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BBeneHue

HacTtoAawumm cnpaBoYHMK cCoaepXnT MHOOpMaLuIo:

- 06 obnactu ero npUMeHeHus;

- 06 oTpacnu antoMMHNEBOW NpOMbILLIIEHHOCTN B Poccuiickon ®epepaunu;

- 0 TEXHONOIMYECKMX npoLeccax, NPMMEHSEMbIX B HACTOSLLLEE BPEMS B antOMUHNEBON
npombiwneHHocTn B Poccuiickon ®epepauuu;

- 0 TEKYLUMX YPOBHAX SMUCCUM B OKPYXaloLLy0 Cpedy Ha npeanpuaTuax antoMuHue-
BOW NMpoMmbILLieHHoCcTn B Poccuickon depepaumm;

- 0 HaUnNy4LWKnX OOCTYMHbIX TEXHOMOMMSAX B artOMUHMEBOM MPOMBbILNEHHOCTN Poccun-
ckon depepauuu;

- 0 NEPCMNEKTUBHbIX TEXHOIIOTUSIX.

OCHOBHbIMUK 3aKoHOAATENbHLIMW AOKYMEHTaMW, UCMOMb30BaBLUMMUCS NpU pa3paboT-
Ke crnpaBoYHMKa, ABNATCS:

- ®epepanbHbi 3akoH «O6 oxpaHe okpyxatowen cpeabl» ot 10.01.2002 Ne 7-03;

- ®epepanbHbii  3akoH  «O6 oxpaHe aTmocdepHoro Bo3gyxa» o1 04.05.1999
Ne 96-93;

- PepepanbHbI 3akOoH «O6 oTX0A4ax Npou3BoAcTBa U noTpedbnenus» ot 24.06.1998
Ne 89-03;

- NoctaHoBneHue lNpasutensctBa PP «O nopsake onpeaeneHnsa TeEXHOMNOrm B Kade-
CTBE Haunydlen OOCTYMHOM TEXHOMOrMK, a Takke pas3paboTku, aktyanusauum n onybnmko-
BaHNSA MHOOPMALMOHHO-TEXHUYECKMX CMPABOYHMKOB MO HaWUMNyyLWNM SOCTYMHbIM TEXHOSOIM-
am» oT 23.12.2014 Ne 1458.
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anI HATble OCHOBHbIe COKpalleHUs

AIK — AunHckmii rmuHodeMHbin komomHat (OAO «PYCAJT A4nHCK»)

Al — aBTOMaTU4YeCKasn nogaya rnmHosema

ACYTI — aBTOMaTM3NpOBaHHAA cMcTemMa yrnpaBneHus TEXHOOrMYeCKMM npoLeccom

BEA3 — Borocnosckun antomuHmesbin 3aBog (unman OAO «CYAJT» «BA3-CYATT»)

BpA3 — BbpaTtckui antommnHmneBbin 3aBog (OAO «PYCAJT BpaTtck»)

BT — 6okoBon Tokonoason

BT — BepxHui Tokonoaso

'BC — rasoBo3gyLuHasi cMecb

OY — rasooumncTHasa yctaHoOBKa

3B — 3arpsasHstowme BewecTsa

NpkA3 — WpkyTtckun anomuHuesbin 3asog (dpunvan OAO «PYCAIJT Bpatck» B
r. LLlenexose)

KA3 — KaHpganakwckuin antommHneBbi 3aBog (dounmnan OAO «CYAJT» «KA3-CYAI»)

KM — koadpdnumeHT Nnone3Horo AencTems

KM — koaddpuruUmMeHT NoNe3Horo Ncnosib3oBaHUs

KpA3 — KpacHosapckuin antommHneBbi 3aBog (OAO «PYCAIJT KpacHosipck»)

HOT — Haunydwasa JoCTynHas TeXHONorns

HkA3 — HoBoky3sHeukui antommHuesbin 3aBog (OAO «PYCAJT HoBoKy3HeELK»)

OA — 060oxoKeHHble aHOab!

MOA — npeaBapuTenbHO 000XKEHHbIE aHOAbI

M3OK — npon3BoACTBEHHbIN 3KONOrMYECKUIA KOHTPOIIb

CA3 — CagHoropckuin antommHneBbi 3aBog (AO «PYCAJ1 CasiHoropck»)

YA3 — Ypanbckuin antommHuesbin 3asof (punman OAO «CYAJT» «YA3-CYATT»)

XA3 — Xakacckuin antommHunesbl 3aBog (OO0 «XA3»)

LUPIN — ueHTpanusoBaHHasa pasgada rnmHo3ema

OkoCopepbepr — akonornyecknn Copepodepr
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MpeaucnoBue

Llenn, ocHOBHble NMpUHLMNBI U NOPSAOK pa3paboTkm CnpaBOYHUKA ycTaHoBMEHbI [o-
ctaHoBneHueM lpaButensctea Poccuickon enepaumm ot 23.12.2014 Ne 1458 «O nopsake
onpegeneHns TeXHONOrMmM B KadecTBe Haunydlwen AOCTYNHON TEXHOMOMMU, a Takke paspa-
60TKM, akTyanusauum n onybnmkoBaHus MHPOPMALNOHHO-TEXHUYECKUX CMPaBOYHUKOB MO

Haunny4ywmm OOCTYMNMHbIM TEXHOJNOTNAM>,

1 CtaTtyc nOKyMeHTa
HacTosawmin MHPOpPMaUNOHHO-TEXHUYECKUA CNPABOYHUK MO HaUNyyYlWUM LOCTYMHbIM

TEXHONOIMNNAM (,u,anee — CI'IpaBO'-IHVIK) ABNAETCA AOKYMEHTOM Mo CTaHOapTu3auunn.

2 Uncpopmanuusa o paspaboTumkax

CnpaBo4HuKk pa3paboTaH TexHndeckon paboyen rpynnon Ne 11, co3gaHHOM NpMKasom
Pocctangapta ot 17 uionga 2015 r. Ne 832 B pegakuum ot 4 mapTa 2016 r. Ne 238.

[MepeyeHb opraHnsaunn 1 nx NpeactaBuTeNen, NPMHMMaBLINX y4acTne B paspaboTtke
crpaBoYHMKa, NpuBeAeH B pa3aene «3aknioymTerbHble MOMNOXEHUs U pekoMeHaaumnm».

CnpaBo4yHVK NpeacTaBneH Ha yTBepxaeHue biopo Havny4ywmnx OOCTYMNHbIX TEXHOMO-

rmn (Bropo HAOT) (www.burondt.ru).

3 Kpatkasa xapaktepucTuka

CnpaBoOYHMK COOEPXUT OnNuUcaHne npuMeHsieMblX Npu NpPou3BOACTBE artOMUHUSA Tex-
HONOrM4yecknx npoueccos, 0b6opyaoBaHUA, TEXHUYECKUX crnocobos, MeTOO0B, B TOM Yucne
NO3BONSAOLWMNX CHU3UTb HeraTMBHOE BO3AEWCTBME Ha OKpYXalllyto cpedy, BogornoTpebre-
HWe, NOBbICUTb 3HEepProapeKkTUBHOCTL, pecypcocbepexeHne. Cpean onMcaHHbIX TEXHOMO-
rMYeckmx npoueccos, 060pyaoBaHNA, TEXHUYECKMX CNOCOBOB, METOOOB OnpeaeneHbl peLue-
HUSA, ABASIOLWMECS HAUYYLLIMMKU OOCTYNHbIMK TexHonornamu (HAOT). Ona HOT B cnpaBo4Hu-

K€ YCTaHOBJ1EHblI COOTBETCTBYIOLLNE en TeXHONOorn4eckne nokasarenu.

4 B3anMocBA3b C MeXAYyHapOAHbIMU, permMoHanbHbIMU aHanoramm

CnpaBo4yHuK pa3paboTaH Ha OCHOBE CnpaBOYHWKA EBponenckoro corosa no Haumnyu-
LWMM JOCTYMHbIM TexHonornam «Haunyywme poctynHble TexHonorun (HOT). CnpaBoyHbIn
AOKYMEHT AN NPOMBbILSIEHHOCTU LBETHbIX MeTannoB» (Best Available Techniques (BAT)
Reference Document for the Non-Ferrous Metals Industries) ¢ ydeToM ocobeHHOCTEN NPOUn3-

BoZCTBa antoMmuHma B Poccuinckon ®egepaunn.

5 C60p AaHHbIX
MHdopmaumsi 0 TexHomnmornyeckux npoueccax, o6opygoBaHMM, TEXHUYECKUX CMOCO-

0ax, meTogax, NPUMeHsIEMbIX Npu NPON3BOACTBE antoMunHusa B Poccumnckon ®eagepaunmn, bbl-
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na cobpaHa B npouecce pa3paboTku cnpaBoYHMKa B cOOTBETCTBMM C [lopsigkom cbopa aaH-
HbIX, HeobxoauMmbix AnNa pas3paboTkn WHGPOPMALMOHHO-TEXHMYECKOTO CnpaBOYHUKA MO
HaUNy4YLWMM OOCTYMHLIM TEXHOMNOMMAM U aHanu3a npuopuTeTHbIX Npobnem oTpacnu, yTeep-

XOEeHHbIM Npukasom PocctaHgapTa ot 23 uona 2015 r. Ne863
6 B3anmocBssb ¢ apyrumu cnpaBoyHukamu HAOT

B3anmocBasb HacTosiwero crnpasodHuka HOT ¢ gpyrumu crnipasovHukamu HOT, pas-
pabaTbiBaeMbiMy B COOTBETCTBMM C PacnopskeHnem npasutensctea Poccunckon depepa-

uunm ot 31 okTabpsa 2014 roga Ne 2178-p, npuBegeHa B pasgene «Obnactb NPpUMMEHEHNS».

7 UHdhbopmauma o6 yTBepxxaeHUU, onyonmkoBaHumM 1 BBeAeHUU B AeCTBUE

CnpaBo4HuK yTBEpPXKAEH Npuka3om PocctaHaapTa oT 29 moHsa 2016 r. Ne 803.

CnpaBo4Huk BBefeH B genctene ¢ 1 aHBapsa 2017 r., oduymansHO onybnvkoBaH B
MHpOpMaLNOHHON cnucteme obLiero NonNb3oBaHUA — Ha oduumanbHOM cante degepanbHo-
ro areHTcTBa MO TEXHWUYECKOMY peryrnmpoBaHuio u MeTposiorum B cetn WHTepHeT

(www.gost.ru).






MHO®OPMALMUOHHO-TEXHUYECKUUN CNPABOYHUK
no HAUMNYYWUM OOCTYMNHbIM TEXHONOIMMNAM

nPOU3BOACTBO ANTIOMUHUA

Aluminium production

DaTta BBegeHua — 2017-01-01
OGnactb NnpuMeHeHUA

CnpaBo4YHWK pacnpoCTpaHseTCs Ha crnegyowmne OCHOBHbIE BUAbI eATENbHOCTH:

- MPOM3BOACTBO MMHO3EMA;

- NPON3BOACTBO NEPBUYHOIO arntoOMUHUS;

- NPON3BOACTBO aHOA0B N aHOAHOW MacChl,

- NINTENHOE MpPOM3BOACTBO (MPOM3BOACTBO TOBapHOW MNpPOAYKUUM W3  anioMUHUSA-
cbipua).

CnpaBo4YHMK Takxke pacrnpocTpaHAeTcss Ha MpoueccChl, CBA3aHHble C OCHOBHbLIMU BU-
AaMn OeaTenbHOCTU, KOTOPble MOryT okasaTb BfMsiHME Ha 06beMbl AMUCCUA UM MacLuTabbl
3arpsisHeHNs OKpyXatoLlen cpeabi:

- MPOM3BOACTBEHHbIE MPOLIECCHI;

- MeTobl NpeaoTBpaLLeHNs N COKpaLLeHns aMUccui u obpasoBaHnsa OTXOO0B.

CnpaBo4YHWK He pacnpocTpaHsaeTcs Ha:

- AeATENbHOCTb, CBA3aHHY0 C 4o0blven n oboralleHnem pya LBETHbIX METAMOB,;

- nepepaboTKy 0TX040B antoMUHNEBOW NPOMbILLUIEHHOCTN U NPOU3BOACTBO BTOPUYHO-
ro anioMMHMSA U3 IoMa antoMUHUEBBIX U3OENUNA;

- 6nokn BcnomoraTesibHbIX U NOACOOHBIX NPON3BOACTB (PEMOHTHbIE, aBTOTPAHCMOPT-
Hble, )Xene3HOA0POXHbIE, MOHTaXHbIE U T. N.);

- BONPOChHI, KacawLlmecsa UCKnoumTenbHo obecnevyeHus nNpomblneHHon BGesonacHo-
CTV UNW OXpaHbl Tpyaa.

Bonpocbl oxpaHbl Tpyda paccMaTpuBarOTCA YaCTUYHO M TOMbKO B TEX Cryvasax, Kkorga
OKa3blBalOT BAMSIHME HA BUObl AEATENbHOCTU, BKMOYEHHbIE B 06NacTb NPUMEHEHUS HacTos -
LLlero cnpaBOYHUKA.

JononHutensbHble BUAbl OEATENbHOCTU NPW NPOU3BOACTBE antOMUHUA U COOTBET-
cTByowme nm cnpasodHukn HOT (HasBaHus cnpasoyHukoB HOT gaHbl B pefakumm pacno-
pskeHna npasuTenbctBa Poccunckon ®depepaumm ot 31 oktsbps 2014 roga Ne 2178-p)

npuBeaeHbl B TAbNuLe HUXe.



Bua pestenbHoCTH

CooTBeTcTBYIOWMIA cripaBoYHuK HOT

MeToabl OUMCTKM CTOYHBLIX BOA, HanpasneH-
Hble Ha CcoKpalleHne cOpoCcoB METasoB B
BOAHble 0ObEKThI

OuuncTKa CTOYHbIX BOA Npy NpoOn3BOACTBE
npoaykuumn (ToBapos), BbINOSHEHWM paboT n
OKa3aHuM yCryr Ha KpYMHbIX NpegnpusaTmsX

[MpOMBbILLNIEHHbIE CUCTEMbI OXNaXaeHUs,
Hanpumep rpagupHn, NnacTUH4YaTblie Tenno-
OOMEHHUKUN

npOMbILIJJ'IeHHbIe CUCTEMbI OXINaKaeHunA

XpaHeHune n obpaboTka maTtepmanos

CokpalleHure BbIOpOCOB 3arpsi3HAOLLIMX Be-
LecTB, COPOCOB 3arpA3HSOLLMX BELLECTB
npv XpaHeHUN 1 CKNagupoBaHUN TOBapOB

(rpy3oB)

O6palyeHune ¢ oTxogamu

Ob6esBpexmBaHMe 0TX040B TEPMUYECKUM
cnocobom (CxuraHme oTxXo4oB)

3axopoHeHne 0TXo40B NPOM3BOACTBA U MNO-
TpebneHus

BbipaGoTka napa v aneKkTposHeprun Ha Ten-
NOBbIX CTaHLMSX

CxuraHue Tonnmea Ha KPYMHbIX YCTaHOBKax
B Lendax npon3BoacTtea SHEPIrmn

Bonpochkl Npon3BOACTBEHHO-3KOMOMMYECKOro
KOHTpONS

O6wme NnpuHUMNBbI NPOM3BOACTBEHHOIO 3KO-
NOrMYEeCcKOro KOHTPOISi U ero MeTponornye-
ckoro obecneveHus




Pazpgen 1. O6wana nHdopmaumsa o paccmaTpmBaemMon oTpacnu

MPOMbLILWNMEeHHOCTHU

1.1 O6wme cBepeHUA

ANMOMUHUN — XMUYeckun anemeHT Il rpynnbl nepMogmnyeckon CUCTEMbI fIEMEHTOB
0. . MeHgeneeBa, nerkii m nnacTuudHbIA MeTann MaToBo-cepebpucTtoro useta. Bcnep-
CTBME BbICOKOM XMMMUYECKON aKTUBHOCTU aritoMUHUIA B NPUPOAE HAaXoauTCs TOSbKO B CBSI3aH-
HOM Buae.

MnoTHOCTb (MpU  HOpMarbHbIX YycroBusix) — 2,69 r/cm®, anekTponpoBoAHOCTb —
37 x 10° Cm/m.

YHuKanbHble CBOMCTBA antoOMUHUS:

- Ha BO34yXxe MOMEHTanbHO 00pa3syeT OKCUMAHYH 3aLUTHYI MNEHKY, KoTopasi cnocob-
CTBYET BbICOKOM KOPPO3MOHHOM CTOMKOCTU MeTanna;

- HU3Kasi NNOTHOCTb MPY BbICOKOM MPOYHOCTH;

- HEM3MEHHOCTb CBOMCTB MPU HU3KNX TeMnepaTypax.

AnioMnHUN obnagaet amoTepHbIMM CBOMCTBaMU, T. €. pearmpys ¢ Kucrnotamu, ob-
pasyeT COOTBETCTBYHOLLME COMK, a NP B3aUMOAENCTBMM C LLenovYamMm — anioMmHaTbl. OTa
0COBEHHOCTb CYLLECTBEHHO pacCLUMPSIET BO3MOXHOCTU U3BMEYEHNSA antOMUHUSA U3 pya pas-
nM4YHOro coctasa. ANOMUHUW PacTBOPHAETCH B CEPHOM U COSITHOM KUCINOTax, a Takke B Lie-
noYax, HO KOHUEHTpUpOBaHHAA as30THad W oOpraHuMyeckass KUCMNOTbl Ha  antoMUHUA
He OeNCTBYIOT.

MexaHuyeckne cBOMCTBaA alniOMUHUA B 3HAYUTENIbHOM CTeneHu 3aBUCAT OT
KonuyecTtBa npumecen B aniOMUHUK, €ro NpeaBapuTenbHON MexaHudeckon obpaboTku u
TemnepaTtypbl. C yBennyeHnemM cogepxxaHus npumecen npoYHOCTHblE CBOMCTBA armtoMUHUSA
pacTyT, a nnacTU4YHble CHWXKAKTCH, MPUYEM 3TM CBOMCTBA MPOSABNATCA Aaxe npwu
N3MEHEHUN YNCTOTbI antoMmnHng ot 99,5 % o 99,0 %.

Bnarogapa Takum cBOMCTBaM, Kak Manasd nioTHOCTb, BbICOKas TEMfonpoBOLHOCTb,
HU3KOe 3rIeKTPUYEeCcKoe COMpOTMBIIEHNE, BbICOKas MNacTUYHOCTb, KOPPO3NOHHAS CTONKOCTb,
antoMUHUIA NOMYYNUNT UCKMOYMUTENBHO LUMPOKOE pacnpoCTpaHeHME B PasfUYHbIX OTpacnsax
COBPEMEHHOMN TEXHUKN N UTPAET BaXKHEWNLLIYIO POSib Cpeamn BCEX LBETHbLIX METanNsoB.

UNCTbIN TEXHUYECKUA antoMUHUA  UCMOSb3YyeTCA B 3MEKTPOTEXHWKE B KadecTBe
NPOBOOHMKOBOrO MaTepuana v ana npoussogctBa dosibrn. OCHOBHasi 4aCTb antOMWUHUSA
NPUMEHSIETCA B BMAE NIUTENHBIX U OePOPMUPYEMBIX CMNSIABOB U CPaBHUTENBHO HebornbLloe

KOJin4eCcTBO alitoMMHUA — B BUAE MOPOLLKOB.



K OCHOBHbIM 06f1acTaAM NPUMEHEHUS anOMUHUA U €ro CrfaBoOB OTHOCATCS adpOKOC-
MUYecKas MPOMBbILINIEHHOCTb, CTPOUTENbLCTBO, BbICOKOCKOPOCTHOW >XEeNe3HOLOPOXHbIN U
BOAHbIA TpaHCMNopT, aBTOMobunecTpoeHue (kopnyca ABuratenen, Ky3OBHble AeTann W
TpaHCMUCCUSA), ANEKTPOTEXHMKA, MALUUHbI U TYpOUHHAA TEeXHMKa, ynakoBKa MULLEBLIX MPO-
AYKTOB W HarnuTKOB, KPUOTEXHUKA, MUPOTEXHWKA U pakeTHOe TOMMMBO, NULLEeBas NPOMbILL-
NEHHOCTb.

[MpakTnyeckn eguHCTBEHHBIM METOAOM MOMyYEHUST MEeTanMMYeckoro antoMUHNA ABNS-
€TCA 3NEKTPONN3 KpUONUTornnHo3emHoro pacnnaea. OCHOBHOe Cbipbe Afsl 3TOro npouec-
ca — rmuHo3eM (Al,O3) — nonyyarT pasnmMyHbIMU TMAPOXUMNYECKMMN METO4AMN NYTEM Ne-
pepaboTkn MMHEpPanoB, coaepKalunx CoOeANHEHNST antOMUHNS.

CoBpeMeHHOe MonyyeHne artoMUHUS OCYLLECTBASEeTCA MNyTeM 35eKTPONMTUYECKOrO
pasnoxeHus rnnHodema (Al,O3), paCTBOPEHHOro B anekTponuTte (pacnnaBfeHHbIn KpUonuT
(NazAlFg)). TexHonorndeckun npouecc ocywecrtengetcs npu 950 °C — 965 °C B anekTpo-
NN3HbIX BaHHaX (3nekTponuaepax). B uenom npouecc pasnoXxeHus rnmHo3emMa B 9feKTponu-

3epax MOXHO NpeAcTaBUTb B BUAe hopmyn:
Al,0O3 + 1,5C <« 2Al + 1,5CO,,
Al,O3 + 3C <« 2Al + 3CO.
CyMMapHylo peakumio MOXHO 3anucaTb B BUAe
Al,O3 + XC = 2Al + (3 = X)CO, + (2x - 3)CO
UNW NpeacTaBUTb €€ Kak CyMMY TPEX peakLui:
Al,O3 « 2Al + 1,50,
C + 02 « COy,
C +0,50; « CO.

OCHOBHbIM UCXOAHBIM CbIPbEM KPUOMUT-MMMHO3EMHOrO pacnnasa SABNAITCH MMUHO3EM
(Al,03), pTopuctein antomuHnn (AlFs3) n kpnonut (NazAlFs). Kpome Toro, B anekrponute Bce-
roa npucyTcTByeT dTopucTbin Kanbuun (CaF,), cHkalwmn TemnepaTypy Kpuctannmsaumm
3NeKTponuTa, YTo NO3BONAET NPOBOAMTbL NPOLIECC ANEKTPONu3a npu boree HU3KON Temnepa-
Type.

TexHonornyeckun npouecc B artoMUHUEBOM SMNEKTPONM3epe — CrOXHbIN KOMMMEKC

B3anMMOCBA3aHHbIX XUMNYECKUX, (bVI3VIKO-XVIMVI‘-IeCKVIX n (bVI3VN€CKVIX npoueccos.



IMpun anekTponuae Ha KaTto4e BblAeNAeTCa antoMUHUA, a Ha aHoade — Kucnopog. Arto-
MUHUI, obnagatowmn Gonblen NNOTHOCTbID, YEM UCXOAHbIN pacnnae, cobupaeTca Ha OHe
anekTponunsepa, oTkyaa ero nepuoanyeckn n3snekatorT.

PeHTabenbHOCTb NpOM3BOACTBA antOMUHUA OnpeaenseTca AOCTYMNHOCTbI U LEeHOM
3NEKTPOIHEPTUUN, HANTMYMEM CbIPbEBbIX KOMMOHEHTOB N UX KAYECTBOM.

B Tabnuue 1.1 npegcraeneHsl gencreytowme B Poccuinckon ®egepauunmn npegnpuatns
antoMUHMEBOW NPOMBILLNEHHOCTU, rof BBOAA B 3KCryaTauumio, NPpoM3BOANTESNTbHOCTb U MpU-
MEHsIEMble TEXHONOrMM anekTponuaa. Nx reorpaguyeckoe pacnonoxeHne npeactaBneHo Ha

pucyHke 1.1.

Tabnvua 1.1 — lNepeyeHb NpeanpusaTMi antoMMHUEBOW NpOoMbILLTIeHHOCTN Poccuinckon deaepaumn

3aBopf MecTo pacnonoxeHus Fon eBoAa
B 3KCnnyatauuto
KA3 MypmaHckas obnacTb, 1951
dunman OAO «CYAT» «KA3-CYATT» r. Kanpganakwa
HkA3 KemepoBckas obnacTb, 1943
OAO «PYCAIJ1 HoBoKy3HeLk» r. HoBOKy3HeLUK
KpA3 KpacHogapckum kpaw, 1964
OAO «PYCAIJ1 KpacHosipck» r. KpacHosipck
BpA3 MpkyTckas obnacTb, r. bpatck 1966
OAO «PYCAIJ1 bpaTtck»
CA3 Pecnybnuka Xakacus, 1985, 2006
AO «PYCAIJ1 CasHoropck» r. CasHoropck
NpkA3 NpkyTckas obnacTb, 1960
®dunnan OAO «PYCAIJl BpaTtck» B r. Wenexos
r. Wenexose
HA3 Pecnybnuka Kapenus, 1954
dunuan OAO «CYAJl» «HA3-CYATI» n. Hagsowuupbl
BrA3 ! r. Bonrorpag 1959
dununan OAO «CYAI» «BrA3-CYAIT»

! Mpon3BoACTBO 3aKOHCEPBMPOBAHO.



og BBOOA

3aBopf MecTo pacnonoxeHus
B 3KCnnyatauuto
BoA3 KpacHosapckum kpaun, boryvaH- 2015
3A0 «boryyaHckui antoMMHNEBBLIN 3a- CKU panoH
BOA»
AlrK KpacHosipckui kpawn, r. A4NHCK 1970
OAO «PYCAJ1 A4nHCK»
MunkaneBCKU MUHO3EMHbIN 3aBOA JleHnHrpagckasa obnacrtb, 1959
(«basan LlemeHT MNMnkaneBo») r. Mukaneso
BA3 * Ceeppanosckas obnacTb, 1943
®dununan OAO «CYAIl» «BA3-CYAIl» r. KpacHOTypbUHCK
YA3?® CBeppanoBckasl o6nacTb, 1939

dunnan OAO «CYAIT» «YA3-CYAIT»

r. KameHck-Ypanbckum

2 B 2015 rogy Ha4data pearnun3auuna npoekTa rno yserimn4eHno MOLWHOCTU Npon3BoacTBa.

3 B 2015 rogy Ha4data pearnun3auuna npoekTa rno yserimn4eHno MOLWHOCTU Npon3BoacTBa.




PucyHok 1.1 — KapTa-cxema pacnosnoxeHus antoMMHMUEBLIX U FMIMHO3eMHbIX 3aBoaoB Poccunckon ®eapepaunmn



1.2 Cbipbe U MaTepuanbl, UCMONb3YKOLWMUECHA NPU NPOU3BOACTBE

anroMnHusA

OCHOBHbIM CbIpbEM NP NPOU3BOACTBE aNtOMUHUA ABNAIOTCS:

- rmuHo3em (Al,O3);

- yronbHasi aHogHas macca (npeaBapuTenbHO 060XCKEHHbIE YrofbHble BoKK);

- (bTopUcTbie Cconu, B TOM YUCNE KPUOMUT WUCKYCCTBEHHbLIA TEXHUYECKUN (KCBEXUN
Kpnonut»); Ttopua antoMUHUSA; KPUONUT BTOPUYHBIA ((PNOTaLMOHHLIW, NOfyYyaeMbli npu
drioTaunn n3BnNeYEeHHON N3 SNeKTponmsepa yrofbHOW NeHbl, U pereHepaumoHHbIN, nony4vae-
MbI NPU XMMUYECKON nepepaboTke pacTBOPOB MOCME UX UCNOMb30BaHMA ANA OPOLUEHWs ra-
3004MCTHbIX annapaTos, IM60 NbINKN K Wama ra3o0uUCTKM U APYrMxX TBEPAbIX OTXOLO0B).

CnuHosem (Al,O3) npeactaensieT cobon nopoLukoobpasHbii MaTepuan 6enoro useTa c
KPYNHOCTbIO OTAEMbHbIX YacTuy, B OCHOBHOM OT 10 o 120 MkM. ®pakUMOHHLIN COCTaB rfu-
HO3eMa 3aBUCUT OT CBOWCTB rmapara, YCNoBUW ero npokasnku u apyrux hakTopoB U Ha MNpak-
TMKE Konebnetcsa B AOCTATOMHO LUMPOKMX npegenax. Temnepatypa nnaeneHuna Al,Oz —
2050 °C. mrHo3em obpasyeT HEeCKONbKO MONMUMOPMHbLIX pas3HOBMAHOCTEN ha3s, MMEIOLLMX
OAMHAKOBbIA XMMWYECKMN COCTaB, HO pasfiMyHOe CTPOEHWE KPUCTarfIM4eckon peLueTkn W,
cnefosaTenbHO, pasriMyHble ou3nyeckme CBOUCTBA. [NMMHO3eM, ucrnonb3yemMbl Asis npons-
BOACTBA antoMUHUSA, UMeeT crneayowme mogmdukaumn: a-pakuma (KopyHa) — Haubonee
ycTonuymBas popma okcmaa antoMUHUS, nosiydaemas npym NpokanuBaHuUM rmapookcnaa anto-
MUHUSA Npu Bbicokon TemnepaTtype (1050 °C — 1200 °C), obnagaeTt BbICOKOW TBEPOOCTLIO,
NPaKkTU4YECKN He MMrpoCcKONMYHa, UMeeT Marny yaenbHYH NoBEepXHOCTb; NepexoaHble Moau-
dukaumm X, 0, y, koTopble 06pa3sytoTcs Npu NpoKanuBaHUK rMapokcuaa antoMUHUA Npu Tem-
nepartype 500 °C — 1000 °C. B otnunymne oT a-mogucukaumm, OHM MMEIOT BECbMa pPa3BUTYIO
yOenbHY NOBEPXHOCTb, XOPOLLO MNornowarT dTtopua Bogopoda v soay. Npn gansHenwem
nx npokanueaHun npu Temnepatype 1050 °C — 1200 °C oHM NepexoadaT B a-mMmoauumKaumio.

HacbinHast NnoTHocTb rmuHosema — 0,9-1,1 r/lem®. Yron ectecTBeHHOro oTkoca —
<37,5°.

[ns nonyvyeHnsa antoMmHNA HeO6XOAMMOW YNCTOThI B IMIMHO3EME OrpaHNYMBaEeTCs Co-
AepXxaHve npuMmecen OKCUAOB Xene3a M KpeMHus. XKecTKko NUMUTUpYyeTca coaepxaHue
npumMecen OKCUOOB TUTaHa, BaHaaud, XpoMa M MapraHua, BIIMSIOWMX Ha SNeKTponpoBoa-
HOCTb Mofy4YaemMoro metanna, NaTMokncu gocgopa, Kotopas oTpuLaTeSNbHO BAUSET Ha Npo-

TEKaHne TEXHOJ1I0NrM4eCcKoro npouecca.



BaxxkHoe 3HayeHne nmeeT orpaHnyeHne cogepXXaHns LWeroYHbIX KOMMOHEHTOB (eOKnX
Lerioyen, antoMMHATOB U anioMOCUIMKATOB LLEMNOYHbIX MEeTasnsoB), YCIIOBHO NepecynTbiBa-
eMbIX NPU XapakTepucTuke rnmHosemMa Ha cogepxaHue NaO.

[NMHO3eM, BbINyCKaeMbIl OTEYEeCTBEHHOM MPOMBILLNEHHOCTLIO, [OOMMKEeH coaep-
XaTb, %: He Bonee 0,02-0,05 Fe,0Os3; 0,02-0,08 SiOy; 0,01-0,03
2 TiO; + V205 + Cr,03 + MnO; 0,01-0,03 ZnO; P,0s < 0,002.

MaccoBas gons weno4yHbIX KOMNoHeHTOB — He 6onee 0,4 % — 0,5 %, a noTepwu npu
npokanueaHmm — He Bblwe 0,8 %. NMpn 6onblioM coaepkaHunM Menknx dpakunmn (~40 MKm
A0 60 %) rMMHO3eM Ha3sbIBalOT KMYYHUCTbLIMY.

PasHble mapkn rmmHo3ema, a Takke ero KpynHocTb U pa3oBbl COCTaB B 3HAYUTEIb-
HOWM Mepe onNpeaensaTCca NCNonb3yeMbiM CbipbeM 1 CNOCOBOM NPOn3BOACTBA.

[MnHO3eM «nec4aHoro» Tuna XapakTepusyeTcs MeHbLUMM codepXaHuem a-gopakumu
(25 %), 6onee KpynHbIM M OAHOPOLHbLIM FPAHYNTIOMETPUYECKMM COCTaBOM. TakoW rfMHO3EeM
obGnagaeTt NOBbILWEHHOW CKOPOCTbIO PAaCTBOPEHUS B ANEKTPOSNIUTE, MEHbLUE MbIUT U OTNn4a-
eTca 6onblen copbunmoHHOM cnocobHOCTBIO K hTopmay Bogopoaa. o cogepxaHuio Bpea-
HbIX MPUMECen OH XapaKTepuU3yeTCH CTOMb Xe XECTKUMN KPUTEPUSMU, KaK U OTEHECTBEHHbIN
rMYHO3EM.

OTeyecTBEHHbIE aNOMUHMEBBLIE 3aBOAbl MOTYT UCMOMb30BaTb B COGCTBEHHOM NPOWU3-
BOACTBE IMNHO3EM KaK «MYYHUCTOro», Tak N «necyaHoro» Tuna.

TpudTopua antomuHua TexHudeckun (AlF3) npeactasnseT cobon NopoLlKoobpasHbIn

mMaTtepuan 6enoro, po3oBOro uUnM ceporo upeta KpynHoctbto Ao 150-200 mkm. B page cny-
YaeB cogepxaHue dpakum ~100 mkm coctaBnseT 100 %, nHorga Becb NPOAYKT npeacras-
neH pakynen ~40 MKM.

Mpw HarpeBaHUK OTOPUA anNtOMUHUA BO3roHseTcs 6e3 nnasneHus. TemnepaTtypa Ku-
neHms — 1270 °C. lNpoayKT rurpockonnyeH, npu temnepatypax Bbiwe 350 °C HaunHaeT ak-
TMBHO B3aMMOENCTBOBaTb C Bnaron, obpasysa gpropma Bogopoaa. B paBHOBECHbIX yCnoBu-
Aax, Npyu TemnepaTypax, 6nun3knx Kk Temnepartype npouecca anekrtponmsa ~960 °C, TpudTo-
pva antoMUHUA MOMHOCTLIO pasnaraeTcs BOOOM.

TpudTopna antOMmMHUA TEXHUYECKUIA coOoepXnT He meHee 88 % AlF; (OCHOBHOE Be-
wectso). CoagepxaHue BoAbl AN pasHbix copToB coctaBndeT oT 1,0 % go 3,5 %. Cogepxa-
H1e SO,%", COOTBETCTBEHHO, He npeBbilwaeT 0,5 % — 1,0 %.

TpudTopna antoMMHUS B OTEYECTBEHHOW MpakTuke nonyyatoT (B GonblUMHCTBE Chy-
YaeB) MMOPOXUMUYECKMM CMOCOBOM NyTeEM BapKu ruapokcmaa antoMUHUA B NNaBUKOBOW KUC-

note c nocriegywowen unbTpaumnen, CyLLKON 1 npokankon (MHorga B ABe ctaguu). Takoun



NPOOYKT OTIIMYAETCH HW3KON HacbinHol maccol (0,6—0,8 r/lcm®), HO comepxuT Gonblue oc-
HOBHOrO BelecTtsa (4o 95 %).

B 3apyGexxHoM npakTuke MCNonb3yT TpUdTopua antoMUHUS, NOMYyYaeMblA «CYXUM>»
crnocobom npu B3aMMoaencTBumn B neyvax KUNALLEro cnos razoobpasHoro oropuga sogopoaa
C aKkTMBHbIM (Y-bpakumsa) okcnaom anomuHua npu temnepatype —800 °C. Takon npoaykT
XapakTepuayeTtcs GonbLueit HacbinHon Maccoi 1,4—1,6 r/cm®, Ho Gonee HU3KUM comepKaHu-
€M OCHOBHOrO BeLLeCTBa.

PTOPUPOBAHHLIN MWHO3EM MpeacTaBnseT cobon oTpaboTaHHbIM MOCMNe «CyxXom» ra-

3004MCTKM 3NEKTPOSIM3HLIX ra30B MMHO3EM, BO3BpALLAEMbIN B 3NIEKTPOSIN3 B Ka4YeCcTBe Cbl-
PbEBOro0 KOMMOHEHTA AN 3aMEHbl CBEXEro IMNMHO3eMa U CHMWKeHUst noTpebneHns dpropco-
nen. 3To nopoLkoobpasHbI MaTepuan ceporo LBeTa, KpynHOCTb U coaepXaHue pakummn B
HEeM 3aBUCAT OT MCXOOHOrO CBEXEro rMmMHo3ema, NpUuMeHsaemoro ans «cyxom» OY, kotopas
OKa3blBaeT He3HaYNTENbHOE BfIMSIHME HA €ro COCTaB M CBOMCTBA.

OTpaboTaHHbIn OTOPUPOBAHHLIN [MMHO3EM, yAansieMbli U3 PYKaBHbIX (OUIbTPOB
YCTAHOBOK «CyXOMN» ra3oounCcTKnN, Kpome afgcopbmpoBaHHOro hTopucToro Bogopoaa coaep-
XWUT YNOBMNEHHYIO U3 3NIEKTPOSN3HbBIX ra3oB Mbiflb, COAEPXKALLyH0 TBeEpAble hTopuabl, Yrinepoa
N cMonucTble BellecTBa (Npu o4nCTKe ra3oB OT anekTponusepos Coaepbepra).

Ona pTopMpoOBaHHOrO rMMHO3eMa XapaKTepHbl HebonblIMe M3MEHEeHUs yrna ecre-
CTBEHHOro 0TKOCa, ANCNEPCHOrO0 COCTaBa, BENUYMHBI yAENbHOW NOBEPXHOCTU U psga Apyrnx
napamMmeTpoB. YBenuuuBaeTcs cogepxaHme npumecen (SiO,, Fe,0s3, Na,O, K;0, P,0s, V,0s,
CaO, MgO, MnO, Cr,03, ZnO), ogHaKO 3TN U3MEHEHNSA NPOUCXOAAT B AONYCTUMbIX npeae-
nax, 4YTO MOATBEPXAAeTCHA NPAKTMKOW 3JKChnnyaTauuMm YCTaHOBOK CYyXOW OYMCTKM rasoB.
B Hanbonbluen ctenenHn npumecsamm oboralleHbl Menkme dpakumm oTpaboTaHHOro MNHO-
3ema (<10 MKm).

[ncnepcHbin coctaB TOPMPOBAHHOIO MMUHO3EMA NO CPABHEHUIO CO CBEXUM HEMHOIO
N3MEHSETCSA B CTOPOHY YBENNYEHMSA MENKNX (DPaKLMii 3a CHET CMELLEHUS FNIMHO3EeMa C dfeK-
TPOMM3HOM MbINbIO, @ TakKe M3MenbyeHnsa 6onee KPynHoM dopakumm Npyu TPaHCNOPTUPOBKE U
obpaboTke B peakTtope (MCTUpaHuUs). YBenmyeHme SOnn MenNkux ppakunm MoxeT NnpuBecTu K
HEKOTOPOMY YBENUYEHUIO pacxoda FMMHO3eMa 3a CYET ero NbiieHns. Takke Ans CHUXKEHUs
NbifIEHNsT B KOPMyCe anekTponu3a nogavy otpaboTaHHOro rnmHo3emMa B aNeKTponn3epsbl Le-
necoobpa3sHo ocywecTenaTb Yepe3 All. B kopnycax anektponusa, rae Al oTcyTcTByeT, BO
n3bexaHne BTOPUYHOMO MblfieyHOCA, a Takke BTOpUYHOro obpasoBaHna HF B pesynbTaTe
rmaponusa PTOPUCTbIX COEOVHEHUW B crny4vae neperpeBa (PTOPMPOBAHHOrO rMUHO3eMa B
HWKHUX CNOSAX FMMHO3EMHOW 3acCbINKM Ha KOPKEe 3MeKTponmMTa pekoMeHayeTcs 3acbinaembli

Ha KOpKY (bTOpMpPOBaHHbIN FMMHO3EM NPUCKINaTb CBEXUM FFIMHO3EMOM.
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B npouecce «Cyxon» rasoouyMCTKM BO3MOXHO YynaBfivMBaHWE [MMHO3EMOM AMOKCcMAa
cepbl (SO,). Ana ymeHblueHUa cTeneHun ynaenuBaHus SO, rMMHO3EMOM LienecoobpasHo
NPUMEHSTb PELMPKYIALNIO rMMHO3eMa B COOTBETCTBUM C TEXHONOMMYECKMM perfnameHToM Ha
NPOEeKTUPOBaHNE YCTAaHOBKW.

Mpn apgcopbummn TOpMCTOro BOAOPOAA MMUHO3EMOM B YCTaHOBKax «cyxom» [FOY npo-
NCXOOMUT U3MEHEHUEe CTPYKTYpbl NocrnegHero, atoMbl oTopa BXOOAT B KpUCTaINNYECKyo pe-
weTtky Al,Os3, npoucxoouT NpakTUYeCcKn MOSHOEe 3aMelleHWe aTOMOB Kucrnopoza aToMamu
dpTopa B pewweTke Al,O3. Takmm obpasom, NCNOMb30BaHME B TEXHOMOMMN ANeKTponuaa pro-
PUPOBAHHOIO rMMHO3eMa MO3BOSSAET CYLLECTBEHHO COKpaTUTb pacxon pTopconiern. JKOHO-
MUSI CBEXero oTopucToro armoMUHNA Mpy UCNONb30BaHUN (PTOPUPOBAHHOIO rMMHO3eMa MO-
»KeT cocTaBnaTb oT 6 4o 11 kr/T Al.

NccneposaHne notepb ptopa npu TepmoobpaboTke dTOPUPOBAHHBLIX MUMHO3EMOB
nokasaso, 4YTo (PTOPMPOBAHHBIA FMMHO3EM MOXHO BO3BpalllaTb Ha KOPKy anekTtponuta 6e3
onaceHust BTOPUYHOTO 3arpsi3HeHns (pTopmcTbiM BOAOPOAOM BO3ayxa paboyen 30HbI.

OTpaboTaHHbI PTOPUPOBAHHBIN MMHO3EM C «Cyxux» [[OY KopnycoB anekTponusa
Copepbepra, 3arpsi3HEHHbIA CMOJSIUCTbIMM BeLLecTBamMu, NpWU 3arpys3ke B 3NeKTponm3sepbl
TaKkKe He OKasblBaeT OTpuLUATENbHOIO BANSHUS Ha TEXHOMOMMIO ANEeKTponm3a n atmocdepy B
kopnyce. CMonucTble BELLECTBA, cogepalmecs B oTpaboTaHHOM FMMHO3EMe, Npu 3arpyske
ero B 9NeKTponu3epbl He BbIAENATCA B aTMocdepy, a paspyLllalTcs B pesynbtaTte cropa-
HUS.

KpnonuTt UCKYCCTBEHHbLIM TEXHUYECKUN. B Npon3BOACTBEHHON TEPMUHOSOMN <CBEXUN

Kpuonut» —  dTopaniommHaTt Hatpusi nepemeHHoro coctaBa nNaF-AlFs. Cogepxut
He meHee 54 Bec. % (pTopa; moaynb n B npegenax 1,5-3,0; S0, — 0,5% — 1,0 %; BoO-
aa— 0,2 % — 0,8 %.

B 3aBMCUMOCTM OT KPUONUTOBOrO MOAYMSt N COCTOUT:

-npu n = 1,7-3,0 — n3 cmecu kpuonuta (3NaF-AlF;) n xuonuta (5NaF-3AlFs);

- npu n < 1,7 — n3 cmecun kpuonuta (3NaF-AlFs), xuonuta (5NaF-3AIF;3) n HeobesBo-
XXeHHoro KpuctannormgpaTta Tpudtopmaa anomuuus (AlFz-xHF-yH,0).

Kpnonut (3NaF-AlF3) npegcraenseT cobon nopollok 6enoro upeta KpynHOCTbHO A0
150 mkm. TemnepaTtypa nnasnexus kpuonuta — 1010 °C.

C yBenuyeHmeMm moaynsa KpuonuTa yBenuuMBaeTCsa TemnepaTtypa ero nnasfeHus,
CHWXXaeTCH NeTy4eCTb M CKITOHHOCTb K rMaponumay.

BTopuYHbLIN Kpnonut BbllMyCKaeTCA alitoMMHMUEBbIMW 3aBO4aMU Mpu nepepa60TKe ra-

3000pasHbIX 1 TBEPAbIX 0TX0A0B. B 3aBMCMMOCTM OT BMAa UCXOOHOMO Chipbsi U cnocoba ero

nepepaboTkM pasnuyaroT pereHepauUmMoHHbIA N PNOTALUMOHHBIA KPUOMUT.
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KpronuTt pereHepaumoHHbiv nosyyarT n3 oTtopucToro Bogopoaa, cogepxalierocs B

aHOOHbIX rasax, NMbo u3 TBepabiX 0TX0AOB (Mbifb, OTpaboTaHHas pyTepoBKa) NyTEM XUMU-
yeckon obpaboTkn. OH npeacTaenseT cobor nopowwok 6enoro nnu ceporo UBeTta, No XMMm-
4YeCKOMy COCTaBy — KpUOnNuT ¢ moaynem ~2,8. OCHOBHOW BpeaHON NPUMECHIO SBMSIETCA Ce-
pa B Buae asonHon conm NaF:-Na,SO4 ¢ copepxaHnem S0,% 0o 4 %. CogepxaHue ro-
pa — He MmeHee 43 %, Bnarn — go 1 %. Hatpuncogepxawme npumecn TpebytoT NOBbILLEH-
HOro pacxoga TpudTopuaa antoMUHUS, YTO COMPOBOXOAETCHA ero ruaporiv3om u 3arpsisHe-
Huem aTtmocdepbl PTopUaoM BOgOpPOAaA.

KpronuTt pfioTaumoHHbIn nonydarT npyu dpriotaumMm yronbHOW neHbl, N3Bfie4eHHON 13

anekTponuTa AencTBylowmx anekTponusepoB. OH npeacTtaBnsieT cobol MOpOLLOK Ceporo
ugeTa. o xuMmyeckomy 1 ¢pasoBOMY COCTaBY He OTNMYAETCS OT 3MeKTPonnTa, OAHaKo He-
CKOIbKO 06oralleH YyrnepoaoM U OKCUOOM antoMUHUS.

BoeneueHne B Npon3BOACTBO NPOAYKTOB pereHepauun oTopuaos no3BonseT YyMeHb-
LINTb NOTpPebneHne CBeXNX Cornen.

AHoHas macca n 060xkeHHble aHoabl. CbipbeM ANa NPoOu3BOACTBa aHOAHOW Macchbl

N 000XOKEHHBIX aHOOO0B CNyXaT 3NeKTPOAHbIE KAMEHHOYIOMbHbIE MEKN N ANIEKTPOOHbIE KOKChI
(HebTsHbIE NK nekoBble). BbI6op aTMX BUOOB Chipbs ABMSETCA HECTYyYalHbIM.

Bo-nepBbix, OHN 06r1agatoT HU3KOWM 30MbHOCTLIO (MeHee 0,5 %), 4TO 0COBEHHO BaXXHO
npu 3NeKTPONMMTUYECKOM MNPOM3BOACTBE antOMUHUA. M3BECTHO, YTO BpeAHble MeTannunye-
CKMe npumecn (Keneso, KPEMHUN, Meab, UMHK N OpYrMe) NomHOCTbIO NepexoanT B 3MeKTpo-
NMNTUYECKUIN antoOMUHUIN, CHXKAs €ro KadecTtBo.

Bo-BTOpbIX, aHOA, 06pa3oBaHHbIN U3 3TUX MaTepunanos, obnagaeT BbICOKOW 3NEKTPO-
NPOBOAHOCTbLIO, 6€3 Yero HEBO3MOXXEH NOABOL TOKA K 30HE 3ITIEKTPOXMMMUYECKON peakLuun.

B-TpeTbnx, KoMOGMHauua TBEPLOro Kokca (HanosHUTENs) M XNOKoro neka (CessyoLle-
ro) No3sonisieT hopmMmpoBaTb KOMMNO3ULMOHHYIO CTPYKTYPY, (PU3NKO-MeXxaHNYeCcKne CBOMCTBA
KOTOPOW Nocrne CrekaHus CyLeCTBEHHO NPEBOCXOOAT Kak CBOMCTBA KOKCa, Tak U neka no oT-
AENbHOCTN.

B-4yeTBepTbIX, 3TU MaTepuanbl nocne TepmoobpaboTkM ob6nagatT UCKMYUTENBHO
BbICOKMUMWN TEPMOCTOMKMMU CBOMCTBaMU, AOCTATOYHbIMU Ofs paboTbl B XMMUYECKU arpec-
cuBHOWM cpeae un npu Temnepartype 950 °C — 1000 °C.

AHOOHast Macca Mcnonb3yeTcs AN TEXHONOrmm NpovM3BOACTBA antOMUHUS Ha rek-
Tponuaepax ¢ camoobxurarowmmmca aHogamm (anektponusepbl Cogepbepra). B atom cny-
Yyae yronbHbI aHo4 POPMUPYETCS HEMOCPEACTBEHHO HA 3MEKTPONU3epe M NPOoLEeCC anek-
TponM3a COMpPOBOXAAETCA MNPOLIECCOM KOKCOBaHUA MEKOKOKCOBOW KOMMO3ULMKN (aHOLHOWM

Macchbl). B aHOAHBIM KOXYX 9neKTponi3epa 3arpyaroT Maccy, rae oHa pacnnasnseTcs v no
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Mepe cropaHusa aHofa, rnepemellascb B 6onee ropsuve 30Hbl, NOABEPraeTcs KOKCOBAHWUIO.
[Mony4eHHbIN cnevYeHHbI MaccuB U NpeacTaBnseT cobomn aHos,.

O60x0KeHHble aHoaHble GnokM POPMUPYIOTCA B CneuunanbHbIX Lexax U rotToBbiMu
MOHTUPYIOTCH Ha anekTponusepax, paboTalrLlwmx No TEXHONOMMN NPON3BOACTBA artOMUHUS C
npeaBapuTenbHO 0BOXKEHHBIMWU aHOAaMW.

lMekn pasnuyaloTCcs NO Mapkam B 3aBUCUMOCTW OT TemnepaTypbl pas3MArdyeHus.
C nosblWweHeM TeMnepaTypbl pasMAryeHuUsi CHUXKaeTCa cofepXaHue nerkux opakummn, Bos-
pacTaeT BbIXO[ KOKCOBOIo OCTaTtka, B pe3yfibTaTte Yero npu KOKCOBaHUM aHoda YMeHbLuaeTcs
BblAeneHne rasoobpasHbIX U XUAOKUX NPOLYKTOB, ABMASKOLMNXCA UCTOYHUKaMK obpas3oBaHus
KaHUeporeHos.

B kayecTBe TBepAOro HanosHUTENA B aHOAHOW Macce UCMONb3YyTCHA HEPTAHbIE U Nne-
KOBbl€ KOKCbI, MpMyemM nepsble — B NpeobrnagatowemM konuyectee. HedTaHbIe KOKCbI nyylie
B3aMMOOENCTBYIOT CO CBA3yWMM (nekom). K coctaBy U KayecTBY 3NEKTPOOHbIX KOKCOB
npeabsenseTca pag tpebosaHmi. [Ins nponsBoacTBa aHOL4OB M aHOAHOM Macchl TpebyeTtcs
npokarika Kokca Ans yaaneHusi Brnarm u 4actum netydmx sewects. CogepxaHue B KOKCax 30-
nbl N cepbl JOIMKHO ObITb MUHUMArbHBIM, TaK Kak XMMUYEeCKNe 3feMeHTbl, U3 KOTOPbIX CO-
CTOMT 30Mna, Mpu 3ANEKTPonn3e KpUONUTOIMMHO3EMHbBIX pacnsiaBoB Mepexoaar B MeTann u
yxyawatT ero kadectBo. CogepxaHue okcuaa HaTpus B KOKCaxX He OOSMKHO NpeBbllaTtb
0,01 % — 0,06 %, TaK Kak noBbILUEHHOE ero coAepXXaHwe Bbi3blBAeT pe3Koe yBennyeHue
OKUCIISEMOCTU N OCbINaeMOCTN aHOOHOW MaccChbl.

OagHMM K13 KITHYEBbIX MOKasaTenen KayecTBa KOKCa MOTYT CAYXUTb UX OBbeMHO-
CTPYKTYpPHblE XapakTtepuctukun. OHM MOryT BblpaxaTbCA 4epe3 OO0BbEMHYH (KaxyLlyrcs)
NMOTHOCTb 3€pPEH, a TakkKe Yepes HaCbIMHYK NMOTHOCTb MPOKareHHOro KoKkca ToW Unn MHOW
dpakumn. O6BLEMHO-CTPYKTYPHbBIV aHann3 no3BosisieT cpasy Xe BblOeSIUTb KOKCbl C MIOTHOM
CTPYKTYPOW, NPUrOAHOW ANS aHOOHOro NPOW3BOACTBA, M He AOMNYCTUTbL ferkne, nopuctble

KOKCbl C HU3KUMU (PU3NYECKNMM CBOMNCTBaAMM.
1.3 AHanu3 npuMopuUTeTHLIX NPoGNemM oTpacnu

[MpombiwneHHOe NPomn3BOACTBO antoMuHUA B Poccun Havanock B Havane 30-x rogos
XX Beka. [1ns opraHmsaumm NnpoMbILLSIEHHOTO NPOM3BOACTBA antoMuHUS TpeboBannchb Cbipbe
N gewesas anekTpoaHeprus. B To Bpems B Poccum 6bino n3BeCcTHO NUwWwb TUXBUHCKOE Me-
ctopoxaeHune 6okeutoB. B 1928-1930 rr. B CaHkT-lNeTepbypre Obinv npoBegeHbl uccneqo-
BaHWMA No oTpaboTke TeXHOMNOrmmn nepepaboTkn aTMx BOKCUTOB Ha MMMHO3EM U BbIGOPY ONTU-

MarnbHOU KOHCTPYKUUWN 3neKTponun3epa AOnda nepBbixX aJlloOMUHUEBBLIX 3aBOOOB. Pe3yﬂbTaTbI
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3TuUX paboTt 6biNKn 3anoXeHbl B OCHOBY AS11 NPOEKTUpOBaHUS BonxoBCKoro antoMuUHMEBOro
3aBoja.

BaxHenwee 3HavYeHMe Ons opraHu3aumm OTeYeCTBEHHOro MPOU3BOACTBA antOMUHUSA
nmeno npuHaTne n peanusaums nnada FOJJIPO (FocyaapcteeHHas anekTpodukaums Poc-
cun), 4YTO NO3BONMMO obecneunTtb CTPOSLWMECH 3aBOAbl [OELIEeBON 3EKTPOIHEPrUen.
B 1931 rogy obpasoBaH BcecotosHbi antoMmHMeBO-marHneBbin MHCTUTYT (BAMW), a B no-
cnegywouwue rogbl — Becepoccuncknn MHCTUTYT nerkmx cnnasos (BUJIC).

[MepBaga npomblIWNeHHas NapTna antoMmnHna 6oina nonyyvyeHa Ha Bonxosckom antomu-
HneBoM 3aBoge 14 masa 1932 r. OTOT AeHb CYMTAEeTCs AHEM POXAEHUS antOMUHUEBOW Mpo-
MblLLIEHHOCTU Poccuw.

C OoTKpbITUEM KpyNHEeuLwero B MMpe MeCcTOpPOXOAEHUS anaTUTo-HedernvHOBBLIX pya Ha
Konbckom nomnyoctpoBe BCTasn BOMPOC 006 MCNofb3oBaHUM HedPEeNMHOB B KayeCTBE Cbipbs
Ans nonydeHus rmmHosema. B Hayane 50-x rogos XX Beka B MUMHO3eMHOM Liexe BorixoBcko-
ro antoMUHNEBOro 3aBoda Obina ycnewHo pelweHa npobnema nonyyeHnss n3 HedenmHOBOro
KOHLEHTpaTa rMuHo3emMa, cofbl, noTalwla u noptnaHguemeHTa.

CTpouTenbCTBO antOMMHUEBLIX U MMHO3EMHbIX 3aBOAOB B Poccuu onpenensnochb
ONN30CTLIO K AELIEeBOW 3MEKTPOIHEPIMN, CbiIpbEBOM Ba3e U UCTOYHMKaM BOoAoNoTpebneHus.

B 1931 rogy Ha Ypane Obinv OTKPbITbl MECTOPOXOEHUA GOKCMTOB, B COBOKYMHOCTU
ob6pasytowmx CeBepo-YpanbCknin BOKCUTOBbBIV PaNoH, KOTOPbLIA B AanbHeWLWeM CTan Cbipbe-
BOWM Ba3omn antoMUHMEBON NpoMbILWNeHHOCTM Ypana. B 1939 rogy coctosncsa nyck YparnbcKo-
ro antoMMHUEBOTrO 3aBoda MOLWHOCTLIO 70 ThIC. T rMMHO3eMa U 25 TbiC. T anNtOMUHKUA.

B roabl Benukon OTeyecTBEHHOM BOWMHbI AN obecnevyeHnss BO3pOoCLUnX NoTpebHocTen
0BOPOHHON NPOMBILLNEHHOCTN BbINO NPUHATO pelleHne 06 yBennuyeHum MOLHOCTEN Mo Npo-
N3BOACTBY aniOMWHUA Ha YpanbCKOM 3aBoAe, a Takke O CTpouTenbcTtBe borocnosckoro u
HOBOKy3HELKOro antoMUHUEBLIX 3aBOAOB.

B nocneBoeHHbIN Nepuoa antoMMHUEBasi NPOMbILLNIEHHOCTb Poccun npogormkana uH-
TEHCUBHO pa3BMBaTbCA 3a CYET BBOJA HOBbIX U pacLUMPEHUs AeNCTBYOLLMX MOLLHOCTEMN.

B 1950-e rogbl BBegeHbl B akcnnyaTtauuto Kanpganakwckui, Hagsouukun n Bosnro-
rpagckum antoMuHmMeBble 3aBoAbl, a Takke [NnkaneBCKUM rMUHO3EMHbBIN 3aBO4 — KOMMSIEKC-
HOe npeanpuaTne No nepepaboTke KONbCKUX HEPENMHOBLIX KOHLIEHTPATOB.

B 1960-1970-e rogbl 6binn noctpoeHbl MpkyTckuii, KpacHosipckuii u Bpatckuin anto-
MUWUHWEBbIE 3aBObl, a Takke AYUHCKUN TMIMHO3EMHBbI KOMOUHAT.

B 1985 rogy 6bin BBeaeH B akcnnyatauutio CassHOropckun antoMUHUEBBIA 3aBOf, a B
2006-m — ero BTOpas oyepeab — Xakacckun anoMmmHuesbin 3aBog (XA3). B 2015 rogy XA3

peopraHn3oBaH n nNpncoegnHeH K CaFIHOFOpCKOMy artoMMHMEBOMY 3aBoay.
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Takum obpasom, Gonblias 4YacTb MNpeanpuUATUn antoMUHUEBOM MNPOMbILLIIEHHOCTH
Poccunckon ®eagepauun akcnnyatupytotcs 6onee 30 ner.

MHorve u3 antOMUHWEBBIX U FMMHO3EMHbBIX 3aBOOOB CTanu GromkeToobpasyowmmm
npegnpuatusamn: Bonxosckuin, Kanganakwckui, borocnosckun, Hagsonukuin, CasiHoropckuim
n NpkyTckMn antoMmnHueBble 3aBoabl, [kaneBcknin 1 AYNHCKUN TIIMHO3EMHbIE 3aBObI.

B Mype OCHOBHbIM Cblpb€M AN MPOM3BOACTBA anioOMUHUA cryxaT GOoKcuTbl, coaep-
Xawwme o1 32 % po 60 % rnnHosema (Al,O3). K BaXXHbIM antoMUHUEBLIM pyaaM OTHOCAT Tak-
Xe anyHuTbl N HedpenuHbl.

Mo mupoBbiIM Mepkam Poccusa obnagaeT He3HaunTenbHbIMW 3anacaMmy NPOMbILLNEH-
HbIX 6okcnToB — okono 400 mMnH T, 4yTo coctaenseT meHee 0,7 % MMpOBbLIX 3anacos. [pu
3TOM BONbLUMHCTBO OTEYECTBEHHbIX MECTOPOXAEHUN B 3HAYUTENbHOW CTEneHn BbipaboTa-
Hbl. KpoMe TOro, poccumckme MecTOpOXAEHUS coaep)KaT B OCHOBHOM He DOKcUTbI, a Hede-
NWHBIL, @ OHN — Bonee xyaLee cbipbe A5 NPOU3BOACTBA MNHO3eMa, YeM BOKCUTBI.

KpynHenwmin npoussoguTtens antoMuUHU-cogepxallero colpbs B Poccun — Cesepo-
Ypanbckue 6GokcuTtoBble pyaHukM. OHM A0 nocnegHero BpemeHn obecneudmBanu Poccuto
NyYLWUM CbIpbeM MpPU OOCTATOYHO BbICOKOM YpoBHe A06bl4n. OCHOBHbIE 3anacbl pygHUKOB
HaxoadaTcsa B panoHe r. CeBepoypanbcka (CBepanoBckas obnacTtb) Ha rnybuHe bonee nony-
KnnomeTpa. B HacTosiwee Bpemsa cTapble WwaxTbl NpakTuyeckn BblipaboTaHbl. BokcnTbl 406bI-
BatoTca ¢ rmybuHbl 700-800 M 1 MMeEIT OYeHb BbICOKYHO cebectommocTb. B 2015 rogy 6bin
OCYLLECTBIIEH BBOL B 3KCrnnyaTauuio HOBOM wWaxTbl «HepemyxoBckasa [nybokas» rnybuHon
Bbonee nonytopa KMIioMeTpoB.

Beuay cnaboctn cobCcTBEHHOW ChipbeBOM 6a3bl pOCCUNCKME NPOU3BOAUTENN arntOMu-
HUA B 3HAYUTENbHOW Mepe OPUEHTUPYITCA Ha MPUBO3HOW IMMHO3EM. TpaauuUOHHbIE MO-
CTaBLUMKM rMmMHo3ema B Poccuio — YkpanHa n KasaxctaH — HamepeHbl pacwumpstb cob-
CTBEHHble NMPOM3BOACTBA antOMUHUA, U, CriefoBaTeribHO, ¥ HUX ByaeT MeHblle cBoboaHOro
cblpbsa Ansa akcropta B Poccuio. AHanornyHas cutyaumst U B ganbHem 3apybexbe: ABCTpa-
nns, KpynHENWnn B Mmpe akcnoptep GOKCUTOB, TOXE MOCTENEHHO yBENUYMBaeT COOCTBEH-
HOe NPOW3BOACTBO antOMUHUSA, COKpaLlas TeM cCaMbiM BO3MOXHOCTU MOCTaBKN CbipbA HA MU-
POBOW PbIHOK.

OpHuM 13 pelleHni 3agadn obecneyeHns pecypcaMmm pOCCUNCKUX NPOU3BOAUTENEN
antoMnHNS aBnsieTcs paspaboTka HOBbIX OTEYECTBEHHbIX MecTopoxaeHun. Hanbonee nep-
CMEKTUBHbIM Ha CerogHAWHUN aeHb asnsetcsa CpegHe-TuUMaHCKoe MecTOpOXAeHWe HU3KO-
KayecTBeHHbIX 6okcuToB B Pecnybnuke Komn. Obwue 3anacbl Ha TumaHe, N0 pasnnyHbIM
oueHkaMm, coctasnsaoT oT 260 go 360 mnH T. OgHUM N3 JOCTOUMHCTB MECTOPOXAEHUA ABNA-

€TCA TO, YTO €ero pa3pa60TKy MOXHO BE€CTU OTKPbITbIM cnocobom, a 3To CHuxaeT cebecton-
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MOCTb A06bl4M Ha 15 % — 20 % no CpaBHEHUIO C WaXTHbIMKU pa3dpaboTkamu. [NaBHbIM npe-
NATCTBUMEM AJ11 OCBOEHUSI MECTOPOXAEHUS ABNAETCH NOMHOE OTCYTCTBUE MHAPPACTPYKTYPHbI.
OpHako paspaboTtka ogHoro CpegHe-TUMaHCKOro MeCTOPOXAEHUA He pewuT npobnemy
obecrneyeHNna  OTEYECTBEHHbIM  [FIMHO3EMOM  BCEX  POCCUWCKMX  Npou3BoauTenemn.
B 6nnxanwee Bpems nmMnopt OOKCUTOB M FMMHO3eMa HensbexeH, YTo genaeT antoMUHue-
BYO NMPOMbILLNEHHOCTb Poccunckon ®epepaumm 3aBUCMMON OT 3apyOekHbiX NOCTaBLUNKOB.

[Mpon3BoacTBO antOMUHUA B KPUOMUT-TIMHO3EMHOM pacnfnaBe COMpoBOXOaeTCH Bbl-
aenexHvem psga 3B 1-4 knaccoB onacHOCTU: (OTOPUCTLIX COEAUHEHUI, AMOKCHAa cepbl, Nbl-
nn, cMonucTbix BellecTB. KonnyectBo obpasoBaHna 3B 3aBUCUMT OT NpUMEHSIeMbIX UCXOA-
HbIX CbIPbEBbLIX MaTepuanoB, TEXHONOMMU U YCNOBUA NPOTEKaHUS npoLecca 3neKkTponuaa.
Mounck nyTen cHxXeHna obpasoBaHnsa n obesspexnBaHusa 3B sBnseTca ogHOW M3 OCHOBHbIX
3agadv antoMUHNEBOW OTPacsu.

OQHMM 13 OCHOBHbIX Cblpb€BbIX KOMMNOHEHTOB B MPOM3BOACTBE antOMUHUSA ABMSETCH
He(TAHOM KOKC — MPOAYKT HedbTenepepabaTbiBaloLEN NPOMbILLIEHHOCTU, UCNONb3YOLLMIA-
CS ANS Npou3BOACTBA aHOOOB anekTponu3epoB. Cnpoc Ha HEPTAHOW KOKC, NPUroAHbIA ANs
N3roTOBMEHWS aHOAOB, MOCTOSIHHO pacTeT. [NoBbIlWeHe MUPOBBIX NOKasaTernen cogepxaHus
cepbl U MeTannoB B KOKCe 3aTpyAHSeT NpOU3BOACTBO aHOOOB C COXpaHeHueM Tpebyembix
nokasarterien kayecTBa. 3Ha4MTeNbHOE KONMYECTBO NPON3BOAUMOrO B MUpPE 3er1eHOro Kokca,
XapakTepuaytoierocs OonyCTUMbIM COAEpXaHUEM MpuUMecen, SBMSETCA OYeHb MESKUM U
OTNIMYaeTCa BbICOKUMM MOKasaTensMy CoAep)KaHUsA NeTyvmx roproyunx BeLlecTB. OTOT KOKC
He MOXeT noaBepraTbCs rnpokarke BO BpaLlaloLNXCH neYvax, UCromnb3yLMXCa npu npokarn-
Ke Ha anioMuHueBbiX 3aBogax Poccunckon depepaumm, NOCKOMbKY NPUMEHEeHue OaHHOW
TEXHOJSIOrMM NPUBOOUT K CHUXKEHWUIO NMPOU3BOAUTENBHOCTU, Ka4yeCcTBa NpoKarieHHOro Kokca u
noTepb nNpu npokanueaHun. Kpome yxyallarowencsa cbipbeBor 6a3bl CbIpOro Kokca, oteye-
CTBEHHasA NPOMbILLUNIEHHOCTb UCMbITbIBAET HEAOCTATOK NPOKaNIOYHbIX MOLLUHOCTEN, YTO Takke
CTaBUT NPeaNpUATUS OTpacin B 3aBUCMMOCTb OT 3apybeXHbIX MOCTaBLUMKOB MPOKaNEHHOro
KOKCa 1 BIMSIET Ha Ka4yeCTBO NPOM3BOANMbIX aHOOOB.

MoBblWeHME coaep)XaHusa cepbl B KOKCax BeYveT 3a cobon ero yBennyeHne B aHoaax
artoMMHNEBOro NPOW3BOACTBA, YTO NPUBOAUT K YBEMNUYEHUIO SMUCCUIA OuoKcuaa cepbl Ha
OTeYeCTBeHHbIX 3aBoAax. [1py MCnonb30BaHUU ra3o04YUCTHBIX annapaToB 4SS ynaBnivBaHUS
anokenaa cepbl (MOKpbIX CKpy66epoB, NEHHbIX annapaToB) HEN36EXHO NOBLbILLEHWE pacxoaa
coAbl Ha ero ynaBnuBaHue, U, Kak CrieicTeme, yBennyeHne konmyectsa ynasnmsaemoro SO,
BneYyeT 3a cobomn NOBbILEHWE KOMMYeCTBa CynbdaToB U pacTBOPOB ra3ooumCTKU, noarexa-

KX BbIBOAY Ha LWIaMoBbl€ MoJis.
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YTunmsaums oTxogoB NpousBOACTBA — OOHO U3 BaXKHEWMLUMX HanpasneHun otpacnu.
OCHOBHbIMW KPYNHOTOHHAXXHLIMW OTXO4aMW MPOU3BOACTBA FMUMHO3EMa U armtoOMUHUA ABNA-
IOTCH KpacHbI U HeWUIIMHOBLIW LWnaM, OTXO4bl KaTOOHOW (PyTEpPOBKU 3MEeKTPONU3epos.
B Poccun MHorne rogbl NpakTUKyeTcsi B OCHOBHOM MpPsiIMOE UCMOoSb30BaHMe oTpaboTaHHOM
YronbHon oyTEPOBKN B YEPHOM MeTanypruu: npyv NnpomM3BoACcTBe CTann B MapTEHOBCKUX Ne-
Yyax, KOHBepTepax u anekTponevax.

K HacTosiwemy BpemeHu paspaboTtaHo 6onee 300 cnocoboB nepepaboTtkn otpabo-
TaHHOW YronbHOM PyTEePOBKN. BOSBLLUIMHCTBO M3 HUX HE NOSTyYUsIO NMPOMbILLSIEHHOrO pasBu-
TWS rNaBHbIM 06pPa3oM NO NPUYNHE UX HU3KOWN IKOHOMNYECKON 3PP EKTUBHOCTN.

[Mpon3BoaCcTBEHHBIMU OTXO4AMMU MMHO3EMHbIX 3aBOAOB SIBMASAKOTCA OTBasibHblE LWUNa-
Mbl (KpacHble nnn HehennHoBble), NpeacTaBnaoLwme cobon TBepabIi OCTAaTOK BOKCUTOB Mnn
HedenuHOB Mnocrie U3BneYeHnsa U3 HUX rmmHosema. HedenvHosble WNamel B antoMUHUEBOW
npombiwneHHocTn Poccuiickon ®efepauun 9BnaoTcs Hambonee KpynHoOW COCTaBMAOLWEN B
CymMMapHOM macce obpasyembix ee NpeanpUsTUSAMM NMPOMbILLIIEHHbIX OTXOAO0B. TexHonormen
KOoMnnekcHon nepepaboTkn HehENNMHOBOro Cbipbsa NpegycMaTpuMBaeTCs ero UCMnofb30BaHUe
Kak OCHOBHOrO KOMMOHEHTa LWNXTbl OS5 NPOM3BOACTBA LIEMEHTHOrO KrMHKepa, 4YTo cylle-
CTBEHHO cokpallaeT cebeCTOMMOCTb He TOMBbKO MMMHO3eMa, HO U LIEMEHTA.

PacTywime LueHbl Ha 3NeKTPO3IHEPIn0, HEAOCTYNHOCTb COGCTBEHHOMO ChIpbsl, @ Takke
YyXXeCToYeHMEe SKONOrM4Yecknx HoOpM NPUBOOAT K OCTAHOBKE UMW 3aKPbITUIO aftOMUHUEBDLIX 3a-
BOOOB He Tonbko B 3anagHon Espone, HO n B Poccunckon ®epepaumn. MNMockonbky antomu-
HMeBasi NPOMBILLIIEHHOCTb SBMSETCA MCTOYHUKOM BblaeneHna B atmocdepy 3B, ocobeHHo
aKkTyanbHbIMW B HacTosiLLlee BPeEMS SBMAKTCS BOMPOChbl obecnevyeHns akonormdeckon 6es-
ONacHOCTM NPOM3BOACTBA antoMuUHUSA. B cBA3KM C 3TUM B antoMUHMEBOW OTpacnu BCTaeT BO-
NpoOC He TOMbKO O NMPUMEHEeHUU Hanbonee 3KOHOMUYECKU Mano3aTpaTHbIX TEXHOMOMMA Nony-
YeHUs antoMUHUS, HO U TEXHOSOMNIA, KOTOpble oTBeYanu Bbl COBpEMEHHbIM TpeboBaHUSAM No
OXpaHe OKpyXatoLLen cpeapl.

Takum obpa3om, COBpeMEHHass TEHOEHUMSA pasBUTUS anioMUHMEBOW OTpacinn — no-
NCK N BHeApPEeHWE BbICOKOI(PEKTMBHbBIX TEXHONOMMN NPOM3BOACTBA antoMnHNA ¢ obecneve-

HMeM akonornyeckom 6esonacHoOCTU.
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Pasgen 2. OnucaHme TeXHONMOrM4YeckmMx NpoLeccoB, NPUMeHsAeMbIX B

anoMUHNEBOM MPOMbILWIEeHHOCTH

2.1 NMpousBoacTBO rMMHO3eMa

Cnocobbl npon3BoacTBa MMUHO3EMA M3 PasfUYHbIX BUMAOB Cbipba (MUHEpanos), CO-
Aepxallero antoMUHUIN, OCHOBaHbI Ha MOMy4YeHUM antoMUHATHBIX PacTBOPOB M UX CBOWCTBE
CaMOomnpoOn3BOSIbHO pasnaraTtbCsi NPU CHMXXEHUM TEMNepaTypbl U KOHUEHTPaUUKN Ha rmapokeng,
anooMuHMs 1N wernodb. lNpokanueasa rugpokeua anoMuHua npu Temnepatype 1000 °C —
1200 °C, nonyyatoT rfMHO3EM.

Hanbonee wuvpokoe npuMeHeHne B MPOMbILLIIEHHOCTM Hawen paspaboTaHHbIN
K. bariepom LLEenoYHON rmapoOXMMMNYECKNin cnocod, C MOMOLLLIO KOTOPOro, Kak npasuno, ne-
pepabaTbiBalOT NULb BbICOKOCOPTHbIE GOKCUTBI C ManbiM COAEpXaHWMEM KpemMHe3ema —
BoKCUTbI C KpemMHueBbiM Moayrnem (cooTHoweHune Al,O3 n SiO, no macce) Bbiwe 6. lNMocne
noaroToBku cbipbs (opobneHune n pasamon 6oKcMTa) OCyLecTBASAT ero o6paboTKy LWeno4vHo-
antoMMHaTHbIM PacTBOPOM — MPOLIECC BbIlLeNnaymBaHns, B pesynbtate KOToporo n3 bokcuTa
N3BreKaeTca OoKcug anoMUHWUA, nepexoaswmi B pacTBoOp C KoHueHTpaumen Al,Oz; 250-
300 r/n. lMpn 3aToM B 0OCafoK BbiNagatdT HepacTBOpPMMblE COEAWHEHWUS, copepXawumeca B
Bbokcnte, — Tak HasblBaeMbI KpacHbIn wam. Nocneayowme npoueccsl Npon3BoACTBa CBSA-
3aHbl C OTAENEHNEM U OYUCTKOW antoMUHATHOIO pacTBopa OT KPacHOro Lwrama v npoMbIBKOM
nocrnegHero ans 6onee NOAHOrO M3BMEeYEHNs antoMUHATHOIO pacTBopa.

BokcuTbl C KpEMHMEBLIM MOAYNEM HUXKE 6 U ApyrMe BUAbl BbICOKOKPEMHUCTOMO ChipbS,
NPUroaHoOro Ans NpoM3BOACTBA MMUHO3eMa (HedenuHbl, anyHUTbl, KaonuHbl), nepepabaTbl-
BalOT MM MO crnocoby cnekaHusl, unm KOMOGMHMpoBaHHOMY cnocoby — codeTaHue cnocoba
Banepa co cnocobom cnekaHus.

Cnocob cnekaHust ocHOBaH Ha Tepmuyeckon obpaboTke cmecu antoMOCUNMKaTHOM
pyZdbl C U3BECTHAKOM C Lerblo nepeBoaa npakTM4eckn BCero okcnaa antoMUHUA U3 Cbipbs B
pacTBOpUMYO (popMy B cneke (antomMumHaT HaTpus) U CBA3bIBAHUM ONOKCUOA KPEMHUS CbIpbs
B HepacTBOPMMYIO (bopmy (ABYKanbLUMeBbIN CUNUKAT).

Cnocob banepa — cambii 3KOHOMUYHBIN, HO €ro NPUMEHEHNE OrpaHNYMBAETCS Kade-
CTBOM M KonmyecTtBoM BokcuTa; cnocob cnekaHusa sisnsetca Hambonee 3aTtpaTHbIM, HO 60-
nee yHuBepcanbHbIM 1 npurogeH Ans nwoboro BMaa cbipbs.

Ha pencTByloWwmMX pOCCUNCKUX NPEeAnpUATUNAX, BbIMyCKaOWMX MMHO3EM, NPUMEHSIOT-
Csl BCE M3 NepeymncrieHHblX TexHonornnm. Ha A4MHCKOM rmmMHO3eMHOM KombuHaTe u [Nukanes-

CKOM rnnHo3emMHoun 3aBoge («basan LlemeHT NukaneBo») nepepabaTbiBaeTcs HeenmHoBoe
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cbipbe. TexHomnorus Npou3BoACTBa IMMHO3eMa, OCHOBaHHas Ha cnekaHuu HedenvHa ¢ Us-
BECTHSIKOM (puUcyHok 2.1, Tabnuua 2.1), npegycMaTpuBaeT KOMMMEKCHY nepepaboTKy Chbi-

pbA — Ha MmunHo3em, coay 1 LUeMeHT.

HedennHoBoe cbipbe, N3BECTHSIK, BOAA

l

MpYroToBnEHME WUXThI
(M3MEeNbYEHNE, CMELLEHME, PA3MOJT)

Mynbna
v

NOy, SO,, CO, nbinb

CnekaHwe =0 0| m—————— —— »
Cnek

A 4 HedenunHoBbIi Wwnam,

MepepaboTka creka | M >
(M3menbyeHue, BbilLenaymsaHue)
AMNIOMUHATHBbIA l LLinam
acTBO
p P Mpoun3BoACTBO LEMEHTA
MepepaboTka pacteopa Lenoub
(obeckpemHumBaHue, KapboHU3aLMA, -—— >
AeKoMNo3nLMA, GUnbTpaLms)
MaTouHbI 'mapokeng,
pacTBop antoMUHKS
v

Mpou3BOACTBO COAbI NO,, SOz, CO, nbinb

KanbumHaupa =00 0 — = — — — — — — »
nuHo3em

PucyHok 2.1 — Cxema npou3BoACTBa FMUHO3eMa

cnoco6om cnekaHus HechenuHoB
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0¢

BokecuT, n3BecTHsIK, Boga

MoaroToBKa LUNXTbI Meine
AT A — — — — — — — —
(n3menbyeHve, cmeLleHne, pasmon)
Mynbna
4
LLlenoyb
BblwenaynsaHve 0| —— — — — — — — —
Mynbna AntoMuHaTHbIA
—
KpacHoro wnama pacTeop
A 4
CryLieHve Bbigenexvne
1 NpOMbIBKa Al(OH);
LWnam }
Copa B BeTBb
cnekaHus
OtBan
-
Y
. A 4
OBOpOTHBIN
acTBO
P P KanbunHaums
<. __________________
Mbinb, L
SO, NO,, CO
muHozem

BokcuT, n3BECTHSIK, coaa, Boaa

MoaroToBKa Chipbs
(n3menbyeHve, cmeLleHne, pasmon)

Mynbna

CnekaHune

Menb, SO,, NO,, CO

Cnek

A 4

MepepaboTka cneka
(n3menbyeHve, BhilenaymsaHue)

Mbinb, Wenovb

AnOMUHATHbII

LLnam
pactsop
\ 4 \ 4
MepepaboTka CryLieHve
pactsopa 1 NPOMbIBKa
LLnam
AnOMUHaTHBINA OtBan

pactsop

PucyHok 2.2 — Cxema npousBoACTBa rMMHo3emMa cnocobom Banep-cnekaHus



LLnam, nony4aembi Npu BblleNaynBaHum cneka (HedenmHOBbIN LWnam), NCNOMb3YOT
A8 NonyvYeHnsa LeMeEHTHOroO KINuHkepa.

Borocnosckuin n YpanbCkuii antoMUHUEBBLIE 3aBOAbl NepepabaTbiBalOT OTEYECTBEH-
Hble 6anepoBCKkMe 1 crekaTerbHble 6oKcuThI. [pon3BOACTBO rMMHO3EMa OCYLLEeCTBSETCs No
KoMOMHMpoOBaHHOMY crnocoby — napannenbHas cxema banep-cnekaHna (pucyHok 2.2).
Mo cnocoby banepa nony4vatot okono 80 % — 90 % rnvMHo3ema, ocTanbHOe — MO TEeXHOIO-
rMun cnekaHuns. BeTBb cnekaHUsi COCTOUT U3 OTAENEeHUA NPUroTOBIEHUS LIUXTbI (QOMNOMHU-
TenbHOro Kk BeTeu banepa), cnekaHus, pasmona, BbllWenaynBaHus crneka u otaeneHus anto-
MWHATHOrO pacTeBopa OT ocajka wrama. [Nony4aemblin B 3TON BETBU antOMUHATHbBIA pacTBOp
ob6beaunHaeTcsa ¢ antoMUHaTHBIM pacTBOpoM 13 BeTBU barepa, a ycpeaHeHHbIn pacTBop no-
CTynaeT Ha nocneaytowyo nepepaboTky, BKNOYAsa CTaguio NPoKankvi rmapokcnaa antoMmnHus

B Neyax KanbuuHaumm (tTabnuua 2.2).

Ta6n|/|u,a 2.1 — OcHoBHbIe aTarnbl npon3BoacTea NMnHo3ema cnocoboM crnekaHus He(*)eJ'II/IHOB

OcHoBHoOE
OTan npouecca
BxogHoun noTok BbixogHOM NOTOK | TeEXHONOrM4yeckoe Amuccnu
(nognpouecc)
obopynoBaHue
HedenwvH, ns- lMpurotoBneHne | BrnaxHas wuxra Opobunkn, Mbnb
BECTHSK, Boda LINXTbI (nynbna) MeIbHULbI
Mynsbna CnekaHve Cnek Bpawatowmecs | MNbinb, SO, NOy
ne4mu CO
Cnek MepepaboTka AnOMUHATHbIN Opobunkn, Mbinb, Wwenoyb,
cneka pacTBop, Lwnam MeIbHULbI wnam
AntOMUHaTHbIN MepepaboTtka | magpokcua anto- | KapboHnsatopsl, | LWenoub, SO,,
pactBop aritoMUHaATHbLIX | MUHWUS, COOOBbLIE | OEeKOMMOo3epbl, NOy, CO
pacTBOpOB pacTBopbl cryctutenu, aB-
TOKMNaBbl, PUnb-
Tpbl
'mapokeung anto- KanbunHauusa MnHO3em MNeyn Mbinb, SO, NOy
MWHMA CO
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Tabnuua 2.2 — OCHOBHblE 3Tanbl NPOM3BOACTBA MnHO3ema cnocobom barep-cnekaHus

MWHNA

OcHoBHoOE
OT1an npouecca
BxoaHoi noTok BbixogHOM NOTOK | TEXHOMOrM4Yeckoe AmMunceuu
(nognpouecc)
obopynoBaHue
BokcuT, n3sect- MogroToBka BrnaxHasa wwnxta | Opobunku, wa- Mbinb
HSIK, BOAdA, coa | WKUXTbI K BblLLe- (nynsbna) pPOBbIE MESbHN-
naynBaHuo n bl
CcrneKkaHuto
Mynbna Bbiwenaynsanme | AntoMUHaATHBLIN ABTOKNaBHbIE Llenoyb
pacTBop, LWnam bartapen
Lnam CryweHune n Lnam B oTBan Cryctutenu, Llenoyb, wnam
npoMbIBKa LUna- PUNbTPLI
Ma BeTBen ban-
epa u cnekaHus
(pa3geneHo)
Mynena CnekaHve Cnek Bpawatowmecs | MNbinb, SO, NOy
ne4nu CcO
Cnek MepepaboTka AnOMUHATHbIN Opobunkn, Mbinb, Weno4b
cneka pacTBop, LWnam MeInbHULbI
(kpacHbIn)
AnOMUHATHBIN MepepaboTka OuuLLeHHbIN [exomnosepbl, LLenoub
pacTBop antOMUHATHBIX | antoMUHATHbIN CryctuTenu
pactBopoB (pa3- | pacTteop (060-
JenbHo Ansi POTHbIN), rNa-
Ka)kOon BETBU) | pokcui antomu-
HUS
'mapokeug anto- KanbunHauusa MnHO3em MNeyn Mbinb, SO, NOy

CO

HasHaueHne, onucaHune, TexHonornyeckme XapaKTepUCTnkn OCHOBHOIo u npupoao-

OXpaHHOro obopyaoBaHUsA, UCMONb3yeMOro B npoLecce MPOM3BOACTBA IMUHo3eMa, npuse-

JeHbl B Tabnuuyax 2.3 n 2.4.
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Tabnuua 2.3 — OcHoBHOe o6opyaoBaHue

HanmeHoBaHue
HasHaueHune obopynosaHus Onuncanue
obopynoBaHus
Cnocob banep-cnekaHue
Apobunkn AdpobneHne n namenbyeHne cbipb- | MONOTKOBLIE, LLEKOBbIE, KOHYCHbIE

€BblX MaTepunasnoB

Apodunkm

LlapoBble Menb-

Momon ChbipbeBbLIX MaTepuanoB W

Bpawatolumecs MenbHUUbl C UU-

HULBI ycpeaHeHne, NpUroToBreHWE LUNX- | IMHOPUYECKMMUN CTanbHbIMK  06e-
Tbl (NyNbMbl) Ha BbILEeNlaYnBaHUE U |YanKkamu, 3arpy>XeHHble MesoLwmMmm
Ha cnekaHue Tenamu (Wwapsbl)

ABTOKNaBHbIE Bbiwenaynsanue BokcuToBOM | [epMeTMYECKN 3aKpbITble COCYAbl,

GaTtapeu nynbnbl paboTatoLwwme noa AaBneHnem

Cryctutenu PasgeneHune >xumgkon wu TBepgon | OQHOSPYCHbIE WM MHOrFOSIpyCHble

KpacHOoro wiama

a3 nynbnbl, yNnoTHEHME LWamMa

CryctuTenum

[exkomnosepsl

PasnoxeHne anioMuHaTHOro pac-
TBOpa C BblaeneHMemM u3 pacTteopa
B TBeEpAyl hasdy rumgpokcuaa anto-

MWHNA

LunuHopuyeckne cocyabl pasnuy-

HbIX pa3mMepoB

Neyn cnekaHus

CnekaHue OOKCUTO-U3BECTHAKOBOM

LUNXTbI

Bpawatowmeca Tpybyatbie neun

Hacocsl

Mepekayka TEXHONOIMYECKNX cpes

LleHTpobGexHble, MembpaHHO-
NMOPLUHEBbIE HACOCbl  Pa3NUYHbIX
TMMNOB

BbinapHble 6a-

Tapeu

YnapuBaHne TEXHONOIMYECKNX pac-

TBOPOB

FepMeTU4eckn 3aKpbiTble Ccocyabl
paboTatolme noa AaBneHnem 1 Ba-

KYYMOM

Neyn kanbuuHa-

Mpokanka rugpokcuaa antoMUHUS

Bpawatowmeca TpybyaTtble neun,

Lmmn ANs NonyyYeHnst rMmHo3ema LIMKITOHHO-BUXPEBbLIE MEeYn
Cnocob cnekaHnsa HedennMHOB
Opobunkn ApobneHne n namenbyeHne cbipb- | MonoTKOBbIE, KOHYCHbIE OPOOMMKM

€BbIX MaTepunanoB
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HavmeHoBaHune

obopynoBaHus

HasHauyeHune obopynosaHusi

Onucanve

MenbHuUbI pas-

MoJa

Momon cCbIpbEBbLIX MaTepuanoBs W
ycpeaHeHue, MPUroToBreHne LLnX-

Tbl (NyNbMNbl) HA cnekaHne

Bpawatouwmecs MenbHMUbl C  LK-
NNHOPUYECKMMWN  CTanbHbiMK 0be-
Yankamu, 3arpy>keHHble MeNLLNMM

Tenamu (Wwapsbl, umnbnebeb)

Neyn cnekaHus

CnekaHue LWnxXThbl

Bpawatowmeca TpybyaTtbie neun

Hacocbl Mepekayka TexHonormyeckux cpeq | LleHTpobexHble HacoChl pasnmMyHbIX
TMNOB
TpybuaTtble Bbl- | BbllwenayvBaHue cneka AnnapaTbl  HenpepbIBHOMO  Aewn-

LwenaynsaTenu cTBUSA, paboTalowmne no nNpuHUMUNY
NpoTMBOTOKA
CtepxHeBble BoilwenaunBaHne v pousmensye-| TexHonornvyeckne annapatbl C UM-
MenbHULbI HWe cneka NMHAPUYECKUMN  CTanbHbiMU  0be-
Yankamu, 3arpyXeHHble MesoLwmMMm
Tenamu (CTEpP>KHW)
ABTOKNaBbI Ob6eckpemHuBaHne antoMmHaTHoOro | CBapHble cocyabl CO chepuyeckum
pacTtBopa OHULLEM U KPbILLKOW
OpHokamepHble | CrylieHune TBepaon asbl CtanbHble  UUIIMHOPOKOHUYECKME
cryctutenmu pesepByapbl
[exkomnosepsl PasnoxeHue anwomuHaTtHOro pac-|UunuHgpuyeckne cocydbl C KOHU-
TBOpa C BblAeNeHneM U3 pacTsBopa |4eCkuM gHULLEM
B TBepaylo a3y rmgpokcuga anto-
MUHUS
KapboHusatopbl |PasnoxeHne antomuHaTHOro pac-|Cocyabl LMnnMHapu4eckon hopmbl C

TBOpa C BblAENEHNEM U3 pacTBopa
B TBepayl dasy ruapokcuaa anio-

MWHNA

KOHYCHbIM [OHMWLLEM CBapHOW KOH-

CTPYKUUN

Neyn kanbuunHa-

Luu

Mpokanka rugpokcuaa antoMUHUS

AOna nonyyvyeHunda rmmHo3ema

Bpawatowmeca TpybyaTtbie neun
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Tabnwuua 2.4 — lNMpupogooxpaHHoe obopydoBaHune

HavmeHoBaHune

obopynoBaHus

HasHauyeHune obopynosaHust

TexHonornyeckne xapakTepucTukm

PykaBHble dourb-

Tpbl

Ouunctka oT nbinn cbpocHoro (ac-
nMpauMoHHOro) BO3gyxa OT MecCT
nepecbInkM Npu TpaHcnopTe Cbiny-
4Ynx matepuanos (Cbipbe, Nonynpo-
AYKTbl, TOBapHasa npoayKuus), npu
Apob6neHnn, Cyxom M3MenbyeHun u
nomorie B LUexax MpUroToBeHUs
LWUMXTbI, CMeKaHWs, KanbUuHauuu wm

oDXKura n3BecTHdKa

Tunbl PPN n ®PKW, K4 oo 95 %,
ocTaTovHasd

20 mr/m®

3anblJlIEHHOCTb o

AnekTpodunb-
TPbl BEPTUKAsb-
Hbl€, MHOTOCEK-

LUMOHHbIe

Ouncrtka oTXoAsALKMX rasoB neden

KanbuuHaumm

KN po 99,7 %,

OCTaToO4YHaA 3anblliIeHHOCTb T[a30B

OpgHononbHbIE,

10 200 mr/um®

NbineBas kame-

pa

OuncTtka rasoB psiga neyen creka-

HUA (cnekaHne HedenMHOB)

3anbleHHOCTb ra3oB Ha BbIXxoae A0
100 r/um®

AneKkTpodunb-
TPbl FOPN3OH-

TalnbHblEe

OuuncTtka OTXOAALMX ra3oB Meven
crnekaHusi U BpaLlaloLLIMXCa nedyen

oDKura n3BecTHdaKa

MHoronosnbHble (3—4 nons), KN4 oo
99,8 %, octaTto4Hasa 3anbiNeHHOCTb

razoB Ao 300 Mr/Hm®

Ckpyb6epa MOK-

pble

Ouuctka oTXo4AWMX ra3oB neyen
cnekaHnsa (KOMOUHMPOBAHHbLIN CMO-
cob)

Krpn 50 % — 85 %, ocTtato4yHas 3a-

nbifieHHOCTL rasos Ao 100 Mr/HM®

2.2 NMpounssoacTBo aHOAOB U aHOAHOM Macchbl

B 3aBucumocTn ot Tnna NCNOJIb3yeMOro 3J1EKTpOoJsin3epa B Ka4eCTtBe aHOAHbIX MaTe-
pranoB ncnosib3yeTcqa aHoaHada Mmacca Ui npenBapuTenbHO 000X0CKEHHbIE aHOabI.

AHOOHblE mMaTtepuanbl ABNAKTCA OHUM U3 KIMKO4YEBLIX 311IEMEHTOB B TEXHOJ10TMN 3J1€K-
TPONMNUTUYECKOIO npomn3soacTtea artoMUHUA. YronbHble aHOAbl Un aHOOHYO MaccCy AO514 Bbl-
nnaBkK1 NepBmMYHOro artoMnHUA, Kak npasusio, npon3BoagdT Ha TOM Xe antoMmMHMEBOM 3aBO-
ae, 4To N cam metann. Xota B HEKOTOpPbIX Clly4dadaX Ux MOryT npoun3BoAuUTb Ha OTAENIbHbIX

aHogHbIX habpukax.
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CbipbeM ans NponsBoACcTBa aHOAHOW MacChl U aHOLOB CRyXXaT KAMEHHOYIOMbHbIN NeK
(cBasyowm mMatepmarn) U HeTAHOW KOKC C HU3KUM COAepXaHueM 30fbHbIX MpUMecen
(HanonHuTenb). CoBpeMeHHOEe aHOOHOE XO3SMCTBO NpeacTaBnaeT cobon KpynHoe npous-
BOLCTBO C pa3BeTBlIEHHOMW TPaHCMOPTHO-TEXHONOIMYECKOM CXEMOW N aBTOMaTU3NPOBAHHON

CUCTEMOW YNpaBIeHNs1 TEXHOOrMYECKUMI NpoLieccamu.
2.2.1 NMpousBoaCcTBO aHOAHOW MacChbl

Obwas cxema TexHOMOrMyeckoro npouecca Npou3BOACTBA aHOAHOM MaccChl npefn-
CcTaBfieHa Ha puUcyHke 2.3, a npouecc npomns3BoLCTBa onucaH Huxe. ICXoaHbIA CbIpOn KOKC
nocTynaeT Ha ckrnag npeanpuaTna M No TPaHCMOPTHOM CUCTEME NoJaeTcs Ha NepBUYHOE
ApobnenHune. [lanee 4Yepes cuctemy NUTaHUA KOKC NogaeTcs B NPOKANouvHbIN arperat, nocne
KOTOpPOro no cucteMe TpaHcnopTa NpOKaneHHbIN KOKC noctynaeTt B GyHKep 3anaca. HekoTo-
pble NpeanpuaTUSA, He UMesi B CBOEM COCTaBe MPOKanoOYHbIX NeYen, OCyLLeCTBASIOT 3aKynkKy
yXXe npokaneHHoro kokca. M3 ByHkepa npokaneHHOro KoKkca KOKC NocTynaeT Ha CYLUKY, 3aTem
Ha apobneHune n pacces, NOCNe Yero NoslydYeHHble COPTOBbIE PPaKLMM NPOKaNIEHHOro KoKca

nogorpeBardTCA U HAaNpaBAKOTCA B CMEeCUTENb, rAe NponcxoamT CMeLleHne KOKCa C NeKoM.
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LC

Mbinb kokca, CO, SO,, NOy

Mpuem, xpaHeHne

B aTMocdepy

Ouunctka N'BC

Mbinb Kokca
B NPOV3BOACTBO

Mbinb kokca B aTMocdepy

Ouuctka NBC

A 4

CyLuka, gpobnexve,
pasmon u pacces
Ha pakuum

Mbinb Kokca
B NPOU3BOACTBO

Coprosble cpakumm
NpoKaneHHoro kokca
>

B aTMocdepy

Ouunctka N'BC

A

HedbTsaHoi koke ChIpoit kokc MpokaneHHbI KoKC
N noaroToBka I'Ipoxanka
—_—> | EEEEEEEE— >
(npepBapuTenbHoe i
apobnexve)
v Mbinb Kokca
B Npon3BOACTBO
<«— Ounctka N'BC
Mbinb kokca
B aTMocepy » Ouuctka BC
Mek
rpaHyrMpoBaHHbI Mex xuakuit XpaHeHue
kamenHoyronshbii | MPUEM, XpaHeHue,
neKonoaroToska  E—— XKMAKOro neka,
nekonoaroToBka
Mek xuakun

OuncTtka NBC

Mbinb neka, BO3roHbl neka

B atmocdepy

Mek xuakun

»

—

Bo3sroHbl neka
B aTMocdepy

A 4

[lo3upoBsaHue,
CMeLLeHve,
cdopmoBaHue
BpukeToB

Mbinb KOKCa, BO3roHbI Neka

[oToBas aHoaHaa macca
Ha 3neKTponu3epsbl

= XpaHeHue

BpukeTbl
AHOAHOW Macchl

PucyHok 2.3 — Cxema TexXHOJsIorm4ecKkoro npouecca nponsBoacTBa aHOAHOMN MaccChbl

rOTOBOV NPOAYKLWN




Mek nocTynaeT Ha NpeanpusaTUeE B XXMAKOM U (Unn) TBEPAOM BUAE 1 NOCne NogroToBKM
C NOMOLLBIO o3aTopa M NeKoBOro Hacoca nogaeTcs B cMecutens. [locne cmecuTens vyepes
opoLlaeMbIi BOOOW KOHBEWEP N CUCTEMY TpaHCMNopTa oXnaxaeHHble GpukeTbl aHOAHOW Mac-
Cbl NOCTYNAaKT Ha CKraz roToBOW NpoayKuum.

KonnyecTtBo 1 KayecTBO CBA3YOLLEro rneka sBnseTca akTopom, onpeaensoLwmm Bbl-
aerneHve B atmocdepy 3B. Ynaenueaemas B cuctemax acnmpawumm 1 nblfieovUCTKN Mblfb OT
nepegenos NpovM3BoACTBa aHOLHOW MacChl BO3BpaLlaeTcs B MPOM3BOACTBO.

M3noxeHHble NpuHLUMMILI NPOM3BOACTBA aHOOHOW MAcChl HE MEHSAIOTCS yXKe MHOro ae-
catunetun. OgHako annapaTtypHoe odopMIieHue, KayecTBO 00opyaoBaHMS UM NPUHLMNDI
ynpaBneHns TEXHONOrMYeCcKMM npoLeccoM NOCTOSSHHO COBEPLLEHCTBYHOTCA.

B Tabnuue 2.5 npeacraBneHo onvcaHme OCHOBHbIX 3TanoB TEXHOMOMMYEeCKOro npo-
uecca nofnyyeHns aHogHOW Macchbl. HasHavyeHue M TeXHONOorM4yeckne XxapakTepucTukm oc-
HOBHOIO M MPUPOAOOXPAHHOro obopyaoBaHWs, UCNONb3yemMoro B rnpouecce npov3BoaCcTBa

aHOAHOW Macchbl, NpMBeaeHbl B Tabnuuax 2.6 n 2.7.

Tabnuua 2.5 — OCHOBHbIE 3Tanbl TEXHONIOrMYECKOro npoLuecca NoflydyeHns aHogHON Macchl

OcHoBHoe
. Jran npouecca .
BxogHow notok BbixogHOM NOTOK | TexXHomornyeckoe Omuccum
(mognpouecc)
obopynoBaHue
Kokc HedTaHoun| [Mpuem, xpaHe- | Kokc HedpTtsaHoM | [IByxBankoBas Mbinb KoKkca
Cblpon HWe, npeaBapu- | cbipon apobneH- | 3ybyatasa gpo-
TenbHoe apob- HbIN ounka
neHve
Kokc HedTaHOM [Mpokanka Kokc HedptaHom | Bpawatowasca | [MNeinb kokeca, CO,
cblpon gpobneH- NnpoKaneHHbIN npokanovHas SO,, NOy
HbIN neyb 6apabaH-
HOro Tuna
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OT1an npouecca

OcHoBHoEe

BxoaHoi noTok BbixogHOM NOTOK | TEXHOMOrM4Yeckoe AmMunceuu
(nognpouecc)
obopynoBaHue
Kokc HedTaHon| [OpobneHue, CopToBble Opobunka mo- Mbinb KoKca

NpPoKaneHHbIn

pa3morn, pacces

dopakumn npoka-

JIOTKOBaA OA4HO-

Ha dopakuum NEHHOro Kokca | poTtopHasd. [po-
Gunka aByxear-
koBas. [poxoT
yHVBepCarbHbIn.
LLlapoBbie 6apa-
BGaHHble Menb-
HULbI
Cbipor  nipoka- Cywwika Cyxou npoka- | CywwunbeHbin ar- | [bins kokca, CO,
NEHHbIN KOKC NEHHbIN KOKC peraT SO;, NOy
Mek rpanynupo-| [lNMpuem, xpaHe- Mek xngkum lMekonpuemHukn. | MNbinb Neka, BO3-
BaHHbIN  KaMeH-| Hue, nekonoaro- FOHbI Neka
HOYrOSbHbIV TOBKa
Mek »xngkmin ka-| [Npuem, xpaHe- ek xuakumn lNekonpuemMHukn. | Bo3roHbl neka
MEHHOYrOJSIbHbIN | HMEe, Nekonoaro- Mekonnasutenw.
TOBKa
CopToBble [lo3npoBaHue, BpukeTbl aHoa- | BecoBble gosa- MNbINb KoKca,
dpakumm npoka- cMeLleHue, HOW Macchbl Topbl. CMecuTe- | BO3rOHbI Neka
NIEHHOro0  KOKca,| (popmoBaHue nn. $opmoBoY-
nek XXUaKkum HOe YCTPOWUCTBO

Tabnuua 2.6 — OcHoBHOe 06opyaoBaHMe

HanveHoBaHune
HasHayeHune obopygoBaHus TexHonorn4yeckme xapakTepucTukm
obopynoBaHus
[1ByxBankoBas [OpobneHne cbipbix 1 NpoKaneHHbIx | [Mpon3BoANTENBHOCTL B 3aBMCUMMO-

3ybyatasa gpo-
6unka, gpobwunka
MONOTKOBas 0Aa-

HOpPOTOpHas

KOKCOB

CTU OT KPYNHOCTU ApobneHHoro ma-

Tepnana — 21-150 1/
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HavmeHoBaHune

HasHauyeHune obopynosaHus

TexHonornyeckne xapakTepucTukm

obopynoBaHus
Bpawatowasca |lNpokanvBaHue CbipbIX KOKCOB [MponsBoauTenNbHOCTL NO  NpoOKa-
npokanoyHas neHHomy kokcy — 10 T/y

neyo 6apabaH-

HOro Tna

Tpw 30HbI TEPMOOBPABOTKM:
- CyllKa — MpOrpeB CMnosa KOKca OT
20 °C po 400 °C;

-'yoaneHune neTtydyunx BewecTB —

HarpeB Kokca ot 400°C po
1000 °C;
- NpoKanueBaHne — nNporpes Criod

Kokca oo 1250 °C

CywunbHbIn ar-

perat

CyLika npokaneHHOro Kokca

MpounssoguTenbHocTb A0 20 T

'poxoT yHunBEp-
canbHbIW, LWapo-
Bble bapabaH-

Hble MeJibHULbI

MexaHuyeckaa copTUpOBKa M pas-

MO KOKCOBbIX dopaKLmm

MpounssogutenbHocTb 6—30 T/

[MekonpruemMHuKN,

nexkonnaButenn

PasmelleHne neka, nekonoaroToB-

Ka

MeTannunyeckne pesepByapbl pas-
NNYHON eMKOCTK, oborpeBaembie
napom.

TemnepaTtypa neka B nekonpuem-
Huke — 140 °C — 160 °C, B neko-

nnasutene — 150 °C — 190 °C

BecoBble gosa-

TOpbI

[lo3anpoBaHMe KOMMOHEHTOB KOKCO-

BOW NbINX N NeKa

MakcumanbHas npounsBoauTernb-
HOCTb:

- ans npoKaneHHoro KOkca —
14000 Kr/uv;

- Ana xuakoro neka — 10000 Kr/y

Cmecutenu He-
npepbIBHOTO

JencrTeus

CMelleHne nEeKOKOKCOBOW KOMIMO-

3Mummn

MpounssogutenbHocTb 6—-30 T/
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HavmeHoBaHune

HasHauyeHune obopynosaHus

TexHonornyeckne xapakTepucTukm

obopynoBaHus
dopmoBoYHOE MonyyeHne ©GpukeToB aHoaHou |[pogaBnuBaHve 4epes IKCTpyaep
YCTPOWCTBO mMaccol Tpebyemon opMbl UNn NpoxoXaeHwe creynanbHOro

OPMOBOYHOIO  yCcTpouctea U

oxnaxgeHune «obopoTHOM» BOLOM

Tabnwuua 2.7 — lMNMpupogooxpaHHoe obopydoBaHue

HavmeHoBaHune

obopynoBaHus

HasHauyeHune obopynosaHus

TexHonornyeckne xapakTepucTukm

AnekTpounbTp

YnasnvBaHue nNbinuv KOKCa U3

BEHTBbIOPOCOB, OTBEAEHHbLIX acnu-
PaLUMOHHO-TEXHUYECKMMU  YCTPOW-
CTBaMM OT MOTOYHO-TPAHCMOPTHBIX
y3roB,

CKnagos, ApodunbHO-

pPa3mMoJibHOIro otaoeneHnAa

AP PEKTUBHOCTb
90 % — 99 %

O4YNCTKUN —

LuknoH

YnaenueaHue nNbin KOKCa U3

BEHTBbIOPOCOB, OTBEAEHHbLIX acnu-
PaLUMOHHO-TEXHUYECKUMU  YCTPOW-
CTBaMM OT MOTOYHO-TPAHCMOPTHBLIX
y3I10B,

cKnagos, apobunbHo-

Pa3MOJIbHOIo oTaeneHnA

AP PHEKTUBHOCTL
70% — 93,9 %

OYUCTKN —

PykaBHble cunb-

Tpbl

YnasnvBaHue nNbinv KOKCa U3

BEHTBbIOPOCOB, OTBEAEHHbIX acmnu-
PaUMOHHO-TEXHUYECKUMU  YCTPOM-
CTBAMW OT MOTOYHO-TPAHCMOPTHbIX
y3I10B,

CKnagos, ApodunbHoO-

pa3mMoJibHOIro otaoeneHnAa

AP PEKTUBHOCTb
97,1% — 99 %

O4YNCTKUN —

batapenHbin
LMKITOH-

anekTpouUnbTp

YnaBnuBaHue NbIfiN KOKCA U3 OTXO-

OSLLMX ra3oB neyven npokanku

AP PHEKTUBHOCTL OYNCTKN —

80,6 % — 93,4 %
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HanmeHoBaHue
HasHauyeHune obopynosaHusi TexHonornyeckne xapaktepucTukn
obopynoBaHusa
Tpyba BeHTypu|YnasnueaHne BO3rOHOB KaMeEHHO-| QdEKTUBHOCTb OYUCTKU —
(apcopbeHT YronibHOro neka u3 BeHTBbLIGPOCOB, |99,6 % — 99,9 %
KOKC) —  pyKaB- | OTBELEHHbIX acnmpaLmoHHoO-
HbIN PUNLTP TEXHUYECKUMWN YCTpOMUCTBamMu OT
A03UPOBOYHO-CMECUTENBHOIO  OT-
aeneHns

|_|pOl/I3BO,D,CTBO aHOOHOM Macchl SBNSETCS NOAYUHEHHLIM K npon3BoacTBYy alitoOMUHUA
N OCYyLLEeCTBIIAETCA NpakKTU4eCkn Ha BCeX armtoMUHUEBBIX 3aBOAax, MNPUMEeHAKLWNX TEXHOO-

MK anekTponmsa ¢ camoobxuratrowmmmncs aHogamm (Cogepbepra).
2.2.2 NMpousBoacTBO aHOA OB

Mpouecc npousBoACcTBa aHOAOB B 4acTu ApObOneHuns, namernbyYyeHns U CMeLUnBaHuS
CblpbEBbLIX MaTepuanoB MAEHTMYEH NPOU3BOACTBY aHOAHOW MacChbl, 3a WCKMIOYEHUEM UC-
Nofib30BaHUSA OTXOA0B 0BOXKEHHbIX aHOAOB (Orapku), KOTOpble BMECTE C KOKCOM NPOXoaaT
ctagum apobneHma n paccesa. 3aTeM U3 CMELLlaHHOro maTtepuana opMUPYHOTCA «3ene-
Hble» aHOoAbl M Mocne OXNaXaeHWsa NOCTynaklT Ha cknag «3efneHbix» aHogoB. Co cknaga
«3eneHble» aHoAbl MO CUCTEME KOHBEWEPOB HanpasnawTcs B neun obxkura. O6Gxur ocy-
LLECTBNSETCA B MHOrOKaMepHbIX KOSbLEBbLIX Me4yax OTKPbLITOro Tuna ¢ NOABMXXHOW 30HOW
«orHsa». MNedb obxura cocTonT 13 6roka BepTUKAIbHbIX KaMep, COeAMHEHHbIX Mexay cobon
NPOCTEHKaMKN AN NOCreaoBaTesNibHOrO Npoxoha AbIMOBbIX ra30B M3 OAHOW KaMepbl B ApY-
ryto. 3TN NPOCTEHKM OENSAT Kamepbl Ha KacceTbl, B KOTOpbIE 3arpyXalTcs aHogHble 6noku.
[MpoaBmKeHMe OrHS NPOU3BOAUTCA MyTEM NepeHoca pamnbl C rOpenku, AYyTbEBbIX U OTCAChl-
BaloLWwmx Tpy® BOONb NeYn Ha OAHy Kamepy B COOTBETCTBUM C 3adaHHbIM Temnom obxxwura.
B ka4ecTtBe Tonnuea mncnonbadyetca masdyT. O6oxKeHHble aHOAHblEe BOKN NO KOHBEWEPY No-
CTynaltT Ha cOOpKy B aHO4HO-MOHTaxHoe oTtaeneHne (AMO), koTopoe BKItoyaeT B cebs oT-
AeneHne AemMoHTaXa U MOHTaxa aHoAoB. [1pn MoHTaxe 060XOKEHHbIX aHOL4OB OCYLLECTBISA-
eTCA 3anMBKa HUNNENbHbIX rHe3n YyryHoM, MOArOTOBKa aHododepXaTensa u, Kak npaBuno,
NOKPbITME NOBEPXHOCTU aHOAHOro 6510Kka 3aWMTHBIM ClIOEM OT UHTEHCUMBHOIO BbIrOPaHUs! MNo-
BEPXHOCTHOro cros. MNpun gemoHTaxe orapkoB aHogoB B AMO ocyLecTBnaeTcs nx 3avmcrka
OT 3NEeKTponuTa, oTAeNneHne OT aHoAoAEPXKATEeNA 1 ero 3a4ncTka, opobneHne orapka B Apo-

Ounkax ona TPaAHCNOPTUPOBKK €ro B 3arotoButesibHOE oTAeNeHne. Cxema TexHOorn4eckoro
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npouecca npomssoacrtea 000X0KEeHHbIX aHOAOB C 3Tana CMeLleHns CblIpbEBbIX MaTepunasnoB

npencrasneHa Ha pucyHke 2.4.
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MbINb KOKCa, BO3roHbI Neka,
MbINb KOKCa, BO3roHbI Neka

Kokc
AHopaHas «3erneHble»
Macca dopmoBaHue aHoAbl
HosunposaHue, = =
> «3eneHbIX» x »  O6Xur aHoooB
cMmelleHne
aHogoB
Mek v
Cknapg
«3€eneHbIX»
aHozoB
O60oXKEHHbIE
aHoabl
\ 4
AHoAHO-
Mbinb, P
BT 4 F <«—— Owunctka 'BC |« MOHTa)HOE
e oTaeneHve

PucyHok 2.4 — CxeMa oTAenbHbIX 3TanoB TeXHONIOrMYeCcKOro npouecca NnpoM3BoAcTBa 060X KEeHHbIX aHO4OB

Quuctka NBC

HF, CO, SO,, NOy

Ouuctka NBC

Ha anextponus



B TexHonormyeckoM npouecce o6pasyeTcsi HEKOTOPOe KONMMYECTBO Gpaka «3ereHbIX»
aHO[OB W aHOAHOW Macchl, KOTopble nocne ApoGneHus Bo3BpallalTcs 06paTHO B CMeCU-
Tenb. Npy NpPoM3BOACTBE aHOAOB Ha CreuuanbHbIX YCTaHOBKaX ra3oouMCTKM C MOMOLLbHO
rMMHO3ema 13 napoB abcopbupyrTCst CMONUCTbIE BellecTBa, (PTOPUAbI U3 aHOOHbIX OrapKoB.
YnaenvuBaemasi B cucteMax acnvpaumm v nblfieovynMcTKM KOKCOBast Mblflb OT NepeaesioB npo-
N3BOACTBa aHOAOB BO3BpaLLaeTcs B NMPOM3BOACTBO.

B Tabnvue 2.8 npuBeaeHbl OCHOBHbIE TEXHONOMMYECKMEe aTanbl NPOM3BOACTBA 0OOX-

)XEeHHbIX aHoaoB. KpaTkoe onncaHve OCHOBHOMO M NMPMPOAOOXpaHHOro obopyaoBaHMsa npea-

cTaBneHo B Tabnuuax 2.9 n 2.10.

Tabnuua 2.8 — OCHOBHble 3Tanbl NPON3BOACTBA 0O6OXCKEHHBLIX aHO40B

OcHoBHoe
. Jran npouecca .
BXOLI,HOVI MOTOK BbIXOLI,HOl/I MOTOK TexXHoJiorn4eckoe Amuccunu
(nognpouecc)

obopynoBaHue
Kokc HedTsiHOM Mpuem, xpaHe- | Kokc HedpTsHOM | [IByxBankoBas Mbinb KOKca
CbIpOW; Orapkm HWe, NpeaBapu- | Cbipon gpobneH- | 3ybyatas apo-
aHooB TenbHoe apob- HbIW; Orapku ounka

nexHve aHoaoB Apob-
NeHHble

Kokc HedbTsiHOM [pobneHue, CopToBble Opobunka mo- Mbinb KOKca

NPOKaneHHbINn,
ApobneHHble

orapkm

pasmor, pacces

Ha ppakuunm

dpakumnm npoka-

JIEHHOIo KOKCa

noTKoBas OHO-
poTopHas. [po-
bunka aByxsan-
koBas. [poxoT
YHUBepcarnbHbIN.
LLlapoBbie 6apa-

OaHHble Mernb-

HULbI.
Mek rpaHynupo- lNpuem, xpaHe- ek xuakumn lNekonpuemHuku, | MNbinb Neka, BO3-
BaHHbIN KAMEH- | HUe, Nekonoaro- nekonnaBuTenu. FOHbI Neka

HOYronbHbIN, NeK

XKNOKNA

TOBKa
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OT1an npouecca

OcHoBHoEe

BxoaHoi noTok BbixogHOM NOTOK | TEXHOMOrM4Yeckoe AmMunceuu
(nognpouecc)
obopynoBaHue
CopToBble [osnpoBaHne, | AHogHas macca | Becosble gosa- MbInb KOKCa,
dpakumm npoka- CMeLLeHne Topbl. CMecuTe- | BOS3rOHbI Neka
NEeHHOro Kokca n nm
orapkos, nek
XKNOKNN
AHoaHas macca dopmoBaHue «3eneHble» Bubponpecc Bo3sroHbl neka
aHoabl

«3eneHble» O6xur O6oxokeHHble | MHOrokamepHas Mbinb kokca,
aHoabl aHoabl KonbLEeBas neyb | BO3roHbl Neka,

OTKpPbITOro TMna HF, CO, SO,

NOy

O60x0KeHHbIE MoHTax aHogoB | CMoHTMpoBaH- | lNeun VYT, koH- | [binb Kokca, B
aHoabl Hble aHOoAbl Benepbl, CUCTe- | TOM Yucre TBep-

Mbl OYUCTKU
orapkos, Opo-

ounkm

able pTopuabl

Tabnuua 2.9 — OcHoBHOe o6opyaoBaHue

HanmeHoBaHue
HasHauyeHune obopynosaHust TexHonornyeckne xapaktepucTukn
obopyaoBaHus
AsyxBankoBas |[OpobneHne KoOKcoOB, orapkoB aHo-|[dpobnenHue dpakumm po— O-

apobwunka, Ko-
HycHasa apobwun-
Ka, WwekoBas
apobwurnka, rpo-
XoT, 6bapabah-

Hble MeJibHULbI

[10B, COPTMPOBKA, pa3Morn

12,5 mm, nomon go +0-0,5 mm

[MekonpruemMHuKN,

nekonnaBuTenn

PasmelleHne neka, nekonoaroToB-

Ka

Temnepatypa neka B nekonpuem-
Huke — 180 °C — 220 °C, B neko-
nnasutene — 180 °C — 220 °C
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HavmeHoBaHune

obopynoBaHus

HasHauyeHune obopynosaHus

TexHonornyeckne xapakTepucTukm

Cmecutenu He-

npepbIBHOIO

CMelleHe nNEeKOKOKCOBOWM KOMIMO-

31ummn

ObecneyeHne romoreHmsaumm wu

QKCTpyaAnpoBaHna B HanpaBleHUU

AencrTeus BbiIxo4a. Temnepartypa «3erieHOn»
aHoaHown maccbl — 220 °C
MHorokamepHast | O6Xur «3eneHbix» aHO4OB O6Xur Npomn3BOANTCA 3a CYET CXKU-

KonbLeBad neyvb

raHus masyta u NneTyvmx BELLECTB,
BblAeNnsaLWmxcs npu Tepmoobpa-
OoTKe «3eneHbix» 6rnokoB. Temne-
patypa obxura (TemnepaTtypa B

Kamepe nosnHoro orHa) — 1250 °C

MNeun NYT

MoHTax 060MOKEHHbIX aHOJ0B

Pacnnas YyyryHa Ond 3alimuBKn HUIM-
nenbHbIX rHe3g 00OXOKEeHHbIX aHo-

poB. EmMkocTb neyen — 2,51

Tabnuua 2.10 — MpupogooxpaHHoe 06opyaoBaHMe

HanmeHoBaHue
HasHaueHve ob6opyaoBaHus TexHonornyeckne xapakTepucTmkm
obopynoBaHus
PykaBHbIN YnaBnuBaHue nbiv  Kokca U3 | APdeKkTnBHOCTL o4ncTkn — 98,0 %
dpunbTp BEHTBbLIOPOCOB, OTBEAEHHbLIX acnu-

PaLNOHHO-TEXHUYECKUMU  YCTPOMN-
CTBaMn OT MOTOYHO-TPAHCMOPTHbIX
y3noB, CcKnagos, ApobunbHoO-
pa3MOSIbHOrO OTAENeHns, y4dacTka
A03UPOBaHUS LUNXTbl, U3 OTX0As-
LWMX ra3oB CyLnnbHbIX GapabaHos,

aHOOHO-MOHTa>XHOro otaeneHnda

«Mokpasg» OY:
NosbIk CKOPOCT-

How ckpy66ep

YnaBnuBaHue MblIN KOKCA, BO3rO-
HOB KaMEeHHOYroflbHOro neka, ¢To-
pnooB rasoobpasHblX, AMoKcMaa
cepbl U3 OTXOASALWMX ra3oB Mneyemn

obxura

OPDEKTUBHOCTD  OYUCTKU:  Mbiflb-
70 %; dpTopuabl raszoobpasHble —
98 %; BO3roHbl KamMeHHOYrosibHOro
neka — 70 %,

90 %

avokeua cepbl —
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HavmeHoBaHune

obopynoBaHus

HasHauyeHune obopynosaHusi

TexHonornyeckne xapakTepucTukm

«Cyxaa» [OY:
mMoaynb — aj-
copbUMOHHbIE
peakTopbl — py-

KaBHbIV (punbTp

YnaBnuBaHue MbiNn KOKca, BO3ro-
HOB KaMeHHOYronbHoro neka, ¢To-
puaoB rasoobpasHbiX W3 OTXOAs-

LWMX ra3oB nevyen obxura

OPPEKTUBHOCTb OYMUCTKU: MNblflb —
98,5 %; pTopuabl razoobpasHbie —
99 %; BO3roHbl KaMeHHOYroribHOro
neka — 98,5 %

«Cyxaa» [OY:
mMoaynb — ag-
COpPOLNOHHbIE
peakTopbl — py-

KaBHbIV (puUnNbTP

YnaenvBaHue nMbIfin KOKca, BO3ro-
HOB KaME€HHOYrosyibHoro nexka us
BeHTBbI6pOCOB, oTBEeAeHHbIX acnu-
pPaunOHHO-TEXHUYECKNMUA yCTpOI7I-

CTBaMW OT TEXHOSIOrMYECKUX FINHUIN

OPPEKTUBHOCTD OYUCTKM: MO Mbl-
nn — 98 %; no ocTarnbHbIM KOMMO-

HeHTaMm — 90 %

CMeCUIibHO-NMpeccoBOro y4acTKa

npoun3BoAaCcTBa

PaccMOTpEeHHbI TEXHONOMMYECKMI NPOoLLEeCC NPOn3BOACTBa 0BOXCKEHHBIX aHOOO0B pe-
anusyeTcsa NperMMyLLecTBEHHO Ha 3aBofax LEennkoM obOopydoBaHHbIX 3MeKTponusepammn c

npegBapuTesibHO 000XOKEHHbBIMUN aHogamMu.
2.3 NMpounsBoacTBO NEPBUYHOIO aritOMUHUSA

ANOMUHUI NPOUN3BOAUTCH NYTEM INEKTPONUTUYECKOrO BOCCTAHOBMNEHNS OKCMAa anto-
MUHUSA (FNIMHO3EeMa), PacTBOPEHHOIO B pacrniaBfieHHOM 3fiekTponuTe (Kpuomnute) npu Tem-
nepatype npubnuantensHo 960 °C. B coctaB anekTponuaepa BXOOUT YrnepogHbin Katog,
N30NMPOBAHHBIN OTHEYNOPHLIMU KMPAMYaMu N0 BHYTPEHHEN MOBEPXHOCTU NPAMOYTrOfIbHOMO
CTanbHOro KOXyxa, W yrnepogHble aHoAbl, NPUKPENMEHHbIE K 3NEKTPONpoBOAsLLEA aHOLHON
Banke n norpyxaemble B pacTBOp. ONIEKTPONM3epbl COeANHEHbI NocnenoBaTensHO U obpa-
3yl0T CEpUI0 ANEKTPonm3epoB. MNMOCTOSAHHBLIM TOK NOAAeTCss C aHOAOB 4Yepe3 INEeKTPONUT U1
Crnov MeTansia Ha KaTof, a 3aTeM — N0 KOMMMEKTY NPOBOAHNKOB, N3BECTHbIX KaK «OLUMHOB-
Ka», Ha cnegyloLwmmn aneKkTponmsep.

Kungknm antoMuHUM ocefaeT Ha Katoge anektponudepa. PacnnaeneHHbln meTtann
Nepuoanyeckn M3BreKaeTCcs 13 ANeKTPONU3epoB CreLkoBLlaMy U nepegaeTcs B NUTeNHoe
oTaeneHve Ansa nonyyYeHuss ToBapHOW npoaykuuu. B npouecce anekTtponmsa Kucnopog u3
rMUHO3eMa pearupyeT C yrnepogHbIM aHOAOM U obpasyeT AMOKCUMA yrrepoaa U MOHOOKCUA
yrnepoga. Takum obpasom, B Xxoge 3TOro npouecca npoucxXxoamT HENpepbIBHbIM pacxoq Yr-

nepoaHbIX aHOJ0B.
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OCHOBHbIM CbipbeM ANdA NOMNy4YeHUs antoMUHUA criyxaT: rMUuHo3eM, (OTOpUCTbie Conu
(KpronuT, PTOPUCTLIN antoOMUHUI) N 0BOXCKEHHBIE aHOAbI MM aHOAHas Macca.

Cxembl MpoM3BOACTBA artOMUHUA B 3nekTponusepax ¢ 0B0XKEHHbIMM aHog4amu, B
anekTponusepax ¢ 60KOBbIM M BEPXHMM TOKOMOABOAAMM MNpeAcTaBfneHbl Ha pucyHkKax 2.5—
2.7.
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Cbipbe: HF, Fr,
aHoabl SO, nbinb
bTOPUCTBII OnekTpoaHeprus A
~ [ \
anioMuHun, DTOPUPOBAHHBIN Ceexuit * \
Kpuonut rMYHO3eM rNYHO3eM f |
| \
| \
v Buibpoc B aTMocdepy | \
] yepes TpyOy [ \
\
«Cyxas» | \
Anekrponusepbl OA y P> f |
razooymcTka | \
| |
[ \
OTxompt: Bbi6pochbl:
HF, Frs, SOz, BeIGpoc B aTmocdhepy
OtpaboTaHHas  OTpaGoTaHHas nbine 4epes PoHapb
YronbHas neHa
yrosnbHas KUpnuyHas
dyTepoBka dyTepoBka B cmech
C 3MEKTPONNTOM
3NEKTPOSIM3EPOB  3MEKTPONN3EPOB
_| TMonuroH NPoMbIWEHHbIX OTXOAO0B;
d peanusauus u/unu yTunusaums
v
AntoMUHUK- . FoTtoBas
—> IuteiHoe npon3soAcTBO >
cbipey, npoaykumus

PucyHok 2.5 — bnok-cxema npouM3BoacTBa NepBUYHOrO antoMUHUA B anekTponusepax ¢ OA



Cbipbe:
aHopHas
macca,
dTopncTbIN
anioMuHNN

\ 4

AnoMuHun-
cbipey

OnekTpoaHeprus

HF, F1s, SOy, nbinb,

Onekrponusepbl BT

OTxoAabl:
OtpaboTaHHas OTtpaboTtaHHas
yronbHas KMpnuyHas

dyTepoBka

dyTepoBka
3NEKTPONIN3EPOB  ANEKTPONN3EPOB

Bbiopochbi:
HF, F.s, SO,, nbinb,
CMONUCTLIE BeLlecTBa
YronbHas neHa

CMONUCTbIE BeLLeCcTBa
A
[ \
dTOPUPOBAHHBIIA Ceexuin | \
rIMHO3EM rMUHO3EM | \
| \
| \
| \
Bbibpoc B atmocdepy | \
Yyepes TpyOy / \
«Cyxan» _ / \
rasooymcTka 4 ] \
f“ |
Beibpoc B atmocdepy

yepes hoHapb

JlnteiiHoe npousBoAcCTBO

_ FoTtoBas
L

npoayKums

MonuroH NpoMbIWNEHHbIX OTXOA0B;
peanusauus n/unu yTunusauua

PucyHok 2.6 — Bnok-cxema npou3BoAacTBa NePBUYHOIO ariloMUHUA B 3f1IeKTponu3epax ¢ 60KOBbLIM TOKONOABOAOM
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Cbipbe: HF, Fis, SO, nbirnb,
aHoaHast CMOMnUCTblE BeLlecTsa
macca, OnekTposHeprus A
CbTOPVICTb'y' dTOPUPOBAHHBIN Ceexuii Bribpoc B “‘ \
anomuHun rrMHO3EM rAMHO3EM aTmocdepy / \
[ \
Yyepes Tpyby / \
[ \
A 4
r-——">"">"~>"">""™>">""™>"™"7™"7 1 |
c I M | | \
«Cyxasa» ! «MoKpas» | \
Anekrponusepsi BT y L p | > \
ra3ooumcrka ! poouyucTka | \
I | | \
BTOpUYHbIN KpUOnuT
Bbi6pochi:
OTxopAbi: ) MpousBoacTeo
HF, Frs, SO,, nbinb, BiGpoc 8 P ACTBO L 5 linambl
cMonmcTsie Bewectsa > aTMOCdepy tTopconen
OTtpaboTaHHas OTtpaboTaHHas uepes oHapb
yronbHas KmpnuyHas f
YronbHasa neHa
dyTepoBka dyTepoBka
3NEKTPONU3EPOB  3NEKTPONN3EPOB
.| MonuroH NpoMbILLNIEHHbIX OTXOA0B;
" peanusauusa u/unu ytunusaumus
\ 4

AniomMuHuin- | . o FotoBas
> NureitHoe nponsBoacTBO >
cbipew, npoayKuums

PucyHok 2.7 — Bnok-cxema npon3BoAcTBa NEPBUYHOIO anioMUHUA B 3N1IEKTPONN3epax ¢ BepXHMM TOKONOABOAOM



B Tabnunuax 2.11 n 2.12 npuBegeHa uHdOpMauMss O TEXHOMOIMMYECKOM MpoLecce
3NeKTponun3a n NpMMeHseMom obopyaoBaHUMN.

Tabnuua 2.11 — OnncaHne TeXHONOrMYECKOro npoLecca anekTponmnsa

BxoaHoi noTok

OTan npouecca

BbixogHoM NOTOK

OcHoBHoe
TexHomnornyeckoe

obopynoBaHue

Smuceun

CBeXun rmuHo-

Mpuem, xpaHe-

CBeXun rmuHo-

Cknagpl, cunoca,

B atmocdepHbIn

3eM, hTopconu HWe Cbipbs Ha 3eM, aHogHas OyHkepa BO3yX:
CKnagax u B cu- | mMaccal/aHogpbl, - oKcug antomm-
nocax dTopconu HUS,
- TBepable dpTo-
puabl
Cblpbe: rnuHo- dnekTponuTuye- MepBUYHbIN AnekTponusepsl: | B atmocdepHbin
3eM, aHoaHas CKoe Npoun3Boa- antoMnHU - ¢ camoobxura- BO34yX:
mMacca/aHoapl, CTBO nepBuyHoro |  (antoMuHUK- IOLUMNCS aHO- | - (PTOPUCTLIN BO-
hTopconu. antoMUHUS cbipey) AaMn 1 BEPXHUM aopoga;
ONeKTPOo3Heprus TOKOMoABOAOM | - TBepAble ¢To-
(Copepbepra); puabl;

- ¢ camoobxura-
IOLLMMUCS aHO-
JamMun n 6okoBbIM
TOKOMOABOAOM
(Copepbepra);
- C npeaBapu-
TeNbHO 060X-
YKEeHHbIMMX aHo-

aamu

- AnoKcua cepbl;
- oKcua yrnepo-
aa,

- NblNb Heopra-
Hu4eckas;,

- CMONnuUcCTbIe
BellecTBa (ons
3NEeKTPOnn3epoB
Copepbepra).
B nosepx-
HOCTHbIE 1 NOA-
3€MHble BOObl —

OTCYTCTBYIOT.

B nousy —

HenocpeacTBeH-

HO OTCYTCTBYIOT.
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BxoaHoi noTok

OTan npouecca

BbixogHoM NOTOK

OcHoBHoe
TexHornornyeckoe

obopynoBaHue

Smucecun

OT1xoabl npomns-
BOACTBA:

- oTpaboTaHHas
yrosnibHas yre-
POBKa;

- oTpaboTaHHas
KnpnuyHas gy-
TEepOoBKa;

- yronbHas nexa;
- orapku o6ox-
YXEHHbIX aHOAOB.
lNpouyee: pnan-
Yyeckue Bo3aen-
cTBug (Tenno-
BOE, WWyM, BUNG-
paumsi, aneKkTpo-
MarHuMTHoe 3a-
rpA3HEHne)
He ABNATCSA
NNMUTUPYHOLLM-
MU 415 Npoun3-
BOACTBa nep-
BUYHOrO antomMu-

HUA

Tabnuua 2.12 — OcHOBHOe TexHoNornyeckoe obopyaoBaHmne npoLecca anekTponmaa

HanmeHoBaHune obopynoBaHus

HasHa4eHue o60-

pyooBaHus

TexHonornyeckme xapakTepucTmkm

Cwuna Toka, KA

Bbixog no Toky, %

nogBoaoMm

AneKkTponnsepbl ¢ camoobxurato-

LwnmMmncAa aHogamm m BEPXHUM TOKO-

Mony4eHune nep-
BMYHOrO aniomu-

HUA (antoMUHNA-

Ho 175

[o 89
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HanmeHoBaHune obopynoBaHus

HasHa4deHue o60-

TexHonornyeckune XapakTepucTmkn

OnekTponnaepbl ¢ camoobxurato-

LMMMCSa aHogamu U BOKOBLIM TOKO-

nogBoaoMm

OnekTponuaepbl C NpeaBapuUTENbHO

0060)KEHHbIMWN aHo4aMM

pyAoBaHusA Cwuna TokKa, KA Beixog no Toky, %
cbipua) o 85 o 90
o 400 o 94,5

B Tabnuue 2.13 npuBegeHO OCHOBHOE NpMpoaooxXpaHHoe obopyaoBaHue npolecca

3MNEeKTPONN3a 1 ero XxapakTePUCTUKMN.

Tabnuua 2.13 — MNMpupogooxpaHHoe 060pyaAOBaHME NpoLecca ANeKkTponusa

HanmeHoBaHune obopynoBaHus

HasHauyeHune obopynosaHus

TexHomnornyeckme xapakTepucTmkm

Cyxas rasoounctka (peakTo-

pbl + pyKkaBHble OUNbTPbI)

Oumnctka oTxogawmx rasos
OoT:

- bTOPUCTOrO BOAOPOAA;

- TBepabIX PTOPMAIOB;

- HEOpPraHMYecKomn Nbinu;

- CMOJIUCTbIX BELLECTB

AP PHEKTUBHOCTb OUUCTKU, %b:

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

Cyxaa NOY + mokpbIn
ckpy66ep

Ounctka oTXo4dALWMX rasos
OoT:

- oTOpPMCTOro BOAOPOAA;

- TBEpAbIX PTOPMNOOB;

- HEOpraHM4yecKow NbInu;

- CMOJSIUCTbIX BELLECTB;

- Anokcuaa cepbl

AP PEKTUBHOCTb OUNCTKU, %0:

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

OneKkTpodnnNbTP + MOKpPbLIN
ckpy66ep nnun neHHbIN anna-

paT

Ouunctka oTxXoOALWmMX rasoB

OT:

- oTOpPMCTOro BOAOPOAA;
- TBEpAbIX PTOPUNOOB;

- HEOpraHM4YecKow NbInu;
- CMOJSIUCTbIX BELLECTB;

- Anokcuaa cepbl

AP PHEKTUBHOCTb OUUCTKU, %0:

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 anekTponu3epoB U TEXHONOINMN 3N1eKTponun3a

[MpombiwnieHHOe nonyyeHwe anwMuyHUA Kak B Poccuu, Tak 1 BO BCEM MUpe OcCy-
LLLeCTBMSETCA B 9NeKTponiM3epax, pasnuyatrowmnxcsa no KOHCTPYKUUN U € AUHUYHOW MOLLIHOCTW.
B HacTogLlee BpemMs NPUMEHSAIOTCS CneayoLmne TEXHONOrMM anekTponnaa:

- TEXHOMOMMA NPOU3BOACTBA aNlOMUHUSA Ha 3ANEKTponmn3epax ¢ npeaBapuTenbHO 060-
MOKEHHbIMW aHodamMu (TexHonorus anektponuisa OA);

- TEXHONOMMA NPOM3BOACTBA artOMUHUA Ha 3fEKTPOnmM3epax ¢ camoobXuraroLwmnmMmcs
aHogamu (unn anektponuaepbl Cogepbepra).

OneKTponuaepbl C CaMooBXMralLWMMIMCa aHogaMn pasnuyatroTcs Takke no NpuHLmMny
noasoda Toka K aHoay, ¢ 60KOBbIM M BEPXHUM TOKOMOABOAOM (TEXHOMOrMun anektponusa bT
n BT coOoTBETCTBEHHO).

Ha anektponusepax BT Tokonoasoaswme LWTbIpU yCTaHaBNMBAKOT BePTUKANibHO Ha
BbICOTY, 06ecneymBaloLLyto X 3anekaHme nNpu onyckaHum aHogHoro maccuea. lNpu goctuxke-
HUW HWXKHMM KOHLOM LUTbIPS pacCTOSHUA OT NOAOLBbI aHoAa, onpegensemMoro 6e3onacHbiv
BegeHMeM npouecca (MUMHUManNbHOE pacCTosHME OT WThipd A0 MOAOWBbI aHoda —
He meHee 20 cM), WTbIPpb PacKpy4YMBaeTCsa U U3BEKAeTCa U3 Tena aHoaa.

KaTtogHoe ycTpoucTtBO anektponudepa BT cocTouT n3 ctanbHOro Koxyxa, yrepo-
BAHHOIrO BHYTPWU YrosibHbIMW NOAO0BbIMU BGnokamu n GOKOBbIMM NAUTAMMU, OrHEYNOPHBLIMU W
TENMOM30MNALMOHHBIMM MaTepuanamu. B HWKHIOK YacTb nNogoBbix G6MOKOB nepea ux ycta-
HOBKOW B 3fIEKTPONIM3EP 3anMBatoT YyryHOM CTarlbHble CTEPXHU — BNIOMChI, crnyxalme ans
OTBOZA TOKa OT NoAuHbl. LLBbI Mexay nogoBbiMmn Briokamu 1 nepudepuiiHbin WoB HabueatoT
nogoBOK Maccown.

AHOOHOe yCcTponCTBO arnekTponuaepa BT cocTonT 13 yrofibHOro aHoga, nomeLeHHoro
B CTasflbHOM KOXYX, aHOLHOW LUMHbI N aHOOHbIX LUTbIPEN, CryXXalwmx Ansi NoABECKM aHoAa U
nogeoa Toka. B HMXHen YacTn aHOAHOro KoXyxa Nno ero nepuMeTpy Ha cneunanbHOM nosdce
noaBeLUeH ra3ocOopHbI KOMOKOS, COBPaHHbIN U3 YyryHHbIX NUTbIX cekumi. Konokon nogge-
LUMBAETCS Ha Yronok (Mosic) aHOQHOro KOXyxa U CRy>XUT ra3ocOopHMKOM, coBMparowmnm ms-

noA aHoda cMmech rasoB. Ha pucyHke 2.8 npeacrtaBneHa KOHCTPYKUMA anekTponusepa BT.
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:

b - —

1 — kaToAHble yrosbHble GroKKN; 2 — aHOAHbIN MacCKB;
3 — aHoAHbIV TOKOBEAYLLUIA LITbIPb; 4 —KONOKObHbIN ra30CO0pHUK;

5 — ropernoyHoe ycTpoUCTBO; 6 — aHOAHbIN KOXYX; 7 — aHOAHas WnHa
PucyHok 2.8 — 9nektponusep BT

Ha anektponusepax BT aHogHble rasbl 3BaKyuMpyTCHA C NMOMOLLBLIO CUCTEMbl KOMO-
KOJNIbHOMo ra3ocbopHUKa U ropenioyHoro yctponctaa. KonokosbHbIN ra3ocbopHUK, cobpaHHbIN
N3 YyryHHbIX CEKUMI, KPEMUTCS K MOSICKY aHOOHOrO KOXyXa U repMeTU3npyeTcsi B HXKHEN Ya-
CTW 3acCbINKOW rMnHo3emMa. AHoAHbIE ra3bl cobmnpalrTcs nNoa ra3aocOopHMKOM M Nog n3bbIToY-
HbIM JaBfieHMEM MOCTYNaloT B ropesfiovHble YCTPONCTBA (ANa A0OXKUraHus okcuga yrnepoga u
CMOJSNCTbIX BELLECTB).

PaspaboTkon HOBOM KOHCTPYKUMK anekTponudepoB BT aBnaetca npoekt «Co3sgaHue
9KOSMOrMYeckn NpUemMremMon N KOHKYPEHTHO CNOCOBHON TEXHOMOMMM 3NEeKTPonM3a ¢ aHo4O0M
Copepbepr» (npoekt «3koCoaepbepr»). MNMpoekt «BkoCoaepbepr» BKIYMMA MNPaAKTUYECKN
BECb KOMMMEKC paboT, CBA3aHHbIX C MPOM3BOACTBOM aritOMUHUS, @ UMEHHO:

- TexHonoruno n obopygoBaHme No NPoON3BOACTBY aHOAHOW MaccChl;

- TEXHOMNOMMIO N3rOTOBMEHMS U KOHCTPYKLUMIO KAaTOOHOTO y3na;

- TEXHOSOMMIO aHoAda WM dNeKTponun3a ¢ COBPEMEHHON aBTOMAaTU3MPOBAHHOW CUCTEMOMN
ynpaBreHns cucTteMomn

- KOMMNJIEKC MEPOMNPUSATUIA NO JOXUTY U yAANEHMIO ra3oB OT 3f1IeKTPONun3epa;

- aBTOMAaTM3MPOBaHHbLIE CUCTEMbI MO TPaAHCMOPTUPOBKE WM MUTAHUIO 3NEKTpPONmM3epa

CbIpbEM;
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- MEXaHU3Mbl, YCTPOMCTBA M MHCTPYMEHTbI, UCKMYalLWmue Unm cHmxarwowme OO0
Py4HOro TpyAaa B 06CnyXunBaHun anekTponuaepa.

K HOBbIM TEXHUWYECKMM M TEXHOMOrMYECKUM peLUeHUAM KOHCTPYKUMU anekTponusepa
«QkoCopepbepr» OTHOCATCA:

- ycTponcTtBo anektponusepoB C-8B6M(3) n C-85(3) ¢ HoBbIM 6e3ropenioyHbIM raso-
cBOOpPHbBIM KONOKOSIOM 1 HOBOW CUCTEMOW ra3oyganeHus;

- HOBbI TEXHOMNOTMYECKUA MHCTPYMEHT, CpeacTBa MexaHu3aluuu, HOBble TEXHONOru-
YecKkune NpakTUKM Ans obcny>XMBaHUs AaHHbIX NEKTPONN3EPOB.;

- TEXHONOMMA NPON3BOACTBA U UCMOMNb30BaHNSA aHOOHOW MAacCChl C HU3KUM COAep KaHu-
€M CBA3YIOLLErO.

Ha pucyHke 2.9 npefcraBneHa cuctema rasoyganeHus anektponudepa «3koCoaep-
Oepr».

1 — ra3oc6opHbI KOMOKOJ 3NeKTponn3epa;

2 — cbopHble Kynona cUcTeMbI rasoyaaneHus;
3 — TpyGonpoBoAbl CUCTEMBI YaarneHusi rasos;

4 — npoayBKa CUCTEMbI yAarneHus ra3oB

PucyHok 2.9 — Cuctema rasoyganeHus anektponusepa «dkoConepbepr»

Ha anektponusepax BT KOHCTpyKUMS KaTOAHOrO YCTPOMCTBA CXOXa C KOHCTPYyKUMEWn
cTaHgapTHoro (psagoBoro) anektponusepa BT.

AHOZIHOE YCTPOMCTBO anekTponusepa bT cocTtouT n3 ctanbHOW aHOAHOW paMbl, KOTO-
pas Cc MOMOLLbIO CTanbHbIX KAHATOB M CUCTEMbI MOSIMCNACOB NOABELUMBAETCH Ha MeTanmo-
KOHCTpyKuun. o mepe cropaHus aHoda 1 ero onyckaHus Ans nogaep’kaHusi yCTaHOBNEHHO-

ro MeXaJieKTpoAHOIro pacCTtoAHUA oAHOBPEMEHHO C HMM ONyCKaeTCA aHOOHaA pama. Toko-
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BeOyLLUMMKN ABNAOTCA ABa HWXKHUX psiga wTblpern. OHM noaknovaTcs K aHOAHOW OLLUMHOBKE
C NOMOLLbIO MeHbIX Unn (Yalle) antoMUHNEBBIX crnyckoB. CTanbHble TOKOBeAyLMe aHoHbIe
WTblipn 3abmBatoTCcs NOA onpenerieHHbIM YoM B GOKOBbIE MOBEPXHOCTM aHOAHOMO Maccusa
B BEPXHMX 30HaX, rae elle He NpoLunn MpoLecchbl CnekaHus aHoda, U Nno mMepe CropaHus
aHoda nepemMeLLatnTcsl BMECTE C aHOAOM B HUXKHME, Bonee ropsiune 30HbI, rae crnekarTcs co
CKOKCOBAaBLUMMCSl MaCCUBOM U MpU OOCTUMXEHUN ornpeaerieHHbIX TeMnepaTyp BOCMNPUHUMAKOT
TOKOBYIO Harpy3ky. Korga CTaHOBMTCS BEPOSATHbIM BbIXOA HWXKHEro KOHUa LWTbIpS M3 Tena
aHoda M KOHTaKT C 3NeKTPonuTOM, LWTbipb M3BMEKaeTcs u3 Tena aHoga wm 3abuBaeTtcsa B
BEPXHUI FTOPU3OHT. AnekTponumaepbl BT cHabxeHbl yKpbITUEM Ansi cbopa BpeLHbIX BELLECTB,
BbIOENSAIOLWMXCSH NPU 3neKkTponmse. YKpbITUe MOHTUPYETCH Ha Kapkace 1 UMeeT BBepXy raso-
cOOpHbIN KONMak 1 WTopbl (HaBUBHbIE, CTBOpPYaTbIe U Ap.), 3aKpbiBatoLLiMe BOKOBbIE CTOPOHbI
anekTponusepa.

[Mo-pa3HOMy OCyLLECTBSETCA U 3BaKyauusi aHOOHbIX rasoB, obpasyowmxca B npo-
Lecce anekTponun3a Ha anekTponuaepax pasHbix TMNoB. Ha anektponusepax BT Bce ycTpou-
CTBO, OrpaHMYeHHOE KOPKOW 3nekTponuTa n GOKOBbIMM NMOBEPXHOCTAMU aHOAA, NEPEKPHLITO
LUTOPHbIMU YKPbITUAMU. AHOAHbIE ra3bl, COAEpPKaLLME rOPHYNIN OKCUA yrnepoaa, BolaenstoT-
Csl Yepes cneumanbHO ycTpanBaemMble OTBEPCTUSA B KOPKE 3MEKTPONNTa «OroHbKu». [pun aTom
roproyne KOMMOHEHTbI aHOLHOrO rasa cropatT, a NPOAYKTbl FOPeHNs yaansiTcsa ¢ oTcachl-
BaeMOW OT 3MeKTponuaepa ra3oBo3ayLUHON CMEChHIHO.

Ha pucyHke 2.10 npencTtaBneHa KOHCTPYKUus anektponunsepa bT.
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1 — kaToaHble yronbHble 6110KN; 2 — aHOA4HbIN MacCuB,
3 — aHOAHbIN TOKOBEAYLUUN WThIPb; 4 — aHOAHAasA WWHA;
5 — MexaHu3Mm nogbema LWTop; 6 — MexaHU3M rnepemMeLlleHns aHoaa;

7 — WwTOpHOE YKpbITHE; 8 — naTpybok oTCcoca rasos
PucyHok 2.10 — OnekTponusep bT

Onektponuaepbl OA OTAMYAKOTCS OT PaCCMOTPEHHbIX Bbilwe anekTponuaepos BT n BT
KOHCTpyKUmnen aHogHoro yctpounctea. ObblyHO anekTponusepbl OA MMET MHOrob6mnoYHbIN
aHOOHbIN MaccuB. Yncno aHoOHbIX BIIOKOB 3aBUCUT OT UX Pa3MepOB.

AHogamu cnyxaT popMMpOBaHHbIE Y MPECCOBaHHbIE YrofibHble BMoKK, 060XOKEHHbIE
B nMeyax npu koHe4Hon Temnepatype 1100 °C — 1200 °C. MNocne obxura aHoA0B B HUX MOH-
TUPYIOTCA aHoAdo4epXaTenu, B KOMMMNEKTe C KOTOPbIMU OHW MOCTAaBMIAKTCA B KOPMyC 3nek-
Tponuaa. AHOAbl MPUCOEOVHSAIOTCA K aHOOHbIM LWMHaM C MOMOLLbIO aHoAodepXaTeren,
artoMMHMEBAS LUTaHra KOTOPbIX NPWXUMAaETCs creumanbHbIM 3aXUMOM K LLIMHE, a cTanbHas
(HUNNenu) 3akpennsaeTca B HAMNENbHbIX rHe3gax 6noka ¢ NOMOLLBIO YYryHHOW 3anusku. [ns
nepemMeLLeHnsa aHo4HOro Maccuea Ha dneKkTponm3epe MMeeTcd NogbeMHbIN MeXaHU3M.

YkpbiTve anektponusepa OA npegHasHavyeHo ansa cbopa v yaaneHns obpasyomxcs
BpeaHbIX BellecTB. [a3bl HanNpaBnslTCA Ha yraBfvMBaHWE LEHHbIX KOMMNOHEHTOB U pereHe-

pauuto ptopcornen. Ha pucyHke 2.11 npeacraBneHa KOHCTpyKums anektponusepa OA.
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1 — aHogHas wuHa; 2 — kaTogHoe ycTponcteo; 3 — OA;

4 — aHopHble WTaHrn; 5 — aHogHas pama; 6 — CTBOPKM YKPbITUS

PucyHok 2.11 — Anektponusep OA
2.4 JlntTenHoe Npon3BOACTBO

OCHOBHOE Ha3HayeHue NUTEWNHBbIX LEeXOB antoMUHMEBbLIX 3aBOAOB — MPUEM antoMu-
HUSI-CbipLIa U3 KOPMYCOB 3MeKTposn3a, ero nepepaboTka 1 BbiMyCK TOBAPHOW NPOAYKLUMN.

JInTenHble oTaeneHns BXoaaT B COCTaB BCEX AENCTBYOLWMNX antoMUHMEBbLIX 3aBOJ0B U
BbIMYCKalOT antoMWHUEBbIE YYLLKM pasHbiX TUMNOpasMepoB, nrnockue, T-obpasHble U UUNuH-
APUYEcKne CrnUTKW, KaTaHKy, antoMUHUEBbIE CrlaBbl pasHbiX Mapok.

CxeMa TeXHONOrM4Yeckoro npouecca Npou3BOACTBA antoMUHMEBON NPOAYKUMKN Npeay-
CMaTpuBaeT ONpeaerneHHyo nocneaoBaTenbHOCTb. XKUAKUIA antoMUHUA-CLIPEL, N3 KOPMYCOB
3MNeKTPOoNMn3a NocTynaeT B NIMTENHBIN LieX B cneluanbHbIX KOBLIAX U 3anMBaeTCsl B MUKCEPb,
roe npoucxXoauT NpUroToBneHue pacnnasa. [Ans aoBeoeHUs pacnnasa B MUMKCepe A0 3aaaH-
HOrO XMMWYECKOro cocTaBa NPOBOAATCHA onepauun rocoBaHNS, OTCTOS M CHATUSA LUNaka.
3atem MeTann noctynaeT B pa3daToOYHbI MUKCEP, M3 KOTOPOro NpOoBOAUTCS pasfvBKa pac-
nnaea Ha NUTENHY MalUWHY AN NUTbS COOTBETCTBYHOLLErO BUAA antOMUHMEBOW NPOAYK-
umn. FoToBas K OTrpy3ke NoTpedbuTensam anioMnHMeBas NPOAYKUMUS HakannmBaeTcs Ha ckna-
Aax, rae GopMmUpYTCS TPaHCNOPTHbIE NaPTUMN.

OcHoBHOe TexHomnornyeckoe obopyagoBaHue, UCMoNb3yeMoe Mnpu NoNyYeHUn antoMmm-

HMEeBOW NPOAYKLUUK, U ero onncaHue npmeeaeHo B Tabnuuax 2.14-2.15.
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Tabnuua 2.14 — OnncaHne TeXHOMNOrM4YEeCKoro npouecca

OCHOBHOE TEXHO-
OT1an npouecca
BxoaHoi noTok BbIxogHOM NOTOK | noruyeckoe 060- AmMunceuu
(nognpouecc)
pyaoBaHue
AntoMuHuR- [MpurotoBneHue Pacnnas Mukcep MbinNb HeopraHm-
cbipeul, driockl pacnnasa 3a- yeckasi B aTMO-
OAaHHOro XMMun- chepy. Wnak
4YecKoro coctasa anioMuHUa —
TBEpPAbIN OTXOA
Ha nepepaboTky
Pacnnas Mopaya pacnna- Pacnnas Mwukcep MbiNb HeopraHu-
Ba Yyeckasa B aTMo-
cepy
Pacnnas JIntbe pacnnasa | AnioMunHueBas JIntennaa ma- | lNbinb HeopraHu-
npoayKuma LWnHa Yyeckasa B aTMO-
cdepy

Tabnuua 2.15 — OcHoBHOe obopyaoBaHue

AepXxaHue ero 3afgaHHon Temnepa-
Typbl, Nogaya pacnnaea Ha nuTen-

HYIO MaLLVHY

HavmeHoBaHwue

HasHauyeHune obopynosaHus TexHonornyeckne xapakTrepucTukn
obopyaoBaHus
Mukcepbl MpuroToBneHne pacnnaea, noA-|JneKTpudyeckne  oTpaxaresnbHble

neun. EmkocTb MukcepoB — 15—
60 1. Bpema 3zanuBkn — go 1,5 u.
[loBegeHne pacnnaea 00 3agaHHO-
ro XMMn4eckoro coctaea — 4o 1 u.
dnirocoBaHMe, OTCTON, CHATME WNa-

Ka—pagolwy

ITutenHaa ma-

LLINHAa

dukcauma  NUTEMHOM  OCHACTKW,

dopmoobpasoBaHMe NNTbs

ObopygoBaHa nynbTamu ynpasre-

HMA  OCHOBHbIMW  MapameTpammu
(TemnepaTypa MeTanna, CKOpPOCTb
nNuTbS, AaBneHne B cMCTEME U pac-
Xo4 oxnaxpgawowien sogpbl). oaro-
TOBKA IMTENHOM OCHACTKM K nu-
Tbto — A0 1 4. OTnuBKa CrNMTKOB —

B cpeaHem 1,154
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2.5 OCHOBHble MepPONPUATUA NO CHUXKEHUIO pacxoaa CbipbA U

3MeKTPO3Heprum

OCHOBHbIE NYTU CHWXEHUSA pacxoda rMMHO3eMa — CHUXXKEHWE MOTepb NMpu TpaHcnop-
TUPOBKE W 3arpy3ke B 9NeKTponm3epbl U NoBbieHWe ero kadyectBa. OT kayecTBa rmmHo3ema
3aBUCUT He TONbKO COPTHOCTb MONy4aeMoro artoMUHUA, HO U ero pacxof, Tak Kak rmnuHo3emM
COOEPXUT pasHOe KONMUYECTBO MENKUX opakumin, 3Ha4MTeNnbHasa 4YacTb KOTOPbIX yreTy4ymBa-
eTCa Npu TpaHCNOPTUPOBKE M 00paboTke BaHH. 3aMETHbIM pPe3epBOM CHUXXEHWUSA pacxona
rMMHO3eMa SBMSEeTCA NPpMMEHeHMe NblneybopoUHbIX MalUMH B KOprycax aNekTponusa, a Tak-
Xe nepepaboTka nbinn, cObpaHHOW C KPOBMM KOPNYCOB; OAHAaKO OTCYTCTBME y4YeTa pacxoja
Nno Koprycam 3MneKTporiM3a He CTUMYNUPYeT CHWXeHue ero pacxopa. [NpumeHeHue ueHTpa-
nn3oBaHHOW pa3gayum rnnHo3dema (L|PIN) B covyeTaHmum ¢ aBToMaTn4eckon nogadven rnmHosema
(AN B anekTponuaep NO3BOSNIUT PE3KO CHU3UTb €ro pacxod W, Kpome Toro, ctabunmampys
KOHLUEHTpauMo rMMHO3eMa B 3MEKTPONUTE, CHU3UT 3NEKTPOCONPOTUBIIEHME, pacXon Jnek-
TPO3HEPIUM U, Kak crneacTene, cebecToMmocTb antoMUHUA.

K ogHMM 13 BaXXHbIX HanpasfieHu NPoM3BOACTBa aHOO40B M aHOAHOW Macchl crnenyet
OTHECTU NoABOop HaMOMHUTENSA U CBA3YIOLWEro. Tak, KOKCbl C Bonee HU3KNUM cogepxaHnem
cepbl NpU Npokarnke Kokca n obxure aHogoB OyayT BblOENSATb MEHbLUEE KOSIMYECTBO ONOKCU-
Aa cepbl B aTMocdepy. MHorve rogbl B 35IEKTPOAHON MPOMBILLSNIEHHOCTU AenarTCa NOnbITKN
BHEOPUTb NeKW, NoslyYeHHble Ha OCHOBE HedTenpoayKToB (TAXerblX HeTSAHbIX OCTaTKOB,
CMOM NNPOSIM3a, KPEKMHI-OCTATKOB M Ap.). [JaHHble NeKn MMEKT NpPakTUYeCKn HeOrpaHUYeH-
Hble CbipbeBble PecypcChbl ANd UX NPOM3BOACTBA U CoAepXaT HU3KYIO KOHLEHTpaunio CMosu-
CTbIX BellecTB. [pyruMmu BaxKHbIMU MEPONPUATUAMU ABISIOTCA NogaepXaHue Temnepartypsbl
3MeKTponmn3a Ha MMHUManbLHO JOMYCTUMOM YPOBHE U HeJonyleHne NpoTeKoB Neka n Macc B
npouecce aKcnryaTaunum BaHHbI.

K OCHOBHbIM MEpPOMNPUATUAM, HanpaBfeHHbIM Ha CHWXEHWe pacxoga topugos, cne-
AyeT OTHeCTU:

- NOBbILIEHME Ka4yeCTBa Chbipbs;

- YBENMYEHME CpoKa CrnyXbbl KaTogHOro YCTPOMCTBA, TaK Kak 3HauyuTernbHasi 4YacTb
dpTOpa TepseTcs ¢ oTpaboTaHHOM YrofibHOM (PyTEPOBKOM 3MEKTponn3epoB. imeeTcss NpuH-
uunuanbHasi BO3MOXHOCTb W3BMNeYeHMs M3 oTpaboTaHHOW YrofibHOW OYyTEPOBKM LEHHbIX
KOMMNOHEHTOB (rnmMHo3eMa, (oTopuaos, yrnepoaa), 04HaKo Cnocobbl M3BMEYEHNS B HACTOS-
Lee BpeMs SKOHOMUYECKN HEIIEKTUBHDI;

- CHWXKEHME CbeMa YrofibHOW MeHbl, cogepXxaHme dptopa B KoTopon gocturaet 29 % —
31 %;
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- COBEpLUEHCTBOBaHME cnocoba KOpPEKTUPOBKM 3MEKTPONNUTA;

- CHUXXEHMe TeMnepartypbl SNeKTposnmTa.

OCHOBHbIMM NYTAMU CHWXXEHNSA NOTPEONEeHNA SNEKTPOIHEPIUM ABMAIOTCS:

- NOBbILLEHME BbIXO4a MO TOKY. YBenMYyeHue Bbixoda Nno ToKy Ha 1 % Bbli3blBAET CHU-
XeHune pacxona anekTpoaHeprmn ~150 kBT-4/T Al, nnn 6onee 4em Ha 1 %. OCHOBHbLIM Cpes-
CTBOM MOBbILLEHUS BbIXO4a MO TOKY ABMNAETCA BHeAPEeHUe aBTOMaTU4eCKOW CUCTEMbI yrnpaB-
neHunsa TexHonormnyecknm npoueccom (ACYTIT), ocobeHHO Ha BaHHax OONbLUOW MOLLHOCTM.
[Monyy4nTb BbICOKUIM BbIXOL MO TOKY, OCOBGEHHO Ha MOLLHbIX 3MEKTPONM3epax, HEBO3MOXHO
0e3 paumoHanbHOM KOHCTPYKUMM OLUMHOBKW 3NeKTponM3epoB, obecneunsarolien paumo-
HarbHY KOHUrypauuo MarHUTHOrO NOSSt U CHUXAaKLWeEN HeraTMBHble NOCNeACTBUS 3rek-
TPOMarHUTHbLIX CUS, BO3HUKAKLWNX B pacnnase, NpUBOASALUNX K €ro LMPKYNAUMM U OKUCHe-
HUIO HapaboTaHHOro antOMUHUS;

- CHMXXEHME 40 ONTUMAarbHbIX 3HaYeHMI paboyero HanNpsXXeHUs!, Tak Kak pacxopn aHep-
MK NPsIMO NPOonopUMoHarneH ero BenmymHe. JTo AOCTUraeTcq 3a cHeT MUHUMU3aLUnn nNoTepb
HanNps>KeHUs1 Ha BCexX TOKOBEeOYLUMX YacTAX, BKIIOYAs U SNEKTPONUT, a TakKe CHUXeHue Ya-
CTOTbl U NPOAOITKUTESNTBHOCTU aHOAHbIX 3P EKTOB;

- NpaBuUnbHasa AKcnyaTauns NPUTOYHON BEHTUNALMN N ANIEMEHTOB a3dpauMOHHbIX ¢O-
Hapeun No3BONSIET CHU3UTb pacxo CUIOBOW SHEPrnn, NOCKOSbKY yBenuyeHne Temnepartypsbl
OLUMHOBKM NPUBOOUT K YBENNYEHUIO NOTEPb SHEPTUN B HEN.

CobnogeHne TEXHOMOrMYeCcKon UCUUNIIMHBIL, NogaepXXaHne onTuMarnbHbIX NapameT-
pPOB MPOLECCOB MPON3BOACTBA TaKKe SIBMSKOTCA BaXXHbIMW HarnpasfeHUaMU, CNOCOOCTBYO-
LWMMU CHUXKEHUIO pacxoda Cbipbs U 3MNEKTPOSHEPrnn U HedonyLweHUo BO3MOXHOCTU aBa-

PUNHBIX BbIOPOCOB.
2.6 Cuctema aKonorm4eckoro MeHea)XxMeHTa

Cuctema 9KOSOrMYECKOr0 MEHEOKMEHTa SIBMSIETCSA HEOTbEMSIEMOM 4acTbio 0bLien
CUCTEMbI ynpaBrieHUss arMmoMUHUEBBIMU U TMIMHO3EMHBIMU NPeanpuUaTUSMU. Ee OCHOBHbIMU
LensMm aBnsTCS:

- naeHTudmKauus n oueHKa 3Ha4YMMOCTU 3KONOMMYECKNX acnekToB 1 PUCKOB Npeanpu-
ATUM Ha BCeX 3Tanax NPOU3BOACTBEHHOMO LMKNa — OT 3aKyMKK Cbipbs 4O peanu3auumn roto-
BOW nNpoayKuuu,

- MOCTaHOBKA 3KOJTIOrMYECKMX Lienen n nokasartenen appeKkTnBHoOCTH, pa3paboTka me-
PONPUATUIA U NPOrpamMMm, HaNpaBNEHHbIX Ha yIyYLleHne 3KONTOrMYeckmx nokasaTenemu;

- onpegeneHne oTBETCTBEHHOCTW, NpoLeayp U PECYPCOB MO ynpaBfiEHUIO 3KONornye-
CKMMM acneKkTamn n puckamu;
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- onpegeneHne MeToLoB NPOBEPOK, MOHUTOPUHIA, NU3MEPEHMS U aHann3a Asis OLEHKM
AOCTUXKEHUS pe3ynbTaToB M OLEHKEe COOTBETCTBUA TpeboBaHNSAM 3KOSOrMYEeCKOro 3akoHoaa-
TenbcTBa U 0OOGPOBONbHLIX 06S3aTENLCTB.

Cuctema 3KOSOrMYECKOro MeHeAKMEHTa CTPOUTCA Ha OCHOBE MEXAYyHapOAHOro
craHpapta ISO 14001.

2.7 Mpoun3BoACTBEHHbLIN 3KONMOrM4YeCKNM KOHTPOIb

lMponsBoacTBeHHbIN 3Kkonormyecku koHTporb (IM3K) ocyulecTBnseTca Ha ocHOBaHUU
Mporpammbl NPON3BOACTBEHHOIO 3KOSIOrMYECKOro KOHTPONA.

Mporpamma M3K BkNtovaeT cnegyolime cBeaeHns:

- 06 nHBeHTapusauumn BeibpocoB 3B B atMocdepHbI BO3AYX U UX MCTOYHUKOB;

- 06 nHBeHTapusaumm cbpocos 3B B OkpyxatoLLyo cpeay U NX UCTOYHWUKOB;

- 00 MHBEHTapm3aumMm oTXo040B NPOU3BOACTBA N NOTPebneHns n 06bLEKTOB UX pa3me-
LEeHus:;

- 0 nogpasgeneHnsx n (Mnu) OOMKHOCTHBIX Nuuax, OTBEYalLWmX 3a OCYLLEeCTBIEHNE
NPOUN3BOACTBEHHOIO 3KONOrMYECKOro KOHTPONS;

- 0 COBCTBEHHbIX M (UNN) NpUBREKAaeMbIX UCNbITaTeNbHbIX NabopaTopusix (LUeHTpax),
aKKpeAUTOBaHHbIX B COOTBETCTBMM C 3akoHodaTenbCcTBOM Poccurickon Pepepaumm ob ak-
Kpeautauum B HauMOHaNbHON CUCTEME aKKpeauTauuu;

- 0 NEPUOONYHOCTU U MeTodax OCYLLECTBIIEHUS NPOU3BOACTBEHHOIO 3KOSIOMMYECKOro
KOHTpOnsi, MecTax oTbopa npob n metoaunkax (Metoaax) N3MepeHui.

MpOM3BOACTBEHHbIN 3KOMNOMMYECKN KOHTPOSb BbIOPOCOB, COPOCOB 3arpsA3HSOLLINX
BELLECTB NPOM3BOAMTCS B OTHOLLUEHUWN 3arpsA3HSOLLMX BELLECTB, XapaKTepusyoLwmx npume-
HAEeMble TEXHONOrMM n 0CoBEeHHOCTU MPOM3BOACTBEHHOrO npouecca Ha obbekTe, Oka3biBa-
oLeM HeraTMBHOE BO3OENCTBME HA OKpYXKatoLLyto cpefy (MapKepHble BELLLECTBA).

Mpw opranHusaumm MN3K yunTbiBalOTCSA peKOMeHOauUnn:

- TOCT P 56059—2014 Npon3BoACTBEHHbIA 3KOOrMYECKMI MOHUTOPUHT. OBLmne no-
NOXeHNs;

-TOCT P 56061—2014 Mpon3BOACTBEHHbIN 3KONOrMYECKUI KOHTPOIb. TpeboBaHus K
nporpaMmme nNpoM3BOACTBEHHOIO 3KOSIOMMYECKOrO KOHTPOSS;

- TOCT P 56062—2014 Mpon3BOACTBEHHbIA 3KONOMMYECKUA KOHTponb. ObLwue nosno-

XEeHUnA.
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Pazpgen 3. Tekywme ypoBHM NOTpeGrIeHUsa 1 aMuccum B

OKpYyXamlLuyr cpeay
3.1 NMpousBoacTBO rMMHO3eMa

3.1.1 Pacxopf cbipbsi, MaTepuanoB U 35IeKTPO3HEeprum

Pacxog cbipbsi Ha 1 T rmMHO3eMa 1, Kak crneacTene, Konm4yecTBo BbIOpOCcoB, COPOCOB U
06pasyoLmxca 0OTX040B 3aBUCUT OT MPUMEHSEMOW TEXHOMOMMM NPOM3BOACTBA.

[Mpn aTOM yaenbHble ypoBHM NOTpebneHns CbipbeBbIX Matepmanos (Tonnuea, Bogbl U
3MEKTPO3HEPIUN) MUHUMANbHbLI ANA npouecca barepa 1 MakcnmanbHbl Anst TEXHONOMMKN ne-
pepaboTkn HedennHoB Ha rnmHo3eM. [pumeHsiembin B Poccuinckon depepauum cnocod
Banep-cnekaHua (napannenbHbii BapuaHT) 3aHUMAaET MO YPOBHIO NOTPeOneHns npomexy-
TOYHOe nonoxeHue. B Tabnuue 3.1 npeactaBneHbl JOCTUTHYThIE yAeSbHbIE pacxogHble Mno-
Kasatenu no cblpblo, NoTpebnsaemMomMmy B NpOM3BOACTBE IMIMHO3EMA MO TEXHONOrMAM, npume-

HseMbiM B Poccuinckon ®epepaunu.

Tabnuua 3.1 — Pacxoa cbipbs, MaTepuarnoB 1 3HEPropecypcoB

Pacxong Ha 1 T rmmHo3ema
EaonHnua
HaumeHoBaHue banep-cnekaHne (na- | NepepaboTka Hedenu-
n3mepeHus

panneanbM BapVIaHT) HOB
Bokent T 2,54-2,74 —
HedenuH T — 4,0-5,0
N3BecTHSAK, HaTypanbHbIN T 0,009-0,05 6,0-8,0
KaycTuk (coga), no Na,COs3 T 0,11-0,16 -
TexHonornyeckoe TonnmMBo TYy.T. 0,205-0,286 1,25-1,50
Tennoas aHeprunga lkan 2,90-4,0 1,25-1,35
OnNeKTpoaHeprms TbiC. KBT Y 0,35-0,40 1,0-1,1

Uem Bbile cogepkaHne okcuaa antoMuHus B cbipbe (bokecnte, HedbenuHe), TEM HUXKe
yaernbHbIN pacxogHbl KoadduumeHT. nsa 3aBogos B Poccuinckon ®enepauum, UCrnonb3y-
IoWKMX napanneneHbin cnocob banep-cnekaHus, obwum pacxoq 6okecuta (MM nx cmecu) 3a-
BUCUT OT JONM KaXX40W BETBU B CYMMAaPHON MOLLHOCTUM NpeanpuaTnsa no rnnHo3emy.

YaenbHbI pacxoa M3BecCTHAKa (nepepaboTka cnekaHnem) 3aBUCUT OT COoAepXKaHust
KpemMHe3ema 1 okcmaa kanbuusa B 6okcuTe (HedenvHe): A03npoBKa M3BECTHSIKA OOJMKHA CO-

OTBETCTBOBATb MOJIEKYNAPHOMY COOTHOLUEHUKO OKCMAOOB KalbuuMA U KpeéMHe3emMa B LUNXTE,
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paBHOMY 2. B HedennHOBYH LUMXTY ANS OCTUXKEHMUS LLENIOMHOro MOAyINs, paBHOro 1, npwm
Heob6XoaMMOCTM MOXET BBOAUTLCA 0OOPOTHLIN COO0BbLIN PacTBOP.

B npoussoacTBe rmuHo3ema n3 HedernvHa OCHOBHaAsA 4YacTb pacTBopa yrnapuBaeTcs B
HEeCKOJIbKO CTaaun 00 NOSTHOro pasfenbHoro BblaeneHns coabl U cynedarta kanusa. Hedenu-
HOBbIN NN BeNUTOBbLIN Wam (Mocne OTMbIBKM) ABASETCA OTXOA0M NPOM3BOACTBA NMHO3€e-
Ma M3 HedenmHOB. TEeXHOMormen KOMNIeKCHoN nepepaboTkn HedheNMHOBOIO Cbipbsa Npeay-
cCMaTpuBaeTCs ero UCnosfb30BaHME Kak OCHOBHOMO KOMMOHEHTa LWMXTbl AN NpOu3BOACTBA
LEMEHTHOrO KMMHKepa, YTO CyLeCTBEHHO COoKpallaeT cebeCcToMMOCTb HE TONbKO MMMHO3EeMa,

HO 1 LemeHTa (Tabnuua 3.2).

Tabnuua 3.2 — Bbixog NoGOYHbIX NPOSYKTOB

Bbixoa Ha 1 T rmnHo3ema
EaonHnua
HanmeHoBaHue MNepepaboTka Hedenu-
N3MepeHns Banep-cnekaHne

HOB
Copa T — 0,475
Cynbgpat kanua T — 0,049
nam* T 1,61 8,1

Mpon3BoacTBO rMUHO3eMa u3 HedbenmHoB TpebyeT Hanbonee BbICOKMX PAacXodoB Cbl-
pbsa N aHepropecypcos. Ero npumeHeHne B Poccuiickon ®egepauum BbI3BaHO OTCYTCTBUMEM
3anacoB Ka4yeCTBEHHbIX OTEeYEeCTBEHHbIX BOKCUTOB U LienecoobpasHO TONbKO NpU Hanu4uu
AeLLeBON 3NEKTPOIHEPTNN U TONNNBA, HU3KMX TPAHCNOPTHbLIX pacxodax Ha NepeBo3Ky Cblipbs

1 rOTOBOro NPOAYKTa U Npy YyCAOBUM KOMMIIEKCHOIO UCMOSb30BaHWS ChipbS.
3.1.2 XapakTepMcTMKa aMmccumn

3arpasHsaowmMMy BelecTBaMy B NPOU3BOACTBE MMMHO3EMa ABNAIOTCS TBepable Be-
wecrtBa (TexHonormyeckas nbifb), WeENoYHble Napbl B MMaPOXMMUYECKMX MpoLeccax, Bpea-
Hble rasbl, obpasyoLmeca Npyu CKUraHMM TONNnBa, a Takke NPOU3BOACTBEHHbIE OTXOAbl —
KpacHbl (nepepaboTtka 60KCUTOB) M HehennHoBLIN (NepepaboTka HedhennHOB) Wwnambl. Ko-
NMYECTBO LUfaMa HanpsMyto 3aBUCUT OT Ka4yecTBa MCXOAHOrO Cbipbs. YUMTbIBast 3HAYMTESb-
Hble 06beMbl LWrama, BONPOC ero yTunusaumm aBnseTca BecbMa BaxHbIM. M ecnn Hedhenu-

HOBbIN LWam MCnoJyib3yeTcd B CTpOVITGJ'IbHOVI oTpaciun, To OCHOBHbIM METOAOM YyTUINN3aunn

* B nponsBoacTBe rMUHO3emMa 13 HedenuHoB LWnam YacTuyHo (4o 30 %) ucnonb3ayeTcsa B Npo-

M3BOACTBE LleMEHTa.
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KpacHOro Lunama siBfsieTca ero ckragmpoBaHne B MecTtax pasmeLleHns Npon3BoLCTBEHHbIX
OTXOAOB.

TexHonornyeckasa nbiflb — TOHKME YacTuubl nepepabatbiBaemMoro chipbs (bokcuta,
Hed)envHa, U3BECTHSKA) N NOoslyYaeMbiX NPOAYKTOB U MOMYyNPOAYKTOB MMIMHO3EMHOro Npous-
BoACTBa (crneka, M3BeCTW, rMOpokcuaa antoMUHUS U MnHo3eMa). VICTOYHMKM BblgeneHuns
3B — TexHonornyeckue annapaTbl (Cknagpl), B KOTOPbIX OcyulecTBnaetca nepepaboTka,
TPaHCMOPTUPOBKA (XpaHEHME) Cbipba M NOMYNPOAYKTOB, YNakoBKa M TPaHCMOPTUPOBKA Npo-
aykumn. ictouHnkmn BoibpocoB 3B — opraHu3oBaHHble (ObIMOBbIE TPYObl, CBEYM) U Heopra-
HN30BaHHble (OTKPbITbIE CKNagbl, AOPOrK, rPy30BOM TpaHCNopT M Ap.). C uenbio CHUXEeHUN
HeopraHn3oBaHHbIX BbIOPOCOB TpaHCMOPTEPbI U 3neBaTopbl, NpegHa3HaYeHHbIe NS TpaHc-
NOPTUPOBKN MbINSAWEro Marepuana, KOHCTPYMPYKTCA KaK 3akpblTble CMCTEMbl. [aHHble no
yaenbHbIM Bblbpocam B aTtMocepy OCHOBHbIX 3B n o6bemam obpasoBaHMsi OTXOAOB MNpo-

N3BOACTBA MUHO3eMa NpmBeaeHsbl B Tabnmuax 3.3-3.4.
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Tabnuua 3.3 — BbIbpochl 3arpsasHAOLWLMX BELECTB B aTMocdepy

Hanwnune/otcyTtcTBume B ne-

peydHe 3B, noanexatimnx

HeopraHuyeckas ¢
cogepxaHnem
SiO; Huxe 20 %)

- ckpy66epos;

- nevYen cnekaHus

CKpyb6epbl, pykaBHble
UNbTPbI U LUKITOHbI
(KN4 — 85 % — 99,5 %)

HameHoBakMe Kon rocperynupoBaHuto Eonnnua CToNHMH BbIGPOCa MeTop oumcTku, noBTopHoro | KoHueHTpauus 3B
3B° (pacnopsikerue Npasu- n3mepeHus ncnonb3oBaHuA nocrie O4nCTKU
TenbctBa P® Ne 1316-p
ot 08.07.2015)
Banep-cnekaHue

AntomuHun okeng | 101 OtcytcTBHe MI/HM® ObimoBbie TpyObl: OneKkTpounbTPLI, py- 100-200
(B nepecyeTe Ha - MeYn KanbumHa- | KaBHble (PUNbTPbI, LIUK-

antoMUHUI) Luu, nowbl (KN4 99,7-99,9)

- CBEYM CUINOCOB
rmmHo3ema
Mbinb cneka (nbinb | 2909 Hannune MI/HM® [biMoBbIE TPYyObI: AnekTpodunbTPLI, 200

®> 3pgech 1 ganee — Kof 3arpAsHSIOLLEro BeLlecTBa cornacHo «epeyHio n KogaMm BelecTB, 3arpsAsHALWMX aTMocdepHbii Boayx» (HAW

Atmocdepa, HAN Skonornm yenoseka n rurneHbl okpyxatowen cpeabl M. A. W. CboicnHa, Poccuinckunin rocyaapCTBEHHbIN MEANLMHCKUIA YHUBEPCU-

TeT, dupma «HTerpan»).
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Hanu4yne/otcyTtcTBue B ne-

peydHe 3B, nognexatiunx

Kon rocperynupoBaHuio EavHnuya MeTtog ounctku, noetopHoro | KoHueHTpauua 3B
HanmeHoBaHue McTouHmkm Boibpoca
3B° (pacnopspkeHue MNpasu- N3MepeHus MCMoNb30BaHUSA nocrne O4YnUCTKN
TenbctBa P® Ne 1316-p
ot 08.07.2015)
MapHuKkoBbIE radbl | — OrtcyTcTBHE T CO,akB/T | dbiMOBbIE TPYObI: Bes ouncTtkm 1,4-2,3
rmMHo3emMa | - neyeun KanbuuHa-
Lunu;
- neyen cnekaHus
CnekaHvne HedrennHOB
AntomunHun okeng | 101 OtcyTcTBHEe Mr/HM® [bimoBbIe Tpybbl: | dnekTpodunbTpbl, Py- 150-200

(B nepec4yeTe Ha

antoMUHUN)

- NeYn KanbuuHa-
Luu,
- CBE€4M CMNOCOoB

rmnHo3ema

KaBHble uUnbTpbIl, LInMK-
noHsl (KN4 — 95 % —
98 %), pykaBHble punb-
TPbl UMW LMKIOHBbI
(KN4 — 85 % — 99,5 %)
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Hanu4yne/otcyTtcTBue B ne-

peydHe 3B, nognexatiunx

HauMeHOBaHIS Kog rocperynupoBaHuio EaovHnua VCTOuM MM BbIBPOC MeToa ounctkun, nosTopHoro | KoHueHTpauus 3B
3B° (pacnopsikeHue MNpasu- n3mMepeHus 1CNonb3oBaHNs nocne OYNCTKM
TenbctBa P® Ne 1316-p
ot 08.07.2015)
MbiNb HeopraHu- 2909 Hannune MI/HM® ObimoBble TpyObl: AnNeKkTpoUnbTPLI 200
yeckas ¢ cogep- - nevemn; (Krng —99,7 % —
»XaHuem SiO, HMKe - XONOAUINbHUKOB 99,8 %), UMKIOHbI
20 % crnekaHus (KMng — 95 % — 98 %),
pyKaBHble PUIbTPbI UK
yuknoHsl (KMo —
85 % — 99,5 %)
MapHuKkoBbIE radbl | — OrtcyTcTBHE T CO,akB/T | dbiMOBbIE TPYObI: Bes ouncTtkm 8,2-10,5
rmMHO3ema | - nevyemn KanbLmHa-

umn,

- nevyen cnekaHus
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Tabnuua 3.4 — OTxoabl Npon3BoACTBa

E,EI,VIHVILI,a 06pasoBaHV|e OTXO- MeTO,EI, O4YNCTKK, MOBTOPHOIo Pa3memeHme OTXO-
HanmeHoBaHue NcTouHmkn obpasoBaHus
n3MepeHuA aooB MCNoJsib30BaHUA aoB
KpacHbIn wnam T/T rMMHO3eMa 1,52-1,70 O6pasyeTtca npu Bbiwe- | [locne npoMbiBKM BOAOM 1,52-1,70
naymsaHumn GOKCUTOB B TpaHcnopTupyeTcs Ha
BeTBM banepa u cneka B XpaHeHue
crnekaTensHon BeTBU
HedenuHosbin T/T rMMHO3emMa 7,5-8,7 O6pasyeTtca npu Bbiwe- | [locne npoMbiBKM BOAOM 0-8,7

(6enutoBbIN)

nam

NavynBaHUK creka

TpaHCMnopTMpyeTcs Ha
XpaHeHue Unv B Npous-

BOJACTBO LieMeHTa




3.2 NMpon3BoacTBoO aHOAOB U aHOAHOM MacChl

Mpon3BoacTBO aHOAOB U aHOOHOM MaccChl HA anMWHUEBBLIX 3aBoAaX, Kak npasuro,
pacnonaraeTcs Ha OQHOW NpoMMnoLwWwazKke ¢ NPOM3BOACTBOM aniOMUHUA U CIYyXUT Ansa obec-
nevyeHnsa cobCTBEHHOIO NPOM3BOACTBA aHO4AMWN U aHOAHOW MaCCOM.

McTouHmkamm BbligeneHnii n BoibpocoB 3B ABNsieTCS UCNonb3yeMoe Chlpbe — KaMeH-
HOYronbHbIA NeK U HedPTAHOM Kokc. B Tabnuue 3.5 npeacraesneH vx pacxod npyv Npou3Boa-

cTBE 060XCKEHHbIX aHO4OB M aHOOQHOW Macchl.

Tabnuua 3.5 — Pacxof cbipbs NpU NPon3BoACTBE aHOO4O0B M aHOA4HOW Maccehl

EaonHnua
HanmeHoBaHue Pacxog Ha 1 T npogykumm
n3MepeHmns

[nsa TexHonorum anektponusa OA

KaMeHHOYronbHbIN nek Kr/T Al 80-90
HedptsaHom kokc Kr/T Al 400-415
[na TexHonornn anektponusa Cogepbepra
KaMeHHOYronbHbIN nek Kr/T Al 150-185
HedTaHOM KOKC Kr/T Al 340-380

BbiaeneHvne 3B B npon3BoacTBe aHOAHOW MacChl HAYMHAETCHA C MPOLLECCOB NPUEMKUN U
XpaHeHus cbipbs. KokCc MoOXeT noctynaTb Ha npeanpuaTtue CbipbiM UM NPOKaNeHHbIM.
OT cknagoB 1 y3noB neperpyskn kokca B atmocdepy byaeT noctynatb KOKCoBas Mbifib. [pu
CNunBE MeKa n XpaHeHun ero B pesepByapax OyayT BblAeNATbCA BO3rOHbl KAMEHHOYIOSTbHOIo
neka.

B npoueccax gpobneHus n pasmona, 4O3MPOBaHMUS U CMELLEHNS KOKCa C MEKOM BO3-
MOXHO BblefneHne KOKCOBOM MbININ U BO3rOHOB KAMEHHOYroSibHOro neka. Ecnu npegnpusatune
B KayeCTBe CbIpbdA MOfy4atT CbIPON KOKC, TO NpW NPOU3BOACTBE aHOOHOM MaccChbl ero rnpoka-
NMBaKOT BO BpaLLAKLLNXCA nNpokanoyHbix nedax. OT npouecca npokanku Kokca B neyax B aT-
Mocdpepy byayT noctynaTb: Mblflb KOKCOBAs, ANOKCUA Cepbl, OKCUAbI a30Ta, OKCcug yriepoaa.

B npoussoacTBe aHOAOB Nek NOCTynaeT B LUCTepHax-NekoBo3ax U pasMellaeTcs Ha
cknage neka B emkocTax. Cknagpl neka ob6opyaoBaHbl MPUEMHbBIM YCTPOMCTBOM C NOCTamu
pasorpesa neka go temnepartypbl 180 °C — 220 °C 1 yyacTKOM nekonoarotosku. Beligene-
HMWE CMOJIUCTbIX BeLWeCTB — BO3rOHOB KaMEHHOYroflbHOro neka — npoucxoguT npu cnuee

neka n3 UMCTepH N B nepnon nepekayvykm neka HacocamMmm n 3arnosiHeHn4 €MKOCTEN.
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MocTynaowmn B XenesHoAOPOXHbIX BaroHax MpOKasneHHbIN KOKC pa3mellaeTcs Ha
cknage, obopynoBaHHOM BaroHOOMPOKMAbIBATENEM, MPUEMHbIM YCTPOMCTBOM WM CMIOCaMu
ANsa XpaHeHnsa kokca. [pun neperpyske M XxpaHeHun Kokca B aTMocdepy BblAeNseTCa KOKCO-
Bas Mblfb. Takke ee BblAENeHNe NPOUCXoanNT B pesyrbTaTe npoueccoB ApobneHnsa n TpaHc-
NMOPTUPOBKN KOKCa MO TEXHOMOrMYeCKUM SIMHUAM aHOOHOro npou3soacTtea. B npouecce cme-
LIEeHMS KOKCa M Neka B aTtMocdepy BblAENATCA BO3rOHbl KAMEHHOYTOMNbHOrO neka n KOKCo-
Basi MbiSib.

Mpn 0b6xure «3eneHbIX» aHOAOB B Neyun obxura obpasytoTcst OKCuMabl a3oTa, KOKCoBast
Nbifb, OWOKCUA Cepbl, OKCUA yrnepona, BO3roHbl KAMEHHOYroSIbHOro neka, mMasyTHas 3ona
(npn ncnonb3oBaHMM Ma3yTa B kavyecTBe Tonnmea). [py Mcnonb3oBaHMM B KA4eCTBE Chipbe-
BOr0 KOMMOHEHTA OrapkoB aHOAOB Npu obxure ByaeT Takke BblOENATLCA HEKOTOPOE KOMu-
4eCTBO (PTOPMCTOro BOOOPOAA.

MapkepHbiMu 3B ansg nponssoacTBa aHOA0B M aHOOAHOW MaccChl ByayT ABNATLCH Mblfb
N BO3rOHbl KAMEHHOYrONbHOro neka. Mpun 3ToM Nog MapKepHbIMK BellecTBamMu NOHUMAOTCS
OCHOBHble (nNpuopuTeTHble) 3B, xapakTepHble NS KOHKPETHOM TEXHOMOorumM npovsBOACTBa,
no cogepxaHuto (06bemy Mnm macce) KoTopbiX MOryT BbITb CAefnaHbl JOCTOBEPHbIE BbIBOAbI
0 Bblbpocax NnpeanpuATUsS B LENOM.

B npouecce npousBoacTBa aHOAOB WM aHOOHOWM MacCbl Boga  MpaKTU4eCKu
He MCNonb3yeTcs, BOOAHbIE PECYPCbl MOryT MCMNOMb30BaTbCA TOMbKO ANs MPOLEeCcCcoB oxna-
XOeHus, a cucteMa BOAOCHabXeHuA/BooooTBeAeHNA npeactaBnsieT cobon 3aMKHYTbIA BO-
A0060pOT C NoKarbHBIMU OYUCTHBIMU COOPYXEHUAMU. K OCHOBHBIM TEXHONOMYECKUM OTXO-
Aam NpovM3BOACTBA aHOAHOM MacCbl M @aHOOOB OTHOCATCA OTpaboTaHHble (PyTEPOBOYHbIE
MaTepuanbl neyen npokankm mn neden obxura. O6pasoBaHne AaHHbIX OTXOAOB 3aBUCUT OT
cpoka crnyxbbl nevyen 0O NpoBeAeHUss PEMOHTOB. Ha aHOOHbIX Npou3BoACTBaX antoMuHue-
BbIX 3aBOJOB [aHHble OTXOAbl NepefatnTcs Ha nepepaboTKy CTOPOHHUM OpraHmM3aumsiMm no
NPOV3BOACTBY OFHEYNOPOB MY pasMeLLaloTCs Ha NONIMroHax NPON3BOACTBEHHbBIX OTXO40B.

[aHHble no yaenbHbIM Bbibpocam 3B B atmocdepy n obbemam obpasoBaHus OTXO-

AO0B NPOM3BOACTBA aHOA40B M aHOAHOW Macchl NpuBeAeHbl B Tabnuuax 3.6—3.8.
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Tabnuua 3.6 — BbiGpochkl 3arpasHsaoLWMX BewecTs B atmocdepy. MponssBoacTBo aHOAHON Maccehl

Hanwuune/otcyTtcTBume B ne-

O6bem u (unu) mac-

O6bem v /vunu mac-

peydHe 3B, nognexatimnx Texnpouec- MeTton
ca obpaasyroLmxcsa ca Bblbpocos 3B no-
Koga rocperynmpoBaHuto EavHuua Cbl — UCTOM- | OYUCTKM, MO-
HanmeHoBaHue 3B (8o ounctkn) B Cne O4YUCTKK B pac-
3B (pacnopsikerue lMpaBu- n3MepeHuns HWKW Bblde- | BTOPHOIO UC-
pacyeTe Ha TOHHY 5 yeTe Ha TOHHY npo-
TenbctBa PP Ne 1316-p neHunn 3B | nonb3oBaHus
npoayKuum AyKUMK
o1 08.07.2015)
Mbinb KOKcoBas | 328 * OrtcytcTBHe Kr/T aHOAO- 0,6-4,0 XpaHeHue u | LlnknoH, py- 0,08-0,12
HOW Macchbl nepemetle- KaBHbI
HMEe Kokca dunbTp,
LMKIOH-
3NeKTpo-
GounbTp,
aneKTpo-
dunbTp
2,5-14,0 M3menbye- | LInknoH, py- 0,1-0,28
Hue, cme- KaBHbIN
LnBaHue, dpunbTp,
dopmoBa- 3NeKTpo-
Hue dpunbTp
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Hanuune/otcyTtcTBue B ne-

O6bem u (nnun) mac-

O6bem u /vnu mac-

peydHe 3B, nognexatimnx Texnpouec- MeTtog
ca obpaasyroLmxcsa ca Bblbpocos 3B no-
Kon rocperynvMpoBaHuio EavHnua Cbl — UCTOM- | OYUCTKM, MO-
HanmeHoBaHve 3B (8o ouncTkn) B cne O4YUCTKKN B pac-
3B (pacnopsixeHue NpaBu- namepeHus HUKW Bblge- | BTOPHOrO 1C-
pacyeTe Ha TOHHY . yeTe Ha TOHHY Npo-
TenbctBa P® Ne 1316-p nexHnni 3B | nonb3oBaHus
npoayKunm AyKumm
o1 08.07.2015)
4,5-13,3 Mpokanka baTtapewn- 0,06-1,33
HbIW LMK-
noH; 6arta-
PEeNHbLIN
LMKITOH-
3neKTpo-
GunbTp;
anekKTpo-
GunbTp
[nokcng cepsbl 330 Hannuune Mpokanka |be3 ouncTkn 3,2-7,1
* BO3MOXHO NpUMeHeHne Hanunune
koga 29009.
BoaroHbl kameHHO- | 725 OrtcytcTBHe Kr/T aHoa- 0,05-0,06 XpaHeHue u — 0,05-0,06
YronbHOro neka HOW Macchbl nepemetle-
HUe neka

(Bkritovas
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Hanuune/otcyTtcTBue B ne-
O6bem u (nnun) mac- O6bvem u /unu mac-
peydHe 3B, nognexatimnx Texnpouec- MeTopq
ca obpaasyroLmxcsa ca Bblbpocos 3B no-
Ko rocperynmpoBaHuIo EaovHnua Cbl — WUCTOM- | OYMCTKM, MO-
HanmeHoBaHve 3B (8o ouncTkn) B cne O4YUCTKKN B pac-
3B (pacnopsixeHue NpaBu- namepeHus HUKW Bblge- | BTOPHOrO 1C-
pacyeTe Ha TOHHY . yeTe Ha TOHHY Npo-
TenbctBa P® Ne 1316-p nexHnni 3B | nonb3oBaHus
npoayKunm ayKunm
ot 08.07.2015)
6eH3(a)nnpeH un 0,013-0,063 CmewmBa- | Cyxasa OY 0,0003-0,013
apyrue AY) Hue, cop-
MOBaHue
[MapHuKoBbIE Ta3bl | — OrtcyTcTBHE T CO23kB./T 0,01-0,15 Mpokanka |Be3 ouncTkm 0,01-0,15
Al
Tabnuua 3.7 — OTtxoabl nponssoacTaa. [pon3BoACcTBO aHOA40B M aHO4HOW Maccehl

O6vem u (nnn) mac- O6bvem u (nnn) mac-
MeTOD, O4YUCTKH, MNo-
Knacc EpnHuua ca obpasoBaHusi oT- | IcTouHMKM 0Bpaso- ca pa3MmeLLEeHHbIX
HanmeHoBaHue oTXoaoB BTOPHOIoO NCMOJ1b30-
OMacHOCTU n3MepeHunA X0Oo0B B pacyeTe Ha BaHU4A OTXOO0B B pacyeTe
BaHNA
TOHHY NPOAYKUUK Ha TOHHY npoayKummn
OtpaboTaHHasa gyTepoB- 4 Kr/T aHoOoB 1,2 Meun obxura — 1,2
Ka ne4ven obxura
OTtpaboTtaHHasa yTepos- 4 Kr/T aHOAO- 2-0,5 Meyun npokankm — 2-0,5
Ka nedeun npokanku HOM Macchbl




o
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Tabnuua 3.8 — Bbibpochl 3arpsasHsoLwmx BewwecTs B atmocdepy. Nponssoactso aHogoB

Hanuune/otcyTtcTBue B ne-

O6bem u (nnun) mac-

O6bem u /vnu mac-

dunbTp

peydHe 3B, nognexatimnx Texnpouec- MeTtog
ca obpaasyroLmxcs ca Bblbpocos 3B no-
Koa rocperynmpoBaHuto EovHnua Cbl — UCTOM- | OYUCTKM, MO-
HanmeHoBaHue 3B (8o ounctkn) B Cne O4YUCTKKU B pac-
3B (pacnopsixeHue NpaBu- namepeHus HUKW Bblge- | BTOPHOIO 1C-
pacyeTe Ha TOHHY . 4yeTe Ha TOHHY Npo-
TenbctBa P® Ne 1316-p nexHnni 3B | nonb3oBaHus
npoayKunm AyKumm
ot 08.07.2015)
Mbinb KOKCOBas | 328* OTCyTCTBME Kr/T aHOoOoB 0,7 XpaHeHue, | LUunknoH, py- 0,05
nepemeLye- KaBHbIN
HWe 1 CyLl- dunbTp
Ka KoKca
1,86 M3menbye- | PykaBHbIV 0,023
Hue, cme- dunbTp
LinBaHwue,
dopmoBa-
Hue
0,29-0,53 Ob6xur «3e- Monbin 0,008-0,045
NEeHbIX» ckpyb6ep,
aHoaoB cyxasa oy
6,1 AMO PykaBHbIN 0,061-0,305
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Hanuune/otcyTtcTBue B ne-

peydHe 3B, nognexatimnx

O6bem u (nnun) mac-

O6bem u /vnu mac-

Texnpouec- MeTtog
ca obpaasyroLmxcsa ca Bblbpocos 3B no-
Kon rocperynupoBaHuto EonHuua Cbl — WUCTOM- | OYUCTKU, NO-
HanmeHoBaHve 3B (8o ouncTkn) B cne O4YUCTKKN B pac-
3B (pacnopsixeHue NpaBu- namepeHus HUKW Bblge- | BTOPHOrO 1C-
pacyeTe Ha TOHHY 5 YyeTe Ha TOHHY Mpo-
TenbctBa P® Ne 1316-p nexni 3B | nonb3oBaHus
npoaykuum AyKunm
ot 08.07.2015)
* BO3MOXHO npuUMeHeHne Hanuune
koaa 29009.
Bo3roHbl kameHHo- | 725 OtcytcTBHE Kr/T aHoaoB 0,03 XpaHeHne n| Cucrema 0,006
YrofibHOro neka nepemelle- | ynasnuvsa-
(Bkritovas HWe neka | HWHA NapoB
6eH3(a)nnpeH un neka
apyrue AY) 0,06-0,37 CwmewmBa- | Cyxasa Oy 0,002- 0,037
Hue, op-
MOBaHue
1,3-2 O6xur «3e- Monbin 0,03-0,26
NEHbIX» ckpyb6ep,
aHoaoB cyxasa oy
lMapHWKoBbIE rasbl OtcytcTBKEe T COL3kB./T 0,13 O6xur «3e- | bes ouncTkm 0,13
Al NEeHbIX»
aHoooB




3.3 NponsBoACTBO NEPBUYHOro aritoMUHUA

3.3.1 Pacxopa cbipbsi, MaTepuasrioB 1 351IEKTPOIHEPIrun

Pacxoa cbipbsi 3aBMCUMT OT MHOMMX hakTOPOB: TUMA 3NEKTPONM3epa, COCTOSHUS Tex-

HOJTOrnn, Ka4yecTBa Cblpbd, TPAHCMNOPTHbLIX NMNOTEPb N T. AO.

B Tabnuue 3.9 npuBeaeHa AnHamuka ycpeaHEHHbIX PacxXxogHbIX KOIPMUUMEHTOB 3a

2010-2014 rogbl No antoMnHUEBLIM 3aBogamM Poccuinckon ®egepaunn.

Tabnvua 3.9 — [nHamuka ycpeaHeHHbIX pacXxodHbIX KO3 ULMEHTOB

2010 rog 2011 rog 2012 rog 2013 rog 2014 rog
Pacxopn rmnHosema, 1936,2 1933,9 1933,5 1933,1 1931,3
Kr/T Al
Pacxop aHogHomn 532 530 524 519 517
macchl, Kr/T Al
Beixog no Toky, % 89,61 89,85 90,07 90,2 90,26

B tabnuue 3.10 npuBeaeHbl faHHblE NO pacxody Chipbs, MaTepuarnoB U SHepropecyp-

COB AO514 pa3HbIX TEXHONOrnm AneKTponnaa.

Tabnuua 3.10 — Pacxog cbipbsi, MaTepmnanos 1 SHEPropecypcoB

TexHonorn4yeckne XapaKTepuCcTtmnkn

cs aHogamMm n Boko-

BbIM TOKOMOABOAOM

Pacxopg aHo-
HasHa4yeHue
HanmeHoBaHue Pacxopg anek-| Pacxopg rnu- JOB HETTOo Pacxon
obopynosa-
obopyAoBaHus s TPO3HEpPrum, Ho3eMa, UNW aHodHoOW | oTop. anto-
kBT1-4/T Al Kr/T Al Macchbl, MUHUS, Kr/T Al
kr/T Al
OneKkTponunsepsl C MonyyeHue 15216- 1920-1939 | 522-528 21-40
caMmoo0XurarwmmMmn- | NEPBUYHOIO 16111
CA aHO4aMW N BEpPX- antoMnHns
HUM TOKOMOABOAOM (antoMuHus-
OneKkTponunsepsl C cbipua) 15171- 1932-1944 510-515 12,0-21,0
camMoo0XuraroLmnmm- 15620
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TexHonornyeckmne xapakTepucTmKm
Pacxopn aHo-
HasHaueHue
HanmeHoBaHwue Pacxop anek- | Pacxop rnu- [JOB HETTO Pacxopg
obopynoBa-
obopynosaHus st TPO3Hepruu, HO3eMa, U aHogHowm | ptop. anto-
KBT-u/T Al kr/T Al Macchl, MUHUSA, Kr/T Al
kr/T Al
OneKTponnsepsbl ¢ 13158- 1917-1938 420-460 12,0-21,0
npenBapuUTenbHO 15126
000XCKEHHBIMW aHO-
Aamu

Pacxon rmyuHo3ema rnpakTuyecku He 3aBUCUT OT TUMa dNeKTposiM3epoB 1 onpeaenseT-
CH B OCHOBHOM TPaHCMOPTHbLIMU NOTEPAMU, MOTEPSIMU HA NEpPeBO3KYy OT CKrada A0 3MeKTpo-
nn3epoB 1 coaepXxaHnem Menknx ppakumnn, saHavymTenbHasa 4yacTb KOTOPbIX TEPAETCA B BUOE
nbInu.

Pacxon dTopuaoB (Kpyonut n Tpudtopus antoMmUHUSA) 3aBUCUT OT MHOTMX (PaKTOPOB:
TUMNa dNeKkTposi3epa; COCTOAHUA TEXHOMOMN; CoCTaBa U TemMrnepaTtypbl Neperpesa dMneKkTpo-
nunta; Hannunga, suga, Krp n Kr rasocbopHoro n ra3aoounMcTHOro obopynoBaHust; COCToSA-
HUSA TEXHONOMMYECKON OUCUMUNIHBI; CoOAepXaHUa OKCuaa HaTpusa B IMUHO3EMeE; KonnyecTea
CH/UMaeMOW YronbHOW NeHbl 1 3PEKTUBHOCTU ee drioTaunm u ap.

Pacxon aHoOoB 3aBMCUT OT TUNa 3nekTponu3epoB. PakTUYeckn B dNeKTponunsepe Ha
npouns3soAcTBo 1 T anomuHus pacxogyetca 420-460 kr o6oxokeHHbIX aHogoB. [lpy aTom
OCTaeTCs orapok, criegoBaTtenbHO, NonHas NoTPebHOCTb B 00OXKEHHbLIX aHoA4aX 3aBUCUT OT
KayecTBa aHoda W BeSIMYUHLI orapka. Pacxog aHOAHOW Macchl Takke 3aBUCUT OT MHOIMX
(hakTOpOB: NOTEPL NPU TPAHCMNOPTUPOBKE, NOTEPb NETY4YNX KOMMOHEHTOB MPU KOKCOBaHWUU
neka v ¢ NOBEPXHOCTU XNOKOW aHOOHOW MaccChl, OCbINAHUA N OKUCIIEHUSA BOKOBbLIX MOBEPXHO-
CTen aHoa, Bbixoda Nno TOKY U MNNOTHOCTU TOKA.

Pacxoq aneKkTpoaHeprnm 3aBUCUT rmaBHbIM 06pa3om OT TMNa AMeKTponm3epa n BbIXO-
Aa no Toky. NMpu NpoyYnx paBHbIX YCNOBUSX HAMBOMbLUMIA pacxod 3NEeKTPOIHEePrnn — y anekx-

Tponuaepos BT, a HaumeHbLLMn — y BaHH ¢ OA.
3.3.2 XapakTepucTtuka ammccum

McTOYHNKOM BblaeneHus BpeOHbIX BeLeCTB Npun npon3BoacTBe allloMUHNA ABNAETCA

ncnonb3yemble cbipbe U MmaTepuanbl. [Mpyu 3TOM 3a4acTyld OYeHb BaXkKHyK poflb Urpaet
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He CTONbKO XMMWYECKUIN COCTaB NMPUMEHSIEMbIX CbIpbsi U MaTepuanoB, CKOMbKO UX duanye-
CKMe XapaKTepuUCTUKN, Takne, Hanpumep, Kak rpaHynoMeTpnu4eckun cocTas.

O6pasoBaHune 1 BblAeNeHNe U3 ANEKTPONM3epoB PTOPUCTLIX COEAUHEHUIN, OCHOBHbLIM
N3 KOTOPbIX ABNseTca Topua BoLOpoAa, NPOUCXOAAT HEMPEPbLIBHO, XOTS OHWU U HE CBSA3aHbI
HenocpeacTBEHHO C ANIEKTPOXMMUYECKMM NPOLLECCOM, a 0BYyCroBMEHbI NpoLeccammn ncnape-
HUSA N PasnNOXeHUs pacnnaeBa 3rekTponuTa 1 3arpykaembix PTopucTbix cornen. JleTy4ecTbio
aNeKkTponuTa n 3arpyxaembix (TOPUCTbIX conen 0bycnoBneHo BblAeNeHne 13 anekTponunse-
POB NULLIb HEKOTOPOWN YacTn TBepablx dTOpmMaoB, OObHapyXmBaembiX B Nbifiv. BTopbiM nCTOY-
HUKOM MbINEBUOHbLIX (PTOPULOB CRYKUT MEXAHUYECKUA YHOC 3arpy>kaemblX COMen BOCXOLS-
LWMMN NOTOKaMN aHOAHbIX ra3oB NMBO OTCacbiBAEMOW OT 3feKTponm3epa rasoBo3gyLUHON
CMEChbIO.

MCTOYHMKOM BbIOENEHMS OKcuaa yrrnepoga SABNSAETCS YrofbHbI aHog, KOTOpbIA B
npouecce anekTponmn3a OKUCASEeTCs C BblAeNeHneM Quokcmaa u okcuaa yrnepoga.

ConyTCcTBYIOLUMM KOMMOHEHTOM YrofibHbIX MaTepuanoB SABNSETCHA cepa, KoTopas
C aHOOHLIMW MaTepuanamMmn BoBneKaeTCcs B Mpouecc nonyvYeHnsa anomuHus. Hekotopoe Ko-
NNYEeCTBO cepbl NOCTynaeT ¢ PTOPUCTbIMU CONSAMU, TAe OHa NPUCYTCTBYET B BuAE Cynbda-
TOB.

McTouHmkom Bblaenennsa n BblbpocoB B atMocdepy CMOSUCTbIX BELLECTB MpU Npou3s-
BOACTBE antoMUHKSA B ANeKTponuaepax ¢ camoobxurarowmmmnca aHogamm (BT n BT) asnaeTt-
CS1 KAMEHHOYTOJIbHbIN NEK, NCNOSb3YEMbIN B Ka4eCTBE CBA3YIOLLEro Npu Nony4yeHnn aHogHOM
Maccbl. CMONUCTbie BelecTBa BbIAENATCS U3 9NEKTPONM3EPOB B pesynbTaTte TEPMOXUMU-
YeCKMX NpoLeccoB, NPOUCXOAALLNX MPU KOKCOBAHUM aHOLHOW MaccCbl. BTOPON UCTOYHUK Bbl-
AerieHns CMOSIUCTbIX BELLECTB CBSAA3aH C onepaumen nepectaHoBKM TOKOMNOABOAALLNX LUTbI-
pen B aHoAe Ha anekTtponusepax BT. Npn ncnonb3oBaHnn psgoBon aHOOHOWM MaccChl nocre
packpy4MBaHUs N U3BMEYEHUs WTbIpA B 0b6pasoBaBLIeecss OTBEPCTUE B CMEYEHHOW 4YacTu
aHoda 3aTeKaeT Xuakaa aHogHas Macca U3 BepxHuX 30H. [1pu nonagaHum XXngkon aHogHOM
MaccCbl B 30HY BbICOKMX TemnepaTtyp npoucxoaut BypHOe KoKcoBaHMe neka ¢ o6pasoBaHMeM
BOonbLUOro KonmMyecTBa BO3rOHOB CMOJSIbl, KOTOpoe BblbpackiBaeTcss B aTMocdepy Kopnyca.
Kpome TOro, cblpas yrosibHass mMacca HanvnaeT Ha ropsiymin LWTbipb B MOMEHT U3BfleYeHUs
ero 13 aHoga, Korga packarieHHasa ero 4aCTb KacaeTCs Crnosi XWOKOW aHOAHOW Macchl, npu
3TOM B aTMocpepy Kopnyca Takke BblOeNsATCA CMOSUCTbIE NOrOHBbI.

CmonucTble BellecTBa, obpasyolmecs Npu KOKCOBaHMM aHOLHOW MacChbl Ha 3nek-
Tponuaepax BT u noctynatowme B razocOOpHuK, goXuratoTcsa B ropenkax. [NonHoTa cropa-
HUSA 3aBUCUT OT KOHCTPYKUUW rOperiok, peryrivpoBkM npolecca ropeHnsa u KOHTpons 3a npo-

ueccom. YacTb HecropeBLUen CMOSbl, OCOOEHHO ee Tskenble pakuumn, KOHOEHCMPYETCA U
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BMECTe C Mbiflbl0 OceaeT B KaHanax rasoxofoB, OCTanbHasi MOCTYNnaeT Ha ra3oo4vMCTKY.
B 3aBMCMMOCTM OT TUMa 3MeKTponu3epa, yCroBuiA 1 YPOBHS ero aKchnyataunum obbem u co-

CTaB I'IbIJ'IeFa3OBO3,£I,yLIJHOl7I CMeCU MOXET U3MEHATLCA.

TexHonorus anektponusa OA B aneKkTponusepax NnepBoro nokosneHus (4o
300 KA)

[aHHasa TexHonorus anektponusa B Poccuinckon depepaumm npeacraBneHa afekTpo-
nu3epamu ¢ npegsaputensHo oboxkeHHbiIMM aHogammn (OA) Ha cuny Toka o 300 KA, obo-
pPYAOBaHHbIMW paMHO-CTBOPYaTLIMU YKPbITUAMU. SPEDEKTUBHOCTD YKPbLITUIA 3NEKTPONN3EPOB
nepBoro nokosneHus coctaensaeTt 96,6 % — 97 %. YnoBneHHaa yKpbITUEM ra3oBO3ayLUHas
CMEeCb HanpaBnsAeTCa Ha YCTAaHOBKWN «CyXOW» OYUCTKM ra3oB rMMHO3EMOM B peakTopax u py-
KaBHbIX punbTpax. IPPEKTUBHOCTb «CYXMUX» Fa3004YUCTOK KOPMYyCOB 3IrEKTpOnmn3a, ocHa-
LeHHbIX anekTponuaepamm OA nepBoOro NokoneHusi, MoXeT coctaBnaTb 98,4 % — 99,8 %.
OumweHHble rasbl NOCTYNakT B atMocepy vepes AbiMoBblE TPyDObl, 0TpaboTaHHbIN (PTO-
PUPOBaHHbLIN) FMUHO3EM BO3BpaLLaeTCcs B NPOLECC AfeKkTponmsa.

OCHOBHblE TEXHMYECKME peLLeHMa ONa CokpalwleHus BbibpocoB 3B oT anekTponuae-
poB OA nepBOro NoKOneHus:

- aBTOMaTM3aumMsa NPon3BoACTBA, NO3BONAIOLWAA Bonee TOYHO perynmpoBaTtb TEXHOSO-
rMYeckMe 1 TENMoBblE PEXMMbl PaboTbl ANEKTPONN3EpPOB, ONTUMU3NPOBATL COCTaB ANEKTPO-
nnTa, KOHTPONMPOBAaTb pa3favy Cbipbs B 3NIEKTPONU3EPDI;

- NPUMEHEHNE YCTaHOBOK CYyXOW OYUCTKM ra3os;

- aBTOMaTtnyeckoe nutaHue rnmHosemom (AN, dTopconammn n gpobrieHbIM ANeKTPo-
NINTOM 3NEKTPONNU3EPOB, YTO MO3BOMAET UCKIIOYNTL pasrepMeTnsauunio anekTponuaepa npu
npoBegeHUn JaHHOW TEXHONOMMYecKon onepauuu.

TexHonorna anektponu3a OA B anekTponuaepax nepBoro nokoneHus (go 300 kA)

BHeApeHa Ha YeTbIpeX OTEYECTBEHHbIX allfoMUMHUNEBbLIX 3aBOdax.

TexHonorus anekTponusa OA B anekTponusepax Broporo nokosneHus (300 kKA n

Bbllle)

[aHHasa TexHonorus anektponusa B Poccuinckon degepaumm npeacraBneHa afekTpo-
nmnsepamMmu ¢ npeaBaputenbHO 0b6oxokeHHbIMM aHogamn (OA) Ha cuny Toka 300 KA u BblLwe,
060pyAOBaHHLIMM PaMHO-CTBOPYATLIMU YKPbITUAMU. DPADEKTUBHOCTL YKPbITUIA 3NEKTPONK-
3epoB BTOPOro NOKOSIEHUS MOXeT COoCTaBnsaTb A0 98,7 %. YnosneHHasi yKpbITUEM rasoBo3-
AyLlHaa CMeCb HanpasBnseTcs Ha YCTAHOBKM «CYXOW» OYUCTKM ra3oB rMMHO3EMOM B peakTo-

pax n pykaBHbIX unbTpax. PDEeKTUBHOCTb «CYXNX» ra3004YUCTOK KOPMYCOB 3MeKTPonnaa,
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OCHalLeHHbIX anekTponudepamm OA BTOPOro MOKOMNEHUsi, MoXeT coctaBnatb 99,2 % —
99,8 %. OunLleHHbIe ra3bl MOCTYNalT B aTMOCepy Yepes AbiMOBble TPybbl, 0OTpaboTaHHbIN
(cdbTOpMpPOBaHHBLIN) rMMHO3EM BO3BpaLLAEeTCs B MPOLECC 3NeKTpormaa.

OCHOBHblE TEXHUYECKME peLleHus Onsi CoKpalleHnsa BbibpocoB 3B oT anekTponuse-
poB OA BTOpPOro noKoneHus:

- aBTOMaTM3aumsi Npon3BoOACTBa, NO3BOMsAOWAn 6Gonee TOYHO perynmpoBaTb TEXHOSO-
rMYeckMe 1 TENnoBble PEXMMbl PaboTbl ANEKTPONN3EpPOB, ONTUMU3NPOBATL COCTaB ANEKTPO-
nuTa, KOHTPONUPOBAaTh pa3fady Cblipbs B SNEKTPONN3ephI;

- MPUMEHEHNE YCTAaHOBOK CyXOM OYUCTKN rasos,;

- aBTOMartmyeckoe nutaHue rnmHosemom (All), dTopconsamm n apobreHbIM 3NekTpo-
NINTOM 3NEKTPONU3EPOB, YTO MO3BOMAET UCKMIOYUTL pasrepMeTnsauunio anekTponuaepa npu
npoBeaeHUN JaHHOW TEXHONOIMYEeCcKon onepaumu,

- YNNOTHEHNE LUTaHI aHOLOB SMEKTPONM3epoB AN MUHUMU3auuun BbiaeneHnn 3B B
KOpMyC 3MeKTponun3a Yyepes HenrIOTHOCTU B MeCTe BXOAa LUTAHMN B YKPbITUE 9NEeKTponn3epa;

- aBTOMAaTMYECKOE rawleHne aHoaHbIX 3aeKTOB B anekTponnsepe 6e3 ero pasrepme-
TM3auumu;

- UCNONb30BaHWe NpoemMa B YKPbITUAX aNeKTponusepa 4ns BbINMUMBKM MeTanna, otbopa
npo6 v gpyrmx onepauun.

[aHHble MeponpuaATUA NO3BONSAIOT NOBLICUTL APPEKTUBHOCTD YKPbITUS SNEKTponmnse-
pa 1 cokpaTuTb Bblibpockl 3B yepes3 aspaumoHHblie doHapu.

[aHHasa TexHonorusa anektponusa OA B anekTponuaepax BTOPOro nokosieHus (cBblle
300 kA) BHegpeHa Ha OBYyX OTEYeCTBEHHbIX antoMUHNEBBLIX 3aBOJaX.

[nsa npouecca anektponusa texHonormn OA He TpebyeTcs pacxoga NpPou3BOACTBEH-
HOW BoAbl. [loTpebreHne BogHbLIX peCypCoB BO3MOXHO TOSbKO B JIUTEMHBLIX OTAENEHUAX Ans
oxnaxgeHna obopyaosaHus (NPOU3BOACTBEHHbIE BOAbLI) U NPU UCMOMb30BaHUN BOObI NUTbE-
BOr0O KayecTBa A1 XO3ANCTBEHHO-ObITOBbLIX HYXA,.

C6pocbl 3B Ha antoMHMEBbIX 3aBOAax, OCHALEHHbIX TexHonornen anekrponusa OA,
OTCYTCTBYIOT B CBSI3U C UCMOSb30BaHNEM 3aMKHYTON CUCTEMbI BOA0OBOpOTA.

OCHOBHble NPOM3BOACTBEHHbIE OTXOAbl — OTpaboTaHHasA yronbHas U KMpnuyHasa y-
TepoBKa — pa3meLlalnTcs Ha COBCTBEHHbIX 06bekTax pasmelleHns otxogoB. Orapkn 060x-
YXEHHbIX aHOA0B BO3BpaALLAOTCA B NPOU3BOLACTBO «3eSIeHbIX» aHOOO0B.

B Tabnuue 3.11 npeacraeneHbl BbiOpockl 3B oT TexHonornn anektponnsa OA B anek-
Tponusepax NepBoro n BTOPOro NoKOMNEHU.

B Tabnuue 3.12 npeacrtaBneHbl 06beMbl 06pa3oBaHNa N pa3MeLLEHUss OTXOO0B Ans

TexHosormum anektponuasa OA B anekTponuaepax nepBoro n BTOPOro noKosieHun.
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VA

Tabnuua 3.11 — Beibpockl 3B B atmocdepy. TexHonorusa anektponusa OA.

Hanunune/otcytctBue
B nepeyHe 3B, noa-

nexalwmx rocperynu-

O6bem u (1nun) macca

MeTon ounct-

O6bem u (unu) macca

obpasytowwmxcs 3B Bbl6pocos 3B ¢o-
Kon pOBaHuIo EavHnuya NCTOYHMKM | KK, MOBTOPHO-
HanmeHoBaHue (o ouvncTkn) B pac- Hapb + Tpyba (nocne
3B | (pacnopsikeHue Mpa- | nM3MepeHns BblGpoca ro UCnoJsibL30-
yeTe Ha TOHHY npo- O4YUCTKK) B pacyeTe
BUTENLCTBA PO BaHWA
aykumm Ha TOHHY npoayKumnn
Ne 1316-p
ot 08.07.2015)
AnekTponuaepbl nepBoro nokoneHms (ao 300 KA)
dTopucCTbIN BOAO- 342 Hannune Kr/T Al 7,8-9,8 Tpy6bsbl, po- | Cyxaa Moy 0,25-0,38
poa Hapw anek- | (peaktop —
Teepable pTopuabl | 344 Hanuune Kr/T Al 9,6-14,0 TPONMU3HLIX | PYKaBHbIN 0,53-0,77
Mbinb obLwasn — OtcytcTBHe Kkr/T Al 68-88 Kopnycos unbTp) 3,4-4,9
[vokcua cepbl 330 Hanunune Kkr/T Al 9,4-11,6 OA Bes ounctkun 9,4-11,6
[MapHuKoBbIE rasbl — OrtcyTcTBHE T CO23kB./T 1,9-2,2 Bes ouncTtku 1,9-2,2
Al
onekTponunaepbl BTOporo nokonenus (300 KA v BbiLwe)
dTopuCTLIN BOAO- 342 Hannune Kr/T Al 9,2-11,7 Tpy6bsbl, po- | Cyxaa Moy 0,21-0,36
poa Hapw anek- (peakTop-
Teepable dtopuabl | 344 Hanunune Kkr/T Al 11-16 TPOSIN3HbIX PYKaBHbIN 0,37-0,65
MNbinb obLwas — OtcyTcTBKEe Kkr/T Al 60-102 KopnycoB dpunbTp 2,2-2,7




9/

Hanwnune/otcyTtctBue
B nepeyHe 3B, noa-

nexalwmx rocperynum-

O6bvem u (nnn) macca

MeTtog o4nct-

O6bem u (Mnn) macca

ob6pasytowmxca 3B BblGpocoe 3B ¢o-
Kon pPOBaHMIO EavHnuya WCTOYHMKM | KN, MOBTOPHO-
HanmeHoBaHue (8o o4ncTkn) B pac- Hapb + Tpyba (nocne
3B | (pacnopsikeHue Mpa- | M3MepeHns BblGpoca ro Ucnosnb3o-
YyeTe Ha TOHHY Npo- OYMCTKM) B pacyeTe
Butenoctea P® BaHMS
AYKLMN Ha TOHHY NPOAYKUMM
Ne 1316-p
ot 08.07.2015)
[Anokecuna cepol 330 Hanuune Kr/T Al 9,2-12,8 OA bes ounctku 9,2-12,8
MapHuKoBbIE rasbl — OtcyTcTBHE T CO23kB./T 1,5-1,7 Be3s ouncTtkm 1,5-1,7
Al

Tabnuua 3.12 — OTxo4bl Npon3BoacTBa U noTpebneHus. TexHonorus anektponmsa OA

O6bem u (unu) mac-

ca obpasoBaHusi OT-

O6bvem u (nnn) mac-

HanmveHoBaHne Knacc onac- EavHuua NcTOoYHUKM MeTtog ouncTku, ca pasMeLleHHbIX
XO[0B 10 OMUCTKM B
0TX040B HOCTU N3MepeHmns obpasoBaHus NOBTOPHOrO NCMONb30BaHMWS OTXO4OB B pacyeTe
pacyeTe Ha TOHHY
Ha TOHHY NMPOAYKLNN
npoAayKumm
YronbHas neHa 3 Kr/T Al 0-0,8 AnekTtponu- | Aicnonb3oBaHne B NPON3BOACTBE [o 0,8

3epbl OA

HbIX OTXO40B

dpTopconen wu (unu) pasmeLle-

HWe Ha noJinroHe npoMbILLUSIEeH-




LL

O6bem u (unu) mac-

ca obpasoBaHus OT-

O6vem u (nnn) mac-

HanveHoBaHne Knacc onac- EaonHnua NcToYHnKM MeTona o4ncTKy, ca pasMmeLleHHbIX
XOOO0B 10 OYUCTKU B
oTxoaoB HOCTU n3mepeHuA 06pa3OBaHVIFI NOBTOPHOIo NCNoJ1b30BaHUA OTXOO0B B pacyeTe
pacyeTe Ha TOHHY
Ha TOHHY npoayKummn
npoaykuunun
Orapku 060xKeH- 4 Kr/T Al 65-124 OnekTponu- | Bo3BpalleHne B Npou3BoaCTBO 0
HbIX aHO4OB 3epbl OA |aHOOOB
OTtpaboTaHHas 3-4* Kr/T Al 9-14 OnekTtponu- |PasmeweHne Ha  NOMMroHax [o 14
yronbHasa yre- 3epol OA |npomoTxogoB. Bo3amoxHa 4a-
poBKa CTUYHas nepegadya CTOPOHHUM
opraHvsaumam Ans  UCnornb3o-
BaHUA
OTpaboTtaHHas 4 Kr/T Al 7-13 onektponu- |PasmelieHe Ha  nonuroHax Ho 13
KnpnuyHasa yte- 3epbl OA |npomMoTX040B

pOBKa 3MNeKTponu-

3epoB

* YCcTaHaBnuBaeTcsa B COOTBETCTBUM ¢ PeaepanbHbiM KnaccudmkalumMoHHbIM kaTanorom otxogos (PKKO).




TexHonorusa anekrponusa bT

[aHHasa TexHonorus anektponusa B Poccuinckon degepaumm npeacraBneHa afekTpo-
nm3epamm ¢ camoobxurarowmMMmmnca aHogamm 1 6oKoBbIM NOABOAOM TOKa K aHOZy Ha cuny
Toka 83-85 kKA. OnekTponuaepbl OCHAaLLEHbl LUTOPHbIMU YKPbITUAMU C 3 EEKTUBHOCTLIO
93 % — 96 %. BoigeneHna 3B, ynoBneHHbIe yKPbITUEM, NOCTYNAlOT HA YCTAHOBKY «CYXOWN»
OYUCTKM ra3oB (peakTopbl U pyKaBHble PUIbTPbI), 3PPEKTUBHOCTL KOTOPON MOXET COCTaB-
nate: no oropmuctomy Bogopoay 98,4 % — 99 %; no TBepAbiM pTopuaam v nbinn — 99 %;
no cMONNCTbIM BelwecTtBam — 96 %.

OCHOBHblE TEXHUYECKME peLleHns Onsi CoKpalleHnsa BbibpocoB 3B oT anekTponuse-
pos BT:

- NPUMEHEHNE LUTOPHbIX YKPbITUI 3IIEKTPONN3EPOB;

- MPUMEHEHNE YCTAaHOBOK «CYyXON» OYUCTKN rasos;

- repMeTn3auna y3na aHogHOro CTosika anekTponuaepa.

[na npouecca anektponu3sa TexHonormm BT He TpebyeTca pacxoga Npou3BOACTBEH-
How BoAbl. [NoTpebneHne BogHbIX peCYypCOB BO3MOXHO TOSMbKO B JIUTEMHbLIX OTAENEHUAX ANns
oxnaxgeHna obopyaosaHus (NPOU3BOACTBEHHbIE BOAbI) U NPU UCMOMb30BaHUN BOObI NUTbE-
BOr0O KayecTBa A1 XO3ANCTBEHHO-ObITOBbIX HYXA,.

C6pocbl 3B ¢ npon3BOACTBEHHLIMM BOAAMM B MOBEPXHOCTHbIE U NOA3EMHbIE BOAHbIE
0OBbEKTbI Ha antoOMUHUEBBIX 3aBOAAX, OCHALLEHHbIX TexHomoruen anektponuda BT, oTcyT-
CTBYIOT B CBSA3M C UCMOSIb30BAHWEM 3aMKHYTOW CMCTEMbI BO4OOboOpoTa.

OCHOBHbIMM OTXO4aMW 3NEKTPOSNM3HOrO NPOWU3BOACTBA, OCHALLEHHOrO TeXHOMorvemn
BT, anatoTca yronbHasa neHa, oTpaboTaHHadA yrofnbHas U KUpnNnyHasa yTepoBKu.

TexHonornsa anektponusa BT BHegpeHa Ha 04HOM OTeYeCTBEHHOM antoMUHUEBOM 3a-
BOJE.

B Tabnuuax 3.13 n 3.14 npeacraBneHbl XxapaktepucTukm BoibpocoB 3B B atmocdep-
HbIi BO34YX M AaHHble N0 06pa3oBaHNIO OCHOBHbIX BUOOB OTXOL0B TEXHOMOMMM 3NekTponm3a
BT.
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6.

Tabnuua 3.13 — BbI6pockl 3arpsi3HALLMX BELWECTB B atMmocdepy. TexHonorna anekrponusa bT

Hanunune/otcytctBue
B nepeyHe 3B, noa-

nexalwmx rocperynu-

O6bem u (1nun) macca

MeTon ounct-

O6bem u (unu) macca

obpasytowmxcs 3B Bbl6pocos 3B ¢o-
Kon pOBaHuIo EavHnuya NCTOYHMKM | KK, MOBTOPHO-
HanmeHoBaHue (o ouncTkm) B pac- Hapb + Tpyba (nocne
3B | (pacnopsikeHue MNMpa- | nM3MepeHns BblGpoca ro UCnoJsibL30-
yeTe Ha TOHHY npo- O4YUCTKK) B pacyeTe
BUTENLCTBA PO BaHWA
aykumm Ha TOHHY npoayKuunn
Ne 1316-p
ot 08.07.2015)
dTOpPUCTLIN BOOO- 342 Hanuune Kr/T Al 6,2-10,3 Tpy6bl, do- | Cyxaa NIOY 0,5-0,82
poa Hapwu anek- | (peaktop —
Teepable dTopuabl | 344 Hanuune Kkr/T Al 9,2-15,3 TPOJIN3HbIX pYKaBHbIN 0,5-0,83
Mbinb obLwas — OTcyTcTBME Kr/T Al 60,9-101,5 kopnycos BT |  dunbTp) 3,20-5,50
Cmonuctble Bewle- | 3748 OrtcytcTBHe Kr/T Al 10,3-17,1 0,9-1,52
cTBa (BKNtovas
BeH3(a)nnpeH u
apyrue MAY)
[Anokecuna cepol 330 Hanuune Kr/T Al 7,1-11,8 Bes ounctku 8,2-13,6
lMapHWKoBbIE rasbl — OtcytcTBKE T COLakB./T ~3,2 bes ounctku ~3,2
Al




o
o

Tabnuua 3.14 — OTxogbl Npon3BoacTBa U NoTpebneHns. TexHonorus anektponuaa bT

EavHun- | O6bem n (unn) macca obpa-
Knacc NcTouHMKM O6bvem u (nnn) macca pas-
ua 30BaHNA O0TXO040B OO0 OYUCT- MeTOLI, O4YnUCTKK, NMOBTOPHOIo
HavmeHoBaHue oTxomoB | onac- obpasoBa- MELLIEHHbIX OTXOZO0B B pac-
n3me- KM B pacyeTe Ha TOHHY MNpo- MCNoJib30BaHUA
HOCTU HUA YeTe Ha TOHHY npoayKunn
peHus aykumm
YronbHasi neHa 3 Kr/T Al 11,2-13,0 OneKkTpo- PasmeLlleHne Ha nonu- Ho 13
nunsepbl BT roHe NpomMoTXo40B
OtpaboTaHHas yronb- | 3—4 * | kr/T Al 12-13 QnekTpo- PasmelueHne Ha nonu- o 13
Has oyTepoBKa nusepbl BT roHe NPOMOTX040B
OtpaboTtaHHas kup- 4 Kr/T Al 8-9 OneKTpo- PasmelueHne Ha nonu- [o 9
nnuyHas oyTepoBKa nusepbl BT roHe NPOMOTX040B

3NeKTPonM3epoB

* YCcTaHaBnuBaeTcsa B COOTBETCTBUM ¢ PeaepanbHbiM KnaccudmkaLmMoHHbIM kaTanoroMm otxogos (PKKO).




TexHonorusa anekrponusa BT

[aHHasa TexHonorus anektponusa B PP npeacraBneHa anekrponusepammn ¢ camoob-
Xurarowummncs aHogaMmm n BepxHUM rnoasoaomM Toka K aHogy (BT) Ha cuny Toka ot 140 pgo
176 KA.

PapoBble anektponusepbl BT ocHaLLEHbl KOMOKOSTbHbIMU YKPbITUSAMU C 3PdEKTUBHO-
cTbio 86,3 % — 88 %. PsapoBble anektponusepbl BT moryt ocHawartbca cuctemamu ANl
YTO NO3BOJISAET NOBbLICUTb 3PIPEKTUBHOCTL YKPbITUA 40 90 %. YKPbITUS MOAEPHU3NPOBAHHbLIX
(3a cyeT ycoBepLIEHCTBOBAHMS KOHCTPYKUUW rasoyganeHuss U CblpbeBbIX KOMMOHEHTOB)
anektponunsepos BT (TexHonorus «3koCopepbepr») coctasnsaeT 97,5 %.

Kopnyca anektponusa, paboTawowme no TexHonornn anektponuda BT, ocHawawTcs
CUCTEMaMM ra3004NCTKM PasfnmnyHbIX KOMOMHALMIA:

- nepBas CTyNneHb OYUCTKM B 3NeKTpodunbTpax + BTOpasd CTyNeHb — «MOKpas»
O4YUCTKa B CKpybBepax unv neHHbIX annapaTtax;

- NepBas CTyrneHb OYUCTKN — «cyxas» QY + BTopas CTyneHb — «MOKpasi» O4YnCTKa B
ckpy66epax unu neHHblx annapartax;

- ogHocTyneH4aTas «cyxas» [OY;

- ogHocTyneH4aTas «Mokpasa» OY.

B 3aBucumocTn ot cnocoba raszoounctkm ee 3pdPEKTMBHOCTb ONA TEXHOMOMMM 3nek-

Tponusa BT coctaBnser:

no otopmuctomy sogopoay — 95 % — 99,8 %;

no nbinn 1 TBepabiM ptopngam — 70 % — 99,7 %;

no cmonucTtbiM Bewwecteam — 50 % — 99,4 %;

- no gnokecngy cepbl — 0 % — 98,7 %.

OcCHOBHblE TEXHUYECKME peLleHns ANsi CokpalleHust BbiIopocoB 3B OT pagoBbIX anek-
Tponusepos BT:

- MPUMEHEHME ra3004UCTHBIX annapaToB («cyxas», «Mokpas» OY nnun mx kombuHa-
ums);

- NPUMEHEHNE «CYXOW» aHOAHOW MacCbl AN COKpalleHUs BblAesIeHUN CMOJSIUCTbIX
BELLECTB.

Jlyywnx nokasatenen mmHummnsaunmn seibpocoB 3B B aTMocdepy B HacTosiLee BpeMs
AOCTUraloT MOAEepPHM3NPoBaHHbIEe anekTponusepbl BT — TexHonorns «3koCoaepbepr».

K TEXHNYECKMM N TEXHOSNOrMYECKUM pPELLEHNSM MOLEPHU3AUUN PAOO0BbLIX ANEKTPONN-
3epoB BT ¢ nepexogom Ha TexHonornio «koCoaepbepra» OTHOCATCA:

- HOBbIM ra30CHOPHbIN KOMOKON 1 cUCTeMa rasoyganeHus;
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- HOBbl€ TEXHOJIOrMYECKUA NHCTPYMEHT, CPeacTBa MexaHM3aunmn, HoBbleTEXHOMOrnYe-
CKMe NpaKTUKK Anst 06CNyXMBaHUA 3NEKTPONM3EPOB;

- MOOEPHN3NPOBAHHbIE ra30xobl C aBTOMaTUYECKON MHEBMATUYECKON OYUCTKOM;

- HOBad TEXHONOMMs NPOM3BOACTBA N UCMONb30BaHNA aHOAHOW MaccCbl HOBOrO Tuna —
aHOAHOW MaccChbl C MOHMKEHHbIM COAEPXKaHNEM CBA3YHOLLETO.

[aHHble pelleHnsa No3BONAT COKpaTUTb BblaeneHus u Bbibpockl 3B oT anekTponuse-
poB Copepbepra, a Takke obecneunTb BO3MOXHOCTb YBENMYEHNS BbIXOA4a MO TOKY yCOBep-
LLIEHCTBOBAHHbIX 31IEKTPONN3EPOB.

TexHonorna «3koCoaepbepr» BHeOpeHa B HECKOMbKMX Kopnycax afekTponmsa Ha
ABYX OTEeYEeCTBEHHbIX artoMUHUEBBIX 3aBOJaXx.

[o nepexoga Ha TexHonoruio «3AkoCoaepbepr» kopnyca anekTponusa ¢ psaoBbIMU
anektponusepamu BT moryT ocHawartbca cuctemammn Al n 6onee COBPEMEHHBIMU «CYXU-
MU Fa3004UCTKaMM.

[ns yactu pagoBbix anekTponusepoB BT, akcnnyaTtupyowmxcs Ha antoMUHUEBLIX 3a-
Bogax Poccuiickon ®epepaunn, Hanpumep LUNAHIOYTHOrO Tuna, nepexoq Ha TeXHOMOruto
«QkoCopepbepr» 3aTpyAHEH B CBA3M C UX KOHCTPYKTUBHbIMKM OCOBeHHOCTAMU. B atom cny-
Yyae, a Takke Ons psaoBbiX anekTponusepos BT ¢ uenbio cokpalleHusi BoibpocoB 3B B at-
MocepHbIN BO3ayX OO0 nepexoaa Ha TexHonoruto «3koCoaepbepr» NpuMeHSeTcs KOMNeKke
onepaumoHHbIX MEPONPUATUA, HanpaBfeHHbIX Ha COKpalleHWe BPeMeHU pasrepMeTmnsauuu
anekTponunsepa, nosbileHne aPEKTUBHOCTM CUCTEMbI Fa300TCOCA U CHUXEHMNE BblIOpPOCOB
yepes adpauUMOHHbIE (POHApPWU 3MEKTPOSIN3HBLIX KOPNYCOB — MCTOYHUKM BbIOPOCOB, Aatoimne
HanbonbLluMK BKNag B 3arpsasHeHne atmocdepbl. [aHHbI KOMNIEKC MEPONPUATUI Ha3biBa-
eTca «[lponsBoacTBeHHast cuctema.

TexHonornsa anektponusa BT ¢ «[lponsBoacTBEHHOM cuCTeMOM» BHeApeHa B KOpny-
cax 9neKkTponm3a Ha ABYX OTEYECTBEHHbIX antOMUHNEBBIX 3aBOAaX.

[na npouecca anektponusa TexHonornm BT He TpebyeTca pacxoga npon3BOACTBEH-
How BoAbl. [MoTpebneHne BogHbIX peCYypCOB BO3MOXHO TOSbKO B JIUTEMHbLIX OTAENEHUAX ANns
oxnaxaeHunsa obopynoBaHnsa (NPOU3BOLACTBEHHbIE BOAbI) M NPU UCMONb30BaHUN BOAbI NMUTbE-
BOro KayecTBa 4151 XO3ANCTBEHHO-ObITOBbIX HYXA.

C6pocbl 3B ¢ npon3BOACTBEHHLIMM BOAAMM B MOBEPXHOCTHbIE N NOA3EMHbIE BOAHbIE
00BbEKTbI Ha antoMUHUEBBIX 3aBOAAX, OCHALLEHHbIX TexHomnorven anektponu3da BT, oTcyt-
CTBYIOT B CBSI3U C UCMNOSfb30BaHMEM 3aMKHYTON CUCTEMbI BOAOOBOpOTA.

OCHOBHbIMM OTXO4aMW ANEKTPONN3HOIO Npon3soacTea BT aABnsawTCS yronbHas neHa,
oTpaboTaHHaa yronbHaa u KMpnuyHas oyTepoBKU. YronbHaa NeHa, Kak npaBumio, LEeNMKoM

nepepabaTbiBaeTCcs B COMYyTCTBYHOLLEM MPOM3BOACTBE (DTOPCONEN, YrornbHas U KUpnMYHas
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JoyTepoOBKM B OCHOBHOM pa3MeLlaloTCs Ha MONUroHe npomMoTxoaoB. HacTb yronbHou doyTte-
POBKM B 3aBMCUMOCTM OT PbIHOYHOIO CNpOCa MOXET peannu3oBbiBaTbCA CTOPOHHUM NoTpebu-
Tensm.

B Tabnunuax 3.15-3.18 npuBeaeHbl XxapakTepucTukm BblopocoB 3B B aTtmocdepHbi
BO34yX ONf18 BapuMaHTOB TexHomnoruu anektponusa BT. B Tabnuue 3.19 npuseneHbl AaHHbIE

no o6pasoBaHmo OCHOBHbIX BUOOB OTXO40B A1 TEXHOJIOTMKU 3NEeKTpOoJin3a BT.

83



v8

Tabnuua 3.15 — BbIbpochkl 3arpssHAaoLLmMX BeLWeCTB B atMmocdepy. PsaoBasa texHonorus anektponusa BT

Hanunune/otcytctBue
B nepeyHe 3B, noa-

nexalwux rocperynu-

O6bem u (1nun) macca

MeTon o4unct-

O6bem u (unu) macca

obpasytowwmnxcs 3B Bbl6pocos 3B ¢o-
Kon pOBaHuIo EavHnuya NCTOYHMKM | K, MOBTOPHO-
HanmeHoBaHue (o ouncTkn) B pac- Hapb + Tpyba (nocne
3B | (pacnopsikeHue MNMpa- | nM3MepeHns BblGpoca ro UCnoJsibL30-
yeTe Ha TOHHY npo- O4YUCTKK) B pacyeTe
BUTENLCTBA PO BaHWA
aykumm Ha TOHHY npoayKumnn
Ne 1316-p
ot 08.07.2015)
dTOpPUCTLIN BOOO- 342 Hanuune Kr/T Al 10,0-11,6 TpyObl, ho- | SnekTpo- 1,20-2,11
poa Hapu anek- | unbTp +
Teepable dTopuabl | 344 Hanunune Kkr/T Al 10,0-18,7 TPOMU3BHBIX | «MOKPbIA» 1,3-2,8
Mbinb obLwaa — OTcyTcTBME Kr/T Al 43-67 koprycoB BT | «xBocCT» 11,0-16,9
Cmonuctble Bewle- | 3748 OrtcytcTBHe Kr/T Al 2,5-4,2 1,5-2,24
cTBa (BKNtovas
BeH3(a)nnpeH u
apyrue MAY)
[Anokecuna cepol 330 Hanuune Kr/T Al 10,9-13,8 1,5-2,3
lMapHWKoBbIE rasbl — OtcytcTBKE T COLakB./T 2,0-3,0 bes ounctku 2,0-3,0

Al
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Tabnuua 3.16 — Beibpocbl 3B B atMocdepy. TexHonorus anektponusa BT ¢ npon3BogCcTBEHHON CUCTEMON

Hanwnune/otcyTtctBue
B nepeyHe 3B, noa-

nexalwmx rocperynu-

O6bvem u (nnn) macca

MeTtog ounct-

O6bem u (Mnn) macca

obpasytowwmnxcs 3B Bbl6pocos 3B ¢o-
Kon pPOBaHMIO EavHnuya WCTOYHMKM | KN, MOBTOpPHO-
HanmeHoBaHue (8o o4ncTkn) B pac- Hapb + Tpyba (nocne
3B | (pacnopsikeHue Mpa- | n3MepeHus BblOpoca ro UCMosnb3o-
4YeTe Ha TOHHY MNpo- O‘-II/ICTKVI) B pac4yeTe
BUTENbCcTBa PO BaHUSA
ayKkummn Ha TOHHY npoayKummn
Ne 1316-p
ot 08.07.2015)
dTOpPUCTLIN BOOO- 342 Hanuune Kr/T Al 12,4-13,8 TpyObl, po- | SnekTpo- 1,2-1,4
poa Hapw anek- duneTp +
Teepable dTopuabl | 344 Hanuune Kkr/T Al 6,3-7,1 TPOMU3HBIX | «MOKPbIN» 1,3-1,88
Mbinb obLwasn — OtcytcTBHe Kr/T Al 39,2-43,7 kopnycoB BT | ckpy66ep 6,85-9,11
CmonucTble Belle- | 3748 OtcyTcTBKE kr/T Al 1,6-2,6 C npon3eoa- 1,5-1,68
cTBa (BKNtovas CTBEHHOM
GeH3(a)nupeH n cucTemMomn
apyrue MAY)
[vokcua cepbl 330 Hanunune Kkr/T Al 13,4-22,3 1,5-2,3
lMapHWKoBbIE rasbl — OtcyTcTBHEe T COLakB./T 2,0-3,0 bes ounctku 2,0-3,0
Al




o
»

Tabnwuua 3.17 — Beibpocbkl 3B B atmMocdepy. PsgoBas TexHonorms anektponuaa BT, ocHaweHHasa ANl n «cyxon» FOY

Hanwnune/otcyTtctBue
B nepeyHe 3B, noa-

nexawmx rocperynu-

O6bvem u (nnn) macca

MeTtog ounct-

O6bem u (Mnn) macca

obpasytowwmnxcs 3B Bbl6pocos 3B ¢o-
Kon pPOBaHMIO EavHnuya WCTOYHMKM | KN, MOBTOpPHO-
HanmeHoBaHue (8o o4ncTkn) B pac- Hapb + Tpyba (nocne
3B | (pacnopsikeHue Mpa- | n3MepeHus BblOpoca ro UCMosnb3o-
4YeTe Ha TOHHY MNpo- O‘-II/ICTKVI) B pac4yeTe
BUTENBLCTBA PO BaHUSA
ayKkummn Ha TOHHY npoayKummn
Ne 1316-p
ot 08.07.2015)
dTOpPUCTLIN BOOO- 342 Hanuune Kr/T Al 10,4-13,8 Tpy6bl, do- «cyxasa» 0,62-0,81
poa Hapwu anek- | TOY + mok-
Teepable dTopuabl | 344 Hanuune Kkr/T Al 7,3-9,8 TPONU3HBIX | PbIA «XBOCT» 0,62-0,83
Mbinb obLwasn — OtcytcTBHe Kr/T Al 39,0-51,4 KopnycoB 3,2-4,2
CmonucTble Bele- | 3748 OtcyTcTBUE kr/T Al 2,98-3,04 BT, ocHa- 1,46-1,48
cTBa (BKNtovas LL€HHbIX
GeH3(a)nupeH n AINl n «cy-
apyrue MAY) xomn» MY
[vokcua cepbl 330 Hanunune Kkr/T Al 17,87-17,91 1,9-2,1
lMapHWKoBbIE rasbl — OtcyTcTBHEe T COLakB./T 2,0-3,0 bes ounctku 2,0-3,0

Al
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Tabnuua 3.18 — Beibpocbkl 3B B atmocdepy. TexHonorus «3koCoaepbeprs»

Hanwnune/otcyTtctBue
B nepeyHe 3B, noa-

nexalwmx rocperynum-

O6bvem u (nnn) macca

MeTtoq o4nct-

O6bem u (Mnn) macca

obpasytowwmxcs 3B Bbl6pocos 3B ¢o-
Kon pPOBaHMIO EavHnuya UCTOYHMKM | KN, MOBTOPHO-
HanmeHoBaHue (8o o4ncTkn) B pac- Hapb + Tpyba (nocne
3B | (pacnopsikeHue Mpa- | n3MepeHus Bblbpoca ro UCMornb30-
4YeTe Ha TOHHY MNpo- O‘-II/ICTKVI) B pac4yeTe
Butenoctea P® BaHMS
ayKumn Ha TOHHY npoayKumm
Ne 1316-p
ot 08.07.2015)
dTOpPUCTLIN BOOO- 342 Hanuune Kr/T Al 11,4-18,6 Tpy6bl, do- | Cyxaa NIOY 0,38 *
poa Hapb 3Nek- (peakTop-
Teepable dTopuabl | 344 Hanuune Kkr/T Al 7,6-12,4 TPOJIN3HbIX pYKaBHbIN 0,34 *
Mbinb obwas — OtcyTcTBME Kr/T Al 40-65,3 Kopnycos, | UnbTP) + 1,8-3,6
CmonucTble Belle- | 3748 OTcyTcTBKEe kr/T Al 0,88-1,10 OCHAaLLEHHbIX| «MOKPbIN» 0,89-1,38
cTBa (BKNtovas anekTponu- | ckpy6bep
GeH3(a)nupeH n 3epamu BT
npyrve MAY) «3JkoCopep-
[vokcua cepbl 330 Hannune Kr/T Al 17,1-17,4 Gepr» [o 1,0

* Jlydwias npakTuka.




Tabnuua 3.19 — OTxogbl Npon3BoacTBa U NoTpebneHns. TexHonorus anektponuaa BT

O6bem u (unu) macca

obpa3oBaHust OTXO-

O6bem u (Mnn) macca

HanveHoBaHne Knacc EonHnua NcToYHMnKM MeToa o4ncTkm, pasmeLleHHbIX OTXO-
[0B [0 OYNCTKU B
0TXO[0B OMacHOCTM N3MepeHUs obpasoBaHusi | NOBTOPHOrO MUCMOSb30BaHMUS [0B B pacyeTe Ha
pacyeTe Ha TOHHY
TOHHY NPOAyKUUK
npoaykuunun
YronbHasi neHa 34 Kr/T Al 15-43 OnekTponu- |Mcnonb3oBaHve B MNpoOuUs- 0
3epbl BT |BOAcCTBE (pTOpCOnemn
OTtpaboTaHHas 3-4* Kr/T Al 8-20 OnekTtponu- |PaameweHne Ha nonuro- o 20
yronbHasa ytepos- 3epbl BT |Hax npomotxodoB. Bos-
Ka MOXHa YacTuyHas nepepa-
Yya CTOPOHHMM OpraHusa-
LUMSM NS UCNosfb30BaHUSA
OtpaboTtaHHas kup- 4 Kr/T Al 6-15 OnekTponu- |PasmeweHe Ha nonuro- o 15
nu4Hasa pyTeposka 3epbl BT |Hax npomMoTxogoB

3NeKTPonM3epoB

* YCcTaHaBnuBaeTcs B COOTBETCTBUN ¢ PeaepanbHbiM KnaccudmkaumMoHHbIM kaTanorom otxogos (PKKO).




3.4 JlutenHoe Npon3BOACTBO

OCHOBHbIMM UCTOYHMKaMK BblaeneHust 3B B NMTENHOM NPON3BOACTBE ABMSAOTCSA MUK-
cepbl, NnaBusbHbIE NeYn, NPECChbl, MHAYKLMOHHbIE NeYn, NUTENHbIE MaLUWHbI, JIMHUN PE3KU
CINUTKOB.

MICTOYHMKN NUTENHOro OTAENEHUSA BHOCAT HEe3HauUTenbHbI BKNag B oOWMA 00bem
BbIOpOCOB antoMMHMEBOro 3aBoaa. [1pu nnaeBke mMeTanna B MUKCEPAX U NaBUibHbIX Nevax
BO3MOXHbl HE3Ha4YUTENbHbIE BblOENEHUs MbifK, OKCuaa antoMUHUA, a NpU UCNofb30BaHUK
donoCcoB B BbIAENIEHUAX MOTYT coepXaTbcs ptopuabl U xnopuabl. B nuteMHom npoussoa-
CTBE aniOMUHNEBBLIX 3aBOLOB MCMNOSb3YKTCA 3NIEKTPUYECKME MUKCEPDLI, a NNaBUibHbIE Neyn
B KayecTBe TOMNSMBa UCNOSb3YIOT ra3 unv masyT. [pn cxuraHum Tonnvea B NriaBUibHbIX Ne-
Yax B aTMocdepy BbIOENATCA NPOOYKTbl €ro CropaHus: okcuabl as3oTa, OKCcuA yrrepoaa,
anokcua cepsbl. [Npun peske CnMTKOB NUnamMmn Ans oOXnaxaeHuss Cnonb3yeTcst Macno, U Bbiae-
ngaLwasaca npu peske nbifib antoMUHUA NOMHOCTBIO yrasnmBaeTcs. B atmocdepy npu atom
OyayT nocTynaTb TONbKO Napbl Macna.

O6opynoBaHue NMTENHOIO NPOM3BOACTBA MOXET OblTb OCHALLLEHO MECTHbIMU OTCOCa-
MU AN MUHMU3aUMn BO34ENCTBUSA Ha BO3ayX paboyen 30Hbl. B OCHOBHOM 3TO NPUMEHATCS
Ha HOBbIX 3aBofax. Ha antoMuHMeBbIX NpeanpusaTusX, aKcnnyaTupyowmxesa donee 20 ner,
BblaeneHns 3B ot o6opyaoBaHMa NUTENHOrO NPOM3BOACTBA NOCTyNalT B aTMocdepy Yepes
doHapb.

B cBA3M ¢ He3HauMTenbHbIMU KonNudectBamn 3B MUKcepbl, NfaBubHbIE U UHOYKLN-
OHHbIE MEeYn He OCHAaLATCA CMCTEMaMK ra3oouncTkn. Boibpockl 3B oT nutenHbix otaene-
HWUM He co3faloT 3a npegenamu NpoMnnowanku nNpeanpuaTus 3HavymnTernbHbIX MakcMmarnb-
HbIX NPU3EMHbIX KOHLUEHTPaUUN N He yXyALakT Ka4eCTBO aTMOCHepPHOro Bo3ayxa B XUmbIX
30Hax.

YpoBeHb yaenbHbIX BblIOPOCOB NUTENHbLIX OTAENEHUMA antoMUHUEBLIX 3aBodoB Poc-

cuinckon degepaumm coctasndet 0,02—0,2 kr/T Al (ansa nbinu).
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Pazpgen 4. OnpegeneHne Hamnyywux AOCTYNHbIX TEXHONOMMM

CornacHo noctaHoBrneHuto MNpasutensctesa PP Ne 1458 ot 23.12.2014, «MeTtoanye-
CKMM pekoMeHJauusiM No onpefernieHnto TEXHOMOMMU B KadeCTBe Haumnydlen OOCTYNHOW
TEXHOSorMm», yTBepXxaeHHbIM rnpukasom MuHnpomTtopra Poccumn 31.03.2015 Ne 665, onpe-
AerneHne TEXHONOMMM B KayecTBe Haumyulwen AOCTYMHON NPUMEHUTENBbHO K antoMUHUEBOWN
NPOMbILLIIEHHOCTN NPOBOAMUTCS C Y4ETOM COBOKYMHOCTM CeayoLmnX KpUTEPUEB:

a) HauMeHbLUMIM YPOBEHb HEraTUBHOIO BO3AENCTBUS Ha OKPYXXaloLLyko cpely B pacye-
Te Ha eguHULYy BpeEMEHU nnn obbem NpomsBoaMMON npoaykuumn (tToBapa). B cootBeTcTBMM C
«MeToanveckumn pekoMmeHgaunsamMm...» Bo34encTene ot BbIBPOCOB B BO34QyX paccMaTpuBa-
eTca Kak aktop, umMewwmn Hambonblwmn oTpuuatenbHbii 3ddekt. OkasbiBaloWmnm
HauMeHbLLee oTpuuaTenbHOe BO3EeNCTBME Ha OKPYXXaKLLY cpefy CYMTaeTcsa Bo3gencTane
OTXOAOB, 3aTeM BbIOPOCHI B BOAY U 3arpsi3HEHNE NOYBbI;

6) akOHOMUYecKkas APPEKTUBHOCTb BHEAPEHUS W IKCNIyaTauum;

B) NPMMEHEHME PEeCYpPCo- N aHeprocbeperaomx MeToA0B;

r) nepuog BHeAPEHWUS;

A) NPOMbILIEHHOE BHEAPEHME TEXHONOMMYEeCcKNx npoueccoB, 060opyaoBaHNA, TEXHU-
Yyeckumx crnocobosB, MeTooB Ha ABYX U bonee obbektax B Poccuiickon denepaumm, okasbl-

BalOLLMX HEeraTMBHOE BO3ENCTBME Ha OKPYXKaIoLLYO cpeny.
4.1 NpousBoAaCTBO rMMHoO3emMa

Bbibop TexHONOrMn nponsBoacTBa rMrMHO3eEMa ONpeaensieTca Hannymem n BO3MOXHO-
CTbl0 UCMNONb30BaHNA TOrO UM MHOMO Cbipbs (BOKCUT, HedenuH). Cbipbe onpenensdeT 3Ko-
HOMMKY MPOM3BOACTBA, BENMYUHY MaTepuanbHbIX MOTOKOB, Cbipbs U 3HEPrnn, 3MUCCUN B
oKpy>xatoLyto cpeqy. B HacToqwee Bpemsa 4nsi NpoM3BOACTBA MMMHO3EMaA HA OTEYECTBEHHbIX
3aBogax NPUMeEHSIETCS ABE TEXHOMOMNN:

- KOMOMHMpPOBaHHbBIM cnocob (mapannenbHasi cxema banep-cnekaHus)), o6beaunHsIo-
LK1 ABe pasHble TexHonornm — cnocod banepa n cnocob cnekaHus GOKCUTOB;

- cnekaHve HeennHOBbLIX WNXT (HedPernnH N N3BECTHSIK).
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4.1.1 NMpousBoACTBO rMuHo3emMa n3 60KCUTOB NO KOMOMHMPOBAHHOMY CNOCOOY

(napannenbHasa cxema Banep-cnekaHus)
OnucaHue TexHonornu

Mcnonb3yemoe obopynosaHue:

- nepeaensl NOArOTOBKM LUMXTbI K BbllLenaynBaHuio, cnekaHuio u nepepaboTtka cne-
Ka — Apobunku, WwapoBble MenbHULbI;

- Nnepeaen BbilWenayYnBaHma — aBTOKMaBHble 6aTapewu;

- nepeaen CrylweHnsa n NpoMbIBKU WamMa — Cryctutenu, ounbTpsbl;

- nepegensl CnekaHus U KanbUMHaUMM — Bpallalowmeca neynm M neyn LMKITOHHO-
BMXPEBOrO TMNa, XONOAUNBHUKN KMNALWEro CAOs U LMKITOHHOMO TUNa;

- nepegen nepepaboTkn antoMUHATHBLIX PAaCTBOPOB — LEKOMMNO3EpPbl, CryCTUTENM, aB-
TOKNasbl.

K OCHOBHbIM TEXHUYECKUM pELLUEeHUAM, HanpaBneHHbIM Ha cokpalleHne Bolbpocos 3B,
OTHOCATCS:

- MPUMMEHEHNE Ha 3Tane NOArOoTOBKWU Chipbs B CKMagax NpPoAyKUMU LMKIOHOB UMK py-
KaBHbIX (OUIbTPOB, YTO NO3BONAET 06ecneynTb OCTAaTOYHYIO 3anblfIEHHOCTb acnMpauMOHHOro
Bo3zyxa He Gonee 20 Mr/HM®;

- MPUMEHEHNE OOHON UK ABYX CcTyneHen 6aTapenHbix (rpynnoBbIX) LUWUKIOHOB U 3MeK-
TPOUNLTPOB Ha Nepegene KanbuuMHauMu, YTO No3BonseT obecneynTb OCTaTOYHYHO 3anbl-
NEHHOCTb AbIMOBbIX ra3oB He 6onee 100—-200 mr/Hm®;

- MPUMEHEHNe Ha nepefene crnekaHus O4HOW CTYMNeHW rpynnoBbIX LWMKIOHOB, 3riekK-
TPOUNLTPOB M MOKpPOro ckpybbepa, 4To Mo3BonsieT ob6ecneynTb OCTaTOYHYH 3anblfieH-
HOCTb AbIMOBbIX ra3oB He 6onee 100-200 Mr/HM®.

OCHOBHbIM OTXOAOM MPOU3BOACTBA ABNAETCA KpacCHbIM Linam, KOTOpbIA NOANEXUT
pasMeLLeHNo Ha NONUroHax NPOMbILLIIEHHbIX OTXOAO0B.

Mo koMBHMpOBaHHOMY cnocoby paboTaloT rMMHO3eMHbIE 3aBOAblI Ypana, MCnonb3ys
B KQ4YeCTBe Cblpbsl BOKCUTDI.

Ha paccmatpuBaeMbix nNpegnpuATUSX MpPoOUM3BOACTBO MMMHO3EMA MMeEEeT 3HayuTeslb-
HOe CXOACTBO (MCMOnb3oBaHWe BMM3KOro Mo KayecTBY Cblpbs, MPUPOLHOIO rasa B KayecTse
TONMMBAa), UCNONb3YEeTCA NpaKkTU4YECKN oanHakoBbIn Habop obopyaoBaHua. OCHOBHOE OTNU-
yne paccmaTpuMBaeMblX TEXHONOrMm — CcooTHoweHne BeTBen (bamepa wn cnekaHus).
Ha YA3e Bbinyck rnnHo3emMa B BETBU cnekaHus coctasnsieT 12 %, B BeTBun banepa — 88 %
oT obuwen mowHoctn npeanpusatna. Ha BA3e cooTtHoweHne BetBen — 20 % n 80 % cooT-

BETCTBEHHO.
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[MokasaTenu KoHUEeHTpauun mapkepHbix 3B n obpasoBaHuss OTXOAOB, XapakTepu3yto-
LLMX TEXHOSOMI NPOM3BOACTBA MUHO3eMa, NpuHMMaemMmon B kadectse HOT, npeactaBneHsl

B Tabnuue 4.1.

Tabnuua 4.1 — TexHonornyeckme nokasaTtenu BbIGPOCOB U OTXOA0B

EaonHnua
HanmeHoBaHue oTxoaoB 3HayeHune
n3mepeHus
Mbinb Mr/HM® 100—200 °
KpacHbin wnam T/T rMMHo3emMa <1,6’

4.1.2 NMpounsBoAcTBO rMUHO3eMa Mo TEXHONOrMM cnekaHusi HecenuMHoB
OnucaHue TexHomnorum

Mcnonb3yemoe obopyaosaHue:

- nepeaensl NOArOTOBKM LUMXTbI U NnepepaboTkM cneka — ApoBunku, MenbHULbI;

- nepeaen cnekaHust — BpaLlatowmecs nevm ¢ KONOCHUKOBLIMU XONOAUITbHUKaMK;

- nepegen KanbLMHauMM — Bpallalowmecs nevu KanbuuHauum C XoroAaufbHUKaMu
KMNsLero cnos;

- nepegen nepepaboTky antoMUHaTHLIX PacTBOPOB — KapboHM3aTopbI, 4EKOMMNO3eEpH,
cryctutenu.

K OCHOBHbIM TEXHMYECKUM pPELLUEHUAM, HanpaBfeHHbIM Ha cokpalleHne Boibpocos 3B,
OTHOCATCS:

- MPUMEHEHNEe Ha aTane NoaroToBKU Cbipbs, B CKNnagax NpoayKuMu LMKITOHOB UK py-
KaBHbIX (OUIbTPOB, YTO NO3BONAET 06ecneynTb OCTAaTOUHYIO 3anbliEHHOCTb aCNMPaLUMOHHOIO
Bo3gdyxa He Gonee 20 Mr/HM®;

- MPUMEHeHNe OBYX CTyneHen 6ataperHblX (rpynmnoBbiX) LIMKIOHOB W 3NeKTpodunb-
TPOB Ha nepegene KanbLMHaLMK, YTO NO3BOMSET 00ecneynTb OCTaTOYHYHK 3anblfIEHHOCTb
AbiMoBbIX razoB 100—-200 Mr/HM®;

- MPMMEHEHNE Ha nepeaene crnekaHnsa OgHON CTYMNEHU rPynnoBbIX LMKITOHOB, FOPU30H-
TanbHbIX MHOIOMOSbHbIX ANEKTPOMUNBLTPOB, YTO NO3BONAET 06ecneynTb OCTaTOYHYHO 3anbl-

NeHHOCTb AbIMOBbLIX razoB 100-200 Mr/HME,

® 3anbineHHoCTb ra3os B BbIGpOcax OT neveit kanbLmHaLmm u cnekanus (nocne FOY).
" MokasaTenb 3aBMCUT OT KayecTBa GOKCMTOB, NPV YXYALIEHUM KayecTBa GOKCUTOB MOXET

ObITb yBENUYEH.
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OCHOBHbIM OTXOO0M MPOU3BOACTBA ABMSETCH HePENMHOBbLIN LWNaM, KOTOPbIN YacTuy-
HO (8o 30 % — 50 %) mcnonb3yeTca B NPOU3BOACTBE LEMEHTHOro knvHkepa. OcTaBliasacs
YacTb NOANEXUT pasMeLleHUIO Ha NONMUroHax NPOMbILLIIEHHbIX OTXOAO0B.

TexHonornsa nepepaboTkn HedenMHOB CnocoboM crnekaHusi ocyllecTBnseTca Ha [u-
KaneBckoM u A4YMHCKOM 3aBogax. CnekaHuo noaBepraeTcs wuxta u3 HedenvHa U nsBecT-
HAKa.

TexHonornyeckue cxembl NPON3BOACTBA MMMHO3eMa U3 He(enNnnMHOB Ha NpeanpuATUAX
OYeHb 63k mexay cobon. OCHOBHbIE OTNIMYUA paccMaTpuBaeMbiX MPON3BOACTB — MOLL-
HOCTb OCHOBHOIO TexHorormyeckoro obopynoBaHusa (onpenensaTcs MOLLHOCTbIO npeanpus-
TUS), @ TaKKe UCNOoJSIb30BaHWe pasfnyHbIX BUOOB TOMNSMBA.

[MokasaTenu KoHUeHTpauum MmapkepHbix 3B n obpasoBaHMst OTXOO0B, XapaKTepusyto-
LWMX TEXHOMOIMIO NPOM3BOACTBA MMHO3eMa, NpuHMMaemon B kadectse HOT, npeacrasBneHsl

B Tabnuue 4.2.

Tabnuua 4.2 — TexHonorn4yeckme nokasaTtenum BbIGPOCOB U OTXO40B

EanHnua
HanmeHoBaHue oTxon0B 3HavyeHune
n3mepeHus
Mbinb MI/HM® 100-200 °
HedennHoBbIN Wnam T/T rMMHO3emMa <g8,1°

Cnen,yeT OTMETUTb, 4YTO C6pOC CTOYHbIX BOA Ha IMMMHO3EMHbIX 3aBOoAaXx, NMPUMEHALD-
LLUMX KaK TEXHOJIOTNIO CNEeKaHN4A HereJ'IVIHOB, Tak n KOM6I/IHVIpOBaHHbII7I cnocob, MOXeT UMeTb
MeCTO TOJIbKO B aBapI/II7IHbIX cutyauudax, Tak Kak npeanpunatna MMerT 3aMKHYTYIO CUCTEMY

BOLOCHabXeHNsA C OYNCTKOM CNMBOB, HAXoadLmnxcs B oboporTe.
4.2 AHogHOE NPOoU3BOACTBO

[Mpon3Bo4CTBO aHOLOB U @aHOLQHOW MacChl B HACTOsLLIEe BpeEMS SBNSIETCA COMyTCTBY-
OLLMM NPOM3BOACTBY antoMuHus. [1pon3BoACTBO aHOA4O0B OCYLLECTBNAETCA Ha NpomMnnowas-
Kax antoMUHUEBbLIX 3aBOAOB, OCHALLEHHbLIX LIEIMKOM WU NpeuMyLLLECTBEHHO 3r1eKTponm3e-
pamn c npegBaputenbHo oboxokeHHbiMn aHogamu (OA). Mpomns3BoaCcTBO aHOAHOW MacChl

OCyLLEeCTBIIAEeTCA NMpakKTU4eCKn Ha BCEX 3aBOOaX, OCHaLWlEHHbIX 3JieKTponn3depammn C camo-

8 3anblneHHOCTb rasos B BLIGPOCAX OT Neyeit KanbLMHALMK N CNeKaHus.
° MokasaTenb 3aBMCMT OT KayecTBa HederMHOB, NpW yXyALWeHUn KayecTsa HedernmHoB Mo-

XeT ObITb yBEJIn4eH.
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obxurarowmmmnca aHogamu. Onpegenenve HOT ans npoM3BoACTB aHOAOB M @HOL4HOW MacChl
OyaeT 3akntovaTtbcsa B Bbibope 060pynoBaHNA 1 ra3004MCTOK ANg nepeaenos NnpoM3BOACTBa,
obecneunBatoLLero Hanbonee HM3KNe yaenbHble Bolopockl 3B B atmocdepy.

C6pocbl CTOYHbLIX BOA 1 06pa3oBaHMe OTXOA0B A9 NPOM3BOACTBA aHOAOB U aHOAHON
Maccbl He SIBASTCA NIMMUTUPYIOLWNMMKU (DaKTOPOM, Tak Kak Ha antoMUHWEBBLIX 3aBogax WC-
nonb3yeTcsa 3aMKHyTasi cuctema BogobopoTa, a obpas3oBaHMe OCHOBHbIX OTX0O40B (hyTepoB-
K1 neyen obxura n NpoKanku 3aBUCUT OT CPOKa UX CYXObl, KOTOPbIA NPaKTU4ECKN OANHAKOB

ANs BCEX pacCcMaTpuBaeMbIX NPON3BOACTB.
4.2.1 NpousBoacTBO aHOAHOM MacChbl AJ1IA CaMOODOXMUrarowWmnxca aHoa4oB
OnucaHne TexHonoruu

Ha Bcex 3aBogax gaHHOe MPOU3BOACTBO MAEHTUYHO N MMEET NPaKTUYEeCKU OOMHAKO-
BbI Habop obopyaoBaHus.

Mcnonb3yemoe obopyaoBaHue:

- Nnepenernbl XpaHeHUs1 U NOAroTOBKN KOKCa — TPaHCMNOpTEpPbl, KOHBENEPLI, APOOUNKN,
rPOXOTbl, MENbHULbI;

- nepegenbl CMelweHna n ¢OopMOBaHUA — [03aTopbl, CMecuTenu, (oOpMOBOYHbLIE
YCTPOWNCTBA;

- Nepenenbl NPOoKankym — nNpokasnoyHble Nneyun, CylnrbHble arperaTbl;

- nepefernbl XpaHeHUs1 1 NOArOTOBKN Neka — NEKONPUEMHUKIU, NEKONNaBUTENMN.

K OCHOBHbIM TEXHUYECKUM peLLEHNAM, HanpaBneHHbIM Ha cokpalleHne BbibpocoB 3B,
OTHOCATCS:

- MPUMEHEHNE ra3004NCTHOrO 0BOPYAOBaHMA Ha nepefenax XpaHeHus U NoLroTOBKU
Kokca. Bo3MOXXHO npMMeHeHne 0aHOro nnu KomomMHaLumMm HeCKONbKUX BUAOB CneayoLwero ra-
3004MCTHOrO 060PYAOBAHUA: LMKITOH, SNEKTPOUNbTP, PYKaBHbIN punbTp. JaHHble TeXHU-
Yeckme peLleHust NO3BONAT COKpaTUTb BbIOPOCHI Mbifiv B aTMocepy OT npoueccoB Apobne-
HUSI 1 TPAHCNOPTUPOBKN KOKCA;

- MPUMEHEHME ra3004MCTHOrO 060OPYAOBaHMA Ha nepenene npokasnku Kokca. Bo3amox-
HO NPUMEHeHNe BaTapernHoro UMKnoHa u (unu) anekTpodunbTpa. [JaHHble TEXHUYECKME pe-
LEHNSA NMO3BOMAT COKpaTUTb BbIOPOCHI Mbifin B aTMOcdepy OT npouecca NpoKankm Kokca u
TBEpPAbIX KOMMOHEHTOB OT NpoLEecca CxXuUraHus Tonnea, UCNONb3yHLLEroca B neyax npokarn-
Kn;

- NPUMEHEHNE YCTAaHOBOK CYXOW ra3o04mCTKN (peakTop + pykaBHbIN OUnbTP) Ha nepe-

Aenax cMelleHus n popmoBaHus. [JaHHble TEXHUYECKME peLLeHUs HanpaBneHbl Ha CoKpa-

94



LeHe BbIBPOCOB BO3rOHOB KAMEHHOYrOMbHOro rneka oT NpoLeccoB CMeLLeHUs n opmoBa-
HMSA aHOOQHOW Macchl;

- NIPUMEHEHNE CUCTEM YNaBNMBAHWA MAPOB MeKa Ha nepegeniax XxpaHeHus U nogro-
TOBKM neka. [laHHble TeEXHUYEeCKNe peLleHnsa HanpaeneHbl Ha cokpalleHue BbIBpoCoB BO3ro-
HOB KaMEHHOYrofibHOro neka oT NeKonpueMHUKOB 1 MeKonraBuTenen.

[MokasaTenu KOHUEHTpauuin BbIOPOCOB MapkepHbix 3B, xapakTepuaylowme TexXHOSOo-
T NPoOn3BOACTBa aHOQHOW Macchl, NpuHMMaemon B kavectee HAT, npueegeHbl B Tabnu-
ue 4.3.

Tabnuua 4.3 — lNMokasaTenu KOHUEHTPaUuii BbiIGPOCOB MapKEPHbIX 3arpsi3HSIIOLLMX BELLEeCTB

npon3BoacCTBa aHo4HOM Macchl

EaonHnua
HanmeHoBaHne 3B 3Ha4eHune
n3MepeHmns

XpaHeHne 1 NoAroToBKa neka

Bo3aroHbl kKameHHOYrosnbHOro rneka (Bkroyas Mr/HM® <35

6eH3(a)nupen n gpyrue MAY)

Mpokanka kokca (nocne MOY)

MbiNb KOKCOBas MI/HM® <200

4.2.2 NMpoun3BoacTBO 060X XKEeHHbIX aHOAOB
OnucaHue TexHonornu

WNcnonb3yemoe obopyaoBaHue:
- nepeernbl XpaHeHUs U NOArOTOBKWN KOKCa — TpaHCropTepsbl, KOHBeepbl, ApOOUIKu,

rPOXOTbl, MeJIbHULlbI;

nepeaenbl CMELLEHUS U NPECcCoBaHNs — 003aTopbl, CMecUTenu, BUGponpecc;

nepenen ooXxura aHo4oB — MHOFOKaMepHbIe KOmbLIEBbIE NeYn 00Xura;

nepegenbl XpaHEeHNA N NOAroTOBKU Neka — NeKonpueMHUK, nekonnaBuUTesun;

MOHTaX-AEeMOHTaX 000XCKEeHHbIX aHo4oB — neyn YT, KoHBenepbl, CUCTEMbI OYUCT-
K1 orapkoB, Apobunku.

K OCHOBHbIM TEXHMYECKMUM pPELLEHUAM, HanpaBneHHbIM Ha cokpalleHne BbibpocoB 3B,
OTHOCATCS:

- MPUMEHEHNE ra3004NCTHOrO 0BOPYAOBaHMA Ha nepefenax XpaHeHus U NoLroTOBKU
Kokca. BO3MOXXHO NnpUMeEHEHNe OAHOro UM KOMOMHaLUUKM HECKOSBbKMX BUAOB CreayoLero ra-

3004YMCTHOrO 06OPYAOBaAHUSA: LMKIOH, PYKaBHbI unbTp. [JaHHble TEXHUYECKUE pelLeHUs

95



NO3BOMNSAT COKPaTUTb BbIOPOCHI NbINM B aTMOCepy OT NpoLeccoB ApobreHnsa u TpaHCnopTu-
pOBKM KOKca. O eKTMBHOCTb AaHHbIX [OY MoxeT cocTaBnaTb 4o 98 %;

- MPUMEHEHME ra3004NCTHOrO 06opyaoBaHNS Ha nepegene obtxura aHogos. Bo3amox-
HO MPMMEHEHME CYXON ra3ooumCTKN (peakTop + pyKaBHbIN OUbTP) UM «MOKPOro» ckpybbe-
pa. [laHHble TEXHUYECKME PeLLEHNS NO3BOMAT COKpaTUTL BbiOpockl 3B B aTmMocdepy oT npo-
uecca obxwura aHopoB. Cyxas razoouncTtka obnagaet 6onblien aHeKTUBHOCTLIO: Mblflb —
99 %, rasoobpasHbie bTopmabl — 99 %, BO3roHbl KAMEHHOYrONbHOro neka — 98,5 %. «Mok-
pas» [OY c ncnonb3oBaHneM ckpybbepa obecneumBaeT cnegyowme nokasatenu: nbiiib —
84 %, rasoobpasHble dTopmabl — 98 %, BO3rOHbl KaMeHHoyronbHoro neka — 70 % —
75,5 %, guokeng cepbl — 90 %. C ToukM 3peHust apdekTnBHoCTU «cyxas» [OY asnsetcs
bonee nNpegnoyTUTENbLHOW, O4HAKO OHa He OCYLLEeCTBISieT OYUCTKY OT AMOKCMAA cepbl, No-
aTomy Bblbop Tuna MOY onpepensieTcsa Mcxoga U3 yCrnoBuUr pasMeLLeHus NpeanpuaTus u
YPOBHS1 (POHOBOrO 3arpA3HEHUs TeppuTopun;

- NPUMEHEHNE YCTAaHOBOK CYXOW ra3oo4mCTKN (peakTop + pykaBHbIN OUNbTP) Ha nepe-
Jernax cMelleHus n npeccoBaHnd. [JaHHble TEXHUYEeCKne pelleHUa HarnpasfeHbl Ha COKpa-
LeHe BbIOPOCOB BO3rOHOB KaMEHHOYrONbHOrO neka OT MpOoLeccoB NPOW3BOACTBa «3ere-
HbIX» aHOAOB. APPEKTUBHOCTL AaHHbIX [OY MoxeT cocTtaBnaTb No nbiin Ao 98 %, no BO3-
roHam KameHHoyrornbHoro neka — go 90 %;

- NIPUMEHEHNE CUCTEM YNaBNMBAHWA MAPOB MeKka Ha nepegeniax XxpaHeHust U nogro-
TOBKM neka. [laHHble TeEXHUYECKNe peLleHnsa HanpaeneHbl Ha cokpalleHue BbIBpOCoB BO3ro-
HOB KAMEHHOYrOfIbHOro Neka OT NEKONPUEMHMKOB U NeKonnaBuTenen;

- NPUMEHEHNe pyKaBHbIX (PUNbTPOB B aHOOHO-MOHTaXXHOM oTaeneHuun. [laHHble Tex-
HUYECKME peLleHns HanpaBfieHbl Ha CoKpalleHne BbIGpoCcoB Mbinn. PPEKTUBHOCTL hunb-
TPOB MOXeT cocTaBfATb 40 99 %.

[MokasaTenu KOHUEHTpauun BbIOPOCOB MapkepHbix 3B, xapakTepusyloLwme TEeXHOmMo-
T npom3BoacTBa OBOXOKEHHbIX aHOAOB, NpuHMMaemon B kadectBe HOT, npuBeneHbl B

Tabnuue 4.4.

Tabnuua 4.4 — lNMokasaTenu KOHUEHTPaLUUii BbiIGPOCOB MapKEPHbIX 3arps3HSIIOLLMX BELLEeCTB

npoun3BoacTea 060X KEHHbIX aHOA0B

EavHuua
HanmeHoBaHue 3B 3Ha4eHune
N3MepEeHMs

XpaHeHne 1 NoAroToBKa neka

Bo3roHbl KaMeHHOYronbHOro neka (Bkrno4as Mr/HM® <35

6eH3(a)nupen n gpyrue MAY)
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EanHnua
HanmeHoBaHue 3B 3HavyeHune
N3MepeHmns

O6xur «3eneHbix» aHogos (nocne MOY)

MbiNb KOKCOBas MI/HM® 1,27 4,272

BO3roHbl KaMEHHOYroNLHOrO neka (BKMoyas Mr/HM® 21 247

6eH3(a)nupen n gpyrue MAY)

U «Cyxas» [OY.
2) «Mokpas» QY.

4.3 NpousBoaCcTBO NEPBUYHOIO aritOMUHUSA

Ha antoMnHueBbIX 3aBogax B MPOMbILIMEHHbIX MacluTabax NpuMeEHSeTca TpU TEXHO-
MO ANEeKTponmaa:

- TEXHOMOMNSA 3NEeKTponM3a B 3MfeKTponu3epax C npeaBapuTenbHO O060XCKEHHBbIMU
aHogamu (OA);

- TEXHOMOINSA 3MEKTPONn3a B 3MEKTPONM3epax C CamMoObOXUrarwmMMmncs aHogamum u
BEPXHMM NoABOAOM Toka K aHogy (BT);

- TEXHOMOMNSA 3NeKTPonu3a B 3MEeKTponu3epax C camoobxurarowmMmnuca aHogamm um
BGokoBbIM NOABOAOM TOKa K aHogy (BT).

B cBs3n ¢ Tem, 4To cOHpOC CTOYHBIX BOAO M OOpa3oBaHMe NpPoOn3BOACTBEHHbLIX OTXO4OB
He ABNAITCA npeBanupylowuMmn aktopamn ans TEXHOMNOMMN AnekTponuaa, B tabnuue 4.5

npencraBneHbl yaenobHble Bbibpockl 3B B paspese TexHonormi (Ha ocCHoBaHuU pasgena 3).

Tabnvua 4.5 — YaenbHble Bbibpockl 3B no TexHonormam anektponuaa (oHapb + Tpyba)

YaenbHbie Bbibpock! 3B, kr/T Al
Cmonuctble
BellecTBa
TexHonorus (Bkntoyas
HF Fre Mbinb SO,
GeH3(a)nmpeH
n gpyrue
MAY)
OA nepBoro nokone- 0,25-0,38 0,53-0,77 [Jo 4,9 9,4-13,8 —
Hus (go 300 kA) (6e3 «MOK-
poii» FOY)
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YpaenbHble Bbibpockl 3B, kr/T Al

Cmonuctble
BellecTBa
TexHonorus (Bkntovas
HF Frs Meinb SO, Gera(a)mpen
n apyrue
MAY)
OA Brtoporo nokone- | 0,21-0,36 | 0,37-0,65 Ho 2,7 9,2-13,8 —
HuA (2300 KA) (6e3 «mok-
pon» OY)
BT 0,5-0,8 0,5-0,8 [o 5,5 Ho 13,6 (6e3| [Ho1,5
«MOKpPOW»
roy)
Psaposasa BT 1,2-2,1 1,3-2,8 o 16,9 Ho 2,3 (c Ho 2,24
«MOKpPOW»
roy)
BT ¢ npon3BoacTBEH- 1,2-1,4 1,3-1,9 [o 9,1 Ho 2,3 (c Ho 1,7
HOM CUCTEMOM «MOKpPOM»
roy)
BT c ANl n «cyxom» | 0,62-0,81 | 0,62-0,83 o 4,2 Ho 21 (c o 1,5
roy «MOKpOW»
roy)
BT «QkoCopnepbepr» 0,38 0,34 Jo 3,6 [o 1,0 (c Jo 1,4
«MOKpPOW»
roy)

OcCHOBHbIE TEXHMYECKNE XapakKTepuUCTukm n yaoenbHble pacxodbl CbipbeBbIX KOMMOHEH-

TOB MO NCNOJ1b3YHLWNMCA TEXHOJIOMMAM 3N1EKTPOJTN3a NpeacTaBrieHbl B Tabnuue 4.6.

Tabnuua 4.6 — CpaBHeEHME TEXHUYECKMX XapaKTePUCTUK ANst TexHonornn anektponusa OA, BT, BT

TexHonorus

Cuna Toka, KA

Bbixog no Toky, %

KM/ rasooTcoca,

%

OA nepsoro nokonenus (go 300 kA) o 300 kA 92,7-93,0 96,6-97,0
OA BTOporo nokoneHusi (=300 kA) 2300 kA o 94,5 Ho 98,7
Paposas BT 140-175 87,5-89 86,3-88
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TexHonorus Cwuna Toka, KA Bbixog no Toky, % KA ras;ZOTcoca,
BT c ATl n «cyxon» MOY 165-175 87,5-89 o 90
BT «QkoCopaepbepr» 172-176 88-91 96,0-97,5*
BT ¢ npon3BoaCcTBEHHOM CUCTEMOWN 167-170 87,7-90 89-93
BT 83-85 89-90 93-96

* BepxHuii npegen — Haunydlias npakTuka.

TexHonornsa anektponusa ¢ anektponusepamu OA xapakTepusyeTca OTCYTCTBUEM
BbIGPOCOB CMOMUCTLIX BELECTB U UMeET HauMeHbLlune yaernbHble Bblibpockl 3B. CoBpemeH-
Hble MOLLUHbIE 3NIEKTPONM3EPbI, BHEOPEHHbIE HA OTEYECTBEHHbLIX antOMWHUEBBLIX 3aBOoAaX,
OCHalLleHbl BbICOKOAI((EKTUBHBIMU paMHO-CTBOpYaTbiMu YKpbiTuaMKU ¢ Kl raszootcoca o
98 %. [Na OYMCTKM OTXOOALMX OT ANEKTPONN3EepPOoB ra3oB NPUMEHAKTCHA BbICOKOIPIEKTUB-
Hble «cyxue» QY c K4 6onee 99 %. YuntbiBasi ypoBEHb 3MUCCUN U peCYpPCcoaIdPEKTUB-
HOCTb TEXHOMOMMN C UCMNOSIb30BaHNEM ODOXOKEHHbIX aHOLOB, €€ LieniecoobpasHo NPUMEHSATb
KaK OCHOBHYO MpW NPOEKTUPOBAHUN U CTPOUTESLCTBE HOBbLIX 3aBOJ0B.

B kavyectBe HOT ana texHonoruun anektponusa BT pekomeHayroTCca criegylouime Tex-
HoOMornmn:

- TexHonorna BT «QkoConepbepr»;

- TexHonorna BT ¢ npon3BoaCTBEHHOM CUCTEMOMN.

TexHonorua BT ¢ ANl n «cyxom» OY aABnsieTcsa nepexofHomn K TexHorormm «3koCo-
aepbepr».

YuuTbiBas cTeneHb NPOMbILLSIEHHOTO BHEOPEHMS TEXHOMOrMM anektponuaa ¢ bT (oa-
HO npeanpusaTue Ha Tepputopum Poccunckon denepaumn), OTCYTCTBUE SKOHOMUYECKU MPU-
eMneMbIX anbTepHaTMB 3aMeHbl JaHHOW TEXHOJIOrMW Ha 9NneKkTposiu3 C UCMOofb30BaHNEM
000XCKEeHHbIX aHOAOB, MPUMEHeHMe TexHornornn anektponusa bT uenecoobpasHo Ha aewn-
CTBYIOLLEM NPEANnPUSATAN C NPUMEHEHNEM FYYLLMX POCCUMUCKUX MPAaKTWUK, HanpaBfeHHbIX Ha
MUHMMM3ALMIO BbIBPOCOB B aTMOCKEPHLIN BO34YX, — «CYXOW» OYUCTKN rasoB U AOMOSHU-
TenbHOW repMeTM3aunm aHo4HOro yana.

MpakTnyeckn onsa Bcex antoMUHUEBLIX 3aBOAOB XapaKTEPHO HanuMyne 3amMKHYTOW Cu-
cTeMbl BOA4oobopoTa 1 pasmeLleHne otpaboTaHHON (PyTEPOBKN INEKTPONM3EPOB Ha MOSNIo-
Hax NPOMOTX0A0B, NPM 3TOM BO3MOXHA MX YacTU4Has peanu3aums CTOPOHHMM noTpebuTe-
NsIM B 3aBUCMMOCTU OT CNpoca 1 pbiHKa cbbiTa B KaXX40M pervoHe.

Hwxe npuegeHo onncanne HOT ona nponsBoacTBa NEPBUYHOIO antoMUHUS.
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4.3.1 ANeKTponun3 B INeKTponusepax ¢ npeaBapuUTesibHO 060X KEHHbIMMU

aHogamm
OnucaHue TexHonorumn

Mcnonb3yemoe obopyaoBaHue:

- NEeKTpoNu3epbl C NpeaBapuTenbHO 0DOXCKEHHBIMW aHOL4aMW MNEPBOrO MOKONEHUs
MoLLHOCTBIO 0 300 KA;

- 3MNEKTPONM3epbl C NpeaBapuUTENbHO OBOXCKEHHBIMM aHoA4aMu BTOPOro MOKONEHUs
MoLHocTbio 300 KA 1 BbiLLeE.

Bbicokme nokasaTtenu anekTponunseposB obecneymBatoTca oba3aTenibHbIM NPUMEHEHN-
eM psifa TEXHUYECKNX N TEXHOSTOTMYECKUX MEPOMPUATUN, OCHOBHbBIMU U3 KOTOPbIX ABMISIKOTCS:

- MPUMEHEHNE JNEKTPONMTA C KPUONMTOBLIM OTHOLIEHMEM 2.2—2.4, KoTopoe obecne-
YMBAET CHWXEHWe TemrnepaTypbl NMnaBfeHNa 3NeKTponmTa, YTo No3BonAeT BECTU TEXHOMOM-
Yeckun pexmnm npu bonee HM3KUX TeMnepaTypax anekTponuaa. PaboTta npu Takon TEXHOMO-
rmn obecnevnBaeTcs nNpu ctabunmsaumm TEXHOMNOMMYECKOro U TENIOBOrO pexmma B Y3KUX
npegenax, Yto gocTuraeTtcs 3a cyeT npumeHenuns ANl

- CHWKEHME KOHLIeHTpauumy rmnHo3emMa B SS1IEKTPOSIUTE, KOTOPOE MNO3BONSAET yBENMNYNTL
BbIxog Mo ToKy. OAHAKO CHWXXEHWEe KOHUEHTpauuu rmmnuHo3emMa BefeT K MOBbILLEHUIO Temne-
paTypbl NMKBMAYCa, YTO KOMMNEHCUMPYETCS NpUMeHeHnemM Aob6aBoK (PTOPUCTbIX CONeEn B deK-
TponuT. C TEXHONOIrMYEeCKONn TOYKM 3peHusa uenecoobpasHo npumeHeHue CaF,, NOCKOMbKy
ero cogepxaHve nerdye nogaepxmeatb B Tpebyembix npegenax. MNMogaepaHne HU3KOW KOH-
LeHTpaumn B cTabunbHOM TennoBom pexmnme obecneumBaetca cuctemon ACYTIT n cucre-
Mo Al npu obGecneyeHUn «necdaHbiM» [MIMHO3EMOM CO CTabUMbHBIMK  PU3NKO-
XUMNYECKMMU CBOMNCTBaAMMU;

- UICMNOSIb30BaHNE [TIMHO3EMA «MeCcYaHoro» Tuna no pesynbTataMm MPOMbILLSIEHHON
aKkcnnyatauum gaet npuMpocT Bbixoda Mo TOKy He MmeHee 1,5 %. [NpymMeHeHue «nec4yaHoro»
TMMa rnMHo3ema npeanovTuTeNbHee Npu UCMONb30BaHUN «CYXOM» ra3004YMCTKU, NOCKOSbKY
obecneunBaet b6onee ahpdekTMBHOE ynaBnMBaHme (PTOPMAOB 3a CYET Pa3BUTOW YAENbHOM
NOBEPXHOCTU IMNHO3EMA;

- ucnonb3oBaHne cuctem Al ToyeyHOro TMNa NO3BoONdAeT noagepkuBatb CTabunb-
HYIO KOHLEHTpaLMIO rIMHO3eMa N KpUOSIMTOBOE OTHOLIEHWe (MpWY Hann4mMm OONONHUTESbHOMO
nutatena propconen) B y3kOM UHTepBarne, 4OCTAaTOYHOM AnS NofyveHus Hambonee BbICO-

KMX NnokasaTenewn no BbIXOAY MO TOKY;
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- cTabunusaumsa Toka cepumn no3sondeT obecneynTb yCroBMa AN noryYyeHns Bbixona
no TOKy cBbiwe 94,5 %, Tak kaKk nobble BO3MYLLEHNA TEXHONOMMYECKOrO pexnma Bbi3biBalOT
AOMNOJSTHUTENbHbIE BO3MYLLEHUS MOBEPXHOCTU MeTanna, u, COOTBETCTBEHHO, ero noTepu;

- cuctema ACYTI1 anekTponusa npegHasHadeHa Ons MNOBbIWEHUS 3deKTUBHOCTH
npouecca, CHWKEHUS BpeaHbIX 3KONMOrMYeCcKnX BO3OENCTBUN, MOHUTOPUHIA COCTOSIHUSA Tex-
HONOrM4Yeckoro pexmma n pabotel 06opygoBaHuna, ctabunusauymm n oNnTUMM3aLmMm TeXHOMO-
rMYECKOro pexnma, CHMKEHUS KONMYecTBa U TSHXKEeCTUM HapylleHun, npefoTBpalleHnsa aBa-
PUNHBIX CUTyaLuMi 1 obneryeHnsa Tpyga Npon3BOACTBEHHOrO nepcoHana.

K OCHOBHbIM peLLeHnsM Mo COKpaLLEeHUIO BbIBpPOCOB 3arpsa3HALLMX BELWECTB B aTMO-
chepy OT ANEKTPONN3epPoOB OTHOCATCA:

- aBTOMaTM3aumsi Npon3BoACTBa, NO3BOMAOWAn 6Gonee TOYHO perynmpoBaTb TEXHOSO-
rMYeckme 1 TennoBble PeXrMbl paboTbl ANEKTPONN3epoB, ONTUMU3NPOBATL COCTaB ANEKTPO-
nuTa, KOHTPONUPOBATh pa3sfady Cblipbsa B SNEKTPONN3ephI;

- NPUMEHEHNE YCTaHOBOK CYyXOW OYUCTKM ra3os;

- aBTOMartmyeckoe nutaHue rnmHosemom (All), dTopconsamm n apobreHbIM 3nekTpo-
NUTOM 3NEKTPONM3EPOB, YTO MO3BOMSET UCKMUYUTL pasrepMeTnsaunio anekTponmsepa npu
npoBeaeHUN JaHHOW TEXHOOIMYECKon onepaumu.

Bonee mouwHble anekTponusepbl BTOporo nokoneHna (>300 kKA) No3BOMSAKT Ccylle-
CTBEHHO CHU3UTb 9HEProeMKOCTb MPOM3BOACTBA, obecnevnBas aKONOrMYECKUA U IKOHOMMU-
yecknn acbpekt. OgHaAKO OHM MMEKT COOTBETCTBEHHO OonbluMe rabapuTHble pa3mepsbl. Ans
NX YCTAHOBKM, KaK npaBuno, TpebyeTca cCoopyXeHue OTAeNbHbIX KOPMyCOB 3MeKTponusa nnm
3HauyuTenbHasi PEKOHCTPYKUus cyulecTByowmnx. MeHee MOLUHbIE 3NEKTpPonmM3epbl NepBoro
nokonexust (<300 kA) ¢ MeHbLUMMN rabapuUTHBIMN pasMepaMmm MOryT BbITb YCTaHOBMEHbI NPU
MOAEpHM3aLM1 CyLLEeCTBYIOLMX KOPMYCOB 3MeKTponm3a npu nepexoge ¢ texHonorum 6T nnu
BT Ha TexHonoruio OA.

Ona MuHMMm3aumm BbibpocoB 3B B aspalMOHHble (DOHApPKU 3MNEKTPONM3HBLIX KOPMYCOB
OS5 MOLLHbIX 3N1EeKTPOonn3epoB BTOPOro rnokoneHnsa (=300 kA) ocyLLeCcTBRAOTCA criegyowme
MEepPONPUATUS:

- YNNOTHEHWNE LITaHr aHOL4OB 3NEKTPONN3EepoB AN MUHUMU3ALNUN BblAENEHNN 3arpsas-
HAIOLWNX BeLecTB B KOPMNyC 3rieKTponu3a 4vepes HensoTHOCTM B MeCcTe Bxoda LITaHruM B
YKpbITUE 3MeKTponnaepa;

- aBTOMaTuyeckoe raleHve aHoaHbIX 3pdeKkToB B anekTponusepe 6e3 ero pasrepme-
TM3auumu;

- ANSA BbINMBKM MeTanna, otbéopa npob n gpyrnx onepauui — BbINOSIHEHNE NpoeMa C

ABEepLaMu B YKPbITUSIX 3NeKTponm3epa.
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Bnarogapa atum meponpuatnam KM ykpbITun anekTponmnsepoB BTOPOro NOKONEeHUs
MOXeT gocTturaTb 98,7 %.

[ns 04NCTKM 3NEKTPONN3HBIX ra3oB OT PTOPUCTLIX COEANHEHUN U NbINIU NPUMEHSIETCA
CUCTEMA «CYXOW» OYUCTKM ra3oB IMNHO3EMOM B peakTopax U pykaBHbIx dunbTpax. OTxoas-
LWne OT 3NEeKTPOoNM3epoB rasbl MOCTYNAKT U3 KOMEKTopa, NpOXoadT yepes3 MOAynu peak-
TOP — pyKaBHbIV (UNbTP, rae ovnLalnTcs OT (PTOPUCTOro BoAopoada U NbiN U BEHTUNATO-
pamu BblibpackiBaloTCa B atMocdepy. Nepen kaxabiM unbTPOM B MOTOK 3arpsA3HEHHOrO ra-
3a fgosuvpyeTcs cBexun (NnepBuYHbIA) rMnHo3eM. Agcopbuus dTopmucToro Bogopoaa npomc-
XOOWUT Kak B peaktope, Tak U B (OuUnbTpyloLWEeM croe rMmnHo3ema Ha pykasax unbTpa. 3a-
FPA3HEHHbIN a3 C rMWHO3EMOM UM MblbI0 C NMOMOLLBK pacnpenennTenibHOro yCTpoOucTBa,
YCTaHOBIIEHHOro Ha Bxode B ounbTp, paBHOMEPHO NoJaeTca Ha Bce pykasa. [MMHO3eM C
agcopbupoBaHHbIMK dTOpMaAMN U MNbiNblo 00pa3yloT Ha pykaBax ounbTpa QUbTPYOLNNA
Crnown, B KOTOPOM NPOUCXOAAT agcopdbums n noineynasnmeaHue. MNbinb ¢ pykaBoB yaanseTcs
UMMYNbCHOM NPOAYBKOM NPU MOMOLLK CXaToro Bo3ayxa. Bosayx nogaetcs ¢ NOMOLLbIO dnek-
TPOMarHUTHbIX KnanaHoB. IMnynbCbl 3a4arTcs NporpaMMupyoLen 35IEKTPOHHOM CUCTEMOMN.
YnoBreHHbIe MMNHO3EM U NbiNb cobupatoTca B ByHkepe punbtpa. OunLeHHbIN ra3 Hanpas-
NAeTCa B KOMMEKTOP YMCTOro rasa v ygandarca B atmocdepy yepes Tpyobl. OTpaboTaHHbIv
(cdbTOpMpOBaHHbIN) MMHO3EM HanpaBnAwT B arnekTponusepbl. CTeneHb ynaenveBaHus oTO-
PUCTBIX COEOUHEHUI N SNEKTPONU3HON NbISIM B YCTAHOBKAaX CyXOM OYUCTKM ra3oB cOCTaBnseT
<99 %.

TexHonorun anektponusa OA c anekTponu3epamu NepBOro M BTOPOro MOKOSNEHUN
(mowHocTbo o 300 KA u ot 300 KA 1 Bbile) BHeAPEHbl HA OTEYECTBEHHbLIX antoMUHNEBBIX
3aBogax, NpMyemM MMn MOXeT ObITb OCHALLEH M 3aBOA LIENIMKOM, U OTAENbHbIE KOpMyca 3fek-
Tponuaa.

B Tabnuue 4.7 npeactaBneHbl OCHOBHbIE TEXHUYECKME XapaKTePUCTUKU SNEKTPOnu-
3epoB C npeaBapuTeNnbHO 0BOXOKEHHbIMM aHO4AaMMU, NPUMEHSAIOLLMMNCA Ha OTEYECTBEHHbIX

arltoMMHMEBBLIX 3aBoaax.

Tabnuua 4.7 — OCHOBHblE TEXHUYECKME XapaKTepuUCTMkn anekTponmsepos OA

OhbekTnBHOCTL | DPPEKTMBHOCTD
TexHonorus Cwuna Toka, KA Bobixog no Toky, % | cucTeMmbl ra3ooT- npUMeHsaeMbIX
coca, % roy
OnekTponunaepsl 140-255 93,0 96,6-97 * 99,0-99,8 *

nepBoro nokone-

HUA
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OhbekTnBHOCTL | DPADEKTMBHOCTD
TexHonorus Cwvna Toka, KA | Bbixog no Toky, % | cuctembl ra3ooT- NPUMEHSIEMbIX
coca, % roy
QrekTponusepsl 300-400 0o 94,5 * 98,0-98,7 * 99,2-99,8 *

BTOPOro rnokorne-

HUA

* Hannydwaga npakTtuka.

Bbibpocbl 3B B aTMOCdepPHbI BO3AYX SABNAKOTCA OCHOBHbIM IMMUTUPYIOWNM (DaKTO-
pOM B NPUPOAOOXPaHHON AeATerbHOCTU anioMUHMEBBLIX 3aBogoB. Kpome Toro, B COOTBET-
cTBuM c¢ «MeToomyeckumun pekoMeHgauusiMm Mo onpeferieHnto TEXHOMOMMM B KayecTse
Hauny4ywen OOCTYNHOMN TEXHOMNOrMm», yTBepXaeHHoIiMu rnpmukasom MuHnpomTopra Poccum ot
31.03.2015 Ne 665, Bo3gencTame OT BbIBPOCOB B aTMOCHEPHLIN BO3AyX CrieayeT paccMmar-
puBaThb Kak pakTop, MMeLWnn HanbonbLLNN oTpuLaTenbHbIN APdeKT.

Mcxoga vn3 BbILLEN3NOXKEHHOrO, BbIOGOP Haunyywmnx AOCTYMHbIX TEXHOSIOMMIN 3NEKTPO-
nn3a OA oCHOBbIBaeTCsl Ha HaMMeHbLLEM Konn4vecTBe BblbpacbiBaemMbix 3B.

B Tabnuue 4.8 npuBeaeH nepeyvyeHb TEXHUYECKUX PEeLUeHUN, HanpaBfieHHbIX Ha COo-
KpawieHme BbibpocoB 3B, npumeHsieMblX ANs KOPMyCOB 3MEKTPONnM3a, OCHALLEHHbIX 3reK-
Tponusepamn OA antoMuHMeBbIX 3aBogoB Poccunckon ®epepauun. B Tabnuue 4.9 npuse-
AeHbl yaenbHble Bbiopockl 3B ansa texHonorum anektponusa OA B anekTponmsepax nepBoro
N BTOPOro NOKOSIEHMS AN HAUNYYLINX UX NPaKTUK SKCNyaTauum Ha antoMUHMEBLIX 3aBOAax

Poccunckon ®epepaunn.

Tabnuua 4.8 — TexHnyeckme peLleHuns, HanpaBneHHbIe Ha COKpaLleHne BbIOPOCOB 3arpsi3HSIOLLMX

BeLlecTB
3aBog A: 3aBop B:
3aBop A: 3aBop b:
3ANEeKTPonu- 3NeKTponu-
3NEeKTponu- 3NEeKTponu-
3epbl BTOPOro 3epbl BTOPOro
TexHnyeckoe peLleHune 3epbl NepBo- 3epbl NepBo-
noKoneHus NoKoneHuns
ro NoKoreHus ro NoKoreHuns
(300 KA n (300 kKA n
(oo 300 kA) (oo 300 kA)
BblLLE) BblLLE)
AlNr + + +
ABTOMaTU3aLMAa NPON3BOACTBA + + +
YNnoTHeHWe LWTaHr aHO40B 3NekK-
- + +

TPOnn3epoB
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PYKaBHbIN OUNLTP)

3aBog A: 3aBop B:
3aBop A: 3aBop b:
ANEKTPOSInN- ANEeKTpoJIn-
anekTponu- anekTponu-
3epbl BTOPOro 3epbl BTOPOro
TexHu4eckoe peLueHve 3epbl NepBo- 3epbl NepBo-
NOKOoJ1eEHUA NMOKoJeHund
ro nokKorneHumnd ro nokorneHumd
(300 KA (300 KA
(1o 300 kA) (1o 300 kA)
BblLLE) BblLLE)
[nsa BbinvBKKN MeTanna, otéopa
npob 1 apyrux onepauum — npoem
- + - +
C ABepuamMn B YKPbITUAX 3MEKTPO-
nmnsepa
YctaHoBka cyxon OY (peakTop +
+ + + +

Tabnuua 4.9 — YaenbHble BbIGpOChl MapKePHbIX 3arpsisHAOLWNX BELLECTB Ars Npeanpusituii ¢

TexHonornewn anektponuda OA (Hauny4dlime NpakTUKK)

Hus (300 KA v BbILe)

TexHonorus HF, kr/T Al F.z, kr/T Al Mbinb, kr/T Al | SO, kr/T Al
OneKTponnaepbl NEPBOro nokone- <0,35 <0,75 3,4-4,9 9,4-13,8 *
HuA (go 300 kA)

OrekTponuaepbl BTOPOro nokose- 0,21-0,23 <0,37 2,2-2,7 9,2-13,8 *

* BepxHuu npegen npu yBenudeHun cogepxaHus cepbl B aHogax go 2 %.

4.3.2 AnekTponus B anekTponusepax Cogepbepra ¢ 60kOBbIM NOABOAOM TOKA K

aHoay (BT) 1 WTOPHLIMU YKPbLITUSMU

OnucaHue TexHonorum

Ncnonb3ayemoe oGopyaoBaHne — 3MeKTponM3epbl ¢ CaMooBXuraiowmuMmca aHogamm

(Copepbepra) 6okoBbIM NOABOLOM TOKA K aHOAY M LUTOPHbIMU YKpbITUsIMK Tuna BT-85 ¢ cu-

nom Toka 85 KA.

Mpwn paHHOM TEXHONOMMN NPUMEHSAOTCS:

- YKPbITUSI 3NEeKTPONM3epoB, MOHTUPYIOLLMECS HA KapKace U MMetowue BBEPXY raso-

CcOOPHbIV KONMNaK U LWITOPbI, 3aKpbiBatoLne GOKOBbIE CTOPOHLI 3MEKTPONM3epa;

- «CyXasi» ra3oo4ymcTKa (peakrop + pykaBHbIN PUILTP);

- repMeTn3aumna y3na aHogHOro CtosdKa aneKkTponmsepa.
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[Mpn cobnogeHnn TEXHONOrMYeckon AUCUMMIMHBLI B 0BCNYXUBaHUN 3NEKTPONN3epoB
BT v npu ncnonb3oBaHUN LWITOPHBLIX YKPLITUW U repMeTusaumm aHo4HOro crosika adpdekTumB-
HOCTb YKPbITUSI AA@HHbIX 3NEKTPONN3epoB MOXET COCTaBNATb A0 96 %.

B HacTosLee BpemMa gJaHHas TEXHOMOrMs UCMNosb3yeTcsd TONbKO Ha OOHOM antoMWHK-
eBoM 3aBoae Poccuiickon egepaumm.

MpenmywecTsamn JaHHOW TEXHONOMMN ABNAIOTCS:

- NPUMEHeHNe OOCTaTOMHO 3PIEKTUBHbBIX YKPbITUA SNEKTPOSIM3epoB LUTOPHOro Tuna,
KOTOpble BMECTe C repmeTusaunen y3rnoB aHOLHOIO CTOsiKa 3MeKTponmM3epoB U ¢ cobrnoae-
HMEeM TEXHOMOrM4YeCKOn OUCUUNITMHBI MOTYT NoKa3bliBaTb 3dEKTUBHOCTL A0 96 %;

- NPUMEHEHNE CYXOW OYMCTKM rasoB (peakTop + pykaBHbI (UNbTP), KOTOpas Mo3BO-
ngaet ynasnueaTb 3B ¢ 3pdeKTUBHOCTBLIO: MO MNbiNK U TBepAbIM bTopraamMm — He Huke 99 %,
no otopucTtomMmy Bogopoay — He Huxe 98,4 %; No CMONUCTLIM BeLlecTBaM — He Huxke 96 %.

[na 0aHHOM TEXHONOrMM xapakTepeH TakkKe KOMMMNEKCHbIN Noaxon K CHUKEHUIO BO3-
AENCTBUSA Ha OKpyXaroLlyo cpeny. KpoMme TeXHUYECKNX peLLeHnn, HarnpaBrieHHbIX Ha COKpa-
weHne BblbpocoB 3B B aTmocdepy, npegycmaTpuBaroTca cuctembl obopoTa npousBoa-
CTBEHHbIX BOJ, pa3MeLlleHne 0TX040B OCYLLEeCTBNAETCA Ha cneunann3npoBaHHbIX NOUIroHax
NPOMOTXOAOB.

B Tabnuuax 4.10-4.11 npuBeaeHbl OCHOBHbIE TEXHUYECKNE XapaKTEPUCTUKN N yAEnNb-

Hble Bblbpockl 3B ansa texHonornn anektponusa bT.

Tabnuua 4.10 — OCHOBHble TEXHUYECKME XapaKTepPUCTUKM anekTponuaepos BT

OhbekTnBHOCTL | DPAPEKTMBHOCTD

TexHornorns Cuna Toka, KA Bbixog no Toky, % | cuctembl raszoor- NPUMeHAeMbIX
coca, % roy
BT 83-85 89-90 93-96* HF — 98-99,4 *,

nbinb, Fs — 97—

99 *, cmonuctble

Bellectsa — 95—
99 *

* Hanmnydwaga npakTuka.

105



Tabnuua 4.11 — Beibpocbl MmapkepHbix 3B ans texHonornm anektponusa bT (Hannydlwas npakTuka)

Cmonuctble
BellecTBa
(BknoYas

TexHonorus HF, kr/T Al FrB, kr/T Al | Mbinb, kr/T Al | SO, kr/T Al

6eH3(a)nmpeH

n gpyrue
MAY), kr/T Al

BT 0,5-0,8 0,5-0,8 3,2-5,4 8,2-13,6 0,9-1,5

4.3.3 AneKTponu3 B afieKTponusepax ¢ BEpXHMM NoaBOAOM TokKa K aHoay (BT)

no TexHonoruu «dkonornvyeckum Copepobepr (AkoCoaepbepr)»
OnucaHne TexHosnornu

Mcnonb3yemoe obopynoBaHme — anektponmsepbl C8BM(3) n C8B(3) (MoaepHusn-
poBaHHble anekTponunaepbl Tuna C86M n C8b, Ha KOTOpbIX peanuM3oBaHa TEXHOOMNA «3JKO-
norndeckun Copepbeprs).

[aHHasa TexHonorms npenycmatpuBaeT npuMMeHeHne criegyrwmnx TeXHUN4eCKnx petue-

- YCOBEPLUEHCTBOBaHHAsA cucTeMa rasoygarneHus, BKIoYas MOAEpPHU3MPOBaHHbIE ra-
30X04bl C aBTOMATUYECKOM MHEBMATUYECKOM OYUCTKOW. [laHHaa cuctema rnossBonseT nosbl-
CUTb 3(PPEKTUBHOCTb YKPbITUSA 3MNEKTponmM3epa U COKpaTUTb BbIBPOCHI 3arpAsHSOWMX Be-
LeCTB 4epe3 adpauMOHHble (OOHApW 3NEKTPONM3HBIX KOPMycoB, Aatowue HavbonbLunn
BKNazj B 3arpsisHeHne atmocdepsl;

- NIPUMEHEHNEe aBToOMaTU4ecKkoro nutaHms rnmHosemom (All). MNo3BonuT cokpaTuTb
BpeMsi pasrepMeTnsauum aneKkTponimsepa Bo BpeMs nogayun rnmHosema, HanpasneHo Ha ro-
BbllleHne 3PPEKTUBHOCTU CUCTEMbI ra3o0TcoCa 3reKTponmnsepa U CHmKeHue (OHapHbIX
BbIOPOCOB 3arpsA3HALLMX BELLECTB;

- MPUMEHEHEe aHOOHOW MacChl C MOHMXEHHbIM codepxaHueM cBasytollero. Hanpas-
NEeHO Ha COKpalleHne NepBUYHOro BblAeNeHUs CMOSTUCTLIX BELECTB U3 3NeKTponun3epa;

- NPUMEHEHNE CYXON ra3o0uUCTKU U/UNN CyXOWN ra3o0uUCTKU C JOOYUCTKON B MOKPbIX
ckpybbepax (neHHbIX annapartax). HanpaBneHo Ha cokpalleHne BbIGPOCOB 3arpA3HSHOLLNX
BELLEeCTB, NOCTynawwWmnx B aTMocepy yepes Tpybbl anNeKkTponusHblix kopnycoB. CTeneHb
O4YUCTKM OT 3arpssHsaoWwmx sewecTts >99 %.

O hekTMBHOCTL YKpbITMA anekTponusepoB BT, paboTatowmx no TEXHONOMMN «IKO-

Copoepbepr», MoxeT cocTaensaTtb 96 % — 97,4 %.
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Kpome TeXHUYECKUX peLleHNn 3KONOrMYeCKOM HanpaBneHHOCTH, TexXHonornsa «3koCo-
Aepbepr» no3BonnT obecneynTb BO3MOXHOCTb YBENNYEHUS CUITbl TOKA CEPUKN ANEKTPOoNnn3e-
POB, CHU3UTb pacxoiHble KO3(dUUNEeHTbl N0 aHOAHOW Macce U TEXHOSOrMYeCcKOn 3MeKTpPo-
3Hepruw.

C6pocbl CTOYHBbIX BOA B BOAHblIE OOBbEKTbI OTCYTCTBYHOT, NPUMEHSAETCA 3aMKHYTas Cu-
ctema BogoobopoTta. OTxogbl OoTpaboTaHHOW (PyTEPOBKM 3NEKTPONM3EPOB nognexart pas-
MELLEHMNI0 Ha NONMroHax NPOMOTXOAOB, BO3MOXHA WX YaCcTUYHas peanu3aums CTOPOHHUM
notpebutensam B 3aBMCMMOCTM OT CNpoca U pbiHKa CObITa B KaXXO0M pervoHe.

TexHonorna «3koCoaepbepr» BHeOpeHa B HECKOMbKMX Kopnycax afekTponmsa Ha
ABYX antoMnHneBbIx 3aBogax Poccuiickon ®enepauuu.

Ona oueHkn npeumywiecTts BblbpaHHon HOT npoBeneHo ee cpaBHEHME C PSAOBOM

TexHonorven anektponuaa BT (tabnuupbl 4.12 n 4.13).

Tabnuua 4.12 — OCHOBHble TEXHUYECKNE XapaKTepUCTUKK anekTponuaepos BT

OdbdhekTnBHOCTL | AP DEKTUBHOCTL
TexHonorus Cuna ToKa, KA | Bbixog no Toky, % | cucTeMbl ra3ooT- MPUMEHSAEMbIX
coca, % roy, %
«QkoCopep- 172-176 88-91 Ho 97,5 >99
Bepr»
Paposasa BT 135-175 87,5-89 [o 85,5 HF — 95-98,

nbib, Fiz — 70—
86, cmonucTble
BellecTBa —
66,5-83,5 (npu
MCNOMb30BaHUM
«cyxom» QY —
>99)

MpuMeHeHne TexHonornn «3koCoaepbepr» NO3BONAET YBENUYUTL CUIY TOKA U BbIXOS,

Mo TOKY, NOBbICUTb 3PEKTUBHOCTb CUCTEMbI Fa300TCOCA 3NEKTPONM3EPOB.

B Tabnuue 4.13 npmBeneHo cpaBHeHME yaenbHbIX BbibpocoB 3B Ana psaoBon TEXHO-

nornn anektponusa BT n TexHonornm anektponuaa «3koCoaepbepr».
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Tabnuua 4.13 — CpaBHeHne BbIGPOCOB MapKepPHbIX 3arpsi3HAOLLMX BELLECTB ANs NpeanpusaTui ¢

TexHonorneun anektponusa BT

Cmonuctble
BelecTBa
(Bknovas
TexHonorus HF, kr/T Al F.e, kKr/T Al | MNbinb, kr/T Al | SO, kr/T Al
6eH3(a)nmpeH
n gpyrue
MAY), kr/T Al
«QkoCopepbepr» 0,38 0,34 1,8-3,6 <1,0* 0,89-1,38
Paposas BT 1,20-2,11 1,3-2,8 11,0-16,9 1,5-2,3* 1,5-2,24
* [Mpn ncnonb3oBaHMM BTOPON, «MOKpom» cTyneHn MOY. Mpu ncnonb3oBaHMKM TOMbLKO MEPBON,
«cyxomn» ctynenun FOY konudectso SO, 3aBUCUT OT CoAep)KaHUs cepbl B aHOOHON Macce.

Kak BngHo u3 tabnuubl, cpegHue yaenbHble Boibpockl 3B ana texHonormm «3koCo-

aepbepr» 3HAYUTENBHO HXKE, YeM ONs psiAoBon TexHonorum BT.

4.3.4 dneKTponus B aNeKTponusepax ¢ BEpXHMM NoaBoAOM Toka K aHoay (BT) ¢

MCNONIb30BaHMEM NPOU3BOACTBEHHbIX CUCTEM
OnucaHue TexHonorumn

Mcnonb3yemoe ob6opynoBaHme — anekTponuaepbl BT Bcex mapok.

[laHHasa TexHonorus npeagycmMmaTtpumBaeT NpuMeHeHne cneayrmnx TeXHM4YeCKnx petlue-

- MOKpasi Uin cyxasi ra3o04mcTKa Unmn nx KomomHaums.

[ns o4ncTkn oTxoasLwmx ot anekTponusepoB BT ra3oB MoxeT MCNOMb30BaTLCA CoYe-
TaHWe cneayroLero ra3aoo4McTHOro obopyaoBaHus:

a) aNeKkTpodUnbTP + MOKpas JOOYUCTKA B CKpybbepax nnu neHHbiX annapartax ¢ ag-
PEeKTUBHOCTLIO: MO (PTOpPUCTOMY BOJOpoAy — He MeHee 98 %, nNo auokcuay cepbl —
He meHee 95 %, no nbinu 1 TBepabiM pTopuaam — He meHee 90 %, N0 CMONUCTLIM BeLle-
cTBaM — He meHee 78 % — 85 %;

6) peakTop + pyKaBHbIN (PUNLTP + MOKpas [OOYMCTKA B CKpybbepax unm neHHbIX an-
naparax ¢ acpdekTmBHocTbIO 6onee 99 %;

B) peaKkTop + pykaBHbIN pUnbTp ¢ 3P PEKTUBHOCTLIO 99 %

[aHHble TEeXHU4YEeCKMe peLLeHMs HanpaefeHbl Ha cokpalleHune BbibpocoB 3B uepes

TpybbI;
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- NIPUMEHEHNE aHOOHOM MAacChl C MOHWXEHHbIM cofepXaHuem casylowero. [JaHHoe
TEXHMYECKOE pEeLLUEeHNe HanpaBfeHo Ha COoKpalleHWe MNepBUYHOro BbIAENEHNS CMOSMUCTbIX
BELECTB U3 3feKTponmsepa;

- NpOn3BOACTBEHHAA cucTema. BknioyaeT KOMNMEeKCc onepauuoHHbIX MepPONpUATUR,
HanpaBfieHHbIX Ha COKpalleHWe BPeMeHW pasrepMeTu3aunmn dNeKTposnimsepa, MoBbILEHNE
3(PPEKTUBHOCTM CUCTEMBI FA300TCOCA U CHMXKEHNE BbIOPOCOB Yepe3 aspaunoHHble oHapu
3NEKTPONN3HbBIX KOPMYyCOB — UCTOYHMKK BbIOPOCOB, Jatowme Havbonblumin BKNag B 3arpsas-
HeHue aTMocepsl.

OpraHunsaunoHHble MEPONPUATUS NO ONTUMKU3ALMN rPadMKOB TEXHOMOMMYECKNX obpa-
BGOTOK, YNCNEHHOCTN N cheumnanu3aunumn nepcoHana anekTPOsIM3HbIX KOPMyCcoB, a Takke npu-
MEHEeHMe CcpeacTB MexaHu3aumm M aBToMaTuM3auum MNO3BOMAT CHU3UTb BPEMS ralleHus
aHOAHbIX 3PEKTOB M UX KONMYECTBO, CHU3UTL OOpasoBaHME YrofibHOW MeHbl, KONMYECTBO
TEexXHosornyecknx obpaboTok N BpeMsa uUx NpPoBeLEHUs, YTO NPMBOAUT K OBLLEMY COKpalle-
HUIO BPEMEHW pasrepmeTmsaumm anekTponusepa. [Ona CHMXKEHUS BbIAENEHUA CMOSIUCTbIX
BELEeCTB Npu nepecTtaHoBKe aHOAHbIX LUTbIPEN Ha 3NeKTponu3epe NpMMeHsieTcs repmeTumsa-
LmMsa NyHOK, 06pasyoLmxcs nocrne N3BnevYeHns WTbIpa ¢ MOMOLLbIO 3arfyLwKky (antoMMHNEBOWN
nNpobkKK), yCcTaHaBNMBaAaEMOWN B fIyHKY Ha NepUo KOKCOBAHWUSA 3acbiNaHHOM nepen 3TUM nog-
LWTbIPEBON aHOAHOW Macchl. Takke MeponpuUaTUS NPOU3BOACTBEHHON CUCTEMbl MO3BONAT
NOBbICUTb 3(PEKTUBHOCTb FOPENOYHLIX YCTPOMUCTB 3a CYET OMepaTMBHOrO BbISIBIEHUA Y
YCTPaHEHUs pasfINYHbIX HeMcnpaBHOCTEN B paboTe ropesioyHOro yCTPOMCTBA.

TexHonornsa anektponusa BT ¢ ncnonb3oBaHWEM MPOU3BOACTBEHHLIX CUCTEM BHE-
peHa Ha ABYyX antoMuUHMEBbIX 3aBogax Poccunckon ®epepauuu.

CpaBHuUTErNbHbIE XapaKTEPUCTUKM OCHOBHbIX TEXHOSTIOMMYECKMX NapamMeTpoB INEKTPO-
nun3epoB BT c npousBoacTBEHHOM cucTtemon U paaoBbix BT npueegeHbl B Tabnuue 4.14.
CpaBHeHue ygenbHbIX BblIbpocoB MapkepHbix 3B ansa texHonorum BT ¢ npom3BOACTBEHHOM

cuctemon n psgoson BT npuBeaeHo B Tabnuue 4.15.
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Tabnvua 4.14 — OCHOBHblE TEXHUYECKNE XapaKTEPUCTUKN anekTponnsepos BT

OhbekTnBHOCTL | DPADEKTMBHOCTD
TexHonoruna Cuvna TOKa, KA BbIXOD, Nno TOKY, % | cuUCTeMbl rasooT- NnPpUMEeHAEMbIX
coca, % roy, %
BT c npoussog- 167-170 87,7-90 89-93 HF — 98, nbinb,
CTBEHHOW Cu- Fws — 90, cmo-
cTeEMOW nncTble Belle-
ctBa — 78 (npu
MCNOSb30BaHMM
«cyxon» MOy —
>99)
Paposas BT 135-175 87,5-89 Ho 85,5 HF — 95-98,

nbinb, Fs — 70—
86, cMonucTble
BellecTBa —
66,5-83,5 (npu
MCNOSb30BaHMM
«cyxon» MOy —
>99)

Tabnuua 4.15 — CpaBHeHVe BbIGPOCOB MapKepPHbIX 3arpsi3HAOLLMX BELECTB ANS NpeanpusaTui ¢

TexHonoruen anekrponusa BT

Cwmorn. Belle-
cTBa (BKmto-
TexHonorus HF, kr/T Al F.e, kKr/T Al | MNbinb, kr/T Al | SO, kr/T Al R
GeH3(a)nmpeH
n gpyrue
MAY), kr/T Al
BT c nponsBoacTBeH- 1,2-1,4 1,3-1,88 6,85-9,11 1,5-2,3* 1,5-1,68
HOW cnucTtemom
Paposas BT 1,20-2,11 1,3-2,8 11,0-16,9 1,5-2,3* 1,5-2,24

* [Mpn ncnonb3oBaHMM BTOPON, «MOKpom» cTyneHn MOY. Mpu ncnonb3oBaHMKM TOMbLKO MEPBON,

«cyxomn» ctynenun FOY konudectso SO, 3aBUCUT OT CoAep)KaHUs cepbl B aHOOHON Macce.
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IMpumeHeHne TexHonornmn anektponusa BT ¢ nponssBoacTBEHHOW CUCTEMOW MO3BOSIUT
YBENUYNTb CUIMY TOKA U BbIXOA MO TOKY, NOBLICUTE 3PAEKTUBHOCTb CUCTEMBbI ra3ooTcoca
3MEeKTPONn3epoB MO CPaBHEHUIO C psiAoBOK TexHonormen BT.

M3 Tabnuy BUMOHO, YTO MO 3KOSIOrMYECKMM MnoKasaTensaM TexXHonorus anektponusa BT
C MCNOJSIb30BaHMEM MPOU3BOACTBEHHbLIX CUCTEM YCTynaeT TOSNbKOo TexHonorum «3koCopep-
Gepr». YunTbiBas, 4To TexHonorns «3koCoaepbepr» MOXeT NPUMEHSTLCA HE ANA BCEX Ma-
POK 3M1EKTPONIN3epoB, TEXHOMNOMMIO anekTponuia BT ¢ ncnonb3oBaHMeM Npon3BOACTBEHHbLIX
CUCTEM MOXHO PEKOMEHOOBATb B KAa4YeCTBe ee anbTepHaTMBbl NMOO Kak NepBbl 3Tan nepe-

Xo4a Ha TexHornoruo «9koCoaepbepr».

4.4 NMponsBoacTBO NO BbINYCKY arllOMUHUA U ero CnsiaBoB C

npunmeHeHnem aBToMaTU3INPOBaHHbLIX NNTENHbIX NNHUNA

OnucaHue TexHonorum

JInTenHoe npon3BoACTBO SABMSETCA CONYTCTBYIOLUM MPOU3BOACTBY MEPBUYHOIO aro-
MVHUS N SKCNSTyaTUPYyeTCHa Ha Bcex antoMuHUEBbIX 3aBogax Poccurckon depepauymm. O6o-
pygoBaHWE NUTENHbIX OTAENEHUN 3aBUCUT OT BUAA TOBAPHOW NMPOOYKUWUKU, BbiMyCKaeMOn Ha
KakgoM KOHKpeTHOM 3aBofe. OcHOBHOe mcnonb3yemoe obopygoBaHNe — MUKCEPbI, NUTEN-
Hble MalluHbI, NnasunbHble nedn. O6opyaoBaHUE NUTENHBIX OTAENEHUN N3-3a MarbiX BENu-
4nH BblbpocoB 3B He ocHauwaeTcss cMcTeMaMm ra3oounCcTKN, Ans oTBoda u3 paboyen 30HbI
NblNerasoBo3ayLHON cMecn OT 0bopyaoBaHUA NUTENHBIX OTAENEHUNn MOryT ObiTb npeny-
CMOTPEHbI MECTHbIE OTCOCHI.

Kputepuam HOT gns nutenHbix otaeneHun GyoeT COOTBETCTBOBATb COBPEMEHHbIV
YPOBEHb aBTOMaTM3aLMN NPOM3BOACTBEHHbLIX MPOLIECCOB, KOTOPbLIN NPUMEHSIETCA B HAcTOHA-
Lee BpeMsi NpakTU4YeCKkn BO BCEX NMNTENHbIX OTAENEHUAX aNtoMUHNEBbLIX MPON3BOACTB.

YpaenbHble BbIOPOCHI MapKkepHbIX 3B, xapakTepuayowme TEXHOMOMMI0 NMMTENHOrO Npo-

n3BoacTBa nNpuHMmaemon B kadyectse HAT, coctaBnaoT: nbinb — 0,02-0,2 kr/T Al.
Paspen 5. Haunydwune goctynHble TeXHONOrMun

B pasgene npuBegeHbl xapakTepuUCTUKM U TeXHONormyeckue nokasatenu obopynosa-
HUA ONs COKpalleHnsa amuccun B aTmocdepy n otxogos. Onucanne HOT npuBegeHo B pas-

aerne 4.
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5.1 NMponsBoAcCTBO rMMHO3€eMa

HAOT 1. NMpou3BoacTBO rnMHoO3emMa N3 60KCMTOB KOMOMHMPOBAaHHbLIM CNOCOOOM

(napannenbHasa cxema banep-cnekaHus) ¢ gonen BeTBU CrnekaHusa He bonee

20 %

HOT Ha nepefenax npou3BoacTBa rMHo3ema n3 BOKCUTOB KOMOUHMPOBAHHBLIM CrMO-

cobom npegycMaTpuvBaeT MWCMOMb30BaHWE MNPUBEOEHHbIX HMXE MeToAoB/06opyaoBaHMS

(cm. 3.1n4.1.1).

MeTon/o6opynoBaHue

MpyMeHUMoCTb

a |LUnknoH unu pykaBHbI (punbTp

lMprmeHeHne Ha nepeaenax NOAroTOBKN Cbipbsi, B
cknagax npoaykumm (cunoca, OyHkepa cneka,
rMUHO3eMma).

Kak npaBuno, npmeHMmo

6 |OpgHa nnn gBe cTyneHun batapen-
HbIX (FPYNMNOBbLIX) LIMKITOHOB U 3eK-

TpohnnbTPOB

MpuMmeHeHWe Ha nepenene KanbLUuHaLUK.

Kak npaBuno, nppuMeHMmMo

B |OpgHa cTyneHb rpynnoBbIX LMKIO-
HOB, 3MeKTPOUIBLTPOB 1 MOKPOTO

ckpybbepa

lMpumeHeHne Ha nepenene cnekaHus.
MpUMEeHMMOCTb «MOKpOro» ckpybbepa moxeT
ObITb OrpaHnyeHa B creayroLmnx cnyyasx:

- obpasoBaHMe 3HaAYNTENbHLIX 0OBLEMOB OTXOAOB
N CTOYHbIX BOA;

-B 3aCylNMBbIX panoHax — MOTpebHOCTL B
oonbwKnx obbemax BoAbl U HEOOXOOMMOCTb 0O-
paboTKM CTOYHbIX BOA, @ TakkKe CONyTCTBYHOLLMM

MexcpenoBon apdekT

TexHonornyeckmne nokasarenu Boibpocos ana HOT 1 npueeaeHsl B Tabnuue 5.1.

Tabnuua 5.1 — TexHonornyeckmue nokasaTtenu BbIopocoB B atmocdepy 1 obpasoBaHmst OTXOO0B 4SS

HOT 1
. EavHuua 3HavyeHune
TexHonornyeckuii nokasaTternb
n3MepeHmns (ananasoH)
Mbinb Mr/HM® 100-200 ¥
KpacHblit Lunam T/T IMMHO3eMa <1,6 9
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5 EanHnua 3HayeHune
TexHonorn4yeckuii nokasaTtenb
N3MepeHmns (ananasoH)

Y 3anbineHHOCTb ra3oB B BbIGpOCcax OT neyelt kanbLyHaLmm 1 cnekanus (nocne FOY).

2 O6pasoBaHne 0TX040B NPON3BOACTBA.

MpumeHumoctb HAOT 1

Bo3moxHo npuMeHeHne TEXHONOrmmMm Ha HOBOM npeanpuAatTun, npu mMoaepHmusaunmn

AENCTBYIOLLLErO NPeanpuUsTuUs.
HAOT 2. TexHonormsa nponsBoAcTBa rMMHO3eMa crekaHuem HedenmHoB

HAOT 2 npegycmaTtpuBaeT NpUMEHEHWE NPUMBEOEHHbIX HWXKe MeToaoB/obopyaoBaHMSA
(cm. 3.1 n4.1.2).

MeTtoa/o6opynoBaHue MpymeHnmMocTb

a |UuknoH unun pykaBHbIN OUNbTP lNpmeHeHne Ha nepegenax NoOAroToBKU Cblpbs, B
cknagax npoaykumm (cunoca, OyHkepa cneka,
rMMHO3ema).

Kak npaBuno, npmeH1Mmo

6 |[Be ctyneHn 6aTapenHbix (rpynno- |lMpumMeHeHne Ha nepegene KanbuuHaumu.
BbIX) LMKITOHOB W 3NeKTpodUIb- Kak npaBuno, npumeHMmo

TpoB

B |OpgHa cTyneHb rpynnoBbiX UMKno-  |MpumeHeHne Ha nepegene cnekaHus.

HOB, rOPM30HTarbHbIX MHOroMnonb- | Kak npaBnno, npuMeHnmo.

HbIX ANEeKTPOPUNbTPOB («MOKpPLIN» | [TPUMEHMMOCTL  «MOKPOro» ckpybbepa MoxeT
ckpy66ep) ObITb OrpaHnYeHa B creayroLmnx cnyyasx:

- obpasoBaHMe 3HaA4YNTENbHLIX 0OBLEMOB OTXOAOB
N CTOYHbIX BOA,;

-B 3aCylNMBbIX panoHax — MOTpebHOCTL B
B6onbwmnx obbemax Boabl M HEOOXOOMMOCTbL 06-
paboTKM CTOYHbIX BOA, @ TakkKe CONyTCTBYHOLLMM

MexcpenoBon adexT

TexHonornyeckne nokasatenu soibpocos ana HOT 2 npuBeaeHsl B Tabnuue 5.2.

113



Tabnuua 5.2 — TexHonornyeckme nokasatenu sbibpocos gns HOT 2

5 EanHnua 3HayeHune
TexHOMornyeckuit nokasaTerb
N3MepeHmns (ananasoH)
Mbinb MI/HM® 100-200 Y
HedennHoBbIN LWnam T/T rMHO3ema <8,1?

Y 3anbIiNeHHOCTb ra3oB B BbIGPOCAX OT Neyel KanbLyHALMN U CNIeKaHMS.

2 O6pa3soBaHne 0TX040B NPON3BOACTBA.

Mpumennmoctb HAOT 2

MopepHusauusa gencTByroLwero npeanpuaTus.
5.2 NMpousBoacTBO aHOAOB U aHOA4HOWU MAacCChbl

HAOT 3. NMpou3BoacTBO aHOA4HOM MacChbl AN CaMOOOXUraloWwmMxca aHoA0B

HOT 3 npn npousBoAcTBE aHOAHOW MaccChbl npegycMaTpuBaeT MpUMEHeHue rnpuse-

AEHHbIX HUXe meTogos/obopynoBaHus (cm. 3.2 n 4.2.1).

MeTon/o6opynoBaHue MpumMeHnMocCTb

a |UwuknoH, un (unu) anektpodunbTp, |lpuMeHeHne Ha nepegenax XpaHeHus U noaro-
n (MNKn) pyKkaBHbIN PUNBTP TOBKM KOKCa.

Kak npaBuno, nppuMmeHnmo

6 |BbaTapenHbi UMKNOH 1 (Mnn) anek- |lNpumMmeHeHne Ha nepeaene NpoKanku Kokca.

TpohunbTp Kak npaBuno, npmeH1Mmo

B |«Cyxaa» razoouunctka (peaktop + |lpymeHeHne Ha nepegenax cmelleHuss U op-
PYKaBHbIN PUILTP) MOBaH1Usl aHOQHOW Macchl.

Kak npaBuno, npmeH1Mmo

r |Cuctema ynaBnuBaHusi napoB neka |lpumMeHeHne Ha nepegene XpaHeHust U noaro-
TOBKM Neka.

Kak npaBuno, npmeH1Mmo

TexHonornyeckmne nokasartenu Boibpocos ana HOT 3 npueeaeHsl B Tabnuue 5.3.
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Tabnuua 5.3 — TexHonornyeckme nokasatenu sbibpocos gns HOT 3

5 EanHnua 3HayeHune
TexHonornyeckni nokasaTternb
N3MepeHmns (ananasoH)
Mbinb KOKCOBas MI/HM® <200V
BO3roHblI KaMEHHOYTOMBHOTO Neka, Mr/HM® <35
B TOM yucne 6eHs(a)nmpeH <0,0525

Y 3anbiNeHHOCTb ra3oB B BbIGPOCAX OT neyelt NpoKanki KoKca.

2) CBeuM NeKonPUEMHMKOB 1 NeKonnasuTenein.

MpumenumocTb HAOT 3

BO3MOXHO NpvMeHeHMe TeXHONorMM npyv MoaepHM3auuvM OencTBYyHLLero npeanpus-

TNA.

HAOT 4. Npou3sBoacTBO 060XKKEHHbLIX aHOA0B.

HOT npu npousBoactBe 060XCKEHHbIX aHOOOB MpeaycMaTpuBaeT NpUMEHeHue npwu-

BeAEHHbIX HMXe meTogos/obopynoBaHuna (cm. 3.2 n 4.2.2).

MeTtoa/o6opynoBaHue

MpumMmeHnmMocCTb

a |UmKnoH n (unun) pykaBHbIN UnbTP

lMpuMeHeHWe Ha nepedenax XpaHeHust U noaro-
TOBKM KOKCa.

Kak npaBuno, npumeHMmo

6 |Cucrtema ynaenveaHusi napoB rneka

MpumeHeHWe Ha nepedene XpaHeHust U noaro-
TOBKMW Meka.

Kak npaBuno, nppuMeHnmo

B |«Cyxaa» razoounctka (peaktop +
PYKaBHbIN OUIBbTP) UITU KMOKPbIN»

ckpyb6ep

MpumeHeHne Ha nepegenax cMmelweHusi, Popmo-
BaHWSA, 0OXMre «3eneHbix» aHOA0B.
MpUMEeHMMOCTb «MOKpOro» ckpybbepa moxeT
ObITb OrpaHn4eHa B creayroLmnx cnyyasx:

- obpasoBaHMe 3Ha4YNTENbHLIX 06BLEMOB OTXOAOB
N CTOYHbLIX BOA;

-B 3aCyLNMBbIX panoHax — MOTpebHOCTL B
oonbwKnx obbemax BoAbl U HEOOXOOMMOCTb 0O-
paboTKM CTOYHbIX BOA, @ TakkKe CONyTCTBYHOLLMM

MexcpenoBon apdekT
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TexHonornyeckue nokasatenu Boldpocos ana HAOT 4 npuBegeHsl B Tabnvue 5.4.

Tabnuua 5.4 — TexHonornyeckmue nokasatenu solbpocos gns HAT 4

EavHuua 3HayeHne (guanasoH)
TexHonorn4yecknin nokasartenb
n3MepeHud min max

Mbinb kKOkcoBas Mr/HM® 1,279 4,22
BO3roHbI KAMEHHOYrOMNLHOrO NeKka Ha nevax Mr/HM® 27 24 %)
obxwura, B TOM Yncne 6eHs(a)nnpeH 0,003 0,036
BO3roHbl KAMEHHOYTONLHOTO Neka, Mr/HM® <357
B TOM yucne 6eHs(a)nmpeH <0,0525

U «Cyxas» [OY.
2) «Mokpas» QY.

3 Ceeun nekonpnemMHnKoB " nexkonnaBuTENEN.

Mpumennmoctb HAT 4

Bo3amoxHo npuMeHeHne TexHOJN1I0rmm Ha HOBOM MnpeanpuatTun n npun mMmoaepHmu3aunm

AENCTBYIOLLEro NpeanpusTus.
5.3 NMpousBoacTBO NEPBUYHOIO aritOMUHUSA

HOT 5. AneKkTponus B aneKTponuiepax ¢ npeaBaputernibHO 000XKeHHbIMU

aHopgamu nepBoro nokosneHus (MowHocTbio Ao 300 KA)

HOT npu npon3BoACTBE antoOMUHUA B 3NEKTpoNu3epax ¢ npeaBaputenbHO 060XOKEH-
HbIMW aHoZamu NepBoro nokoneHus (mowHoctblo 0o 300 KA) npegycmatpuBaeT nNpuMeHe-

HWe npuBeaeHHbIX HUxe meTofos/obopyaoBaHus (cm. 3.3 1 4.3.1).

MeTtoa/o6opynoBaHue MpymeHnmocTb

a |«Cyxas» razoouncTka (peaktop + |lpumeHnmo

PYKaBHbIN PUILTP)

6 |ABTOMaTU4eCKOE NUTaHUe rMuHo- | lNpumMeHnmo

3EMOM

B |Cucrema ACYTII npouecca anek- | NpnmeHnmo

Tponusa

TexHonornyeckmne nokasartenu Boibpocos ana HOT 5 npueeaeHsl B Tabnuue 5.5.
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Tabnuua 5.5 — TexHonornyeckme nokasatenu sbibpocos gns HOT 5

5 EaovHuua 3HayeHne (guanasoH)
TexHonornyeckni nokasaTternb
N3MepeHmns (cboHapb + Tpyba)

dTOpPUCTLIN BOAOPOA kr/T Al <0,35
TBepable pTopuAabl Kr/T Al <0,75
[unokcunz cepbl kr/T Al 9,4-13,8 Y
Mbinb obLwasn kr/T Al 3,4-4,9
Okeupg yrnepopga kr/T Al Jo 100,0

Y CopepraHue cepbl B aHogax — 110 2 %.

TUA.

Mpumennmoctb HAOT 5

BO3MOXHO NpUMeHeHMe TeXHOMNorMM nNpu MoaepHM3auun OencTByOLWEero npeanpus-

HAOT 6. OnekTponus B anekTponusepax ¢ npeaBapuTesibHO 060X KEHHbIMU

aHopgamu BTOpOro nokoneHus (MowHoctbio 300 KA U Bbiwwe)

HOT npn npon3BoacTBE antOMUHUS B SNEKTPONIM3epax C nNpeaBapuTenibHO 00OXOKEH-

HbIMW aHoZaMu BTOPOro nokonexusi (MowHocTbio 300 KA 1 Bbille) npegycMaTpuBaeT npu-

MeHeHue npuBeaeHHbIX Hke meTogos/obopyaoBanus (cM. 3.3 n 4.3.1).

MeTtoa/o6opynoBaHue MpymeHnmocTb
a | «Cyxas» rasoouncTka (peak- MpumeHnmo
TOpP+PYKaBHbIN PUNLTP)
6 |ABTOMaTU4eCKOE NUTaHue rMuHo- | NpumeHnmo
3eMOM
B |Cuctema ACYTII npouecca anek- | NpumeHnmo
Tponusa
r | YnnoTHeHWe WwTaHr aHodoB anek- | [pnmeHnmo
TpOnNn3epos
A |[Ona BbinuBKM MeTanna, otéopa MpumMeHMMO TOMbKO Ofs BHOBb YyCTaHaBnuBae-

npo6 1 apyrux onepauuii UCrosb-
30BaHuWe npoema ¢ ABepuamu B

YKPbITUSAX 3reKTponunsepa

MbIX 3JIEKTPOJSIN3epoB

TexHonorndeckue nokasatenu Boldpocos ana HAOT 6 npuBegeHsl B Tabnuvue 5.6.
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Tabnuua 5.6 — TexHonornyeckme nokasatenu sbibpocos gns HOT 6

5 EaovHuua 3HayeHne (guanasoH)
TexHonornyeckni nokasaTternb
N3MepeHmns (cboHapb + Tpyba)

dTOpPUCTLIN BOAOPOA kr/T Al <0,23
TBepable pTopuAabl Kr/T Al <0,37
[unokcunz cepbl kr/T Al 9,2-13,8 Y
Mbinb obLwasn kr/T Al 2,2-2,7
Okeupg yrnepopga kr/T Al Jo 100,0

Y CopepraHue cepbl B aHogax — 110 2 %.

Mpumennmoctb HAOT 6

Bo3amoxHo npUMeHeHne TexHOJ1I0rmmn Ha HOBOM npeanpuatTun n npun mMmoaepHmu3aunm

AENCTBYIOLLEro NpeanpusTus.

HAOT 7. OnekTponu3 B anekTponusepax Copepbepra c 60koOBbIM NOABOAOM TOKa

K aHoay (BT) n WTOPHBLIMU YKPbLITUAMMU

HOT npun nponsBoaCTBE antOMUHUA B 3NIEKTPONM3epax C cCamoobKuratowmmmucsa aHo-
Aamun n 60KOBbIM TOKONOABOAOM NpefycMaTpuBaeT NPUMEHEHME NPUBEAEHHbIX HUXE METO-

pos/obopynoanus (cm. 3.3 n 4.3.2).

MeTtoa/o6opynoBaHue MpymeHnmocTb

a |«Cyxas» rasoouncTka (peaktop + |lpumeHnmo

PYKaBHbIN OUNLTP)

6 |epmeTusauus yana aHogHoro cto- |[pumeHMmo

AKa

TexHonornyeckne nokasatenu soibpocos ana HOT 7 npuBeaeHsbl B Tabnuue 5.7.

Tabnuua 5.7 — TexHonornyeckme nokasatenu sbibpocos gns HOT 7

EanHnua 3HayeHune
TexHonornvyecknin nokasaTernb
n3mepeHus (anana3soH)
dTOpPUCTLIN BOAOPOA Kr/T Al 0,5-0,8
Teepable dTopuabl Kr/T Al 0,5-0,8
[viokeua cepbl kr/T Al <13,6 ¥
Mbinb obLwasn kr/T Al 3,2-5,4
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TexHonornyeckum rnokasaTtens SAvHIL 3rauetme
N3MepeHmns (ananasoH)

Okeupg yrnepopga kr/T Al 120-160
CmonucTble BellecTBa Kkr/T Al 0,9-1,5
BeHa(a)nmpeH (B cocTaBe CMOMUCTLIX Be-
LecTB):
- (hOHapHbIe BbIGPOCHI; Mr/H-Mm3 0,003-0,008
- BbIbpochl B Tpyby Mr/H-m° <0,001

b CopepxxaHue cepbl B aHogHom macce — o 1,5 %.

Mpumennmoctb HOT 7

Bo3moxHo npuMmeHeHne TeXHOIOINNMn Ha ,El,el7ICTByI-OLIJ,eM npeanpnAaTun.

HOT 8. 9nekTponus B aneKTponusepax ¢ BepXHUM noaBoaoM Toka K aHoay (BT)

C ncnosnb3oBaHUem I1pOVI3BO.ﬂCTBeHHOl7I CUCTeMbl

HOT 8 npy npou3BoACTBE antOMUHUS B 3NeKTponu3epax € CaMooOXurawwmmMmmncs

aHogJamMmn wn BepxXHMM TOKOnogBoaOM C WCMNOJIb3OBAHUEM I'IpOI/I3BO£I,CTBeHHOl7I CUCTEMBbI

npegycMaTpvBaeT MNpUMEHEHWe NPUBEAEHHbIX HWXe MeTopos/obopydoBaHust (cMm. 3.3 ©

4.3.4).

MeTtoa/o6opynoBaHue

MpumeHnmMocCTb

a |«Mokpasa» unm «cyxasa» ra3ooumncT-

Ka unm nx KombmnHauus

lNpmeHnmo

6 |«Cyxas» razoouncTka (peaktop +
pyKaBHbIN ounbTp) ¢ Il cTyneHbo

«MOKPOM» JOOYUCTKMN

MpMEHNMOCTb «MOKpOro» ckpybbepa moxeT
ObITb OrpaHn4eHa B creayroLmnx cnyyasx:

- obpa3oBaHMe 3HA4YUTENbHbLIX 0OBLEMOB OTXO40B
N CTOYHbIX BOJ;

-B 3aCylWNuMBbIX panoHax — MOTpebHOCTb B
oonbwKnx obbemax BoAbl U HEOOXOOMMOCTb 0O-
paboTKM CTOYHbIX BOA, @ TakKkKe COMyTCTBYHOLLMN

MexcpenoBon adpdekT

B | ABTOMaTU4YeCcKoe NuUTaHue rmnmHo- MpumeHnmo
3eMOM
r |AHoQHas mMacca C NOHWXEHHbIM co- | [TpMeHnmMo

AepXaHNeM CBA3YHLLEro
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MeTon/o6opynoBaHue

MpyMeHUMoCTb

4O |lNpounsBoacTeeHHasa cMctema

MpumeHnmo

TexHonornyeckue nokasatenu Boldpocos ana HAOT 8 npuBegeHsl B Tabnvue 5.8.

Tabnuua 5.8 — TexHonorn4yeckme nokasatenu sbidpocoe anst HOT 8

TexHonornyeckui nokasaTtenb SAvHALA Sraienme
N3MepeHmns (ananasoH)

dTOpPUCTLIN BOOOPOA kr/T Al <1,4
TBepable pTopuabl Kr/T Al <1,9
[Ovokeua cepil kr/T Al 1,5-2,3 %Y
Mbinb obLwas kr/T Al 6,9-9,1
Okeunpg yrnepopga kr/T Al Jo 70,0
CmonucTble BellecTBa Kr/T Al <1,7
BeHa(a)nmpeH (B cocTaBe CMOMUCTLIX Be-
LLecTB):
- boHapHble BbIOPOCHI; Mr/H-Mm3 0,0012-0,002
- BLIBPOCHI B TPY6BY Mr/H-m° <0,008

Y «Cyxas» FOY c Il cTyneHbio «MOKpOii» A0OMUCTKW. [pU MCNONb30BaHUM TONMbKO NEPBON, «Cy-

xom» ctyneHn MOY konnyectBo SO, 3aBMCUT OT COAEPXKaHWs Cepbl B aHOQHOMW Macce.

Mpumennmoctb HAOT 8

BO3MOXHO NpvMeHeHMe TexXHONorMM npyv MoaepHM3auuuM OencTBYyHLLero npeanpus-

TUA.

HOT 9. 9nekTponus B aneKTponusepax ¢ BepXHUM noaBoaoM Toka K aHoay (BT)

no TexHonorum «dkonorndyecknm Copepbepr» («<dkoCopepbepr»)

HOT 9 npy npou3BOACTBE anNtOMWHWUS B 3NEKTponm3epax € caMoobXKurarowmmmncs

aHo4aMM M BEPXHUM TOKOMOABOAOM MO TexHonorun «3QkoCopepbepr» npedycmatpvBaeT

npUMeEHeHne NpuBeaeHHbIX HKe MeTogos/obopyaosaHus (cm. 3.3 1 4.3.3).

MeTtoa/o6opynoBaHue

MpumMmeHnmMocCTb

a |«Cyxas» rasoouncTka (peaktop +

PYKaBHbIN PUILTP)

lNpnmeHnmo




MeTon/o6opynoBaHue

MpyMeHUMoCTb

6 |«Cyxasa» razoounctka (peaktop + |[1puMeHMMOCTb MOKpPOro ckpybbepa moxeT ObiTb
pyKaBHbIN punbTp) C Il CTyneHbo | orpaHnyeHa B CriedyroLwmx criydasax:
MOKPOW JOOYNUCTKU - obpasoBaHue 3HaunTenbHbIX 0O6BEMOB OTXOA0B
N CTOYHbIX BOA,;
-B 3aCylNuMBbIX panoHax — MOTpebHOCTb B
Bonbwmnx obbemax Boabl U HeobxoauMOCTb 06-
paboTKM CTOYHbLIX BOA, @ TakkKe COMyTCTBYHOLLMM
MexcpenoBon adexT
B |ABTOMatnyeckoe nutaHue rmmHo- | lNpumeHumo

3EMOM

r |Cwucrema razoyganeHusi ycoBep-

LLUEeHCTBOBAHHOIO TUMNa

MpUMeHMMOCTb MOXeT ObITb OrpaHudeHa KOH-

CTPYKUMEN aneKkTponnsepa

AHOAHas macca C NOHMXEHHbIM CO-

AepXaHNeM CBA3YHLLEro

MpumeHnmo

TexHonornyeckmne nokasarenu Boibpocos ana HOT 9 npueeaeHsl B Tabnuue 5.9.

Tabnuua 5.9 — TexHonornyeckme nokasatenu sbibpocos gns HOT 9

TexHonornyecknin nokasartesnb EAnkAua 3nadenue
n3mepeHus (anana3soH)

dTOpPUCTLIN BOAOPOA kr/T Al 0,38
TBepable pTopuabl Kr/T Al 0,34
[Oviokeua cepbl kr/T Al <107
Mbinb obwas Kr/T Al 1,8-3,6
Okeupg yrnepopga kr/T Al Jo 70,0
CmonucTtble BeLlecTBa, kr/T Al 0,9-1,4
BeHs(a)nupeH (B cocTaBe CMOSUCTLIX Be-
LecTB):
- boHapHbIe BLIOPOCHI; Mr/H-Mm3 0,0003-0,001
- Bblbpochkl B TpyOy Mr/H-M° <0,001

Y «Cyxas» FOY ¢ Il cTyneHbio MOKPO 4004MCTKU. [pU UCMONb30BaHUM TOMBKO NEPBOM, «CYXOM»

ctynenn MOY konuyecTBo SO, 3aBUCUT OT COAEPXKaHNSA Cepbl B aHOAHOW Macce.
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TUA.

Mpumennmoctb HOT 9

BO3MOXHO NpYMeHeHMe TexXHONorMM npyv MoaepHM3auuuM OencTBYyHLLero npeanpus-

5.4 JlutTenHoe Npon3BOACTBO

HAOT 10. NMpousBoAacTBO NO BbIMYCKY afllOMUHUSA U €ro CrsiaBoB C NPMMEHEHNeM

aBTOMATU3NPOBAHHbIX NMUTENHbIX IMHUNA

HOT nuTenHoro npousBOACTBa, pecypcocbepexeHunsi, CHUWKeHUS BbIOpPOCOB 3arpsas-

HSIOLLMX BeLlecTB M 0Opa3oBaHMs OTXOAOB NpeaycMaTpuBaeT NpUMeHeHUe COBPEMEHHOro

YPOBHS aBTOMaTM3aumMm Npon3BoACTBEHHbIX NpoueccoB (CM. 3.4 n 4.4).

Tabnuua 5.10 — TexHonornyeckme nokasatenu Bbibpocos gns HOT 10

TexHonornyeckne nokasatenu soibpocos ana HAOT 10 npuseaeHsbl B Tabnuue 5.10.

5 Eannnua 3HayeHune
TexHonornyeckui nokasaTesnb
n3mepeHus (anana3soH)
Mbinb Kr/T Al Ho 0,2

Mpumennmoctb HAT 10

Bo3moxHo npuMeHeHne TexXHOJ1I0r’Mn Ha HOBOM npeanpuAatTun m npn mMoaepHu3aunn

AENCTBYIOLLEro NpeanpusTus.

Pazgen 6. 9koHOMUYeCKMe acnekTbl peanusaumMm Haunydwmnx

AOCTYMNHbLIX TeXHOoJ1orm ]

OKoHoOMMYeckne acnekTtbl peanusauum HOT paccMoTpeHbl C TOYKM 3peHns 3aTpaT Ha

npupoaooxpaHHoe obopyaoBaHWe M MOOEPHU3aLMI0 AENACTBYHOLUMX antOMUHUEBBLIX NPOU3-

BOJCTB.

MeToapbl, npuMmeHaemble AnAa O4YNCTKM OTXOoOALNX ra3os, o6pasyrou.|,|/|xc;| KaK B conyT-

CTBYKOLLMX Npou3BoACTBaXx, Tak U NMpun npon3BoacTBe NeEpBUYHOINO alltoOMUHUA, HaMpaBli€HbI

npexae BCero Ha ynaslinBaHME NblJN U Fa3006pa3HbIX BeLllecTB, BknoYaa HF n tBepabie

dTopuabl. MNprMepaMn LLUMPOKO MPUMEHSIEMbIX Fa3004UCTHBLIX cucTem/obopyaoBaHNs SABNS-

IOTCS 9NEeKTPOPUNbLTP, PyKaBHbI PUIBLTP, UMKIOH, Cyxas ra3oouymcTka (peaktop + pyKaBHbIN

dunbTp), «MOKpbIe» ckpybbepbl 1 T. 4. [JaHHble 0 3aTpaTax Ha NPMPOLOOXpaHHOe obopyao-

BaHWe, UCnonb3yemMoe nNpun Npon3BoACTBE antoMUHNUA, NpuseaeHbl B Tabnunuyax 6.1-6.6.
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B gaHHbIX 0 3aTpaTax He ydTeHa CTOMMOCTb BCromMoratesibHoro obopygosanus FOY un

CTOMMOCTb CTPOUTENBHO-MOHTaXHbIX paboT (CMP).

Tabnvua 6.1 — SnekTpodunbTpbI

HanmeHoBaHune TexHonorn4yeckme XapaKTepucTtukn CtoumocTb
OnekTpoPunbTpPbI OpaHonosibHbIE, MHOTOMOJbHbIE. 42 MnH py6. (B LeHax
(BepTukanbHble, ro-  (KMQ — go 99,8 %. 2005 roga) Y
puU3oHTanbHble, MHO- |OcTaTouHaa 3anblfeHHOCTb ra3oB — 50— 15 mnH py6. (B ueHax
FOCEKLIMOHHbIE) 300 Mr/HM®. 2013 roga) ?

Mpou3BoauTenbHOCTL — oT 10000 HM>/y €1,1 mnH ¥
€1,0 mnu ¥

) OTeyecTBeHHbIN 3NeKTPOPUNLTP ANA Neyn KanbLMHaLMM NPOU3BOAUTENLHOCTLIO 40 T/4, Tem-
nepatypa otTxogsawmx rasos — 170 °C.

% OTeyeCTBEHHbIN 3NEKTPOUNbLTP, o6bem rasoB — 27 T HM°uac, TemnepaTtypa — 230 °C,
BXofHas 3anblneHHocTb — 0,15 r/Hv®, KO — 90 % — 95 %.

% 3apybexHblt anekTpodunbTp (Yexus), obbem rasos — 115,2 Thic. M*/4, TemnepaTypa —
190 °C.

4 3apybexHbinn anektpodunbTp (MTepmanus), ob6bem rasos — 201,6 Thic. M°/4, TemnepaTypa —
170 °C — 190 °C.

HasHayeHue. Ouuctka oTxoOdWMX ras3oB MNe4Yen KanbLuuHauuMu, nedyen crnekaHus,
BpaLlaloLMXcs neyen obxmra n3BecTHsika B Npom3BoacTBe rmuHo3ema. OumcTka rasoB npo-

KanoyHbIX NevYen n acnupaummn npon3socTea aHogHOW Macchbl.

Tabnvua 6.2 — LInknoHbl

HanmeHoBaHune TexHonornyeckne xapakrepucTukn CrtoumocTtb
LInknoHsl, rpynnbl OteuecTtBeHHble uukrnoHbl Tvna LUH-15 npo-| [o 540 Tbic. py6.
LIMKITOHOB n3BOaNTENBHOCTBLIO OT 630 Oo 55 ThiC. M3y

OTteuecTBeHHble HaTapenHble LMkNoHbl Tuna| o 900 Teic. pyb.
bL|, npoussogutenbHocTbto oOT 15 pOo

50 ThiC. M°/Y

Ha3Ha4yeHue. YnasnuBaHue Mbifin KOKCa U3 BeHTBbI6pOCOB, OoTBeAeHHbIX acnupauun-
OHHO-TEXHNYECKNMU yCTpOVICTBaMVI OT NOTOYHO-TPAHCMOPTHbLIX y350B, CKNaagos, D,pO6VIJ'IbHO-

Pa3MOIbHOro OTAENEeHNs NPOM3BOACTBa aHOQHOW Macchl.
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Tabnuua 6.3 — PykaBHble unbTpbI

HanmeHoBaHue

TexHonornyeckne XapakTepucTtukn

CtoumocTb

PykaBHbIN unbTp

OteyecTBeHHble (UILTPLI Ha OCHOBE
UMMNOPTHbLIX MaTepuarnos.

O6bembl razo — 5500-12000 m%/u.
MakcnmanbHasa Temnepartypa — 140 °C.
BxoaHas 3anbineHHocTb — 30-65 rive.

OctaTto4Has 3anblneHHocTb — 10 MF/M3

0,9-2,5 mnH pyb6. (B
ueHax 2013 roga)

HasHauyeHue. Ouunctka oT nbinnM COPOCHOro (acnupaumnmoHHOro) Bo3gyxa OT MecT nepe-

CbIlNMKM Npun TpaHCMopTe CbiNny4nx MartepuarnoB, CyXxoM U3MeribdeHnn n nomMosne B uexax npun-

rOTOBMEHUS LUNXTbl, CMEKAHWUA, KanbumHauum u obXura U3BECTHsSIKA. YnasBnMBaHuWe Mbinn

KOKCa 3 BEHTUIMALUMOHHbIX Bbl6pOCOB, oTBeAeHHbIX acnmpaunoOHHO-TEXHNYECKUMUN yCTpOI7I-

cTBaMKn OT MNMOTOYHO-TPAHCMOPTHbLIX Y3J10B, CKMNaaoB, ,D,p061/|ano-pa3M0anoro oTaeneHunda

Nnpoun3BOACTBa aHOAOB U aHOQHOW Macchl.

Tabnvua 6.4 — «Cyxaa» QY cmecunbHO-NPeCccoBOro oTAeNeHNs aHOAHOro NPoM3BOACTBA

HavnmeHoBaHune

TexHonornyeckne XapaKTepUCTUKnN

CtoumocTb

«Cyxasa» QY (peak-

TOp + pYKaBHbIN

unbTp)

O6bem razos — 2950030400 HM>/u.
MpounssogutenbHoCcTb — 13,2 T/u.
KoHueHTpauus Ha Bbixoge:

- NbIfb — <5 Mr/HM®;

- BO3roHbl — <5 Mr/Hm®

«Cyxaa» QY (PpaH-
umst) — €1,6-5 MnH,
«cyxaa» [OY (Ku-

Tan) — €1 MnH

HasHa4yeHue. OuuncTtka OT NbIIN N BO3rOHOB KaMEeHHOYIoJIbHOro rneka B CMeCuJibHO-

npeccoBom oTaeneHnm aHoaHoro npomn3soacTea.
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Tabnuua 6.5 — «Cyxaa» FOY neuei o6xura aHogoB

HanveHoBaHune

TexHonornyeckne xapakTepucTukm

CTOoMMOCTb NOCTaBKK

obopynosanus no TKI

«Cyxasa» QY (peak-

TOp + pYKaBHbIN

unbTp)

MpounssogutenbHocTb — ~104,0 ThiC. T/rog.
KoHueHTpauus Ha Bxoae:

- NbiNb — 100 Mr/HM®;

- BO3roHbI neka — 200 mr/Hm®,

ApcopbeHT — Kokc, pacxog — 2,5-3 T/u.

O6beM rasos — 85 Tbic. HM /Y

«Cyxaa» MOY (PpaH-
umst) — €3—7 MIH

KoHueHTpauma Ha Bxoae:

- HF — 20-30 mr/Hm®;

- BO3roHbI neka — 50—-100 Mr/Hm®;

- Nbifb — 50—100 Mr/HM>,

OcTaTo4Has KOHUEHTpauus:

- Fras — <1,0 Mr/Hm®;

- NbINb (BKIOYast BO3roHbl) — <5,0 Mr/HM>,
AOcopBGeHT — CBEXWUIN TMUHO3EM, pacxog —
5,5 T/u.

O6beMm rasos — 250,0 TbiC. HMS/Y

$8—12 mMnH

Ha3Ha4yeHue. O4uncTKa OT NbINN U BO3rOHOB KAMEHHOYIOSIbHOIO neka oT neyven ooxura

aHoOoB.

Tabnuua 6.6 — «Cyxaa» MOY kopnycoB anekTponuaa

HavmeHoBaHune

TexHonorn4yeckne XapakKTepUCTuKkn

CToMmMoOCTb NocTaBKu

obopygoBaHus

«Cyxasa» FOY (peak-

TOp + pyKaBHbIA

PuUnbTP)

Ounctka rasoB OT anekTponusepos bBT
(18 moaynen peaktop — pyKaBHbIN PUILTP).
O6beMm rasos — 835 ThiC. HM>/Y,
AOcCopBeHT — CBEXWUIN TMUHO3EM, pacxog —
7,5 T/.

Krna roy:

- HF — 98,4 %;

- Frs 1 Nbinb — 99 %;

- CMOnuUcTble BewectBa — 96 %

OTevecTBEHHas
FOY — 25 mnH py6.
(B ueHax 2002 roga)
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CTonmMocTb NOCTaBKU
HanmeHoBaHune TexHonornyeckne xapaktepucTukn
obopynoBaHus
Ouwuctka rasos ot anektponusepos BT n OA. | TOY (Hopeernga) —
O6beM raszoB — 65 Tbic. HM/Y. $2,1 MnH, oTeue-
ADCcopbeHT — CBEXWI MMIMHO3EM cTBeHHasa QY —
$1,3 MnH

OuwucTka rasos ot anektponuaepos OA. bes TpaHcnopTa rmnu-
O6beM raszoB — 3631,2 Thic. HM/Y. HO3eMa: poccumnckas
CopepxaHue 3B, Mr/Hm®, He Bonee: nocraBka —
- Fras — 170; €1,3 MIH; MMMNopTHas
- Fre — 114; nocrtaeka — €9,9 MnH
- SO, — 118;
- NbInb, BKNYasa Fz — 760.
AncopbeHT — CBEXUI MMNHO3EM

HasHaueHue. OuncTtka oT nbinuv, PTopnaos, CMOSUCTLIX BELLECTB.
Opu1EHTMPOBOYHLIN YPOBEHb KanuTarnbHbIX 3aTpaT Ha MOAEPHU3aLMIO CYLLECTBYIOLLEN

TexHonormm Cogepbepra npeactaesneH B Tabnuvue 6.7.

Tabnuua 6.7 — OpUEeHTUPOBOYHbIA YPOBEHb KanUTanbHbIX 3aTpaT Ha MOAEPHN3ALMIO TEXHONOMUM

Copepbepra
TexHonorus
HanmeHoBaHve OA c npousBoa-
Okoconepbepr OA
CTBOM aHO40B
KanutanbHble pacxoabl, $/1 Al 125 2000-3000 3000-4000

KoHBepcua texHonornn Copepbepra Ha TEXHOMOMMKO NPOU3BOACTBA ANOMUHUSA C UC-
nonb3oBaHNeM 0B0XCKEHHbIX aHOA0B NoTpedyeT He MeHee $2—4 TbIC. KanuTarbHbIX BIOXe-
HUA Ha 1 T anomMuHus. C y4eToM TeKyLlero ypoBHsI LieH, peHTabenbHOCTM NMpou3BOACTBA,
CPOKOB MOAEPHU3ALMM U CTOMMOCTUN 3aEMHbIX CPEACTB Takon NPOEKT He ByaeT OoKynaTbCsl.

MepeBog TexHonornn Copepbepra ¢ BEPXHMM TOKOMOABOAOM Ha TEXHOMOMMI0 «3OKO-
Copepbepr» notpebyeT He meHee $125 Ha 1 T antoMUHUSA. YunTbiBast MacuTabbl BHEAPEHMUS
TexHonormm «3koCoaepbepr» ¢ BEPXHUM TOKONOABOAOM Ha POCCUNCKMX npeanpuatnax (6o-

nee 60 % poccunckoro NPoM3BOACTBa artoMUHUSA), ee MoepHU3auna npegycMmaTpmBaeT:
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1) Hapsagy C UCMOMb30BaHNEM «CYXOW» ra3o0uUCTKU, aBTOMAaTUYECKOro NUTaHus rmu-
HO3eMOM, aHOAHOW MacCbl C MOHMXEHHbIM COAEP)KaHMEM CBA3YIOLLEro BHeApPeHWe npous-
BoacTBeHHOM cuctembl (HOT 9);

2) Nepexoq Ha TexHonorm «3Jkonormyecknn Copepbepr» C y4eTOM perfiamMeHTHbIX

CPOKOB KanuTanbHOro pemMoHTa anektponusepos (HAT 8).

Paspgen 7. [lepcnekTuBHbIE TEXHONOIMU
7.1 NepcnekTUBHbIE HanpaBrieHUs B NPON3BOACTBE artoMUHUS

MHepTHble aHoabl Bcerga Obinu uenblo NponsBoauTenen antomMumHus. [nsa MHepTHOro
aHoja nbiTanucb UCNOSb30BaTbh MHOrMEe Matepuarnel. Ha camom gerne nosiHOCTbH UHEPTHbLIX
MaTepuanos He CyLleCTBYeT, HO HEKOTOpble MaTepuaribl MOryT pacxo4oBaTbCH C 3amMeJS1eH-
HOW CKOPOCTbI, U KOMNYECTBO MpUMeECceNn, MNoslydaemMblX 3a CYET pPacTBOPEHUA MHEPTHbIX
aHOAOB, MOXET ObITb NPMEMIIEMO ANA NPOMbILLNIEHHOIO NPOM3BOACTBA.

[Mpon3BOaCTBO antOMUHUA C UCMNOSIb30BaHNEM WHEPTHOrO aHoda — PEeBOSIOLMOHHASA
TEXHOSOrMs, HEe MMEIoLLLIAaa aHarnoroB C TOYKM 3peHus akonormyeckoro acpdgekra. OCHOBHbIE
npenmMyLlecTsa AaHHON TEXHOMOMU C TOYKM 3pEHNSA OXpaHbl OKpYXatoLen cpeabl:

- MOMIHOE MCKIoYeHne BbIOPOCOB NMAapHWUKOBLIX ra30B U MONMapoMaTUYECKUX YrieBo-
A0pPOJ0B Mpu NPOU3BOACTBE artOMUHKS,

- CHWKeHne cebectommocTn npomsBoacTBa 6onee yem Ha 10 % 3a cyeT 3KOHOMMUU
aHOO0B M 3NEKTPO3HEPIrnu;

- COKpalleHMe KanuTanbHbIX 3aTpaT Npu CTPOMTENbLCTBE HOBLIX 3aBOAOB Oonee 4yem
Ha 30 %.

Ha cerogHawHui geHb y «PYCAJTa» yxe ecTb MaTepuan gnsi MHEPTHOro aHoaa, Ko-
TOpPbI NO3BONSAET NPON3BOAMTL antoMUHUIA ¢ 6onee HN3KoM ce6eCTOMMOCTLIO MO CPaBHEHUIO
C TexHomnornen yronbHbIX aHogdoB. Ha KpacHodpckom antoMuHUMEBOM 3aBOAEe TEXHOJSorus
aneKkTponmsa C MWHEpPTHbIMM aHogamMm Ha cuny Toka >100 KA npoxoguT  OnbITHO-
NPOMBbILLSIEHHbIE UCMNbITAHUS B OMNbITHOM KOpPMNyce 351eKTponmsa.

XuMmnyeckasa peakuusi NpouMsBOACTBA alilOMUHUA B 3NeKTponusepax C MHEPTHbIMU

aHOoJaMN MOXeT ObITb npencraesrieHa B criegylouem suae:
Al,O3; — 2Al + 3/20,.

Takum obpasom, ecnv nNpu UCNonb30BaHNN OBOXOKEHHBIX aHOAOB B 3N1EKTPONn3e npu
nonydyeHun 1 T antomunHns cropaet 0,5 T yrnepoga ¢ obpasoBaHuem 1,4 T okcnaa v ANOKCU-

Aa yrnepoga, To Npu MCNosb30BaHUM HepacxoayeMblX MHEPTHbIX aHOAOB B aTMocdepy by-
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aet Bbligenatbca 0,9 T kucnopoaa. Kpome Toro, ncnonb3oBaHMe MHEPTHBLIX aHO40B NO3BONUT
NCKMIOYNTb BbIOPOCHI AMOKCHOA Cepbl U CMOSUCTLIX BELLECTB, 3HAYUTENBHO CHU3UTL BbLIOPO-
Cbl NbINIM N PTOPMOOB 3a CYET BbICOKOW repMeTmn3aummn 3NeKTponn3epos.

[ns 04NCTKN OT PTOPUCTBIX COEAMHEHN U NbINW NPWU IKCNyaTaumMm 3NeKTponm3epoB
C WHEePTHbIMN aHOA4aMM NpeaycMaTpuBaeTCsl yCTaHOBKA CYXOW OYMCTKM ra3oB (peaktop + py-
KaBHbIV pUNbTP) € 9PPEKTUBHOCTLIO MO PTOPUCTLIM coeamHeHnam 98 % — 99 %.

YpenbHoe konuyectBo 3B, nocTtynawowmx B aTMocdepy OT npouecca anekrponmsa ¢
WHEPTHLIMN aHO4aMWN, MOXET COCTaBUTb:

- NbiNb — A0 2 Kr/T Al;

- pTopucTei Bogopon — fo 0,3 kr/T Al;

- TBepAable pTopuabl — o 0,4 kr/T Al

7.2 NMepcneKkTUBHbIE HanpaBneHUsi B Npou3BOACTBE MMUHO3eMa

MocnegHue rogbl 6onblIOe BHUMaHWe yOoensieTCs UcCnefoBaHWSM MO YCOBEpPLUEH-
CTBOBaHMWIO TEXHOJIOMMN CneKkaHnsa HedennuHoB, a UMEHHO NepeBoay Nneven crnekaHus Ha cy-
XOM UNK Nonycyxon cnocob TepMoobpaboTku LUNXTbl B KOPOTKMX Neyax ¢ TennoobMeHHuKa-
MMU.

MopobHas TexHonorus BHeAgpeHa B LLEMEHTHOM NPOMbILWSEHHOCTN ANa obxura KrivH-
Kepa 1 gana 3HauyuTesibHbI SKOHOMUYECKUMA U 3KOIornyecknin adpdekT (9KoOHOMMUA Tonsu-
Ba — 6onee 30 %).

PeKkoHCTpyKUMNA CyLLeCTBYIOLWUNX NeYen CrekaHUss «MOKPOM» LLUUXTbl UK COOpPYXXeHue
NoJo0BHbIX YCTAHOBOK MPU CTPOUTENBCTBE HOBbLIX MUHO3EMHbIX 3aBOJOB MO3BOSIUT AOCTUYb
nogo6bHoro adppekra. OgHako Banosble BbiIopocoB NOy MOryT 6bITh CyLLLECTBEHHO CHUXKEHDI
TOMNbKO 3a CYET YCTAHOBKM Ha rnevyax roperniok ¢ HU3K1UM BblAeNeHneM OKCUOoB a3oTa U BHeA-
peHusa cneunarnbHbIX MNepCnekTUBHBLIX TEXHOMOMMM — TEXHONOMMN CEeneKkTMBHOro HekaTanu-
Tnyeckoro BocctaHoBneHns (SNCR) n TexHONormm cenekTUBHOroO KaTanmMTU4ecKoro BoccTa-
HoBneHus (SCR), 4TO NO3BONUT CHM3UTbL BbiGpockbl NOy OT neyen rMMHO3EMHOrO0 NPOU3BOA-
cTBa B atmocdepy ao 70 %.

SNCR 3akno4yaeTcsa B MHXeEKUMN BOOHOro pacteopa ammunaka (4o 25 % NHs), BogHbIX
pacTBOPOB COeAMHEHN aMMuaKka Unm MOYeBUHbI B ObIMOBbIE ra3bl As BocctaHoBrieHns NO
0o N,. B SCR NO n NO, BocctaHaBnuatotcs 4o N, ¢ nomouwbio NH3 1 katannsaTopa.

[MepcnekTUBHBLIMM TEXHOMNOMNAMM CrieayeT Takke cuMTaTb NPUMEHEeHNe COBPEMEHHOTO
razooymMcTHOro obopyaoBaHuss — 3NeKTpouUnbTPOB N pyKaBHbIX punbTpoB, obecneynsato-
LMX KOHLIEHTPaLMIO Nbinu B BbIGpoce MeHee 50 MI/HM®, @ Takxe CUCTEM KOHTPOIs, ynpas-
neHns peMoHTOM, obcnyxmnsaHmsa npu akcnnyatauum FOY.
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O6pasoBaHne NpPoM3BOACTBEHHbIX OTX0A0B (Liama) HensbexHo. [na ero cknagupo-
BaHWUs MOCTOSIHHO TpebyloTcs aononHuTenbHble nnowaan. B HacTosiwee Bpemsa BeayTcs
pa3paboTkn, HanpaBneHHbIe Ha UCMOMb30BaHME KPACHOro LinamMa B CTPOUTENbLCTBE, U3Be-

YyeHne n3 wnama UeHHbIX KOMNOHEHTOB.
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3aknuuTesibHbIe NOJIOXEHUA U pekoMmeHgaunun

B cnpaBo4yHuKe npuBegeHoO onucaHve NpUMeHAEeMbIX B HACTOsILLLee BpeEMS U nepcnek-
TMBHbIX TEXHOMOMMYECKNUX MPOLECCOB NPU NMPOM3BOACTBE NEPBUYHOIO antOMUHUS U COMyT-
CTBYIOLLUNX eMy BUOaX OeATenbHOCTU — NPOU3BOACTBE IMMHO3eMa, aHOAOB M aHOAHOW Mac-
Cbl, NMUTEHOM nponsBoACcTBe. [ANA TeXHONOrMnm onpegerneHbl MapkepHble BewecTsa, U 13
yucra TEXHONOMI BbieNeHbl Haunyywmne AOCTyNHble ANs JaHHOW obnacTu, BKIYasa cooT-
BETCTBYHOLUME MapaMeTpbl 3KOMOrMYecKon pesyrbTaTUBHOCTWU, PeCypco- U 3Heproadpdek-
TMBHOCTH, a TaKXe 3KOHOMUYECKMe nokasaTenu.

OkoH4aTenbHbIN COCTaB TexHudyeckon paboden rpynnbl 11 «[Mpom3BOACTBO antoMu-

HUA» ObIN yTBEPXKAEH Npukasom PocctaHgapTa oT 4 mapTa 2016 r. Ne 238.

:fn (ol [e] OpraHusauusa
1. Benoycos CtaHucnas BuktopoBuy 000 «PYCAI UTL»
2. BepHaukun Angpen MeHHagbeBNY 3A0 «PYCAIJl moban MeHeHokmeHT B.B.»
3. BysyHoB Buktop KOpbeBuy 000 «PYCAI UTLI»
4, BypeHuH Hukonan Cepreesny AO «HWUW Atmocdepa»
5. BypkaTt Brnagummp ConomoHoBMY 000 «PYCAIJT NTU», ObocobneHHoe
nogpasgenexue B r. CaHkT MNMetepbypr
Bytosckun Pycnan Onerosuy BHW 3konorua Munnpupogbl Poccun
BacuH Cepren KOpbeuy 000 «PYCAI UTL», ObocobneHHoe
nogpasgenexue B r. CaHkT MNMetepbypr
MonockuH Cepren EBreHbeBmY 000 «PYCAI UTLL»
Mpuwaes Cepren ViBaHOBMY MwuHnpomTOopr Poccun
10. | dobpoxotoBa Mapusa BukropoBHa oryn «BHMUM CMT»
11. | OpwxepykoBa TaTbsHa AnekcaHgpoBHa | AO «HWWN Atmocdepa»
12. NkpsHHuKoB BaneHTuH Onerosuy MwuHnpomTopr Poccumn
13. | NankuH Banepwui MNaBnosu4 000 "HOHa"/ TK 099
14. | Munskos Buktop AnekcaHapoBuy AO «HUW Atmocdepa»
15. | MxyaH Pomena BnagnmupoBHa 000 «PYCAIJT NTU», ObocobrneHHoe
noapasaenexuve B r. CaHkT MNetepbypr
16. | MNonsakos MeTp Bacunbesny NLUMuM CoY, Kacdbeapa meTtannyprum LBeT-
HbIX MEeTansnos,
Oupektop HTL, «J1€rkne metannbi».
17. | Pebpuk NeaH MBaHoBUY 3A0 «PYCAIJl 'mo6an MeHeHDxMeHT B.B.»
18. | CkpbinHukoB Bnagumup Anekcangposud | PoctexHaasop
19. | XaH Cepren AnekceeBuny MwuHnpomTopr Poccumn
20. | AxosneB Butanun KOpbeBuny 3A0 «PYCAIl No6an MeHeHmpxkmeHT B.B.»
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B nybnuyHoMm o6cCyxgeHun npoekta Hactosiwero CnpaBodHuka (06.04.2016 -
06.05.2016) npuHuManu yyactue criefyoLwme opraHmsasnmm:

1. OK PYCAIJl (antoMnHUeBbIM ONBU3NOH, IMNHO3EMHbIA ANBU3UOH, ANPEKLNS HOBbIX
NPOEKTOB);

2. Oryr «PocHNMNBX»;

3. ®epepanbHas cnyxba NO 9KONOrMYEeCKOMY, TEXHOMOrMYEeCKOMYy U aTOMHOMY
Hagsopy (PoctexHansop);

4. ®epepanbHasa cnyxba no ruapomMeTeoposniorMn 1 MOHUTOPUHIY OKpYXatoLlen cpe-
Aabl (Pocrugpomer);

5. depepanbHOe areHTCTBO BOAHbIX pecypcoB (PocBoapecypchl).

[Mony4yeHHble 3ameyvaHus paccMOTpeHbl paboyen rpynnoi U YacTUYHO YYTEHbl Npu
aopaboTke cnpaBOYHMKA.

3kcnepTtnsa npoekta CnpaBoyHUKa Obina npoBedeHa NPoUbHbIM TEXHUYECKMM KO-

MuTeToMm no cranHgaptusaumm TK 113 «Haunydwme goCTynHbIE TEXHONOMUN».
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MpunoxeHue A

(obsizaTenbHoe)

Cdrepa pacnpoctpaHeHus

cnpaBoyHuka HOT «Mpon3sBoacTtBo antoMUHUA»

HanmeHoBaHue npoaykumn

HanmeHoBaHue Buaa

oKng 2 OKB3[ 2
no OK 034—2014 (OKIa) aestensHocTn no OKB3[ 2
[MponsBoacTBO MeTannypruye- 24
ckoe
MeTannbl OCHOBHble Aparo-|[1pon3BoaCcTBO OCHOBHLIX Apa-
244 LUEHHble W LBETHble MPOYME;|FOUEHHbIX METASINOB U NPOYNX 4.4
TONNMBO SA4epHOe nepepabo-|UBETHbIX MeTannoB, MNpous-
TaHHoe BOACTBO SiA€PHOro Tonnvea
24.42 AnNOMUHNI MponsBoacTBO antOMUHNSA 24.42
24.42 1 AntoMuHUN  HeobpaboTaHHbIN;
oKcua antoMuHus (FMHO3EeM)
24.42.11 | AntoMUHMIA HeobpaboTaHHbIN
24.42.11.11 | AfIIOMUHMIA NEPBUYHbIN
0
24.42.11.12 |CnnaBbl HA OCHOBE MNEPBUYHO-
0 ro astoMMHUSA
Okecnp anoMuHus (rMUHO3eM),
24.42.12 |KpOME WCKYCCTBEHHOro KOPYH-
aa
24.42 12 00 Okcnpg anoMmuHus (rMUHO3eM),
0 KPOME WCKYCCTBEHHOIo KOPYH-
aa
Mpon3BoacTBO MNpovYen Heme-
Tannuyeckomn MMHepaﬂbt|Ol7l 23.99
NpoaYKUNN, HEe BKIOYEHHOW B
apyrve rpynnmpoBKm
OAneKkTpoabl N npoyve nsgenvs
97 90.13 n3 rpacmta nnu gpyrux BnaoB

yrnepoga, nMpUMeEHsIEMble B
3NeKTPOTEXHUKE
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MpunoxeHune b

(obsizaTenbHoe)

lNMepeyHn MapKepHbIX BeLlecTB

M TeXHONOrn4yecKux nokasaresieu
B.1 NepeyeHb MapKepHbIX BelecTB

6.1.1 NpousBoacTBO rMMHO3eMa

[na aTMocepHoro Bosayxa [nsa BogHbIX 06bEKTOB

Mbinb

B6.1.2 NMponsBoacTBO aHOAHOM MaccCbl, 000X KeHHbIX aHOA0B

[na aTmocepHoro Bosayxa [nsa BogHbIX 06bEKTOB

[NbiNb KOKCOBas

Bo3roHbl KaMeHHOYIroJibHOro neka,

B T. 4. 6eH3(a)nmpeH

6.1.3 Npou3BoaAcTBO NEPBUYHOrO antOMUHUSA

[na aTMocepHoro Bosayxa [nsa BogHbIX 06bEKTOB

dTOpPUCTLIN BOAOPOA

Teepable dTopuabl

[nokcng cepsbl

Mbinb obLwas

Okenpg yrnepoga

CmonucTble BelecTea °

Ben3(a)nupeH (B cocTaBe CMOMUCTLIX BellecTs) *°;
- boHapHble BbIOPOCHI;

- Bblbpochkl B TpyOy

1% Tonbko ans TexHonorun Copepbepra.
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B.1.4 llutTenHoe Nnpon3BoACTBO

[na aTmocepHoro Bosayxa

[ns BoaHbIX 06BLEKTOB

Mbinb

B.2 lNepeyeHb TeXHOMOrM4YeCKMX NoKasarenen

TexHonornyecknm nokasaTtenb

EaonHnua

N3MepeHus

Jnana3soH/

3Ha4vyeHune

HAOT 1. NpousBoacTBO rMMHO3eMa U3 6GOKCUTOB MO KOMOMHUPOBaAHHOMY cnocoby (na-

pannenbHasa cxema banep-cnekaHus) ¢ nonen BeTBU crekaHuAa He 6onee 20 %

Mbinb Mr/HM® 100-200

KpacHbin wnam T/T IMUHO- <1,6
3ema

HAOT 2. TexHonorus nponsBoAcTBa rMMHO3eMa cnekaHmem HedennHoB

Mbinb Mr/HM> 100-200

HedbennHoBbIn wnam T/T rMnHO- <8,1
3ema

HAT 3. MponsBoacTBO aHOAHOM MacChl AN CAaMOOOXUraroLWmMXca aHOA0B

Mbinb KOKCOBas Mr/HM® <200
B0O3roHbl KaMeHHOYronbHOro Neka, B T. 4. 6eH3(a)nupeH MI/HM® <35
<0,0525
HAOT 4. NMpou3BoacTBO 060XKEHHbIX aHOAOB
Mbinb kKOKcoBas Mr/HM® 1,2-4,2
Bo3roHbl KaMEeHHOYronbHOro Neka Ha neyvax obxwra, Mr/HM® 2-24
B T. 4. 6eH3(a)nmpeH 0,003-0,036
BO3roHbl KAMEHHOYTONLHOTO Neka, Mr/HM® <357
B T. Y. 6eH3(a)nnpeH <0,0525

HAT 5. OnekTponu3 B aneKkTponusepax ¢ npeaBapuTesibHO 060XKeHHbIMU aHOoAaMMU

nepBoro nokoneHus (MowHocTtbio Ao 300 KA)

dTopuCTbIN BOAOPOA Kkr/T Al <0,35
TBepable Topuabl Kr/T Al <0,75
[vokcua cepbl Kkr/T Al 9,4-13,8
Mbinb obLwas kr/T Al 3,4-4,9
Okeunpg yrnepopga Kkr/T Al Jo 100,0
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TexHonornyeckni nokasaTtenb

EavHnuya

N3MepeHus

[wvana3soH/

3Ha4vyeHune

HAOT 6. dnekTponus B aneKkTponusepax ¢ npeaBapuTesibHO 060XKeHHbIMU aHOAaMMU

BTOpPOro nokosneHusa (MmowHoctbio 300 KA U Bbiwe).

dTOpPUCTLIN BOOOPOA Kkr/T Al <0,23
TBepable pTopuAabl Kr/T Al <0,37
Aunokeuna cepbl Kr/T Al 9,2-13,8
Mbinb obLwas Kkr/T Al 2,2-2,7
Okeng yrnepoga Kkr/T Al [o 100,0

HAT 7. dnekTponus B anekTponusepax Coaepbepra c 60KkoOBbIM NOABOAOM TOKa K

aHoay (BT) N WTOPHLIMU YKPbLITUAMMU

dTopuCTLIN BOAOPOA Kkr/T Al 0,5-0,8
TBepable pTopuabl Kr/T Al 0,5-0,8
[vokcua cepbl Kkr/T Al <13,6
Mbinb obLwas Kkr/T Al 3,2-5,4
Okeupg yrnepopga Kr/T Al 120-160
CmonucTble BellecTBa Kkr/T Al 0,9-1,5
BeHa(a)nupeH (B cocTaBe CMOSIUCTbIX BELLECTB):

- (hOHapHble BbIBPOCHI; Mr/H-M> 0,003-0,008
- BbIbpockl B Tpy6y. Mr/H-M> <0,001

HAOT 8. AnekTponus B aneKTponusepax ¢ BepXHUM noaBoaoM Toka K aHoay (BT) ¢ uc-

nonb3oBaHuNemM I1pOVI3BO,,E|,CTBeHHOﬁ CUCTeMbl

dTOpPUCTLIN BOAOPOA Kr/T Al <1,4
Teepable dTopuabl Kr/T Al <1,9
[vokcua cepbl Kkr/T Al 1,5-2,3
Mbinb obLwasn Kkr/T Al 6,9-9,1
Okeng yrnepoga kr/T Al [o 70,0
CmMmonucTble BellecTBa kr/T Al <1,7
BeHs(a)nupeH (B cocTaBe CMOSIUCTbIX BELLECTB):

- hoHapHble BbIOPOCHI; Mr/H-M> 0,0012-0,002
- BbIGpOCHI B TPYOY. Mr/H-M° <0,008

HAOT 9. AneKkTponus B aneKTponusepax ¢ BepXxHUM noaBoaom Toka K aHoay (BT) no

TexHonorum «Jkonornvyeckun Copepobepr» («koConepobepr»)

dTopucCTbIN BOAOPOA

kr/T Al

0,38
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TexHonornyeckuin nokasarternb EAnHAua Ananasor/
n3MepeHunA 3Ha4vyeHune

TBepable pTopuabl Kr/T Al 0,34
Aunokeuna cepbl Kr/T Al <1,0
Mbinb obLwas Kkr/T Al 1,8-3,6
Okeupg yrnepopga Kr/T Al Jo 70,0
CmonucTble BeLlecTBa Kr/T Al 0,9-14
BeHa(a)nupeH (B cocTaBe CMOSIUCTLIX BELLECTB):
- (boHapHble BbIGPOCHI; Mr/H-M° 0,0003-0,001
- BLIGPOCHI B TPYBY Mr/H-m° <0,001

HAOT 10. NMpou3sBoacTBO MO BbINYCKY antOMUHUS U ero cnyiiaBoB C NpUMeHeHueM aB-

TOMaTU3UPOBAHHbIX JIMTEMHbIX JINHUWA

Mbinb

kr/T Al

0o 0,2
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MpunoxeHune B

(obsizaTenbHoe)

AHeproacphpeKTMBHOCTb

B.1 KpaTkas xapakTepucTuKa oTpacsim ¢ TOUKU 3PeHUs pecypco- u

3HepronoTpebneHus

Mpn nponssoacTBe antOMUHUA OCHOBHBIMU pacxogyeMbiMy pecypcamun ABNATCS Chbl-
pbeBble KOMMOHEHTbI (FMWHO3eM, yrrepoa aHoda u Topconiv), a Takke 3MeKTpodHeprus,
HeobxoaMMas He TOMbKO OS5 OCYLLECTBIEHUS 3MEeKTPONMTMYECKOro npouecca (pasnoxeHus
rMUHO3eMa), HO 1 ANa NoAAepP)KaHUA BbICOKOW paboden TemnepaTypbl. ANtOMUHUEBbBIE 3aBO-
Abl Poccunckon ®enepauun, 6ygyyum KpynHbiIMM NOTPEOUTENAMM 3NEKTPOIHEPTMK, pacnona-
ratoTcs, Kak npasuno, B6Nmn3n MoLLHbIX rMAp03NeKTPOCTaHUMN.

BaxHenwmmm daktopamu, onpegenarowmMmm TEXHUYECKUA YPOBEHb U 3KOHOMMUKY
aneKkTponmnsa arntoMUHUSA, ABNSAITCA MOLWHOCTb (NPOU3BOAMTENBHOCTL) U CTEMNEHb COBeEp-
LWEeHCTBa NPUMEHSAEMbIX KOHCTPYKUMA 3neKTposnim3epoB. [Monck onTUManbHbIX peLleHnn no
COKpaLLEeHNi0 pacxofa CblpbeBbIX KOMMOHEHTOB U CHWXEHUS YAEeNbHOro pacxoda 3MneKTpo-
SHEeprn sBnseTCA BaXHOW 3ajadver Kak Ons OeUCTBYILWMX, Tak U AN NpoeKTUpyemblX
antMUHUEBBIX 3aBOJOB.

MoTpebHOCTb B 3Hepropecypcax BeCbMa Benvka U Npu NpOU3BOACTBE rNMHO3EMA.
MoMUMO aneKkTposHepruun, B rMUHO3EMHOM NPOU3BOACTBE MUCMNOMb3YOTCHA TENNOBas 3Heprus
(Npn rmgpoxmmuyeckon nepepaboTke Chbipbs), BOA4A M HaATypanbHOE TOMMAMBO B npoleccax
CreKaHus 1 KanbunHauuu.

MpumeHeHne pecypcocbeperalowmnx TEXHONOMMN B antoMUHUEBON MPOMBbILLIIEHHOCTM
HanpaBneHO Ha CHMXeHne cebecToMMOCTN NPOAYKLMM N NOBbILEHNE €€ KOHKYPEeHTOCNocob-

HOCTWU Ha MUPOBbLIX PbIHKaX.

B.2 OCHOBHbIe TeXHOJIorm4yeckmne npouecchl, CBA3aHHbIe C

ncnosfib3oBaHMeM aHepruun

B.2.1 NpousBoacTBO rMMHo3emMa

YpaenbHble YpOBHU NOTPEDONEHNs CbipbeBbiX MaTepuanos (TONnuBa, BOAbl U 3NEKTPO-

3HEeprum) MMHMManbHbl ANns npouecca baliepa 1 MmakcumanbHbl Anst TexXHonornm nepepaboT-
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Kn HedpenvHoB Ha rnuHo3eMm. lNpumeHaembin B Poccuiickon ®epepaumm cnocob banep-
cnekaHna (napannenbHbli BapyMaHT) No YPOBHIO NOTpebneHns 3aHMMaeT NPOMEXYTOYHOe
nonoxeHune. B Tabnuue b.3.1 npeacraBneHbl AOCTUTHYTbIE YAENbHbIE pacxofHble nokasarte-
Ny no noTpebneHnio aHeprun Npu NPoM3BOACTBE MMUHO3EMa NO TEXHOMNOMMAM, NPUMEHse-

MbiM B Poccunckon degepaumn.
B.2.2 Npou3BoacTBO NEepBUYHOIO artoMUHUSA

Mpn npousBoAcTBE MEPBUMYHOIO anOMWHUSA PacxXod 3SIEKTPOIHEepPrun 3aBUCUT rnaBs-
HbIM 0Bpa3omMm OT Tuna anekTponuaepa M BbiIxoga No TOKy. [Mpyn NpouYnx paBHbIX YCNOBUSAX
HanbOnNbLUMIA pacxod JneKTpoaHeprn HabnopaeTcs y anektponudepos BT, a HauMeHb-

wun — y BaHH ¢ OA.

Tabnuua B.2.1 — CpaBHeHME TEXHUYECKMNX XapaKTEPUCTUK Anda TexHonornin anekrtponusa OA, BT, BT

TexHonorus Cwuna Toka, KA Bobixog no Toky, %

OA nepsoro nokoneHus (go 300 kA) o 300 kA 92,7-93,0
OA BTOporo nokoneHust (=300 kA) 2300 kA [o 94,5
Psposas BT 140-175 87,5-89

BT c ANl n «cyxomn» NrOY 165-175 87,5-89

BT «QkoCoaepbepr» 172-176 88-91

BT ¢ npon3BoaCTBEHHOM CUCTEMOWN 167-170 87,7-90

BT 83-85 89-90

B.3 YpoBHU noTpebneHus

YpoBHM NoTpebneHns 3HepropecypcoB npv Npou3BOACTBE rMUHO3eMa U NepPBUYHOTO

antoMnHns npmeegeHsbl B Tabnmuax b.3.1 n b.3.2 cooTBETCTBEHHO.

Tabnuua B.3.1 — Pacxopg sHepropecypcoB npu Npon3BoacTee rnMHo3emMa

Pacxop Ha 1 TOHHY rmnHO3ema
EavHuupl
HanmeHoBaHue Banep-cnekaHue (na- MepepaboTka
n3mepeHus
pannenbHbI BapuaHT) HedennHoB
TexHonornyeckoe TOMANBO TYy.T. 0,205-0,286 1,25-1,50
Tennoas aHeprunga lkan 2,90-4,0 1,25-1,35
OnNeKTpoaHeprms TbiC. KBT Y 0,35-0,40 1,0-1,1
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Tabnuua B.3.2 — Pacxog anekTpoaHeprum npyv NpoM3BOACTBE NEPBMUYHOMO antoMUHUS

HavmeHOoBaHUE 0BOpYAOBaHNS HasHaueHue Pacxop anekTposHep-

obopynoBaHus rn, KBT-u/T Al

OneKTponun3epbl ¢ caMoobXKurarowmmmncs MonyyeHue nepsuny- 15216-16111

aHogaMu N BEPXHMM TOKOMOABOLOM HOro antoMuHUSA

OnekTponusepbl ¢ caMoobXxurarowmmMmmncs (antoMuHNA-cbipLa) 15171-15620

aHogamu 1 60KoBbIM TOKONOABOAOM

OneKTponun3epbl C NpeaBapuUTENbHO 000X- 13158-15126

YXEHHbIMW aHO4aMM

B.4 Hanny4wune AOCTynHble TEXHONONMU, HanpaBfeHHbIe Ha
noBbilWeHne 3HeproappeKkTMBHOCTU U ONTUMU3ALIMIO U COKpaLLeHue

pecypconoTpebneHus

OCHOBHbIM acrneKkToOM MOBbILWEHUS AHEPTrOIPAEKTUBHOCTU ABMSETCS NPUMEHEHME Ha
HoBbIX NpeanpuatTnax HOT 6 «OnekTponna B anekTponuaepax ¢ npeaBapuTenibHO 000XOKEH-
HbIMM aHog4aMW BTOPOro nokosieHust (MowHoCTbo 300 KA 1 BbILE)», XapaKTepusyloLlencs
Hanbonee BbICOKMM BbIXO4OM MO TOKY (cM. Tabnuuy B.2.1, OA BTOPOro nokoneHusl) 1 MUHU-

ManbHbIM Pacxo4oM 3NeKTpoaHeprum (cm. Tabnuuy B.3.2).

Pasgen/nyHkT
Homep n HaumeHoBaHue HOT
crnpaBO4YHUKa
HOT 6. SnekTponua B an1eKTponm3epax ¢ npeaBapuTenbHO 000XCKEHHbI- -
MU aHogaMn BTOPOro nokoneHus (MowwHocTbo 300 KA 1 BbiLe)

B.5 9koHOMMYecKkue acnekTbl peanu3auum HOT, HanpaBrieHHble Ha
noBbliWeHne 3HeproahppekTMBHOCTU U ONTUMU3ALIMIO U COKpaLLeHue

pecypconoTpebrneHus

CebecToMMOCTb NPOM3BOACTBA aNtOMUHUSA OnpeaenseTca TEeKYLWMMN LeHaMu Ha Cbl-
pbeBble KOMMOHEHTbI U 3MEKTPO3HEPTUIO.

Okono 30 % OT CTOMMOCTU arntoMUHUS-CbipLa MPUXOOUTCA Ha CblpbeBble MPOAYKTHI,
npexae Bcero Ha rnuHo3eMm. Cnabas oTeyecTBeHHas cblpbeBas 6asa (OTCyTCTBME Kade-
CTBEHHbIX BOKCUTOB AN MPOM3BOACTBA OCHOBHOMO CbiPbE€BOr0 KOMMOHEHTa — rMMHO3eMa)

OPWEHTMPYET antoMUHUEBBLIE 3aBOAbl HA ero 3akynku us-3a pybexa. OgHUM 13 peLLeHnin 3a-

139




Aayn obecneyeHns pecypcamm poOCCUNCKUX NPOU3BOAUTENEN antoMUHUA ABRseTCs paspa-
B6oTKa HOBbIX OTEYECTBEHHbLIX MECTOPOXAEHMWM.

CebecToMMOCTb NPOM3BOACTBA antoOMUHUA (POPMUPYETCA U3 KOMMMEKCa COCTaBMs0-
LNX, cpean KOTopbIX HanbomnbLlUMM BEC UMEKT 3aTpaTtbl Ha aNeKTpoaHepruto (okorno 35 %).
B pesynbtate Tapudbl 3HepreTn4ecknx KOMnaHum urparoT OrpoMHYI0 pPosnb B pasBUTUN anto-
MWHMEBOW OTpacnu B pasHbIX CTpaHax.

Camblin BbICOKM YpOBEHb TapudpoB Ha anekTpoaHeprmio Habnogaetcs B Kutae, ca-
Mble HW3KMe 3aTpaTbl Ha SNEKTPO3IHEPruio — y MNpous3BoauTENEN anioMMHUA B CTpaHax
BrnvxxHero Boctoka n B KaHage. Poccusi BXOOUT B CMIMCOK CTPaH C caMbiMU BbICOKUMU 3HEP-
rotTapudgamm.

C uenblo CHWXeHUs 3aTpaT Ha SNEeKTPOSHEPrnio NPon3BoaANTENN antoMUHUS YBENNYM-
BalOT [JOM0 WUCNOSb30BaHUS 3KOMOMMYHbLIX BO30OHOBISEMbIX 3HEPropecypcoB, TakmX Kak
rmaopoarnekTpoaHeprusa. bonee nonosMHbLI NPOM3BOANMOro B MUpe antoMUHUA BbiNyCKaeTcs C
ncnonb3oBaHMeEM aHepruu, BoipabaTtbiBaemon NOC. Ee knoyeBble NnpenmyLiecTsa — Heuc-
YepnaemocTb M 6e3BpegHOCTb ONA OKpyXatowen cpenpl. Poccuickas anioMvHueBas OT-
pacrnb yxe sBnseTca nuaepom B o6nactu UCnorib30BaHUS 3KOMOMMYHbIX 9HEPropecypCoB:
6onee 80 % nNpon3BOAMMOro B CTpaHe antoMUHUA BbiMyCKaeTcsl C NOMOLLbIH TMAPO3NEKTPO-
3Hepruu.

OCHOBHbIMM HanNpaBSIEHUSIMN CHUXXEHUA pacxoda CblPbeBbIX KOMMNOHEHTOB SBMSAKOTCA:
CHWXEeHue noTepb Mpu TPaHCMOPTUPOBKE, MOBbILEHWE KadeCTBa CbiPbeBbIX KOMMOHEHTOB,
coBepLUeHCTBOBaHWe npouecca anekTponuia. CHMXeHe yaenbHOro pacxoaa aMneKkTpoaHep-
MmN JOCTUraeTcst NyTeM MOBbILWEHWS BbIXoga No TOKy, KOTopoe obecneymBaeTcs BHeAPEHU-
€M aBTOMaTM3MPOBAaHHbLIX CUCTEM YNpaBrieHUa MpoLecCoM, pauMoHaribHOWM KOHCTPYKUMEN
anekTponusepa n ero obcnyxvBaHneMm.

Honsa aHepropecypcoB B ce6eCTOMMOCTHM rMHO3eMa 3aBUCUT OT BMAA NPUMEHAEMOro
cbipbs 1 coctasndeT ot 30 % go 50 %.

OCHOBHbIM HanpasneHNEM yYMeHbLUEHUSA NoTpebneHna aHepropecypcoB B rMMHO3EM-
HOM MPOU3BOACTBE ABNAETCH CHWXEHUEe yaerbHOro pacxoaa Tonnuea, HanpumMep npu ycra-
HOBKe neyen KanbuMHaumm LMKIoHHoro tuna (cHmwkeHue oo 30 %), ycTaHOBKE XONOAUSbHU-
KOB KMMSLLEro Criosi K Bpawjarowmmcs neyam kanbsumHauum (cHmxkeHune oo 20 %).

Peanunzauua HOT B anomuvHMeBOM oTpacnu (BKMYas Mpou3BOACTBO NIMHO3EMa)
obecrneynBaeT He TOSIbKO MOBbLILLEHNE 3KONOrMYECKOn 3PPEKTMBHOCTU NPOU3BOACTBA, HO U
OLJHOBPEMEHHO MPMBOAUT K COKpaLLeHUo NoTpebneHnsa sHepropecypcos, a crnegoBaTenbHo,

N CHXXEHUIO cebecTonmMocTu npoaykuun.
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B.6 lNepcnekTuBHbIe TEXHONOINMU, HarpaBneHHble Ha NOBbILWEeHNe
3HeproahpeKTMBHOCTU, ONTUMU3ALUIO N COKpaLLeHne

pecypconoTpebneHus

B.6.1 NponsBoacTBO rMMHO3emMa

MocnegHue rogpl 60nMbLIOE BHUMaHWE yOoensieTCs UCCNefoBaHWSAM MO YCOBEpPLUEH-
CTBOBAHMIO TEXHOSMOMMN CNekaHus HedenmHOB, a MMEHHO NnepeBoay neven crnekaHusa Ha cy-
XOW UNn nonycyxon cnocod TepmoobpaboTkn LWMXTbl B KOPOTKMX Nevax ¢ TenrnoobMeHHmKa-
MMU.

MopobHasa TexHonorms BHeApeHa B LLEMEHTHOM NPOMbILSIEHHOCTN ANa obxura KrivH-
Kepa 1 gana 3HauuTesibHbI SKOHOMUYECKUMA U 3KOSornyecknin adpdekTt (9KoHOMMUA Tonsu-
Ba — 6onee 30 %).

PeKOHCTPYKUMA CyLLLECTBYIOLLMX NeYer CnekaHUs «MOKPOM» LUMXTbl UM COOPYXeHue
NoAo6HbIX YCTAHOBOK MPU CTPOUTENBCTBE HOBbLIX MMHO3EMHbIX 3aBO4OB MO3BOMUT AOCTUYb

nogo6Horo adhdekTa.
B.6.2 NMpou3sBoacTBO antoMUHUSA

[Npon3BoacTBO antOMUHUA C UCNOMb30BAHMEM WHEPTHOrO aHoda — WHHOBALMOHHAas
TEXHOSOMS, He MMELOLLLAaa aHanoroB C TOYKN 3peHns akonorndeckoro apdekra. OCHOBHbIM
npeumMyLlecTsa OaHHOW TEXHOMOMMU C TOYKU 3HEProd@eKTUBHOCTU ABNAETCHA CHUXEHue
cebectommocTn npomussoacTtBa 6onee yem Ha 10 % 3a cyeT SKOHOMWUW aHOAOB U JANEKTPO-

aHeprum.
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MpunoxeHue I'

(obsizaTenbHoe)

Mepeuyenb HAT

Ne HanmeHoBaHne HAOT MpnmeyvaHue
Mpon3BoacTBO rnMHo3ema 13 6OKCUTOB N0 KOMOUHMPOBAH-
1. HOMy cnocoby (napannenbHas cxema banep-cnekaHue) c
aonen BeTBu cnekaHusa He 6onee 20 %
TexHonorna nNpons3BOACTBa MMUHO3EMA CnekaHuem Hede-
> NMHOB
3 Mpon3BoaCcTBO aHOAHOW MaccChl ANsi CaMOOBXMratoLmMxcs
" |aHogoB
4. Mpon3BoacTBO 060XKEHHBIX aHO40B
ONeKkTponua B 3NeKTponmsepax ¢ npeaBaputenbHO 0060X-
5. XEHHbIMW aHOogaMV NEPBOro MOKOMEHUst (MOLLHOCTbIO A0
300 kA)
OnNeKkTponua B 3NeKTponmsepax ¢ npeaBaputenbHO 060X-
6. XEHHbIMM aHoJamMuM BTOPOro MNOKOMNEHUs (MOLLHOCTbHO
300 KA 1 BbiLwe)
OnekTponuna B anektponusepax Copgepbepra ¢ OOKOBbIM
" noasoaom Toka K aHogy (BT) u WTOPHBIMU YKPbITUAMU
OneKkTponu3 B anekTponusepax ¢ BEPXHUM nogBoaoM TOKa
8. K aHogy (BT) ¢ ucnonb3oBaHnemMm npou3BOLACTBEHHOW CU-
CTEMBb
OneKTponna B areKTponuaepax ¢ BepxHMm nogBogoM Toka
9. k aHogy (BT) no texHonorun «3konornveckmnn Copepbepr»
(«OkoCopaepbepr»)
10 Mpon3BoaCcTBO MO BbINYCKY antOMUHUS M €ro ChnraBoB C

npuMmeHeHnem aBToOMaTU3NPOBaAHHBLIX NUTENHBIX NIMHUIA
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