTBY BTOPWUYHOro aniomuHus. [Ona gaHHon emkocTtn Tpebyetca neyb Gonblloro gnameTpa,
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obcnyxuBaHme KOTOPOMW BbLINOSTHAETCHA CBEPXY, YTO NpeAcTaBnseT NoTeHuManbHyt onac-
HOCTb ONs onepaTopoB, paboTatolwmx B HEKOMAOPTHbIX ycrnoBusx. Kak npaBunno, MHOyKuun-
OHHbIE MEeYN XapaKTepU3YyTCA 3HAYMTENbHBIMU KanuTanbHbIMW 3aTpaTaMn 1 BbICOKMMU 3a-
TpaTaMu Ha TexHuyeckoe obecnyxmBaHue n pabouyto cuny. MNoaTomy Ha 3aBofe BTOPUYHOM
06paboTkn ncnonb3oBaHMe AAHHOINO TUMNa Neyn orpaHUYMBaEeTCsa NMaBNEHNEM CTPYXKU, MO-
nyyYeHHoOW B pe3ynbTtaTte MexaHun4deckon obpaboTku.

OTtxogsume rasbl, BbIXOOSLWME U3 NEYN, JIOKANN3YIOTCHA OKOMO NeYn 1 OOMmKHbl obpa-
BGaTbiBaTbCA Ha MecTe. [1na neven anekTpuy4eckoro Harpeesa cutyauus otnnyHa. B atom cny-
Yyae oTxogswue rasbl 06pasyroTCca Ha MecTe BbIpabOTKN ANEKTPOIHEPTUN, TOE OHWU LOSMKHbI
noasepratbcs obpaboTke. NMpn cpaBHEHMM ABYX CUCTEM AaHHbIN PAKTOP OOSDKEH Y4YMTbI-
BaTbCS A5 9KONOrM4ecKoro paBHosecusi. B 4encTBUTENBHOCTN 3TO paBHOBECUE OKa3blBaeT-
csa Hanbonee nNonesHbIM HENOCPEACTBEHHO AS1si NeYen TONNIMBHOrO Harpesa, gaxe ecrnv no-
TpebneHne aHeprun Ons NevYen 3neKTPUYEeCcKoro HarpeBa OKa3biBAaeTCs HAMHOIO HUXe, Tak
Kak He y4uMTblBalOTCA NOTepu Tenna ¢ oTxoadawmmm razamu. Ho Ha 3aBogax-npomnsBoanTensix
npoucxoaut obpaTHoe. Bce anekTpuyeckme neunm xapakTepusylTcst TEM, YTO 3aTpaTtbl Ha
9HEPrui HaMHOrO BbILE, YEM AN NeYen, NCNOSb3YOLLMX XUAKOE TOMMANBO UM NPUPOOHbLIN
raz. OTcyTCTBME NOTEPU SHEPIUN B ObIMOBbLIX TPyDGax NpOTUBOMOCTABISAETCHA NOTEPSIM 3HEpP-
MK NPy OXNaXKaeHUn MHOYKTOPOB, KoTopad MoxeT gocturatb 35 %. OTo 3Ha4eHne conocTa-
BMMO C NoTepen B AbIMOBbIX TPyDax cCOBpeMEeHHOM TOMSIMBHOW NeYn.

Takke HeobxooMMo paccMoTpeTb Apyron acnekT. B BonblUMHCTBE CriydyaeB anekTpo-
9Heprus BblpabaTbiBaeTCA TEMNSIOBbIMU 3IEKTPOCTAHUUAMU, UCNOSb3YOLWMMUM UCKoNaemoe
TOMNMBO MMM aTOMHYH 3Heprmo. O4eBUOHO, YTO OKOJSIO MEeYM IMEKTPUYECKOrO HarpeBa HeT
BbIbpoca oTxoasuwmx ra3oB. Ho Takoe e KonmyecTtBO BbIOGPOCOB NPOMCXOAUT Ha TEMSOBOW
SNEKTPOCTaHUUK, YTO OKa3biBaeT HeGaronpmsTHOE BO3AENCTBME HA OKPYXKatOLLYIO Cpeay.

C TOYKM 3pEeHnst IKONOrMYECKOro paBHOBECUS Pa3HULbl HET: HEM3DEXHOe HeraTUBHOE
BO3JENCTBME Ha OKpYXalLlylo cpeny obpasyetcs B OPYroM MECTE — Ha 3MEeKTPOCTaHLUMN.
Kpome TOro, Heo6xoagumo npuHMUMaTb BO BHUMaHMe oOwmnin koadunumMeHT nonesHoro aen-
CTBUSA ONA BbIpabOTKN SNEKTPOIHEPTUMN.

Camon pacnpoCTpaHeHHOM NeYvbko B NMPOMbILLIEHHOCTU BTOPUYHOIO artoMUHUS SIBAS-
IOTCA NoAoBasi oTpaxaTesnbHasa neyb M 40 HEKOTOPOMW CTEMEHN BCe Neyn, pa3paboTaHHbIe Ha
ee ocHoBe ans ocoboro npMMeHeHus. Takke BO BTOPMYHOW antOMMHUEBOW NMPOMbILLIIEHHO-
CTM B Ka4yecCcTBe MMaBWUIIbHOW MeYn UCMONb3YHTCA POTOpHble GapabaHHble neyn, ocobeHHO
ans nepepabotkm noma ¢ 6onblION yaoenbHOW Mrowanbio NOBEPXHOCTU U, B OCHOBHOM,
CUSTbHO 3arpsA3HEHHOTO.

O6bWwenpunHATO, YTO NPOMBILLUNIEHHOCTb BTOPMYHOMN NepepaboTkn antoMUHUS BKNOYaeT
B cebsa 3aBofbl, KOTOpbIE CMELNanmM3npyoTCcs Ha NPOM3BOACTBE NUTENHBIX CMaBoOB U pac-
KACIUTENEen, a Takke 3aBoAbl — Npou3BoauTenu nonydgabpukatoB u3 gedopmupyembix
cnnasoB. B gaHHOM crnyvyae 3HayYeHWe MMENT BbICOKas MNPOU3BOAUTENBHOCTb 3aBOOOB
n HeobxogumocTb nepepaboTkm Hanbonee cneunduyHOro martepuana. Ha nnaBunbHbIX 3a-
BOJax B OCHOBHOM WUCMOSb3YOTCA NOAOBbIE NEYM pasfnyHblX, a MHOr4a cneumanbHbIX KOH-
cTpykuun. PotopHble 6apabaHHble neun 06blYHO MCMONb3YHTCA NPENMYLLECTBEHHO AN Nne-
pepaboTKkM LWnaka, CTPYKKU U OpYrnx BUOOB TpyaHonepepabaTbiBaeMoro Cblpbsi, COAepa-
Lero GonbLUIOE KONMMYECTBO oKcnaoB. [epepabaTtbiBatowime npeanpusatma, Hanpumep, npo-
KaTHble M1 NPecCcoBble 3aBOAbl, UCMONb3YKT NOAOBLIE NEYN TaKKe ASS NfaBKn CBOUX CO6-
CTBEHHbIX OOOPOTHLIX OTXOAOB U cBeXero metanna. [1pon3BoauMTENbHOCTb Takux 3aBOAOB
Takke BbICOKa. JluTelnHble 3aBoAbl B BOMbLUMHCTBE CriyvYaeB MMEKT CPaBHUTENBbHO HEBOSb-
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Wwor obbeM Npom3BOACTBa M CTeneHb nepepaboTkM MeTanna M 3akynakT rotToBble Crnsasbl
y mMeTannypruyeckmx 3aBogoB. OHM UCMOMb3yHT Meyn, KoTopble B Havbonbllen CTeneHu
YAOBMETBOPSAIOT UX TpeboBaHUAM.

Hanbonee pacnpocTpaHeHHOW sBNAeTCA oTpaxaTenbHas nedyb. OHa npeacraBnsieT
cobor nogoByto neyvb ¢ Hernybokon BaHHOM MeTanna. OTpaxaTenbHas NeYb naeanbHO noa-
XOOMUT ON1s BCeX TUMOB JIOMa, KOTOPble MMEIT LOCTaTOYHYIO YAENbHY0 NOBEPXHOCTb MaTe-
puana gnsa xopowero TennoobmeHa. OgHako ecnu NOBEPXHOCTb HEAOCTATOYHO Benuvka Ans
TOro, YTOObI BOMTM B TECHbIV KOHTAKT C NEYHON aTMocdepomn, 3TO MOXKET NPUBECTU K JOMNOS-
HUTeNbHbIM NoTepsM MeTanna. OTpaxaTenoHas neyb — uaeanbHOe CpPencTBO ANA nepe-
nnaBkM TaKoro martepuana, Kak npeccoBaHHble NPOunn, CrMTKKU UK Kopnyca ABuratens
N KapTepbl KOPOOKM Nepeaad, ogHaKo OHa MOXET OblTb HEe O4YeHb 3aPheKTMBHON ANa nepe-
nNaBKM MENKOro fiomMa, Takoro Kak Ttapa M3-nof HanuTKoB, U3MESbYEHHbIN MaTtepuan unm
MeTannmyeckas cTpyxka. [1ns Toro 4tobbl pewmnTtb XoTs 6bl YacTb 3TUX Npobnem, Gbina pas-
paboTaHa neyb C 3aKpbITOM NNaBUIIbHON KamMepou, KoTopas npeacraBndeT cobon pasHoBMA-
HOCTb OTpa)kaTesflbHOM nevn. JTta neyb No3sonsaeT obpabaTtbiBaTb FIOM C HEKOTOPLIM COaEp-
XaHneMm 3arpsa3HeHnin 1 6oMbLION YOAeNbHOW NOBEPXHOCTLIO.

Becbma adbdekTmBHan nepepaboTka B OTpakaTeNlbHOM NeYn Takux maTepuarnos, Kak
cyxas CTpyxkKa, opobneHas 6aHka ¢ yaaneHHbIM NakoKpacoYHbIM MOKPbITUEM U OPYrOn Men-
KA antoMUHUEBBIN NTOM, HE coepXXallmi NpuMecen NpoYnx MeTasnsoB, 4OCTUraeTcs B TOM
criydae, ecnu nevb CHabXeHa 3MeKTPOMarHUTHbIM HACcOCOM ANS MepekavyMBaHUS KULKOro
MeTanna ¢ OTKPbITbIM BbIHOCHBIM KapMaHOM. [porpeTbin MeTansn, NpokaynBaembli HACOCOM,
B BBIHOCHOM KapMaHe 3aKkpy4MBaeTCs B BOPOHKY. B 3Ty BOPOHKY npu noMoLumM TpaHcnopTepa
nnu BubponuTtaTtens paBHOMEPHO NOJAETCS CTPYXKa UMK Opyroe Merkoe Cbipbe, KOTopoe
MOMEHTaNbHO NOrPY>KaeTcs B XUAKWMA MeTann u pacnnasnseTcs yxe nog ero cnoem. bna-
rogapa TakoW TEXHOSOMMU MPaKTUYECKM MOMHOCTBI0 UCKIIYalTCa MoTepu  antoMUHUS
OT OKMCINEeHUs B npouecce HarpeBaHus. icnonb3oBaHWe aNeKTpoOMarHUTHOro Hacoca no3Bo-
nseT Takke NOBbICUTb MPOM3BOAMTENBHOCTbL NABUNbHOrO 060PYAOBaHUA 3a CYET BblpaBHU-
BaHMsA TemnepaTypbl MeTanna B BaHHE NeYn 1 yryylleHns ycrioBuin TennoobmeHa.

NpoeanbHbIM BbIGOpOM anga nepepaboTkn Menkux dopakumin, Takux Kak 6aHkn us-noa
HaNWTKOB, M3MENbYEHHbIA TOM U MeTannuyeckasl CTpyxka (a Takke LWnak), siBRsioTCS po-
TOpPHblE Neyn. AT neym xopowo cebsa 3apekomeHgoBann u obnagatdT MHOXECTBOM Mpe-
MMYLLECTB ANS MeTannypruiyeckon NpoMblLieHHOCTU. [Mpy Npon3BOACTBE BTOPUYHOIO arnto-
MUHUS UCNOSNb3YHTCA ABa TMNa POTOPHbIX neyen: bapabaHHas nevb ¢ PUKCMPOBAHHOW OCbHO
BpaLLEeHNs N HaKINOHsieMasi pOTOpHas Neyb.

PoTtopHas 6apabaHHas neyb ¢ PUKCMPOBAHHOM OCbIO BpaLleHNs npeactaBnsieT codomn
Bpawatowunca bapabaH, B KOTOPOM roperka pacrnonoXeHa ¢ OQHOW CTOPOHbI, @ TOMOYHbIE
rasbl BbIXogaT n3 6apabaHa 4Yepes OKHO Ha Apyrom KoHue 6apabaHa. [1ns 3arpy3ku Tonou-
HbIi MEXaHU3M OTBOAUTCS, U MaTepuan MOXHO 3arpyxaTb B Neyvb Yepes3 3TO OKHO.

UToObl NpegoTBpaTUTh OKUCHEHME, TO €CTb MOTEPU MeTanna, 3arpy>KeHHbIA JIoOM Mo-
KpbiBaeTcs coneBbiM ¢hntocom, 0bbldHO cmecbto n3 NaCl n KCIl. OgHako Heob6xoanmocTb
B MCMONb30BaHWUM CONEN AN NOKPbITUS antoMUHUSA NpU NepenfaBke Menkux 4acTul, NopoXx-
paet gpyrme npobnemsbl. MNpexae Bcero, HEOH6XOAMMO 3aXOpPOHUTL CONEBOW LWUMAK, coaep-
XalMn TOKCUYHbIE KOMMOHEHTLI, obpasytoLlmnecs n3 oca 1 HemeTannIMyeckux npumecen,
cogepXalumxcsa B anioMvHMeBoMm nome. B EBpone ocTaeTcs BCe MeHbLUEe N MeHblle MecTa
AN Taknx CONEBbIX OTNOXEHUN, N 32 3aXOPOHEHME OTXOAOB NPUXOaUTCA NNaTtuTb BonbLume
AeHbrn. PeuuknuHr ncnonb3oBaHHOMO LWaka Ha UeHTpanbHbIX nepepabaTbiBalowmnx 3aBo-
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Aax noMoraeT B peleHnn 3Ton npobremMbl, 0OQHaKO OCTarlLwmecs 3aTpaTtbl Ha COMb BCe eLle
ABNAOTCA rMaBHbIM (PaAKTOPOM, ONpeaAensaowmM CTOMMOCTb NMPOM3BOACTBEHHbIX paboT 3a-
BOAA MO PEUMKINHIY antoMuHUSA. HecmoTpsa Ha Bce npeumylliecTBa TennoobmeHa B Takowm
neyun, npobnema TOro, YTo COMb U, BO3MOXHO, HONbLLOE KONMMYECTBO OKCMAA artoMUHUS Tak-
Xe npuxoanTcsa pasorpeBaTb, OTpMUATENbHO CKa3biBaeTcs Ha obwem TennosomM 6anaHce.

[nsa Toro 4tobbl NONYYUTb NPOAYKT XOPOLLEro KayecTsa, CBECTU K MUHUMYMY NoTepu
MeTanna v pewmnTb 3Koriormdeckne npobnemsbl, NnaBurbHble MeYn OOSMKHbI obecneyvmBaTb
BO3MOXXHOCTb TLUATENbHOIO KOHTPONs 3a atMocdepon B nevn. beinm paspaboTaHbl TEXHOSO-
Mn No repMeTUsaunn NevyHon ABepu U NOAAEPXKAHUIO HYXXHOrO AaBIieHUS BHYTPU neyu ny-
TeM yrnpaBreHnsa NOTOKOM OTXOOSALNX ra3oB.

PoTtopHas HaknoHsemas nedb (PHIT) npeactaBnaet cobon cyTepoBaHHYHO €MKOCTb
(kopnyc ne4vn) UMNUHOPUYECKON UNU rpyLLIEBUAHON (POPMbI, YCTaHaBIMBAEMYHO MOA YriioM
K rOpM3OHTanu npu nomMoLiM YCTPOMCTB, obecrneymBaroinx BO3MOXHOCTb PEBEPCUBHOIO
BpaLLeHns Koprnyca neyn BOKPYr ero ocu, a Takke U3MeHeHNs yrra HakrnoHa ocu Ao oTpuua-
TenbHbIX 3HAaYeHUN. HaknoHsemMble pOTOpPHbIE MeYn Aat0T BbICOKUIM BbIXOA rO4HOMo MeTanna
N naeanbHO NOAXOAAT ANs nepepaboTku LWakos, PONbr, CTPYXKKU, pa3HOCOPTHOIO U Npec-
COBAHHOro fioma c npugenkamm n3s YyepHbolx MmeTtannoB. [Nnaeka ceipba B PHIT ocywecTtens-
eTCcHa C NPUMEHEHNEM CONEBOro (pnica, 0gHaAKo OH UCMOMb3YeTCA B 3HAYUTENBHO MEHbLUUX
KOnuyecTBax, YemM B POTOPHbIX BGapabaHHbIX neyax C (PUKCUPOBAHHOW OCbI BpaLLEHUS.
HaknoHaeMble pOTOpPHbIE NeYn OTANYAIOT BbICOKAs CKOPOCTb MNS1aBKku 3@ CYET XOPOLUMX YCro-
BUA TennoobMeHa, akTMBHOe (SIl0COBaHWE LWfaka, HU3KMe noTepu MeTtansa npu nnaske
MENKOANCMEPCHOIrO Cblipbsi C BbICOKOM 3aCOPEHHOCTbLI0 okecnaamu. K Hegoctatkam PHIT cne-
AyeT OTHECTU CIOXHOCTb pelleHuss npobnembl repmMeTm3auum nevYHoro npoCcTpaHCcTBa
N NpeaoTBpaLLeHNs HEKOHTPONMPYEMbIX BbIOPOCOB OTXOASALMX ra30B B aTMOCcdepy Lexa.

PacnnaeneHHbin antoMmHnn n3 PHIT cnvBaeTcs 3a c4eT M3MEHEHUS yrra HakrnoHa
Kopryca, Takke 13 nedn yganseTcs coneBoun Kek (Lunak) u YepHble MeTansbl.

YTunusaums coneBoro Keka, nosly4aemMoro npuv nnaske astoMUHUEBOro fioMa U OTXO-
poB B PHI, npeacraenseT Takyto e npobnemy, kak u yTunusaums coneBoro wwnaka, nony-
YaeMoro Ha poTOpHbIX 6apabaHHbIX Neyvax.

[Mocne nepennasBky Xugkum meTann noctynaet B pacdmHupoBoyHoe otaeneHne. OHo
COCTOMT, KaK NpaBuso, N3 HaKIMoOHSEMON oTpaxaTenbHou nevn (MMkcepa), a Takke obopyno-
BaHMS ANA OYMCTKM MeTanna u gerasauuun ero. HecmoTtps Ha TO, YTO 3arpyxaemas B nna-
BWMbHYIO NeYb cafka TwaTenbHO paccyumTaHa M CKOMMNOHOBaHa, Heobxoauma Hebonblias
KOPPEKTUPOBKA XMMUYECKOrO COCTaBa Chnnasa, 3akniovarowascs B gobasneHmm HEKOTOPOro
KONu4ecTBa nernpyowmx MeTasnsnoB UK, Kak 3To Yacto ObiBaeT, noMa onpegeneHHoro Tu-
na. PacnnaBneHHbIn antoMUHUIA MHTEHCUBHO MOrfoLwaeT BOAOPOA M3 NapoB BOAbl, KOTOpbIe
HEen3BeXHO NPUCYTCTBYIOT B aTMOCHEPHOM BO3yXe M NpoayKTax cropaHusd. MNMocKonbKy aTo
NPUBOOUT K NOSIBNIEHUIO NMOP BHYTPWU MeTanna, nepea HavanomM pasnuseky cnnaea cogepxa-
HMe BoOOpOAAa AOIMKHO ObiTb MOHMXKEHO. OTO MOXHO caenaTb nyTeM BBELEHUS HEKOTOPbIX
XMMUKATOB UK, B 3aBMCMMOCTM OT obbema npou3BoactBa v TpeboBaHMI K KayecTBy Mpo-
AYKUMK, C NOMOLLbIO cneumansHOro obopyaoBaHmsa Ans NPoAyBKW pacnsiaBa razoobpasHbim
asotom unum xnopom (N2 unu Clz). Okengpl, obpasoBasLumecs nNpu gerasaunm, CHUMaKTCS C
NOBEPXHOCTU BaHHbl. QTN CHATbIE LUMAKM BO3BpALLATCA B NNaBuUibHOE OTAENeHue Ha ne-
pepaboTky. Ecnu no3sBonsaT cpeactsa v NPon3BoAUTENBHOCTb, TO Ha NIMHUK Nepenvea Me-
Tanna Ha nytM Mexagy pasfgartovyHOW nedbd U NUTENHOWM MaluMHOM YCTaHaBNMBaKTCA
YyCTPOWCTBA A8 yaaneHus rasos U/unm kepammyeckue ounbTpbl ANA yaaneHns HemeTannu-
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YeCKUX BKIHOYEHU (OKMcnoB). MNockonbky BOOOPOA, NOMMOLWEHHbIN pacnnaBneHHbIM antoMu-
HMEM, B 3HAYUTENbHOW CTENEeHN aacopbupyeTca nneHkaMu okcuaa antoMUHUS, NPUCYTCTBY-
loWMMK B pacnnase, unbTpauusa meTanna ¢ uenbto yaaneHnsa HemeTannmyecknx Bkrove-
HUN OAHOBPEMEHHO CHWXaeT coaepXaHne pacTBOPEHHOIO B CrnfiaBe Bogopoaa.

Kak Tonbko TemnepaTypa mMeTansna B nedn JOCTUrHeT Tpebyemon OTMETKM, nnaBka
OyneTt rotToBa K OTnMBKe. Tun nuTenHoro obopyaoBaHusa onpegenserca TpeboBaHUAMU K ro-
TOBOM npoaykumn. Ero napameTpbl BapbUpyloTCs OT O4YeHb OOnbLUMX YylleKk Maccou
500—1000 Kr 1 WKMXTOBbIX Yyllek maccon 5-20 Kr OO BbICOKOKAYeCTBEHHbIX nonydgabdpuka-
TOB, TaKMX Kak UMNUHOPUYECKNE CMUTKU, UCMONb3yeMble ANA NPeccoBaHUdA, UNn nuTble no-
nocbl crneumanbHOro HasHadeHus. Ha cneumanusmMpoBaHHbIX 3aBodax M3 mMeTanna Gonee
HW3KOro KayecTBa M3roTaBNMBaKOTCA PACKUCIUTENN B BUAE YyLLEK, rpaHyn, NnMpaMuaoK n Ky-
OuKoB 4N cTanenuTenHoOM NPOMbILLUNEHHOCTN.

[na oTnnBkM KpynHOrabapuTHbIX YyLIeK MCNOoMb3yloTca 60nbluMe M3NOoXHULbI, KOTO-
pble MOryT 6bITb BbICTPOEHbI B BUAE OTIAMBOYHOIO Kpyra unv nuHuu. K aTomy Buay npoayk-
UUK He NpeabaABnsTCA CTporMe Mmetannypruyeckme TpeboBaHus, Takme nsgenust MoryT oT-
nMBaTbCA HENOCPEeACTBEHHO W3 MNMaBWNbHOW neyun. [lepennaBrnsemMble LUMXTOBbIE YYLLKK
mMaccon 5-20 kr, 0CO6eHHO B KayeCTBe roTOBbIX CMSiaBOB, UCMOSb3YHTCH B PasfiMyHbIX OT-
pacnax npombilwneHHocTn. lNepea pasnuBKOM 3TOro Martepuana HeobxoaMmo MNpOBECTU
TwaTenbHbIi OTOOP U aHann3 Npob MeTanna. ATK YyLKN pas3nNUBaOT B U3NOXHULbI HA KOH-
Benepax uenHoro tuna. B koHLe KoHBenepa ycTaHaBnMBaeTCA oxnaxaarllee YCTPOUCTBO,
3a KOTOpPbIM crieayeT MexaHu3m Ans yknagku vywek. Metann nogaeTtcs B NMUTENHYO Mallu-
HYy M3 pa3gaToYHOW Neyun, Kak NpaBuio, N3 HaKMOHsAEMOKM NogoBon neun (Mukcepa), obecne-
YnmBarLLlen BO3MOXHOCTb XOpPOLLEro ynpasneHus pacxogoMm metanna. Cnutku ana npecco-
BaHWA Takke TpebykT CTpOro onpegeneHHoro coctaesa pacnnaea. ObpaboTka meTtanna,
BKIOYaloLasa yaaneHne rasoB U MHOPOAHbIX BKITOYEHUI, a Takke MogmduumpoBaHue cnna-
Ba OYEeHb BaXKHbl, MOCKOSIbKY CIIUTKM ANSA NPecCcoBaHUs UCNOSb3YHTCHA HENOCPEACTBEHHO Ha
nocrnegyowmx atanax TexHosormyeckoro npouecca. OHM M3roTaBnMBalOTCA Ha BepTUKasb-
HOW MNW FOPU3OHTasrIbHON MalUMHaxX NOSTYHENPEPbLIBHOIO NIUTbS C UCNOSNb30BaHMEM CIOXHbIX
dopmMooBpasyoLnX CUCTEM.

MeToabl CHUXeHUsA BbIOPOCOB Npu XpaHeHUU, obpaboTKe U TPaHCNOPTUPOBKE
MaTepuanoB, UCNOJIb3yeMbIX NMPX NPOU3BOACTBE BTOPUYHOIO ariloMUHUSA

MeToa, KoTopbIn cnegyeT ncnonb3osaTb Npy 6opbbe ¢ nbinesbiMn Boibpocamu, npea-
cTaBnsieT cobom pykaBHbI OUnbTp.

CyLlecTBYIOT pas3HOBUOHOCTM BTOPUYHOMO Cbipbsl, KOTOPbIE€ BApbMPYKOTCSA OT MESKON
nbinn (cpntoc, conb, CbeM M APOCC) A0 KPYMHbIX OTAENbHbIX NpeameToB. M3-3a noteHumanb-
HO NbINbHOM NPUPOAbI GOIIOCOB, COMM U CbEMOB/OKUCIIOB Mbiflb MOXET cobupaTtbecs n yaa-
NATbCA B OMNpefeNieHHbIX TOYKax TPaHCMOPTUPOBKM U MepechbiNnaHus Chipbs, a Takke Mnpu
onepauusax n3aMesnbYeHnst U cenapaumm ¢ UCNOMb30BaHMEM PYKaBHOMO punbTpa.

[oCTUrHyTble 3KONOrnyeckne Bbirogbl — CHUXEHME BbIOBpOCOB B aTMOCHepy 1 BoccTa-
HOBIEHME CbIpbSl.

JKonornyeckme nokasartenu n aKcnnyaTauMoHHble JaHHble NS BbIOPOCOB OT TpaHC-
NOPTUPOBKN N NOrpy3kn MaTepuanos A4S NPOM3BOACTBA BTOPUYHOIO antoMWHWUS npeacTas-
nexbl B Tabnuue 8.3.
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Tabnuuya 8.3
3HavyeHune (Mr/Hm®
Arperart TexHuka 3B - ( ) Mepuon

Min Avg. Max nsmepeHusa

65 PyKaBHbI Mbinb 05 0,75 1 Aeaxne! 8
onnbTp ron

67 PyKaBHbIi Mbirb 23 3,25 4,2 fsaxabi 8
onnbTp ron

MeToabl oTAeneHnss HeMeTanMM4Yecknx KOMMNOHEHTOB U APYrMX MeTannoB OT aniomMu-
HUA NpeacTaBNAT cobon KoMOMHaUMIO CrieayroLero:

— MarHuTHasi cenapaums (oTaAeneHne YepHbix MeTansoB);

— BUXPETOKOBOE pa3ferneHue;

— pa3genexHne No OTHOCUTENBbHOWM NNOTHOCTU (Cenapaums B TSXKESbIX CYCNEeH3NNAX);

— peHTreHohnyopecuUeHTHas cenapaums.

OTn mMeTodbl UCMOMNb3YHTCA ANSA YBENUYEHUSI KONMYECTBA OTXOO0B, KOTOpble MOryT
ObITb MCNONb30BaHbI B APYrMX OTpacnsx, U Ans NOBbILWEHMS KavyecTBa cbipbs. [locne obpa-
BOTKM NOArOTOBMNEHHOE Chipbe MOXHO WUCMONMb30BaTb BO BpaLLALLMXCA M CTauWMOHapPHbIX
neyax.

MazaHumHoe pa3deneHue

Mocne opobneHus, kak nNpaBuIio, B MOSIOTKOBOW ApoOunke, oTxodbl NepemMeLlarTcs
NEeHTOYHBIMUN KOHBENepamu, a xeneso yaanseTcst MarHUTHbIMU YCTPONCTBaMM.

Buxpemokogoe pa3desneHue

Mocrne MarHUTHOro pasgeneHvus AOns yaaneHust HemeTannMYeckMx KOMMOHEHTOB
N3 N3MernbYeHHbIX OTXO0B NMPUMEHSETCS BUXPETOKOBOE pasdeneHue. OneKTpoMarHUTHoe
none oTaensieT antoMUHUI U Opyrne LBeTHble MeTannbl (Meab, UMHK, MarHuin u ap.) oT He-
MeTannmMyecknx KOMMNOHEHTOB, TakUX Kak pe3uHa, nnacrmacca, 4epeBo, Ha OCHOBE pasnuny-
HbIX MarHUTHbIX CBOMCTB.

Pa3sdeneHue 8 msxerbix cpedax

OTOT MeTo TakkKe MO3BOSISIeT OTAENUTb anMtOMWHUIA OT APYrnX LBETHbIX MeTansos,
YTO CNOCOBCTBYET MOSYYEHNIO OTXOAOB BbICOKOro KadecTtBa. I3mernbYeHHble OTXO4bl NPOXO-
OAT Yepes cocyabl, cogepxallme XMAKOCTU pasnUyHoOn nnoTHOCTM (0Obl4HO OT1 Jo 3 Kr/n).
MaTepuan nocne pasgeneHus no naoTHOCTM OCYLLAEeTCH U BbICbIXaeT BO BPEMSA XpaHEHUS,
npexge 4Yem UATU B MNeuYb; eCnNM CPOK XPaHEeHUs Cblpbs HeAoCTaToYeH AN BbICbIXaHUA,
HeobGxoauma cTagnsa NPUHYOUTENBHOW CYLLIKW.

PeHmaeHocbnyopecueHmHa,q cernapayus

[pobneHbin oM onpeaeneHHoro Knacca KpynHOCTU NOCTynaeT B NPUEMHbIA ByHKkep
cenapaTopa. Bubponutatenb obecneumBaeT HENPEPbIBHYO LO3MPOBAHHYIO pasrpysky mare-
pnana u3 byHkepa u nogayvy ero Ha HaKMOHHbIN NOTOK, KOTOPLIN (PhopMUPYET OTAENbHbIE PY-
YbW C MOKYCKOBOW nofayen, pasgeneHHble neperopogkamu. LLnpuHa notka n Konmyectso
pyybeB 3aBUCAT OT Kracca KpynHocTu oboraliaemoro matepuana v onpegenstoT nacnopt-
HYI0 NPOU3BOANTENBHOCTL CenapaTtopa Ha 3TOM knacce. [pu cxoge € NoTka B KaXXAoM pydbe
no TpaekTopun cBO6OAHOro NageHust Kycku MocTynalT B 30HY aHanusa, rge B npouecce
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ABWXEHUS CKaHUPYIOTCS Y3KOW MOSIOCON PEHTreHOBCKOro Usny4veHus. B kayectBe MCTOYHMKA
BO30Y)XOEeHNA UCMONb3YeTCsl PEHTreHOBCKasa TpybKka ¢ NPOTSHKEHHbIM aHOAOM C Lenbio 0bny-
YeHnss ogHoM TpyOKOWM BCEX pyybeB nogayun. BTopuyHoe manydeHne KyckoB rnoma (xapakre-
PUCTUYECKOE N3NyYEHNE INTIEMEHTOB M PAacCeAHHOE OT KYCKOB NEPBUYHOE U3IyYeHne TpyoKn)
perncTpupyeTcs AeTekrtopamMu, pacnosfioXeHHbIMU HanpoOTUB KaXKAoro pydbs nogavv marte-
pnana. 3aperMcTtpupoBaHHOe AeTekTopamu UsnyvyeHue npeobpasyetca B anekTpuyeckune
CUrHanbl, KOTOpble NPy NOMOLUX KOMMBIOTEPHOW MporpaMmmbl NpeobpasytoTcs B ynpaBnsio-
lWMe curHanbl Ans nHeBMoknanaHoB. HanpoTuB KaXaoro pyvbsi YCTaHOBIEHbI NHEBMATUYe-
ckme conna. lNpu cpabaTbiBaHMM MHEBMOKNANaHOB CXaTbll BO34yX, NogaBaeMbli Yepes
conna, oTépackiBaeT KyCkM floMa, UMEeLLNE XapaKTepUCTUYeckoe nsnyyeHne, oTinnyHoe ot
N3Ny4YeHNss antoMnHNs, B OTAENbHbIN OyHKEp unu KoHeenep. Takum obpa3om, MOXHO yaa-
NUTb N3 antOMUHMEBOIO fTIOMa BCe NpoYne LBeTHble MeTarnsbl 1 JaXe Npu COOTBETCTBYHOLLEN
HaCTpOWMKe nporpamMmMbl paccopTUpoBaTh artoMUHUEBBLIA STOM MO rpynnam CrnsiaBos.

,ﬂocmuaHymb/e 3Korio2u4YecKue 8b1200bl

BoccTaHoBneHve gpyrnx MeTannoB (Xkeneso, LBETHbIe MeTansbl).
Bonee kayecTBeHHas NOArOTOBKA Cbipbsi 4118 MpoLiecca NiaBkKu.

3Kornoau4yeckue nokazamesnu u 3KCririyamauyuoHHble OaHHble

OCHOBHbIM BO3[eNCTBMEM 3TUX TEXHOJSIOMMMA Ha OKpYXaloLyto cpedy siBnsieTcs yaa-
nexHuve npumecen (0CO6EHHO HeMeTanIMYeCckMx KOMNOHEHTOB) U3 OTXOAO0B.

B Tabnuue 8.4 npuBeaeHbl AaHHble, NpeaCcTaBieHHble ANsl BbIOPOCOB OT TpaHCNopTu-
POBKM 1 NOrpy3Kn MaTepuarnos Ans Npon3sBogcTsa BTOPUYHOIO antoMUHNS.

Tabnuuya 8.4
3HayeHue (Mr/Hm® M
AperaTt TexHuka 3arpsasHuTernb - ( ) epron

Min Avg. Max n3MmepeHus

65 PyKagHbIN Moinb 0,6 0,95 13 fsaxaei 8
donnbTp roq

75 PykaBHbI Abine 3.8 3.8 Het pah- OauH pas
unbTp HbIX B rog

MeTtoabl vyaaneHna mMmacia n opraHu4eCKux coeguHEeHun us CTPYXKU OO0 CTagumn
nnaBreHuns

O6paboTaHHas CTpyKka B OCHOBHOM 3arpsi3HEHa CMas304YHbIM Macrom unv Opyrumm
XMMUKaTamu, ncnonb3dyembimu npu obpabotke metanna (COX).

MeToapbl yaaneHust 4o cTagun nnaeneHns

PUINKO-XMMUYECKNE METOAbI:

— UeHTpudyrmpoBaHue;

— CyLLKa C UCMOSb30BaHMEM POTALMOHHOW CYLLMIIKU.
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8.3 TeKywyMe ypoBHU NOTpe6GreHns pecypcoB U aIMUCCUI B OKpYXKaloLylo cpeay

8.3.1 lNpon3BoaCcTBO BTOPUYHOIO antoMUHUS

Bxop Bbixon
I'IpeuBapMTeanaﬂ | BosgyLiHble Bbl6-pOCbIZ
OHeprus > — opraHuKa;
_ o6pa60TKa — nbinb, SO2, NOx
OTtxoapl:

NcxoaHbin Martepuan — NbiNb GUNLTPA

[NoaroToBrfieHHbIN NMOM
BosayLiHble BbIGPOCHI:

J, — OopraHuka;
DrIOCH! !V Mnasune- — — MhbiMb. Hgl, HF. :Q()o, NOv
TXOAb!:
OHeprus »| Had ne4yb — Nbifb UNLTPA;
ML — CONeBou LWNak;
AntoMVHNI — cbyTepoBka neun
| Bo3aayLwHble BbIGpOCH!:
INvratyppl ——— _— — opraHuKa;
QPFOH > MI/IKCep — nbinb, HCI, HF, SO2, NOx, Cl2
30T " R OT1xoabl:
Xnop > Aerasaumun — NbiNb PUNLTPa;
3Heprl/|$| E— — CONEeBOW LWNak;
J_ l — (byTepoBka neun
Cvewmbl/ PasnnBoyHas
MallnHa
ApocCcChl
Cnutkn

PucyHok 8.13 — Bxogswme u Bbixogsime noTOKM Npu Npon3BoACTBE BTOPUYHOIO antoMUHUS

8.3.1.1 Pacxop cblpbsi, MatepuarnoB 1 35IEKTPOIHEPTUN

Kak nokasbiBaeT npakTtuka, B cebecToMMOCTM MPOM3BOACTBA BTOPUYHBLIX antoMUHUE-
BbIX CM/1aBOB 3aTpaThbl HA Cbipbe U Matepuarnbl cocTaBnsoT 88 %, a Ha 3Hepru — TOMbKO
2,1 %, B TO BpeM4 Kak 3aTtpaTtbl Ha 3NeKTPOIHEPIrnio Npu Npon3BoOLCTBE NEePBUYHOIO antoMu-
Hua gocturatoT 40 %. IMeHHO gaHHOe OBCTOATENBLCTBO ABNAETCS O4HOW M3 OCHOBHbLIX MpU-
YMH PE3KOro YyBENIMYEHUS MPOM3BOACTBA BTOPUYHOrO antoMumHus B 1960-1970-e rr. Tak,
B AnoHWM Npon3BoACTBO BTOpUYHOro anoMuHmna ¢ 1963 no 1973 rr. Bospocro B 5,66 pasa,
N NPaKTUYECKN NMNKBUANPOBAHO NPOU3BOACTBO NEPBUYHOIO anmoMUHNA. AMepukaHckas doup-
Ma, Ha4yaB B 1968 rogy nepepaboTKy Tapbl U3-nog HanuTKoB, yxe B 1995 rogy nepepaboTtana
bonee 217 Toic. T, unn 70 % oT Bbinycka aton Tapbl. B 1995 roay B CLUA ypoBeHb yTunusa-
UMM anroMmMHUEBOrO noma coctasun 62,2 %.
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lMepepaboTka BTOPUYHOrO antOMUHUEBOrO Cbipbsi UMEET Takke BaXKHbl 3KONornye-
CKWUI acnekT, TaK Kak Npy nNpon3BoACTBE BTOPMYHOIO aritoMUHUSA B OKpYXatoLLyto cpeay Bbl-
AenseTca 3Ha4YUTENbHO MEHbLUE BPeOHbIX MHIPEONEHTOB.

3aTtpaTtbl NpeanpusaTMa Ha NPoM3BOACTBO MPOAYKUMW COCTOAT M3 CTOMMOCTU CbIpbS,
MaTepuarnos, 3HEPropecypcoB, amopTn3aLmm OCHOBHbIX (OOHAO0B, 3apaboTHOM NnaTthl U Apy-
rmx nsgepxek. CebectoumMocTb NpoAayKUMM BKNOYAET BCe 3aTpaTthl NpeanpusaTusa Ha ee npo-
N3BOACTBO U peanuaauumio, a Takke HayucneHus Ha 3apaboTHylo nnaTy, HO He BKIHOYaeT 3a-
TpaTbl Ha KanuTanbHOE CTPOUTENbCTBO, KanuTasnbHbIA PEMOHT U COAepXXaHWe HENPOMbILL-
NEeHHbIX 00BLEKTOB.

OCHOBHbIMM 3rieMeHTamMKn 3aTpaT Ha NPOU3BOACTBO NPOAYKLMM BO BTOPUYHOMW LBET-
HOW MeTanmnyprum siBnstTCS:

— Cblpbe, S3HEPINSA N OCHOBHbIE MaTepuansl;

— 3apaboTHas nnaTa;

— amMopTM3aunsa OCHOBHbIX (OOHAOB;

— Npo4me pacxoapl.

3aTpaTbl Ha cbipbe, MaTepuanbl U TONSIMBO CKIaAabiBalOTCA U3 pacxodoB Ha npuobpe-
TEHNe MaTepuarnbHbIX PECYPCOB M AOCTaBKY MX Ha 3aBoA. OTW 3aTpaThl BKIoYatoTcAa B cebe-
CTOMMOCTb NMPOAYKLUMM 33 BbIMETOM CTOMMOCTM UCMOMb3YEMbIX OTXOO0B.

Pacxoabl Ha 3apaboTHyt0 nNnaTy COCTOST U3 BCEX BUOOB OMnaTthl TpyAa BCEro nepco-
Hana u OTYMCIIEHMI Ha couManbHOe CTpaxoBaHue, BKNoYas N MEHCUOHHLINA OOHA.

K npounm 3aTtpaTtam OTHOCATCSH OpraHn3auuoHHbIE pacxoabl, CKITaAcKnue 1 TpaHCnopT-
Hble 3aTpaTbl U Nnp.

PaccMoTpum nyTu CHUXEHMSI NOTEPL CbipbsA U 3aTpaT Ha ero nepepaboTky Ha OCHOB-
HbIX Nepeaenax Npon3BoACTBa BTOPUYHOIO antoMUHMS.

[ns NoBbILWEHNA U3BNEYEHUS antOMUHKS Npu nepepaboTke floma U OTXO4O0B BaXXHOE
3HayeHne nmeeT crnocob NOAroTOBKM Cbipbs K NiaBke. OTO B NEPBYO odepenb OTHOCUTCS K
antoMUHNEBOWN CTPYXKKe, yaenbHbIM BEC KOTOpPOM B 0bwemM banaHce Cbipba COCTaBNAET OKO-
10 50 %. ANOMUHNEBYIO CTPYXKKY M LUNAKN XPaHAT NOA Kpbiwen. BnuaHne notepb meTanna B
3aBMCMMOCTU OT cnocoba xpaHeHusi BUAHO M3 AaHHbIX Tabnuupbl 8.5.

C uenbio CHWKEHNA NOTEPb OT OKUCIIEHUS CTPYXXKM B NPOLECCe ee CYyLUKW, KOTopble
pocturatot 4-5 %, HeobxoanMMO NOBCEMECTHO BHEAPATb YCTAHOBKU NO GE30KUCNUTENbHOM
CYLLKE 0aHHOro BMAa Chbipbsi, TaK Kak Npu 3TOM noTepu cokpawarotcsa Ha 2 %. Ewe 6onbLue-
ro acpdbekta MOXHO OOCTUYbL, ECNN UCNOMb30BaTh yCTaHOBKM MO yaaneHuto COXX n3 cTpyxku
METOAOM UeHTpudyrmposaHms. B aTom cnyyae notepu meTtanna B npouecce yaaneHus
COX nonHocTbio ucknoyatTcs. [JononHUTENbHBIMU NpenMyLlecTBaMmm 3TON TEXHOSOMK
ABNSAOTCA OTCYTCTBME BbIOPOCOB BpeaHbIX BewecTB B aTMocdepy u Bo3BpaTt COX nocras-
LLIMKaM CTPY>KKW A5151 NOBTOPHOrO MCMNOSb30BaHNSA Mo NepBoHaYanibHOMY Ha3Ha4YeHMHO.

JTom 1 oTxof4bl, KPOME CTPYXKKW M LUNAKOB, XPaHAT Ha OTKPbITbIX MIoLlaakax, a nocne
nepBuYHON NepepaboTkn — B KOpobax, 3aKkpomMax, KOHTENHepax U T. 4.
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Tabnuua 8.5 — lNoTepn meTanna OT OKUCIIEHUSI CTPYXKKM B 3aBUCUMOCTM OT crnocoba xpaHe-
HUS, %

MpoAomKNTENBHOCTL XpaHEHUs!, MeC.
Cnocob xpaHeHus
1 2 3
MNopn kpbiwen 2,0 45 8,0
Ha oTkpbITONM Nnowiaake 5,0 10,5 o 22,0

BaXHbIM pe3epBOM MNOBbLILWEHUS 3KOHOMUYECKON 3(PEeKTUBHOCTU NPON3BOLCTBA BTO-
PUYHOIO anioMUHUS ABNSETCH pasferneHne NoCTYNUBLLEro CbiPbs MO XMMUYECKOMY COCTaBy.
Mpn HegoCTaTOYHO TLLATENBbHON COPTUPOBKE ChiPbst HEN3BEXHbI Crlydan MCNoNb30BaHUS ero
He MO Ha3Ha4YeHWUIo U BbilyCKa Ha ero OCHOBe elleBblX BUAOB npoaykuuu. MNoatomy onpe-
AefieHno cocTaBa filoMa M OTXO40B AOSMKHO YAEeNnATbCA npucTanbHOe BHUMaHuWe — HeobXo-
ANMO CreanTb 3a YKOMMMEKTOBAHHOCTLIO U Ka4eCTBEHHbIM COCTaBOM OTAena TEXHUYECKOro
KOHTpOSi 1 nabopatopun, OCHALEHHOCTbIO X HeobxoanmbiMu npubopamu U cpeacTesamm
KOHTPOJISi XMMMYECKOro CocTaBa Chipbsi U rOTOBOW npoaykumn. Npu nepepaboTke BTOPUYHOIO
Cblpbsl Ha 3aBOAax NO NPOU3BOACTBY NEPBUYHOIO artOMUHNUA N NPU TLLATENbHON COPTUPOBKE
NOCTYNUBLLEE Cbipbe MOXET OblTb B OTAENbHbIX Cryvasix UCMONb30BaHO AN NpoM3BOoACTBa
NPOAYKUNKN, HA KOTOPYI 0BbIYHO pacxoayeTcs NepPBUYHBLIN antOMUHUIA, @ 3TO BaXKHbIN UCTOY-
HWK 4OMOMHUTENBbHON NPpUBbLINN.

Bornblwoe 3HayeHne nsi CHUXKEHUA NOTEPb MMEET MarHMTHasi cenapaumsa colpbs. Tak,
YMEeHbLUEHNEe coaepXaHusa xernesa B antoMuHueBon cTpyxke Ha 0,5 % CHwkaeT notepu
anoMmnHna co wrnakom Ha 0,7 %, No3BONSET COKpaTUTb pacxod NepBUYHOro antoMUHUA Ha
npon3BoACTBO MapoyHoro cnnaea Ha 1,5 %. OcobeHHo 3dhEKTUBHO NPUMEHEHNE MArHUT-
HOW cenapauuu B COYeTaHUW C pas3geneHveM Ha BuAbl MeTansnoB npu nepepaboTke rioma
SNEKTPOTEXHNYECKON W PaAMOINEKTPOHHON annapaTypbl, KOTOPbIN npeacTaBnser cobown
CMOXHYIO CMECb YEPHbIX U LBETHbLIX METanmos.

CTonb e 3HaunTenbHbIN 3PdeKkT obecneumBaeT pasgeneHne cMecn antoMUHUEBLIX
cnnasoB Ha cuctembl Al — Mg, Al — Cu — Si, Al — Zn, TaK KaKk Nnpu 3TOM COKpallalTcs Jonos-
HUTENbHbIE 3aTpaThbl HA NEPBUYHbLIN aNIlOMUHUIN, Meb, KPEMHUI, a Takke SHEProHOCUTENN.

Kak yxe n3BectHo, nepsu4Hasa nepepaboTka fioma n oTxo4os U, 0COBEHHO, COPTUPOB-
Ka cBsA3aHbl C 6onbWMMK 3aTpaTamMu pPyvyHOro Tpyda, U no3ToMy paspaboTka, M3rotoBreHune
N BHEAPEHWE CPeaCTB MexaHu3aumm ABNATCS BaXHbIMU (hakTopamMu MOBbIEHUS 3ddek-
TUBHOCTWU NPOU3BOACTBA.

[MoTepn meTanna npu nNnaeke B NepBylO odepenb 3aBUCAT OT TUNa NpUMeHSeMon ne-
4yn. Tak, N0 HEKOTOPbIM AaHHbLIM, U3BIIeYEeHMEe MeTarnsa npu nnaske B anekrtponeyvax Ha 3 %
BbiLLE, YeM Ha OoTpaXKkaTerbHbIX.

B npouecce BbiNnaBky NpoucxoauT yrap — NOTEpU MeTanna BCneacTBME OKUCHEHUS
KOMMOHEHTOB chfaBa (XMMUYECKU yrap) N 3arpsi3HEHHOCTU LWKXTbI (oM3nyecknin yrap), Be-
NNYMHA KOTOPOro 3aBUCUT OT XMMUYECKOro coCTaBa ChnnaBa, CTENEHN 3arpsi3HEHHOCTU LUNX-
TOBbIX MaTepuarnos, TUna nnaBuUibHONO arperara, pexuma n temnepaTypbl BbinfiaBku cnna-
Ba. OpMeHTMPOBOYHbIE AaHHbIe 06 yrape KOMMOHEHTOB CrfiaBa Npu MCNONb30BaHUN YUCTOM
N OKUCNEHHOW LINXTbl NpuBeadeHbl B Tabnuue 8.6. bonblioe BnuaHWe Ha BENUYMHY yrapa
OKa3blBaeT He TOSIbKO TUM UCNOSIb3yeMblX NeYen, HO U cTeneHb YNNOTHEHHOCTU LUMXTbI, YTO
HarnNggaHo BMAHO MO AaHHbIM B Tabnuvue 8.7.
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Cne,u,yeT OTMEeTUTb, YTO OO0 HaACTodAllero BpeMeHn HET Hay4yHO 060CHOBaHHbIX HOPM
yrapa KOMMNOHEHTOB CriiaBa. B pa3HbIX UCTOYHUKAX 3TN OaHHbIE pPa3fnM4aroTCcA BO MHOIO pas,
0COBEHHO MO TakUM 3rIEMEHTaM, Kak erMHI/IIZ, UMHK, MapraHeuy,. I'IoaTomy cnegyet onpene-
NATb XMMUYECKNIA 1 (*)MSVI‘-IGCKVIIZ yrap B yCnoBuAX KOHKPETHOro uexa no GanaHcoBbIM Nnae-

KaM.

Tabnuua 8.6 — Yrap KOMMNOHEHTOB Crnnasa Npy YNCTown (1) n okncneHHon (2) wuxte, %

SneKTpnYecKne 1 TUrefibHbIe neyu OTpaxaTtenbHble neyn
KOMMNoHeHT
1 2 1 2
Al 0,5-1,0 1,0-2,0 1,0-2,0 2,0-3,0
Si 0,5-1,0 0,5-1,0 0,5-1,0 0,5-1,0
Mg 2,0-3,0 3,0-5,0 3,0-5,0 3,0-10,0
Ti 0,5-1,0 1,0-2,0 1,0-2,0 2,0-3,0
Mn 0,5-1,0 1,0-2,0 1,0-2,0 2,0-3,0
Ni 0,5-1,0 0,5-1,0 0,5-1,0 0,5-1,0
Cu 0,5-1,0 1,0-2,0 1,0-2,0 2,0-3,0

Tabnuua 8.7 — Yrap KOMMNOHEHTOB cnsiaBa npuv NrnoTHon (1)  HekomnakTHoM (2) wuxte, %

BaHHble neun TurenbHble neyn
KOMMNoHeHT
1 2 1 2
A1 2,0-3,0 3,0-5,0 0,8-1,0 2,0-3,0
Si 2,0-5,0 1,0-1,5 2,0-3,0
Mg 3,0-5,0 5,0-10,0 2,0-3,0 3,0-5,0
Ti 5,0-10,0 1,0-1,5 1,0-5,0
Mn 2,0-5,0 5,0-10,0 1,0-1,5 2,0-3,0
Ni 1,0-1,2 1,0-1,5 0,5-1,0 1,0-1,2
Cu 1,0-1,2 1,0-1,5 0,5-1,0 1,0-1,2

Mpn pacdmHMpoBaHUM CNNaBoB AOMOSIHUTENbHbIE 3aTpaThl CKNagblBaloTCsA U3 CTOUMO-
CTM rasa (U CBSI3aHHbIX C €ro NPMMEHEHMEM aMOPTMU3ALMOHHBIX OTYUCIIEHNI Ha annapaTypy
Ans ero Beoga) n 6e3s03BpaTtHbIX NOTEPL MeTanna B Buae wnaka. CToMmocTb paduHUpYto-
LLMX ra3oB 3aMeTHO OTNMYaeTcs, HO B 0bLlen cebecToMMOoCTU OTNIMBOK A0S CTOMMOCTU rasa
He npesbliwaeT 0,1-0,2 %. bonee 3ameTHbI 3aTpaThbl, CBsiI3aHHblEe C 0bpa3oBaHneMm 6Ge3BO3-
BpaTHbIX NOTepb MeTanna npun padpuHmnposaHun. Hanpumep, LueHa asoTta npumepHo B 12 pa3s
MEHbLUEe CTOMMOCTW aproHa, HO MOCKOJSIbKY MpWU €ero NpuMeHeHun nonyvaetcs Ha 1-2 kr/T
wnaka 6onblue, pauHMpoBaHne aproHoM okasbiBaeTcsa addekTmHee. [pn padumHupoBa-
HUM pacnnaBa XJIOpoM Unu cMmecbto aproHa ¢ 3—10 % dpeoHa-12 noTepu meTanna B LWnak
npumepHo B 1,5 pasa Bbile, YeM NpU UCMONb30BaHMM HENTPASIbHOMO rasa.

YpoBeHb KanuTanbHbIX 3aTtpaT npy padoMHUPOBaAHUN XIIOPOM, HECMOTPS Ha NPOCTOTY
N aelweBn3Hy cO6CTBEHHO paddMHUPYLOLWEro yCTPONCTBa, NPMMEPHO B 8 pas Bbllle, YeM Npwu
MCNONb30BaHMM a3oTa. OTO OOBACHAETCHA BbICOKON CTOMMOCTBIO CKnaga Xrnopa U OYUCTHbIX
YyCTaHOBOK 114 yraBnnBaHna BpeaHbIX BELWECTB B OTXOAALMUX ra3ax.

AHanuna CTpyKTypbl pacxofoB MNoKasblBaeT, YTO 3aTpaTbl HA paduHMPOBaHME arntoMu-
HMeBoro pacnnasa coctaensoT 0,5-2,0 % cebectoumocTn npounssoacTea. [NpMmeHeHue To-
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ro Unu nHoro crnocoba paduHMpoBaHMs OyaeT 3KOHOMUYECKM OnpaBAaHHbIM TOSbKO B TOM
criyyae, ecnv 3Tu 3atpatbl 6yQyT KOMNEHCUMPOBAHbI NOSyYEeHHbIMW BbIro4aMu 3a CHET MOBbI-

LeHNA Ka4yecTBa MmeTarsa.
[nsa CHUXeHus yrapa u 6e3BO3BpaTHbIX noTepb crnenyet coBepLleHCTBOBaTb npouec-
Cbl MaBKnN 1N pa3finBKM CriyiaBoB.

8.3.1.2 HeopraHnsoBaHHbI€ BbIOPOCHI

Tabnuua 8.8 — BbIbpockl OT NOArOTOBKM flOMa M OTXO40B antoMUHUS

MeTopn/ob6opynoBaHue NpuMeHNMOoCTb

a) | 3aKpbiTble KOHBENEPHAsA UMW NMHeBMaTUYeckas cu- O6LwenpMMeHUMBI
CTeMbl Nepefayn ans nbinsiiero Matepuana

an/IMeHFIeTCFI TOJNbKO AnAa nogayun

3akpbiBaeMoe o6opyaosaHue. MNpu UCnonb3oBaHUK cMeceW, NOAroTOBMEHHbIX C UCMOMb-
6) | nbinbHbIX maTepvanos BblIGpPoCkl cOOMPAlOT U Hanpae- | 30BaHWMEM CUCTEMbI, BKIHOYatoLL el
NAOT B CUCTEMY NblneynaBnnBaHus OyHKep ¢ 403aTOPOM WK B3BELLMBa-
HVem

MpyMeHsieTCst TONbKO ANS NbISLWMX
maTepuanos. [Ins cyLlecTBYOLMX
YCTaHOBOK 3TO MOXeT ObITb 3aTpya-
HEHO M3-3a HeOCTATOYHOro MpPo-
CTpaHcTBa

B) | CMelleHne Cbipbsi OCYLLECTBIISETCA B 3aKPLITOM 34a-
HUM

8.3.1.3 BbIbpocCbl opraHn4eckmx coeanHeHum

Tabnuua 8.9 — Bbibpockl opraHMyYecknx BELLECTB OT NPOLIECCOB MaBKM SiloMa 1 0TX040B

MeToa/obopynoBaHune MpumMeHnMOoCTb
Bbibupatb 1 nogaeaTth Cbipbe B COOTBETCTBUM C NEYb0 U UCMONb3Y-
a) O6wenprmeHmo
eMbIM1 MeToA4amn ynasnuBaHusi BbiIopocoB
OnTMM3NpoBaThb YCNOBMS CrOpaHnst AN yMEHbLUEHWUsi BbIGPOCOB
6) P y - P AnLY P ObwenprmeHnmo
OpraHN4ecKnx coenHeHun
MpumeHsieTca npum
6e3okncnuTenbLHON
B) | Wcnonb3oBaTb Kamepbl 4OXUTAHUSA OpraHUYECKUX COeANHEHNI CYLLKE CTPYXKKM 1
yoaneHun noKpbITUN
nMponu3om
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8.4 MepeveHb HaMNY4LWMX AOCTYNHbIX TEXHONOrMM ANA NPOU3BOACTBA
BTOPUYHOIO arilOMUHUA

8.4.1 Cuctembl akonornyeckoro meHegpxkmeHTta (COM)

HOT 1. TloBblweHne obLien pesynbTaTUBHOCTU NPUPOAOOXPAHHON AEATENBHOCTM.
BHeopeHune 1 nogaoepaHne CUCTEMbI SKONOrM4eckoro MeHemxkmeHta (COM), cooTBeTCTBY-
towen TpebosaHuam FOCT P NCO 1400115 nnm 1ISO 1400119,

8.4.2 DHepromeHeKMEHT

HOT 2. [loBblweHne 3PPEKTUBHOCTM WUCMONb30BaHUS SHEPIUN: UCMOSIb30BaHUE
mMeToda unv komMbnHaumm MeToaoB, NnpuBeaeHHbIX B Tabnuue 8.10.

Tabnuya 8.10

MeTtoa/o6opynoBaHne MpmeHnmMocTb

Cuctema ynpaeneHusi sHeproaeKTMBHOCTbLIO (Hanpumep, B
a) | COOTBETCTBMM C TPEOOBaHMAMUN MEXAYHAPOLHOro cTaHaapTa O6wenpnmeHnmo
ISO 50001)Y

Mcnonb3oBaHue n3bbiTouHOro Tenna (Hanpumep, napa, rops-
©) | 4yen BOAbl UM ropsivero Bosayxa), odpasyoulerocs npu peanu-
3aLMM OCHOBHbIX NPOLIECCOB

MpumeHum ans nupome-
Tannypruyeckux npoLeccos

Mopgaya Ha ropenkun Bo3gyxa, 06oraleHHOro KUCcnopoaom, nunm MpumeHum ons neyen, B
) YUCTOro KMUcnopoaa Ans YMeHbLUEHWst NOTPebneHns aHeprnm 3a | KOTOPbIX UCMOMb3YeTCH Cbl-
CYET aBTOMeHHOW NNaBKW UMM NOMHOMO CropaHus yrnepoancTo- | pbe, cogepxallee cepy nnm
ro matepvana yrnepoa
) HuskoTemnepaTypHas CyLika unm ueHTpudyrmposaHme Bnax-
HOro CbIpbs Nepes, nnaBkomn
Tennounsonauus 06beKTOB, (PYHKLIMOHMPYIOLLMX NPY BbICOKVX Obuwenpumernmo
) | Temnepartypax, Hanpumep, TpybonpoBoAOB Napa u ropsiyen
BOAbI

VMcnonb3oBaHne BbICOKOA(hEKTUBHBIX 3MEKTPOABUraTenen,
e) | obopyaoBaHHbIX YacTOTHbIMM NpeobpasoBaTensiMu, AN Taknx

YCTPOWCTB KaK, HanpuMmep, BEHTUNSTOPSI.
O6wenpnmeHnmo

Cuctembl KOHTPOIA, KOTOPble aBTOMaTU4YE€CKU aKTUBUPYIOT
)K) BKINMO4YeHne MeCTHbIX OTCOCOB MblJIN NN OTXOOALLUNX ra30B
TOJNbKO Npn BO3SHUKHOBEHUN Bbl6pOCOB

15 CooTBETCTBME CUCTEM MEHEMKMEHTa yKa3aHHbIM CTaHZapTaMm He o3Ha4aeT eé obsizaTenbHylo cepTUduKa-
uuto.
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HOT 3. O6GecneyeHne cTabmMnbHOCTM NPON3BOACTBEHHOIO NpoLecca: BHeApeHNE Cu-
CTEMbl aBTOMATU3NPOBAHHOIO KOHTPOMSA U UCMNONb30BaHWEe MeToda UNu KoMOUHauMmM MeTo-
OOB, NpMBEAEHHbIX B Tabnuue 8.11.

Tabnuuya 8.11

MeTton/obopynoBaHue

MpumMmeHnMoCTb

MpoBepka 1 COpTUPOBKA UCXOAHbLIX MaTepuaroB B COOTBETCTBUM C Tpe-
6oBaHMsIMK, onpeaensemMbiMy UCMONb3YEMbIM TEXHONOMMYECKUM 06opy-
[I0BaHNEM U NPUMEHSIEMbIMU METOAAMMN COKPALLEHWUS 3arpsi3HEHNS

TwaTensHoe nepemelLBaHMe pasfMyHbIX MaTepuanos, BXOOALWNX B CO-
CTaB LWMXTbl AN OOCTKEHMST ONTMManbHOM 3dhEKTUBHOCTM NepepaboT-
KM M COKpaLLlleHns BbIBPOCOB N OTXOA0B

Cuctembl B3BELLMBAHUSA U O03npoBaHNA LLUNXTbI

HenpepbIBHbIN MHCTPYMEHTarnbHbIN KOHTPOMb TeMMNepaTypbl, AaBNeHUs B
neyn n nogayv rasa

KOHTpOnb KpUTUYECKNX NapaMeTpoB NPOLECCOB, peann3yeMbix Ha ycTa-
HOBKax OYMCTKM BO3AyxXa, TAKMX Kak TemnepaTtypa rasa, Korm4ecTBo no-
AaBaeMblX peareHToB, NageHne AaBrneHns, TOK U HanpsbkeHne Ha anek-
TpodunbTpe, 06bEM Nogaymn n pH XXMAKOCTN B MOKpOM ckpybbepe, co-
CTaB nogaBaemoro rasa

O6LLenpnMeHnmMo

HenpepbIBHbLIN MHCTPYMEHTanbHbIN KOHTPOMb CUIbl TOKA, HAMPSKEHUS U
TemnepaTypbl ANEKTPUYECKUX KOHTAKTOB

O6wenpmeHnMmo

HAOT 4. MNMpegoTBpalleHne nunm ymeHblLleHne HeopraHn3oBaHHbIX BbIGPOCOB OT Noaro-
TOBKM (Hanpumep, M3MerbYeHue, nepemelunBaHue, cyllka, apobrneHue, knaccudgukauumu,
crekaHust u T.4.) MaTtepmarnoB: UCNONb30BaHME MeToda UMK KOMOBMHauMm MeTonoB, NpuBe-
JEHHbIX B Tabnuue 8.12.

Tabnuuya 8.12

MeTopn/obopynosanue lMpumeHnmocTb
3akpbiBaeMble KOHBeepHasa unun nHesmaTnyeckas
a) O6wenpumeHMbI
cuUCTeMbl Nepedayun Ans nbinswero matepvana
3akpblBaeMoe obopygosaHue. [pu ncnonb3osa- [MpumeHsieTca ToNbKO ANns nogayn cme-
6 HUW MbINALWMX MaTepranos BbIOPOCHI cobuparoT 1 ceu, NoAroTOBIIEHHbIX C UCNOMNb30BaHU-
) HanpaBNAT B CMCTEMY NoAasneHns (ynaesnuea- €M cucTeMsbl, BKNovatowen byHkep ¢ go-
HWS) BbIGPOCOB 3aTOpPOM MNK B3BELUMBAHUEM
MpumeHseTcs TONbKO ANS NbIAWMX Ma-
) CwmelleHmne Cbipbs OCYLLEeCTBNAETCH B 3aKPbITOM Tepuanos. [Ins CywecTBYOLWMX YCTaHO-
30aHUn BOK 3TO MOXeT 6bITb 3aTpyAHEHO 13-3a
HeJOoCTaTOYHOro NPoCTpaHCcTBa

HAOT 5. MNMpepoTBpalleHne nnn ymeHblUIEHNe HeopraHn3oBaHHbIX BbIBPOCOB OT 3arpys-
K/ filoMa 1 OTXOAO0B artOMUHUSA A0 NONyYeHUS YyLlek: MCNOoNb3oBaHne meToda unm kKomoumHa-
UMM MEeToaoB, NpuBeAEHHbIX B Tabnnue 8.13.
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Tabnuuya 8.13

MeTon/o6opynoBaHue NpuMeHnMocCTb

FepMeTUYHasn cuctema 3arpysku, Takas kak 3akpblTble KOH-

a . o
) Benepbl N nuTaTesib, OCHalleHHble CUCTEMOW acnnpaunm

O6LwenpnmeHnma

YnnoTHUTENbHas ABEPb
N3onmpoBaHHble UK OTFOPOXKEHHBIE NEYN C YNIIOTHEHUEM NpUMeEHUMa TONbKO ANs
nogayu cblpbst NPOLIECCOB C NPEPLIBUCTOM
nogaven 1 BbIXOAOM

6)

3Kcnnyatauma neyun 1 ra3oBble MapLUpyThl NO4 paspsKeHnem
B) | M C AOCTATOYHOM CKOPOCTbIO OTBOAA rasa Ans npefoTspalle- O6wenpnmeHnma
HWS NOBbILWEHWS JaBNeHNs

YNNoTHEHME COUSTIEHEHWNI C ra30X040M W JIETKOM Mpu 3arpyske

r) O6wenpumeHMMo
n BbiNycke meTanna

A) | 3akpbiToe 3gaHue O6LwenpnmeHnmMo

e) | MNMoppepxaHmne repMeTUYHOCTM Neyn O6LwenpnmeHnmMo
MopaepxaHue TemnepaTypbl B NeYy Ha MUHUMarbHO HeobXxo-

X) Anep paTyp O6LwenpumeHuma
ANMOM YpPOBHE
Cuctema rasooTsoga Ans 3arpy3kn U COYNEHEHNsI C CUCTEMON

3) O6wenpnmeHnmo
GunbTpauumn

n) | YctaHoBKa 30HTa (YKPbITUS) Arsi KOBLUEW NP BbiNycke MeTanna O6LwenpmeHnma

Mcnonb3oBaHue yCTPONCTB AN nepeMelLnBaHmsa MeTanna
Npu 3aKpbITbIX ABEpLUax Neyn (ANekTpoMarHuTHbIe NepemeLLm-
K) | BaTE€NN, 3NEeKTPOMarHUTHble, MEXaHUYECKME UM ra3oamHaMm- O6LenpuMeHUMo
Yyeckne HacocCbl, CTalMoHapHbIe CUCTEMbI NPOAYBKU MeTanna
NHEPTHLIMU ra3amm)

HAOT 6. CHmxeHne BbIOBpOCOB, 06pa3yOWNXCA NPU MOAFOTOBKE CbipbA (Hanpumep,
npuem, obpaboTka, XxpaHeHue, NnepemeLllnBanHne, cylka, gpobneHue, namenbyeHue, npoce-
MBaHWE) B MPOU3BOACTBE BTOPUYHOIO antOMWHMWA: UCMONb30BaHME OOHOW UMM HECKOJbKUX
ra3o004YUCTHbIX YCTAHOBOK pasnuyHoro tuna (tabnuua 8.14).

Tabnuua 8.14 — TexHonornyeckue nokasatenn HAOT 6

. EavHnuya namve-
TexHonorn4yeckuin nokasartenb 3HayeHne
peHus
lMoaroToBKka KyCKOBOro fioMa
B3BelleHHble BellecTBa ‘ Mr/HM® <6
CyLlKa CTpYXKK
A3soTa guokcug, asota okcma (CyMmapHo) Mr/Hm® <12
B3BelLeHHble BelllecTBa Mr/HMm3 <60
Ob6orauleHune Lwinaka
B3BeLUEHHbIE BellecTBa | Mr/HM3 | <120

HAT 7. CHwkeHne BbIOGPOCOB, 06pa3ylOLMXCA NPU 3arpyske, NraBKe M NONyYeHUn
YylleK B Npou3BoAcTBe BTopuyHoro antomuHusa, HOT npegycmartpmsaeT ncnosnb3oBaHne oa-
HOWM MM HECKOJSTbKNX ra3004MCTHbBIX YCTAHOBOK pasnuyHoro tvna (tabnuua 8.15).
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Tabnuua 8.15 — TexHonornyeckue nokasatenn HOT 7

TexHonorn4yecknin nokasartenb ‘ EanHuua namepeHuns 3HayeHune
lMnaBka B oTpakaTenbHbIX Nevax
B3BellueHHble BellecTBa Mr/Hm® <300
A3oTa guokcua, asota okeua (CyMMapHo) Mr/HMS <63
XnopwcTbii Bogopoa Mr/Hm3 <19
®dTopuapl rasoobpasHble (rugpodTopua, Kpem- Mr/HM3 <1,9

HUIM TeTpadTopma) (B nepecdeTe Ha pTop)

lMnaBka B poTOpHbIX BapabaHHbIx nevax n PHI

B3BelleHHble BellecTBa Mr/HM® <500
A3oTa guokcua, asota okcua (CyMMapHo) Mr/HMS <140
XnopwcTbii Bogopoa Mr/Hm3 <250
Yrnepoaa okcua Mr/HMS <490

HOT 8 CHuxeHne BbIGpPOCOB, BbIAENSAKOLNXCA OT MNOMHOro LMKna Nnpomn3BoACcTBa BTO-
PUYHOro antoMuHUs (MOAroToBKa chbipbs (Npuem, obpaboTka, XxpaHeHue, nepemelunBaHue,
CMelUnBaHue, cylika, ApobneHne, namenbyYeHne, NpocemBaHne), 3arpyska, nnaska m nony-
YeHue uylwek), npegycmaTpuBaeT MCMNONb30BaHWE OAHOW WM HECKOSNbKUX Fa3004UCTHbIX
YyCTaHOBOK pa3nun4yHoro tuna (tabnuua 8.16).

Tabnuua 8.16 — TexHonornyeckue nokasatenn HAT 8.

TexHonornyeckumn nokasarternb EanHunua namepeHuns 3Ha4eHue
Yrnepon okeua Mr/HMS <595
A3soTa guokcug, asota okeua (CyMmapHo) Mr/Hm® <200
B3BelleHHble BellecTBa Mr/HMS <200
XnopwcTbii Bogopoa Mr/Hm3 <9
dTopmabl razoobpasHble (rMapodTopua, Kpem- 3

o MI/HM <4
HUI TeTpadTopma) (B nepecdeTte Ha pTop)

HAOT 9 YMeHblueHne BbIOPOCOB OpraHUYeCcKUX CoeguHeEHU B atMocdepy npu CyLuke uc-
XOOHOro Matepwuana, npoueccax obxura, crnekaHus U nnaeBkv Npu Npov3BOACTBE BTOPUYHOIO
antoMVHUS: UCMOoSb30BaHMe MeToaa UM KoMbnHaumMm MeToaoB, NpMBeAeHHbIX B Tabnuue 8.17.

Tabnuua 8.17

MeTon/o6opynoBaHue MpymeHuMocCTb

Bbibop 1 nogava cblpbs B COOTBETCTBUM C MEYbIO, UC-

a o
) nonb3yrwLwien MeToabl CoOKpalleHuns Bbl6pOCOB

Ob6LwenpnmeHUMbI

I'IpmmeHﬂeTcsq TOJTbKO ANnA nony-

6) | Cuctembl 3arpy3sku Cbipbs HEGOMBLUMMK MOPLUAMN .
3aKpbITbIX NeYen

B) | BHyTpeHHsa cuctema ropenkum MpumeHseTca TONbKO AN nevemn

r) | dop-kamepa, pekynepatop Unu pereHepaTUBHbIE FOPENKU O6wenpnmeHnmbI
M3beratb cuctem ObIMOOTCOCA OTXOASALLMX ra30B C BbICOKOM

A) | 3anbineHHoCTbIO Npy TemnepaTtype > 250 °C (CHuXeHne O6wenprmeHnmo
TemnepaTypbl OTXOASLLMX ra30B METOAOM pa3baBneHus)

e) | Wcnonb3soBaHne achdheKkTMBHOM cncTeMbl cbopa Nbinu O6LwenpmeHnmMo

OI'ITVIMVI3VIpOBaTb yCcnoBuA cropaHuna ona nogasneHnda

M O6LwenpmeHnmMo
BbIOPOCOB OpraHNYeCcKnx CoOeanHEHNN
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8.5 MNepcneKkTMBHbIE TEXHONOMMU

8.5.1 MNMepcnekTnBHbIE HanNpaBneHWs B COPTUPOBKE M NMOArOTOBKE antoMUHUEBONO
BTOPUYHOTO Cbipbs ANs nepepaboTku

MepBon ctaguen obpaboTkM noMa nU OTXOLOB antOMUHUA sBnsieTca apobneHue. Tak
Kak OpOONEeHHbIN NOM COAEPXKUT, KPOME antoMUHUS, U Apyrne MeTanmbl U roptoune oTxoapl,
MexaHM4YecKkn oTaeNieHHble dpakuun cenapupyroT Apyr OT Apyra, UCNonb3ys pasfnunyHble
cnocobbl knaccudukauun. Cnocod cenapauumn B TSXKENOW cpede MNO3BONSET U3BMEKaTb
antOMUHNEBYIO (PpakuMiO M3 OPYrMX 3a CYET U3MEHEHUSI YAENbHOro Beca NPOMEXYTOYHOWN
cpeabl. OcTatowmecs B npoaykte pobneHns Bnara n BO3MOXHOE Macro UCNapsitoTCs B Cy-
lwnnbHom 6apabaHe. [ina opobneHus npeanoyTUTENbHEE NCMONb30BaThL LWpeaep.

8.5.2 lNepcnekTMBHOE HanpasneHne B NPoOM3BOACTBE BTOPUYHOIO aritoMUHNA

Kak BbisiBneHo B pasgene 8.2, Hambonee otBevarowmmm npyHuunam HOT asnsaioTca
POTOPHbIE HakNoHsWwmecs nedn. OQHaAKo CYLLECTBYOT UM HAXOAATCA B cTagun paspaboT-
KN HOBbl€ KOHCTPYKTUBHbIE PELLEHMUS, KOTOPbIE MOrYT B NEPCMNEKTMBE YNyYLNTb UX TEXHUKO-
9KOHOMMYECKME N IKONOrMYECKME NoKasaTenu.

C uenbto NoBbIWEHMS MPOU3BOAUTENBHOCTU NEYN, CHKEHNSA SHEPreTUYEeCcKnx 3aTpat
N BbIOPOCOB MbIfN NMPEeANIoXKEeHO B POTOPHOW MNevn CHabauTb MOABELUEHHYH Ha NeTnsax 3a-
CINOHKY M 3aKpernseHHbI Ha Hen ObIMOXO[ KaHanamu HarpeBa Bo3fyxa, NogaBaemMoro B ro-
pernky. CedyeHne kaHanoB A5 nogorpesa Bo3gyxa BblbMpaeTcsi N0 ero CKOpoCcTu, KoTopas
npesbiwaeT 120 m/c. BpalwleHne neym ocyLLECTBSIETCA C NOMOLLbIO 3y6yaToro 3auenneHus,
obecneunBaroLLEro BO3MOXHOCTb MOHMXEHNSA MEXaHMYECKOW nepefayv Ons BpalleHus ne-
yu.

OpHako ans aanbHENWero CHMKEHUSI S3HEPreTUYECKNX 3aTpaTt U BpeaHbIX BbIOpOCOB
npegcraBnsaem cregyrowme nepcnekTMBHbIE HarnpaBreHns:

— BHeApATb SKOHOMMUYHbIE, BbICOKOMPOU3BOAUTENbHbBIE ra30Bbl€ NNaBUSbHbIE NeYu;

— BHeApsATb rasoBble BaHHble NMe4yn ¢ BegeHMeM (hopCUPOBaAHHOMO pexuma nnaBKu,
CHabXXeHHbIX pereHepaTUBHbIMU roperikamn, yCTpoOMCTBaMU AN 3NeKTPOMarHUTHOro nepe-
MeLLUMBaHUS pacnnasa, COBPEMEHHOMN CUCTEMOW OYMCTKU rasos;

— MCNOMb30BaTb ra3oBble NMaBUITbHbIE POTOPHbIE NeYn Ans nony4YeHns BbICOKOTEXHO-
NOrNYHbIX CM1aBoB;

— BBECTU B NPaKTUKYy BO3MOXHOCTb perynmpoBaHust atmocdepbl neyu.

OOHOBPEMEHHO MMEKTCA NPEeAnocbIfnkK AN COBEPLUEHCTBOBAHUS TEXHOOMN, COB-
MELLIEHMI onepaumin NnaeneHusi, pacdHUpOBaHUs, aerasaumm, punbTpauum pacnnasa 4e-
pe3 kepamunieckui punbTp, Nnoabop onTUMarnbHbIX (PIFOCOB N KOMMSIEKCHOW nepepaboTku
NbINen 1 LWNakos.

OpHom 13 TexHonormyecknx 3agad sasnsetca paspaboTka 3dEKTUBHON TEXHONOMMM
nepepaboTKX, CHMKEHNE NOTEPL aniOMUHUA 3a CYET YMEHbLUEHUS yrapa npu nepepaboTtke
antMUHMEBOIO SIOMa W LUSAKoB, a Takke BO3MOXHOCTb nepensiaBa CroXXHOro antoMUHMEBO-
ro lomMa u cokpalleHne BpemMeHu nepepaboTkm OTXO40B.

OauH 13 NepcnekTMBHbLIX CNOCOOOB MMaBKM NTOMa W LWUMAKOB B OTpa)kaTenbHOW neyu,
obecneunBanLMn COKpalleHne noTepb MeTanna, — cnocob, Npu KOTOPOM APOONEHbLIM U Bbl-
CYLLUEHHbIM (PSIIOCOM CHavarna nokpbIBalOT MOBEPXHOCTb METanfIMYeCKON XUOKOW BaHHbI, a
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3aTeM BbICTyNarwLMe KyCcKM OTXOOOB nocre ux 3arpysku B metann. [locne HarpeBaHus 00
Temnepatypbl 700-800 °C npu nepepaboTke antoMMHUEBDLIX LWWNAkoB unu o 720-759 °C npwu
nepepaboTke antOMUHUEBOrO floMa OCYLLECTBNAIOT BblAEPXKKY 4O MOSHOrO pacnsiaBneHuns
3arpy>eHHOro Cblpbs C NOAAEP)KAHNEM CTENEHN NeperpeBa XNOKoW BaHHbI NO CPABHEHWUIO C
Temnepatypon ee nnasrneHns He meHee 30 °C. B kadecTBe oritoca UCnonb3yrT CMeCh, Co-
croswyto u3 20 % kpuonuta (NaAlFs) n 80 % oTpaboTaHHOro anekTponuta MarHMeBOro npo-
nssogctea (OGMIT), a maccoBoe COOTHOLIEHNE OTX040B M dntoca coctasnseT (0,5 — 5):1,
npudyem OSMIT npeacraBndaeT cobown coctas, macc. KCl 70-80; NaCl 10-15; MgCl2 5-8; MgO;
CaClz n H20 octanbHoe.

B kauecTBe UCTOYHMKA KpNONMTa BO3MOXHO UCMONb30BaHNE 06OPOTHOrO anekTponuTa
antoMUHMEBOro NPOU3BOACTBA cneayollero coctasa, Macc. NaAlFs 83-87; AlFs 5-7; NaF 3—
4;CaF2 3—4; Al203 2—4; C ocTansHoe.

Bbibop paunoHansHoro coctasa cntoca kpuonut O3MIT 20 % 80 % ocHoBaH Ha ToM,
YTO MMEHHO 3TOT OSIIOC ABNSAETCA caMblM 3PMEKTUBHBLIM U NErKONMaBknum, gaeT onTumarb-
Hyl0 TemnepaTtypy Ans pasHbix otxogoB. O3MIT MoxeT GbITb pa3Horo coctasa (UBeTa), HO
nobon M3 BO3MOXHbIX MpurogeH Ans niocoBaHNa antoMUHUEBBLIX O0TXo4oB. [MpeanoyTu-
TenbHbIM sIBMsieTCA cocTaB 6enoro uBeTta, bonee rnyboko anekTponuTnieckn nepepaboTan-
HbI NPOAYKT ¢ 6onee BbICOKMM COAepXaHMeEM xrnopuaos HaTpus n kanua 15 % un 75,2 % co-
OTBETCTBEHHO npu 6,8 % cogepxaHusa MgCla.
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3aKnuuTesnbHble NONOXEeHUs U pekoMmeHgaunun

B cnpaBoYyHuKe NpuBeaeHO onucaHve NpUMeEHsieMbIX B HacCTosILee BpeMs 1 nepcnek-
TUBHbIX TEXHOMOMMYEeCKUX MPoLEeccoB Npu NPOM3BOACTBE NEPBUYHOrO artOMUHUS U COMyT-
CTBYHOLUUX eMy BUAax AeAaTenbHoCTH (Mpom3BoACcTBe MNHO3eMa, aHO40B M aHOOAHOW Macchl,
NNTENHOM NPOWU3BOACTBE, NMPOU3BOLACTBE TEXHUYECKOrO KpeMHMUS), a Takke npu npou3Boa-
CTBE BTOPWYHOro aniomMuHusa. [na TexHonornn onpeneneHbl MapKepHble BelecTBa, U U3
yucra TEXHOSOMMIN BblerneHbl Haunyylne AOCTyNHble ANs JaHHOW obnacTu, BKIYasa cooT-
BETCTBYIOLLME MNapaMeTpbl 3KONOrMYeCcKOM pesynbTaTUBHOCTU, PeCcypco- U 3Heproadpdek-
TUBHOCTHU, a TaKKe 3KOHOMUYECKNE noKasaTenu.

CoctaB TPI' 11 «[pon3BoacTBO antoMuHUA» Obin yTBepxaeH npukasom MuHuctep-

CTBa MPOMbILLSIEHHOCTM 1 Toproenu oT 21 nona 2019 roga Ne 2171.

rr|\jgn jol7[e] OpraHusauuns
1. BanaxaHoB Uropb BukropoBuy 3A0 «PYCAIJl 'mo6an MeHengxmeHT B.B.»
2. BepHaukun Angpen MeHHagbeBNY 3A0 «PYCAIl 'moban MeneHopxmeHT B.B.»
3. Bbopasckuin bopuc BsyecnaesoBuy 000 «NHHOBAUMOHHBIVN 3KOSTOrMYeCcKUin hoHa»
4, Bysynytckun Cepren Buktoposuy 000 «H3UM
5. BypkaT Bnagummp ConomMoHoBuY ﬂO;gH(;nyf‘ng(:l»ﬁe?Ssgss:eHHoe noApas-
6. BuHokypoB PomaH Brnagnmmposuy 000 «PopTte Metanc M6X»
7. rowos Braguenas Brammwponns | S oo
KanauuH Anekcen Buktoposmy 000 «MopaoBBTOPCHIPLE»
KosaneHko Anekcern Hukonaesuy AO «llepMcKne LUBETHbIE MeTanmnbI»
10. | Kypowes Unbs Cepreesny Oray «HUU «LL3MNM»

11. | MakapoB AnekcaHap AnekcaHgpoBuy AO «3KAT»

000 «PYCAJ1 UTU», O6ocobneHHoe nogpas-

12. | MxyaH Pomena Bna OBHa
xHaH Fomena BnanmvpoBH aenexve B r. CaHkT NeTepbypr

HIM «CoBeT NpoMbILLNEHHBIX NPEaNPUATUIA BTO-

13. | MNysaHos OmuTtpun Cepreesuny . -
PUYHON LBETHOWN MeTannyprm»

14. | Pebpuk MBaH NBaHoBUY 3A0 «PYCAIl No6an MeHeHmpxkmeHT B.B.»

®IrbY «LeHTp nabopaTtopHoOro aHanmsa un Tex-
HU4YecKnx namepeHui no LeHtpansHomy ene-
panbHOMY OKpYry»

15. | TpaBkuH Muxamn Hukonaesmny

16. | domnyes Uropb BssuecnaBoBud 3A0 «PYCAIJl 'mo6an MeHengxmeHT B.B.»

17. | XaH Cepren AnekceeBuy MunpomTopr Poccuu

18. | WknpeHko KoHcTtaHTuH OneroBmy 000 «H3UM»

19. | WonbirmH Aptem AHOpeeBuy 000 «H3UM»

My6nnyHoe obcyxaeHne npoekTa HaACTOSALWEro cnpaBoyHUKa 6b1no NpoBeAEHO B CPOK
c 04.10.2019 no 04.11.20109.
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[MonyyeHHble B X04e 0OBCY>KAEHUSA NMPOeKTa CNpaBOYHUKA 3aMeYaHus U NpeanoXeHus
GbINn paccmoTpeHbl Ha 3acegaHnn TPIT 11. o KaXgomy M3 HUX BbIHECEHO peLLeHne O npu-

HATUN UJITN OTKIOHEHUHN.
SKCﬂepTlllSa NpoeKTa Cl'lpaBO‘-lHI/IKa Obina npoBeaeHa I'IpO(bI/IJ'IbeIM TEXHUYECKNM KO-

MUTETOM No ctaHgapTudaumm TK 113 «Hauny4ywime aoCTynHble TEXHONOTUNY.
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MpunoxeHue A
(obs13aTenbHoe)

I'Iepeql-wl MapKepHbIX BeleCTB U TEXHOJIOTMYeCKUX
nokasareneu gns npoun3soacTBa allltoMUHUA

A.1 MNMepeyeHb MapKepPHbIX BELLECTB A1 NPON3BOACTBA NEPBUYHOIO antoMUHKS

A.1.1 MponsBoacCTBO MUHO3eEMa

[ns aTmocdepHoro Bosgyxa [nsa BogHbIX 06bEKTOB

B3BelleHHble BellecTBa

A.1.2 [Mpon3BoacTBO aHOAHOW MacChl, 060X KEHHbIX aHOA0B

[na atmocdepHoro Bosgyxa [1nsa BoOHbIX 0OBbEKTOB

B3BelleHHble BellecTBa

beHsanupeH

A.1.3 MponsBoacTBO NEPBUYHOIO antOMUHUSA

[lna atMocdepHoro Bo3ayxa [lna BoAHbIX 0GBLEKTOB

dTopumabl rasoobpasHeie (rmgpodTopug, KPEMHUN TET-
padTopua) (B nepecyeTte Ha pTop)

dTOpPUaLI TBEPALIE

Cepbl anokeuma

B3BelleHHble BellecTBa

beHsanupeH:
— (boHapHbIe BbIOPOCHI;
— BbIbpochl B Tpyby

A.1.4 JlntenHoe Nnpon3BoaCTBO

[na atmocdepHoro Bo3gyxa [nsa BoaHbIX 06bEKTOB

B3BelleHHble BellecTBa

A.1.5 lNpon3BoaCTBO TEXHNYECKOIO KPEMHUSA

[ns aTmocdepHoro Bosayxa [nsa BogHbIX 06bEKTOB

Mbinb HeopraHMyeckas ¢ cogep)XaHMeM KpeMHUSI MeEHee
20, 20-70, a Takke 6onee 70 npoueHTOB
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A.2 [lepevyeHb TEXHOMNOrMYECKNX nokasatenenm Ans npousBoaCcTBa NEPBUYHOrO
antoMuHns

EanHnua [JnanasoH/
N3MepeHMs 3HayeHune

TexHonornyeckum rnokasartenb

HAT 1. NpousBoacTBO rNMHO3eMa U3 60KCMTOB NO KOMOUMHUPOBaAHHOMY crocoby (napan-
nenbHaa cxema banep-cnekaHusl) ¢ fnonen BeTBU cnekaHusi He 6onee 20 %

B3BelleHHble BellecTBa ‘ Mr/HM® ‘ <200
HAOT 2. TexHonorusi npoMsBoACTBa rMUHO3eMa cnekaHuem HecpennHos
B3BelleHHble BellecTBa ‘ Mr/HM® | <200
HAOT 3. NMpou3BoacTBO aHOQHOW MaccChbl ANs CaMOO0XKUraroLWwmMxca aHoao0B
B3BelueHHble BellecTBa Mr/Hm® <200
BeHsanupeH Mr/HMm® <0,0525
HAOT 4. NMpoun3BoacTBO 060XKEHHbLIX aHOAOB
BaBelleHHbIe BellecTBa Mr/HM® <50
BeHsanvpeH Mr/HMm® <0,0525

HOT 5. SnekTponus B aneKkTponnsepax ¢ npeaBapuTenibHO 060XKEeHHbLIMU aHO4aMU MEePBOro
nokoneHus (MowHocTbIo Ao 300 kA)

dTopunabl razoobpasHble (rmgpodTopua, KpeMHui TeTpadTo- kr/T Al <0,35
pua) (8 nepecyete Ha hTOpP) Mr/Hm® <2,5
dTopuabl TBEPAbLIE e/t Al =0,75
Mr/HMm3 <25
Cepbi anokeuz Kr/T Al <30
Mr/Hm3 <300
B3BelleHHble BellecTBa Kr/T Al =4.9
Mr/HM® <10

HOT 6. AnekTponus B aneKTponusepax ¢ npeaBapuTenibHO 060XKeHHbIMU aHOA4AMMN BTOPOro
nokoneHus (MowHocTb 300 KA u BbiLue)

®Topuabl rasoobpasHblie (rmapodTopUa, KPeMHUN TeTpadTo- Kr/T Al <0,23
pua) (B nepecyeTe Ha TOp) Mr/Hm3 <1,5
dTopuapbl TBEPALIE Kr/T Al <0,37
Mr/Hm® <1,5
Cepbl auokcua Kr/T Al <30
Mr/Hm?3 <300
BaBelleHHble BellecTBa Kr/T Al <2.7
Mr/HM® <10

HAT 7. dnekTponu3 B anekTponusepax Cogepbepra c 6okoBbIM NOABOAOM TOKa K aHoay (BT)
M LWUTOPHbLIMU YKPbITUSIMUN

dTopuapbl razoobpasHble (rmgpodTopua, KPEMHU TETpadTO- Kr/T Al <0,8
pua) (B nepecyeTe Ha Top) Mr/Hm?3 <2,5
®dTopunabl TBEPAbIE i/t Al =0.8
Mr/HM® <2,5
Cepbl anokeuz Kkr/T Al <30
Mr/HM® <150
B3BelleHHble BellecTBa i/t Al =5.,4
Mr/Hm?3 <10
BeHsanupeH Mr/Hm® <0,008
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OkoHuyaHue mabnuubi A.2

EanHnua [nanasoH/
N3mepeHus 3HayeHwue

TexHonornyeckuin nokasartenb

HOT 8. dnekTponus B aneKkTponusepax ¢ BEpXHUM NogBoAoM Toka K aHoay (BT) ¢ ucnonb3o-
BaHMWEM NPOU3BOACTBEHHOW CUCTEMbI

®Topuabl rasoobpasHble (rmapodTopua, KPeMHUI TeTpadTo- Kr/T Al <1,4
pua) (B nepecyeTe Ha pTop) ME/H- M2 <05
dTopuapl TBEPALIE Kr/T Al <1,9
Mr/Hm?3 <35
Cepbl anokecuna Kr/T Al <2.3
Mr/HMm3 <50
B3BelleHHble BellecTBa Kr/T Al <9,1
Mr/HM® <100
BeHsanupeH Mr/Hm3 <0,008

HAOT 9. dnekTponus B aneKTponimsepax ¢ BEpXHUM noaBoAoM Toka K aHoay (BT) no TexHono-
rmm «dkonornyeckun Conepbepr» («dkoConepobepr»)

dTopuabl razoobpasHbie (rmgpodTopua, KpeMHui TeTpadTo- kr/T Al <0,38
pva) (B nepecyeTe Ha TOp) Mr/Hm3 <2,5
dTopuapbl TBEPALIE i/t Al =0,34
Mr/HMm3 <25
Cepbl Aviokeua kr/T Al <1,5
Mr/HM3 <50
B3BelLeHHble BelllecTBa e/t Al =3,6
Mr/Hm?3 <10
BeHsanunpeH:
— ¢hoHapHbIe BbIOPOCHI; Mr/Hm3 <0,001
— BbIBpOChI B TPYOY. Mr/Hm?3 <0,001

HAOT 10. NMpou3BoAcTBO NO BbIMNYCKY antOMUHUSA U ero CrsiaBoB ¢ NpUMeHeHMeM aBTOMaTU3un-
pPOBaHHbIX IUTEUHbIX JIMHUN

B3BelleHHble BellecTBa Mr/HMm® <6

HAOT 11 Mpoun3BoACTBO TEXHNYECKOIrO KPeMHUSI CNOCOOOM KapboTepMnyecKoro BOCCTaHOB-
NeHUA KBapLUTOB yrnepoaom

Mbinb HeOpraHnyeckasa ¢ cogepxaHnem kpemHust meHee 20, 20- Mr/HM® <200

70, a Takke 6onee 70 npoueHTOB

A.3 MNMepeyeHb MapKepHbIX BELLECTB AS1s1 TPON3BOACTBA BTOPMYHOIO antoMUHKS

A.3.1 lNpoun3BoacTBO BTOPUYHOIO antoMUHUSA

[na atmocdepHoro Bo3gyxa [nsa BoaHbIX 06bEKTOB

B3BelleHHble BellecTBa

A3oTa guokcma, asota okevp (CymmapHO)

XropucTbii Bogopoa

dTopuapbl razoobpasHbie (rMgpodTopua, KPEMHUIA TET-
pacdTopua) (B nepecyeTte Ha Top)

Yrnepoga okcug
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A.4 lNepevyeHb TEXHOMNOIMYECKNUX rokasatenen nOnsg npousBoaCcTBa BTOPUYHOIO
antoMnHus

EanHuua [nanasoH/

TexHonornyecknm nokasaTternb
n3mMepeHus 3Ha4vYeHue

HAOT 6. CHMmxeHue BbIGPOCOB, 0Opa3ylOLWMXCA NPU NOAroTOBKe CbIPpbA (Hanpumep, Npuem,
obpaboTka, xpaHeHuMe, nepemMellnBaHMe, CMelUMBaHue, CyLlKa, u3mMesibYeHue, npocenBaHue)
B NPOM3BOACTBE BTOPMYHOrO artOMUHUA: UCNONb3OBaHWe OOHOW WU HECKOJbKUX raso-
OUYNCTHbIX YCTAaHOBOK pPa3fiIu4HOro Tuna.

MogrotoBka KycKoBOro fioma

B3BelleHHble BellecTBa Mr/HME <6
CyLlKa CTPYXKK
A3soTa guokcua, asota okcma (CyMMapHo) Mr/Hm3 <12
B3BelleHHble BellecTBa Mr/HM® <60
OborauleHue Linaka
B3BelleHHble BellecTBa ‘ Mr/Hm3 <120

HOT 7. CHMxeHWe BbIGPOCOB, 0Opa3yloWMXCH NpU 3arpyske, obxure, NraBke U Nony4vYeHUn
yylleK B npousBoacTBe BTopu4yHoro anomuuus, HOT npeaycmaTtpuBaeT ncnonb3oBaHue og-
HOW UMW HECKOJNIbKUX ra3004YUCTHbLIX YCTAHOBOK Pa3fiM4yHOro Tuna.

lMnaBka B oTpaXxaTelbHbIX ne4vyax

B3BelleHHble BellecTBa Mr/Hm3 <300
A3soTa guokcua, asota okcma (CyMMapHo) Mr/Hm? <63
XnopucTbi BOOOPOA Mr/HMm® <19
dTopumabl rasoobpasHble (rngpodTopua, KpeMHuin TetTpadTo- Mr/Hm® <1,9

pua) (B nepecyete Ha hTOpP)

lMnaBka B pOTOpPHbIX BapabaHHbIx neyax n PHI

B3BelleHHble BellecTBa Mr/HMm3 <500
A30Ta guokcug, asota okema (CymmapHo) Mr/HMm3 <140
XnopucTbi BOOOPOA Mr/Hm® <250
Yrnepona okcun Mr/HM® <490

HOT 8 CHuXeHue BbIOPOCOB, BbiAENAKOLWMXCA OT NONIHOrO LUKNa Npon3BoacTBa BTOPUYHOIO
anioMuHusa (NoAroToBKa Cbipbs (Npuem, ob6paboTka, XxpaHeHue, nepemelulMBaHue, CMelunBa-
Hue, cyllKa, ApobneHue, namenbYyeHue, NpoceMBaHue), 3arpy3ka, nnaBka U NOsly4YeHue YyLlek),
npegycMmaTtpuBaeT UCNONIb3OBaHWe OQHOM WMIIM HECKONbKUX ra3oO4YMCTHbIX YCTAaHOBOK pas3-
JINYHOTO TUNa.

Yrnepoa okeug Mr/HMS < 595
A3oTa guokcma, asota okevp (CymmapHO) Mr/Hm3 <200
B3BelLeHHble BelllecTBa Mr/HMm3 < 200
XnopucTbli Bogoposa Mr/HMm® <9
dTopuapbl razoobpasHble (rmgpodTopua, KPEMHUN TETpadTO- Mr/Hm® <4
pua) (B nepecyeTe Ha pTop)
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MpunoxeHue b
(obs13aTenbHoe)

AHeproacppekTMBHOCTb

6.1 KpaTkas  xapakTepucTMka oOTpacnm C  TOYKM  3pEeHUA  pecypco- U
9HepronoTpebneHuns

[Mpn nponsBoacTBe antoOMUHUSA OCHOBHLIMW pPacxogyeMbiMU pecypcaMn SBIISKOTCA Cbl-
pbeBble KOMMOHEHTbI (FMMHO3EM, Yrrepoa aHoda M (PTOpCoNu), a TakkKe IANEeKTPOIHeprus,
HeobxoaMMasi He TOMbKO AN OCYLLECTBIIEHUS 3NEKTPONMTUYECKOro npouecca (pasnoxeHus
rMUHO3ema), HO U Ona NoadepXaHUsA BbICOKOM paboyvern TemnepaTtypbl. ANOMUHUEBBLIE 3aBO-
Aabl Poccuinckon ®epepauunm, 6yayyum KpynHbIMU NOTPEOGUTENAMN 3NEKTPOIHEPrK, pacnona-
ratoTcsl, Kak NpaBunio, BONM3n MOLLHbIX MMAPO3NEKTPOCTaHUMNA.

BaxHenwmmn daktopamn, onpeaensiowmuMmm TeXHUYECKUA YPOBEHb U 9KOHOMMUKY
aneKTponmsa aniMUHUA, ABNAKTCS MOLLUHOCTb (MPOM3BOAUTENBHOCTE) U CTeneHb CoBep-
LWEHCTBa NPUMEHSAEMbIX KOHCTPYKLMIA 3neKTponuaepos. Nonck onTumaribHbIX peLueHui no
COKpaLLEHN0 pacxoia CbIpbeBbIX KOMMOHEHTOB U CHUXEHUSI YOENbHOro pacxoda SneKTpo-
SHEeprum sBNSieTCs BaXKHOW 3ajayvyen Kak And OenCcTBYHOLWMX, Tak U ONs NPOEKTUpYyeMblX
antoMUHNEBBIX 3aBOJOB.

MoTpebHOCTb B aHepropecypcax BeCbMa Benvka W npu Npou3BOLCTBE NIMHO3EMA.
MoMMMO aneKkTpoaHeprum, B rMMHO3EMHOM MPOU3BOLCTBE MUCMOSb3YOTCA TENoBas SHeprus
(Mpn rmgpoxmmuydeckon nepepaboTke Cbipbs), BOAA M HaTypasnbHOEe TOMNSMBO B npoueccax
CrekaHus 1 KanbuMHauuu.

MpumeHeHne pecypcocbeperarwmx TEXHONOMN B antoMUHUEBON NPOMbILLITEHHOCTU
HanpaBfieHO Ha CHWXeHne cebeCToMMOCTM NPOaYKLUMN U NOBbILEHNE ee KOHKYPEHTOCNOCO6-
HOCTW Ha MUPOBBIX PbIHKaX.

Mpy NpoM3BOACTBE TEXHUYECKOrO KPEeMHUS OCHOBHbIMW pacxofdyeMbiMU pecypcamm
ABNSAOTCA CblpbeBble€ KOMMOHEHTbI (KBApUMWT, YrNepoauCTble BOCCTAHOBUTENWN — KOKC Ape-
BECHbI 1 BOCCTAHOBMUTENb, KaMEHHbI 1 Bypbln yrnuv, ApeBecHas LWena v anekTponbl), a
TaKKe 3NeKTpo3Heprus, Heobxogumasi He TOMbKO OCYLLUECTBMEHUS 3IEKTPOTEPMUYECKOrO
npouecca NnaBneHns WKXT, HO N ANda nogaepXaHnsa BbICOKON paboven TemnepaTypbl U TOH-
KOro M3aMenbYeHus CbipbeBbIX MaTtepuarnos. [Npeanpusatust No NPOU3BOLACTBY TEXHUYECKOrO
KpemHusi B Poccunckon ®epepauumn, byaydm KpynHbIMU NOTPEOUTENAMMU SMEKTPOIHEPTUM,
pacnonaratlTcs B6NM3n ruapoaneKkTpoCcTaHLmN.

BaxHenwmmn daktopamn, onpegensrowmMmm TeXHUYECKUA YPOBEHb U SKOHOMUKY
NPOM3BOACTBA KPEMHUS, ABMASOTCA MOLHOCTb (NPON3BOANTENBHOCTb) U COBEPLUEHCTBO KOH-
CTPYKUMM NPUMEHSIEMbBIX PYOHOTEPMUYECKNX MeYen n obopyaoBaHUSA MO NPUEMKE Cbipba U
NPUrOTOBIIEHMIO LLMXTHI.

lMonck onTUManbHbIX PELIeHU MO COKPaLEeHUIO pacxoda CblpbeBbIX KOMMOHEHTOB,
COOTHOLLEHNSA BOCCTAHOBUTENEN B LUMXTE U CHWKEHUS YOENbHOIO pacxona aNekTpo3Heprm
ABMSETCA Ba)XHOW 3ajayen Kak gna OeUCTBYHOLWMX, Tak U ANs NepCnekTUBHbIX 3aBOA0B MO
NPOU3BOACTBY KPEMHUSI.
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MpumeHeHne pecypcocbeperarLLmx TEXHOMOMMIN B NPOU3BOACTBE KPEeMHUS Hanpas-
NEHO Ha CHWXeHue cebGecToMMOCTM MPOAYKUMM M MOBbILIEHNE ee KOHKYPEeHTOCMOCOBHOCTU
Ha MUPOBBIX PbIHKaX.

b6.2 OCHOBHblEe TEXHOMOMMYECKNe NPoLLECChl, CBA3aHHbIE C UCMNONIb30BAHNEM SHEPTUMN
6.2.1 lNpounssoacTBO rMMHO3eMa

YaenbHble ypoBHU NOTPeBneHns ChipbeBbIX MaTepuanos (Tonnuea, BOAbl U 3NeKTpo-
SHeprum) MMHMMarnbHbl 4na npouecca banepa n makcumarnbHbl 4118 TexHonorum nepepaborT-
KN HedenuHoB Ha rmuHoseM. lNMpumeHsiembin B Poccurckon ®epepauumn cnocob bawnep-
cnekaHnsa (napannenbHbI BapuaHT) MO YPOBHIO NMOTpebreHns 3aHMMaeT NpOMEXYTOYHOe
nonoxeHune. B Tabnuue A.3.1 npeacraBneHbl JOCTUMHYTbIE YAeESbHbIE pacxofHble Mnokasa-
Tenu no notTpebneHnto aHeprun Npu NPOU3BOACTBE MMHO3EMa MO TEXHOMOMNAM, NPUMeEHsie-
MbiM B Poccurckon degepaumn.

6.2.2 Npon3BoacTBO NEPBUYHOIO antoMUHUS

Mpn nNpousBOACTBE MEPBUYHOIO antOMUHUSA Pacxod IIEKTPOIHEPrun 3aBUCUT rraB-
HbIM 0OpasoM OT TUMNa 3ANeKTponuaepa U Bbixoga no TOKy. Mpu Npoumx paBHbIX YCNOBUAX
HanbomNbLIMA pacxod 3NeKTpo3aHeprum Habnwopaetca y anektponusepos BT, a HanmeHb-
wwun —y BaHH ¢ OA.

Tabnuua 6.2.1 — CpaBHEHNE TEXHUYECKMX XapaKTepUCTUK Ans TexHonormni anektponusa OA,
BT, bT

TexHonorus Cuna Toka, KA Bbixoa no Toky, %

OA nepsoro nokorieHus (go 300 kA) o 300 kA 92,7-93,0
OA BTOpoOro nokoneHus (=300 KA) =300 kKA o 94,5
Paposasa BT 140-175 87,5-89

BT c Al n «cyxon» MOY 165-175 87,5-89

BT «3koCopepbepr» 172-176 88-91

BT c npon3BogCTBEHHOW CUCTEMOM 167-170 87,7-90

BT 83-85 89-90

b 2.3 lNpon3BoaCTBO TEXHNYECKOIO KPEMHUSA

YaeneHble ypoBHM NOTPeBneHns CbipbeBbIX MaTepuanos (KBapuuta, BOCCTaHOBUTE-
nen) Ha NpeanpuaTUNAX, NPOU3BOAALMX TEXHUYECKUA KpeMHu B Poccuiickon depepaumum,
NPaKTUYECKN OOUHAKOBbI U 3aBUCAT rMaBHbIM 06pa3oM OT KayecTBa (XMMUYECKOro coctaea 1
cogepXaHus npumecen) N Ux OU3NKO-TEXHUYECKMX CBOMWCTB (peakLuMOHHas CroCOBHOCTb,
aneKTpuyeckoe ConpoTUBNEHNE 1 psiaa Apyrux).

B tabnuue B.3.3 npmBogaTcs OOCTUrHyThle yAerbHble pacxodHble MnokasaTenu no
notpebneHnto SHepruM npuv  MNPOU3BOACTBE TEXHUYECKOro kpemHuss B Poccuiickon
denepaumm no TexHorormm kKapboTepmMmYeCcKoro BOCCTaHOBMNEHWS KBapLMTOB.
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6.3 YpoBHu noTpebnexHus

YpoBHM NoTpebneHns aHepropecypcoB nNpu NpPou3BOACTBE MUHO3EMA U NEPBUYHOIO
anoMuHns npmeBeaeHsbl B Tabnuuax b5.3.1 n b.3.2 cooTBeTCTBEHHO.

Tabnuua b.3.1 — Pacxopg aHepropecypcoB npv NpoM3BOACTBE MMUHO3eMa

Pacxog Ha 1 TOHHY rmnHo3ema
EonHnubl
HanmeHoBaHune N3aMepeHns Banep-cnekanwve (na- MepepaboTka
pannenbHblA BapuaHT) HedenvHoB
TexHonornyeckoe TonnmBo TY. T 0,205-0,286 1,25-1,50
Tennosasa aHeprunga kan 2,90-4,0 1,25-1,35
OnekTpoaHeprus TbiC. KBT'Y 0,35-0,40 1,0-1,1

Tabnuua B.3.2 — Pacxoq anekTpoaHeprv npy NpovM3BOACTBE NEPBUYHOO antoMUHUS

HasHaueHune Pacxopn anekTpoaHep-
HanmeHoBaHne obopyaoBaHus
obopynoBaHus rmn, kBT-u/T Al
OneKTponmM3epbl C CaMOOOXMUraoLLIMMUCS aHO- 1521616111

AaMu U BEPXHUM TOKOMOABOAOM

3neKkTponusepbl ¢ CaMooOKMraroLLMMNCA aHO Monyerme nepauHo-
P P . ro anoMUHIS (arnto- 1517115620

AamMu 1 6OKOBbIM TOKOMOABOLOM
MUWHUSA-CbIpLA)

OneKkTponusepsbl ¢ NpeaBapuTeNbHO 0BOXKEH- 13158-15126
HbIMW aHo4aMU

YpoBHN NOTpebneHnss aHepropecypcoB Npu NPOU3BOACTBE TEXHUYECKOrO KPEMHUS
npuBogaTcs B Tabnuue 6.3.3.

Tabnuua b.3.3 — Pacxopg aHepropecypcoB Ha 1 TOHHY rMnHo3emMa

HanmeHoBaHue EanHuubl nsmepeHmns Pacxog Ha 1 TOHHY
TEXHMYECKOro KpeMHus

OneKTpoaHeprus TbiC. KBT-Y

6.4 Hauny4ywe  OoCTynHble  TEXHOMOrnW, HanpaefieHHble Ha  MNOBblWEeHue
9HeproaPeKTMBHOCTN N ONTUMU3ALNIO N COKpaLLleHMe pecypconoTpebnenns

OCHOBHbIM aCneKTOM MOBbILLEHNST 3HEPTrOIPAEKTUBHOCTM SABMSETCA NPUMEHEHME Ha
HoBbIX NpeanpusaTuax HAOT 6 «3nekTponua B anekTponuaepax ¢ npeasapuTesibHO 060XKeH-
HbIMW aHodamMu BTOPOro nokosieHus (MowiHocTblo 300 KA 1 Bbilwe)», XapaKTepusytoLlencs
Hanbonee BbICOKUM BbIXOAOM MO TOKY (cM. Tabnuuy 5.2.1, OA BTOPOro nokoneHust) U MUHKU-
MaribHbIM pacxodoM 3MNeKTpoaHeprum (cm. Tabnuuy b.3.2).

Pasgen/nyHkT
Homep n HaumeHoBaHue HOT A y
crpaBOYHUKa
HOT 6. 3nekTponus B anekTponuaepax ¢ npeasaputeribHO 000XKEHHbIMU 53
aHogamm BToporo nokoneHunsa (MowHocTbto 300 KA 1 Bbilwe) '
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OCHOBHbIM acneKkTOM MOBbILEHUST 3HEPro3ddPEKTUBHOCTM NMPOM3BOACTBA TEXHUYECKO-
ro kpemHus asnsietca npumeHenme HAT 11 «[pon3BoacTBO TEXHUYECKOrO KpeMHusi» B PTT1
MOLLHOCTbIO 25 KBA 1 BbllWe, XxapakTepusyrLwenca MMHUMarbHbIM PacXxo4oM 3feKTPO3Hep-
rmn n obopyposaHHon adpcpekTmaHom MOY (cm. Tabnuuy 5.3.3).

b.5 OkoHomMunuyeckne acnektol peanu3auun HOT, HanpaBneHHble Ha MOBbILEHUE
9HEepProadPeKTMBHOCTN N ONTUMU3ALNIO N COKpaLLieHMe pecypconoTpebnenns

CebecToMMOCTb NPOU3BOACTBA aNtOMUHUS OnpeaensieTca TeKyLWMMN LeHaMn Ha Cbl-
pbeBble KOMMOHEHTbI N 3NEKTPOIHEPTUIO.

Oxorno 30 % OT cToMMOCTU antoMUHUA-CbIpLUa NPUXOAUTCA Ha CbipbeBble NPOAYKTHI,
npexae Bcero Ha rmuHodeM. Cnabas oTedecTBeHHasi cbipbeBas 6asa (OTCyTCTBME Kade-
CTBEHHbIX DOKCMTOB ANA NPOM3BOACTBA OCHOBHOMO CbIPb€BOr0 KOMMOHEHTA — rMMHO3eMa)
OpUEeHTUpPYEeT anioMUHUEBbIE 3aBOAbl HA €ro 3akynku us-3a pybexa. OgHuM 13 pelueHun 3a-
Aadn obecneyeHus pecypcaMmy pOCCUNCKUX MpomsBoauTENen anioMUHUA ABNSeTCs paspa-
B60TKa HOBbIX OTEYECTBEHHbLIX MECTOPOXAEHUNA.

CebecTonMOCTb NPOM3BOACTBA anmtOMUHUA (DOPMUPYETCHA M3 KOMIMEKca COCTaBnAto-
LWNX, cpean KOTopbIX HanbomnbLIMN BEC UMEIT 3aTpaThl Ha anNeKkTpoaHeprmo (okono 35 %).
B pesynbTaTte Tapudbl aHEpPreTU4ecKnx KOMMNaHUm UrpatoT OrpOMHYI0 POSib B pasBuUTUM anto-
MUHWEBOW OTPaCNN B pasHbIX CTPaHax.

Cambili BbICOKMI YpPOBEHb TapudOB Ha 3NeKkTpoaHepruto Habnogaetcs B Kutae, ca-
Mble HU3KME 3aTpaTtbl HA 3NEKTPOIHEPIUIO — Yy NPoM3BOAUTENEN antoMUHNA B cTpaHax brvx-
Hero BocTtoka u B KaHage. Poccus BXogUT B CMIMCOK CTpaH C CaMbiMU BbICOKUMU 3HEproTa-
pudamu.

C uenblo CHWXKEeHUN 3aTpaTt Ha 3NEKTPOIHEPIMI0 NPOM3BOAUTENN anNtOMUHNSA YBENNYN-
BalOT A0S0 MCMONb30BaHUA 3KOMOMMYHbIX BO30OHOBIISIEMbBIX 3HEPropecypcoB, TakUX Kak
rMapoanekTpoaHeprus. bonee NnonoBMHbI NPOM3BOAMMOIO B MMpE arntoMUHUS BbIMyCKaeTCs C
NCnonb30BaHMEM 3Heprun, BbipabaTtbiBaemon 'AC. Ee knioyeBble nNpeuMyllecTBa — HeUc-
yepnaemocTb M 6e3BpeHOCTb ANs OKpyXawwen cpegbl. Poccunckas antoMmHueBasa OT-
pacrb yxe sBnseTca nuaepoMm B 06nactu MCNosib30BaHMSA 3KOMOTMMYHbIX 3HEePropecypCos:
6onee 80 % npon3BOAUMOro B CTpaHe antoMUHUS BbINMYCKAeTCs C MOMOLLbI0 MOPO3IEKTPO-
3Hepruu.

OCHOBHbIMM HanNPaBIEHUSIMU CHUXXEHNSA pacXxoda CbIpbeBbIX KOMMOHEHTOB SIBIISOTCA:
CHWXEHMEe NnoTepb MpyU TPaHCMOPTUPOBKE, MOBbILLIEHME KayeCTBa CbipbeBbIX KOMMOHEHTOB,
COBepLUEHCTBOBaHWe npoLecca anekTponuaa. CHWxKeHne yaenbHOro pacxona anekTpoaHep-
rMn gocTuraeTcs nyTemM MoBbILWEHUS BbiXxoda MO TOKY, KOTopoe obecnevnBaeTcsl BHEOPEHU-
€M aBTOMaTM3MPOBAaHHbIX CUCTEM YMNpaBrieHUs MPOLECCOM, pauMOHanbHOW KOHCTPYKUMEN
aneKTponmM3epa n ero o6CcnyXnBaHNeM.

Honsa aHepropecypcoB B ce6eCTOMMOCTM MMNHO3EMA 3aBMCUT OT BMAA NPUMEHAEMOrO
cbipbs 1 coctaBnseT ot 30 % go 50 %.

OCHOBHbIM HanpaBneHneM yMeHbLUEeHUST NOTPeBNeHNs 3HEpPropecypcoB B MMMHO3EM-
HOM NPOW3BOLCTBE SABMSIETCS CHWKEHUE yOenbHOro pacxoga Tonnmea, Hanpumep, npu ycra-
HOBKe neyen KanbuuMHaumMu LMKIOHHOro tuna (CHwkenne ao 30 %), ycTaHOBKe XONOoAUIbHU-
KOB KMMSALLEro Cros K Bpallarowmmcs nevam kanbumHaunm (CHmxkeHune oo 20 %).

Peanusauua HOT B anomuHneBon oTpacnu (BKMYas NPOU3BOACTBO MUMHO3EMA)
obecneynBaeT He TOSbKO MOBbILLEHNE IKONOrMYECKON ahPEKTMBHOCTU NPOU3BOACTBA, HO U
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OHOBPEMEHHO MPUBOAMUT K COKpaLLEHU0 NoTpebrneHns aHepropecypcoB, a cneaoBaTernbHo,
N CHUXKEHMIo cebecToMMOCTM NPOaYKUUN.

b6.5.1 DkoHOMMYeCKMe acnekTbl npun npon3BoacTBe TEXHNHYECKOIo KpeMHUA

CebecToMMOCTb NPON3BOACTBA TEXHUYECKOTO KPEMHUA OnpeaenseTcs TeKywumMmu Le-
HaMW Ha CbIpPbEBbLIE KOMMOHEHTbI U 3nekTpoaHeprmto. Okono 30 % OT CToMMOCTM npoayKTa
NPUXOANTCSA Ha CbIpbEBbIE MaTepuarnbl, Npexne BCero Ha BoccTtaHoBuTenn. Heobecneyeh-
HOCTb Ka4yeCTBEHHbIM CbipbeM TpebyeT pa3paboTkm HOBbIX BMAOB BOccTaHoBuTenen. lMpu-
MEHEHMNE TOHKOAUCNEPCHOrO Cbipbsi, B TOM YMCE OTXOL4OB pasfiMyHbIX NPON3BOACTB, ero ar-
nomepauus (OKyckoBaHuE) U BeieHne TeXHOOrM4YecKoro npoLecca B 2 ctaguun (4epes nosny-
yeHne SIiC) aBnsaeTca pelleHnem npobrieMbl COKpalleHUA yaeribHbIX PacXofoB Cbipbs U
3IEKTPOIHEPTUN.

CebecTonmMoCTb NPOM3BOACTBA TEXHUYECKOro KpeMHUs (DOpMUPYyeTCa U3 KoMMnekca
COCTaBMAKOLWMX, Cpean KOTOpbIX HambonblUMiA BeC MMEKT 3aTpaTbl Ha 3NEKTPOSIHEPIUIO
(okono 35 %). Tapudbl 3HEPreTUYECKUX KOMMAHWUIA UrpatoT OrPOMHYIO POSfib B pasBUTUMN Npo-
N3BOACTBA KPEMHUA B pPasHbIX CTpaHax. Poccusa BXOAUT B YMCIIO CTPaH C BbICOKOW CTOMMO-
CTbIO ANEKTPO3Heprnn. C LIENbIO CHMXKEHNSA 3aTpaT Ha NEKTPOIHEPINIO YBENNYMBAIOT A0SO
NCMnonb30oBaHMUs BO30OHOBMNSEMbIX 3HEPropecypcoB, TakMX Kak rmapoaniekTpoaHeprusi. Ee
KnoyeBble npeumyLiecTsa — HencyepnaeMocTb 1 6e3BpegHOCTb NS OKpyXXatoLen cpeapl.
MpakTnyeckn Becb NpomM3BOAMMbIA B PP KpeMHUI BbiNyCKaeTCsl C MOMOLLbIO TMOPO3NEKTPO-
SHepruu.

BaxxHbIM HanpaBneHMsIMU COKpaLLEHUs1 pacxoda CbipbEBbIX KOMMOHEHTOB ABMAOTCS:
CHWXXEHMEe NoTepb Npu TPAHCNOPTUPOBKE M NOATOTOBKE LUMXTbI, COBEPLLUEHCTBOBAHNE TEXHO-
NOrnM4yeckoro npotecca, ncnonb3oBaHne apdekTneHbix FOY ana CHMXEHUA NoTepb LEHHOM
NbiNn ¢ oTXo4AaWwmuMN razamm. CHUXKEHWE yaernbHOro pacxoda 3reKTpO3Heprum 4ocTuraeTca
BHEOPEHMEM aBTOMAaTU3MPOBAHHbLIX CUCTEM YyMNpaBfeHUs NPOLECCOM, pauMOHaNbHOM KOH-
CTPYKUMEN NnaBuUibHOM Nevn n ero o6cnyxmsaHnem.

Ha ponto aHepropecypcoB B ce6eCTOMMOCTU TEXHUYECKOrO KPEMHUS BIMSIET U BUG,
npumeHsiemoro cblpbs (coctasnsaeT oT 30 % o 50 %).

Peanusauua HOT 11 «[pon3BoaACTBO TEXHUYECKOrO KPEMHUS» HarnpaeBneHa He ToMb-
KO Ha MOBbILLEHNE 3KONormdeckon adPEeKTUBHOCTM NPON3BOACTBA, HO U OOHOBPEMEHHO Mpu-
BOOWUT K COKpaLLEeHUo NoTpebrneHns SHEPropecypcos, a, CrieaoBaTenbHO, U CHUXKEHUIO cebe-
CTOMMOCTU NPOAYKLMN.

6.6 lNepcnekTnBHbIE TEXHONOIN, HanpaBneHHble Ha noBblLIEHNE
3HeproappeKTMBHOCTHN, ONTUMMU3ALMIO U COKpPaLLEHNE pecypconoTpebneHns

6.6.1 lNpounssoacTBO rMMHO3emMa

MNMocnegHue rogbl 60MblIOEe BHUMAHWE YOEnseTcs MCCNeAoBaHUsIM MO YCOBEPLUEH-
CTBOBaAHUIO TEXHOMOMMM CrnekaHns HedenmHoB, a MMEHHO NepeBOAY NeYen CnekaHust Ha Ccy-
XOW UMM Nonycyxon cnocob TepmoobpaboTKm LUNXTbl B KOPOTKMX Nevax ¢ TennoobMeHHuKa-
MU,
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MooobHas TexHonorns BHeapeHa B LLEMEHTHOM MPOMbILLSIEHHOCTU AN 06Xura KnunH-
Kepa 1 gana 3HaunTerlbHbI 9KOHOMUYECKUI N 9KONOrnM4ecknin apekT (3koHOMUSA Tonnmea —
6onee 30 %).

PeKoHCTpYKUMA CyLLeCTBYOLWNX NeYen CrekaHUs « MOKPOW» LUMXTbl UM COOpPYXeHue
NoAo06HbIX YCTAHOBOK MPU CTPOUTENBCTBE HOBbLIX MMMHO3EMHbIX 3aBOAOB MO3BOSIUT JOCTMYb
nogobHoro aggekTa.

6.6.2 lNpounssoacTBo antoMmMHUA

[Mpon3BOACTBO anOMMHUS C MCMNOSb30BAHMEM WMHEPTHOrO aHoga — WHHOBALMOHHAs
TEXHONOrsl, He MMetoLLLIast aHarnoroB C TOYKN 3peHnsa akonornveckoro acgpdpekra. OCHOBHbIM
NPENMYLLECTBOM [AHHOW TEXHOMOIMM C TOYKM 3PEeHUss 3HeprodaddeKTUBHOCTM SIBNSAETCHA
CHMXeHne cebectommoctn npounssoacrTea bonee yem Ha 10 % 3a cyeT 3KOHOMMM aAHOOOB
N 3NEKTPO3HEPTUM.

6.6.3 Npon3BoaCTBO TEXHNYECKOIO KPEMHUSA

MocnegHue roabl 6onblloe BHUMaHWE yaensieTcs MUCCrnedoBaHUAM, HarnpaBfieHHbIM
Ha yCOBEepLUEHCTBOBAHME TEXHOSOMMU MPOU3BOACTBA TEXHUYECKOrO KPEMHUS 3a cCYyeT Uc-
NOSIb30BaHNA HOBbIX BUOOB Cblpbs — TOHKOAUCMEPCHLIX KBapLeBbIX MeCcKoB, BOCCTaHOBUTE-
nen, obnagaroLwmx BLICOKOM peakTUBHOW CMOCOBHOCTBIO N 3NEKTPUYECKUM COMPOTUBIIEHNEM,
BO3MOXHOCTbIO UCMOMb30BaHUSA PasfnyHbIX OTXOL40B XMMWYECKOW, YronbHOW U HedTSHOM
NPOMbILLIIEHHOCTU BMECTO 4PEBECHOro KOKca.

Peanusauusa pesynbtaTtoB nccnegoBaHui, BHeapeHne 6onee MOLLHbIX pyaonnaBusib-
HbIX anekTponedyen ¢ addekTnBHoiMn OY obecneyar 3KOHOMUYECKUIA U 3KONOrMYECKNI

apekT.
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MpunoxeHue B
(obs13aTenbHoe)

MepeyeHb HOT ana nponsBoAacTBa NepBUYHOro artoMUHUA

HanmeHoBaHne HOT

MpumevaHune

lMpon3BoACTBO rMMHO3eMa M3 GOKCUTOB NO KOMOMHMPOBaHHOMY
cnocoby (napannensHas cxema banep-cnekaHune) ¢ gonen BeT-
BM cnekaHusi He 6onee 20 %

TexHonorns npon3soacTBa rNMnHo3ema crekaHmem Heq.)eJ'IVIHOB

Mpon3BoacTBO aHOAHOM Macchbl A4S CaMOOOXKUratoLWMXCsl aHo-
[oB

Mpon3BoacTBO 060XCKEHHbLIX aHOA40B

a A WD

OneKkTponu3 B anekTponuaepax ¢ npeasapuTeribHO 0B0XOKEH-
HbIMW aHOO4aMM NEPBOro NoKoneHus (MoLHocTbio Ao 300 KA)

OneKkTponua B anekTponuaepax ¢ npeasapuTeribHO 0B0XOKEH-
HbIMW aHOZaMM BTOPOro nokonenus (MowHocTbto 300 KA 1 Bbl-
we)

Onektponu3 B anektponu3epax Cogepbepra ¢ 6okoBbIM NoA-
BOAOM ToKa K aHogy (BT) n lWWTopHbIMU YKPLITUSMU

OnekTponus B anekTponusepax C BEPXHUM MOABOOOM Toka K
aHoay (BT) ¢ ncnonb3oBaHnemM npom3BoACTBEHHON CUCTEMBI

OnekTponM3 B 3MekTponu3epax C BEePXHUM NOABOAOM TOKa K
aHogy (BT) no TexHomorun «Q3konornyeckun Copepbepr»
(«3koCopepbepr»)

10.

rlpOVI3BO,D,CTBO Nno BbINYCKY antoMNUHUA U ero cnnaeoB C npume-
HEHNneEM aBTOMaTU3NPOBAHHbIX NUTENHbIX NTUHUI

11.

Mpon3BOACTBO TEXHUYECKOTO KpeEMHUA crnocobom kapboTtepmu-
YEeCKOro BOCCTaHOBEHUS KBApLMUTOB YrrepoaoM
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MepeyeHb HOT ana nponsBoacTBa BTOPUYHOIO ariloOMUHUSA

Ne HavnmeHoBaHvne HOT MpumeyaHue
MoBbiWeHNe obLuen pesynbTaTUBHOCTU NPUPOSOOXPaHHON aesd-
TenbHOCTU. BHeapeHue n nogaepxaHme CMCTEMbl 9KONOTMYECKOro

1. N
mMeHemxkmeHTa (COM), cooTBeTcTBYlOWEN TPpeboBaHuam FOCT P
NCO 14001 nnn ISO 14001

2. lNoBblWweHNe 3apPEKTUBHOCTN NCMONB30BAHUSA SHEPTUN

3. O6ecneyveHne cTabunbHOCTM NPOM3BOACTBEHHOIO NpoLecca
MpepoTBpaLleHne nnn ymeHbLleHNe HeopraHM3oBaHHbIX BbIOPOCOB

4. OT NOArOTOBKM (Hanpumep, n3menbyeHne, nepemMeluBaHne, CyLuKa,
ApobneHne, knaccudukaumm, cnekaHms u T. 4.) matepuanos
MpepoTBpaLeHne nnn ymeHbLleHe HeopraHM3oBaHHbIX BbIOPOCOB

> OT 3arpys3ku JiloMa 1 0TX040B antOMUHUSA 0O NOMYyYEHUS YyLLeK
CHwmkeHune BbIGpocoB 06pasyroLMXCsa Npy NoAroToBKE Cbipbs

6 (Hanpumep, NnpueM, 06paboTka, XxpaHeHne, NnepemeLLMBaHme, CyLLKa,
ApobneHve, namernbyeHne, NnpocemBaHne) B NPON3BOACTBE BTOPUY-
HOro antMuHUA

7 CHwmkeHune BbIGpoCcoB 06pasyoLMXCa Npu 3arpy3ke, Nnaeke v nony-
YEHMM YyLLIEK B MPOM3BOACTBE BTOPUYHOIO antoMmUHUSA
CHuxeHune BbIGPOCOB, BbIAENSAIOLWMXCSA OT NOMIHOMO LMKIa Npouns-
BOACTBa BTOPMYHOrO antoMuHUA (Noarotoeka cbipbsa (Npuem, obpa-

8. 0oTKa, XpaHeHne, NnepeMeLlnBaHne, CMeLLMBaHWe, CyLlKka, opodne-

HWe, u3MenbYeHne, NpocemBaHne), 3arpyska, nnaska n nonyyeHue
YyLUEeK)
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Mpunoxexue
3aknro4yeHue no Hauny4wmm AOCTYMNMHbIM TEXHOSTIOTUAM
«MpousBoacTBO aNntOMUHUAY

O6nactb NnpuMeHeHUusA

O6nactb NpuMeHeHNs HacTosLero 3akno4veHnsi coBnagaeTt ¢ 06n1acTblo NPUMEHEHNS
MHPOPMAaLMOHHO-TEXHMYECKOrO cnpaBoyvHmka no HOT ana npomssoactea antomuHus (UTC
11 — 2019 «[Mpon3BoACTBO aniOMUHUAY) U PACNPOCTPAHAETCSA Ha crefyloLlme OCHOBHbIE BU-
Abl 0eATeNbHOCTN:

1) npon3BoACTBO MMUHO3EMA;

2) Npoun3BOACTBO MNEPBUYHOIO antoMUHUS;

3) Npou3BOACTBO aHOAOB U aHOAHOW Macchl;

4) nUTenHoe Mpon3BOACTBO (MPOM3BOACTBO TOBapHOW MNPOAYKUUW U3 antoMUHUA-
cbipLua 1 antoMUHUEBLIX CMaBoB);

5) Npou3BOACTBO TEXHUYECKOTO KPEMHUS;

6) npoLeccbl NOArOTOBKN BTOPUYHOIO artoMUHUEBOrO Cbipbs A58 nepepaboTku;

7) npoLuecchl NPOM3BOACTBA BTOPUYHOIO antoMUHUS.

3aknoyeHne TakkKe pacrnpocTpaHseTca Ha npouecchl, CBsi3aHHble C OCHOBHbIMU BU-
AaMu OeATeNlbHOCTU, KOTOopble MOryT oKasaTb BfUsSHWE Ha O0B6beMbl aMuccun u (Mnm) mac-
WTabbl 3arpA3HEHNS OKpYyXatoLLen cpeapl:

1) XpaHeHue 1 NoAroToBKa CbIPbA, TONMNBA, NPOAYKUNN;

2) Npou3BOACTBEHHbIE NPOLECCHI;

3) meToAbl NpeaoTBPaLLEHNSA N COKpaLLEHMS AMUCCUIA 1 0Bpa3oBaHNA OTXOO0B.

CnpaBo4YHKK HE pacnpocTpaHaeTcs Ha:

1) pesaTenbHOCTb, CBA3aHHYHO C Aobblver 1 oboralleHnem pya LBETHbIX METasnsos;

2) 6nokm BcrnomMmoraTesibHbIX U NOACOOHBIX MPOU3BOACTB (PEMOHTHbIE, aBTOTPaHC-
NOPTHbIE, XKENEe3HOOOPOXHbIE, MOHTaXHbIE U T. N.);

3) BOMpOCHI, KacalLWmnecs UCKMIYUTENBHO obecneveHns npombllneHHon 6esonac-
HOCTM UNKN OXpaHbl Tpyaa.

Bonpocbkl oxpaHbl Tpyga paccmMaTpuBaloTCA YaCTUYHO M TOMbKO B TEX Criyyasx, Korga
OKa3bIBalOT BAUSIHWE HA BUAbl AEATENbHOCTU, BKIOYEHHbIE B 06NacTb NPUMEHEHUS HacToS-
LLlero cripaBoYHUKA.

[ononHutensbHble BUAbl OEATENbHOCTU MPU NPOU3BOACTBE antoOMUHUA U COOTBET-
cTBylowmne um cnpasodHnkn HOT npuBeaeHsl B Tabnuue 1.
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Bup neatenbHocTH

CoortBeTcTBYIOLWMI cripaBoyHUK HOT

MeToabl O4YUCTKN CTOYHbIX BOA, HanpaBneHHble
Ha cokpalleHue cOpoCOB MeTarnsoB B BOAHblEe

06BEKTbI

OumncTka CTOYHbIX BOA NPU NPOU3BOACTBE MNPO-
AyKumu (ToBapoB), BbIMOMHEHUM paboT U oka-
3aHWM yCryr Ha KpYMHbIX NPeanpusiTUsx

npOMbILIJJ'IeHHbIe CUCTEMbI OXnaxageHusd, Hanpu-
Mep rpagupHu, nnactmH4aTble TEennoobMeHHUKN

npOM bilLJ1IEHHbIE CUCTEMbI OXINaXaeHns

XpaHeHune n obpaboTka maTepuanos

CokpalleHne BbIGPOCOB 3arps3HAOLLINX Be-
LLeCTB, COPOCOB 3arpsi3HSIIOLLMX BELLECTB Npw
XpaHeHUn 1 CcKragnpoBaHMm TOBapoB (rpy3oB)

O6pallieHne ¢ oTxoaamu

Ob6esBpexnBaHme 0TXO40B TEPMUYECKUM CMO-

cobom (cxumraHme oTxonoB)

3axop0HeH|/|e OTXO0A0B npoun3soacTea u no-

TpebneHusa

BbipaboTka napa v aneKTpo3Heprumn Ha TennoBbIX

cTaHumMaAX

Cxxuranune Tonnmea Ha KPYMNHbIX YCTaHOBKaXx B

uenax npon3BoacTtBa 3Heprun

BOI'IpOCbI npon3BOoACTBEHHO-3KONTOTM4YeCKOro KoH-

Tpons

O6Lwwme NprHUMMNBI MPOM3BOLCTBEHHOIO SKOS10-
rMYeCKOro KOHTPONS 1 ero MeTpPosIorn4eckoro

obecneyeHus

Cdpepa pacnpocTpaHeHusi cnpaBoYHMKa NpmBeaeHa B Tabnuvue 2

Tabnuuya 2 — Cdepa pacnpoctpaHeHna ATC HOT

HavmeHoBaHve npogyKumm HanmeHoBaHuve Buaga
OKNA 2 no OK 034-2014 (OKIAa) aearenbHocTn no OKB3[ 2 OKBIA 2
[Mpon3BoacTBO MeTannypruyeckoe 24
Mpon3BOACTBO OCHOBHbIX Aparo-
MeTannbl OCHOBHbIE AparoLUeHHbIe
LEeHHbIX MeTarnsmoB U NpoYnx UBeT-
24.4 N LUBETHbIE NpoYMe; TOMINBO 24.4
HbIX MEeTannos, NPON3BOACTBO
anepHoe nepepabotaHHoe
AafepHoro Tonnuea
24.42 AntoMmHMin lNpon3BoacTBO antoMUHNUSA 24.42
24.42.1 AntoMnHUA HeobpaboTaHHbIN; OK-
cva antoMuHNS (rMUHO3eMm)
24.42.11 | AntoMUHWUIA HeoBpaboTaHHbIN
24.42.11.110 | AnNtOMUHMI NEPBUYHBIN
24.42.11.120 CnnaBbl Ha OCHOBE NEPBUYHOTO
antoMuHuA
24.42.12 Okcna antoMuHNS (rmrMHo3em),
KpOME MCKYCCTBEHHOrO KOpyHAa
24.42.12.000 Okcna antoMuHNS (rmrMHo3em),
KPOME MCKYCCTBEHHOMO KOpyHAa
MponssoacTBo Npoyen HemeTan-
NU4ecKon MUHeparbHOW NPoayK- 23.99
LUK, HEe BKIIOYEHHOW B Apyrve '
rpynnMpoBKM
OnekTpodbl U Mpodve usgenus u3
27.90.13 rpacdouta vnuM apyrux BUOOB Yriepo-
Aa, NpUMeHaeMble B 3NEKTPOTEXHUKE
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1. Haunyuwwme focTynHblie TeXHONOrmm

3aknoveHne coaepXnT nepedeHb Kpatkux onucaHun HOT, npumeHaembix npwu
NPOM3BOACTBE alMtOMUHUS N TEXHUYECKOrO KPEMHUSI Ha pPasfiMyHbIX 3Tanax TeXHOMOoru-
4YecKoro rnpotecca.

HOT crpynnupoBaHbl B noapasaesibl B COOTBETCTBMU C MPOU3BOACTBAMM.

TexHonornn/meToabl, NEPEYNCIIEHHBIE U ONUCaHHbLIE B HACTOSILLEM [LOKYMEHTE B Ka-
YecTBE Hauny4LKnX OCTYMHbIX TexHonormn (HAT), He SBnsOTCA HYM NPeanUCbIBaOLWLNMU, HI
ncyepnbiBaowmmMn. Moryt ncnonb3oBaTbCs Apyrne TEXHONOrMn/MeToabl, KOTOpble rapaHTu-
PYIOT, MO KpanHen Mepe, 3KBUBANEHTHbIN YPOBEHb OXPaHbl OKpY>KatoLLen cpeabl.

Mpwn BbiGope HOT Heobxoaumo obpalaTte BHUMaHME Ha yKa3aHHOE B 3aKNHOYEHUU MO
HOT KOHKpeTHOe Npou3BOACTBO (Nepeaen/yCTaHoBKY), AN KOTOPOro AOSMKHA NPUMEHATLCA
cootBeTcTBytowasa HAOT. Takke ana kaxgon HAOT, roe HeobxoauMMo, ykasaHbl OrpaHUYeHust
NPUMEHMMOCTWN BKINIKOYEHHbIX B 3akntodeHne no HOT metomoB. Ecnn He ykasaHO MHOe, 3a-
kntodeHus no HOT aBnaoTca obwenpMMeHMMbIMU B paMKax paccMaTpmMBaeMbIX BUOOB Aes-
TENbHOCTM.

Copepxalumecss B NpUBEAEHHbIX HUXKE 3aKNYeHuaX kpatkme onucanua HOT gadbl B
pegakuum pasgena 5 un nogpasgena 8.4 UTC 11 — 2019 «Mpon3BoacTBO antoMUHUSAY.

1.1 NMpounsBoacTBO rMMHO3eMa

HAOT 1. Npoun3BoAacTBO rMMHO3eMa U3 6OKCUTOB KOMOMHUPOBAHHLIM CNOCOGOM
(napannenbHas cxema Banep-cnekaHus) ¢ gonen BeTBU cnekaHus He bonee
20 %

HOT Ha nepegenax npomM3BOACTBa MUHO3eMa M3 GOKCMTOB KOMOWUHMPOBAHHLIM CMO-
cobom npegycmaTpumBaeT UCMNOSb30BaHNE NpUBELEHHbIX HXKe MeTo40B/060pyaOBaHMS.

MeTon/o6opynoBaHue MpumeHuMocTb

MpumeHeHWe Ha nepegenax NoaroToBKM Cbipbs, B
cknagax npoaykuum (cunoca, byHkepa cneka, rimHo-
3ema).

Kak npaBuno, npMmMeHnmo

a LINKNOH unu pykaBHbIA pynbTp

OpHa unu gBe cTyneHn 6atapenHbix

lMpumeHeHue Ha nepegene KanbLuHaUu.
6 | (rpynnoBbIX) LMKNOHOB M 3MNEKTPO- P peA HiRau

Kak npaBuno, npumMmeHnmo

dpunbTpoB
lMpuMeHeHue Ha nepegene cnekaHus.
MpUMEHMMOCTb «MOKPOro» ckpybbepa MoxeT ObITb
orpaHu4eHa B criegQyroLUmx crnyyasx:
OpHa cTyneHb rpynnoBbIX LMKIOHOB, — obpasoBaHue 3HaYUTENbHbLIX 06BEMOB OTXOA0B U
B | 2NeKTpodUNbTPOB U MOKPOro cKpy6- CTOYHbIX BOf;
Gepa — B 3aCyLUNMBbLIX panoHax — NoTpebHOCTb B 6onbLInX

obbemax Boabl U HEOOXOANMOCTL 06PabOTKM CTOY-
HbIX BOJ, a Takke CONyTCTBYIOLLNA MEXCPea0BON

adphpekT
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TexHonornyeckne nokasatenu BbIOPOCOB OT NevYen CnekaHus U KanbuuvHauum ans
HAOT 1 npuBeneHs! B Tabnmue 1.1.

Tabnuua 1.1— TexHonorndyeckue nokasaTtenu BelIopoCcoB B aTMOCeEpPyY OT NeYern CnekaHns un
KanbumHaumm gna HOT 1

. Eannuua 3HavyeHne
TexHomnorn4ecknii nokasaTtenb
n3MepeHus (BnanasoH)
B3BelleHHble BellecTBa Mr/HME <200

MpumeHnmocTtb HAOT 1

BO3MOXHO NpMMeEHEeHMEe TEXHONOrMM Ha HOBOM MPeanpusiTUKX, MpU MoAepHU3auum
[AEeNCTBYIOLLEro NpeanpuaTus.

HAOT 2. TexHonorus nponsBoAcTBa rnMMHo3ema crnekaHmem HedenmHoB

HOT 2 npegycmatpmuBaeT npuMeHeHne NpUBEAEHHbIX HUXe MeToaoB/0bopyaoBaHUs.

MeTton/obopynoBaHune MpumeHuMocTb

MpvMeHeHne Ha nepepenax MOArOTOBKA Cbipbsi, B

. ckilagax npogykuum (cunoca, OyHkepa cneka, rmmuHo-
a LINKNOH unu pykaeHbIn punbTp A ponyKumu ( YHKED

3ema).
Kak npaBuno, npumMeHnmo
6 [Be cTyneHun 6ataperHbix (rpynno- MpumeHeHne Ha nepeerne KanbuyHaumm.
BblX) LIMKIOHOB M 3NEKTPOUNLTPOB Kak npaBuno, npumeHnmo

lMpumeHeHne Ha nepegene cnekaHus.
Kak npaBuno, npMMmeHnmo.
MpMMEeHMMOCTb «MOKpOro» ckpybbepa MoxXeT ObiTb

OpHa cTyneHb rpynnoBbIX LMKITOHOB, OorpaHnyeHa B CreayoLmx crnyyasx:

rOPM30HTanNbHbIX MHOTOMOMbHbIX — obpasoBaHne 3Ha4uTemNbHbIX 06bEMOB OTXOLOB U
B 9NEKTPOPUNBbTPOB (KMOKPBINY» CKPYD- | CTOYHbIX BOZ;

6ep) — B 3acyLMBbIX panoHax — NoTpebHOCTb B 60MbLUnx

obbemax Boabl U HeobxoaMMocTb 06paboTKM CTOY-
HbIX BOA, a TaKkKe COMNyTCTBYIOLLMA MeXcpeooBOon

appekT

TexHonornyeckme nokasaTenun BbIOPOCOB OT MeYen CnekaHus M KanbuuHauuu ans
HAOT 2 npuBeneHsbl B Tabnvue 1.2.

Tabnuua 1.2 — TexHonornyeckne nokasatenu BbIopocoB OT NeYen cnekaHus n KanbumHaumm
ana HAOT 2

. EanHnua 3HaueHune
TexHonorn4yeckuin nokasartenb
N3mMepeHus (amanasoH)
B3BelLeHHble BelllecTBa Mr/HMm3 <200
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Mpumennmocts HAOT 2

MopaepHu3aumsa AeACTBYOLWEro NPpeanpusTus.
1.2 NpousBoAacTBO aHOAOB U aHOAHOW MaccChbl

HAOT 3. NpousBoacTBO aHOAHOM MaccChl ANsi CaMOOGXKUraroLwmxcsi aHoaoB

HOT 3 npu npousBoacTtBe aHOOHOW Macchl npefycMmaTpuBaeT NPUMEHEHWe npuee-
AEHHbIX HUXe MeToaos/ob6opyaoBaHNS.

MeTon/o6opynoBaHue NpuMeHNMOoCTb
a LIMKnoH, u (unu) anekTpodunbTp, MpumeHeHWe Ha Nepefenax XpaHeHUs U NoAroTOBKM KOKCa.
n (MNn) pykaeBHbIN OUNBTP Kak npasuno, npuMmeHnmo
6 BaTapenHbI LIMKNOH U (1nn) MpumeHeHWe Ha nepegerne npokKasku Kokca.
ANEKTPOPUNLTP Kak npaBsuno, npuMmeHnmo

MprumeHeHne Ha nepegenax cMeLleHns u PopmMoBaHUs
«Cyxasi» razooumnctka (peakrtop + .
B - aHoOHOW Macchl.
pyKaBHbIA oUnbTP)

Kak npaBuno, npumMmeHnmo

TexHonornyeckmne nokasartenu BolbpocoB ana HOT 3 npueeaeHs! B Tabnuue 1.3.

Tabnuua 1.3 — TexHonornyeckme nokasatenu Boidpocos ana HAOT 3

. EanHnua 3HaueHune
TexHonorn4yeckui nokasartenb
n3mepeHus (ananasoH)
B3BelleHHble BellecTBa Mr/Hm3 <200
BeHsanupeH Mr/Hm?® <0,0525

MpumeHnmocTb HAOT 3
B0O3MOXHO NnpyMeHeHne TeXHOorMn Npu MogepHU3aUnn AeNCTBYOLLEro NpeanpudaTus.
HAOT 4. NpounsBoacTBO 060X KEHHbIX aHOAOB

Hﬂ,T npn npomssoacTtee 060X0KEeHHbIX aHOO0B npegycmMmaTtpmBaeT npumeHeHune npu-
BeOEeHHbIX HNXe MeTo,qoslo6opy)103aH|/|$|.

MeTon/o6opynoBaHue MpumeHuMocTb
a | UuknoH n (unun) pykaBHbIn MpymeHeHne Ha nepeaernax XxpaHeHns 1 NOArOTOBKMN KOKCa.
dounbTp Kak npaBuno, npumeHnmMo
6 | «Cyxasa» rasooudncrka (peak- lMpuMmeHeHWe Ha nepegernax cMmelleHus, opMOBaHUS,
TOp + pyKaBHbI OUABTP) UMK obXure «3eneHbIX» aHOOOB.
«MOKpbINY ckpybbep MpuMeHuMoCTb «MOKporo» ckpybbepa moxeTt 6bITb orpa-

HUYEeHa B CneayroLmx criyyasx:
— obpas3oBaHne 3Ha4YMTENbHbLIX 00BHEMOB OTXOA0B M CTOM-
HbIX BOA;

— B 3acywnuBbiX pamioHax — MoTpebGHOCTb B OOnbLUMX
obbemax Bogbl M HeoOXoOMMOCTb OBPaBOTKM CTOYHbLIX
BOJ, a Takxke COMyTCTBYIOLUNIN MexcpenoBon acpdekT
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TexHonornyeckne nokasarenu BoldpocoB ana HOT 4 npueeaeHsl B Tabnuue 1.4.

Tabnuua 1.4 — TexHonorndeckue nokasatenu Boldpocos ana HAOT 4

. EanHnua
TexHonorn4yecku nokasartenb 3HayeHne
N3MepeHns
B3BelleHHble BellecTBa Mr/HME <50
BbeHsanupeH Mr/HMm3 <0,0525

NMpumeHunmocTtb HAT 4

BO3MOXHO NpUMEHeHMEe TEXHOMOrMM Ha HOBOM MPEANPUATAM M NPU MoAepHM3aLUn
[AeNCTBYIOLLEro NpeanpusaTus.

1.3 Mpon3BoaCcTBO NEePBUYHOrO antoMUHUSA

HOT 5. AnekTponus B aneKTponunsepax ¢ npeaBapuTenibHO 060X KeHHbIMU
aHoaamu nepBoro nokoneHus (MowHocTbio Ao 300 KA)

HOT npwn nponsBoacTBe anMntoMUHUA B 3fieKTponmnsepax ¢ npenBapuTenibHO 060XOKeH-
HbIMM aHoZamu NepBoro nokoneHus (MowHocTblo Ao 300 KA) npegycmatpmBaeT NpUMeHe-
HWe npuBeLeHHbIX HKe MeTooB/060opyaoBaHMS.

MeToa/obopynoBaHue MNpumeHnMocCTb
a | «Cyxasa» rasoouvncTka (peaktop + pykaBHbIN punbTp) MpumeHumo
6 | ABTOMaTM4eckoe NMTaHue rMMHO3eMOoM MprmeHumo
B | Cuctema ACYTI npouecca anekTponusa MpumeHumo

TexHonornyeckne nokasartenu BoldpocoB ana HOT 5 npueeaeHsb! B Tabnuue 1.5.

Tabnuua 1.5 — TexHonorndeckue nokasatenu Boldbpocos gna HAT 5

3HayeHne and Tex- | 3HadeHue KOHUEeHTpaumm
. Honornm kopnyca BblOpoOCa Ha Bbixoae 13
TexHonorn4yeckuin nokasartenb
3NeKTponuaa (ana- | yCTaHOBKM OYUCTKM rasa,
nasoH), kr/TAl Mr/HM®
dTopuapbl razoobpasHbie (rmgpodTopma, Kpem- <0,35 <2,5
HUIM TeTpadTopma) (B nepecdeTte Ha pTop)
dTopunabl TBEPAbLIE <0,75 <25
Cepbl guokeuna <30 <300
B3BelueHHble BellecTBa <49 <10

MpumeHnmocTtb HAT 5

BO3MOXHO NpYMeEHeHMe TEXHOMOrMK MpuM MOAEPHM3AUMK OEACTBYOLWEro npeanpus-
T™S.
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HOT 6. AnekTponus B aneKTponunsepax ¢ npeaBapuTenibHO 000X KeHHbIMU
aHogamu BToporo nokosieHus (mowHoctbio 300 KA U Bbiwwe)

HOT npwn npon3BoacTBe antOMUHUA B 3NEKTponmn3epax ¢ npeaBapuUTenbHO 000XKEH-
HbIMM aHodamu BTOPOro nokoneHus (MowwHocTtbio 300 KA 1 BbIwe) NpegycMaTpmBaeT npu-
MEeHeHne NpuBeAEHHbIX HUXe MeToaoB/obopyaoBaHus.

MeTon/o6opynoBaHue MpumeHuMocCTb
a «Cyxas» razoouncTka (peaktop+pykaBHbIn PUNLTP) MpnmeHumo
6 | ABTOMaTM4eckoe NUTaHUE rMMHO3eMOM MpmumeHumo
B | Cucrema ACYTII npouecca anekTponuaa MpumeHumo
r YNNOTHEHWE LUTAHT aHOAOB 3f1EKTPONIN3EPOB MprumeHumo

[nsa BbINVMBKM MeTanna, otéopa npob u apyrmx
A | onepauuii ucnonb3oBaHWe Npoema c ABepLamu B
YKPbITUSIX 3rieKTponusepa

MpYMeHNMO TOMbKO AN BHOBb yCTa-
HaBrnMBaeMblX 3MEeKTPONM3epoB

TexHonornyeckmne nokasartenu BolbpocoB ana HOT 6 npueeaeHs! B Tabnuue 1.6.

Tabnuua 1.6 — TexHonornyeckme nokasatenu Boidpocos ana HAOT 6

3HaudeHune ans Tex- 3HauyeHne KOHLUEeHTpa-
. HosormMm Kopnyca LMK BbIOpoca Ha BbIXxoae
TexHonorn4yecknin nokasarenb
anekTponuaa (gua- N3 yCTaHOBKU
nasoH), Kr/TAl OYUCTKU rasa, Mr/um®

dTopmabl rasoobpasHbele (rngpodTopus, Kpem- <0,23 <1,5
HWUM TeTpadTopua) (B nepecyeTe Ha PTOp)
dTopuabl TBEPALIE <0,37 <1,5
Cepbl anokcuma <30 <300
B3BelLeHHble BellecTBa <27 <10

MpumennmocTb HAOT 6

B0O3MOXHO NpUMeEHeHne TEXHOSNOMMM Ha HOBOM NPEANPUATAM U MPU MOLEPHU3aALNN
AENCTBYIOLLEro NpeanpusTus.

HAT 7. dnekTponus B anekTponusepax Coaepbepra c 60KOBbIM NOABOAOM TOKa
K aHoay (BT) 1 WTOpHbLIMU YKPbLITUAMU

HOT npu npon3BoACTBE aniOMUHUS B 3NEKTPONM3epax C CamoobXUralowmmMmncs aHo-
Aamun 1 60KOBbIM TOKONOABOAOM NpeaycMmaTpuBaeT NPUMEHEHNE NPUBEOEHHbIX HUXKE METO-
nos/obopyaoBaHus.

MeTopn/ob6opynoBaHue MpumeHuMocCTb
a | «Cyxasa» razooudncrka (peaktop + pykaBHbI UNbTP) MpumeHumo
6 | NepmeTnsaums ysna aHOQHOro CTosKa MpumeHumo

TexHonornyeckne nokasarenu BoidpocoB ana HOT 7 npuBeaeHsl B Tabnuue 1.7.
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Tabnuua 1.7 — TexHonornyeckune nokasatenu eoibpocos ansa HAT 7

3HadveHue ansa Tex- | 3HayeHue KOHLEeHTpauum
T eXHONOMMYECKHI NOKA3ATENE HoMorMmK Kopnyca BblGpoCca Ha Bbixoge 13
aneKTponusa (ana- | YCTaHOBKM OYUCTKM rasa,
nasoH), kr/TAl Mr/HMS
dTopuapbl razoobpasHbie (rmgpodTopma, Kpem- <0,8 <2,5
HUIM TeTpadTopmg) (B nepecdeTe Ha Top)
dTopuabl TBEPALIE <0,8 <25
Cepbl guokeung <30 <150
B3BelleHHble BellecTBa <54 <10
BeHsanupeH <0,008

MpumeHnmocTtb HAOT 7

B0O3MOXHO NpYMeHeHWe TEXHONOMMN Ha AeNCTBYIOLLEM NPEANPUSTUAN.

HAOT 8. SnekTponus B aneKkTponusepax ¢ BEpXHUM NoaBoAOM ToKa K aHoay (BT)
C UCnonb30oBaHUEM NPOU3BOACTBEHHOW CUCTEMbI

HOT 8 npu npomnsBoacTBe antOMWHUS B 3MEKTponm3epax ¢ CaMmooDXurarowmmmncs

aHodJamMn 1 BeEpPXHMM TOKOonoasoaomM C

NCrnoJib3oBaHNEM I'IpOI/I3BO,D,CTBeHHOIZ CUCTEMBbI

npeagycMmatpumBaeT rNpMMeHeHne npnBeaeHHbIX HXe MeTO,EI,OB/O60py)J,OBaHI/IFI.

MeTon/o6opynoBaHue

NpUMeHNMOCTb

«Mokpasi» unm «cyxas» ra3oovmcTka
NN UX KoMOMHaUms

MpymeHumo

«Cyxasi» razooumcTka (peaktop + py-
6 | kaBHbIN PunbTP) C Il CTYNEHBLIO «MOK-
pon» AOOYUCTKN

MPUMEHMMOCTb «MOKPOro» CKpybbepa MoXeT ObITb
OorpaHu4eHa B CriegyroLLmMX cryyasx:
— 0bpasoBaHuMe 3Ha4YUTENbHbIX 0OBEMOB OTXOL0B U
CTOYHbIX BOS;

— B 3aCyLUNUBbIX palnoHax — NOTPEeBHOCTb B BOMbLUINX

obbemax Boabl U Heob6xoaAMMOCTbL 06PabOTKN CTOY-
HbIX BOJ, a TaKXe COMyTCTBYIOLNA MeXCcpeLoBOon

adhpekT

ABTOMaTUYECKOE NMUTaHue rMnuHo3se-

B MNpumeHnmo
MOM
AHOOHasa macca ¢ MOHWXEHHbIM CO-

r MNpumeHnmo
Aep>KaHueM CBA3YHoLLLEero

i lMponssoacTBeHHasa cuctema MprmeHumo

TexHonornyeckne nokasatenu soibpocos ana HAT 8 npuBeneHsbl B Tabnuue 1.8.
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Tabnuua 1.8 — TexHonornyeckune nokasatenu eoibpocos ansa HAT 8

3HayeHue anga Tex- | 3HayeHue KOHLUeHTpauum
T eXHONOMMYECKHI NOKA3ATENE HoMorMmK Kopnyca BblOpoca Ha BbIxo4e 13
aneKkTponusa (ana- | YCTaHOBKM OYUCTKM rasa,
nasoH), kr/TAl Mr/HM®
dTopuapbl razoobpasHbie (rmgpodTopma, Kpem- <14 <25
HUIM TeTpadTopmg) (B nepecdeTe Ha Top)
dTopnabl TBEPAbIE <1,9 <35
Cepbl guokeung <2,3 <50
B3BelleHHble BellecTBa <9,1 <100
BeHsanupeH <0,008

MpumeHnmocTtb HAOT 8

BO3MOXHO NpMMEHEeHMEe TEXHOMOrMK NPy MOAEPHM3AUMM OEACTBYOLWEro npeanpus-

TUA.

HAOT 9. SnekTponus B aneKTponusepax ¢ BEpXHUM NoaBoaoOM ToKa K aHoay (BT)
no TexHonoruu «dkonornyeckum Copepobepr» («3AkoCoanepbepr»)

HOT 9 npu npomnsBoacTBe antOMWHUS B 3MEKTpPOnM3epax ¢ camMoobXurarommMmmcs
aHod4amMu M BEPXHUM TOKOMOABOAOM MO TexHosnormm «3koCopepbepr» npegycmaTpusaeT
NpUMeHeHNe NpPUBESEHHbIX HUXe MeToaoB/0bopyaoBaHUS.

MeTtoa/ob6opynosaHue

MpumeHumocTb

«Cyxasn» razoouncrka (peaktop + py-
KaBHbI OUNbTP)

MpymeHumo

«Cyxasn» razoounctka (peakrtop + py-
6 | kaBHbIN PUnbTP) C |l CTYNEHBLIO MOK-
pOr AOOYNCTKM

MpMeHUMOCTb MOKpOro ckpybbepa MoxeT ObiTb
orpaHnyeHa B CreayoLmx crnyyasx:

— obpa3soBaHue 3Ha4YUTENbHbLIX 00BbEMOB OTXOAOB U
CTOYHbIX BOA;

— B 3aCyLUIMBLIX panoHax — NOTPeBHOCTb B H0MbLLMX
obbemax Boabl U HeobxoaMMocTb 06paboTKM CTOY-
HbIX BOA, a TaKkKe COMNyTCTBYIOLLMA MeXCcpeooBOn

adppekT

ABTOMaTN4eCKOE NUTAHWNE rMNHO3e-
MOM

MNpumeHnmo

Cuctema rasoyfaneHus yCoBepLUeH-
CTBOBaHHOrO TUna

MpMeHUMOCTb MOXeT ObITb OrpaHU4eHa KOHCTPYK-
Lumen anekTponuaepa

AHoOHasa Macca C NOHWXEHHbIM CO-
AepxxaHnem ceAsytoLero

MpumeHumo

TexHonornyeckne nokasartenu BoldpocoB ana HOT 9 npueeaeHsb! B Tabnuue 1.9.
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TexHonornyeckni nokasaTtenb

3Ha4yeHune ana Tex-
Honorunm Kopnyca
anekTponuaa (gua-
nasoH), Kr/TAl

3HayeHne KOHLUEHTpa-
LMK BbIDpoCca Ha BbIxoae
N3 YCTAHOBKMN OYMUCTKM
rasa, Mr/Hm®

dTopuapbl razoobpasHbie (rmgpodTopma, Kpem- <0,38 <2,5
HUIM TeTpadTopmg) (B nepecdeTe Ha Top)

dTopuabl TBEPALIE <0,34 <25
Cepbl guokeung <1,5 <50
B3BelleHHble BellecTBa <3,6 <10
BeHsanunpeH:

— (poHapHbIe BbIOPOCHI; <0,001
— BblGpochl B TpyOy <0,001

MpumeHnmocTb HAOT 9

BoamoxxHo npuMeHeHmne TexHonornm npun MmoaepHmsaumm ,D,eVICTByPOU_leFO npeanpuaTnA.

1.4 IlntenHoe nponsBoaCcTBO

HAOT 10. NMpousBoacTBO NO BbIMYCKY afllOMUHUSA U €ro CNyaBoB C NPUMEHEeHUeM
aBTOMaTU3UPOBAHHbIX JIUTEMHbIX NIMHUA (B T.4Y. ANA JIMTEMHbIX OTAENeHUn
c¢honbronpokaTHOro NPou3BoOACTBa, MPOU3BOACTBA KOJIECHbIX AUCKOB, KaTaHKU

M np.)

HOT nutenHoro NpomsBOACTBa, pecypcocbepexeHnsi, CHMKEeHUS BbIOPOCOB 3arpsis-
HAIOLNX BELLeCcTB U obpasoBaHMs OTXOAOB NpeaycMmaTpuBaeT NPUMEHEHNE COBPEMEHHOIO
YPOBHS1 aBTOMaTU3aLUmMm Npon3BOACTBEHHbLIX MPOLECCOB.

TexHonornyeckue nokasatenu Boidpocos ons HAT 10 npueeneHsl B Tabnuue 1.10.

Tabnuua 1.10 — TexHonormnyeckue nokasatenu eoibpocos ans HAT 10

. EanHnua 3HaueHune
TexHonorn4yecknin nokasaTernb
N3mMepeHus (amanasoH)
B3BelleHHble BellecTBa Mr/HM® <6

MpumenumocTtb HAOT 10

Bo3moxHO npuMeHeHne TeXHOJ1I0rMM Ha HOBOM npeanpuaTtum m npun mMoagepHmuilauunmn

AENCTBYIOLLEro npeanpuaTus.

1.5 NMpon3BoacTBO TEXHUYECKOrO KPpeMHUA

HAOT 11 MNpomn3BoaACTBO TEXHUYECKOIO KPEMHUA CMOCOOOM KapboTepMnyeckoro

BOCCTaHOBJ1I€HUA KBapuuToOB yrnepogom
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HOT npon3BoacTBa TEXHUYECKOTO KPEMHMSI CMOCODOM KapboTepMMYECKOro BOCCTaHOBME-
HUS1 KBApUMUTOB YriepoaoM npegycMaTpuBaeT UCMoNb30BaHWE Ha pasfnyHbIX aTanax nponsBoa-
CTBEHHOrO npoLiecca 1 NpuBeAeHHbIX HKe MeTogos/obopyaoBaHmsa — Tabnumupl 1.11.

Tabnuya 1.11

MeTtoa/obopynoBaHue

NpuMeHnMoCTb

LINKNOHbI (eAMHWUYHBIE UK rpynna)

MNprvMeHeHne B cknagax Cbipbs U NPOAYKLUMK, Ha nepe-

a y Aenax noaroToBKU Cbipbs
UNn pyKaBHbIN PUNLTP
Kak npaBuno, npumeHnmo
6 YCTPONCTBO Mblnie3allumMTHOro akpaHa | NpumeHsaeTcsa npu pasrpyske ksapumuta B 3yMndobl CKna-
Ha OTKPbLITOM CKNnaje KBapuuta aa
Mpumenunmo ko Bcem MINY. OnepatmMBHOE 0OGCNYyXMBaHME
5 LIMKnoHbI (eQMHUYHBLIE MK rpynna) (O0), TexHu4eckoe obecnyxmeaHue (TO), Tekywmn n

U pyKaBHbIN OUNbTP

cpegHun pemoHT (TP), kanutanbHbii peMoHT (KP) ycTa-
HOBOK OYMCTKM rasa B cooTBeTCTBUM C rpadoukom IMIMP

1 CTyneHb — rpynnoBble LMKMOHbI;
2 CTyneHb — pyKkaBHble UNbTPLI C
cunocamu v Boirpyskor B MKP

MpumeHeHune B otaeneHun PTI n TOY. Beinyck 13 cu-
noca npeacrtaenseT cobon 3akpbiToe ¢ 4 CTOPOH Nome-
LLleHVe C NpoeMoM ANs noabesfa/Bble3fa aBTonorpys-
yuka. B nomeleHnn yctaHoBneH gosaTop s aBToma-
TUYECKOro 4O3MPOBaHUSA U B3BELUMBAHNA MOPLINA CbIMy-
4YMx MaTepmanos B MArkMe KoHTenHepbl. B gosatop
yCTaHaBnmBaeTcs MArkun koHtenHep MKP, repmeTnyHo
3aKpennseTcs u NPOM3BOANTCS BbIrpy3Ka YIIOBIEHHOM
Nbiny U3 cunoca anga cbopa yrnoBneHHON Nbinn OT rpyn-
NoBbIX LUUKNOHOB. Nocne 3aBepLUeHns BbIFPY3KU Mbinn
MKP nnoTHo 3aBa3biBaeTcs 1 a/norpy34ymMkom TpaHcnop-
TMpYyeTCs 0O yvacTka norpysku B aBToMooumnm

Kak npaBuno, npuMeHnmMo

Tabnuua 1.12 — TexHonornyeckne nokasaTtenu BbibpocoB n otxogos ans HAT

TexHonornyeckui nokasarternb Eannunua namepeHuns 3Ha4eHune
MbiNb HeopraHn4yeckas ¢ coaepXaHnem
KpemHust meHee 20, 20-70, a Takke 60- Mr/HMm3 <200
nee 70 npoueHTOB

MpumenunmocTb HOT 11. BO3MOXHO NpUMEHEHNE TEXHONOMMU Ha HOBOM MNpeanpusi-
TUK, NPU MOJepHM3aLmMn OENCTBYIOLWEro NpeanpuaTus.
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1.6 [MMepevyeHb HaWnyywKUX A[AOCTYNHbIX TEXHONOrMU ANA NPOU3BOACTBA

BTOPUYHOIo afikOKMUHUA

1.6.1 Cuctembl akonorn4yeckoro meHegkmeHta (COM)

HAT 1.

MoBbiweHne obuien pe3ynbTaTtMBHOCTM NPUPOLOOXPAHHON OEATENbHOCTH.

BHeopeHune 1 nogaepaHne CUCTEMbI SKONOrM4eckoro MeHempkmeHTa (COM), cooTBeTCTBY-
lowen TpebosaHuam FOCT P MCO 1400118 nnm 1ISO 140017Y.

1.6.2 OHeproMeHeKMEHT
HAT 2.

Tabnuua 1.13

MNoBblWweHne SCb(beKTI/IBHOCTI/I MCMoJib30BaHNA 3HEpPrnn: uMcnosib3oBaHUe
MeToda unm komoérmHaumm MeToaoB, npmBegeHHbIX B Tabnuue 1.13.

YeHne MeCTHbIX OTCOCOB MblJ1 U OTXOOALLNX ra30B TOJ1bKO Mpu
BO3HVUKHOBEHUN Bbl6pOCOB

MeTtoa/o6opynosaHue MpmeHnmMocTb

3) | Cuctema ynpaBneHus aHeproapeKkTMBHOCTLIO (HanpmMmep, B CO-
OTBETCTBUU C TpeboBaHMAMN MexayHapogHoro ctaHaapTa 1ISO O6LenpnmMeHnmMo
50001)Y

n) | Micnonb3oBaHne M36bITOMHOrO Tenna (Hanpumep, napa, ropsyen MpumeHum ans nupome-
BOAbI UNK ropsvero Bo3gyxa), obpasyroLierocs npu peanmsauum Tannypruyeckmx npo-
OCHOBHbIX MPOLIECCOB LeccoB

K) | Mogaya Ha ropenku Bo3gyxa, oboraleHHOro KMcnopoaom, unm MNpumeHum ans neyen, B
YMCTOrO KMcropoaa Ansl YMeHbLUEHMS NOTpebneHns aHeprnm 3a KOTOpPbIX NCNOSb3yeTCs
CYeT aBTOreHHOM NNaBKM NN NOSIHOrO CropaHns yrinepoancToro cbipbe, coaepxallee ce-
mMartepuana py wnn yrnepoa

n) | Hu3koTemnepaTypHas CyLuka Unun LeHTpudyrnpoBaHne BNaXXHOro
CbIpba Nepen nraBKown OBLLENPUMEHIMO

M) | Tennomsonsaumna o6bekToB, PYHKLNOHUPYIOLLMX MPU BbICOKUX TEM-
nepartypax, Harnpumep, TpybonpoBoAOB Nnapa v ropsiien Boapl

H) | Vcnonb3oBaHune BbICOKOIGEKTUBHBIX aneKkTpoaBuraTenemn, o6o-
PYL4OBaHHbIX YacTOTHLIMM NpeobpasoBaTensaMu, s Taknx
YCTPOWNCTB Kak, Hanpumep, BEHTUNATOPbI. OBLLENPUMEHIMO

0) | CncTeMbl KOHTPOSSA, KOTOPbIE aBTOMaTUYECKN aKTUBMPYIOT BKIO-

1.6.2 KOHTpOJ'Ib TEeXHOJOrm4eckmnx npoueccoB 1 MOHUTOPWUHT 3MUCCUN

HOT 3. O6ecnevyeHne cTabunbHOCTM NPON3BOACTBEHHOIO Npouecca: BHegpEHNe Ccu-
CTEMbl aBTOMATU3NPOBAHHOIO KOHTPOMS M UCMONb30BaHWE MeToda MM KoMOuHauum meTo-
O0B, NpUBEOEHHbIX B Tabnuue 1.14.

16 CooTBETCTBME CUCTEM MEHEeI)KMEHTa yKkasaHHbIM CTaHAapTam He o3HavaeT eé 06si3aTenbHyo cepTudmka-

Luto.
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Tabnuuya 1.14

MeTon/o6opynoBaHue MpuMeHNMOoCTb

MpoBepka 1 CopTUPOBKA UCXOAHbIX MaTepuarioB B COOTBETCTBUM
¢ TpeGoBaHMsAAMK, onpeaenseMbIMU UCMONb3YEMbIM TEXHOMOM-
Yyecknum obopyaoBaHMEM U NPUMEHSIEMbIMU METOAaMMN COKpa-
LLeHMS 3arpsi3HEeHUS

TwaTtenbHOe NnepemelLMBaHMe pas3nNUyYHbIX MaTtepunanos, BXoas-
06) LWMX B COCTaB LUNXTbl AN AOCTUMXKEHUS ONTUManbHON agdek-
TUBHOCTM NepepaboTkM 1 CoKpaLleHMs BbIOGPOCOB 1 OTXO40B

B) Cuctembl B3BELLMBAHUSA U O03npoBaHNA LLUNXTbI O6LlJ,eI'IpI/1MeHI/1MO

HenpepbIBHbLIM MHCTPYMEHTanbHbIN KOHTPOSTb TEMMepaTypbl,
AaBneHns B nNeYn u nogaym rasa

KOHTpOnb KpUTMYECKMX NapamMeTpoB NPOLIECCOB, peanm3yeMbixX
Ha yCTaHOBKax OYMCTKM BO34yxXa, TakUX Kak Temneparypa rasa,

a) KONMYeCTBO NoJaBaeMbIX PeareHToB, NageHne OaBneHusi, TOK 1
HanpskeHne Ha anekTpodunbTpe, 06bemM nogaym n pH xmnako-

CTV B MOKpOM Ckpyb66epe, cocTaB nogaBaemMoro rasa

Hel'lpepblBHbIVl MHCprMeHTaﬂbeIVI KOHTPOJ1b CUIlbl TOKa,

O6LLenpnMeHnmMo
HanpsHKeHUsl U TeMnepaTypbl ANEKTPUYECKMX KOHTAKTOB

HAOT 4. MNMpegoTBpalleHne unm yMmeHblLUEHNE HEOPraHN30BaHHbIX BbIOPOCOB OT NOAro-
TOBKW (Hanpumep, n3aMenbyYeHus, cMeLLeHns, 4pobneHus, Knaccudukaumm, CyLLKN, cnekaHns
M T.40.) MaTepuanos: MUCNONb30BaHME MeToda WNn KoMOuHaLuMM MeTodoB, NMPUBEOEHHbIX B
Tabnuue 1.15.

Tabnuua 1.15

MeToa/obopynoBaHue MpmeHumMocTb
3akpbiBaeMble KOHBEVEpPHAsa Uy NHeBMaTMyeckasi cu-
a) O6LwenpMMEHUMBbI
CTeMbl Nepefaydn Ans Nbindwero matepmana
MpuMmeHsieTca ToNbKO Anst nogayn
3akpbiBaeMoe obopynoBaHue. Npu ncnonb3oBaHnn y
cMecen, NOAroTOBMEHHbIX C UC-
NbINAWMX MaTepmanoB BeIGpoCckl cObUpatoT 1 Hanpae-
0) NMornb30BaHUEM CUCTEMbI, BKITOYa-
NS0T B CUCTEMY nogasneHus (ynaenmBaHus) Bblbpo- N
coB rowen GyHkep ¢ 4O3aTOPOM Min
B3BELLMBAHNEM
MpumeHsieTca ToNbKO Ans Nbins-
nx maTepmanos. [lns cyuiecTay-
CwmeLueHmne Cbipbs OCYLLECTBNAETCS B 3aKPbITOM 3aa- " P Ana cyw y
B) o IOLLINX YCTAHOBOK 3TO MOXET BbITb
3aTpyaHEHO M13-3a He4OCTaTOYHOro
NpoCTpaHCcTBa

HAT 5. MNMpegoTBpalyeHne unm ymeHblLeHNEe HeOPraHN30BaHHbIX BbIBPOCOB OT 3arpy3-
K/ NloMa 1 OTXO40B antoMUHUS 0 NOSTyYEeHUS YyLleK: UCNOoSb30BaHNe MeTtoaa unm kombuHa-
UMM MeTonoB, NpUBeAEHHbIX B Tabnuue 1.16.
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Tabnuuya 1.16

MeTopn/o6opynoBaHune MpumMeHNMOoCTb
epmeTn4yHas cucTemMa 3arpysku, Takasi Kak 3akpbliTble

a) | KoHBeNepbl U NUTaTerb, OCHALLEHHbIE CUCTEMOW acnupa-
Lmmn

O6LwenpmeHnma

YnnotHuTenbHasa aBepb npume-
N3onnpoBaHHbI€ NN OTFTOPOXKEHHbIE MEYM C YNNOTHEHNEM | HMMa TONbKO ANs MPOLECCOoB C
nofayu cbipbs npepbIBUCTON Nnofayei u BbIXO-
JOM

Okcnnyataumsi neYn 1 ra3oBble MapLUPYTbl NOA paspsixe-
B) | HUEM M C JOCTATOYHOM CKOPOCTbIO OTBOAA rasa ans O6LwenpmeHnma
npeaoTBpaLLEHNS MOBLILLEHWS AaBNeHns

YNNoTHEHNE COYNEHEHNI C ra30X0A0M U NETKON Npwu 3a-

r) O6LwenpnmeHnmMo
rpy3ke 1 Bbinycke meTtanna

)| 3akpbIToe 3aaHune O6LenpnmeHnmMo

e) | MNMopgaepxaHme repMeTUYHOCTH Neyn O6wenpnmeHnmo
MopoaepxaHue TemnepaTtypbl B NeYy Ha MUHUMAaIbHO He-

X) AASP patyp O6wenpmeHnma
06x0aMMoM ypoBHE
Cwuctema razooTtBoga Ans 3arpy3kn M COYNeHeHns

3) N Aa A Py O6LwenpnmeHnmMo
C cucTtemon unbTpauum
YcTaHoBKa 30HTa (YKpbITUS) ANA KOBLUEW NpU BbiNycke Me-

n) (ykp )A P y O6LwenpmeHnma

Tanna
Mcnonb3oBaHue yCTPONCTB AN nepemMellnBaHma MeTanna
NpW 3aKpbITbIX ABEPLAX Neyn (3NeKTpoMarHuTHble nepe-

K) | MelumBaTenu, anekTpoMarHUTHble, MexaHu4yeckue Unm ra- O6LenpumeHuma
30MHaMMYECKNE HAcoChl, CTaLMOHaPHbIE CUCTEMbI NPO-
AYBKM MeTanna MHepTHbIMY razamm)

HAOT 6. CHuXeHne BbIBpPOCOB, 06pa3ylOWNXCA NPU MOAFOTOBKE ChbIpbA (Hanpumep,
npuem, obpaboTka, XxpaHeHne, NepemMeLLMBaHne, CMELUMBaAHNE, CyLlka, ApobneHune, namenb-
YeHue, NpocenBaHne) B NPOU3BOACTBE BTOPUYHOIO antOMUHUSA: UCNOSb30BaHUE OOHOW UMK
HECKOSbKMX ra3004NCTHbIX YCTaHOBOK pasnn4yHoro Tuna.

Tabnuua 1.17 — TexHonorn4yeckue nokasatenn HOT 6

TexHonorn4yecknin nokasaTernb EanHnua namepeHns 3HayeHune

[MoaroToBKka KyCKOBOro fioMa

B3BelleHHble BellecTBa ‘ Mr/HM® <6

CyLuka CTpY»xKu

A3soTa guokcug, asota okcug (CyMmapHo) Mr/Hm® <12

B3BelLeHHble BelllecTBa Mr/HM3 <60
OborauleHne wnaka

B3BelleHHble BellecTBa ‘ Mr/HM® <120
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HAOT 7. CHuwxkeHne BbIOPOCOB, 06pasyloWMXCa Npu 3arpy3ke, nnaBke U MONyYeHUu
yylleK B Npon3BoacTBe BTopuyHoro antomuuusa, HOT npegycmatpmBaeT MCnonb3oBaHue oa-
HOW NN HECKOSNBbKMX ra3004NCTHBIX YCTAaHOBOK pas3fnnYyHOro Tuna.

Tabnuua 1.18 — TexHonorn4yeckue nokasatenn HOT 7

TexHonornyeckuin nokasaTesb EonHnua namepexuns 3HavyeHune
[MnaBka B oTpaxkaTesbHbIX Nevyax

B3BelueHHble BellecTBa Mr/Hm3 <300
A3soTa guokcng, azoTta okeug (CymmapHo) Mr/HMm3 <63
XnopucTeln Bogopon, Mr/HM3 <19
dTopunabl razoobpasHbie (rmgpodrTopus, Mr/Hm3 <1,9
KpemMHui TeTpadptopma) (B nepecyeTe Ha

¢TOp)

lMnaBka B poTOpHbIX 6apabaHHbIX nevax n PHI

B3BelueHHble BellecTBa Mr/HM3 <500
A3oTa okcuabl (CymmapHo) Mr/HM3 <140
XnopucTtbi BOAopoL Mr/HMm3 <250
Yrnepopaa okcug Mr/HM3 <490

HOT 8 CHuxeHne BbIGpPOCOB, BbIAENSAKOLWNXCA OT MNOMHOrO LMKna NnpomM3BoACTBa BTO-
PUYHOro antoMuHUsS (MOAroToBKa chipbs (Npuem, obpaboTka, XxpaHeHune, nepemelunBaHue,
CMelUnBaHue, cyllka, ApobneHune, namenbyYeHne, NpocemBaHune), 3arpyska, nnaBka u nony-
YeHue uylek), npegycmaTpuBaeT MCMNONb30BaHWE OAHOW WM HECKOSNbKUX Fa3004MUCTHbIX
YCTaHOBOK pasfn4yHOro tmna.

Tabnuua 1.19 — TexHonornyeckue nokasatenn HAOT 8

TexHonorndyecknin nokasaTenb EAMHW':'_'aM:aMepe_ 3HayeHune
Yrnepopga okcvg Mr/HMS <595
A30Ta guokcug, asota okema (CymmapHo) Mr/HMS <200
B3BelLeHHble BelllecTBa Mr/HM3 <200
XnopucTbli Bogoposa Mr/HM3 <9
dTopuapbl razoobpasHbie (rMapodTopua, KPEMHUA TET- Mr/HM® <4
padpTopug) (B nepecyeTe Ha pTop)

HAOT 9 YMeHbLUeHMe BbIOPOCOB OpraHMYeckux COeaAnHEHUn B aTMocdepy Npu CyLuke
MCXOOHOro maTepuana, npoueccax obxura, cnekaHusi U NnaBku Npy NPoOn3BOACTBE BTOPUY-
HOro antMUHUS: UCMNONb30BaHNE MeToda U KoMbuHauum MeTo4oB, NPUBEOEHHbIX B Tab-
nuue 1.20.
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MeTon/o6opynoBaHue MpuMeHNMOCTb

BbIbop 1 nogaya cbipbst B COOTBETCTBUM C NEeYblo, UCMOMb3YIOLWEN

3) MeTO,DI,DbI COKﬁameng BblOpocoB Yo Obenpumenimei

MpumeHsaeTcs TONbKO
6) | Cuctembl 3arpy3sku cobipbs HEGOMBLUMMK NOPLMAMU AN NoNy3akpbITbIX
neven
B) | BHyTpeHHsa cuctema ropenku Mpumensercs TVOJ'IbKO
Ansa neyen

r) | dop-kamepa, pekynepaTtop unv pereHepaTuBHbIE FOPENKN O6wenpMeHMbI
M3beraTb cnuctem AbIMOOTCOCA OTXOASLMX ra3oB C BbICOKOM 3anbl-

A) | neHHocTblo Npu Temnepatype > 250 °C (CHUXeHne TemnepaTtypbl OT- O6wenpnmeHnmo
XOOSALWMNX ra3oB METOAOM pa3baBneHus)

e) | Wcnonb3oBaHne adhdheKTMBHOM cUCTEMbI cOopa Mbinn O6LwenpnmeHnmMo

3) OnTumuanpoBaTb YCNOBMA CropaHns 4nsi nogaBneHns BbiopocoB op- OBLLENPUMEHIMO

raHNYECKNX CoOeaNHEHNN

1.7 KpaTkue onucaHus NPMMEHUMbIX MPUPOLAOOXPAHHBLIX TEXHONOMMM

MpupogooxpaHHble TexHonornn, obopyaoBaHne, MeToabl, KpaTKne onnucaHnsa KoTopblx
npuBeaeHbl Hxe, camu no cebe He sisnatoTca HAT. B pasnuyHbiX coveTaHUsX UX NpUMeHe-
HWe cocTaBrisieT OCHOBY KOHKpeTHbIX HOT.

1.7.1 MNMpumeHsaeMble NPUPOJOOXPaHHbIE TEXHOSTOMMN NPU NPOU3BOACTBE MUHO3eMa

HasHayeHne, onucaHuMe, TEXHONOIMYECKNE XapaKTEepPUCTUKM OCHOBHOIO M NpUponao-
OXpaHHOro obopyaoBaHus, UCMONb3yeMOro B npouecce MpovM3BOACTBa IMUHO3eMa, npuBe-
AeHbl B Tabnuuax 1.21 n 1.22.

Tabnuuya 1.21 — OcHoBHOEe o6opyaoBaHue

HanmeHoBaHve
HasHayeHune obopygoBaHus Onwucaxve
obopyaoBaHus
Cnocob bavep-cnekaHue
MpoBunku [pobneHne n namernsyeHne coipbe- MonoTKkoBble, LWeKOoBble, KOHYCHbIE
P BbIX MaTepuanos Apodunku
Momon CbipbeBbIX MaTeprasnos u BpaLiarowmecst MenbHULbI C LANUH-
LapoBble menb- | ycpegHeHue, NPUroToBfEeHNe LUNXThbI ApVHEeCKUMU CTanbHbIMK obevankamu,
HULbI (Nynbnbl) Ha BbIWEeNaYnBaHne 1 Ha 3arpyxeHHble MenoLWumMn Tenamm
crekaHve (wapbl)
ABTOKNaBHbIE - "epmeTnyeckn 3akpbiTble cocyabl,
BoiwenaynsaHve 6oKCMTOBOW Mynbbl
batapeu paboTatouwme nog AaBrneHNeM
Cryctutenn PasgeneHune xxuakon n TBepaon gas OpHosApyCHbIE M MHOTOSIPYCHbIE Cry-
KpacHOro wnamMa | nynbnbl, yNnoTHEHWe Wwrnama ctutenu
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OkoHuyaHue mabnuupbi 1.21

HanmeHoBaHune
HasHauyeHue obopyaoBaHust Onucanwne
o6opynoBaHus
PasnoxeHne antoMnMHaTHOro pacteopa
LinnnHapryeckne cocyabl pasnnyHbIX
[ekomno3sepbl C BbiAeNeHem 13 pacTeopa B TBEpPAYHO

dasy rmgpokcuaa antoMuHKS

pa3MepoB

Neyn cnekaHus

CnekaHne DOKCUTO-U3BECTHAKOBOW
LWUXThI

Bpaiyatowmecs TpybyaThie neun

Hacocbl

I'IepeKal-l Ka TeXHOJorm4eckmnx cpeq

LleHTpo6exHble, MemMbpaHHO-
NOpPLUHEBbIE HACOCbI Pa3fNYHbIX TU-
nos

BbinapHble 6aTa-
peu

YnapuBaHue TEXHOMOrMYeckux pac-
TBOpPOB

epMeTMYECKM 3aKpbITble COCyabl pa-
GoTalolue noa AaBneHMeM U BaKyy-
MOM

lNeun kanbuMHa-
Lmmn

I'IpOKanKa rmapokcnaa antoMnHuna ana
nonyvyeHunda rinmHo3ema

Bpawatowmeca TpybuaTbie neuu,
LIMKITOHHO-BUXPEBbIE NMEeyn

Cnocob cnekaHuns HedpennHoB

Opoburnku

[pobrneHne n namenbyeHne colpbe-
BbIX MaTepuanos

MonoTkoBble, KOHYCHbIEe APOBUIIKK

MenbHuubI pas-
Mona

MNMomon CbipbeBbIX MaTeprarnos u
ycpeaHeHve, NpUroToBreHne WnxThbl
(Nynbnbl) Ha cnekaHue

Bpawatowmecs mensHUUbI C UUNNH-
ApVYeCcKMMU cTanbHbIMK obevankamu,
3arpyXeHHble MenoLwumn Tenamm
(wapsbl, umMnbnebebl)

Neyn cnekaHus

CnekaHve WuxTbl

Bpawyatowmecs Tpy6yaThie neun

Hacocbl

I'IepeKaq Ka TeXHOJorm4eckmnx cpen

LieHTpo6exHble Hacochl pasnmyHbIX
TMNoB

Tpyb4yatble Bbl-

BhiwienayunBaHune cneka

Annapatbl HENPEPLIBHOIO OENCTBUS,
paboTatoLme No NPUHUKUNY NPOTUBO-

Liernaymsarenu
TOKa
TexHonornyeckve annapartbl C Un-
CrepxHeBble BoilwenaunBaHve n gonsmernsyeHe NUHOPUYECKNMU CTanbHbIMK 0bevan-
MenbHULbI cneka Kamu, 3arpy>xeHHble MenoLnumn Te-
namm (CTepXxHn)
ABTOKITABHI Ob6eckpeMHUBaHVe antoMMHaTHOro CBapHble cocyfbl CO chepnyecknm
pacTBopa OHVLLEM U KPbILLIKOW
OpHokamepHble . CranbHble UMnMHAPOKOHUYECKNE pe-
A P CryweHue TBEpaom dasbl H AP P
cryctutenmu 3epByapbl
PasnoxeHve antoMMHaTHOro pacTBo-
a C BblgeneHvem u3 pactsopa B UNUHAPUYECKNE COCyabl C KOHUYe-
[ekomnosepbl P A P P H AP yA
TBepayto dasy rugpokcuaa antomMu- CKUM OHWLLEM
HUS
PasnoxeHue antoMMHaTHOro pacTBo- y
Cocyabl uMnuHApU4eckon opmbl C
pa C BblAeneHnem 13 pactesopa B g
KapboHnsaTopbl KOHYCHbIM OHMLLEM CBApPHOWN KOH-

TBEPAYH a3y rnapokcuaa antomm-
HUS

CTpyKunmn

MNeyn kanbumnHa-
ummn

Mpokanka rmgpokcuaa antoMUHUS Ans
nony4yeHns rnMHo3ema

Bpawatowmeca tpybyaTblie neyn
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HanmveHoBaHune
HasHauyeHue obopyaoBaHus TexHonornyeckmne xapakTepuCTUKM
obopynoBaHus
OumcTka OT nbinm cbpocHoro (acnmpa-
LIMOHHOr0) Bo3ayxa OT MECT NepechInku
npu TpaHcnopTe Chiny4nx MaTepuanos
Py Tparcnop y P Tunsl ®PY n GPKI, KM 1o 95 %,
PykaBHble (cblpbe, MONyNpPoayKTbl, TOBapHasi Npo-
ocTaToyvHas 3anblIeHHOCTb A0
GunbTpbI AyKums), npu gpobreHnn, Cyxom mns- 20 MM
MeInbYeHMN 1 NOMOrIe B Liexax Npuro-
TOBIEHUS LUNXThbI, CrieKaHus, KanbLuu-
HaLMK 1 0OXUra U3BECTHSKa
AnekTpodusb-

Tpbl BEpTMKanb-
Hble, MHOTOCEK-
LIMOHHble

OuuncTka oTxXoasLWmX ra3oB ne4ven
KanbuuHauum

OpHononbHble, KMO go 99,7 %, octa-
To4YHasa 3anbINeHHOCTb ra3oB A0
200 Mr/Hm®

MNbineBasi kamepa

OuncTka ra3oB psiga nevemn cnekaHus
(cnekaHue HedbennHoB)

3anbINeHHOCTb ra3oB Ha BbIXOAe A0
100 r/Hm®

AnekTpodusnb-
TPbl FOPU30H-
TanbHble

OuncTka OTXOOALMX ra3oB neyen
CMeKaHus 1 BpaLLLaloLLIMXCS NeYven
obXxura nsBecTHsKa

MHorononeHbie (3—4 nong), KMNA4 go
99,8 %, ocTaTo4Has 3anblfIEHHOCTb
raszos o 300 mr/Hm®

Ckpy66epa Mok-
pble

OuncTka oTX0AALLMX ra30B NeYven cne-
KaHus (KOMOUHMPOBAHHLIN CrOCO6)

KA 50-85 %, octaToyHas 3anbineH-
HocTb rasos 4o 100 Mr/Hm®

LLnamoxpaHu-
niwe

OcBeTneHue pactBopoB, 06e3BOXM-
BaHMe LWNamoBOW Nynbbl

OnpenensieTca nokasaTensiMm TeXHO-
nornyeckux TpeboBaHuii kK pacTBopam

1.7.2 TpymeHaeMble NPUPOAOOXPaHHbIE TEXHOMNOMMM NpU MPOU3BOACTBE aHOLOB W

aHoOAOHOW Macchbl

HasHaueHne, onucaHue, TEXHOSIOrMYECKME XapaKTEPUCTUKM OCHOBHOMO M Npupoao-
OXpaHHOro obopyaoBaHUs, MCMONbL3YyEMOro B npouecce Npou3BOACTBA aHOOOB U aHOAHOWM
Macchbl, npuBedeHbl B Tabnuuax 1.23 n 1.24.

Tabnuua 1.23 — lNpupogooxpaHHoe obopyaoBaHue

HavnmeHoBaHne
obopynoBaHus

HasHayeHune obopygoBaHus

TexHomnornyeckme xapakTepucTmkm

SnekTpounbTp

YnasnuBaHue Mbinu Kokca m3
BEHTBbLIOPOCOB, OTBEAEHHLIX acnupa-
LNOHHO-TEXHNYECKUMMN YCTPOMNCTBaAMMU
OT NMOTOYHO-TPAHCMOPTHbIX Y30B,
cKnagoB, ApobunbHO-pPasMonbHOro
oTaeneHuns

O deKTUBHOCTL O4NCTKN — 90 Y%o—
99 %

LinkrnoH

YnaBnuBaHue nbinu Kokca u3
BEHTBbLIOPOCOB, OTBEAEHHbIX acnupa-
LIMOHHO-TEXHMYECKMMM YCTPONCTBaMU
OT MNOTOYHO-TPAHCMNOPTHbIX Y3108,
cknagos, ApobunbHO-PasMoNnbHOro
oTaeneHus

OhpeKkTnBHOCTL OUNCTKM — 70—
93,9 %
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OkoHuyaHue mabnuupbi 1.23

HanveHoBaHune
o6opynoBaHus

HasHauyeHue ob6opyaoBaHus

TexHonornyeckne xapakTepucTmkm

PykaBHble unb-
Tpbl

YnaBnvBaHue Nbinu KoKca 13
BEHTBbIOPOCOB, OTBEAEHHbIX acnupa-
LIMOHHO-TEXHMYECKMMM YCTPONCTBaAMU
OT NOTOYHO-TPAHCMOPTHBIX Y3108,
cKknaaos, ApPOOUIbHO-PasMONbHOTO
oTaeneHus

OdbdekTnBHOCTL oUncTkM — 97,1-9 %

BaTapenHbl
LINKIOH-
ANEKTPOUNbLTP

YnasnvBaHue Nblnn KOKca N3 0TXO-
OSALWMX ra3oB neyemn NpoKasku

OdbdekTnBHOCTL 0UNCTKM — 80,6—
93,4 %

Tpy6a BeHTypu
(apcopbeHT

KOKC) — PYKaBHbI

dounbTp

YnaenveaHue BO3roHOB KaMeHHO-
YronbHOro rneka n3 BeHTBbIGPOCOB,
OTBEAEHHbIX acnnpaLnoHHO-
TEXHUYECKMMU YCTPONCTBaMK OT [0-
3MPOBOYHO-CMECUTENBHOrO oTaene-
HMS

O PHEKTUBHOCTL OUUCTKN —
99,699,9 %

Tabnuua 1.24 — lNpupogooxpaHHoe obopyaoBaHue

HanmeHoBaHue
HasHauyeHune obopyaoBaHus TexHOnorn4yeckme XxapakTepmucTukn
obopynoBaHus
YnaBnvnBaHuWe MbIfiv KOKca 13
BEHTBbLIOPOCOB, OTBEAEHHLIX acnupa-
LMOHHO-TEXHUYECKNMMN YCTPONCTBaAMM
. OT MNOTOYHO-TPAHCMNOPTHbIX Y3510B,
PykaBHbIn
bUnbTp CKknagoB, ApOOUNbLHO-PaA3MONbHOIO OddekTMBHOCTL 0UnCTkM — 98,0 %

OTAEeneHus], y4acTka 0O3MPOoBaHUS
LUMXTbI, U3 OTXOASALLMX ra30B CyLLUITb-
HblX 6apabaHoB, aHOAHO-MOHTaXXHOTO
oTaeneHus

«Mokpas» [OY:
MObIN CKOPOCT-
HoWu ckpy66ep

YnaBnvBaHue Mbinu KOKCa, BO3roHOB
KaMeHHOYronbHoro neka, Topnaos
razoobpasHbixX, ANOKCUaA Cepbl U3 OT-
XOAALMX ra3oB neyvei obGxura

O DHEKTUBHOCTL OUNCTKU: Mbifb-
70 %; pTopmabl razoobpasHbie —
98 %; BO3roHbl KAMEHHOYIOSbLHOro
neka — 70 %, anokcng cepbl — 90 %

«Cyxas» [OY:
mMoaynb — ag-
COpBUMOHHbIE
peakTopbl — py-
KaBHbIN bUnbTp

YnaBsnuBaHue nbinu KOKca, BO3roHOB
KamMeHHOYrosnbHoro neka, gpropngos
razoobpasHbIX U3 OTXOAALLNX ra3oB

neyemn obxura

O DEKTUBHOCTL OUNCTKN: Mbifb —

98,5 %; dpTopmabl razoobpasHble —
99 %; BO3roHbl KAMEHHOYIOSIbHOro
neka — 98,5 %

«Cyxas» [OY:
mMoaynb — ag-
COpBLUMOHHbIE
peakTopbl — py-
KaBHbIN PUNLTP

YnaBnvBaHue NbINu KOKca, BO3roHOB
KaMeHHOYronbHOro neka u3 BEHTBbI-
©pocoB, 0TBEAEHHbIX acNMpPaLNOHHO-
TEXHUYECKMMU YCTPONCTBaMM OT TeX-
HONMOTrMYECKUX NNHUA CMECUBbHO-
NpPeccoBOro y4acTka Npon3BoACTBa

O DEKTUBHOCTL OUNCTKN: MO MbINN —
98 %; no ocTtanbHbIM KOMMOHEHTaM —
90 %
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1.7.3. NpumeHsieMble NPUPOAOOXPAHHLIE TEXHOMOMMN NP NPON3BOACTBE MNEPBUYHOIO

alTtOMUHUA

HasHauyeHne, onucaHue, TexHonorn4yeckme XapakTepuctmkn OCHOBHOIo WU npunpono-
OXpaHHOoro O60pyﬂ,OBaHVIFI, ncnosib3dyemMoro B npouecce npon3soncrtea nepsnuyHoOro astomMmum-

HUSA, NnpuBeaeHbl B Tabnuue 1.25.

Ta6nuua 1.25 — MpupoaooxpaHHoe o6opyaoBaHue NpoLecca aneKkTponmsa

HanmeHoBaHne TexHonornyeckue
HasHauyeHue ob6opyaoBaHus
obopynoBaHus XapaKTepPUCTUKN

Cyxas rasoouucTka (peakto- Ounctka oTxogdawmx rasoB | OPDEKTUBHOCTb OUUCTKN, Yo
pbl + pykaBHble OUbTPbI) OoT:

— dbTOPMCTOro BOAOPOAZ; 98,4-99,7

— TBepabIX PTOPMAOB; 97,4-99,5

— HeopraHM4ecKkomn nbinu; 97,4-99,5

— CMOJSACTbIX BELLECTB 96 — >99
Cyxas [OY + MOKpbI CKpyO- Ounctka oTxoaswmx rasoB | APPEKTUBHOCTb OUUCTKU, %!
Gep OoT:

— bTOpPMCTOro BOAOPOAa; 99,5-99,8

— TBepAabIX PTOPUAOB; 99,4-99,7

— HeopraHM4eckom nbinu; 99,5-99,8

— CMOJIUCTbIX BELLECTB; 98,8-99,4

— anokcuaa cepsl 85,0-98,7
OnekTpodUNbLTP + MOKPLIIA Ounctka oTxoaswmx rasoB | APPEKTUBHOCTb OUUCTKU, %!
CKpyb6ep unu neHHbI annapat | OT:

— dbTOPMCTOrOo BOAOPOAa; 95,0-98,7

— TBepabIX PTOPUAOB; 80,0-90,0

— HeopraHM4eckom nbinu; 80,0-90,0

— CMOJIUCTbIX BELLECTB; 55,0-90,0

— anokcuaa cepsl 85,0-98,7

1.7.4 an/IMeHFIeMbIe npupoaooxpaHHble TEXHOJIOMMKU Mpu Npon3BoacTBE TEXHUYECKO-

ro KpemMHunA

HasHaueHue, onvcaHne, TEXHOMNOrMYeckUe XapaKTepUCTMKM OCHOBHOIO U Mpupoao-
OXpaHHOro 06GopyAOBaHMsA, UCMONb3YEMOro B NpoLecce Npou3BOACTBA TEXHUYECKOTO KpeMm-

HUA, NpuBeaeHbl B Tabnmuax 1.26.

Tabnuua 1.26 — MNpupogooxpaHHoe obopynoBaHue

HanmeHoBaHune TexHonornyeckmne
HasHayeHune obopyaoBaHus

obopynoBaHus XapaKTepUCTUKM
OumncTka OT NbIM acnMpaumMoOHHOro Bo3gyxa npu
pasrpyske, CKnagnpoBaHun, TpaHcnopTe, nepe- OavHo4HbIe, rpynnoBble,

LIVKrOHb CbiMNKe, U3MENbYEHUN, TPOXOYEHNN CbIPbEBBLIX Ma- | CMparibHO-KOHWYECKHME,
Tepuanos, NonynpoaykToB, TOBAPHOW MPOAYKUUK KMa — 75— 95 %, octaTtoyHas
no BCeM nepeaenam TEXHONOrMYeCcKoro npotecca, | 3anbineHHocTb — Ao 20 mr/m3
oTxoadawmx razos PTI1
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OkoHuyaHue mabnuubl 1.26

HanveHoBaHune
obopynoBaHus

HasHauyeHue obopyaoBaHust

TexHonornyeckue
XapaKkTepUCTUKK

PykaBHble hunbTpbl

OuuncTka OT NbINKW acnMpaLmMoHHOro Bo3ayxa
npw pasrpy3ke, CKnagMpoBaHUK, TpaHCnopTe,
nepecsolInke, N3MenbYEHNN, rPOXOYEHUN Cblpb-
€BbIX MaTepuanos, NoynpoayKTOB, TOBApPHOW
npoaykumm, otxogsawmx rasoe PTI (c cunoca-
MM, OCHALLEHHBIMW cUcCTEMaMM ANg ynroTHe-
HWUS NbInn)

Tuna CMU, ®PKH, ®PUA n
Ap. C TEPMOCTONKOWN TKaHbHO
(o 250 °C) gns pykaBos;
KMmQ — oo 99 %, cotayskon n
rereHepauuen

ocTaTovHas 3anblfIeHHOCTb —
10-20 mr/m®

Ckpy66epa nonble

OumncTKa OTXOAALLMX ra3oB neyen oT Nbinu un
OKCKOO0B cepbl

Kna — 50-85 %, ocTtato4Has
3anbINeHHOCTb ra3os — [0
100 Mr/Hm3, KoHUEeHTpauus

Tpy6bl BeHTypu ¢
KanneynosuTensamm

OuncTKa OTXOAALLMX ra30B neyeit oT Mbinu,
OKCWAOB cepbl

2 lMpon3BoACTBEHHbIN 3KONOrMYeCKUMN KOHTPOJIb

Mpon3BOACTBEHHbIN  3KONOMMYECKNN

KOHTPOsSlb 3MWUCCUIA NPOBOAUTCA C  LEMNbio

noaTBepXxaeHus cobnogeHns TpebosaHun KOP B vyactu obecneyeHns COOTBETCTBUSA
aKTUYECKMX TEXHOMNOIMYECKMX NoKasaTenen TEXHONOrM4YeckuMm HopmaTMBam.

2.4 UamepsieMble NoKasaTtenm aMuUccumn

I'Iepequb MapKepHbIX BELWECTB NMpBegeH B Tabnuue:

TexHonornyeckui nokasartenb

Mpou3BoAcTBO NEpPBUUYHOIO anNntoOMUHUSA (BKIOYasi cCONyTCTBYOLWME eMy BUAbl AeATENbHOCTU
Npou3BOACTBE MMUHO3eMa, aHOA4OB U aHO4HOM MacChl, IMTEMHOM NPOU3BOACTBE,

NPOU3BOACTBE TEXHUYECKOro KPeMHMUs)

B3BelLeHHble BellecTBa

BeHsanupeH

dTopunabl rasoobpasHble (rmgpodTopua, kpemHuin TetTpadTopua) (B nepecyeTe Ha hTop)

®dTopuabl TBEPAbIE

Cepbl guokeuna

MbIb HeopraHnyeckas ¢ cogepxaHnem kpemHusa meHee 20, 20-70, a Takke 6onee 70 npoueHTOB

np0M3BOD,CTBO BTOPUYHOIo antoMnHuUA

Yrnepoaa okcmg

A30Ta AvMokcua, asota okevp (CymmapHO)

B3BelleHHble BellecTBa

IXnopuCTbI BOOOPOA

dTopuapl razoobpasHblie (rngpodTopua, KpeMHUA TeTpadTopua) (B nepecyeTe Ha PTop)

HopmaTuBHble 3HayeHUs1 yKa3aHHbIX TEXHOMNOIMMYeCcKUX nokasaTtenen npuBedeHbl B
Tabnuuax, BKITOYEHHbIX B 3akntodeHna no HAT
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