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BBeneHue

MHOpMaLMOHHO-TEXHUYECKNIA CPABOYHMK NO HaWUMy4ywnM AOCTYMNHbIM TEXHONOMMAM
(manee — cnpaBo4yHuk HOT) «[Mpon3BoaCTBO CBUHLA, UWHKA U KagMus» paspaboTaH Ha oc-
HOBaHUW aHanu3a pacnpocTpaHeHHbIX B Poccunckon degepaumm n nepcnekTUBHbIX TEXHO-
norumn, obopyagoBaHus, Cbipbs, APYrMX PECYPCOB C Y4ETOM KIMMATUYECKUX, SKOHOMUYECKNX U
coumnanbHbix ocobeHHocTen Poccuinckon degepaumm.

B cootBeTcTBUM C nonoxeHuamn PepepanbHoro 3akoHa o1 10 aHBapa 2002r.
Ne 7-®3 «O6 oxpaHe okpyxatowen cpeapl» [1] o6bekTbl, OKasbiBalLME BO3AENCTBUE Ha
OKpy>aloLlyto cpefly, NoApasaensaTcsa Ha YeTblpe kaTeropun. NMpom3BoaCcTBO LMHKA, CBMHLA
N KagMus BKMOYEHO B | KaTeropmto M OTHECEHO K 0BnacTaMm MpUMEHEHUs Haunyywmnx Ao-
cTynHbiX TexHonornn (HAT). MpodunbHble NpeanpusaTus paccMaTpuBaloTCA Kak OOBHEKThI,
AeATerlbHOCTb KOTOPbIX OKasblBaeT 3HauYUTeNbHOE HeraTMBHOE BO3JEWCTBME Ha OKpyXato-
LWyt0 cpedy M KOoTopble 06A3aHbl Mony4vyaTb KOMMSEKCHbIE 3KOSOrMYyeckne paspeLleHus Ha
ocyllecTBrneHne ceoen geaternbHocTn. ObWasa uenb KOMMIEKCHOro nogxoda K aKonornde-
CKOMY HOPMWPOBAHWUIO XO3ANCTBEHHOW AEATENbHOCTU 3aKfloyaeTcsl B COBEPLUEHCTBOBAHUU
perynmpoBaHna N KOHTPOIS NPOU3BOACTBEHHbLIX MPOLIECCOB C Lienblo 06ecneyeHns BbICOKOro
YPOBHS 3alUTbl OKpyxatowen cpefbl. XO3ancTByowmne cydbekTbl JOMMKHbI MPUHMMAThL BCe
HeobxoauMble NpedynpeauTernbHble Mepbl, HanpaBneHHble Ha NpedoTBpaLleHne 3arpsasHe-
HUSA OKpYXatoLlen cpedbl U paunoHanbHOe UCMNOoNb30BaHNE pecypcoB, B YaCTHOCTU nocpen-
cTBoM BHeapeHua HOT, koTopble faloT BO3MOXHOCTb 06eCcneyYnTb BbINOSIHEHNE JKOSornye-
CKnx TpeboBaHun.

TepMUH «Haunyywmne OOCTYMNHbIE TEXHOMOMMU» onpeaeneH B ctatbe 1 ®efeparnbHOro
3akoHa Ne 7-®3 [1], cornacHo koTtopoMy HOT — 3TO TexHosnorus nponsBoAcTBa npoayKumm
(ToBapoB), BbINoNHeHUs paboT, OkasaHusA ycnyr, onpegensemas Ha OCHOBE COBPEMEHHbIX
OOCTWXKEHUN HAaYKU U TEXHUKM U HaWUNy4dLero coYeTaHus KpUTepueB AOCTUKEHUSA OXpaHbl
OKpy>xatoLen cpeibl NpU YCNoBUW Hanmyns TEXHUYECKON BO3MOXHOCTUN ee NPUMEHEHNS.

CtpykTypa HacTtosuwero cnpaBodHuka HOT cootsetcrByeT NHCT 21—2014 [2], dop-
mMaTt onucaHus TexHonormn — MNHCT 23—2014 [3], TepMuUHbI NpuBeaeHbl B COOTBETCTBUMU C
MHCT 22—2014 [4].

KpaTtkoe cogepxaHme cnpaBo4YHUKa

BBepeHue. [peacraBneHo kpaTkoe cogepkaHue cnpasoyvHuka HAOT.

Vi
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Mpeancnosume. YkasaHa uenb paspaboTkn cnpasovHnka HOT, ero ctaTyc, 3akoHoAa-
TenbHbIA KOHTEKCT, KpaTKoe onucaHue npoueaypbl Co3gaHus B COOTBETCTBUM C YCTaHOBMEH-
HbIM MOPSAKOM, a TaKKe B3aMMOCBSA3b C aHaNOM4YHbIMU MeXAyHapOo4HbIMU JOKYMEHTaMN.

O6nactb npumeHeHuA. OnncaHbl OCHOBHbIE BUAbI AEATENbHOCTU, Ha KOTOpble pac-
npocTpaHseTcs AencTene cnpasoyHuka HOT.

B paspene 1 npeacraeneHa MHGopMauna O COCTOSHUM U ypoBHe pasButua B Poc-
cunckon degepaumm NPon3BoOACTBa CBMHUA, ON0Ba, UMHKA U KagMuUsi NO OCHOBHbLIM nepeae-
nam. Takke B pasgerne 1 npuBeaeH KpaTKnin 0630p 3KONOMMYECKMUX acrneKkToB Npou3BOACTBa
CBUWHLA, Or0Ba, LUMHKa N KagMus.

B paspene 2 npeacrtaBneHbl CBEAEHUA O TEXHOSIOrMYECKUX npoueccax, npumeHsie-
MbIX NPWN:

- MPOM3BOACTBE CBMHLA, OJI0Ba, UWHKA N KaAMWUSA U3 NEPBUYHOIO U BTOPUYHOIO CbIPbS;

- MPOM3BOACTBE CMaBoB 1 nonydabpunkaTos;

- BCMOMOraTesbHbIX NPOU3BOACTBEHHbIX NPOLeCccax.

B paspene 3 pgaHa oueHka notpebneHuss aHepropecypcoB M YpPOBHEW 3IMUCCUA B
OKpY>XaloLLyo cpefy, XxapakTepHblX ANS Npou3BOACTBA CBMHLA, UWHKA M kKagmusa B Poccnin-
ckon depepauum.

Pasgen nogrotoBneH Ha OCHOBE AaHHbIX, NpeAcTaBneHHbIX npegnpusatusammn Poceun-
ckon ®epepauunmn B pamkax paspaboTkm cnpaBovHuka HOT, a Takke pasnu4yHbix nuteparyp-
HbIX NICTOYHUKOB.

B paspene 4 onucaHbl 0COB6EHHOCTN NOAXOA0B, NPUMEHEHHbIX Npu pa3paboTke AaH-
Horo cnpasoyHuka HOT u B uenom cootBeTcTByOWMX [TpaBunam onpegeneHnss TeXHONoru
B KayeCTBe Haunydlen [OCTYMHOM TEXHOSMOrMKM, a Takke pa3paboTku, akTyanusaumm wm
onybrnMkoBaHNa MHAOPMALMOHHO-TEXHUYECKNX CMPAaBOYHUKOB MO HAWUMyYLWMM OOCTYMHbIM
TexHonornsam (yTBepxaeHbl nocrtaHoBneHuem [llpasutensctBa Poccunckon depepaumm ot
23 nekabpsa 2014 r. Ne 1458) n Metogmyecknum pekomeHgauusam no onpeneneHuo TeXHOMo-
MW B Ka4yeCTBe Hauny4len OOCTYNHOW TexHonorun (yreepxaeHsl npukasom MuHucTepcTtsa
NPOMbILLIEHHOCTU 1 Toproenn Poccunckon ®egepaunn ot 31 mapta 2015 r. Ne 665).

B pasaene 5 npuBegeHo kpaTtkoe onucanne HOT ans npon3soacTea CBMHLUA, LMHKA U
KagMus, BKIOYas:

- CUCTEMbI 3KOJIOrMYECKOro U 3HEpPreTUYeCcKoro MeHemXMeHTa, KOHTPONA U MOHUTO-
PUHra TEXHONOMMYECKMUX MPOLIECCOB;

- TEXHNYECKME N TEXHONOIMMYECKMNE peLLeHNs A58 NOBbILWEeHUS aHeProadPeKTUBHOCTN,
pecypcocbepexxeHmns, CHUKEHNS AMUCCUIA 3arpA3HAIOLNX BELLECTB, MeToabl obpalieHus ¢

oTXogamMm n NOGOYHbIMM npoaykramu npon3soacTBa.

VIl
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B pa3pene 6 npuBegeHbl JOCTYMNHbIE CBeAeHUs 06 9KOHOMMYECKUX acnekTax peanu-
3auum HOT Ha npegnpusatnax Poccuickon ®eaepaunn.

B paspene 7 npvBeaeHbl KpaTkMe cBeOeHUS O HOBbIX TEXHONOMMYECKUX U TeXHU4Ye-
CKMX pelueHusix (He npumMeHsiembix B PoccumM Ha MOMEHT noarotoBku cnpaBovHuka HAT),
HanpaBfeHHbIX Ha MNOBbIWEHNe 3JHepProddPEKTUBHOCTN, pecypcochepexxeHns, CHUXEHue
3MUCCUN 3arps3HALLNX BewecTB, ahdeKkTnBHOE obpalleHne ¢ oTxogamum, NPOMEXYTOYHbI-
MM 1 NOBOYHBIMWN NPOAYKTaAMM.

3aknounTenbHble MONOXeHUs U peKkomeHaauuun. NprBeaeHbl CBegeHUSA O YreHax
TexXHu4eckon paboyen rpynnbl, NPUHMMAaBLLMX y4acTue B pa3paboTke cnpaBoyHuka HOT. Pe-
KoMeHZauuu npegnpuatuamM no garibHenwnM UCCreaoBaHUAM 9KOMOMMYeCKMX acrnekTtoB Mx
AeATerlbHOCTN.

Bubnuorpadwma. NpnBegeH nepevYeHb MCTOMHMKOB MHAOPMAaLUK, UCMOSb30BaHHbIX

npu paspaboTtke cnpasoyvHmka HAT.

VIl
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MpeaucnoBue

Llenn, OCHOBHble MPUHUUNBI M NOPAAOK pa3paboTkM HacTosiwero cnpaBoyHuka HOT
yCcTaHoBMeHbl noctaHoBneHvem [lpasutensctBa Poccunckon denepauun ot 23 aekabps
2014 r. Ne 1458 «O nopsagke onpeaeneHns TEXHOMOMMU B Ka4eCcTBe Haumnyylen JOCTYNHON
TeXHoMnormM, a Takke paspaboTky, akTyanusauum u onybnukoBaHuMs WH(OPMaLNOHHO-

TEXHUYECKUX CMNPaBO4YHUNKOB MO HAUINy4LWMM OOCTYNMHbIM TEXHOJIOTNAM» [5]

1 CtaTtyc nOKyMeHTa

HacTtoswuin cnpasovHuk HOT siBNsieTca JOKYMEHTOM Mo CTaHgapTusauuu.

2 Pa3paboTumk

Hactosawun cnpaBouHnk HOT paspabotaH TexHudeckon pabouen rpynnon Ne 13
(TPI" 13) «[Mpon3BOACTBO CBMHLA, LMHKA U KagMusi», CO34aHHON npuka3omMm PocctaHgapTta oT
4 mapta 2016 r Ne 227. lNepeveHb opraHusauun u nx npeacrasutenen, NpUHUMaBLINX y4a-
cTue B pa3paboTke HacToswero cnpasovHmka HOT, npuBeaeH B pasgene «3aknountenbHble
NONOXEHUA N peKOMeHaaLNN».

Hactoawun cnpasoyHuk HOT npencraeneH Ha yTBepXaeHue bropo Hauvnyywmx go-

CTYNHbIX TexHonorun (ganee — bropo HAT) (www.burondt.ru).

3 Kpatkasa xapaktepucTuka

HacTtoswun cnpasoyHuk HOT cogepXuT onucaHne npuMeHsieMbIX Npu Npou3BoaCTBe
CBUWHLA, UMHKA WU KaaMWA TeXHONOrMYeckux npoueccoB, 060pyaoBaHUA, TEXHUYECKUX CNOCO-
60B, METOAOB, B TOM YMUCIE MO3BONSAIOLWNX CHU3UTb SMUCCUM B OKPYXKaKoLLYO cpeay, BOLO-
notpebneHne, noBbICUTL 3HEProa(PPEeKTUBHOCTb, OBECNeYnTb SKOHOMUID PEeCypCoB.
3 yncna onncaHHbIX TEXHOMOrMYECKNX NPOLLECCOB, TEXHNYECKMX cnocoboB, METOAOB Bbige-
NEHbl peLleHns, OTHECEHHbIE K Haumny4ywmm OOCTynHbIM TexHonornam (HAT). B HacTosawem
cnpaBoyvHuke HOT ycTaHOBMNEHbl TEXHONOrMYeckne nokasaTenu, COOTBETCTBYKOLLME Bblae-

neHHeim HOT.

4 B3anMmocBA3b C MeXAYyHapOAHbIMU, permoHanbHbIMU aHanoramm

Hactoswun cnpasovHnk HAT paspabotaH Ha OCHOBE €BPOMENCKOro CrnpaBOYHUKA
HOT ana npegnpuaTtun uBetHon metannyprum (Best Available Techniques (BAT) Reference
Document for the Non-Ferrous Metals Industries) ¢ yyeTom ocobeHHOCTEN NPOM3BOACTBA

CBUHLA, UMHKa 1 kagmunsa B Poccumrckon degepaumn.

5 C60p AaHHbIX
MHdopMaumsa o TEXHONOMMYECKNX NpoLieccax, TEXHUYECKNX cnocobax, meToaax, npu-

MEeHsIeMbIX NPW NPOU3BOACTBE CBUHLA, LMHKA U Kaamus B Poccunckon depepaumm, Gbina

IX
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cobpaHa B npouecce pa3paboTku HacToswero cnpasovHmka HOT B cootBeTcTBMM C [opsa-
Kom cbopa AaHHbIX, HeOBXxoauMbIX ANna paspaboTkm MHPOPMALMOHHO-TEXHUYECKOro cnpa-
BOYHMKA MO HaWMy4YWMM AOCTYMNHbIM TEXHOSOMMSM M aHanu3a npuopuTeTHbIX npobnem oT-

pacnu, yTBepXaeHHbIM npukasom PocctaHaapTa ot 23 mons 2015 r. Ne 863.

6 B3anmocBssb ¢ apyrumu cnpaBoyHukamu HAOT
B3anmocBasb HacTosiwero crnpasovHvka HOT ¢ gpyrumu crnipasovHukamu HOT, pas-
pabaTbiBaeMbiM/ B COOTBETCTBMM C pacnopsxeHnem MNpasutenscrtea oT 31 oktabpa 2014 r.

Ne 2178-p, npuBeaeHa B pasgene «Obnactb NpUMEHEHUS».

7 UHdhbopmaumsa o6 yTBepXaeHUU U BBeAEeHUU B AeUCTBUE

Hactosawun cnpaBoyHuk HOT yTBepxaeH npukasom PocctaHpapTta oT 15 agekabps
2016 r. Ne 1889.

Hactoawwun cnpasovHnk HOT BBegeH B genctene ¢ 1 uona 2017 r., ouumanbHo
onybnukoBaH B MHOPMALMOHHOM cucTeMe obLLero nonb3oBaHMs — Ha oduunanbHOM cam-
Te depgepanbHOro areHTCTBa No TEXHUYECKOMY PErynMpoBaHMiO U mMeTporormm B cetun UH-

TepHeT (Www.gost.ru).
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MHO®OPMALMUOHHO-TEXHUYECKUUN CNPABOYHUK
no HAUMNYYWUM OOCTYMNHbIM TEXHONOIMMNAM

nPOU3BOACTBO CBUHLA, LMUHKA U KAOMUA

Production of lead, zinc and cadmium

DaTta BBegeHua — 2017-07-01
OGnactb NnpuMeHeHUA

Hactoawun cnpasoyHnk HOT pacnpocTpaHseTcs Ha cnegyloline OCHOBHble BUAbl
AeATenbHOCTU:

- NpoLeCcChl NPON3BOACTBA NEPBUYHBLIX M BTOPUYHbIX LiMHKA, CBUHLA U ONOBA;

- Npouecchbl padPMHMPOBaHUS CBUHLA;

- Npouecchbl NepensiaBkn, NEerMpoBaHns LUMHKA U CBUHLA C MONyYEHMEM TOBAPHOrO
npoaykta (UMHK, CBUHEL, U CMNaBbl HA UX OCHOBE B CINTKAXx);

- Npouecchl NPOU3BOACTBA KaaMUS.

Hactoawwun cnpasoyHuk HOT pacnpocTpaHseTca Ha MeToabl MPOU3BOACTBA KaK nep-
BUYHbIX, TaK U BTOPUYHbIX LMHKA, CBMHLA, OfioBa U Kagmus. NepBUYHbIE CBUHEL,, OFIOBO U
LUMHK nony4atoT M3 pyaHOro cbipbsi. BropnyHoe NnponsBoacTBO LMHKA BKNoYaeT nepepaboTky
LUUHKCoOepXKalmx NPOAYKTOB, TakMX Kak OLMHKOBAHHbIA MPOKAT, NPOAYKTbl U3 NaTyHU U U3-
AEeNus, nornyvyeHHble C MOMOLLbI NUTbS Nog AaBneHnem. BTopuyHoe un3BneveHve Takke
OCYLLECTBMSETCA NPU MNnaBKe OLWMHKOBAHHOIO CTaflbHOrO CKpana B 3S1IeKTPOAYroBbIX nevax
(34I), B npouecce KOTOPOM LIMHK BO3rOHSAETCS, YNaBMBaeTCA B COCTaBe OTXOAALLEN Mblnn
N U3BIEKaeTCa C MOMOLLbI creunarbHbIX TexHosrormi. BtopuyHoe npousBOACTBO CBUHLUA
BKMOYaeT nepepaboTKy pasnmyHbIX NPOAYKTOB, COAEPXKalnX CBMHEL,, Hanpumep akkymyns-
TOPOB, NIMCTOBOrO CBMHLUA. Takke nepepabartbiBaloTcs OTX04bl M NOBOYHbIE NPOAYKTHI ApPY-
rMX NPOU3BOACTB: KEKW, LWaMbl, Nbinn U T. 4.

Hactoawun cnpaBodHuk HOT Takke pacnpocTpaHseTcs Ha Npouecchl, CBA3aHHbIE C
OCHOBHbIMW BUAAaMU AEATENbHOCTU, KOTOPbIE MOTryT OKasaTb BNUSHWE Ha 06beEMbl AMUCCUN
n (Mnun) macwTabbl 3arpsa3HEHU OKpYyXKatoLen cpeabl:

- XpaHeHne 1 NoaroToBKa Chlpbs;

- XpaHeHue 1 NoaroToska TONMMBa;

- NPON3BOACTBEHHbIE MpPOoLEeCChl (NMMpoMeTannypruieckme, ruapomMmeTtansiypruieckue u
ANEKTPONNTUYECKUNE);

- MeTOoAbl NPeaoTBpaLLEHNS U COKpALLLEHNSA AMUCCUIN M 06pa3oBaHNSA OTXOAOB;

1



UTC 13-2016

- XpaHeHne 1 NoAroToBKa NpoayKuuu;

- NPOU3BOACTBO CEPHOM KUCNOTbI U3 OTXOOSALUNX ra30B LIMHKOBOIrO Npon3BOACTBA.

HacTtoswuin cnpasovHnk HOT He pacnpocTpaHaeTcs Ha:

- 0obblyy 1 oboralieHne LMHKOBbIX, CBUHLIOBbLIX M MONMMETanIM4ecknx pyg Ha Mme-
CTOPOXOEHUSX;

- BONPOCHI, KOTOPblE KacCalTCs WUCKIYUTENBHO obecnedyeHnss npomblneHHon 6es-
ONacHOCTU U oxpaHbl Tpyaa.

Bonpockl obecnevyeHns NpoMmbIWINeHHOM 6e30nacHOCTM M OXpaHbl Tpyga 4acTU4HO
paccMaTpmuBalOTCA TOMbKO B TEX Cry4vasix, KOraa OKasblBalT BfMUSHUE Ha BUAObl OeATENbHO-
CTM1, BKNIOYEHHbIE B 06NacTb NpUMEHEHNA HacTosLwero cnpasovHmka HAT.

[ononHutenbHble BUAbI A4eATENbHOCTU NPy NPOU3BOACTBE CBMHLUA, LMHKA U KagMUs K
cooTBeTCcTBYlOWME UM cnpaBoyHukn HOT (HasBaHusa cnpaBoyvHukoB HAT gaHbl B pegakuum

pacnopshkeHus npasutensctBa Poccurickon ®epepaummn ot 31 oktsabpa 2014 r. Ne 2178-p)

npmeeneHbl B Tabnuue Huxe.

Bua gpeatenbHocTu

CooTtBeTcTBYHOWMIA cnpaBodHnk HOT

MeTofabl O4MCTKM CTOYHBIX BOA,
HanpaBrieHHble Ha cokpalleHne
cbpocoB meTannoB B BOAHbIE 0ObEK-

Tbl

NTC 8-2016 OumncTKa CTOYHbIX BOA NpY Npou3BoAa-
CTBE NpoayKumm (ToBapoB), BbINONHEHUN paboT n

OKasaHWW YCryr Ha KPYMHbIX NPeanpusaTusx

MeToabl O4MCTKKN BbIOPOCOB 3arpsa-
HSAOLLMX BELLECTB B aTMOC(EpPHbIN

BO34YyX

NTC 22-2016 Ounctka BbIGPOCOB BpeaHbIX (3a-
rPA3HAIOLLNX) BELWECTB B aTMOCHEpPHbI BO3AyX
npv NpoM3BOACTBE NPOAYKUMKM (TOBApOB), a TaKkke
npv NnpoBeAeHnn paboT 1 oKazaHumM YCNyr Ha Kpyn-

HbIX NpeanpunaTnax

XpaHeHune n obpaboTka maTepmanoB

CokpalleHue BbIbpoCOB 3arpsi3HAOLLNX BELLECTB,
cObpoCoB 3arpsA3HSALLMX BELLLECTB NPU XPaHEHUN U

CKnagupoBaHum ToBapoB (rpy3oB)

[MpOMBILLNEHHbIE CUCTEMbBI OXIaXae-
HUS1, HANpUMep rpaavpHK, NNacTUH-

YyaTble TENSTI00OMEHHMKM

NTC 20-2016 lNMpombILLNEHHbIE CUCTEMBI OXIa-

XaoeHus
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Bug pearenbHocTH CooTtBeTcTBYIOWMIA cnipaBodHuK HOT

O6paLlleHune ¢ oTxogamm NTC 9-2016 ObGesBpexnBaHne 0TX040B TEpMUYE-
CKMM CNocoboM (CKuraHme oTXOAO0B)

NTC 15-2016 YTunusaums n obesspexmBaHme oT-
x000B (kpome 0b6e3BpexnBaHna TepMmMYECKNUM CMo-

cobom (CxuraHne oTxonoB)

BbipaboTka napa u anektpoaHeprnn | CxxnraHne Tonnmea Ha KpynHbIX YyCTaHOBKaxX B Lie-

Ha TeNnoBbIX CTAHLUAX NSAX NPOM3BOACTBA SHEPTUN
Bonpocbl npon3BoacTBEHHO- NTC 22.1-2016 O6uwme npuHUUNLI NPON3BOa-
9KONOrM4YecKkoro KOHTpPons CTBEHHOIO 3KONOrMYECKOro KOHTPOSS U ero MeTpo-

norn4yeckoro obecrnevyeHud

B HacTosiwem cnpaBovHuke HOT ncnonb3oBaHbl TEPMUHLI U ONpeaeneHnsa B COOTBET-

cTBuM C [4].

Paspen 1. O6wan uHhpopmauua o paccmaTtpmBaeMomn oTpacnm

NMPOMbLILWIEeHHOCTHU

1.1 UnHk

1.1.1 O6wan nHcgpopmauma

LinHk — ronyboBaTto-cepebpucTbii BnecTawmin metann cpegHen Tsepaoctu. B cyxom
BO3[yX€ LWMHK TYCKHeeT, NMOKpbIBasiCb TOHKOW MMEHKOW oKcuaa, 3awuwiarolen metann oT
AanbHenwero oknucrneHns. Metann BbICOKOM YNCTOTbI NIIACTUYEH, U €r0 MOXHO npokaTbiBaTb
B NUCTbI 1 ponebry.

LinHk aBnsetca ogHumM n3 6a30Bbix MeTannoB Ha JIOHOOHCKOW Oupxe meTannoB
(JTBM). B cBs3n ¢ aTuM NpoM3BOLACTBO LIMHKA OCHOBaHO Ha cTaHaapTe Special High Grade
Zinc / umHk ocobon YncToThl (coagepkaHme uuHka — 99,995 %), onpegensiemom camon JIBM.
B EN 1179:2003 ncnonb3dyetcs 06o3HayeHne mapkun Z1, B8 ASTM B6:07 — LME (Z212002).

B Poccuinckon depepaumm TpeboBaHUA K NEPBUYHOMY LIMHKY B YyllKax M Grokax, a
Takke Mapku uuHka yctaHoBneHbl B [OCT 3640—94 «LnHk. TexHnyeckne ycnosusa». Bce
OTeYyeCTBEeHHble MapKu LIMHKa npegycMaTpuBalroT YACTOTY MeTansna He meHee 97,5 %.

LInHK HaxoanTca Ha TpeTbeM MecTe No NPUMEHEHNIO Cpeaun LIBETHbLIX MeTansoB nocrne
anoomMuHsa n mean. KoHeyHoe MCnonb3oBaHME LUUHKA OXBaTbIBAET LUMPOKUM CNEKTP npume-

HEeHWI, Hanbonee BaXXHOE U3 KOTOPbIX — 3allMTa OT KOPPO3MU MOBEPXHOCTEN PasnUYHOro
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pofa CTanbHbIX AeTanen M 3fIEMEHTOB KOHCTPYKUMA. [OpyrMmmu BaxXHenwmmm obnactsamm

NnpuMeHeHnda ABIAKTCA NpPon3BOACTBO LIMHKOBbLIX CrJjiaBOB (J'IaTyHVI, 6pOH3bI, cnnaBoB Ond

nUTbA oA AaBneHveMm) U BbiNyck nonydgabpukaTtoB Ha OcHoBe UMHKa. COOTBETCTBYHOLLME

NPOAYKTbI LUMPOKO NPUMEHSIIOTCA B CTPOUTENLCTBE, B NPOM3BOACTBE ObITOBLIX MPUOOPOB U B

aBTOMOOWIIbHOM NPOMbILLNIEHHOCTMW.

Poccus obnagaet 3HaunTenbLHOM ChipbeBOM 6a3on 1 3aHMMaeT BTOPOE MECTO B MUpe

no 3anacam uuHKcoaepxawmx pyn nocne Asctpanuu. Cyulectsyowme B Poccum 3anacel

oueHnBatoTcsa B 60,4 MnH T (UKMHK B pyae). 31o noyTtn 10 % oT obuimMx 3anacoB LUMHKa B MUPeE.

MNMepeyeHb OCHOBHbLIX pa3BedaHHbIX MECTOPOXAEHUI LMHKCOAEpXKalMX pya Ha Tepputopumn

Poccunckon ®epgepaunn npuseneH B Tabnuue 1.1.

Tabnuua 1.1 — OCHOBHblE MECTOPOXOEHUS LIMHKA

3anacbl, MAHT | Oons B
6anak- c
ea-
COBbIX P [o6biva
Hee co-
3anacax B
l"eonoro- _ | nepxa-
MecTtopoxaeHue . A+B+ Poccuin- 20130
NPOMbILWWJIEHHbIN TUN C2 . Hune
LMHKa B
depe- TbIC. T
pyae, %
paumm,
%
000 «WNHBecT EBpoKomnaHm»
XonogHuHckoe (Pec- KonyegaHHo- 13,3 7,9 35,1 3,99 0
nybnuka bypaTtus) nonumeTannyeckmmn
000 «TexnpoMUHBECT>»
O3epHoe (Pecnybnu- KonuyegaHHo- 7,7 0,6 13,7 6,16 0
ka bypsTtus) nosiMMmeTannn4yeckumn
OAO «Cubupb-INonumeTtannbi»
Kopb6anuxuHckoe KonuyepaHHo- 2,3 0,1 4 9,81 0,04
(AnTaunckuin kapawn) nosiMMmeTannn4yeckumn
OAO «l'opesckuin [OK»
Mopesckoe (KpacHo- KonyegaHHo- 1 0,8 2,9 1,38 33,6
SAPCKNIA Kpai) nonumMmeTannnuyeckmm
OO0OO «JlyHcuH»
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3anacbl, MAIHT | Hdonsi B
Ganakn- c
ea-
COBbIX P [o6biva
Hee co-
3anacax B
"eonoro- aepxa-
MecTopoxaeHue . A+B+ Poccuin- 2013 ro
NPOMbILWJIEHHbIN TUN C2 . Hune
C1 CKOVA Ay,
LMHKa B
depe- ThbiC. T
pyae, %
pauun,
%
Kbi3bin-TawuTbirckoe KonyepaHHo- 1,1 0,2 2,1 10,19 30,5
(Pecnybnuka TbiBa) | nonumeTansiMyeckum
000 «Cunbupckme LUBETHbIE METANNMbI»
Cappana (Pecny6nu- CTtpatndopMHbIn 0 19 3,2 10,5 0
ka Caxa (AkyTtuns))
OAO «[lanckun NOK»
"anckoe (OpeHbypr- LinHkoBo- 1,4 0,2 2,7 0,52 30,7
ckasi obnacTb) MeaOHOKoNYeAaHHbIN
OAO «YyanuHckun MOK»
HoBo-Y4anuHckoe LinHkoBo- 2,1 1 5 2,95 0
(Pecnybnuka baww- MeHOKONYeJaHHbIN
KOPTOCTaH)
Y3enbruHckoe (Yens- 1,2 0,07 2,1 2,32 60,7
OGuHckasa obnacTb)
YyanuHckoe (Peny6- 0,3 0,02 0,6 4,5 53,8
nuka bawkopTocTaH)
000 «balknpckasa megb»
Mogonbckoe (Pec- LinHkoBo- 1,1 0,01 1,8 1,34 0
nybnuka bawkopTo- MeOHOKONYeaaHHbIN
CTaH)
KO6unenHoe (Pec- 1 0,03 2,3 1,24 5,1
nybnuka bawkopTo-
CTaH)
00O «Cssarorop»
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(HYenabuHckaa o6-

nacTb)

MeOHOKONYeaaHHbIN

3anacbl, MAIHT | Hdonsi B
Ganakn- c
ea-
COBbIX P [o6biva
Hee co-
3anacax B
"eonoro- aepxa-
MecTopoxaeHue . A+B+ Poccuin- 2013 ro
NPOMbILWJIEHHbIN TUN C2 . Hune
C1 CKOVA Ay,
LMHKa B
depe- ThbiC. T
pyae, %
pauun,
%
TapHbepckoe LIMHKoBO- 0,2 0 0,4 5,63 12,7
(Ceepanosckas 06- MeaOHOKoNYeAaHHbIN
nacTb)
AO «[lepBas ropHopygHasi KOMNAHUA»
MaBnosckoe (ApxaH- CTtpatndopmMHbIn 0,06 1,96 3,3 6,61 0
renbckasi obnactb)
3A0 «OpmeT»
IxycuHckoe!) (Opeh- LiMHKoBO- 81, 9 ThiC. T? - 091% | 2,43
Oyprckas obnacTb) MeaOHOKoNYeaaHHbIN
BeceHHe- LiMHKoBO- 129,7 Tbic. TY - 1,88 % 0
ApanunHckoe (OpeH- | MeagHoKon4YeaHHbIN
Oypr-
ckasi obn./KaszaxcrtaH)
OAO «AnekcangpuHckas ['PK»
AnekcaHOpuHcKoe LlMHKoBO- 2,8 Tbic. TV - 2,84 % | 16,99

Y OanHble YITMK Ha 01.01.2016 (maHHble rmaBHOrO reoriora TexHudeckon aupekuum OO0

«YTMK-XonguHr»).

2 NanHble YITMK Ha 01.01.2016 (maHHble rnaBHOro reonora TexHudeckon aupekumn OO0

«YTMK-XonguHr»).

% FocynapcTBeHHblii aoknag Mpaeutensctea OpeHGyprckon obnactn «O coCTosHUM U 06

oxpaHe okpyxatowen cpegbl OpeHbyprckor obnacti B 2014 rogy».

4 OanHble YITMK Ha 01.01.2016 (maHHble rmaBHOro reorora TexHudeckow aupekumn OO0

«YIMK-XonguHr»).
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3anacbl, MAIHT | Hdonsi B
Ganakn- c
pea-
COBbIX [o6biva
Hee co-
3anacax B
"eonoro- aepxa-
MecTopoxaeHue . A+B+ Poccuin- 2013 ro
NPOMBILLNEHHbIV TWN C2 5 Hue
C1 ckon ay,
LMHKa B
depe- ThbiC. T
pyae, %
pauuu,
%
HepacnpegeneHHbln GoHA
Komcomornbckoe LIMHKoBO- 0,7 0,03 1,2 2,26 %
(OpeHbyprckasa 06- MeAHOKONYeaaHHbIN
nactb_
HoBo-Ypkckoe (Ke- 0,5 0,01 0,9 2,42 %
MepoBckasa obnacTb)

Bcero Ha yyeTe rocygapcTBeHHbIM 6anaHcom — 60,4 MIH T

NcTouHMK — rocynapcTBeHHble aoknaasl MuHnpupoasl Poccuiickon ®epepaunn® n Mpasu-

TenbcTBa OpeHByprckoi o6nactu?, AaHHbIe KOMMNaHWIA.

CbipbeM Ans NPOU3BOACTBA LMHKA CNy>XaT KOHUEHTpaThl, nonydYaemble nytem obora-
LLEHUS, LMHKOBOW pyabl Ha rOpHO-06oraTUTENbHbIX NPeaAnpuATUaX, a Takke obpasyrumecs
B Xo4e Npomn3BOACTBa BTOPUYHbIE LIMHKCOAepXalune npomnpoayktel. B 2014 rogy B mupe 13
BTOPUYHBIX MPOAYKTOB MOSTy4eHO 4 MIH T UuHKa, 4To coctasnseT 30 % OT MMPOBOro BbIMyc-
Ka, a B Poccun — 4 % oT obLiero Bbinycka LiMHKa B CTpaHe.

MepeyeHb ropHO-060raTUTENbLHBLIX NPEANPUATAN U CHaBXaloLWMX NX MECTOPOXAEHUN

npuseneH B Tabnuue 1.2, a nXx MeCTonosioXXeHne nokasaHo Ha pucyHke 1.1.

Y OanHble YIMK Ha 01.01.2016 (maHHble rmaBHOrO reoriora TexHudeckon aupekuum OO0
«YTMK-XonguHr»).

2 M'opoBoit otyeT AIPK 3a 2014 .

9 «O COCTOAHUM M MCMOMb30BaHUN MUHeparnbHO-CbipbeBbIX pecypcoB Poccuitckon depnepa-
umm B 2013 roay».

4 «O cocTosHWM 1 06 oxpaHe okpyKatoLein cpeabl OpeHByprckoi obnact B 2014 roay».
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Tabnuua 1.2 — NopHo-o6GoraTuTenbHbIe MOLLIHOCTY MO NPOU3BOACTBY LIMHKOBOIO KOHLEHTpaTa

MoLuHocTn
Mpounssog-
no npoms-
CopepxxaHue | CTBO LMHKa B
BOLCTBY,
rOK/npeanpuatue CbipbeBas 6a3a LUMHKa B KOH- | KOHLeHTpa-
LIMHKOBOTO
LueHTparte Te, TbiC. TB
KOHLeHTpaTa
roa
TbIC. T B o4
PMKY
"opHO- PyoHuk «AnekcaHapuH- 5-10 45,0 % 2,3-4,5
oboraTuTenbHbIN CKnn» oTpabartbiBaeTcs
kombuHaT AIrPK KOMOUHUPOBAHHbLIM CMO-
cobom ¢ 2003 roga.
PyaHuk «Hebaumin» otpa-
B6aTbiBaeTCcs NOA3EMHbLIM
crnocobom.
OpwmeT PyaHuK «[J>)KYCUHCKUN» — 18 45,0 % 8,1

oTpabaTtbiBaeTcs OTKPbI-
TbIM CNOCOBOM C

2004 roga. C 2015 ropa
Aobblya pyabl Nnpoaon-
XXWTCS NOA3EMHbBIM CMOCO-

oom.

PynHuk «EneHoBckniny —
oTpabaTtbiBaeTcs OTKPbI-
TbIM criocobom ¢

2008 roga. MegHo-

LIMHKOBbIE pyapbl.

CtpouTtcs pyaHuk «Be-

CEHHUN»

YIMK?)

Y NanHble no npoussoactsy K AMPK UMHKOBOrO KOHUEHTpata W3 rodoBoro otyeta 3a
2014 rog (http://www.spark-interfax.ru). JlaHHble no KomnaHuy OpMeT 13 X/4 CTaTUCTUKM NO NepeBo3-
kam 3a 2015 ropg.

2 [laHHble no npeanpuaTuam 3a 2015 roq,.
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MoLuHocTu
Mpounssog-
o npowus-
CopepxxaHue | CTBO LMHKa B
BOACTBY,
rOK/npeanpuatue CblpbeBas 6a3a LUMHKa B KOH- | KOHLeHTpa-
LIMHKOBOroO
LeHTpare Te, TbiC. TB
KOHUeHTpaTa
rog
TbIC. T B o
Manckunnm NOK ["ancKnin OTKPbITBIA U NOA- 8 47,0 % 3,8
3€MHbI PYOHUK.
YyanuHckun NOK YyannHckuim nog3emMHbIv 180 50,0 % 90
PYAHWK, PYOHUK «Y3enb-
TMHCKNIA>.
Cubanicknin ounman 2,5 47,5 % 1,2
YyanuHckoro NOKa
Bypubaesckun FOK | MecTtopoxaeHus «bypu- 0,7 36,70 % 0,3
DbaeBckoe», «MakaHcKkoe,
«OKTAbpbCKOE»
Bawknpckas meab MecTopoxaeHus «HKObu- 2 47 % 0,9
newnHoe», rpyn-
na NMNogonbCKnx MecTo-
POXOEHUN.
Cubupb- MecTtopoxaeHune «Kop- 52,6 50,0 % 26,3
nonumeTannsl DanxuHckoe».
Wemyp MecTopoxaeHue «HoBo- 18 46,0 % 8,3
Llemypckoe». MeaHo-
LUMHKOBbIE pyAbl.
Cubanckmn [OK MecTtopoxaeHus «Cnban- 0,8 47,0 % 0,4
ckoe», «KamaraHckoe».
Ceartorop CeBepHbIN MegHo- 17 47,0 % 8

LUWHKOBbIN pyaHUK. Me-
CTOpOXAEHNEe

«TapHbpeckoe»

Apyrue?

D NaHHble 13 rogoBbix ot4eToB 3a 2014 rog (http://www.spark-interfax.ru), /o ctaTuctka no

nepeso3skam 3a 2015 rog.
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MoLuHocTu
Mpounssog-
no npous-
CopepxxaHue | CTBO LMHKa B
BOACTBY,
rOK/npeanpuatue CblpbeBas 6a3a LUMHKa B KOH- | KOHLeHTpa-
LIMHKOBOroO
LeHTpare Te, TbiC. TB
KOHUeHTpaTa
rog
TbIC. T B o
JlyHewnH (Zijin Mining | KbI3bin — TawTbirckoe 15 45,0 % 6,8
Group) nonmMmMmeTannn4yeckoe me-
CTOPOXAEHME
MK Jansnonume- MecTtopoxaeHus «Huko- 30 50,0 % 15
Tann naesckoe», «[lapTmsaH-
ckoe», «BepxHee»,
«ManmuHoBckoe», «HOx-
Hoe», «CUnMHcKoe».
CBWHLIOBO-LMHK-
cepebpsiHoe opyaeHeHue.
HosoaHrapckun OK | ['opeBckoe mecTopoxae- 45,3 40,0 % 18,1
(MTopbesckmin TOK) Hue. [Jobblvya OTKPbITLIM
cnocobom
HoBOLLUMPOKNHCKNIA Hogo-LUnpoknHckoe me- 8 50,0 % 4
PYAHWK CTOPOXAEHME
Bankanpypg (nogkoH- |HomoH-Tonorownckoe 25 48,0 % 12
TponbHa Central Asia | CBUHLOBO-LIMHKOBOE Me-
Silver) CTOpOXAEHNE
Apocnasckas PK BosHeceHckoe MecTopOX- 6 47,0 %
(OK PYCAIN-TAO) AeHusa roopuToBbLIX pya
(B HacTosiLEee Bpems
Npon3BOACTBO LIMHKOBOIO
KOHLeHTpaTa OCTaHoBNe-
HO)
UToro: 205,5 -
207,7

McTouHMK — aaHHble komnaHuin, PAO PXKI.
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Ceeppnosckan obin: /| KpacHoapcrwii kpaii:
CadbAanoackan Medb (YIMHK), " | Homoaurapckmid OH.
Pecniy6nuka bauwKoprocTan: | Ceatorop {YIMK), ‘

YuanuHckri TOK [YTMK), LWiemyp (¥TMK). ;

CuBakckuit Fqi{ (YTMK), \ | Vi 3abakKanbckuii Kpaii:

Bypwbaesckunia TOHK (YTMK], | HOBOLMPOKMHCHWHA PYOHKMEK,

Bawkupckan meap (YTMK). \ || Baiikanpya(noakoHTpOnsHa
= } | | | Central AsiaSilver).

/ | || AnTaiickuii kpaii:
OpeHByprekan obnacTs: || CnBupe-nonumertanol (YIMEK), |

Opmert (PME], | || HopBanxuuckmin pygHmk (YTVK). | Mpumopcuii kpaii:
| ‘ | MK [danbnonMmeTann,

[ I Apocnaeckan MPK (OK
PecnyBnuka Thisa: ( PYCAN-TAO).
NyHeud (Zijin Mining Group). / i,

Faickuid TOK [YTMK).

Yenabunckas obnacte: |
FopHo-oGoraTuTensHbil |
HOMBUHAT ATPHE [PMHK).

PucyHok 1.1 — TeppuTopuanbHoe pasMelleHre NpeanpusTuii no NnpousBoacTBy

LUMHKOBOIO KOHUEHTpaTa
1.1.2 NMponsBoacTBO LMHKA

CywectBytoT aBa cnocoba m3BrnevYeHnsa LMHKa U3 KOHLEHTpaTa: nMpomeTannypruye-
CKMA U rmapomMeTannyprudeckmn. HecmoTps Ha TO, YTO rMgpomeTansiypruyecknn npouecc
npeabsenseT 6onee xectkne TpeboBaHUA K KayecTBY CbipbsA M, Kak NpaBuro, CBA3aH C
6onbWMMKN KanuTanbHbIMK 3aTpaTtamu, 95 % UMHKa B MMpe NonyyarT rmgpomMeTannypruye-
cKum crniocoGom?,

Ha poccuUnckMX LMHKOBBIX 3aBOoAax MNPUMEHSAETCS TOMbKO rmapoMeTaniypruyeckumn
cnocob, npegycmaTpmBaloWMn BbllLenavymBaHne UUHKA U3 NpeaBapuTenbHO OBOXKEHHOMO
KOHLEHTpaTa pacTBOPOM CEPHOW KMCMOTbl. [locne oKMcnnTenbHOro obXxura LUMHKOBOIO KOH-
LeHTpaTa Npon3BoOaATCS:

- BbllLleNa4YMBaHne LMHKOBOrO Orapka;

- OYUCTKa LMHKOBOro pacTeBopa OT NpuUMecen;

- ANEKTPONU3 CyrbdaTHbIX LIMHKOBbLIX paCcTBOPOB C NOJSTly4eHMEeM KaTO4HOrO LINHKA;

- NepensiaBka KaTogHOro UMHKa 455 NofyYeHns TOBapHOro LMHKA.

Mpn peanusaumm rmapomeTannypruyeckoro cnocodba npomsBoaCcTBa LMHKA 00pasytoT-
CH NoNynpoayKTbl — LUHKOBbIA KEK U MeHO-KagMueBbIn Kek. B Poccun unHkoBbIE Kekn ne-
pepabaTbiBalOTCA ANS M3BMEYEHUS LMHKA U CBMHLUA B BenbL-nevax (3a pybexxom LUHKOBbIE

KeKku, B OCHOBHOM, nepepabaTbiBaloTcs B rmapoMeTanlypruyeckom LmKne).

D Bruno Schwab Zinc recoveri // The Lead-Zinc Conference. — June 14-17, 2015, Dusseldorf,

Germany.
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Benbu-neun aBnawTCca yHMBEpcanbHbIMW arperatamu, U B HAX MOXHO nepepabaTtbl-
BaTb LMHKCOOEpXaLlme NpoMeXxyTovHble NpoayKTbl U oTxoabl. B 2014 rogy B Mupe B BerbL-
nevyax 6bino nepepabotaHo 85 % obpasyloLmxcs NPOMEXYTOYHbIX NPOAYKTOB (B OCHOBHOM,
MblfY YEPHOW U LBETHOW MeTannyprum).

Hona Poccun oT oOwero MMPOBOro MpouM3BOACTBA UWHKA (BKMYAs  LUHK-
antoMuHueBble cnnasbl) coctaBnseT 1,7 %. Mo ntoram 2015 roga B Poccunckon deagepauyunu
6b1110 Npoun3BeaeHo 237 ThiC. T (CM. pUcyHOK 1.2). Ha pbiHKe NpuCyTCTBYIOT ABa NpOU3BOAU-
Tena uuHka: OAO «YenabuHckun umHkoBbIM  3aBoa» (YU3) (YensbuHckasa obn.) u
OAO «3nektpounHk» (Pecnybnuka CeBepHaa OceTtus-Ananust)). CymmapHble MOLLHOCTU

AaHHbIX npeanpusaTmin coctaBnaoT 300 ThiC. T LUMHKA B roA.

SNEeKTPOLUUHK
28%

Mwuposoe
npou3soACTBO Poccua
e |
98,3% 1,7%
Hu3
72%

NcTouHuk — MexgyHapoaHasa uccnegoBartenbckas rpynna no CBUHLY U LIMHKY
(MUICL) (The International Lead and Zinc Study Group — ILZSG), aaHHble Y MK

PucyHok 1.2 — [onsa Poccun B MMPOBOM NPOU3BOACTBE LIMHKA

OT 06LLEero poccUMCcKoro NPoM3BoOACTBa LMHKA U LIMHK-aNtoOMUHUEBLIX CMNaBoB Ha O0-

JTI0 npon3BoacTBa UMHK-arltoMMHUEBDLIX CJ1aBOB NMPUXoanTCA 56 %.

12



UTC 13-2016

INEeHTPOLMHK:

-MowHocTb 3aeoga Ao 100 Toic. T. LKMHKE B rog;
|| -0BbvemnponssoncTeaza 2015r.: 65,8 ThiC. T.;
(Pecnybnmka CepepHan OceTmA — ANaHua, r.
BnaguKaekas)

| . ————+— & | YenabuHckui L|3:

i -MouwHocTb 3asoga Ao 400 Thic. T. LWHKA B rogd;
; -ObbemnpowseoacTea3a 2015r.: 171 Toic. T.;

| w' (YenabuHokan obn., r. HenABMHCK)

PucyHok 1.3 — TeppuTopmnansHoe pasmelleHne npeanpuaTnii o npoMsBoACTBY LUHKA
1.1.3 NoTpebneHune uuHKa

B 2014 rogy 50 % oT obLuero Bbinycka LUWHKa B MUPE UCMOMb30Banochb AN HaHece-
HUS 3aLlMTHBIX MOKPbITUN Ha cTanbHble n3genus. o 17 % obuwero notpebneHnsa umHka npu-
XOAMNOCb Ha BbINYCK TakMX CMfaBOB, KakK faTyHb M BpoH3a, a ewe 17 % — cnnasa ansa nu-
TbA NoA fasreHneM. Ha npon3BoACTBO OKCMAA UMHKA M OPYrUX XMMUYECKUX COeOUHEHUN
NpPUXoamnocb okosnio 6 % ot obuiero noTpedbneHmsa umHka. Mcnonb3oBaHne npu Npou3Boa-
CTBE LMHKOBbIX nonycabpukatoB (LMHKOBLIN NPOKAT B BMAE TOHKOrO SIUCTa U NEHTbI) cocTa-
BUNo 6 %.

B TeyeHue nocnegHnx neT B MUpe COXpPaHSETCA HapacTawwun aeduuuT LKUHKa, no-
CKOSbKY TeMrMbl pocTa ero notpebneHns onepexxarT MOLHOCTU CYLLECTBYOLMX Npeanpus-
Tv. Tak, B 2014 rogy MMpPOBOW BbINYCK LMHKA cocTaBun 13,2 MiH T, a noTpebneHne LnH-
Ka — 13,5 MNH T.

Buanmoe notpebneHvne umHka (BKMYasi UUHK-anioMUHUEBbIE cnnaebl) B Poccun B
2015 rogy coctaBunio 240,2 Teic. T. [Hons uMMNOpPTHOro uUuHKa coctasndeT 13,3 %
(31,9 Tbic. T). bBonbwaa 4Yactb uUMHKa  umnoptupyetca wmn3  KasaxctaHa (65 %)

(c™m. pucyHok 1.4).
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300 +
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TbIC. TOHH

100 -

50 -

B

[MpoussoacTso Buaumoe MMnopTumMHKa  DKCNOPT UMHKA
UMHKa norpebneHue
UMHKa

0

NcToYHNK — gaHHble komnaHun, ®eaepanbHON TaMOXEHHOM CyX0bl, pacyeTbl
PucyHok 1.4 — Bugumoe notpebnenune uuHka B Poccum B 2015 rogy

OTtpacneBas CTpykTypa notpebneHnsa unHka Ha BHyTpeHHeM pbiHke Poccuinckon de-
Aepaunn BbIrmsaanT criegyowmm obpasom (CM. pucyHoK 1.5): 6onbluas YacTb NPUXOAUTCA Ha
npounsBoauTEnen OLMHKOBAHHOIO npokata — 65 %; cnegomMm mayT npeanpuaTud, 3aHumato-
LMecss OUMHKOBaAHMEM METanfoOKOHCTPYKUMN, — 15 %; Ha XMMWYECKYHD NPOMBbILLSIEHHOCTb

npuxogutcs 8 %; Ha npeanpuaTusa no obpaboTke LBETHbIX MeTannoB — Bcero 3 %.

® [Ipouue;
= OUM; 3% 9%

= XrMuyeck
an
NpoMb|

O ropsauee
UMHKOBaH

ve; 15% 0O UuHkoBaH
ve

(npokar);
65%

NcTouHuk — paHHble YITMK

PucyHok 1.5 — OTpacneBas cTpykTypa notpebneHuns LumnHka B Poccuickon

depepauun
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1.1.4 OcHOBHbIe 3Konornyeckue npoodnemsbli

McTopryeckn rmaBHOM 3KONOrM4yeckom npobnemomn, cBs3aHHOM C NPOU3BOACTBOM LINH-
Ka U3 nepBuYHbIX MaTtepuanos, Obinv BeIOPOCH! Anokcuaa cepbl, 0bpasyowmeca npy obxure
N nnaBke cynbMUAHbIX KOHUEHTpaToB. OTa npobnema 6bina aceKTMBHO pelleHa meTan-
nyprudeckumn npegnpusatusammn EC, Ho B Poccun oHa elle ocTaeTcs akTyanbHON.

[Mpun BbiWenayMBaHUM orapka u Apyrnx matepuanoB obpasytoTca pacTBOpPbl C BbICO-
KnMm cogepxaHvem xernesa. OcaxgeHue xenesa U3 pacTtBOPOB NPUBOAUT K NOSTyYEHUIO 3Ha-
YNTENbHbIX 06BHEMOB TBEPAbIX OTXOA0B, KOTOPbIE coaepXaT pasfnuyHble npumecu. YTunmsa-
UM 9TUX OTX040B TpebyeT NpUMEHEHUs cneumanbHbIX METOL0B U TEXHOSOTMMMN.

CyLlecTBEHHOE 3HAYEHNE MMEIT TaKkke HeopraHn3oBaHHbIE BbIOPOCH!, 0bpasyoLme-
Csl B Npouecce cnekaHusa u obxura n gp., X Heobxoanmo ydnTbiBaTb HA BCEX CTaausax Npo-
uecca. XapakTepHbiM NPUMEPOM Takoro poga BblOpOCOB SBASAOTCA BbIOPOCHI KNCAOTHbLIX Na-
POB B Liexax 31ieKTposisa LmHKa.

LinHk n copepxawme ero npoaykTbl XOpPOLWIO MO4AalTCca BTOPUYHOM nepepaboTke.
OcCHOBaHHbIE HAa UCTOPUYECKUX AAHHbIX MO NOTPEOBNEHMIO LUMHKA U MHAOPMaLMK O XU3HEH-
HOM UMKNe NpoaYyKUUM OLIeHKU CBUOETENbCTBYIOT O TOM, YTO BTOPUYHOE U3BMeYeHne No3Bo-
nsaeTt ucnonb3oBaTb 40 80 % uMHKa 13 BbipaboTaBLUMX CBOW CPOK NpoaykToB. Cuctema BTO-
pU4HOM nNepepaboTKM LiMHKa OOCTUIMA LUMPOKOro pasBuUTMS U MO3BOMSET Nonydatb LUHK Kak

B BMAE YMCTOro MeTanna, Tak 1 B Bue Lenoro psga gpyrmx oopm.
1.2 Kapmun

1.2.1 Obwasa nHdopmaums

Kagmum OoTHOCUTCS K pefikKUM, pacCesiHHbIM 3fIeMeHTaM: OH COAEpPXUTCHA B BUAE U30-
MOpPHOM NpUMecKn BO MHOIMX MUHeparax 1 Bcerga B MMHepanax LMHKa.

C KOMMepYeCcKOM TOYKN 3peHNsa KagMUN OTHOCUTCA K rpynne marnbiX MeTansnos, Kyaa
TaKke BXOOAT CypbMa, BUCMYT, XpOM, KobanbT, MHAWW, MarHWn, mapraHew, pTyTb, CEMNeH,
KpeMHUI, ransium, peHnin, repMmaHuni.

B 3emHoI kope kagmus cogepxutcsa okono 1,4-10 -5 % (no macce), 3To A0CTaTOYHO
peakun anemeHT. Hurge B Mmpe OH He BCTpevaeTcs B MPOMBbILUNEHHbIX KOHLUEHTpaumsx, 3a
ncknoveHnem obHapyxeHHbix B 2005 rogy MectopoXaeHuin B npoBMHUMK ['yNYKOy Ha Horo-
3anage Kutasq, rge ero cogepxaHme coctaBnsaeT 2—8 Kr/T.

EOMHCTBEHHBIN MUHepar, KOTOpbI NpeacTaBnseT NHTepec Afs NonyvYeHna kKagMna —

FPUHOKNT, TaK Ha3blBaeMasi «kagmueBasi ooMaHka». Ero gobbiBaloT BMecTe ¢ haeputom npu
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pa3paboTke LMHKOBbIX pya. B xooe nepepaboTkn OH KOHUEHTpUpyeTcs B NOOOYHbLIX NPOAYK-
Tax rnpouecca, oTKyga ero notTom nU3Brekator.

OcHoBHble 06nacTn NpUMEHEHNA — NPOU3BOLACTBO HUKENb-KaaMMEBbBIX aKKyMynaTop-
HbIx BaTapen, rge Ucnonb3yrTCa CONM Kaamus; NPOU3BOACTBO NMUIMEHTOB U MOKPbLITUR, rae
NpUMeHsaeTCa MeTannMyeckmn nopoLwlok kagmus. B nocnegHue rogbl okono 10 % metannu-
4YeCcKoro KaaMus MUCrnonb3yeTcs B MPOM3BOACTBE MUIMEHTOB. B HacTosiwee BpeMsA HUKenNb-
KagmueBble akkyMynaTopHble 6aTtapemn Bce Yalle 3aMEHSTCA Ha NUTUA-UOHHBIE.

B Poccun nponssoacteo kagmus pernameHTtupyetca NOCT 1467—93 «Kagmuin. Tex-
Hudeckue ycnosua» n NOCT 22860—93 «Kagmui BbICOKOWM YMCTOTbI. TexHUYeckue ycro-

BUSI».
1.2.2 NMpoussoacTeo

Kagmuim moxeT Npon3BoauUTbLCS NMPOMETanyprrieckum, rmgpomMmeTtaniyprrieckum, a
Takke KOMOMHMPOBaHHBIM cnocobom. B MnpoBon npakTuke NpUMEHSIETCA NPeUMyLLECTBEHHO
rmgpomeTannypruyeckmi npouecc.

Mo paHHbIM [eonormnyeckon cnyx6bl CLUA (United States Geological Survey —
USGS) wmwupoBoe npou3BoactBO kKagmms B 2015rogy cocrtaBuno 24,2 TbiCc. T
(c™m. pucyHok 1.6). OCHOBHbIMW MWPOBLIMU MNPOM3BOAUTENAMU Kagmusa aBndaoTcsa Kuntan,
OxHasa Kopes n AnoHunsa, Ha OO KOTOPbIX CyMMapHO npuxoantcs okono 20 % oT MUpPOBO-
ro npoussoactea. Ha gonto Poccun npuxogutca okono 5 % ot obemmnpoBoro npounssBoa-
cTBa.

[MockonbKy kKagmumn siBnsieTca N0O6OYHbIM NPOAYKTOM NPON3BOACTBA LIMHKA, ero BbinycK
B Poccun nonHoctbio obecneuymBaeTtca uMHkOBbIMM 3aBogamu: OAO «OneKTpOUMHK» U
OAO «HenabuHckun umHkosbIi 3aBoa» (YL3). CosokynHoe npoussoacTteo B 2015 roay co-
ctaBuno 1186 1, n3 kotopbix 911 T npuxogatca Ha gonto OAO «YLI3», a octaBwwmecs

275 T — Ha gonto OAQO «ONEeKTPOLMHK.
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OneKTPOLIMHK
1%

UecmouHuk: Teonormnyeckasn cnyx6a CLUA, gaHHble YIMK

PucyHok 1.6 — Jons Poccuy B MMpOBOM NpounsBoacTBe kagmusi B 2015 rogy
1.2.3 NMoTpebneHue

MpakTnyeckn Becb 06beM npomsBoaMmoro B Poccum kagmmna akcnoptupyeTcs. JKe-
nopTHble nocTtaBknM kagmusa B 2015 rogy, no aaHHbiM degepanbHOM TaMOXEHHOW CryxXObl,
coctaBunu no4vtu 972 1; umnopTtHele — 0,1 kr. Takum obpasom, BMaMMoOe noTpebrneHve kaa-
must B Poccumn no coctosHuio Ha 2015 rog coctaensieT 214 T (CM. pucyHok 1.7). OcHoBHas
obnacTtb noTpebneHms — NPOM3BOLACTBO HUKENb-KagMUEBbBIX akKKyMYyNATOPHbIX BaTapen.

1400

1186
1200

1000 S72
800

600

400

214
200
0
Mpou3soacTBo Jkenopt Wmnopt Buaumoe notpebrienue

HcmoyHuk: cbep,epaanaﬂ TaMOXeHHasd cny>|<6a, AaHHble KOMMaHUN

PucyHok 1.7 — KnioueBble napamMeTpbl POCCUNCKOro pbiHKa kagmug B 2015 rogy, T
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1.2.4 OCHOBHbIe 3Konornyeckue npoodnemsoli

lMpounssoguTenb UMHKA MOXeT rnonydaTts Ao 600 T kagmusa B rog. Npon3BoaCcTBO Kaa-
MWSA OOJHKHO TWATesNIbHO KOHTPONMPOBATLCA C Liefblo NpefoTBpaLleHUs HeopraHM3oBaHHbIX
BbIGPOCOB 1 MakcMmaribHO BO3MOXHOIO YraBnnBaHUs Nbinun, cogepxallen KagMmuin.

CoeguHeHna kagMmna HeobxoguMbl NS MHOrMX obnactern NPUMEHEHUS U HE MOryT
ObITb 3aMeHeHbl Ha apyrne matepuansl. Kpome Toro, npumeHeHne Kkagmus B nepesapsxae-
MbIX aKKyMynaTopax MOXeT OblTb BbIFOAHO U C 3KONOrMYECKON TOYKN 3PEHNS.

OCHOBHbIM HeraTMBHbIM NOCNEACTBMEM BO3LENCTBUSA KaaMUs Ha 300POBbE YerioBeka
ABNAETCH novyeyvyHo-kaHanbLeBaa gucdyHkumns. KaHanbLeBblin HEKPO3 B 3anyLeHHOM COCTO-
AHUKN sBnsieTCa HeobpaTMMbIM, MO3TOMY MPeAoTBpPaLLEHWE 3TOW NATONOMMN BaXKHEe, Yem
CBOEBpPEMEHHasA amarHoctuka. [Jonrmn nepuoa Guoxmmmudeckoro nonypacnaga kagMms Mo-
XeT NPMBECTU K NPOAOIPKUTENBHOMY Pa3BUTUIO 3a00NeBaHUn NOYEK Ha NPOTSXKEHUN MHOIUX

neT, NOTOMY NpoLunoe Bo3gencTane bonee onacHo, YeM HacTosiLLee.
1.3 CBUHeL 1 onoBoO

1.3.1 O6wan nHdopmauusa

CBuHey

CBuHey, obnagaet psagoM YHUKanNbHbIX CBOWCTB: BbICOKMMWM MAACTUYHOCTBIO, KOBKO-
CTblO, NNOTHOCTbLIO, HU3KOW TeMnepaTypor NnaBneHus:, XNOKoTeKy4ecTbo, OTCYTCTBUEM pac-
TBOPMMOCTU Xenesa, a Takke 4Ype3Bbl4anHOW YCTOMYMBOCTBIO K KOPPO3UM WU 3alUMTON OT
NPOHUKHOBEHUS PasnNUYHbIX BUAOB U3NyYEeHUs, YTO OnpeaensieT LWMPOKMIA CrpoC Ha Hero B
pPasnuyHbIX OTPacrsaX NPOMbILLMAEHHOCTM Kak B BMAE MeTanna AonyCTUMOMW YUCTOThI, Tak U
KOMMOHEHTa CnnaBoB.

CBuHey, siBnsieTca ogHMM n3 6a30BbiX MeTannoB Ha JIOHOOHCKOW Gupxke mMeTannos
(JTBM). B cBsAisan Cc aTMM NPOM3BOLCTBO CBMHLUA OCHOBaHO Ha EN 12659, nosTopstowmm
DIN 1719, c cogepxxaHuem meTtanna ot 99,940 (mapka PB 940R) 0O CBMHLA BLICOKOW YUCTO-
Tbl 99,990 (mapka PB 990 R). B ASTM B29-92 umetotca Tpu Mapku Bbiwe 99,90: mapka
L50006-99,995, L50021-99,97, L0049-99,94.

B Poccuiickon depepauum TpeboBaHna K NEPBMYHOMY CBMHLY B YyllKax U 6nokax, a
Takke Mapku cBuHUa yctaHoBneHbl B [OCT 3778—98 «CBuHel,. TexHu4eckne ycrnoBusi».
Bce oTeyecTBeHHble Mapku CBUHUA NpegycMaTpuBaloT YNCTOTY MeTannbl He meHee 99, 50
(mapka C3C). Bbeicwas mapka CO oTtBeyvaeT unctote 99,992, 4yTo HEMHOrO BbilLEe eBponen-

CKOro ctaHgapTa.
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[Ons nepepaboTkn cynbdUOHbIX CBUHLOBbLIX KOHLEHTPATOB NPUMEHMMA Kak nupome-
Tannypruyeckasd, Tak u rmgpometannypruyeckas texHonorus. OgHako rugpomeTtannypruye-
Ckme cnocodbbl N3BNeYeHns CBMHLA BCIEACTBME TEXHOMOMMYECKOrO0 HECOBEPLUEHCTBA HEKOH-
KypeHTOCNOCOOHbI OTHOCUTENBHO NUPOMETANTYPrniyecknx M 0O CEero BPEMEHM He Halumm
NPUMEHEHNSA B MPOMBbILLNIEHHOCTW.

Bo3MOXHbI Tpy BMaa nnaBkM CBUHUA U3 CYNbMUOHbLIX KOHLEHTPATOB: peakuMOHHas,
ocaguTenbHasi U BOCCTaHOBUTENbHAS.

B HacToslee BpeMs ocaguTenbHas nnaBka, OCHOBaHHasi Ha B3aUMOAENCTBUU CYIb-
dunaa CBUHLA C Kene3oMm, NoTepsifnia CBoe 3HayYeHue.

B ocHoBe nony4eHnsa cBuHLA METOAOM PeakLUMOHHOW NiaBKN NEeXUT XMMUYecKoe B3a-
UMOAENCTBME MeXAyY ero CynbMuaom n oKCUaoM unm cyrnbdaTom.

[MpoTekaHnio 3TUX peakumst OOSMKEeH NpewecTBoBaTb YaCTUYHbLIM OKUCIUTENbHbIV
0OXXWUI MCXOAHOrO KOHLEHTpaTa, NPOBOANMbBIN NpeaBapuTenbHO UM B TOM Xe annaparte, B
KOTOPOM MPOUCXOAUT peaKkLMOHHOE B3aMOaenCcTBue.

PeakunoHHas nnaBka MoxeT bbITb ocywecTBneHa npoueccamm KMBLIST, QSL.

LLnpoko npumeHsiemas BOCCTaHOBUTESbHAA MfiaBka OCYLLECTBISETCA B LUAXTHbIX Ne-
yax. [lepea nnaBKkOW CBUHLOBbIE CyNbMUAHbLIE KOHLEHTPaTbl NoABeprawT 0bGXury ¢ ogHo-
BPEMEHHbIM CreKkaHueM.

Knaccuyecknm npuMepoM BbINfaBKM CBUHLIA B LUAXTHBIX MeYyax SBseTca npolecc
«Mmnepuan CmenTtuHr» (ISP).

lNponsBeaeHHbIM YepHOBOW CBUHEL, coaepXuTt 2 % — 10 % npumecen. B yucne npu-
mMecen MoryT 6bITb Meapb, CypbMa, MbILbSK, BACMYT, 30110TO, cepebpo n ap. PadmHnposaHue
YEepHOBOIO CBUHLIA MOXHO MPOBOAUTL MUPOMETAaNNypPruyeckMm 1 3reKTPOSIMTUYECKUM CMOo-
cobamu. ONeKkTponn3 3KOHOMUYECKM OnpaBAaH TOMbKO Npu HebonbLIOM cogepXXaHun npu-
Mecen U NO3TOMY NMPUMEHSAETCA B MEHbLLEWN CTEMNEHM.

lMupomeTtannypruyeckoe paduMHMpoOBaHWE YEpPHOBOro CBMHLA npegycMatpuBaeT no-
cnefosaTenbHOE BblAeNneHne npumMecen ¢ y4eToM XMMUYECKUX CBOMWCTB MpuUMecen Unmn mnx
coeguHeHun. Ha kaxgon ctagum paduHMpoBaHna 00pasyroTCA CbeMbl (MPOMEXYTOYHbIE
NpoAYKTbl), B KOTOPbIE NEPexoaaT NPUMeCK n 4YacTb CBUHLA. CbeMbl noaBepraoT AONOSHU-
TenbHON nepepaboTke. TexHONorMsa orHeBoro paMHMPOBaAHUSA YEPHOBOIO CBUHLA BKMNOYaeT
cnegywowue craguu: obeamexuaHue (0OYUCTKY OT Meaw); obectennypuBaHue; yaaneHue
MbiLbSAKa, CYypbMbl 1 0510Ba; obeccepebpeHne (n3sneyeHue cepebpa n 3onota); 06ecuUmHKo-
BaHune; 00e3BMCMYy4YMBaHWE; Ka4eCTBEHHOE (OKOHYaTesnbHOE) paduHMPOBaHWE OT KanbLus,

MarHud, CypbMbl 1 nHorga LMHKa.
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MpooomknTensbHOCTL BCEro LMKa pauHMPOBaHUA 3aBUCUT OT MHOIMMX (pakTopoB U
coctaBsnseT okosno 100 u.

Heppa Poccun GoraTbl Ha CBMHEL, TaK Xe, Kak U Ha WHble MeTannbl U MUHepansbl.
AmepukaHckas reonormyeckas cnyxba (USGS) oueHnBaeT ux B 9,2 MiH T., CTaBsi Ha NepBoe
mMecTto ABcTpanuio (36 MnH T.), 3aTeM Kntan. [Jonss Poccun B MMPOBLIX NPUPOAHbLIX 3anacax
CcBMHUa oueHnBaeTcs B 7 % — 8 %. o atomy nokasatento Poccuickon defepauunn ycryna-
eT nuwb AscTtpanum n KHP. ocygapcTBeHHas KOMUCCUSA MO 3anacam nosie3HblX McKonae-
Mbix (FK3) nmeeT cBolO MeToAMKy MOAcYeTa, YyYUTbIBAKOLLYH M LOKa3aHHble, U BEPOSTHbIE
3anacsl. lNogcyetsbl K3 0 Hannumm 3anacos ceuHua B 2013 rogy no Poccun Beirnagenu Tak:

- rocyfapcTtBeHHble 6anaHcoBble WUNM  MOMHOCTBID  MCCRefoBaHHble  3anacbl —
12,6 MIH T,

- NpeaBapuUTESIbHO OLEeHEeHHble pecypCbl — 6,75 MIH T;

- 3abanaHcoBble pecypcbl — 1,5 MIH T;

- NOTeHUnanbHble pecypCbl — 17 MITH T.

Takum obpasom, nx cymma BbiBOAUT Poccunckon Pepgepaumm Ha BTOpOE MECTO Ha
nnaHeTe no 3anacam CBUHLA.

BanaHcoBble 3anacbkl Poccuinckon degepaunmn Haxogdatcs B 92 KOPEHHbIX MECTOPOX-
AEHUAX OAMHHAAUATU MNPOMbIWIIEHHbIX TUNoB. Camble pacnpoCTpaHeHHble, Ha KOTOPbIX
«CTOUT» MPOMBILLNIEHHOE MPOU3BOACTBO CBUHLA — 3TO CBUHLOBO-LUHKOBbLIE U KOMMJSIEKCHbIE
nonumeTannuyeckne. CBUHLOBO-LIMHKOBbBIX MECTOPOXAEHUN HacuuTbiBaeTcs 42 (62 % oT
BCeX 3anexen cemHua). Hanbonee kpynHole — [fopeBckoe (KpacHosapckui kpan) n O3epHoe
(BypsaTtus). KpynHble nonMMmeTannnyeckue MeCTOPOXAEHUA CBUHLUA (BCero nx 26) pasmeLle-
Hbl Ha TeppuTopuax bypatum (XonogHuHckoe), Pecny6nukun Tysbl (Kbi3bin-TawTeirckoe), An-
Tarnckoro kpas (KopbanunxuHckoe). MNoaobHble 3anexu npoMbILSIEHHONO TUMNa HacuYUTbIBAOT

31 % oT1 0bwmx 3anacoB 3Toro metanna B Poccurickon degepaumm.
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3anacbl cBMHUa B perMoHax Poccuum (B %)

8% 2%

M BocTo4yHO-CnbUpCKIUiA
2% M 3anagHo-Cnbupckui
M YpanbCcKkui

B [1anbHEeBOCTOYHbIN

[ CeBepo-KaBKasckuii

PucyHok 1.8 — pacnpegeneHue 3anacoB CBUHUA Mo pernoHam Poccum

Moyt 90 % 3anacoB meTtanna Poccunckon denepaumm ckoHUEHTpupoBaHo B Cubu-
pu, ewe 7 % — Ha JanbHem Boctoke. Okono 70 % pOCCUMCKMX 3amacoB CBMHLA cocpeno-
TOYEHO B [ABYX perMoHax Ha Tpex KpynHenwmx mectopoxgeHusx: [opeBckoMm B KpacHosp-
ckoM kpae (noytn 44 % pasBegaHHbix 3anacos), O3epHoM 1 XonogHUHcKoM B Pecnybnuvke

Bypatus.

Tabnuua 1.3 — OcHOBHblE MECTOPOXAEHUS CBUHLA Ha TeppuTopun Poccum

OcHoBHbIe paspadaTbiBaeMble H MIaHHPYeMble K paspaboTke
MeCTOpPOAIeHHS CBHHIA HAa TeppHTopHH Poccun
Coaepxanne
T A — PaspaGoraax Mecrononoxenne cenmna B pyae (%)
Topesckos OAO "Topescxuit TOK" Kpacroapexuit xpait 7.1
PySuosckos 0OAOQ "Cubupse-ITomemeram” Anraitexuit xpait 6.7
0OAO "HorommpoxkuHeKuit e = -
Hozommpoxunckoe |pymuux” B N 4
Huxonasecxos OAO "TMK Jamenomumeram” npnnopcmﬁ xpaﬁ 28
KopSamuxuscxos 0OAOQ "Cubupse-ITomemeram” Anraitexuit xpait n
000 "Kopnopauus "Merawm: = =
E Omuxa Byparua
Oszpros Bocrounoit Cudupn" e P 1.2
000 "Kopnopauua "Merammt P =
Xonoguurcko2 Bocrounoit Cubupn” A Byp 0.6
Hemownux: Cmamucmueckus Sanyels KoMNanuti-paspasomyuxcs.

Ha npoTskeHun anutensHOro BpeMeHu nogaensowmnn obbem gobuium ceunHua B Poc-
OAO «lopeBckunn TOK» u

OAO «'MK [anbnonumetann». B nocnegHue rogbl B OobOblde CBMHLA M NPOM3BOACTBE

cuickon depepaumm obecneuynBanu ABa  NpeanpuUATUS:

CBMHLIOBbIX KOHLIEHTPATOB MOSBUNMUCL HOBble yvacTHUKM — OAQO «Cubupb-Ionumertann»

(«YTMK»), OOO «Koprnopauua «Metannel BoctoyHon Cubupu» (UPK «MeTpononb»),
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OAO «HoowwupokuHckmi pyaHuk» (CINM OO0 «Pyccapar-met» n Kazzinc), a Takke psag opy-
MMX KOMNaHWn, CNOCOOHbIX PE3KO HapaLLMBaTb 3KCNOPTHbLIA NOTEHUMan otTpacnmw.

CpenHee copepxaHue CBWHUA B MNOATBEPXOEHHbIX 3anacax Poccuu coctaensno
1,12 %, B TO BpeMmsi, Kak B 3apybexHbIX CTpaHax OHO COOTBETCTBOBASIO B OCHOBHOM 3 % —
6 %.

BmecTe ¢ Tem Ha Tepputopun Poccum nmeroTcs otaesibHble MeCTOPOXAEHUS C YHU-
KanbHbIMK 3anacamun cBuHua — [fopeBckoe, ¢ coaepxaHnem cauHua 7,06 %. B uenom B ns-
™M MmectopoxaeHusx — KopbanuxmHckom, Mopesckom, O3epHoM, XonogHuMHCKOM, Hukona-
€BCKOM — 3akIitodeHo 74 % 3anacoB CBMHLA NPOMBbILLIIEHHbIX KaTEropun.

BanaHcoBble 3anackbl CBUHLUA y4MTbiBanMcb B 87 MeCTOpOXAeHUax, Kpome Toro, B 19
MECTOPOXAEHNAX Yy4MTbiBANUCb TONbKO 3abanaHcoBble 3anacbl. CTeneHb pa3BegaHHOCTU
MECTOPOXAEHUN AOCTAaTOYHO BbICOKast — M3 00wmx GanaHcoBbIX 3anacoB 71 % y4TeHbl No
kateropusam A + B + C1 n 29 % no kateropumn C2.

Bce CBUHLOBO-LMHKOBbBIE MECTOPOXAEHUSI YCNOBHO pa3geneHbl Ha COBCTBEHHO CBWH-
LLOBO-LIMHKOBbIE, e CBUHEL ABMSETCHA OCHOBHbIM KOMMOHEHTOM, N CBUHELICoAepXallne, rae
3TOT 3NEMEHT ABMIAETCA MOMYTHbLIM.

N3 87 mecTopoXaeHUn K CBUHLOBO-LUMHKOBBIM OTHECEHbI 62 1 25 K cBMHeucoaepXa-
wum. B Tom yncne 12 meaHbix, 8 0noBopyaHbIX, 4 30510TO-cepebpsHbIX 1 1 MonNMGAEHOBOE.

OcCHOBHbIe reosioro-nPOMbILLIEeHHbIE TUMbl CBMHLIOBO COAEpXaLUX MeCTOPOXOEHUN.

PacnpocTtpaHeHHble B Poccuiickon ®egepauun n 3a pybexom, npuseneHbl B Tabnuue 1.4.

Ta6n|/|u,a 1.4 — YaenbHbIN BEC reosioro-npoMbIlLJIEHHbLIX TUMOB CBMHELICOAEPXKAaLWNX

MECTOPOXAEHNI

YaenbHbI BEC pasfinyHbIX TUNOB MECTOPOXOEHUI (CBU-

nonumMeTannnyeckme Mectopoxae-
HUS gokeMbpuinckme n paHepo3on-

CKune

Hew), %
reOJ'IOFO-I'IpOMbILIJJ'IeHHbIe TUMbI Me-
B 3anacax kaTteropum
CTOPOXOEHMI CBMHLA B JoO0Oblye
A+B+C

Mwup Poccus Mwup Poccus
1. CBMHLOBbIE MECTOPOXAEHUS: 97-100 93,4 81-94 90,2
1.1. N'eonoro-nNpombILLNEHHbIE TK-
nbl:
1.1.1. Kon4yepaHHo- 63-65 80,1 47-50 14,4
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YaenbHbI BEC pasfnnyHbIX TUNOB MECTOPOXAEeHU (CBU-
Hew), %
reOJ'IOFO-I'IpOMbILIJJ'IeHHbIe TUMbI Me-
B 3aracax kateropum
CTOPOXOEHMI CBMHLA A+B+C B JOObIYe
Mwup Poccusa Mwup Poccus
1.1.2. CTpaTUdOpPMHbIE MECTOPOXK- 25-28 - 28-30 -
AeHns
1.1.3. CkapHOBble MECTOPOXAEHUSA 7-10 7,2 2-10 63,7
N MeTacoMaTU4ecKme 3anexmu B ns-
BECTHAKaXx
1.1.4. )KunbHble MECTOPOXAEHUS 2 6,1 4 12,1
1.2. Tunbl pya:
1.2.1. CBuMHLUOBbIE - 64,4 - 81,6
1.2.2. NonumeTannnyeckun - 27,9 - -
1.2.3. CepHokonyenaHHbIN 0 0,2 - -
1.2.4. OnoBsAHHO-CBMHLIOBbIN - 0,9 - 8,6
2. CBuHeLcogepXallne MecTopox- - 6,6 - 9,8
AeHns
B TOM 4ucCne:
2.1. MegHble (MeQHOKONYeAAHHbIE) - 2,0 - 3.9
2.2.0noBopyaHble - 1,6 - 4.7
2.3. MonnbpgeHoBble - 2,3 - 0,4
2.4. naBuKoLnaToBble - - - -
2.5. 3onoTto-cepebpsiHble - 0,7 - 0,8

B HacToslwee BpeMsi YMcno npeanpuatuin, nepepadartbiBalowmx pyabl LBETHbIX Me-
TanmnoB C BbINYCKOM LIBETHbIX METasnnoB, Ccokpatunock. [epectanu nepepabaTbiBaTb CBU-
Heucogepxawme nonumetannudeckune pyabl. AO «CapgoHckun CLIK» (nukeBmguposaH B
2011 roay), AO «Canaupckun NOK» (nuksuamposaH B 2008 rogy), AO «AnTamnonumeT» u
3A0 «[lMonumeTtann» nepewnn Ha BbIpaboTKy U oboraweHne megHon pyabl. OgHOBpPEMEHHO
HapawwmBatloT MowHocTn OAO «Ypanbckad ropHO-MeTannypruyeckass KoMnaHus» WU
AO «lopeBckun OK», nocnegHun siBnNgeTca rmaBHbIM MNPOM3BOAUTENEM CBUHLIOBbIX KOH-
LueHTpaToB Ha bnuxanwee gecsatuneTtune. CogepxaHue cemHua (Bec. %) B pyaax ¢ KpanHumMmm
3Ha4YeHUsaMN cregyroLlee:

- AO «l'opesckun NOK» — 7,06;
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- AO «[anbnonumeTtann» — 1,96.

O6oralleHne noNMMETanIMYeckmx CBUMHLIOBO-LIMHKOBLIX, CBUHLIOBO-LIMHKOBO-MEAHbIX
py4 ocyuiecTBngeTcsa nortaumen no KonnekTMBHO-CENEKTUBHBLIM WU CENEKTUBHLIM CXemMaMm
C NonyYeHneM KOHANLUMNOHHBLIX MeOHbIX, CBUHLOBbLIX U LMHKOBbLIX KOHUEHTpaToB. OgHako no-
KasaTenu mnsBfie4eHnsa LEeHHbIX KOMMOHEHTOB B COOTBETCTBYHOLLME KOHLIEHTPaTbl HAXo4AaTCA
Ha ypoBHe 60—87, 4TO MPMBOAUT K 3HAYUTENbHLIM MOTEPAM METannoB B Pa3HOMMEHHbIX
KOHUeHTpaTax. Tak u3 pyabl KapbonmxmHCKOro MectopoxaeHus, cogepxatilen 8,7 % umHka,
1,8 % cBuHua, 1,3 % menun, nssriedyeHne MeTansioB B OAHOMMEHHbIE KOHLIEHTpaTbl COCTaB-
nseT cCooTBETCTBEHHO 85,5; 77,9; 65 %; 13 pya PyGLOBCKOro MECTOPOXAEHUS, coAepKaLLero
10,90 umuHka, 6,01 cBuHuUa, 4,26 mean, cooTBeTCTBEHHO — 65,1; 72,1, 61,2 % n3 pya Osep-
HOro MecTopoXaeHus, cogepxawero 4,3 uuHka, 0,9 cBMHUA, COOTBETCTBEHHO — 85 % —
87 % un 55 % — 60 % u3 pyn ['opeBckoro mectopoxaeHus, cogepxawero 1,22 % umHka u
6,42 % cBWHUA M3BrevYeHne MeTasnnoB B OQHOUMEHHbIE KOHUEHTpaTbl COCTaBMAET COOTBET-
ctBeHHO 50,4 n 87,7 %. [Npu aTOM pacxodbl peareHToB AenpeccopoB (LUMHKOBOro Kyrnopoca,
N3BECTU, UnaHuaa, CEpHUCTOro HaTpUA U T. A.) B psiae Cnyyaes NnpeBbIakoT KUnorpaMmmbl Ha
TOHHY pyAbl, YTO AenaeT 6ecnepcnekTMBHbBIM OCBOEHME psfda MecTopoXxaeHuin. B atom cny-
Yae BHOBb BO3HMKAeT HeobxoauMocCTb pas3paboTkm KOMOMHMPOBAHHbLIX ObOraTUTENbHO-
MeTannypruyeckmx npoueccoB nepepaboTkn KONMNEKTUBHbBIX KOHLEHTPATOB UM NOYNpoaYyK-
TOB, YTO NO3BOSIUT PE3KO MOBbLICUTL N3BIIEYEHNE BCEX LIEHHbLIX KOMMOHEHTOB (B TOM 4YuUCne n
NOMNyTYNKOB), YyMEHbLLIATb pacxoabl Ha oboraleHune.

KauyecTBO CBMHLIOBbIX KOHLIEHTPATOB OonpeaenseTcs cogepXaHuem B HUX ceuHua. Me-
TannoB-npumMecen M COCTaBOM KOMMOHEHTOB NycTon nopoAbl. C TEeXHONOrM4Yeckom TOYKM
3pEeHUs CBMHLOBbIE KOHLEHTpaTbl rpybo MOXHO pa3genutb Ha BecbMa GoraTble. Coaepxa-
wme ot 70 % po 80 % cBMHUA Npv ManoM cogepXXaHun KpeMmHesema, CypbMbl U OpYyrux Npu-
Meceu, N Ha NpoYMe KoHUeHTpaTbl, cogepxawmue meHee 70 % cBMHLA U 3aMeTHbIE Konndye-
CTBa APYrMx COMyTCTBYKOLWMX METanmoB. 3TK NpoYne KOHUEHTpaTbl BKMOYAKOT kak boratbie
KOHUeHTpaTbl ¢ 55 % — 70 % cBuHUA. Tak U KOHUEeHTpaThbl, cogepXxalwune meHee 55 % cBuH-
La U MHOro npuMecemn.

OCHOBHYO Maccy CBMHLA BbINNaBSKOT M3 KOHLEHTPpaToB. [Mony4aembix n3 cynbpua-
HbIX UMW CMEeLLaHHbIX pyd CaMOoro pasnuyHoro cocrtaea W cogepxaiwmx meHee 70 % aToro
mMeTanna. B 6onblMHCTBE crnyvaeB pyabl HOCAT NONUMETaNSIMYECKUA XapakTep, NO3ToOMy
KayecTBO MofnyyYyaeMblX KOHLUEHTPATOB BO MHOrOM 3aBMCUT OT MWHepanornyeckoro cocrasa
pyd, cTeneHu npopacTaHuMs B HUX MUHEpPAsioB U MHOMMX OPYrnx (PakTopos, BIAUAKOLLMX Ha
npouecc oborawieHnda. Ho gaxxe n3 BecbMa TpygHooborawaembix pya MOXHO BblAENUTb LO-

CTaTO4YHO ygooBneTBOpuUTEesibHblE KOHLUEHTPaThl B pe3ynbTaTte nepesoa 3HaYUTESbHOM YacTun
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MEeTansioB B NMPOMEXYTOYHbIE MPOAYKTbl CIIOXHOro coctaBa. PacyeTbl NOKa3biBalOT, YTO He-
penko LenecoobpasHo BblAENATb Takme NpPoAyKTbl U NoABepraTb MX CaMOCTOATENbHOMW ne-
pepaboTke, 4TOObI NoNy4aTb GoraTble N 4OCTAaTOYHO YNCTbIE KOHLIEHTPATbI.

HecmoTpsa Ha gocTtaToudHyko 6a3y MUHepanbHOro Cbipbd, NogaBnslowmin obbemM Bbl-
nyckaemoro B Poccun cBuHLA Npom3BOAAT M3 BTOPUYHOMO CbIPbsi: akKyMySSiTOPHOro fioma,
MbIfIN N KEKOB APYrMX NPON3BOACTB LBETHOM MeTannypruu.

OCHOBHbIMM NpOU3BOANTENAMU CBUHLUA B Poccum aBnsatoTcs:

- 000 «®PperaTt» NPOM3BOANT BbICOKOKAYECTBEHHbIN CBMHEL, U CMNJiaBbl HA €0 OCHOBE;

- OAO «PsasuBeTmeT» - NPpON3BOANT BbICOKOKAYECTBEHHbIN CBMHEL, U CMnaBbl Ha ero
OCHOBE;

- 3A0 «MeTkom [pynn 3apanck» Npon3BOAUT BTOPUYHbLIN MapO4HbI CBUHEL, CBUH-
LLOBO-CYpPbMSHbIE CMNiaBbl;

- 3A0 «Arponpubop» Npou3BOAUT CBUHEL, U CMfaBbl HA €ro OCHOBE, OJIOBSIHHbIE,
CBMHLIOBbIE U KanbuneBble 6a60uTHI;

- OAO «OneKTPOUMHK» - MPOU3BOAUT CBMHEL, LIMHK, KaaMWUIA, CEPHYI KUCMOTY U T.4.%

- OAO «YenabuHCKM UMHKOBbLIW 3aBO4» NPOU3BOAUT LIMHK, MEOHbIA KINUHKEP, CBUH-
LOBbIM KEK, MeTanmbl pekne, UHOUW, KagMUIN, CEPHYIO KUCIIOTY;

- 3AO0 «KombuHat no nepepaboTke BTOPMYHbBIX pecypcoB «Cnnas» Npon3BoOAnUT CBU-
Heu, UWHK 1 T.4.;

- 00O «Kypckuit akkyMynsaTOpHbIA 3aBog» NPOU3BOAMT CBMHLIOBO-KMCIOTHbIE aKKy-
MYNATOPbI, WENOYHbIE aKKyMynsiTOPbl, 3aKpbITble HUKENb-KagMUEBbBIE aKKYMYNATOPbI;

- 000 «AKOM-uHBECT» NPOU3BOAUT MSATKUMA CBUHEL, CBUHLIOBO-CYPbMSHUCTbIE aK-
KyMYNATOPHbIE CMNiiaBbl, CBMHLIOBO-KamnbLMEBbIE aKKyMynATOPHbIE CMMaBbl, CMfaBbl CBUHLA
no UHAMBMAYanbHbIM TpeboBaHMAM 3akasuunka;

- OAO «THOMEHCKMI aKKyMYNATOPHbIN 3aBO4» MPOU3BOACTBO CBUHLOBbLIX aKKyMSSis-
TOPHbIX BaTapen cTapTepHbIX U CTALMOHAPHBbIX;

- 3A0 «3konunaep» NPoM3BOACTBO CBMHLA W CNI1aBoB.;

- 000 «3kopycmeTann» nNpom3BoanT padMHUPOBAHHbLIA CBUHEL, YncTtoTon 99,98%,
CBMHLIOBO-CYPbMSIHUCTbIE CMfaBbl, Kanbunn-antoMMHUEBbIE CMNaBbl.

B 2016 rogy YI'MK nnaHupyeT 3anycTuTb CBMHLOBOE NpoM3BOACTBO Ha H6a3e dunmana
MCUM AO «Ypananektpomeapb». [ponssBoantensHOCTb nepeobopygoBaHHOroO Liexa cocTa-

BT Ao 20 TbIiC. T YNCTOro CBMHLUA B rof.
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Tabnuua 1.5 — NMpom3BogCcTBO CBMHLUA MO rogam, TbiC. T

2008 2009 2010 2011 2012
112,0 106,0 113,0 142,0 150,0

Tabnuua 1.6 — MNMoTpebneHne cenHua B Poccnn B 06LLem obbemMe MUMPOBOro NoTpebneHuns, Toic. T

2008 2009 2010 2011 2012
47,7 33,0 30,0 30,0 30,0
Onoeo

Poccusa pacnonaraet ogHOW 13 KpynHEWLLMX B MUPE CbipbeBbIX 6a3 onosa — 3anachbl
MeTanna gocturatoT novtu 2,17 mnH T, 6onee yem B 1,8 pasa npesblwasa 3anacbl Kutaa —
Knto4yeBoro npoussBoguTens onoesa B mMupe . B poccunckon ceippbeBon 6ase onosa
npeacTaBfeHbl Kak KOpeHHble, TaKk W poccbinHble 00bekTbl. KayecTBO pyad KOPEHHbIX
MECTOPOXAEHUWN B LIerIlOM COOTBETCTBYET MMPOBOMY YPOBHIO — CpefiHee cofepXaHue onoea
Ha MEeCTOPOXAEHUSIX, Y4TEeHHbIX ['0cyaapcTBeHHbIM BanaHcom 3anacos, coctasnset 0,28%.
B TO e BpemMa Ka4eCTBO OTEYECTBEHHbIX POCChINEN, NeCcKn KOTOpbIX coaepXaT B cpedHeM
0,6 «kr/ky6.m onoBa, 3aMeTHO MNPEBOCXOAMT napameTpbl, Hanpumep, WHOOHE3UNCKUX

OOBEKTOB.

Tabnuua 1.7 — OCHOBHblE MECTOPOXAEHMS ONOBA U NEPEYEHb IKCMIYaTUPYHOLLNX UX

npeanpusaTum
3anachil, [ons B
THIC. T HanaH- (;((;ﬂiz' [o6blua
B2014r.,
MecTopoxaeHue Twvn pya A+B+ COBBbIX ONOBA B -
c C2 | 3anmacax oynax
! P®, %
00O «[MpaBoypmMmuiickoe»

lMpaBoypmMuinckoe Kaccuteput- 62,1 | 22,4 3,9 1,17% 1066
(Xabaposckuit TYPManMHOBbLIN

Kpan)

OAO «OrnoBsiHHasa pygHasa KoMnaHus»

decTmBanbHoe Kaccuteput- 57,4 | 29,5 4 0,65% 11
(Xabaposckuim CynbuaHbIN

Kpan)

MepeBanbHoe (Xa- | Kaccuteput- 30,2 13 2 0,53% 0*
6apoBckuIn kpan) MHorocynsuna-

HbIN
HepacnpegeneHHbln poHg

HenyTatckoe Kaccuteput- 198,3 | 57,5 11,8 1,15%
(Pecnybnuka Caxa | TypManuHoBbI
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(AxyTns))
OpuHokoe (Pec- Kaccuteput- 1258 | 1,8 5,9 0,32%
ny6nuka Caxa KBapLEBbIN
(AkyTns))
BepxHee (Mpumop- | Kaccuteput- 93,7 6 4.6 0,3%
CKWiA Kpa) XTIOPUTOBBIN
TurpuHoe (Mpu- Kaccuteput- 170,5 | 15,6 8,6 0,12%
MOpCKWiA Kpait) BOMbGPaMUT-

KBapLEeBbIN
* «0» B nocnegHem ctonbue o3Hadvaet, 4yto B 2014 1. gobblva Ha JaHHOM MECTOPOXAEHUN He
Bernacb no pasnuyHbIM NpUYNHaAM.

[ob6blya onosa B cTpaHe B 2014 r. Bbipocna no cpaBHeHuto ¢ 2013 r. noYTn BTpoe U

coctasuna 1136 T npotmB 382 T rogom paHee.

OAO «'MK «JanbnonnmeTtann»

PucyHok 1.6-2 — [Jobblvya onoBa pocCUNCKMMKU KoMMaumsimmn B 2014 r., T

OcHoBHbIM npoussoanTenem ornosa B Poccuun sienaetca HoBocMOMpPCKniA ONOBSAHHBIV

KOMOUWHAT, MOLLHOCTK NPeanpuUATsSt NO3BONSAOT BbiNyCKaTb OKOMO 11 ThiC. TOHH OflOBa B roA.
1.3.2 OCHOBHbI€ 3KONorn4yeckue npoodnembl oTpacnm

CBMHLOBOE M ONOBSIHHOE MPOM3BOACTBO NpeacTaBnsieT COOON CNOXHbIA MHOTOCTY-
neH4YaTbIN NpoLecc ¢ HeOBXOAUMOCTbBIO CTPOroro NOAAEPXKMBAHUSA CAaHUTAPHO-TUTIMEHNYECKNX
ycrnoBun Tpyaa v obecnevyeHuss aKorormvyeckon 6e30macHOCTM B pavioHe pPacrofioKeHUst
Npon3BOACTBEHHONO ObbekTa. OCHOBHbIMU 3KONTIOMMYECKMMU pUCKaMU Npu MpoM3BOACTBE
CMHLUa M OnoBa SBMSAOTCA 3MUCCUM B aTMOCKEpHbIM BO34yX, COPOCHI 3arpA3HAOLWMX Be-
LLeCTB CO CTOYHbIMM BogamMu U obpa3oBaHMEM OnacHbIX TBepAbIX 0TXoA0B. C TOYKM 3peHus
COBPEMEHHOro noaxoda K MeTanmnyprum npuMeHsieMble TEXHOMOMMU He B NMOSTHOW Mepe Co-
BEPLUEHHbI, 1 NO3TOMY MPOAOIKAOTCA pa3paboTKM U MOUCK HOBbIX TEXHOSTOMMYECKNX peLle-

HUN.
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Paspen 2. lpoueccobl npon3BoacTBa LIMHKA, CBUHLIA U KagMus

2.1 O6wme Nnpon3BOoACTBEHHbIE NPoLUeCcChl

B npousBoacTBe UMHKa, kagMus, CBMHLA U OfloBa UCMONb3yeTCa psg TeXHorormye-
CKMX MpoLeccoB, pa3Hoobpa3Hoe obopyaoBaHMe U pasnuyHble Metoabl. [na acHoro npea-
CTaBneHus manaraeMmon MHopmauumn 3Tm Npouecchl U pasnuums HeobxoanumMo paccMmaTtpu-
BaTb B NIOMMYECKOM NOpsiaKe.

MeToabl CHWXEHWS BO3OENCTBUSA MPOM3BOACTBEHHbBIX YCTAHOBOK Ha OKPYXXatoLLyHo
cpeay MOXHO YCITOBHO pasfeniuTb Ha Tpy KaTeropum:

1) MeTogbl ynpasneHus/MeHeKMeHTa — MeTOoAbl, CBA3aHHble C cMcTeMamu U npo-
uegypamm ynpasrieHus NPOeKTMPOBaHNEM U SKCMyaTaunen npomM3BoACTBEHHOMO npouecca,
a Takke C NogroTOBKOW onepaTopoB M ApYroro nepcoHana.

2) MeToabl, MHTErpMpPOBaHHbIE B NPOU3BOACTBEHHLIN NpoOLEecc, — 3TO rMaBHbIM 0bpa-
30M MeTOoAbl, CBA3aHHbIE C NPeaynpexaeHUeM WU CHUXEHMEM aMmUccui, obpasyroLmxcs
npyu peanua3auuun Takmx BUOOB OEATENbHOCTU, KaK XpaHeHue, XMMN4eckue peakuuu, pasge-
NeHne 1 04YUCTKA pasnUYHbIX MaTepuarnos 1 BELLECTB.

3) MeTtoabl 60pbbbl C 3arpsA3HEHNEM — 3TO METOAbl «Ha KOHUEe TpyObl», HanpaBneH-
Hble Ha COKpalleHne aMNCCUI B BO3yX, BOAHbIE OOBEKTLI U HA NOYBY.

B HacTosilem pasgene KpaTKo OonmMcaHbl OCHOBHble METOAbl, KOTOpblE NMPUMEHSIOTCS
npyv NPpou3BOACTBE CBMHLA. TaMm, rae BO3MOXHO, OTAENbHO YKasblBalOTCA METOAbl, Hanpas-
NeHHble Ha NpefoTBpaLLEHMNE UMN CHUKEHME IMUCCUN NPUMEHUTENBHO K KOHKPETHBIM KOM-
NOHEeHTaM OKpyxatwLwen cpedbl (Bo3ayx, BoAa, noysa). B HacToswem pasgerne Takxe pac-
cMaTpuBaEeTCs, rae M Ha Kakux atanax npou3BOACTBEHHOrO UMKNa MOryT ObiTb NPUMEHEHDI

3TN MeToAbl AN COBEPLUEHCTBOBAHUS CYLLECTBYHOLMX MPOLIECCOB.
2.1.1 CncrtemMmbl MeHeOXXMeHTa

AP PEKTUBHBIN MEHEDKMEHT UMEET CYLLEeCTBEHHOE 3Ha4YeHue A58 AOCTUXEHUSA BbICO-
KOW pe3ynbTaTUBHOCTU MPUPOJOOXPAHHON OeATEeNbHOCTU. OTO BaXHbld KOMMNOHeHT HOT.
[MpakTuka nokasbliBaeT, YTO HabniOarTCsa 3HaYUTENbHbIE PasnNNUMa MeXay 9KOIOormyecKomn
pes3ynbTaTMBHOCTLIO NpoLecca, KOTOPbIA YpaBnsaeTcs N peanu3yeTca XOpoLwo, U aHanorny-
HOro mpouecca, KOTopbI ynpaBnsaeTca n peanuayetcs nnoxo. Hanbonee 3HauyMmbiMn hak-
TOopamu, onpefensowmmm 3Ty pasHuly, SBSKOTCA CUCTEMbl MEHEIKMEHTA U MHopMaumn-

OHHOro B3anMOOENCTBUS.
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[ocTmxeHne BbICOKOM pe3yribTaTUBHOCTU TPeByeT NpMBEPXKEHHOCTU NPUHLMNAM 3KO-
NOrMYecKoro MeHeAXXMeHTa Ha BCEX YPOBHAX MEHEKMEHTA B KOMMAHUK: OT MPaBfieHUs Unu
WMHOrO opraHa, onpefensawrLero NoMTMKYy KOMNaHuu, 0o pykoBoguTenen obbekTos, yyacT-
KOB M HenocpeacTBEHHbIX ornepatopoB. Cuctema [OfKHA onpenensatb uenu 1M 3agaydv u
obecneunBaTtb AOBeAEHME A0 UCMOMNHUTENEN COOTBETCTBYIOLWIMX UHCTPYKUUA, @ TaKKe WH-
dopmaumm o pesynbTatax geatenbHocTn. CTaHOapTU3MPOBaHHbIE Ha MEXAyHapOOHOM
YypOBHe (@) CUCTEMbI 3KOMOrMYECKOro MeHeaXXMeHTa, onpegensieMble TpeboBaHMAMM CTaH-
aapta ISO 14001; (6) cuctembl MEHESKMEHTa B 06nact oxpaHbl 340p0BbsA 1 6e30nacHOCTH
B COOTBETCTBUM C TpeboBaHuaMM ctaHgapta OHSAS 18001; (B) cucteMbl MEHEKMEHTA Ka-
4yecTBa, NOCTPOEHHbIE HA ocHoBe TpeboBaHui ctangapta ISO 9000, nossonaT hopmanu-
30BaTb CUCTEMbl MEHE)KMEHTA KOMMNAHWUIA 1 NPeanpuUaTUi.

XOoTH NpMMEeHeHne 3TUX CTaHA4ApTOB He sBnseTca oba3aTtenbHbiM TpeboBaHMeM, Bna-
aenbuam/onepatopam COOTBETCTBYHOLLMX YCTAHOBOK criedyeT yuuTbiBaTb MpevMmyLiecTsa,
KOTOpble MOXeT obecneuntb nx BHegpeHune. NpumeHsemble B pamkax COOTBETCTBYIOLLMX CU-
CTEM MEHeKMEHTa MeTOAbl Takke MOryT cnocobCTBOBaTb YNyYLIEHNO 3KOHOMUYECKMX MO-
KasaTeneun 3a cyeT NoBblWeHNs 9PGEKTUBHOCTN NPON3BOACTBA, CHMXXEHNA 3aTpaT Ha 3Hep-
reTudeckme pecypcbl M yTUnM3aumio OTXOLOB, MOBbILEHUS Bbixo4a MeTanna. Takum obpa-
30M, NPUMEHEHNE ITUX METOO0B SABNAETCH BaXKHbIM (PaKTOPOM MOBbILLEHUS Pe3ynbTaTUBHO-

cTn paboTbl COBPEMEHHOWN YCTAaHOBKW.
2.1.2 QHepreTU4eCKMN MEeHeMKMEHT U 3HeproadpheKTUBHOCTb

Bonpochkl ncnonb3oBaHnsa aHeprum npu oueHke HOT B uBeTHOM MeTannyprum B Lernom
1 Npu NPON3BOACTBE METANsOB, BXOAALMX B 0611acTb NPMMEHEHNSI HACTOALWEro CNpPaBOYHM-
ka HOT, B YaCTHOCTM MMEIOT CyLLLeCTBEHHOE 3HaYeHue. Tak, Hanpumep, cyllecTBeHHasa gons
B 0Owem npon3BoAcTBe CBMHLIA obecrneynBaeTca 3a cHeT BTOPUYHBLIX pecypcoB. [1oCKOrbKy
yaenbHble npsiMble BbIOpOCHI NNaBunbHbIX 3aBOAOB, NepepabaTtbiBalowmx nom, B 3 pasa Hu-
Xe, 4eM BbIOpOChI NNaBubHbIX 3aBOAOB, paboTalowmx Ha NEPBUYHOM Cbipbe, U3rOTOBNEHNE
CBUHLA 13 BTOPUYHBLIX MaTepuarnoB UCKNOYaeT BbIOPOCHI ECATKUN ThIC. T 3arpsi3HAIOLLNX Be-
wects n COx.

OCHOBHbIM MeTOAOM MOBbIWEHNA 3HEProddPdEKTUBHOCTM SABMSETCA UCMONb30BaHWE
CUCTEM 3HEpProMeHemXMeHTa, OMMCaHHbIX B MexayHapogHom craHgapte ISO 50001 wnu
HaumoHanbHoMm ctaHgapte FOCT P MCO 50001.

YTunusaums sHeprum n Tenna LWMpoKo NMPUMEHSETCH U MNPy MPOU3BOACTBE LBETHbIX
mMeTannos. MupomeTannypruyeckue npoueccbl obxura, arnomepauuu, nnaekM obbIMHO CO-

npoBOXOakTCA MHTEHCUBHbLIM BblAENEHNEeM Tenna, cogepxatlierocd, B 4aCTHOCTU, B OTXO-
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aawmx rasax. lNloatomy gnga ytunuaaumm Tenna MCnosib3yrTCA pereHepaTuBHbIE U pekyne-
paTUBHbIE FOPENKN, TENMOOOMEHHNKM 1 KOTNbI. [1ap unu anekTpoaHeprus MoryT BblpabaTbl-
BaTbCs Ha 3aBofe Kak Ans CO6CTBEHHOro MCMONb30BaHUA, Tak U ANs BHELWHMX noTtpebure-
nen, HanpuMmep ANg MyHUUUNanbHbIX CUCTEM OTOMMEHUS, U AN NOAOrpeBa MaTtepmanos uUnm
razoobpasHoro tonnmea. TexHONornn, NpUMeEHsieEMbIe ONs pekynepaumm Tenna Ha pasnud-
HbIX 0ObeKTax, MOryT CyLEeCTBEHHO pa3nuyaTtbCd. VX xapakTepucTUKM 3aBUCAT OT LENoro
psga akTopoB, Takmx kKak akcepretmndeckun K[, BO3MOXHble HanpaBfieHUs UCMOfb30Ba-
HUA Tenna n 3NeKTPOIHEPTMN Ha NPOMMNOLWAAKE U psagoMm ¢ Hen, maclwitaba npousBog-
CTBa U CNOCOBHOCTM rasoB UNM coaepXalimxcsi B HUX KOMMOHEHTOB OTKMaAbiBaTbCs WK
ocaxaaTbCs B TennoobMeHHuKax.

Hwxe npuBegeHbl NpuMepbl METOO0B, KOTOPbIE MOrYT OblTb MCMONBb30BaHbI ASS Npu-
MEHSIEMbIX TEXHOSTOrMYECKMX NPOoLEeCCOB NPON3BOACTBA.

"opsaume rasbl, obpasyrowmecs npu nnaBke Uiy odoxure cynbUaHbIX pya, NOYTU BCe-
roa NpoxoasaT Yepes napoBble KOTIbl. [TonyyaemMbli nap MOXeT UCMOoNb30BaTbCA ANA NPOU3-
BOACTBA 9NeKTPO3HEpruM unu ans otonneHus. NomMmmMo reHepaumm aneKkTpoaHeprun, nap
Ncnonb3yeTcsi B Mpouecce CYLKM KOHLEHTpaTa, a OCTaTOYHOe Tenno ucnonb3yeTcs And
npenBapuTEeNbHOro Nogorpesa Bo3gyxa, NOCTynarLwero Ans nogaepXaHns ropeHuns.

[pyrve nupomeTannypruyeckme npouecchl Takke UMEKT SPKO BblpaXKeHHbIN 3K30Tep-
MUYECKMIN XapakTep, OCOBEHHO Mpu WMCNONb30BaHUM AyTbs, OBOraleHHOro K1cropoaoM.
MHorme npouecchl UCNOMb3YHT U30LITOK TeMna, KOTOPbIA Ha aTanax obXxura unu nNnaekn uUc-
nonb3yeTcsa Ans NnaBkM BTOPUYHOIO Cbipbs (Noma). B aTom cnyyae nom ucnonb3yeTcs ans
CHXXeHUs TemnepaTypbl npouecca, NpuyemM cocTas SioMa TLaTeslbHO KOHTPONMpYyeTCS.

Mcnonb3oBaHue B ropenkax oboralleHHOro KUCnopogoM Bo3gyxa uim kucrnopoga co-
KpalwiaeT notpebneHne aHeprum 3a cyeT BO3MOXHOCTM aBTOFEHHOW MNaBKM WMAW MOSHOro
cropanHusa yrnepogHbix matepuanoB. O6beMbl OTXOASLMX ra30B CyLLECTBEHHO COKpallaoT-
CSl, YTO NMO3BONSET NPUMEHATb BEHTUIATOPbLI MEHBLUUX pa3MepoB U T. M.

MaTtepunan yTepoBKM NeYn MOXET TaKKe BNUATb HA SHepreTuyeckuin 6anaHc nnaBku.
MmeroTca gaHHble O NONOXUTESNbHOM 3hpekTe NPUMEHEHNSA NETKMX OrHEYNOPHbLIX MaTepua-
NI0B C HU3KOW TENsIoNpOBOAHOCTLIO, CHMXKAKLWMX NOTEPU Tenna B OKpyxatoLlyto cpeqy. Mpu
3TOM HeobxoamMmo cbanaHcMpoBaTb MOfyvYaeMble OT 3TOrO BbIroAbl CO CPOKOM CryXbbl dy-
TepOBKU, MHPUNbTPaUnen MetannoB B OYyTEPOBKY.

PasgenbHasa cylika KOHUEHTPATOB M BTOPUYHOIO ChipbA NPU HU3KMX TemnepaTtypax
CoKpaulaeT noTpebHOCTbL B 3HEpPrun. OTO CBA3AHO C 0O6beMOM 3Hepriu, Heobxogumown Ans
neperpesa napa B NfaBUbHON NeYun, N 3HaYNTENbHLIM yBenMYeHnem obuiero obbema rasa

npu npousBoacTee napa. bonblwnini 06bem rasza yeenuyunBaeT KONMYECTBO Tenna, OTBOANMO-
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ro n3 neyu, u, cnegosaTtenbHO, pasmMep BEeHTUNSATopa, Heobxoammoro ansa paboTebl ¢ yBenu-
YeHHbIM 06BbEMOM ra3a. B HekoTopbIx cryyasx cylka MoxXeT 6biTb obycrnosneHa Heobxoau-
MOCTbIO NOAAEPXKaHUS MUHUMAarbHOrO YPOBHS BIAXXHOCTW ANSA NpeaoTBpaLleHnsa BbIopocos
NbINn 1 (MNIM) camoBO3ropaHus.

[Mpon3BoACTBO CEpPHOM KUCIOThI U3 ANOKCHAa cepbl, obpasytoLleroca Ha ctagnsax ob-
Xura v nnaBKu, — 3K30TEPMUYECKUI MPOLIECC, BKIOYAIOLNIN HECKOSBbKO CTagun oxnaxaeHns
rasa. Tenno, HakannMBaemoe B rase npu obxure n nnaeke, a Takke TeNso, coaepxaleecs B
npoun3BeeHHON KUCNoTe, MOXET BbITb MCMOMb30BaHO 4115 NPoM3BoACTBa napa u (Mnu) rops-
yewn Boabl.

Tenno ytunusmpyetcsa nyTeMm MCMNOMb30BaHWUS FOPSYMX ra3oB CO CTaguM nnaBku Ang
CYLLKW W NpeaBapuTenbHOro noforpeBa LWMXTbl. AHANOrM4YHbiM 06pas3oM TOMMMBHBLIA ra3 u
nogaBaemMbl ANS NogaepXaHus ropeHnsa Bo3ayx MoryT 6biTb npegsBapuTensHO NOAOrpeThI,
UNu B NeYn Moxet OblTb MCNOMb30BaHa pekynepaunoHHas ropenka. TepmMoaddekTUBHOCTb
B 3TUX Crny4asix NOBbILLIAETCA.

BakHbIM METOOOM ABNSETCH OXNaXAeHMe OTXO4ALMX ra30B nNepea nogaven B pykas-
HbI OUNLTP, NOCKOSbKY OHO obecrneynBaeT TemnepaTypHyo 3aWwuTy punbTpa n gonyckaeT
bonee WMpokui BbIGOp MaTtepuanoB A5 ero N3rotoBrieHns. B HEKOTOPbLIX Criydasx Ha 3Tou
CTagun BO3MOXHa yTunusauna tenna.

O6pasytowascs npyM BOCCTAHOBUTENbHOW MfaBke B LUAXTHOW MeYn OKUCb yrrepopa
ynaBrnnBaeTCs N CKUraeTcs B KadeCTBe TOMMMBA B HECKOJTbKUX PasfiMyHbIX npoueccax unm
ncnonb3yeTca Ons Npou3BOACTBA Napa, Hanpumep ANnd MECTHOro OTOMMEHUs, a Takke Ha
apyrne aHepreTmdeckne Hyxabl. CO mMoxeT 06pa3oBbIBaTbCA B CYLLECTBEHHbIX 0ObeMax, u
MOXHO NPUBECTWU LENbIA psg NpUMepoB, korga Gonblias 4YacTb 3HEpPrum, MUCNoNb3yemomn
YyCTaHOBKOW, Npon3BoanTCA Ha ocHoBe CO, ynaBnmBaeMoro B 3N1eKTPOAYroBom neyu.

3HaunTENBbHYID 9KOHOMUIKO 3HEPrMK Takke obecneymBaeT BTOPUYHOE MCMOMb30BaHNE
3arps3HEHHbIX OTXOAALWMX ra3oB B KUCNOPOAHO-TOMNSIMBHOW ropenke. [openka mcnonb3yet
OCTaTOYHOE TENnso rasa, IHEpPru CoAepXallMxca B HEM MpuUMecen U paspyluiaeT nocrneg-
Hue. C NOMOLLbIO 9TOro Npouecca MOXHO Takke COKpaTUTb BbIOPOCHI OKCUAOB a3oTa.

YacTo npakTukyeTcs ucrnonb3oBaHve Tenna rasoB uUnv napa ansg yBennyeHus temne-
paTypbl BbilenaynBaoLLmMx pacTBOPOB. B HEKOTOPbIX Cryyasx YacTb ra3oBOro NOTOKa MOXeT
OTBOAUTBLCA Ha ckpybbep Ana otaaum Tenna B BoAy, KOTopasa 3aTeM MCnonb3yeTcs Ang ue-
nen BblwenaymBanus. Oxna4eHHbI ra3 3aTeM BO3BpallaeTCss B OCHOBHOM MOTOK AN

JanbHeuLen O4YNCTKN.
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B oTaenbHbIX crnydasx BO BpeMsi nepennaBkM OaTtapenHoro fioma roproumin nnactuk
BHOCUT CBOW BKMaj B 3HEPruio, Kotopasi UCMNonb3yeTca B Mnpouecce nraBku U COKpallaeT
o6bemM HeobxoaANMMOro CKonaemoro TonmnBea.

MpenmyllecTsa NpenBapuTenbHOro HarpeBa BO3ayxa, NoAaBaemoro Ans nogaepxa-
HUA TOpeHusi, NOATBEPXAEHbl MHOrMMW LOKYMeHTamu. Ecnn BOo3gyx nogorpeBaeTcsa Ha
40 °C, pocT TemnepaTypbl nnameHn coctaesnget 20 °C, a ecnv npeaBapuUTeNbHbIA NOAOrPEB
coctasnseT 50 °C, Temnepartypa nnameHu pacteT Ha 300 °C. Takoe yBenuyeHue Temnepa-
Typbl NrameHn obecneymBaeT 6onee BbICOKYyH 3EEKTUBHOCTb MMaBKN M COKpaLleHne Mno-
TpebneHus aHeprun. MIMetoTca cBeaeHns 0 pereHepaTMBHbIX roperkax, NogorpeBatoLmnx no-
AaBaembli Bo3ayx Ao 90 °C, 4to cokpaliaeTt notpebneHne aHeprum Ha 70 %. OTOT mMeToq
XOPOLLO OCBOEH, Y AOCTUMHYTLIN CPOK OKYNMaeMOCTN COCTaBnseT MeHee O4HOro roga.

Bo MHOrMx obcTtoaTenbCcTBax npeaBapuTenbHas Cyllka cbipbs obecneymBaeT aHepro-
cbepexeHne, NOTOMY 4YTO CKpbITOE Tenso, akkymynupyemoe B obpasyoliemca nape,
He TepseTcs, KpoMe Toro, yMeHbluaeTca o6bemM rasos, criegoBaTesibHO, BEHTUNATOPbLI U ra-
3004UCTKN TOXE MOTYT OblTb MEHLLUMMW MO pasmepy u NoTpebnatb MeHbLle aHeprun. ops-
Yyune rasbl, ynaBnvMBaeMble Hag NMTENHbIMU Xenobamum, MOryT UCnonb3oBaTbCa ANs nogaep-
XXaHUs ropeHus.

BTopuyHoe ucnonb3oBaHWe Tenna u SHeprnn — HECOMHEHHO, BaXKHbIN hakTop Ans
npeanpusaTMiA LBETHOW MeTanmnyprim, oTpakatlowuin BbICOKYIO AONI0 dHepro3aTpart B cebe-
cTtonmocTn. MHorne meTtoabl BTOPUYHOIO UCMONb30BaHNUSA 3HEPTUM OTHOCUTESNBHO NErkn Ans
NPUMEHEHNSA NPU MOAEPHU3ALMM CYLLIECTBYIOLLMX NPOU3BOACTB, O4HAKO WMHOrga MoryT BO3-
HUKaTb Npobnembl, CBA3aHHbIE C OTNIOXEHNAMM B TennoobmMeHHMKax. [1o3ToMy B OCHOBE Ka-
4YeCTBEHHOr0 MPOEKTUPOBAHUS OO0SPKHbI feXaTb AOCTOBEPHbIE 3HAHUS O BbliOpacbiBaeMbIX
KOMMOHEHTax U UX NoBeAEeHMM MPU pas3nnyHbIX Temnepartypax. [ns nogaepXaHus BbICOKON
TEePMO3(PPEKTUBHOCTUN TaKKE UCMNOSb3YTCA CUCTEMbI OYUCTKMN TENSTIO0OOMEHHUKOB.

[MockonbKky 3T MeToAbl 3KOHOMUU ABMNATCS MPpUMEepPaMm SKOHOMUU Ha OTAEerbHbIX
KOMMOHEHTax YCTaHOBOK, UX MPUMEHEHWEe N 3KOHoMUYecKasd IPAPEKTUBHOCTb 3aBUCAT OT
cneumuyeckmx yCrioBUN KOHKPETHOM MPOMbILLIIEHHOM NNOLWAaaKMU U TEXHONOIMYEeCKoro npo-

Lecca.
2.1.3 NpepBapuTenbHasa o6paboTka, NOArOTOBKAa U TPAHCMOPTUPOBKA ChIpbs

Pyabl, KOHUEHTpaTbl 1 BTOPUYHOE Cbipbe HEPEAKO NOCTYNalT Ha NPOM3BOACTBO B Ta-
Kon ¢hopme, B KOTOPON OHU HE MOryT OblTb MCMNOMb30BaHbl HENOCPEACTBEHHO B OCHOBHOM
npouecce. 3 coobpaxeHnin KOHTpPons kayectBa U 6e30nacHOCTU MOryT ObiTb HEOBXO4MMBbI

nX cylka/pasmopaxunBaHue, pagunaumoHHbIA U MMPOKOHTPOSbL. Pasmep dpakunm matepuana
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OblBaeT HeO6XOANMO YBENUYNTL NN YMEHBLUNTb, YTOObLI MHTEHCUPUUMPOBATL XMMUYECKME
NpoLecchl NN CHN3UTb OKMUcneHune. [Ana obecneyeHnsa metTannypruyecknx npoLeccoB MoryT
pobaBnaTbCcs cneunanbHble o6aBKW, TakMe Kak yronb, KOKC, bntockl 1 (Mnun) gpyrve wnako-
obpasyluwme matepmansl. drocbl 406aBnAOT, YTOOLI ONTUMM3MPOBATL NPOLECcC U3Bneve-
HUS OCHOBHOrO MeTanna un otTgenuTb npumecn. [na Toro 4Tobbl n3bexaTb NPobemM ¢ O4UCT-
KO BbIGPOCOB W AMs1 MOBbILWEHUA CKOPOCTU MNfiaBkM MoXeT notpeboBaTbCcsa yganeHue 3a-
LLUMTHBIX NOKPbLITUN.

Bce atn meToabl NPpUMEHATCA ANs NONyYeHUs CTabuibHOM U HaAEXHOW CMeCcK UcC-

XOAHbIX MaTepuarnos (LWNXTbl), UICNOMNb3YeMON B OCHOBHOM TEXHOSTOMMYECKOM npoLecce.
2.1.4 PasmopaxuBaHue

PasmMopanBaHue BbINOMHSAETCSA C Lenbio nocrneaytoLlen o6paboTky cmep3Lumxcs ma-
TepuanoB. Ero npuxogutcs npoBoauTb, HAanpuMep, Koraa pyabl, KOHUEHTpaTbl UM TBepaoe
nckonaemoe TONNMBO (Npexae BCero Yronb) BbIrPYXKalTCs U3 XeNe3HOOOPOXHbIX COCTABOB

UnNu cyaoB B 3UMHUIA NMEPUOA.
2.1.5 Cywka

Mpouecchbl CyLWwKn ncnonbayTesa ans obecneyeHmst Ka4ecTBa UCXOAHbIX MaTepuanos,
cooTBeTCTBYylOWEro TpebyeMbiM XxapakTePUCTUKAM OCHOBHbIX TEXHONOMMYECKUX NPOLECCOB.
Mpn BbIGOpe cnocoboB CyLKM HEOBXOOMMO yYUTbIBaTb IKOHOMMWYECKME acnekTbl, AOCTYynN-
HOCTb, HAOEXHOCTb MU OCOBEHHOCTM MCTOYHUKOB SHEPruun, MCMNOSMb3YyEMbIX NPU Pas3fMYHbIX
MeTo4ax CYLUKM, HanpuMep BpalLaltoLUXCa CyLUUIIOK, NapoBbIX U APYrMX YCTAHOBOK Henps-
MOW CYLLKM.

Hanuune 1M3bbITOYHOro KONM4YecTBa Bnarn B LUMXTE MOXET ObITb HeXenaTenbHbIM Mo
HECKOSbKMM NpUYNHaM:

- peskoe (B3pblBHOE) obpa3oBaHme Gonblumx 06bEMOB napa B ropsiden nevm MoxeTt
NPUBECTU K aBapuu;

- BOA4a MOXeT MpOoBOLMPOBaTb NEPEMEHHYI0 NOTPEOHOCTb B TEMSIOBOM 3HEPrU, YTO
HapyLllaeT ynpaBnseMoCTb NpoLecca N MOXeT TOPMO3UTb aBTOTEPMUYECKUI NPOLIECC;

- pasgenbHas cywka npu HU3KMX TemnepaTtypax yMeHbllaeT NoTpebHOCTM B SHEPTUN.
OTO CBA3aHO C cokpaweHnemM noTpebneHnsa aHeprum, HeobxoaMmon Onsa neperpesa napa B
NNaBWUbHOM MeYn, KOTOPbIN CyLEeCTBEHHO yBennymBaeT obbembl U co3gaeT npobnembl C
3BaKyaLumen ra3oB 13 nevv N ganbHeunwen ux ytunmsauuen;

- MOXEeT BO3HMKaTb XMMNYECKaA KOPPO3nNA YCTAHOBKAU U pr6OI'IpOBOLI,OB;
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- BOOSAHOM Map Npu BbICOKMX TemnepaTtypax MOXeT pearmpoBaTb C yrnepoaom ¢ obpa-
3o0BaHnem Hz n CO nnu yroribHOM KUCNOTHI;

- 6onblwmre obbembl napa MOryT Bbl3BaTb HEOPraHU30BaHHble BbIGPOCHI, MOCKOMNbKY
06beMbl TEXHONOMMYECKNX ra30B MOrYT OKa3aTbCs CIIMLLKOM BESUKW U MPEBbLICUTbL MOLLHOCTM
CUCTEMbI ra3oynasnmBaHns 1 ra3o004nUCTKN.

Cywka obbl4HO OCYyLLECTBRSETCHA 3a CHET NPsSIMOro HarpeeBa maTepuana OT CropaHus
TOoNNMBa NMBO 3a CYET KOCBEHHOro Harpesa C MOMOLLbI TennoobMeHHbIX annapaTos, B KO-
TOPbIX LUMPKYNUPYIOT ropa4vmi nap, ras unv Bo3ayx. Tenno, Bblaendemoe nupomeTannypru-
YecKnmMKn npoleccamMmu, Hanpumep B aHOAHbIX NeYvax, TakkKe 4acTo MCMOorb3yeTcs ANS 3TOM
uenu, pasHo Kak n cogepxawme CO oTxogdaLme rasbl, KOTOPblE€ MOTYT CXKUraTbCHA C LIENbIO
CYLLKU CbIpbsl. crnonb3yoTcsa BpaLLaoLWmMecs nevm n CyLUUNKN C NCeBOOCKMKEHHBIM CIOEM.
BbicylleHHbIM MaTepuarn, Kak npaBusio, O4eHb CUITbHO MbIIUT, MNO3TOMY ANA yraBrvMBaHUA U
OYMCTKU ra3oB C BbICOKMM coepXaHuem Mbin NPUMEHSIITCH crneuunanbHble cuctembl. Co-
Bupaemas nbiNb BO3BpaLLaeTCa B TEXHONOMMYECKUn npouecc. BoicylweHHble pyabl Y KOHLEH-
TpaTbl Takke MOryT 6biTb MMPOOPHBLIMU, YTO YYUTbIBAETCH MPU NPOEKTUPOBAHUN CUCTEMBI
ynasnumBaHMsa U OYUCTKN BblibpocoB. OTxoasiwmne rasbl CyLUMIbHON YCTAaHOBKM MOTYT COAep-

XaTb SO2, NO3TOMY BO3HUKAEeT HEOOXOANMOCTb B X OYUCTKE OT COeANHEHUI Cepbl.
2.1.6 lpobneHue, uamenbyYeHue N rpoxoyeHune

[pobneHne, namenb4YeHne N rpoxovyeHne NPUMEHSINTCA ONs YMEHbLUEeHUA pasmepa
YacTuLl NPOAYKTOB UMK Cbipbsi C LENblo UX AanbHenwen nepepaboTkn. Micnonb3yoTcs pas-
nn4YHble BUAbI OPOBUIbHBIX YCTAHOBOK, TakMe KakK BasikoBble, LLIEKOBblE, MOSIOTKOBbIE APO-
OUNKN N MenbHULbI C PasfMyHbIM TUMNOM MenowWwmx Ten. BnaxHele nnn cyxme matepuansl
n3menb4arT 1, npu HeobxogMmocTun, cMmelmBatoT. Beibop Toro mnm mHoro obopyaoBaHus
onpegensieTcs ceonctBamu obpabaTbiBaeMbIX UCXOAHbIX MatepuarnoB. [NaBHbIM NOTEHUM-
anbHbIM UCTOYHMKOM BbIBPOCOB MNbIIM ABNAETCA Cyxoe ApobreHune, no3ToMy 34ecChb Bcerga
NCNONb3YITCA CUCTEMbI MNblfieynaBnmMBaHnda, cobpaHHas Mbiflb M3 KOTOPbIX 0ObIYHO BO3Bpa-
LaeTcs B TeXHONorm4eckum npouecc. MamenbyeHne BnaxHblx Matepuarnos npakTUKyeTcs B
Tex cnyyasx, korga obpasoBaHue Mbifin MOXET Bbi3BaTb Cepbe3Hble Npobremsbl U Koraa 3a
n3MenbYeHneM HENOCPEACTBEHHO crieayeT cTagmst MOKpon obpaboTku.

'paHynnpoBaHne ncrnonb3yeTcs, B YaCTHOCTU, ANS OTXOAOB Npou3BoAcTBa U hopmu-
POBaHWS MENKNX YacTuL, Lwraka, KoTopble MOryT NPUMEHATLCA NPU NeCKOCTpyrMHon obpaboT-
Ke, NPOTUBOCKONbL3SLLEN NOACHINKE aBTO4OPOr B 3MMHMIA Nepunod BpeMeHn. PacnnaBneHHbIn
LWnak nogaeTcss B BaHHY C BOAOW MMM MpOMyckaeTca yYepes3 NoTok BoAbl. [paHynmnpoBaHue

TaKke Mcnonb3yeTcd npun npom3BoacTese MeTanimyecknx npoayKTOB. B npouecce rpaHynga-
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UMM MOryT 06pa3oBbIBaTLCA MENKOAMCTNEPCHbIE MbINM U a3P030SK, BbIOPOCH! KOTOPbIX HEOO-
xoaumo cobupaTb 1 Bo3BpaLlaTh B TEXHONOMMYECKUIA LK.

BTOpPUYHBIM MCTOYHMKOM LIeSIoro psiaa LBETHbIX MeTarsioB SIBNSOTCS oTpaboTaHHble
SMEKTPOHHbIE YCTPOMCTBA, KOTOpble M3MENbYaTCa ANS OTAENEeHMs nnacTuka u apyrux ma-
TepuanoB OT MeTannM4Yeckux KOMMNOHEHTOB, Takum obpas3om, NOsIBNSETCA eLwe u 3Tan pas-

OEenku.
2.1.7 NpuroTtoBrieHne WKUXTbI

MpuroToBneHne WKUXTbl NpegycMaTpuBaeT COOCTBEHHO CMeLLUMBaHWE pynd WM KOH-
LEeHTpaToOB pasfnNUYHOro Ka4yecTsa u BBeAeHMe B cocTaB obpasyromxcs cmecen ¢ornocoB Unm
BOCCTaHaBNMBAIOLLMX areHTOB B OnpefeneHHbIX NPOnopumnax ¢ Lenbio nonyyYeHns ctabunb-
HOro 3agaHHOro cocTaBa CMecu (WKXTbl) Ans nepepaboTkm B OCHOBHOM TEXHOJIOrMYECKOM
npouecce. NpurotToBneHne WNXTbl MOXET OCYLLECTBAATbCA Ha COOCTBEHHbLIX CMECUTESNbHbIX
yCTaHOBKaX Ha CTagun M3MeSNbYeHUs1 UM BO BPEMSA TPAHCMOPTUPOBKU, XPAHEHMUST N CYLLIKW.
TouyHoCTb Tpebyemoro coctaBa CMecu AOCTUraeTCs C NOMOLLbIO YCTaHOBOK ANs YCPeAHEHMS
LWUMXTbl, CACTEM [03UPOBaHMS, KOHBENEPHbBIX BECOB UMM C y4eTOM OObEMHbIX NapamMeTpoB
NOrpy304HON TEXHUKW. MMPpUroTOBNEHME LUMXTOBOM CMECU MOXeT BbiTb CBSA3aHO ¢ obpa3oBa-
HMEeM 3HauyuTemnbHbIX 0O6BbEMOB MbifK, NO3TOMY UCMNOMB3YOTCA CUCTEMbl, obecnednsatoLLmne
BbICOKYI0 CTeMeHb ynaBnuBaHus, unbTpauun n Bo3epaTa nbinv. CobpaHHasa nbifb, Kak
npaBumno, Bo3BpaLlaeTca B TexHonormdeckun npouecc. C Lenbio yMeHblUeHMs nbineobpaso-
BaHWA MHOrA4A NPUMEHSIETCA MPUrOTOBNEHUE BIIAXHbIX LWKMXT. [0ns 9TON uenu Takke MoryT
TaKkKe MCMNOoNb30BaTbCA NOKPbIBAKOLWNE U CBA3bIBaOWME areHTbl. B 3aBUCMMOCTM OT xapak-
Tepa TEXHONOMMYECKOro npouecca nepen ganbHenwen obpaboTkon, Hanpumep nepen cne-

KaHueM, MoXeT noTpeboBaTbcs GpMKeTMpPOBaHMe/rpaHyMpoBaHme.

2.1.8 BpukeTupoBaHue, rpaHynupoBaHue, okaTbiBaHMe U apyrue metoabl

KOMNaKTnpoBaHusA

[na 06paboTkm menkogmcnepcHblX KOHLEHTPATOB, Mbifer U ApYyrnx BTOPUYHbIX MaTe-
puanos UCNONb3YTCA Pa3fMyHble METOAbl KOMMNAKTUPOBAHUS U YKPYMHEHUS, BKMOYaloLmne
npeccoBaHNe NPOBOJSIOKM UIN MeNKOpa3MepHOro rioma, uarotosneHve 6pukeToB, okaTbiBa-
HWe, rpaHynupoBaHmMe (Kak ynoMmMHasnoch BhbILLE).

Mocne pobaBneHus CBA3YWOLWMX UM BOAbl CMEeCb MOAAlT B Npecc AN nonyvyeHus
NPSMOYrosibHbIX GpUKeToB Unu Bo Bpawlatowmmncsa 6apabaH, ANCK NN CMeCcUTENbHY ycTa-
HOBKY ANsi nonyyeHus rpaHyn (okaTbiwewn). CBA3ylOWMA MaTepuan OODKEH MMETb Takue

CBOWCTBa, 4TOObI BPUKETbI, C OAHOW CTOPOHbI, 0bnagann AOCTAaTOMHOW YCTOMYMBOCTBIO U
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He paspyllanucb Npu nogaye B Neyb, a ¢ Apyrom — nerko obpabaTbiBanucb (MMenn xopo-
LUYIO ra3onpoHnuaemMocTb). Mcnonb3yoTca pasnnyHble TUMbl CBA3YIOLUX, HanpumMep JUrHo-
cynbcoHaT (MOBGOYHBIM NPOAYKT LENSH0N03HO-6yMaXHOM NPOMBILLNIEHHOCTH), Menacca u mns-
BECTb, CUMMKAT HaTpus, cynbdaTt antoMUHUA Unu ueMeHT. [na noBbIWeHns npoyYHoCcTn 6pu-
KeToB/rpaHyn MoryT Takke 0ob6aBnsaTbCA pasnuyHble cMmonbl. [pybble pakunn oTdunbTpo-
BaHHOM Mblnn ¢ PUNbTPOB NeYen N PunbTPoB, NCNONb3yEMbIX Ha cTaaun ApobneHnsa n rpo-
X04eHus, nepeq 6pukeTMpoBaHNEM MOryT CMELUMBATLCA C APYTMMU MaTepuanamu.

Takke ONs yMeHbLUEHMS MbINIEHUS Ha NOocneayLwWwmx CTaanusax TeXHONOrMYeckoro npo-

Lecca MOryT UCNONb30BaTLCA MblNeNoAaBnsaioLLmMe, NOKPbIBAKOLLNE U CBA3bIBAKOLLME areHTbI.
2.1.9 CHATME NOKPbLITUM N 06e3XnpuBaHue

Onepauun No CHATUIO NOKPLITUN N 06EBKMPUBAHNIO OOBLIYHO BLINOJTHAKTCA NMPUMEHU-
TENbHO K BTOPUYHOMY CbIpblO A1 CHUXKEHUSA CoaepXaHnsa OpraHMYeckMx BewecTB B MaTte-
pnanax, obpabaTtbiBaeMbiX B pamMKax HEKOTOPbIX OCHOBHbIX npoueccoB. Npn 3ToM ucnosnb-
3yl0TCA NpoLEecChbl NPOMbIBKM 1 Nuponu3a. /3Bnedb macna u CHU3UTb Harpy3ky Ha Tepmuye-
CKME CUCTEMbl MOXHO C MOMOLLbIO LeHTpudyrmpoBaHns. CylecTBEHHbIE N3MEHEHNSA B CO-
AepXXaHN OpraHNYecknx BeLLeCTB MOryT NPUBOAUTL B HEKOTOPbLIX Neyax K HeadhdEeKTUBHO-
CTU npouecca ropeHust u obpasoBaHuio 60MbLINX 0OBLEMOB MEYHbLIX ra3oB, COAEPXKALLMX
OCTaTOYHbIE OpraHUYeckne coeguHeHusl. Hanmnume noKpbITUA MOXET TakKkKe 3HauYMTENbHO
YMEHbLUNTb CKOPOCTb NIIaBKN. OTN haKTOPbl MOTyT Bbl3BaTb 3HAYMUTENbHbIE BbIOPOCHI AbIMA,
NMXAn/® v metannmMyeckon Mbifn, €CAN CUCTEMbI ra3oynaBfMBaHUS U CXKUraHUs HegocTa-
TOYHO HagexHbl. MoryT BO3HMKATb UCKPbI UMW FOpPALLUME YacTuubl, YTO MOXET MPUYNHUTD
3HaYNTENbHbLIN yuwepb razoouncTtHoMy obopyaoBaHWMiO. YaaneHue MNoKpbITUN U3 3arpsi3HEH-
HOro MeTannonoMa BHyTpU ObLLEN NeYn BO MHOMMX Cryvasix MeHee adppekTuBHO, Yem yaa-
NeHne NOKPbITUA N3 U3MENbYEHHOrO MaTepuana B OTAESNIbHOW Neuyn, NOCKOSbKY B NepBOM
cnyyae obpasyetcs 6onblero wnaka, ogHako HEKOTOPbIE NMeyun cneunanbHo npegHasHave-
Hbl ANsl NnepepaboTKn OpraHMYeCcKnx NpUMecen.

YpaaneHne macna m HEKOTOPbIX MOKPbITUA OCYLLECTBSETCA B crneuuarnbHbIX nedvax,
HanpuMep B CylUMnKax Ang CTPYXKW. B 6onblIMHCTBE crnyyaes Afis UCnapeHnsa macen mn Bo-
Abl UCNonb3yeTcs Bpallatowascs neyvb, pabortatowas npu HU3KoM Temnepartype. NpumeHs-
eTCHA KaK NpsIMOW, Tak U KOCBEHHbIA HarpeB MaTepuana. [Ona paspyleHns opraHn4eckmnx
NpoayKToB, 0OpasylWmnXcs B Ne4vn, UCnonb3yeTcs foxuraTenbHas kamepa, pabotatowas
npu Bbicokon Temnepatype (bonee 85 °C), a oTxoasme rasbl, Kak NpaBuo, NogarTcsa Ha

pYyKaBHbIN PUNLTP.
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Ansi ynaneHust n3onsumm ¢ NpoBOAOB M NOKPbLITUIA C OPYTMX MaTepUanos Takke 4acTo
NPUMEHsIeTCA MeXaHu4eckasi 3a4ynmcTka. B HEKOTOpbIX crny4yasix NPUMEHSIIOTCS KPUOreHHble
MeToAbl, obneryatowme yaaneHme nNokpbITUIA 3a cHeT NpuaaHns UM XpynKkocTu. Takke MoXeT
MCNONb30BaTbCS MPOMbIBKA C MOMOLLbIO pacTBoOpuUTENen (MHOr4a XOpPUPOBAaHHbIX) UMK C
NOMOLLbI0 MotoLWMX cpeacTB. Hanbonee pacnpocTpaHeHHbIMU SIBNSIOTCA CUCTEMbI Mcnape-
HMS pacTBOpUTENEN CO BCTPOEHHbIMWU KOHAEHCaTopamMu. TN NPOLECCHI Takke NPUMEHSIITCS
Anst 0b6e3xnprBaHMs NPOU3BOAMMON NpoAdyKuMKn. B aTux crnyyasx ons npenoTBpalleHust 3a-

rPA3HEHUS BOAbl MCMOMNb3YHTCA CUCTEMbI BOLOOYMCTKN.
2.1.10 MeToabl cenapauuu

OTn Npouecchbl NPUMEHSIOTCA AN yaaneHus npuMmecen u3 coblpbs nepeq ero Mcnosb-
30BaHNEM.

MeToabl cenapaumm valle Bcero NpMMeHsIioTCa aAnsg odpaboTku BTOPUYHOrO Cbipbs, a
Hanbonee pacnpocTpaHeHHOW SBNAETCA MarHuTHas cenapaums, nos3Bongwwas yaoansTb
XenesHble npegmMmeTbl. [nsa npeasaputensHo 06paboTkM NOTOKOB OTXOA0B, TAKOW Kak yaa-
neHve 6artapen, KOHTaKTUPOBABLUMX C PTYTbIO 3fIEMEHTOB M APYrNX YacTenl ANEeKTPOHHOro
obopyaoBaHus, NMPUMEHSAIOTCA Py4YHble U MexaHuveckne metodbl cenapauuu. Cenapauus
No3BONSET U3BMNeYb C MOMOLLBIO crneumanbHblX npoueccoB 6onbwnm obbem metannos. [Ans
oboralleHnsa UCnosnb30BaHHbIX BbiLEeNavYMBaoWmnX pacTBOPOB U MU3BEYEHUS Meau U3 neyd-
HbIX LUNAKOB Takke ncnonb3yetcsa dnotauus. Ang otaeneHuns TaxenbiX YacTul NPUMEHSIOT-
Csl OTCaAO04Hble YCTaHOBKW.

MarHuTHaa cenapauus NpuMeHseTca Ons yaaneHus KycKOB >xernesa, YTobbl yMeHb-
WKWTb 3arpasHeHne cnnaBoB. O6bIMHO MCMONb3yeMble ANd cenapauun MarHuTbl YyCTaHaBMu-
BalOTCH HaJ KOHBeNepamu.

Opyrve meToabl cenapauuu npegycMaTpuBaloT UCMONb3OBaHWE LIBETOBbIX, YNbTpa-
roneToBbIX, MHPPaKpPaCHbIX, PEHTIEHOBCKNX, JSTAa3epHbIX U APYrnX CUCTEM ODHapyXeHus B

COYETaHUN C MEXaHUYECKUMU NN MHEBMATUYECKUMUN COPTUPOBLLNKAMMN.
2.1.11 CncteMbl TPAaHCNOPTUPOBKU U 3arpy3ku

OTN cucTeMbl UCMONb3YOTCA ANS Nepefaydn Cbipbsi, NONYNPOAYKTOB U FOTOBOW MpO-
AyKUMKM Mexay ctagusimmn obpaboTku. MpumeHsoTcs MeToAbl, NOA0OHbIE TEM, KOTOpble UC-
NONb3YyTCA ANS Cbipbs, U ANS HUX XapakTepHbl Te e npobnembl, cBsidaHHble ¢ 06pa3oBa-
HMeM, ynaBnnBaHNEM U U3BIEYEHNEM BbIGPOCOB MblfiN. B OCHOBHOM MPUMEHSIOTCA MexaHu-

Yeckne CUCTEMbI, HO Takke BonbLioe pacnpocTtpaHeHne nonydyunsim nHesmMmaTn4eckmne cucte-
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Mbl TP@HCMOPTUPOBKM, FAe B Ka4eCTBE HOCUTENSA MPUMEHSAETCS BO3AyX, U KOTOPblE€ CMOCOGHbI
Hapsa4y C TPaHCNOPTMPOBKOW BbIPOBHATL pasnnyms B COCTaBe LUNXTHI.

MpeaBapuTenbHO NOArOTOBNEHHBIE MaTepuanbl MOryT ObITh eLle cylle, YeM Cbipbe, U1
no3aToMy ANSA npefoTBpalleHns BbIGPOCOB Mblfin NPUMEHSAOTCA Gonee kayeCTBEHHbIE MeTo-
Abl cbopa 1 ouncTtkn. KoHBerepbl Ans TPaHCNOPTUPOBKM MbINISLLMX MaTepuanos, Kak npasu-
N0, 3aKpbiTbl, U B 3TUX Cry4asax B YyBCTBUTENbHbIX 30HAX, TAKNUX KaK TOYKM Neperpysku ¢ oa-
HOrO KOHBeKrepa Ha ApYrown, yCTaHaBnMBAKTCHA 3P(EKTMBHbIE CUCTEMbI YNaBfMBaHUA W
O4MCTKM BbIGpOCOB. B kayecTBe anbTepHaTUBbI WCMNOMb3YOT pacnbifieHve Boabl. [Ons
npeaoTBpaLLeHnNst pa3Hoca matepuana npu obpaTtHOM xo4e fNeHTbl Ha KOHBenepax ycTaHaB-
NMBAKOTCH HWXKHME ounwatrome ckpebkun. [na TpaHCNOPTUPOBKM CbiMy4ynx MaTepuarnoB Ya-
CTO MCMNONb3YTCA MHEBMAaTUYECKME CUCTEMBI.

HekoTopble MmaTepumansl noctynatT B 6oykax, mewukax (bur-6erax, MKP) unu B gpyron
ynakoBke. Ecnn maTepuan nbinuT, TO €ro Bbirpy3ka M3 yYNakoBKM OOSMKHA OCYLLECTBNATLCS C
NCNONb30BaHMEM MbifieyNaBnMBalOLLNX CUCTEM, HANpPUMEP repMETUYHbIX YCTPOMUCTB C acnu-
pauuven, Nnpy OpoLLEHNUN BOAOW UMW B 3aKpbITbiX NOMeLeHnaX. B HeKoTopbix cnyyasax uene-
coobpa3HO CMeLLnBaHue 3TUX MaTepuarnosB C BOOOW UMW YBIAXXHEHHbIM CbipbeM, NPU YCIo-
BMM, YTO UCKIKOYEHbI HEXenaTeNbHble XMMUYEeCcKne peakumm. B npoTMBHOM crniyyae npegno-

YyTUTEernbHa UX pa3aesibHasA o6pa60T|<a B 3aKpbITbIX CUCTEMAX.
2.2 NMpounsBoacTBO LMHKA U KaaMUA

LInHK n kagMmnin B pygax n KoHueHTpaTax obbl4HO MPUCYTCTBYIOT BMeCTe, U ONs U3-
BNeYeHus N pasgeneHus aTux MeTansoB npumeHsieTca psa MetodoB. Korga B Cbipbe Takke
npucyTcTByeT 60NbLLOE KOMMYEeCTBO CBMHLA, TO K OCHOBHbIM (hakTopam, onpeaenstoLlmm
BbIOOP NMpomeTannypruyeckux unm rugpomMeTannyprmyeckmx MeTo4oB Unm nx KomouHaumm,
OTHOCATCA XMMUYECKOe COCTOsiHMe (CynbduaHOe UM OKCUAHOE) N NPOLEHTHOE COOTHOLLEe-
HWe u3Brekaembix metannos. Crneundudeckne mMetTodpl Takke NPUMEHSIOTCH ANS nepepa-
BOTKN BTOPMYHOTO UM CMECU NEPBUYHOIO 1 BTOPUYHOIO Cbipbs [6], [7].

B KoHUeHTpaTax, ncnonb3yembix Npu NPou3BOACTBE LMHKA U CBUHLA, NHOrAa NpucyT-

CTBYIOT U UHbIE MeTannbl, Takme Kak In, Ge, Ga (cm. 2.1.4.3).
2.2.1 MNpoun3BoacTBO NEPBUYHOIO LIMHKA

LIMHK MOXXHO Npon3BOANTb U3 NEPBUYHOIO ChiPbsi C MOMOLLLIO NMPOMEeTanypruyecknx
Unu rmgpomeTannypruyecknx metogos. MNupomeTannypruyeckne metogbl B Poccum B HacTo-

sillee Bpemsi He NpumeHsitloTes. Onpegensiowime oTkas oT 3TUX MEeTOAOB (hakTopbl — 3TO
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HeobX0AMMOCTb AOMNOMHUTENbHOM CTaguMn OUCTUNNAUUM ANs NonyyYeHust padMHUPOBAHHOIO

LUUHKa N OTHOCUTENBHO HU3Kasa ah(PEKTUBHOCTb N3BMNEYEHUS LINMHKA.
2.2.2 F'mppomeTannypruyecknm cnocod nonyvyeHus LMHKa

'mapomeTannypruyeckmin cnocob ncnonb3yeTca Ans n3BnedYeHns LUmHka us cynbduaa
UMHKa (CepHUCTbIM LMHK), OKCcMAa, KapOOHAaTHbIX UM CUMNMKATHbLIX KOHUEHTPAToB, a Takxe
ANSA HEKOTOPbIX BTOPUYHBIX MaTepmnasnos, TakMxX Kak BeNbL-OKCMA. ATMM cnocobom nony4vatoTt
okono 90 % mMmMpoBOro Npom3BoACcTBa UMHKA [8]. Ha 060omx poccuMiCKMX NpeanpusTuax npu-
MeHsieTca  rmgpomeTannypriudeckun cnocod: RLE-npouecc («0o0Xur-bilienavymBaHue-

SMNEKTPO3KCTPAKUMSI»). DTO HEMPEPLIBHbIA NPOLIECC, YNPOLLEHHasi CXema KOTOpOoro npea-

cTaBneHa Ha pucyHke 2.1.

MonyyeHve, XpaHeHUe N BHYTPEHHSAS TPaHCNOPTUPOBKa
KOHLIEHTPaTopOB Ha cepHOKMCNOTHYIO
YCTaHOBKY
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D — »> »
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PucyHok 2.9 — YnpoLleHHasa cxema rugpomeTtaniyprmyeckoro cnocoba

loToBas wKxTa MoxeT ObiTb MpuroToBreHa nytem oTtbopa u3 cuctem OyHKepoB-
[03aTOPOB C MOMOLLBIO NIEHTOYHbLIX BECOB UMM BECOBOrO NUTATENs HEMPEPbLIBHOIO AENCTBUS.
OkoHYyaTenbHOEe CMeLNBaHNE U yCpeaHeHNe NPOUCXoaNT B MUKCEPax NN B KOHBENEPHbIX U
A03MpyloLMX cuctemax. [nsi MeNKoAMCNepCHbIX MaTepuanoB UCNOSb3YHTCA 3aKpbiTble KOH-

Belepbl NN NMHEBMATUYECKNE CUCTEMbI TPAHCNOPTUPOBKN. KOHLEHTpaTbl NepemMeLlnBatoTes,
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YTOObI NOMY4YNUTb OTHOCUTENBHO OAHOPOAHYH LWKMXTY. [03TOMY 0ObIYHAsA NpakTuka — oTbop
n aHanu3 npob ana pasgenexHnst N OTAENbHOrO XpaHEHUS! KOHLEHTPATOB MO rpynnam, YTobbl
nony4yaTb roTOBYH CMecCb nepef obxurom. [1ns co3gaHus XOpoLero KUMsLEero crios npume-
HSIlOTCA cneumanbHble NpaBunia NoAroTOBKW LUNXTbI Nepea 00XXMromM unu arnomepaumen.

Mocne noaroToBKM LUNXTbI BbIAENSOTCA Creayowme OCHOBHbIE 3Tarnbl npouecca:

- 00X,

- NOAroTOBKA Orapka;

- BbllLiENavYnBaHue;

- OYUCTKA;

- 3MNEKTPONU3.
2.2.2.1 O6xur

KoHueHTpaTtbl cynbdumaa umHka (cdaneputa) HeENnpepbiBHO NOAAOTCA B NeYvb nNpu no-
MOLUW nuTaTenen n neHT 3abpacbiBaTenen WUXTbl U 0BXUratoTCa B 3aKpbITbIX 0OXMIroBbIX
nevax ¢ KAMsSLWMM crnoem Ans nosiydeHns okcuaa LUmHKa n guokcuaa cepsbl.

BosgywHoe aytbe (Mnn oboralieHHbIn KUCIOpOAOM BO34yX) BAyBaeTCsa yepes conna
noauHbl (peLleTky) neyn B Crion matepuana oboxmroson nevn. Bosgyx cnyxmt HecyLlen cpe-
Ao Ana obpasoBaHUA KUNALWEro Crost U UCTOYHUKOM KUCropoda AN OCHOBHOW peakuuu.
O6xur cynbngHoro matepuana He TpebyeT AONOMHUTENBHOIO TOMMMBA, TakK Kak 3TO 3K30-

TepMUn4ecKum npouecc.
2ZnS + 302 — 2Zn0 + 2S02 AH = -440 k[x/monb

YacTb u36bITOYHOrO Tenna nocne peakumy nornowaeTcs napoucnaputenbHbIMU
oxnaxgawwwmnmMn arnemMeHTamMmn (3meeBuKamMm, KeCCoOHaMn U T.4.), YCTAHOBMNEHHbIMU B KUNA-
LLEeM Cnoe U CBSA3aHHbIMM C CUCTEMOW MPUHYAUTESNBbHON UMPKYNAUUMKM KOTna-yTunmsaTopa
(cMm. pucyHok 2.2). OxnaxgatoLme afieMeHTbl, YCTaHOBIEHHbIE B KUNSALLEM Croe, NoOAAEPXKM-
BaloT Temnepatypy obxura mexagy 900 °C 1 1000 °C.

"opsaumin ras n3 cyxoro anekTpoduribTpa nocTynaeT Ha yCTaHOBKY MOKPOM OYUCTKU ra-
3a, KoTopas BKM4yaeT B cebsa cuctemy opolwiaembix baweH mnu, ckpybbepoB M MOKpble
ANEeKTPOPUNbTPLI, Kak NokasaHo Ha pucyHke 2.3. cnonb3oBaHWe YyCTaHOBKW MOKPOW raso-
O4YUCTKN, obecneymBatoLLEe CHXKEHNE COOEpXKaHUA B rasax nbiiv U npumMecen (Takmx Kak

As, Sb, Se, F, Cl n Hg), rapaHTupyeT nosiy4eHue Y4MCTON CEPHON KUCIOThI.
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PucyHok 2.10 — lNepBbit 3Tan 04YNCTKN OTXOLALLErO ra3a 06>XMroBon nevm — o4ncTka

cyxoro rasa (UWKNOoH ycTaHaBnneaeTcs Npy HeobxogmMmocTn)

| S
SOZ 2 2 B cep-
13 063K P
1 1 1 o
—> > > not-
. > ] Hoe
np-8o
— Vv
3 3
o7 H > 4 » 4

1 — npombIBHble 6aLHKM (ckpy66epa); 2 — MOKpble 3NeKTPOUNbLTPHI;
3 — TennooGMeHHUKN (XONoaUIbHUKM); 4 — COOPHUKU.

PucyHok 2.11 — BTopoit 3Tan o4ncTKM OTXOASLWEro rasa 06X1roBo neyvn: Mokpas

O4YNCTKa rasa

Ob6pasyowmeca B BawHaX wnambl OUIbLTPYIOTCA, NPOMbIBAIOTCA M YacTUYHO (MO
BO3MOXHOCTWN) nepepabaTbiBaloTCA, a YaCTUYHO OTNPAaBASOTCS Ha KOHTPONMPYEMbIE OTBasbI
ANS ONacHbIX BELLECTB.

3aTtem guokema cepbl nepepabaTbiBa€TCs B CEPHYHO KACIOTY C MOMOLLBI TPaaULMNOH-
Horo npouecca [8], [7], [9], [6]. OTxoaswwmn ras, cogepxawmm H2SO4, nogaeTcsa Ha cBeYeBble
uUnNbTPbl UK cKPyBOEepbl AN CHUKEHUSA KOHLEHTpauun KUCNOTHbIX napoB B Buae SOs. Uc-
nonb3yemas B LMKIEe OYMCTKU ra3a Boga npoxoant ob6paboTky Ha BOLOOUYNCTHOWN YCTaHOBKE.

M3 ynosneHHoro SO2 MOXHO Takke nonyuntb xmngkun SO2. B Poccuinckon depepaumm
3TOT METO HE NPUMEHSETCA.
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2.2.2.2 NoarotoBKa orapka K Bbllesria4yuBaHUIO

Okeuna umHka (orapok) HenpepbiBHO 3abupaeTcsa M3 neyu, KoTna-yTmnmsatopa, LUUKo-
HOB (yCTaHaBnMBaOTCA Npu HEOHXOOMMOCTUN) N ANEKTPOPUIBLTPOB U OXNaXaaeTcsa B NOBO-
POTHOM OxflaguTene unu oxnagutene NCeBAOOXUKEHHOro crnosi. B NOBOPOTHOM (CEKUMOH-
HOM) oxraguTtene TennoobmMeH OCyLWeCTBNAETCA NyTeM KOHTaKTa orapka Cc Bogooxnaxaae-
MOM MOBEPXHOCTbIO OXNaauUTens, B TO BPEMS Kak B OXSflaguTene nceBOOOXMKEHHOro Cros
OrapoK oxnaxkgaeTcs NyTEM KOHTaKTa Kak C OXMXalLMM ra3om, Tak U ¢ BOAOOXIaXgaeMbl-
MU noBepxHoCTAMKU. Orapok, noanexallunin oxnaxgeHno B MOBOPOTHOM oxriaguTtene, nocTy-
naeT Ha BXOOHOW LUMMAVHAP OXNaguTensa vyepes 3arpy3oyHoe YCTPOMCTBO (Hanpumep, yYepes
nnacTMHYaTbli KOHBEnep, BUHTOBOW KOHBenep). CeKUMOHHbIA OxnaguTesnb, MO CyLecTBy,
COCTOMT M3 BpaLlaloLerocs poTopa, 4acTto C UenHbIM nNpuBogoM. Ha koHuax poTtopa Haxo-
OATCA XeCTkMe Kopoba Ans 3arpysky U BbiNycka orapka. B 3aBucumocTy oT pasmepoB oxna-
anTens, potop nNMbo BpallaeTcs Ha KoHUax cobCTBEHHOro Bana, nMbo ycTaHaBnMBaeTCsa Ha
ABVXYLLUMXCSA 3yB4aTbiX Konecax, YTo XapakTepHo Ansa Bpawawwmxca 6apabaHoB. BHyTpeH-
HAS1 YaCTb pOTOpa COCTOUT U3 HECKOSIbKMX CEKTOPHBIX KaMep, PacnonOXeHHbIX B BUAE KyCKOB
nupora BOKPYr LIEHTpanbHOro nosioro Bara. Takas KOHCTPYKUWMS MOMHOCTbIO MOrpyxeHa B
BOOHYIO 0605104Ky. CeKkTopHble Kamepbl coaepkaT aNeMeHTbl KoHBenepa (fionaTtku, uenu
N T. 4., MIMeeTca Takke nHgopmaunsa o6 Mcnonb3oBaHUM OXnaguTenen NCeBOoOOXKMKEHHOMO
cnos).

OTxoadawmm ras u3 oxnagutens noctynaet B KOTEN-yTUNM3aTop UnvM B acnupauuoH-
HYIO CUCTEMY.

MenkoancnepcHbIn 0BOXOKEHHBIN MaTepuan, 3axBa4yeHHbI ra3om nocne oobxura,
oxnaxgaeTcsa B KOTne, 3abupaeTcsa uenHbiM CKpebKOBbIM KOHBENEPOM U BbIrpyXaeTcs BMe-
CTe C Orapkom, nocTynawLlnm 13 NOBOPOTHOrO OXNaguTens unu oxnaguvtens nceBLoOXu-
XXEHHOro Cnos, B LLapoBYyl0 MernbHULY, KOTopasa nepemarnbiBaeT ero 40 Heobxoanmon Kpyn-
HocTu (NpumepHo 70 % YacTtuu pasamepom meHee 50 MKM).

YTo6bI NpenoTBpaTUTh BLIBPOC MbiNM U3 CUCTEMBbI TPAHCNOPTUPOBKK Orapka, Bce 060-
pygooBaHue paboTaeT npu NOHWXEHHOM [AaBrieHUKN, KOTOpPOe CO34aeTCs BbITSXHbIM BEHTUNMNS-
TOpPOM, a ANd 3adep>XaHnA Mblfiv 0ObIYHO MPUMEHSIETCH PYKaBHbIN (PUNbTP.

lMpexxge 4yem nonacTb Ha YCTAHOBKY BbllLeflaynBaHUSA Orapok BpEMEHHO nomeLlaeTcs
Ha xpaHeHue B ByHkep. V13 ByHKepa OH HanpaBnseTcs Ha y4acToK BbllenavymMBaHusa ¢ NoMo-
b NHEBMATUYECKUX NN MMOpaBINYECKNX CUCTEM TPAHCNOPTUPOBKM.

Bo3amMOXHO Takke ucnonb3oBaHWe rugpoyganeHuss 060XOKEHHOro MpoayKTa u3 neyu

KC. Orapok 13 neuM camMOTEKOM 4epe3 pasrpy30yHble TeYKM nocTynaeT B enob cMbiBa
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orapka, Kyaa nogaetcs nynbna kucrnotHocTbio Ao 80 r/am3 H2SOs. B aT1oT Xenob Takke
HanpaBnseTCs Mblfib U3 LUUKIOHOB, 3NEKTPOMUNBTPOB M APYrMX UCTOYHUKOB. [lonyyeHHas
nynbna nocTynaeT Ha y4acToK Knaccudukaumm, CHabXEHHbIM rMapouuKIoHaMM U OpYrm

obopynoBaHueMm, aAng oTAeneHnsa n n3aMenbYeHnsi NECKOBOW (hpakLumu.
2.2.2.3 BbllwwenaunBaHue

BoblwenaymBaHne orapka npegycMmatpvBaeT psi4 nocrnefoBaTesibHbIX 3TanoB, Ha KO-
TOPbIX MPUMEHSETCA PacTBOP CEPHOM KUCMOTbl C MOCTEMEHHO MOBbILLAIOLWENCA KOHLEHTpa-
unen. HavanbHble aTanbl (BbllenaymBaHne crnabokncrbiM pacTBOPOM CEPHOM KUCHOTbI UK
HenTpanbHOE BbllLenaynBaHne) OCYLLECTBASKTCA NPU HU3KUX 3HAYEHUAX KUCNOTHOCTU M
Temnepatypbl (06bI4HO Npu 3HaYeHunax pH ot 4 go 4,5 n temnepatype 50 °C). Npouecc BbI-
LLienavyMBaHNA BbIMOMHAETCS B PSAE PEaKTOPOB C MPUMEHEHMEM OTKPbITbIX U FrEPMETUYHbIX
pe3epByapoB 1 pe3epByapoB Nog AaBneHneM unm nx kombuHauum [8], [7] (cm. pucyHok 2.4).

Mpy ncnonb3oBaHUN BTOPUYHOTO CbIpbs NOCHe BerbLeBaHWs NbiNen 3NeKTpo-4yroBblixX
neyen, BenbL-oKcug HeobxoaMMo 3apaHee OTMbITb AN yAaneHnsa xnopuaos. OTOT METOA B
OCHOBHOM MNPUMEHSETCA B KOMMaHUAX, nepepabaTtbiBalomX MNbiflb U3 3NEKTPOLYrOBON Neyu
B BerbL-Meyn.

PacTtBop nocrne BbllenaynBaHnsa AOMOMHAETCH pacTBOPOM BbllLenavymBaHusa ¢ atana
yaaneHusa xenesHoro ocagka. Ecnu npumeHsoTca nuwb Hebonbline KonmyecTBa BTOPUY-
How wnxTbl (<10 % BenbuU-OKCMAa), BTOPUYHOE Chipbe MOXET ObITb A0HGaBNeHoO nocne atana

oboxura.
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PucyHok 2.12 — YnpoleHHada cxema npouecca BbilwenadnsaHuns

B 3aBucnmocTn OT NpUcCyTCTBUA B Oorapke oeppuToB LMHKa W Nnocne nepBbiX 3TanoBs
BblLenayunsaHus (HemTpanbHbIM PacTBOPOM BMECTE C pacTBOPOM criabon KMcnoTbl) Aons
nepeweguero M3 WNXTbl B BbillenadymBaroLLyto XUOKOCTb UuHKa coctaeBngeT oT 70 % go
95 %. lMpoune metannbl, Takme kak Cu, Cd, Co 1 Ni, TaKke 4aCTM4YHO BbiLLENaYMBaOTCS.
[MoaTomy BbiLenavmnBaroLLas XnOKocTb nepen nocTynneHnemM Ha dneKkTporiv3 SOrmKHa npown-
TW HECKOJTbKO 3TarnoB OYUCTKM.

HewnseneyeHHble 5 % — 30 % UMHKa OKa3bIBAKOTCA B OCTATOMHOM MPOAYKTe Bblllena-
YMBAHUA BMECTE C HEPACTBOPUMbIM Xeflie30M, CBUHLOBbLIMU COEANHEHUAMN U NPOYUMU MPU-

MecAMMN.
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MoMumMo eMKOoCTM ONs NepemMelLvBaHusA B Npouecce BbllenadynBaHus Takke npume-
HATCA (ON9 pasgeneHna TBepaon U XUAKOW dpakumim) eMKoOCTU 3aryctutenu/ocseTnvrenn,
a B HEKOTOPbIX Criydasx — Takke ounbTpbl U LeHTpudyrn. ns otaeneHus npoaykToB Bbl-
wenaymBaHua wn (Mnn) obpasyrwmxca KenesocoaepXalwmux OCTaTOYHbIX  MPOAYKTOB,
HanpaBnsieMblX Ha KOHEYHYI YTUNu3auuio, oBbIMHO NPUMEHSAIOTCA BaKyyMHble UNN MeM-
OGpaHHble unbTpbl. CyliecTByeT HECKONbKO BapuMaHTOB AanbHenwen obpaboTkm Takux

OCTaTOYHbIX NPOLYKTOB.
MpsamMoe BbiwenayMBaHue

MMpsmoe BbiwenavmMBaHMe — 3TO NPoLECC, B KOTOPOM cdaneputoBble pyabl Bbillena-
ymnBatoTcsa 6e3 npeaBapuUTENbHOrO OKUCEHUS B 06XUroBon neyn. Ytobbl NoNy4nTb BbICOKMM
BbIXOA LUMHKa, BblllenaynBaHne npoucxoauT Npu BbICOKMX TemnepaTtypax B MPUCYTCTBUM
kncnopoaa. Ectb BapuaHThl peanvsaummn JaHHOro npowuecca npu atMocgepHoM AaBneHuu, a
Takke Npu NOBbILLEHHOM AaBrieHnn B aBToknasax. [na nocneaHmx Tpebytotca 6onee gopo-
roe obopynoBaHue n 6onee ctporne mepbl 6€30NacHOCTM, OAHAKO Npouecc naet boicTpee.

[Mpouecc npsAMoro BbiwenaynBaHns nNpuM aTMOCEpPHOM OaBNEHUN UMEET HEKOTOpbIe
npeMMyLLecTBa N0 CPaBHEHUIO C TPAANLMOHHBIM NPOLIECCOM:

- NPOLLECC MOXET ObITb 3KOHOMUYEH NPK HEBONbLLUNX O6bEeMax 06paboTKu;

- HA3KME KanuTarnbHble 3aTparThl;

- MOXET NMPUMEHATLCS ANS NOBbILWEHNA MPOMEXYTOYHOW MOLLHOCTM ©e3 3HauuTenb-
HbIX BITOXXEHUI B 0GXUIOBYHO NEYb Y CEPHOKUCIIOTHYIO YCTaHOBKY;

- CHXEHHbIE 3KCMyaTaLMOHHble 3aTpaTbl;

- MPOCTOTa yNpaBfeHMs NpoLeccoM (KOHTPOSNUPYIOTCS 3HAYEHUS] KUCMOTHOCTU U CO-
AepXxxaHus xernesa);

- 0YeHb MBKUI nNpouecc, NO3BONSALWNA NPUMEHATb pa3nuyHblie CNOCOoObLl yaaneHus
xenesa;

- BbICOKas CTEeNeHb M3BreveHns Zn;

- HU3Koe noTpebneHne aHepruun: TpebyeTcs He3HaAYUTENbHbIN HarpeB, WU XKe OH
He TpebyeTcs BooOLLE;

- OTCYTCTBYET PUCK B3PbIBOB;

- OTCYTCTBYHIOT BbI6poChl SO2 nnn pacnnaBneHHoOn cepbil.

C Opyrow CTOPOHbI, ECTb TaKXXe HEKOTOPble HeOCTaTKU:

- BbICOKasi ce6eCToMMOCTb Cepbl NpY OTCYTCTBUM CYOCMAMI 1 OTCYTCTBME YyTUNN3aLIMM

Tenna aKk30TepMUYECKON peakumn B Xxoe ooxura;
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- MOMy4eHne OCTaTOYHOW Cepbl, KOTOPYH HeobxoauMO pasmMeliaTb B COOTBETCTBYHO-
LWMX LWNaMOXPaHUmLLaX.

[Mpouecchl NPAMOro BbiLenayYnMBaH1s Bcerga siBnsioTCAa HEOTbEMIIEMOW YacTbio Tpa-
AanunoHHoro RLE-npouecca, n TonbKO He3HauuTemnbHas 4YacTb pyAdbl BbillenaynBaeTcs
HanpsiMyto.

HekoTopble NpeanpusaTusa B pasnuyHbIX CTpaHax BbllenaymBatoT YacTb KOHUEHTpaTa
Hanpsimyto 6e3 ctagmm obxura. poueccbl NPAMOro BbilenavyvMBaHUa Npu atMocdepPHOM
AaBneHumn ocyulectengaTca Ha 3aBogax New Boliden B Kokkone (¢ 1998 roga) n Opge (c
2004 roga) B duHnangum, a takke XKyxoy B Kutae (¢ 2010 roga). Npsimoe BbiwenavymBaHue
nog AaeneHvem 6bino BHegpeHo Ha 3aBoae Korea Zinc B OcHaHe, KOxHaa Kopes (B
1994 rogy). Tam >xenes3o B npouecce BblleraynBaHUa OCTaeTcs B pacTBOpe, a 3aTeM oca-
XOaeTca Ha oTAeNnbHOM 3Tane B BuAe retuta, B To BpeMs kak B Kokkone n Ogae xeneso
ocaxjaeTcs B BuAe Apo3nTa OOHOBPEMEHHO C BbillesiaymMBaHneM cynbdguaos. Ha XKyxoy
Xerneso ocaxaaeTcs B BUae retura.

KoHueHTpaT BMeCcTe C TEXHOMOrMYeCkUM pPacTBOPOM M KUCNOTOW MOCNe dreKkTponmsa
noJatTCa B peakTopbl, rae NpoucxXoauT BhblllenadvMBaHue ¢ npuMmeHeHneM 6apbotaxa BO3-
ayxoMm. OcTaTok pacTBOPEHHOrO Xenesa B pacTBope nocne npeobpasoBaHns U pacTBOpPEH-
HOro Xefnesa U3 KOoHUeHTpaTa ocaxgaeTcs kak apo3uT. CymmapHas peakuusi NnpsiMoro Bbl-

LiernavymMBaHusa U O4HOBPEMEHHOTO OCaXAEHUS APO3NTa MOXET ObiTb BblpaXXeHa C MOMOLLIbIO
doopmynbl:

3ZnS + 3Fe2(S04)s + Na2S0O4 + 9H20 + 1,502 =

2Na(Fes3(S04)2(0OH)e) + 3ZnS0O4 + 3H2S04 + 3S

KoHueHTpaT cepbl oTAENAETCA OT WnamMa nyTeM ¢prnoTauum u XpaHuTcs OTAENbHO OT
AapoauTa. Takaa cepa COOEPXUT 3HAYMTENbHOE KONMMYECTBO NpUMEcei 1 NOANEXUT 3axXopo-
HEHWI0, YTO CTaBUT NPOLIECC NPSAMOrO BbillienavnBaHusl B 3aBUCMMOCTb OT MECTHbIX YCIOBUIA.
MpruMeHsiemoe ob6opyaoBaHue crioxHee o6opyagoBaHMs, 0GbIYHO UCMONb3YEMOro B rMapome-
Tannypruy UuHKa.

Cxema npolecca BblllenavymBaHns, UCNOMb3yoLwero nNpsamMoe BbillenadvBaHue npu

aTMocdepHOM AaBrieHnn, nokasaHa Ha pucyHke 2.5.
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PucyHok 2.13 — Cxema npouecca BbilenavymBaHns ¢ npPUMEHEHMEM NPSIMOro

BblLLenavynBaHuna npu aTMOCCbepHOM AaslieHnn angd noBblilleHna MOLWHOCTU 3aBo4a

Bonee nogpobHoe onucaHne gaHHOro npouecca npueBoamTbca B pabote [10].

2.2.2.4 O4yucTtKa

YnaneHve npumeceit U3 anekTponuTa nepep anekTponvM3oM — 3TO 3aror KayecTsa

LUWHKa, ocaxaatlleroca Ha katogax. OuucTka LMHKCOAEep Kalllero pacteopa npou3BoauTcst

pa3fin4HbiMn cnocobamu ¢ npuMeHeHnemM LMHKOBOIO NnopoLuKa (LI,J'IFI YMEHbLLUEHNA KOHLUEH-

TpauMmM N ocaxaeHusi MeTannmMyeckux npuMmecen) unm aKkcTpakuum pacteoputenem (ans us-

BneYeHmsa 4mctoro pacrteopa ZnSOs). Beibop npumeHseMoro npouecca 3aBUCUT OT KOHLIEH-

Tpauuii coaepKallUnxcs B Cbipbe MeTanos.

2.2.2.5 OyucTKka c NoMoLb XMMUKATOB

OcHoBHble npouecchl XUMUYECKON OYUCTKM BKIKOYaKOT npuMeHeHmne LUMHKOBOIo no-

poLLKa ANdA ocaXaeHus Takux npumecen, kak Cu, Cd, Ni, Co n Tl. Asnasce 6onee Gnaropoa-

HbIMU, YeM LMHK, 3TN NMPpUMECU NIBJIEKAOTCA U NPU nobasneHnn B pacTBoOp Menkoancnepc-

HOrO LIMHKOBOTO MopoLLKa 06pa3yloT MeTannMyeckuii 0caiok 3a cYeT XapaKTepHOW aneKTpo-

XUMUYECKON peakumu:

Me2* + Zn® => Me® + Zn?*,

47



UTC 13-2016

roe Me2* = Cu, Cd, Co, Ni, Tl unu Pb.

Meab 1 KagMuin Nerko ocaxgarTcsl C MOMOLLBIO LIMHKOBOMO nopoLka. OgHako KUHETU-
Ka ocaxaeHusi kobanbTa U HUKENs CIIMLWLKOM HM3Ka ONsi MPOMbILUNIEHHbLIX MPOLECCOB U Tpe-
OyeT 3KOHOMWUYECKN HEBLIFOAHbIX KOMMYECTB LIMHKOBOro nopoulka. [NMoatoMmy ans yganeHus
Co 1 Ni Heob6xoaUMO NpUMEHEHME AONOSNTHUTENBHOrO akTMBMpYoLWero areHTa. Pacnpoctpa-
HEeHHbIMM MpoLeccaMy OYUCTKM LIMHKA ABMNAOTCA TaK Ha3blBaeMble MbILLbAKOBbLIA U CYypbMSi-
HbIh. B 9TMx npoueccax B kadectBe 06aBOK K LIMHKOBOMY MOPOLUKY WMCMOMb3YHTCA MOHbI
As® 1 Sb3* cooTBeTCTBEHHO. [py NCNONb30BaHNM MbillbsKa, HanpuMep, NPOUCXOaUT cre-

AyroLas peakums:
As3* + 2C0%" + 5Zn — 2Co0As + 5Zn?*,

raoe Ni moxeTt 3amewiatb Co.

LINHKOBBIN MOPOLLOK, NCNONb3yEMbIN B NpOLECCe OYUCTKU, OObIMHO NMPOM3BOAUTCH Ha
MeCTe C NPUMEHEHNEM KaTOAHOrO LMHKA, NOfy4aeMoro C nomoLLlbto anektponusa. MNMotpebd-
NeHne UWMHKOBOMO MOPOLUKa pasfnUyHbIMU NPeanpusaTUsSMn U B pasnuyHbIX npoueccax pas-
HOe, U ANns O4YMCTKM mcnonb3yetca oT 1,5 % go 6 % katogos. Ha notpebneHne LMHKOBOMO
nopoLLKa BrUSIET He TOMbKO TEXHONOMMYECKNUA MeToh, HO TaKke KOHUeHTpauus/obbembl
npumecen B obpabaTteiBaeMoM pactBope. HecMoTpsi Ha TO, YTO pasnu4Hblie 3aBoAbl MOTyT
UMeTb pasnnyHble TEXHOIOrMYEeCKNEe CXeMbl, OCHOBHbIE XMMNYECKNE peakumm OANHAKOBbI.

B npoueccax, 0CHOBaHHbIX Ha MbllbsKke, AN AOCTUXKEHUS KeraeMoW KOHLEeHTpaLumm
As B pactBope uncnonbsyetca As203. CornacHo pesyrnbTatam UccrnegoBaHusi, NpoBegeHHOro
Boliden Odda B 2002 rogy Ans LUMHKOBbLIX 3aBOA4OB MO BCEMY MUPY, OMTMMarnbHas KOHLEH-
Tpauma As BapbupyeTcs OT Heckomnbkux Ao 150 mr/n. cxogHbl pacTBOp TPUOKCUAA MblLlb-
sKa MOXeT ObITb NPUTOTOBIIEH C NPUMEHEHUEM, HanpuMep, KayCTUYeCKon Coabl Unun ropsven
BOAbl. B ka4yecTBe npumepa O4YMCTKM HA OCHOBE MblLLbsiKa Ha PUCYHKe 2.6 npuBedeHa ynpo-
LLleHHasa cxema 3Toro npouecca Ha ogHOM 13 3aBogoB. CnefyeT OTMETUTb, YTO CyLLECTBYIOT
N Opyrue BapuaHTbl npouecca Ha OcHoBe AS, npegycmaTpusarowime, Hanpumep, AOMOsHU-

TEINbHYIO NpeaBapuTesribHyto CTaguto yaaneHna meaun.
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PucyHok 2.14 — lNpumep cxeMbl NpoLecca O4YUCTKN, OCHOBaAHHOIo Ha As, aons

yaaneHmsi Co u Ni

UTobbl paboyee MeCTo He 3arpsA3HSANOCh MbILLbAKOM, NP NPUrOTOBNEHUMN UCXOAHOTO
pactBopa As crnegyeT NposaBnsTb OCTOPOXHOCTb M MPUMEHSTb ocoboe obopynoBaHue.
As203 06bLIYHO MOCTaBMSAETCA B MeTannmyeckux 6o4vkax, n ux OMOPOXHEHME, TPaHCNopTU-
poBKa U yaaneHne OOSMKHbI NPOM3BOANTLCA C 0COObIM BHUMaHMEM. [1ns KOHTponsa BblIbGpocoB
NbiNIN BCE onepauumn C coaepkalMmmn 3T0 BELLECTBO BoYkaMm MOXET, Hanpumep, Npon3Bo-
ANTBbCS B MOMHOCTbIO 3aKpPbITOW 30HE, COeAMHEHHOM CO ckpybbepHon cuctemon. lycTble
cTanbHble 604K Nepen OTNPaBKOW HA MeTanoNoM Heob6xoANMO TWAaTEeNbHO OYMLLATb.

M3-3a ncnosnb3oBaHNA B NpoLiecce COOTBETCTBYHOLLMX peakuum CUbHOW BOCCTaHOBU-
TEnNbHOW cpeabl NPOMCcXoanT NoboYHbIE peakunn ¢ obpaszoBaHMEM M BbIOPOCOM U3 peakTo-
poB Hebonblwmnx 06bemoB AsH3 (MbIbSKOBUCTLIN BOoAopoa). UTobbl nsbexate BbIGpoCOB
AsH3 ¢ BO3yXOM 13 BEHTUNALMOHHOW TPYObl, AsH3 (ra3) o6bl4HO okucnsoT go As®t 3a cyet
MOKPOW O4YMCTKM npu nomMoLwmn KMnOas nnn cepHon KUCNoTon. MbllwbsK ynasnneaeTcs U no-
BTOPHO BBOAMTCS B NMPOLIECC B XXNOKOM COCTOSIHUN UK nocrne ocobon obpaboTku.

3atemM MbIlWbSAK BbIBOAUTCS U3 Mnpouecca B BUAE KOMMOHEHTA NOOOYHOro MeAHOro
npoaykTa, KOTOpbIN NpoAaeTca Ha MeaennaBuibHOe NpeanpusaTve Ons u3BnevyeHus metan-
noB. B kayecTBe anbTepHaTUBbI MbILbSK MOXET BbiLenavymBaTbCsl N3 NOGOYHOro NPoayKTa C
NPUMEHEHNEM KayCTUYECKOM COAbl U CTabunuampoBaTbCs B LMKME BbllWenavyvMBaHus Ons
yAaneHusa B OTBas B KA4eCTBe KOMMOHEHTA XXene3ocoAepaLlero oCTaToMHOro NpoayKkTa.

B EBpore npouecc Ha OCHOBE MbllbsiKa NPUMEHSIeTCSA Ha 3aBoge A.

B npouecce Ha ocHoBe cypbMbl Ans gobaBneHuss Sb B TexHonormyeckuin pacTteop

00bI4HO MpUMeHsieTcs TapTpaT cypbMbl. KoHueHTpauns Sb obbl4HO coCcTaBnsieT HECKOMbKO
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Pl/lcyHOK 2.15 — Cxema npouecca O4YnCTkn Ha ocHoBe CypbMbl Ha O4AHOM U3

€BpPOMNeNnCcKMX 3aBoaoB

Ha paHHOM 3aBoge MCXOOHbIN pacTBOp/pacTBOp A03MPOBaHUA OOBOAUTCS OO0 Kpeno-
CcTn okoso 4 r/n Shs + (B BoAe) B CTanbHON LUMNUHOPUYECKON €MKOCTU, U3 KOTOPOW C NOMO-
Wb NOMyaBTOMaTUYECKOro YCTPOMCTBA OMOPOXKHEHUS/A03UPOBAHNA CMbIBAETCHA B KOHTEWN-
Hep Ons xpaHeHust (Mukcep). Hebonbluon KOHTEMHEP MMEeeT BHYTPWU NacTUKOBbLIA MakeT,
cofepXalum TapTpat cypbMbl. MeTann ot onopOXHEHHbIX KOHTEMHEPOB CAAETCHA B MyHULM-
nanbHyK CUCTEMY BTOPUYHOW nepepaboTkn. AMUCCUMM CypbMbl B AA@HHOM MNpouecce HesHa-
YNTENbHbI.

B EBpore npouecc Ha 0OCHOBE CypbMbl MPUMEHAETCS Ha NATU 3aBodax.

B xone o6oumx npoueccoB (Ha OCHOBE MbilbsiKa 1 HA OCHOBE CypbMbl) B peakTopax B
CBSI3N C Hanu4Mem BOCCTaHOBUTENbHOW cpedbl Takke obpasyeTcs Hebomnblloe KONM4ecTBo
razoobpasHoro sogopoaa (Hz), KoTopoe, B CBOKO 0o4epeb, He JOMKHO MPeBbIWAaTbh HUXKHUI
B3pbIBOOMACHbLIN npeaen, 4Tobbl n3bexaTb pucka B3pbiBa/BO3ropaHusa. OTO, €CTECTBEHHO,

co3gaeT HeobxooMMocTb HpMHyﬂMTeHbHOM BEHTUNALNN peaKTopoB ANA NMOCTOAHHOINoO noa-
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AEpXKaHNA HU3KOro YPOBHA KOHLEHTpauun Hz B OTXoAdALWMX rasax. YpoBeHb KOHLEHTpauuu
BOAOPOAA HEMPEPbLIBHO OTCMEXNBAETCA CUCTEMOW aBTOMaTU3MpoBaHHOro npobootbopa.

B cBSA3n ¢ BOCCTAHOBUTENBbHBLIM XapaKTepoM 3TanoB O4NCTKN (obaBneHne LMHKOBOro
nopoLuka) KombuHaums HenpeayCMOTPEHHbIX YCITIOBUN MOXET NPUBECTU K 0bpa3oBaHuIo ne-
TY4UX COeAMHEHUN MbIWbAKa N cypbMbl. COOTBETCTBEHHO, NOCTOAHHO KOHTPONMpyeTCcs COo-
AepXxaHne apcuHa unm ctnbmnHa. OgHaKoO Ha CerofHsWHWA AeHb Ha MHOIMMX 3aBogax Yyco-
BEPLUEHCTBOBANN XapakTEPUCTUKN TEXHONOMMYECKOrO npouecca, YTobbl n3bexaTb onacHbIX
YCIOBWI, CBA3AHHbIX C BO3MOXHbIM 0Bpa3oBaHMeM apCuHa Unu ctTubuHa.

N3-3a pactywmx obbemoB nepepaboTkm BTOPUYHOIO CbipbA BO3HMKAET Heobxoau-
MOCTb BblBOAA M3 pacTBOPOB NMpuMecen Kanbuus, MarHus, xnopa, gptopa u T. 4. CHuxeHue
KOHUeHTpaumm Ca B UMKIe BbllWenadnBaHns SOCTUraeTca nyTeMm yganeHus rmnca m3 pac-
TBOpa. B oTAenbHbIX cnyyasax Ang yganeHus marHug, xropuaa n oTtopnaoB MOXET MpPOBO-
anTbcsa obpaboTka yacTn noToka pacTteopa. HenpepbiBHoe yaaneHne Co 6onee agdekTus-
HO C TOYKM 3pEeHUs MMHMMM3aunn BbIBPOCOB apcuHa, YeM nepuoanyeckoe yaaneHue. KoH-
KpeTHble MEeToAbl YNaBfMBaAHUA U OYUCTKM OTXOAALLMX ra3oB 3aBUCAT OT oOwero npoekTa
(NpeanpuaATUA Ha OTKPbITOM BO3AyXe UMW B MOMELLEHNN), HO MOKpasi O4MCTKA ra3oB 13 peak-
TOPOB C NPUMEHEHNEM OKUCNUTENBHOrO pacTBopa ANa yaaneHus apcuHa, no onblity, bonee
adpdekTnsHa [11].

2.2.2.6 OuncTKa ¢ NOMOLbI XKNAKOCTHOWN IKCTPAKL UM

ONEeKTPONUT Takke MOXHO KOHLEHTPUPOBaTb M O4YMLLaTb NPU NOMOLLM CUCTEMbI XUA-
KOCTHOW pacTBopuTenem, Takon kak MoguduumpoBaHHbIn npouecc ZincexTM. B gaHHOM
npouecce LUMHK CENneKTUBHO W3BMNeKaeTcs B  OpraHuYeckyro asy, Takyl Kak
An(2-atunrekcun) goccopHasn Kucrnota B 0CO60M KepoCcuHe, AN o4McTkn u oboraweHus 6o-
raToro pacrtsopa nocne BbllenaynBaHus. NpuMeHeHne XnaKoCTHOM SKCTPaKLMK O3HaYaeT,
4YTO Apyrve mMeTansibl He NEPEHOCATCA B ANeKTponuT. Kanbuun, MarHum n ranongbl, Hexxena-
TenbHble AN1S 3Tana 3NeKTPOXMMUYECKOro U3BMevYeHnd, Takke uckniovaTced. LInHk 3atem
AecopOMpyOT M3 OpraHMyeckon asbl C NCNONb30BaHMEM OTpaboTaHHOro anekTponuTa no-
cne 9neKTPOXMMUYECKOro M3BneYeHus uuHka [12]. HecmoTpsa Ha TO, YTO LaHHbIA npouecc
NCnonb3yeTcsi, B OCHOBHOM, 4151 NepepaboTky BTOPUYHbIX LIMHKOBbBIX MaTepuanos, Taknx Kak
BenbL-OKCUA, OH TakkKe MOXeT MPUMEHATbCA ANSA KOHLUEHTPUpPOBaHUS cnabbix pacTBOPOB
LUMHKa, obpasyoLmxcs, Hanpumep, NPy BbilwenadnsBaHum OKCUAHBIX Py4 U OYUCTKE LIMHKOBbLIX
pacTBOPOB, MOMYYEHHbIX Nocne nepepaboTkM LUMHKOBbIX/MapraHuesbix 6atapen. OCHOBHbIE
aTanbl 3KCTPAKUMN pacTBOpUTENEM — 3TO IKCTPaKUMSA, MPOMbIBKA, COUPKA U pereHepaums

opraHuku (CM. pUCyHoOK 2.8).
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PucyHok 2.16 — YnpolieHHas cxema MoamduumpoBaHHoro npouecca Zincex™

(3KCTpakums pacTBopuTenem)

BoaHbIA KMCMOTHO-UMHKOBBIN OYULLIEHHBIN NPOAYKT Nocne atana 3KCTpakumm nepepa-
GaTbiBaeTCA B OTAENEHMM BblLENavYMBaHUsA C NpeaBapuUTeNibHbIM yaaneHueM 3axBavyeHHbIX
opraHn4yeckux BellecTB. Hebonblasa 4yacTb HanpaBnseTca B OTAEeNeHWe noaroToBKW pac-
TBOpa 4119 ypaBHOBELLUMBAHNS KOMMOHEHTOB LIMKNA.

TunuyHbIe 3KCMNyaTauMOHHbIE XapaKTepUCTUMKKU: pacxod — 50 M3/u/T nonyyYeHHoro
UnHKa. B Tabnuue 2.1. npuBeaeHbl OaHHbIE MO pacxody peareHTOB M 3HeproHocuTenen B

npoLiecce aKCTPaKLUUM pacTBOPUTENEM.

Tabnuua 2.7 — Pacxoa OCHOBHbIX peareHToB 1 aHeproHocutenen B MoanduvumposaHHoM npouecce

Zincex™
EovHmua name- | MNotpebneHne Ha TOHHY nony-
KomMnoHeHT
peHus YEHHOro LiMHKa
NacCl Kr 16
AKTVBHBIN yronb Kr 0,9
D2EHPA Kr 0,7
KepocuH Kr 8
[emMuHepanu3oBaHHas Boaa m3 3
OIeKTPMYECTBO (3a MUCKI. 9NeKTposivaa) KBT-y 115
NcTouHnk — [13].

TexHONorns XMAKOCTHOM SKCTPaKLNWK:

- MO3BOJIAET CHU3UTb o6pa30|3aHV|e TBEpAbIX OCTAaTO4YHbIX MPOAYKTOB U CTOKOB;
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- obecneymBaeT 3KOHOMUIO SHEPIUM B SMNEKTPONUTMYECKOM MNpoLiecce, Tak Kak npu uc-
Nnonb30BaHUK BGonee YNCTOro ANEKTPONMTa, NOSTYYEHHOrO B MPOLIECCEe XXUAKOCTHOW 3KCTPaK-
U1K, HA BaHHE MOXET MPUMEHSTLCA NOHWKEHHOE HanpsiKeHue;

- IpU TOM Xe YpOBHe npou3soacTtea TpebyeT Bbonee HU3KOM MOLLHOCTU 3MEKTPOXUMMN-
YeCKOro U3BMeYeHus UMHKa, TaK Kak AN OYEeHb YMCTOro 3NEKTPONUTa He HyXXHa O4mncTKa
LIMHKOBOW MbISbHO.

Mo coctoaHmo Ha 2014 rog TONbKO OOWH 3aBOf, PAcnofiOXeHHbIn B Hamubuun, npu-
MEHSAN AaHHbIM npoLecc npu nepepaboTke NepBUYHbIX MaTepuanos. [JaHHoe npeanpuaTue
paboTaeT Ha 0COOOM KOHUEHTpaTe C BbICOKAM COAepXaHMeM MapraHua, 4Yto genaeTt HeBO3-
MOXHOM nepepaboTKy pyabl Ha NPeanpuaTMM CO CTaHAAPTHOM CXEMOW OYMCTKM pacTBopa.
B oaHHOM cny4ae npouecc akcTpakumm no3sonsieT nepepabartbiBaTb pyay MECTOPOXAEHWN C

HWU3KOCOPTHBLIM OKCUOOM LMHKA.
2.2.2.7 dneKkTponus

OuuLleHHbIM pacTBOP Kak Mocrie LemMeHTauMOHHOW OYUCTKKM, Tak M nocre npouecca
3KCTpaKuMn NoCTynaeT B LEeX 3NeKTponusa, rge UUHK nory4arT C NOMOLLBK 3MeKTPOXUMUN-
4YeCKOro N3BreYeHns C CNosib30BaHMEM CBUHLIOBbLIX aHOLOB U antoMUHMEBLIX KaToaoB. LInHK
ocaxjaeTcs Ha KaTtodbl U Aanee nocTynaeT Ha nepennasky, a Ha aHodax obpasyeTcs Kuc-
nopog. B xope npouecca anekTponusa uUMHKa BbiCBOOOXOaeTca cepHasa kucnota. B xoge
npoLecca anekTponusa obpasytoTca BbIOPOCHl aspo30Ms CEPHON KUCIOTbI, AN MUHUMKU3A-
LUUKN KOTOPbIX MOTYT NPUMEHATLCA pasnuyHble YKPbITUS, a Takke neHoobpasyolne peareH-
Tbl. Bo3ayx, noctynatowmm B CUCTEMY BEHTUMALMM U3 LieXa SNEKTPONnN3a, MOXET OYULLLATLCS
OT a’dpo30Msi CEPHOWN KUCMNOTbI, U3 KOTOPOro 3aTeM KOHAEHcupyeTcsa kucnota. Tenno, obpa-
3yloLeecs B Xo4e aMneKkTponmsa, 0TBOAUTCA B OXMNaXAaloLWmii LMK, KOTOPbIN CPOEKTUPOBaH
Ana ontMMmMsaumm BoaHoro GanaHca npouecca, HO MOMyTHO MOXEeT TaKke ABMAATbCA JOMNON-
HUTENbHLIM UCTOYHMKOM BblBpOCa aspo30ris CEPHOM KUCHOThI.

[MonyyeHHbIN UMHK OCaxJaeTcsa Ha antoMUHUEBLIE KaToAbl N yaanseTcs nyTeM CAUPKU
KaToaoB, OcyLlecTBAsieMon ObblMHO pa3 B CyTKW. [N nnaBkm MPUMEHSIIOTCA HU3KOYacCTOT-
Hble MHOYKUMOHHbIE neyn [9]. Hebonbliasa yacTb NOMy4YeHHOro UMHKa npeBpallaeTcs B LMH-
KOBbIM MOPOLUOK UMK Mblflb, UCNOSIb3yeMble Ha CTaanax O4UCTKU. [OpOoLIOK nosnyyalT nyTem
BO3JENCTBNA Ha MOTOK pacrnnaBfieHHOro LUMHKa C NOMOLLbIO BO3Ayxa, BOAbl UNKU MyTeM ero

LIEHTPOOEXHOro pacnbINeHNs], a Takke KoOHAEeHcauMM LMHKOBOro napa B UHEPTHOW aTmocde-

pe.
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2.2.3 NpounsBoacTBO BTOPUYHOIO LIMHKA

BTopuyHbIn nnn nepepaboTaHHbIV UMHK cocTaBnseT npumepHo 30 % oT obuiero o6b-
emMa rogoBoro notpebnennsa umHka B Poccun. Okono 50 % Takoro BTOPUYHOIO LMHKa nepe-
pabaTbiBaeTcs B uBeTHOM MeTannyprum. OcobeHHO 3TO XapaKTepHO AN LUMHKOBaHUSA U Mpo-
M3BOACTBA NaTyHW; NoMm, obpasylowuncsa B pesynbTtate Npou3BoAcTBa Unu nepepaboTku
pasnU4YHbIX NPOAYKTOB, MOXHO nepepabaTbiBaTb NPaKTUYECKN Cpasy Xe.

K octaTouHbIM NpogykTam 1 fioMmam, 3aHMMarLWUM 3HaunTernbHoe MecTo Npu BTOPUY-
HOM NPOU3BOACTBE LMHKA, OTHOCATCS:

- MbIfb, 0BpasyroLwanca npyu NPoM3BoACTBE Mean N MeHbIX CraBoB;

- Wnak, obpasyowminca npu nepepaboTke Meam n CBUHUA;

- OCTaTOYHble NPOAYKTbI NMUTbA NOA AaBMEeHNEM;

- 301a, HWXXHUN U BEPXHUIM OPOCCHI NOCIE LMHKOBaHUS,

- CTapble KpoBeSbHbIE M NPoYMe NUCTOBbIE MaTepuansl;

- (bpakumm UBETHbIX MeTannos, obpasyLlmeca Npyu pasgenke ctapbix aBTomoounen
N OpYyrnx NpoAyKToB, COCTOSALUNX, B OCHOBHOM, U3 CTasnu;

- MbINb, OBpasyroLwanca Nnpy NPOM3BOACTBE CTann B 3NEKTPOAYroBbIX Neyax u npous-
BOACTBE YyryHa;

- OCTaTOuYHble MpPOAyKTbl, 0Bpasyowmecs npu XMMMYECKOM MPUMEHEHUM LMHKA U OT
CropeBLUMX KONECHbIX BaHOaaxewn.

TexHonorna nsBneYeHns LMHKa 3aBUCUT OT (POPMbl U COAEepXaHUA LMHKA, a Takke
CTeneHun 3arpsasHeHns NpoaykToB [9]. Onsg MeTannuyecknx, CMeLlaHHbIX MeTanno-oKCUaHbIX

N OKCMAHbIX NOTOKOB NPUMEHSIIOTCS pa3nnyHble MPOLIECCHI.
2.2.3.1 O6wue npouecchol

MpumensoTCa duanyeckass cenapauusl, nraBka W MpoYMe BbICOKOTEMMNEPATYPHbIE
mMeToabl 06paboTkn. OcTaTtoyHble NpoAyKThbl, 6oraTble LUMHKOM, MPUMEHSAKTCA ANA Npous-
BOZCTBA MEeTan/M4YecKoro LMHKa, LMHKA BbICOKOW YNCTOThI, LIMHKOBbLIX CMMaBoOB, OKCUAa LMH-
Ka unn npogyktoB, 6oraTbiXx OKCMAOM UMHKA. MeTannbl C NpMMecaMU UNun CnnaBbl MOXHO
pacuHMpoBaTb, Hanpumep, B OUCTUMNALUMOHHOM KOJNOHHE, AN NOJSTyYeHUs LMHKa BbICOKON
YNCTOTbI MM BbICOKOCOPTHOrO OKCUAA MU UCMONb30BaTb HANPSAMYK B NpoLecce BTOPUYHO-
ro nseneyeHus. Ecnm npucyTcTBytOT XNOpMAbl UK NpoYKne ranounapl, TO OHM yaansawTca Ao
NonyyYeHns UMHKa rmapomMeTanslyprmiecknm cnocobom m3-3a nx arpecCMBHbIX XapakTePUCTUK
[9], [14].

54



UTC 13-2016

Ha 3aBogax, 3aHMMaloLmxcs BTOPUYHON NepepaboTKon LMHKa, NPOBOAUTCA BU3yarb-
Has npoBepka ANnsa yaaneHnsa HexenaTerlbHbIX NPpegMeToB, TakmX Kak UCNoSib30BaHHbIE U3-
Aenuvst 3 KoXu, nnactuka, Aepesa M cTanbHas NpPoBOJSIOKa, YacToO BCTpevarLwmecs B LMHKO-
BOW M3rapu, nosiydaemon ot notpedutenen. Bce aTu NnOCTOPOHHME NpeaMeThl, OKa3aBLUMecs
B KOHTENHepax C LMHKOBbIM JTOMOM, Heo6xoaMMOo yaansTb.

Hanbonee pacnpocTpaHeHHbIn MeTon (PM3NYEeCcKoro pasgeneHust CMEeLaHHOro Me-
Tannumyeckoro noMa — 3TO MarHUTHasi cenapauus, HanpaBneHHas Ha yaaneHue XenesHblX
npegmeToB. MeToabl py4HOro 1 MexaHU4eCcKoro pasgeneHns NpUMEHSITCS Ang npeaBapu-
TenbHON 06paboTKM MOTOKOB OTXOA0B, TAKMX KaK akKyMyrsaToOpHble 6aTtapeun, pTyTHble namnbl
N opyrve anemMeHTbl 3NeKTPOHHOro 060pya0oBaHNS.

Py4yHoe n mexaHudeckoe pasgernieHve NPUMEHSITCA AN ydaneHus npumecen us
CTaporo LUMHKOBOro sioMa. [1na oTAenbHbIX NPOLECCOB OHO NO3BONSAET N3BMeYb borbluee Ko-
NMYecTBO MeTarnsos.

OtpeneHve TsxxenbiX pakuun u pasgeneHne no nroTHOCTU (NorpyeHue/BcnnbiTue)
00bIYHO MCMOMb3YKTCA Ha NomMonepepabaTbiBaOLWNX NPESNPUATUSX, HO MOTYT BCTpeYaTbCs
N B LBETHOW MeTanmypruu, Hanpumep, npu nepepaboTke noma akkyMynsTopHbIX BGaTapen
ANA u3BneyvyeHus nnactvka. B gaHHOM crnydae pasHuua NAoTHOCTU U pa3MepoB pasnNYHbIX
YacTuL UCMONb3YTCA ANs cenapaumm MeTasnsioB, OKCMOOB MeTarfoB U NIacTUKOBbLIX KOM-
NOHEHTOB B BO4HOW cpefe.

MarHuTHasa cenapauusa Ucnonb3yeTca ANA OTAENEeHUsa YacTul, xernesa Ans CHMKEHUS
3arpsisHeHus cnnaBoB. OBbIYHO ANs 3TOro NPUMEHSIIOTCA HAOIEHTOYHbIE MarHUTbI, YCTaHOB-
NeHHble Ha KoHBenepax. HaknoHHbIM Nog oTpaxaTenbHbIX NeyYen, Ncrnonb3yemMblx Ans rnna.-
KM LUWMHKa, CBMHUA N antoMUHUS, NO3BOMSET ocaxaaTb Ha rnogy KpyrnHogpakunoHHbIE Tyro-
nnaekue npumMmecu (Hanpumep, Xeneso) 1 HanpaensaTb UX Ha AanbHeNLW Yo nepepaboTky.

[BrxyLmnecs anekTpomMarHuTHble nons (BUxpeBas cenapauus) npuMeHsaITca ansa oT-
AerneHvs antoMuHUs OT npoymx maTtepuanoB. B ogHon 3 Bapuwauui gaHHoro metoga OBu-
XyLleecsa 9neKTpoMarHUTHoOe none CNyXuT AN HarHeTaHus pacniaBfeHHOro antoMuUHUS
UNKU MHbIX MeTannoB 6e3 NPAMOro KOHTaKTa Mexay MeTansioM U MexaHu4yeCcKUMU KOMMOHEH-
Tamu.

Opyron meTton cenapauuu npegycMmatpuBaeT npMMeHeHue LBeToBOro, yrnbTpaduone-
TOBOro, UHPaKPaACHOro, PEHTreHOBCKOro, Na3epHOro U3rnyvyeHus, U nNpoYnx aHanornyHbIX
cucTeM OBHapyXeHus B codeTaHUM C MEXaHUYECKUMWN UIU MHEBMAaTUYECKMMUN YCTPONCTBaMU
copTMpoBkn. OHM MCNONB3YKTCHA, Hanpumep, ANa OTAeNeHUs KOMMOHEHTOB HUKENb-
KagMMEeBbIX aKKyMyNaTOpPHbIX GaTtapen OT akkymynsaTopHbix 6atapen gpyroro tvna, M aTu

cnocobbl gopabaTtbiBatoTCA ANS NPUMEHEHUNA B ApYrnx cdepax.
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3ayacTylo XapakTepUCTUKM MPOLIECCOB ABMATCA KOHMMAEHUManbHbIMW, MO3TOMY
HWXE NPUBOAATCA OTAENbHbIE NpUMEpPLI NepepaboTKu:

- 3ona ¢ npegnpuATUA NO LMHKOBAHMIO 3aroTOBOK, NMPOBOSIOKM M TPYyO NoO CyliecTBy
npegcraBnsieT cobon cMecb MeTannM4yeckoro UuHKa n okcnga umHka. lNpucytcreme pasnmy-
HbIX MEeTanIMyecknx COeAMHEHNN CBA3AHO C HanM4YMEM B pacniaBe ropsiyero LMHKOBaHUS
onpeaeneHHbIX Nernpyrowmx afemMeHToB. 30M1a U3MerbyaeTcs B LIapoOBOM MerlbHULE ANs
oTAeneHus cooTeeTcTBYOWMX pa3. Cenapaums JOCTUraeTcs 3a CYeT NPOoayBKU MeSbHULbI
NOTOKOM BO3AyXa AMS BblHOCA HEMETANSIMYECKUX BKITHOYEHUI, KOTOPbIE 3aTEM ynaBfMBatloT-
CS PYKaBHbIM (punbTpoM. B gpyrMx BapuaHTax B MefbHULY BCTpauBaeTCa CUTO, KOTopoe
nponyckaeT Mernkne HemeTannumyeckme opakunm, HO yaepXXMBaeT KpynHble MeTannuyeckue
YacTuupbl. B o6ounx cnyyasx metannuyeckasa ppakums Bbirpy>KaeTca U3 MenbHWLUbI, NNaBUTCS
N OTNMBAETCS B CIUTKN ANS NPOAaxu, NOBTOPHOIO MCMONb30BaHUA UMW AanbHENLWen nepe-
paboTku.

- HwxHnn gpocc (Takke HasblBaeMbll FapTUMHK UITW LUHKOBBIM TEXHUYECKUN LIMHK) —
3TO UMHKOBO-METaNNn4eckass CMecb MHTEpPMETanIMYecknx dasa ¢ HebonbLLIMM KONNYECTBOM
OTAENbHbIX MEeTaNIMYeCcKNX YacTtul, BKNovasa Takke ceuHel. OH obpasyeTcsa B MUKCepax U
pesepByapax, MPUMEHSAOLWMXCA AN1S LMHKOBAHUA NapTUaAMKU 1 HakonneHusi. Ecnun oH He yaa-
NAEeTCs, Ka4YeCTBO LUHKOBOTO MOKPbLITUA CHUXAETCA U MOryT BO3HWKHYTb HamnsibiBbl U LLEPO-
XOBaTOCTM Ha MOBEPXHOCTWU MOKPLITUA, NMOITOMY MCMNOSIb3YOTCA aBTOMaTU4eckne CUCTeMbI
yaaneHus. BepxHun gpocc — 31O CnfaB UMHKa-Xenesa-antoMuHus, obpasyrowmincsa B nNpo-
Lecce HenpepbiBHOMO ropsvero rnyobokoro umMHkoBaHus. BepxHui gpocc (MHaye — Chbem C
NOBEPXHOCTW pacrnasa) U NpoyYne ocTtaToyHble NPOAYKTbl NMUTbS NOA AaBNeHueM copepxaTt
CMEeCb METannM4yeckoro LUuHKa M okcuaa UMHKa ¢ HeGOMbLIMM KONMUYECTBOM XIOPUAOB UMK
6e3 Hux. Bce cxembl nepepaboTkun, ynoMmHaemble Bbille, NMPUMEHSIOTCA MMEHHO ONs 9TUX
mMaTepuanoB. To e caMoe OTHOCUTCH K CTapbiM KPOBESIbHbIM U MPOYUM JNIMCTOBBLIM MaTepu-
anam, a Takke K OCTaTOYHbIM MPOAYKTAM XMMUYECKOrO MPUMEHEHUS LUUHKA WU LUHKOBbLIX
NPOLYKTOB.

- Mpw nocnepoBaTtensHON NepepaboTke OTCAYKUBLUMX TPAHCMOPTHBIX CPEACTB Ha psi-
Ae MenbHUL, o0bpasyloTca U3MernbYeHHble OCTaTOYHble NPOAYKThl. lMocne yaaneHus Heme-
Tannuyeckon pakuumn YacTuubl LBETHbIX MeTasnoB OTAENATCA OT CTanbHbIX YacTuy, ny-
TEM MarHUTHOM cenapauuu. na ganbHenwen ob6paboTkm MCNONb3YOTCA MeTOAbl pasaene-
HUS NO CUNe TSXKECTU, a 3aTeM 4115 NONyYEeHUs UMHKa NPUMEHSAETCS CenekTUBHas nnaeka.

- Mbinb, cogepxawiast UMHK (CMeLUaHHbIN OKCKUA), MOXET 3arpy’KaTtbCs B KITMHKEPHYIO

neyb, rge oCTaBLUMECH rarfioreHbl U CBUHeL oTaensoTca nyteMm Harpesa o 1000 °C. lNocne
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00paboTkn B KNMHKEPHOM neyn ZnO MOXeT Mcnosb3oBaTbcsa 6e3 aanbHeunwen obpaboTkm B
KavyecTBe Cblpbs AN BbINSaBKU LIMHKA.

OcTaTouHble NPOAYKTbI NOABEPraTCa ABYXCTaAUMHOM MNaBke B OTpaXaTeribHOW ne-
4yn, paboTaroLlen Ha rase. Ha nepsom atane npu 340 °C nnaBUTCA CBMHELL, KOTOPbLIA 3aTeEM
BbIrpyXXaeTca 1 pasnuBaeTcd B CNUTKW. Ha BTOpoMm aTane TemnepaTypa MOBbIWAETCsa A0
440 °C v nnaBUTCSH LUMHK, KOTOPbIV TakXe BbIrpyXaeTcs 1 pasnnuBaeTcs B CNUTKN. AnbTepHa-
TMBHbIV NPOLIECC NpeayCcMaTpmBaEeT NpUMEHEHME NOBOPOTHOM NeYn ¢ HenpsambiM 060rpeBom
n nepdopmpoBaHHON BHYTPEHHEN pyTepoBKoW. LIMHK nnaBnTCcsa 1 BbITeKaeT Yyepes pyTepoB-
Ky B nedb-mMuKcep, OTKyga OH pasnuBaeTca B cnuTku. [locne aTtoro Bcerga npoussBoamnTcs

AanbHenwee pavHUpoBaHME.

2.2.3.2 NMpoueccbl N3BNe4YeHUsA BTOPUYHOIO LIMHKA C MOMOLLbIO XXKUAKOCTHOM

3KCTpaKUum

Ctagna XnakoCTHOW 3KCTpakuun HeobxoamMma Ons U3BNeYeHUs UUHKa U3 3arpsasHeH-
HOro0 BTOPUYHOIO Cbipbs, TAKOrO Kak akkyMynsaTopHble 6atapeun. [1poune MCTOYHUKN BTOPUY-
HbIX LMHKOBbIX MaTepuanoB — 39TO MbifIM U BO3rOHbI NMUPOMETANypruieckux npoueccos
(Hanpumep, obpasyoLmecs B MefennaBuibHbIX Nevax, anekTpoayroBbiX nevyax Ans Bbinyc-
Ka cTanu 1 T. A.); NpoLeccoB cropaHnsa (Hanpumep, cxuraHne 6bITOBbIX OTXOO0B, UCMOSMb30-
BaHHbIX LUMH U T. A4.); BTOPUYHbIE OKCUAbI LWHKA, 0bpasyroLmnecs npu BO3roHke, Hanpuvep, B
BenNblU-Neyax unv B NpMMmyc-neyax un 1. g.

Mpn ncnonb3oBaHun Ans 06paboTkM BTOPUYHOrO Cbipbs AaHHble Mpouecchl npeay-
cmaTpmBaloT oboralleHve M OYUCTKY HacCbIWEeHHOro BblllenavvBarolero pacrsopa nytem
XWOKOCTHOW 3KCTpaKuMK NS BblAeneHus n3 LMHKOBOro pacTBopa rafioreHMaoB U MeTansos.
[MONyYeHHbIN OYULLIEHHBIN JNEKTPOSIUT MOXET HanpaBrsaTbCA B TPagUMUMOHHBLIA Mpouecc
3NEKTPOXMMMUYECKOTO N3BMEYEHUS.

OTOT npouecc NPUMEHSNCA Ha HEKOTOPbIX 3aBoAdax B VicnaHun anga u3BnedYeHuns uuH-
Ka U3 BTOPUYHBIX MaTepmanos (Ccenyac Bce 3TU NpeanpuaTua 3akpblTbl). B HacTosdwee Bpe-
Ms (2014 r.) gaHHbIM Npouecc ucnonb3yeTcs Ha 3aBofe B r. Akuta (AnoHna) ana usenede-
HUSA LUMHKa U3 pasfuyHbIX BTOPUYHBIX Matepuanos, coaepXalimx okenabl UuHka. Takke co-
obLanock, YTO AaHHbIN Npouecc byaeT NpUMeEHSTbCA ans obpaboTkm BenbL-OKCcMaa Ha He-
AaBHO COaHHOM B 3KCnryaTauuio npeanpuatum no paduMHMpoBaHuO LMHKa B NopToBecme
(WTanug), n 4To CyLlecTBYET elle OOUH peanu3yemblii aHanorMyHbIN peannu3yemsin B HacTo-

awee spems npoekt B Popect Cutn (CLUA).
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2.2.3.3 Benbu-neun

Benbu-okcna — 910 6oratblil LUMHKOM MPOMEXYTOYHbIV MPOAYKT, UCMOMb3yeMbl B
npoueccax M3BrneyvyeHus UuHKa. Ero nonyyaroT M3 oCcTaToOYHbIX NPOAYKTOB, B YACTHOCTU, U3
NbIIM 3NEKTPOAYroBbIX Nneyen ans npomssoncTsa cranu. MoryT NpuMeHATLCH Benbu-neyn u
neyun ans Bo3roHa Lunaka.

lMpouecc npegHasHavyeH ANs oTAeneHus UMHKa U CBUHUA OT ApYrux maTtepuanos ny-
TEM BOCCTaAHOBIIEHUS, UCNAPEHUS U MOBTOPHOIO OKUCIEHNS LUnHKa 1 ceuHua [7], [9]. Mbinb 3
3NEeKTPOAYroBbIX NeYven, agpyrne matepuanbl, boratble LMHKOM, KOKCOBAs MESoYb U MaTepu-
anbl, cogepxawme CaO, xpaHATCA oTAeNnbHO. [na co3gaHus onTUManbHbIX YCNOBUK MPo-
Luecca sarpyxaemble maTepuarnbl MOXHO YCPeOHATb W rpaHynupoBaTb. 3aTeM OHU Hanpas-
NATCA HEMOCPEACTBEHHO B CUCTEMY 3arpy3kn nedn Unm Ha NpoMexyToyHoe xpaHeHue. [ng
KOHTpOnsi o6bema BOCCTaHaBMMBaOLWMX MaTepuanoB (KOKC) B COOTBETCTBUN C COAEPKAHU-
€M UMHKa B Cbipbe UK gorocax € Lerblo MoyYeHNsa Xernaemoro KayecTtBa Lnaka MoxeT
NpUMEHATbCS ao3upytowee obopyaoBaHme. B 3aBMCMMOCTM OT AOCTUraemMon OCHOBHOCTM
LUnaka CyLLeCTBYIOT HEKOTOpbIEe pa3HOBUAHOCTU npouecca [7], [9].

HopmanbHas pabouvass TemnepaTtypa B Benbu-neun coctasnsetr ot 1200 °C pgo
1400 °C. BHyTpn neun TBEpAble MaTepuarnbl CHayana cywaTcs, a 3aTeM HarpeBalTcH 3a
CYEeT BCTPEYHOro MNnoToKa ropsvero rasa U KOHTaKTUPYKT CO CTEeHKamu, oyTepoBaHHbLIMU Or-
Heyrnopamu. B 3aBMCUMMOCTM OT HaKroOHa, OSfIMHbI U CKOPOCTU BpaLLleHUa cpefHee Bpems
HaxoXaeHus matepuana B neum — oT 4 0o 6 4. B cunbHOM BOCCTAaHOBUTESNBHOW aTMocdepe
TBEpPOOro Cnos LWHK, CBUHEL, U Npoyne meTansbl BocCTaHaBnueatTca. LIMHK n ceuHey ne-
pexoaaT B ras3oByko pasy, a xnopuabl U LWenovm NcnapsarTca BMeCTe C NPOYMMU NeTY4MHU
MeTannamun n anemeHTamu. Tak Kak B neum nmeetcst n3bbITOK BO3gyxa, MeTannmyeckue na-
pbl okncnsTcs. CMellaHHble OKCUAabl BbIXOOAT M3 NeYn BMEeCcTe C TEXHONOrMYecKnmMmn rasa-

MU N OTOENSATCA B CUCTEME ra3004MUCTKN (CM. PUCYHOK 2.9).
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PucyHok 2.17 — TexHonornyeckas cxema BerbL-npouecca

Ha 3aBoge | npumeHsaeTcs TpaanuMOHHBIM OCHOBHOWM BeSbL-npouecc. Ha aTom 3aBoge
LMxTa, COCTOAWAa 13 Nblfn 3NeKkTpoayroson neun n cogepxawasn ot 13 % go 30 % uuHka,
CMeLLMBaeTCs C yrreM M U3BECTblO U 3arpyxaeTcs B BefNbl-Neyvb. JTa nevyb umeeT ANnHY
60 M, BHYTpeHHUN gnameTp — 3,6 M, HaKMoH — 2 % 1 cTaH4apPTHYH CKOPOCTb BpalleHUs —
1 06/mMuH. BHYyTpKn neun TBEpAbI MaTtepuan nepemMmeLLaeTcsa OT 3arpy304HOro oTBepCcTus Ao
BbIFPY3KM 3a CYET BpaLleHUst HAaKITOHHOW MNeuYu.

Mpouecc SDHL (nonyymBLIMM CBOE Ha3BaHWe No damunuam mnsobpetatenen: 3aare,
OunTTpunx, Xawe, JlaHr6anH), npeactaensieT cobon ogHO U3 yCOBEPLLEHCTBOBAHNN OBbLIYHOIO
BenbL-NpoLuecca ¢ UCMob30BaHMEM CUCTEMbI TOMac-Lunaka n gobaBneHnemM B 3aBepLUEHUN
aTana NoBTOPHOIrO OKUCMEHUS Xenes3a, YToObl CHU3UTb pacxon SHEpPrum U NoBbICUTb 00BHEM
Bbinycka umHKa [15]. OH 6bin 3anateHToBaH B 2000 rogy M MOXET MCNONb30BaTbCA Ha cylle-
CTBYHOLLMX Besbl-ycTaHOoBKax. B 0b6bl4HOM BenbL-NpoLecce KOKC 3arpyaeTcs Ha CKOPOCTH,
npeBbILWAloLWLENn CTeEXnomeTpudeckne TpeboBaHns, B pesynbTaTte Yero B LUNake HaxoamTcs
ocTaTouyHbIM KOKC. B npouecce SDHL kokc gobGaBnsieTca cybcTexnomeTpuyeckm (TONbKO
okono 70 % Heob6X0AMMOro KoKca), U YacTb MeTanM4ecKkoro xenesa NOBTOPHO OKUCNSIETCS
B KOHUE ne4yn nytem uenesoro gobaBneHns Bo3gyxa Afs co30aHUSA NOBbILEHHOrO TeXHOMO-
rmyeckoro Tenna.

M3-3a BbICBOBOXOEHUSA SHEPIMM 3@ CHET OKMUCINEHUA Kernes3a Npu HopMasbHbIX YCro-
BMsiX paboTbl He TpebyeTca aononHUTeENbHO f06aBnATb NpupoaHbIA ra3. MNMpouecc no3sons-
€T CHMU3NTb pacxofd KoKcoBon Mernoun o 40 %, goctnyb 6onee BbICOKOro obbema Bbinycka,

OonbLUero n3BnevYeHns LUmMHKa n cHmkeHus sbibpocoB CO:2 [16].

59



UTC 13-2016

PesynbTatbl NnokasbiBaloT, YTO CUCTEMA TOMac-lunaka (nonyyeHHas nytem gobasne-
HUA M3BECTWU K LUMXTE) MO3BONSAET AOCTMYb COKpalleHunsa BbibpocoB MXOO/® npumepHo B
10 pas, umkcaumm B wWnake okono 60 % ¢Topa, a Takke yANMHEHUS CpoKa CryXbbl dyTe-
POBKMW.

Cuctema rasooumcTKkM 0ObIYHO BKITHOYAET OCaAUTESNbHYIO Kamepy AN yaaneHus Kpyn-
HOW Mblfn, KOTOpPas NEPEHOCUTCA MEeXaHUYECKN U 3arpykaeTcs Hanpsamyr obpaTHO B neyb.
Fopsiune TexHONOrMyeckne rasbl OXnNaxaarTcs C NPUMEHEHMEM PasfNUYHbIX KyniepoB NpsiMo-
ro UNn Henpsamoro AencTBud. [nsa BblAENEeHUA U3 OXNaKAEeHHbIX ra3oB Berbl-OKkcuaa npu-
MEHSIIOTCS ANeKTpUYECKne nnu TkaHesble ounbTpbl. MeToabl MMHUMM3AUUK U ynaBinBaHUA
NXa0/® npumeHsitotcs No mepe HeobxoaMmocTu. Ha Benbu-yCTaHOBKaxX B ABYX3TarHOM
npouecce ucnonb3yetcs aacopbeHT, cogepaluin Benbl-OKCUA, JIUTHUT WU aKTUBHbIN
yronb. [Ons MuHUMmM3auum BbIBPOCOB NETYYMX OPraHUYECKUX COEAUHEHUNA MOXET npume-
HATLCA Kamepa OOXUraHuUs.

[Mony4yaembl WNak HEMNpPEpPbIBHO BbIFPY)KaeTCs C KOHUA MeyYn B CUCTEMY BOAAHOrO
oxnaxaeHus. lNocne oxnaxageHnsa u npocenBaHus wWwak npouecca SDHL npumeHsieTca B Ka-
YecTBe CTPOUTENbHOro MaTepuana gnsi NoIMroHOB OTXOAOB M MOXET Takke, nocne ycnewl-
HOro TECTUPOBAHUSA Ha BbllLEeNnavnBaeMoCTb, UCMOMb30BaTbLCH Kak MaTepuan B rpaxagaHCKoMm
CTPOMTENLCTBE, HANpMMep, NPy CTPOUTENBCTBE LOPOT.

LWnak Benbu-npouecca (KNMHKep), NOMyYeHHbIM Npy  nepepaboTke OCTaTOYHbIX MPO-
AYKTOB, 06pasylomnxca npyu NpoM3BOACTBE LMHKA, MOXET nocne gpobneHus nepepabathbl-
BaTbCH BO (prioTaumoHHbIX npoueccax. B pesynbtate doriotauMoHHOro npouecca nosyvarT
YyacTb, boratyo Meabto, KOTOpasi BO3BpaLwaeTca B NeYb ANA NnaBkM Mean unu CBUHUA Ans
n3BrneyvyeHns metanna. 3TOT MeToA NPUMEHSETCS, €CNU eCTb BO3MOXHOCTb Haanexallen
obpaboTkmn xBoctoB (cm. UTC HOT 16-2016 «[opHogobGbiBatowas npoMblLieHHOCTb. O6-
e npoueccbl U MeToabl»). KnuHkep Takke MOXET MCNob3oBaTbCA B NMpoMeTannypruye-
CKMX npoueccax Npon3soacTea Mean HenocpeacTBEHHO.

[Mony4eHHbIN BeNbL-OKCMA MOXET nepepabaTbiBaTbCa HECKONbkMmmn cnocobammn. Oc-
HOBHOW Mpouecc — ropsavyee OpMKeTUPOBaHNE UK CNeKaHue C Lernblo NPoAaXu nosly4eHHo-
ro NpoaykTa LUMHKOBbLIM 3aBOAdaM, WUCMOMb3YHLWMM NUpoMeTannyprmiyecknin cnocob ero no-
ny4yeHus. NMpu BbICOKOM COAEep>KaHUN OKCMAa CBMHLA A5 UCNapeHns CBUHLUA OOMNONHUTENb-
HO TaKke Mcnonb3yetca atan obxura. Tepmunyeckas obpaboTka BenbLU-OKMCU (NpoKanka)
TaKkKe NpUMEHSETCA ANs yaaneHnsa ranioreHoB U OKUCIIEHUS XXenesa 1 CynbUaHON cepbl.

Benbu-okcma Takke MOXHO NpoMbiBaTb BOAOW U kapboHaTtom HaTpusi, bukapboHaTom
HaTpUS UNKU, BO3MOXHO, TMAPOKCMAOM HaTpus B ABYX- UNN TPEX3TanHOM NPOTUBOTOYHOM

npouecce. C nomoLblo 3TMX Ao06aBOK Xropvabl MeTanna MoryT ocaxaaTbcs B Buae kapbo-
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HaToOB WNWU rMapokcuaoB MmeTanna. Nomumo yaaneHusa xnopuaa 3TOT MPOLECC NPOMbIBKU
no3BonseT yaanaTe otopuabl, HaTpUK 1 Kanuu. LLlenovn n3 HacbIWeHHOro pacteopa nocne
nepBoro atana NPOMbIBKA MOXHO yAandTb Ha CTagun Kpuctannmsaumm 1 nonyvatb CONAHON
ocTaToK M beslenodHon koHaeHcat. ConsiHoM oCcTaTok 3axopaHuBaeTcda. KoHaeHcaT MOXHO
nepepaboTtaTtb; B 4aHHOM Crlydae BeCb NPOLECC MOXET OCyLecTBNATbCA 6e3 obpasoBaHus
CTOYHbIX BOA.

B EBpone 6onbluas 4YacTb Benbl-OKCHAa NpPOMbIBAeTCA M ganee nepepabaTbiBaeTcs
Ha 3aBojax, ucnosb3yrLnx npouecc RLE.

Ecnn Bo3amMoXHO obpasoBaHue xnopcogepalunx CTOKOB, NPUMEHSETCA OBYX3TanHbIN
npouecc ¢ nocnenyolwen 04MCTKOM CTOKOB. 10 cpaBHEHMIO C NPOLECCOM MPOMbIBKU U KpU-
cTannusauum npenmyLiecTBa ABYX3TAnHOW MPOMbIBKM COCTOST B HU3KOM MOTpebneHum
9HEPrnn, HU3KNUX ONEePaLMOHHBIX U MHBECTULMOHHbIX U3OepXKax U B OTCYTCTBUM TBEPAOro

OCTaTOYHOro NPoAayKTa.
2.2.3.4 linakoBo3roHKa (hbOMMHIroBaHue)

9T nNpoLecchl Takke UCMOSb3YTCA ONA U3BMNEYEHUA LUHKA U3 OCTaTOYHbIX MPOOYK-
TOB. B nbinn n3 anektpoayroBon neyun, B 6onbLUen YacTy WnakosB npolecca niaBku CBUHLA,
KOMMSMEKCHbIX WnakoB Zn-Cu MmefennaBunbHbIX 3aBOLOB U B APYrMX OCTAaTOYHbIX NMPOAYKTaXx,
o6pasyowmxca B NpoLecce BOCCTAHOBIEHUS LMHKA, COOEPXKAaTCs CBMHEL, U LUHK, KOTOpble
MOryT ObITb NOTEPSAHBI, €CNM OCTaTOYHbIE NPOAYKTbI Aanee He nepepabaTbiBaloTcA. YKasaH-
Hble MaTepuarbl MOryT BO3rOHATLCA B NMPUCYTCTBUU yrrepoaa, Hanpumep B Buae yrnd, ans
N3BMIEYEHUS CBMHLA N UMHKA M pekynepauumn TexHonormyeckoro tenna [9].

[ns gocTuxkeHns 3HadveHun TemnepaTtypsbl, npesbiwatowmx 1200 °C, ¢ uenblo BO3roH-
K1 MeTansnoB ¢ nocnegyrowmum obpasoBaHMEM OKCUOOB, KOTOpbIE Aaree U3BMeKarTca 13 ra-
30B Ha 3Tane punbTpaumn, UCMONb3YKTCA LMKINOHHbLIE NEYn Un nevym KOHBEpPTEPHOro Tuna.
LinknoHHble neun paboTtatoT B aTMmocepe, oboraweHHON KNCopoaoM, HO KOHBepTep pabo-
TaeT npu cybctexmomeTpuyeckon atmocdepe. lNonyyaemoe n3bbiTOYHOE TENNO MCMONbB3Y-
€TCH B KOTNe-yTunusatope v Ans reHepaunmn anekTpoaHepruun. B 3aBucmmocTn ot pesynbTta-
TOB TeCTa Ha BblLenaymBaHMe U C y4eTOM HOPMaTMBHbIX TpeboBaHun obpasyrolmics Lwnak
MOXET MCNOoMb30BaTbCA ANA Lenen rpaxgaHCKoro CTpoMTeSNbCTBa UMM COOPYKEHUA MOSIUIo-
HOB ON151 pa3meLleHnsi OTXOO0B.

Tak coobwaetcq, 4yto neyb Ausmelt/ISASMELT, MHoronogoBas nedb M MOrpy>xHas
nnasMeHHas nedb UCNoNb3ylTCa ANa nepepaboTky cTanennaBunbHON NbifiM, OCTAaTKOB Bbl-

wenadymBaHmnAa n nynbnbl OT MOKPbITUA ONA U3BJNI€YEHUA UMHKA B Ka4YeCTBE aJibTepPHATUBbI
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Benbu-npoueccy [17]. OHn, kak coobliaeTcs, UCNONb3yTCA ANA NPOM3BOACTBA CTanun wm

ApYrux MeTansioB U3 OCTaTKOB B COMETAHUN C BOCCTAHOBUTESNBHOW NeYbio [18].
2.2.3.4.1 MNMpouecc BO3roHKM B NyIa3MEHHOMN 3M1EeKTPOAYroBOM neyun

OTOT NpoLecc BO3roHKN/bIOMUHIOBaHMS MOXET UCMNONb30BaThbCA ANdA nepepaboTku
OKCMAOB MeTasnsioB, coaepXawmxcsa B cobvpaemMon pykaBHbIM (PUMLTPOM MblfIM U3 SNEK-
TPOAYroBbIX NevYen AN BbiNyCcKa CTanvM UM BO BTOPUYHbLIX Martepuariax, Takux Kak KOM-
NMeKcHble Wnaku, cogepxatume UmHK n ZnO. OTK MmaTepuansl No4aTCs B LUMAKOBYIO BaHHY
nnasmMeHHOW OyroBOW neuyu, rae nNpoucxoddT peakuuu, B pesynbTaTe KOTopbiX obpasyeTcs
ZnO. B kayecTBe BOCCTAHOBUTENSA UCMONb3YEeTCA KOKC WM aHanorndHbl matepwan. lNpu
HeobXxo4MMOCTH, B LUMXTY BBOAATCS LWnakoobpasyowme gobaBku. PasnnyHble okcnabl me-
TannoB BOCCTaHaBNUBAKOT B COOTBETCTBUN C paBHOBECUEM, OrpeaeriseMbliM TemnepaTypom
Lnaka u KucnopogHbiM noteHuyuanom [19].

TemnepaTtypa wWwnaka perynupyeTca MOLIHOCTbIO Mfasmbl M cOCcTaBoM LwWnaka. [lo-
Tpebnsemasa MoOWHOCTb cocTtaBndeT okono 1,2 MBT-4/T nogaBaemon nbinn. KucnopoaHbin
noTeHuman perynmpyeTca CKOPOCTbO nogayv B OypMbl KOKCA M NMOTOKA CXWXKEHHOro npu-
poOOHOro rasa.

BoccTtaHoBneHHbIe MeTannbl, TakMe Kak CBUHEL, U LUUHK, BbIXOOAT U3 Nevu B BUAE na-
pOB MeTanna ¢ BbICOKMM AaBrieHnem. OTxogawmm ra3 Ha BbIXO4e U3 nevum uMmeeT TemMnepa-
Typy okono 1300 °C. Otxogswme rasbl NOBTOPHO OKUCASAKOTCA BO3Qyxom, obpasys ZnO u
PbO. Ecnu noBTOpHOE OKUCIEHME NMPOUCXOANUT B MEYUn, OKONO OOHOW TpeTn OT BbipaboTaH-
HOro Tensia MoxeT 6blTb MCMONb30BAHO Ha Harpes LWUMaka, TeM CaMblM YMEHbLUAs pacxof
3Hepruu B nNriasmMeHHoOM reHepaTope.

CteneHb u3BrieyeHuss Zn coctaBnseT okono 92 %, a copgepxaHue ZnO — OKOMoO
88 %.

B Buge nobo4vHoro npogykta nonyyaeTtcs CTabunbHbIA HEPACTBOPUMBINA LWNaK C CO-
aepxaHnem Pb okorno 0,1 %. OcHoBHocTb wnaka (CaO+MgO)/SiO2 coctaBnaeT okoro 1.
LLnak ncnonb3yeTcs Ana pasnuyHbIX Lenen, Hanpumep npy n3rotosneHmm 6eToHa n (unu) B

CTpouTenbCTBE.

2.2.3.4.2 NMpouecc BO3roHKM Ans npousBoacTBa BTOpUYHOro Zno,

obGpasyrowerocsi npu Bbinnaske meau

OTOT MNpouecc, KOTOpbIM ABNAETCH HEOTbEMIEMOM Y4acTbio MedernnaBuilbHOro npo-
uecca, MOXeT 6bITb MCMOMNb30BaH Ans nepepaboTkn OKCMAOB METansnoB, coAepXalimxcs,

Hanpumep, B cobvpaemoi pykaBHbIM (OUILTPOM MbINIM U3 INEKTPOOYIrOBbIX NeYen Ans Bbl-
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nycka ctanu, Unm BO BTOPUYHbLIX MaTepuanax, Takmx Kak KOMMNSeKCHble Lraku u3 megenna-
BUITBHOIO MNpoLecca, cogepXxalwme UnMHK u Megb. LLnak ¢ BbICOKMM cogepXXaHMeM LMHKa ne-
pepabaTtbiBaeTCca B (PbIOMUHI-NEYN, TAe UMHK NEepeBoaAUTCS B ra3oobpasHOe COCTOSIHME C
noMoLLblo kucnopoga un yrnepoga. Obpasyetcs okucb yrnepoga, U NPoucxoamT BOCCTaHOB-
NEeHne oKcmaa UMHKa A0 MeTannyeckoro UmHka.

CteneHb u3BrieyeHuss Zn cocrtaeBnseT okono 85 %, a cogepxaHue ZnO — OKOMo
70 % — 75 %.

LLnak n3 bloMUHr-nevn nepegaeTca B ocaxgarowyo neyb. [locne onpegeneHHoro
nepuoaa BbIOEPXKKM OT LUNaka oTAensdeTcs MedHbl LUTENH, KOTOPbIM BO3BpaLlaeTcs B Me-
AennasunbHyo neyb. OCTaBLUIMNCS LWNaK rpaHynmpyeTcs ¢ o6pa3oBaHMEM XMMWYECKU CTa-
OMNBHOrO XXenesHoro necka, Ybn ApeHaxHble CBOMCTBA MO3BONSAIOT UCMOMb30BaTh €ro B 40-

POXXHOM CTPOUTESNBLCTBE, a TaKkKe NPU CTPOUTENBCTBE 340aHUIA U COOPYXKEHUN.
2.2.3.5 NepennaBka n pachnHMpoBaHue

UNCTbIN N HECMELLAHHbIN BTOPUYHBIN LIMHKOBbLIA NTOM nepennasnsaetca nmbo padunHm-
pyeTca BO BTOPUYHbIE COpTa LMHKA. TakMe npumecu, Kak matepuansl, cogepxawme Al nnm
Fe, ecnn 310 BO3MOXHO, B OCHOBHOM YAansTCcAa nepen niaBKoW MeXaHU4ecKMM cnocobom
Ha aTane cenapauuu. Jlom, cogepxalimim Tyronnaskue npumecu, MoxeT npeaBapuUTenbHO
obpabaTbiBaThCs B cenapauoHHON NaBUbHOM NeYn Ans OTAENEHUs LUMHKa OT MeTarsnsoB C
BGonee BbICOKOW TEMNEpPATYPON NNaBneHuns.

[MnaBneHve B OCHOBHOM BeAeTCs B MHAYKUMOHHBIX neyax. [ocne nnasneHusa cnegyet
aTan cerperauumn v nermposaHus. Ha nepBom aTtane npumecu MoryT ObiTb YACTUYHO WUIK
MOMHOCTBIO yaaneHbl B 3aBMCUMOCTM OT pacTBOPUMOCTM anieMeHTa B pacnnase. [Mpn Heob-

XOAMMOCTM MOTyT [06aBNATLCA NErNPYOLLINE SNIEMEHTHI.
2.2.4 Mpoueccbl NNaBrieHns, nerMpoBaHuUa U fiMTbA LMHKA
2.2.4.1 MNMpouecchbl NfaBneHns U nernpoBaHnsa LUHKa

MnaBneHne n nermpoBaHme 06bIMHO OCYLLECTBISIOT B TUrerbHbIX NeYax ¢ HenpsiMbim
CKUraHMeMm TOMfMBa UNU B MHOYKUMOHHBLIX nedax. TemnepaTypy perynupyloT Takum obpa-
30M, YTOObI rapaHTMPOBAHHO MCKIIOYUTL UCMapeHue UnHKa ¢ obpa3oBaHMeM ra3oBov asbl.
B kauecTBe TONNMBA, Kak MpaBuWIio, UCNOSb3YeTCs ra3 WUnu XXuakoe Tonnueo. a3oBas wnu
HedTsiHasi ropernka MoXeT ObITb pacrnorfioxeHa 3a npegenamu TUMMS, KOTOPbIA HaxoguTcs
BHYTPW HarpeBaTenbHOW KaMepbl, UMK BHYTPU TUMNS B BUAe TpybyaToro oGorpesaTtens ¢ no-

rpyxeHnem B pacnnas [8], [20].
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[Mpsamon HarpeB NPoOMCXOANT B NeYax M NNaBku antoMuHus (MHorga pacnsiaBnieHHbIn
antoMUHUIA 3arpyxatT B LUMHKOBYIO NeYb BMECTO TBepAoro antomuHus). [Npsmon HarpeB Tak-
Xe MPUMEHSAIT AN LUMHKOBbIX NeYen-MukcepoB, KOTOpble pacronaralT Mexay 30Hamu
NMaBK1 U PasnmBKK.

B obounx cnyyaax BaxeH TemnepaTypHbI KOHTPOSb, TaK Kak Temnepartypa npu nutbe
He gorkHa npesBbiwaTb 60 °C ans 60nblWMHCTBA COCTABOB CMNaBOB BO M3bexaHue notepb
meTanna npu yrape. O6bI4HO B KayecTBe J06aBOK MCMONb3YKOTCS TBEPAblE BELecTBa, HO B
HEKOTOPbIX Cry4asax M3 pacrnofioXXeHHOW B HEMOCPEeACTBEHHON 6MM30CTN NNAaBUbHOWM Neyn
aobaensieTca pacnnaBneHHbIN antoMUHUNA.

Ecnn cnnaebl nony4atoT M3 Cbipbsi, COAepXallero npumecu, To ana abcopbupoBaHus
npumecen Tpebytotcs dntockl. CTaHaapTHbIM NIOC COAEPXKUT XNopua UUHKa v (unu) ABOK-
Hble COMM C XINIOPULAOM aMMOHUS; HEKOTOPbIE (PNIHOCHI COCTaBMATCA TakuMm 06pas3om, 4TobbI
UCKMIOYNTb CoaepkaHme ranoreHoB. [pu gobasneHnn Takmx BELWECTB UM BO BPEMST YNCTKU
neym MoryT BO3HMKATb HEOpPraHu3oBaHHble BbIOPOCHI NbINM M ras3oB. dTopuacogep alimne
dniockl B HacTosiLee Bpems Gonblie He UCMOMb3YTCHA, MOCKOMNbKY UX NPUMEHEHNE MOXET
npuBoaMTbL K Bblbpocam rasoobpasHbiXx (PTOpUAHbLIX COeOMHEHUA, KOTOpble Heobxoammo
yaansitTb METO40M MOKPOW OYUCTKMN.

PerynapHo ¢ LMHKOBOW BaHHbl CHUMAIOT TBEpAble OPOCCHI, NpeacTasnsaowme cobon
No XMMUYECKOMY COCTaBYy OKCUA LUMHKa W Xnopua uuHka. Oniocbl 4acTo MCNoSb3yTca Ang
CHWXEeHUs nepexoaa UnHka B gpoccbl. OkMcHasa pakumnsa B gpoccax NOBTOPHO MUCMNOSb3yeT-
cs B neun npouecca Imperial Smelting, nMbo B 06XXMroBon neym B nNpoLecce anekTponmsa
LUMHKa.

Mpn nNnaBke UMHKOBbLIX KaTOO4OB, LMHKOBbLIX CMfaBOB M LMHKOBOrO CKpana nosiyyvyatoT
cnegyoLne NpoMeXyToyHble MmaTepuansi:

- UynHKoBbIN apocc. ObpasyeTcs B nnaBunbHbIX nedax. Coctont na Hakmnu, obpasyto-
LLlencs Ha NOBEPXHOCTU pacnnaBneHHoro Metanna, u CoaepXnT MeTansimyeckmi n OKUCIEH-
HbIV LUMHK. YOanseTcsi C NOBEPXHOCTU BaHHbI MEXaHNUYECKUM CMOCOOOM U BPYUHYIO;

- UMHKCoAepXalme nbinvm u rasel. VX ynaenmBalroT M3 NoToka OTXOAsLEro v3 nna-
BUIbHOW Neyun rasa ¢ NOMOLLbIO ra3004NCTHOrO 06opyaOBaHUS, HaNpUMep, PyKaBHbIX Uib-
TPOB.

B 6onblwMHCTBE Cny4aeB BCe 3TW OCTaTOYHble MPOAYKTbI NnepepabaTbiBalOTCA C Le-

JIbIO N3BJ1EYEHNA LIMHKA.
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2.2.4.2 lmnHKoBOE nNuthbe

MeTtann o6bI4YHO CrMBatOT B MHOMOKPATHO MCMOMb3yeMble NUTENHbIE (POPMbI, KOTOPbIE
N3roTOBIIEHbl N3 YyryHa unu nuton ctanu. NpuMeHsaoT cTaumMoHapHble NUTENHbIE MaLUUHbI
NN KOHBENEpPHble NUTENHbIE MaLUMHbI HEMPEPLIBHOMO AENCTBUS.

CraumoHapHble nuTenHble POPMbl U KOHBENEPHbIE NMUTENHbIE MALUWHbLI MCMOSb3YHTCA
Ansa nonyyvyeHus cnabos u dvywek. MNpy nonydeHnn kataHku, MCNONb3yemMon Ans Npov3BOa-

CTBa NPOBOSIOKM, NPUMEHSAIOTCA MaLUNHbI HEMPEPBLIBHOIO NNTBHS.
2.2.4.3 NMpousBoacTBO LMHKOBOIO NopoLuKa (nycbepbl)

LINHKOBBIN NOPOLUOK MCMNONb3YKT B Ka4ecTBe MaTepuana, NpMMEHSeMoro B Apyrux
NMPOMBILLMIEHHbIX TEXHOMNOMMAX, MO0 B KayecTBe peareHTa A OYUCTKM TEXHOSOMMYECKUX
pacTBOPOB OT npumMmecen. PacnnaBneHHbIn UMHK, Nofy4aeMbli ONUCAHHBIM Bbllle MEeTOAOM,
BMPbICKMBAIOT NOL AaBNEeHUEM 4Yepes3 pacnbiUTenbHyt0 OPCYHKY M 3aTeM BbICTpo oxna-
XOalT B MHEPTHOM aTtmocdepe Ans NOoNyyvyeHus LMHKOBOro nopolwka [9]. Ona nony4vyeHus
LMHKOBOIO MOPOLLKA MOXET TaKKe MCMNOoNb30BaTbCA METOA BO3AYLIHOIo, BOOSAHOIMO UIK LieH-
TPOOEXHOro pacnbifieHns CTPyu pacnnaBfeHHOro uuHka. Nopowok cobupatoT B TKaHEBbIX

unbTpax n HanpaensT B COOTBETCTBYHOLLMIA NPOLECC UMK Ha YyNaKoBKY.
2.3 Kagpmun

2.3.1 NMony4yeHue KagMuUs B paMKax NpoLeccoB Npou3BoACTBa NepBUYHOro

LMHKa

Kagmuin nony4yatoT B BUAe NpoMexyTo4HOro NpoaykTa B npoueccax u3snevyeHus psaa
mMeTannoB. OCHOBHbIMW UCTOYHMKaAMM MOSyYEHUS KagMusa SBNAOTCA NpoLecchl NpOn3BOA-
CTBa UMHKa 1 ceuHua [9].

LlemeHTaT kKagmus, nony4aembli B pe3yrbTaTe OYUCTKA LIMHKOBbIX PacTBOPOB B NPO-
uecce «0ObXur — BbllLeNaynBaHne — anekTpoakcTpakums» (RLE), Takke MOXHO ouyMaTtb
rmgpomMeTannyprmyeckmm cnocobom. Npu 3TOM LemMeHTaT BbllenaynBaeTcs B CEPHOKUCOT-
HyIO cpefy, PacTBOp OYULLAETCH, a KagMUN M3BMEKAETCA 3NEKTPOXMMUYECKMM Crnocobom.
OuuweHHbIM pacTBop ZNSO4 BO3BpaLLAEeTCA B OCHOBHOM LMK NOSTy4YeHUs LnHKa [16].

LlemeHTaT KagMmna Takke MOXHO nepepabartbiBaTb NyTeM NpPeccoBaHUs W MnasrieHns
C cogov Ons yganeHusa uuHka. [Npu HeobxooMMOCTU MOXHO BKMHOYUTE OOMNONHUTENbHbIN

aTan agnctnnnaunn gna nony4vyeHnd KagMmumsa BbICOKOW CTEMNEHU OYNUCTKM.
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Kagmun Takke nssnekawT B BUAE pacTBopa xnopuaa kagMmsa MeToaoM MOHHOro o6-
MeHa. PacTBop HanpaBnsieTcs Ha CMOTaHHyl B 6apabaH LMHKOBYIO NIEHTY BbICOKOrO Kade-
CTBa, MOrPYXEHHYI B pe3epByap, B KOTOPOM HavMHaeTCHa peakumsi obmeHa, no3songoLas
nonyyYynMTb KagMumeByko TyoKy u xnopug uuHka. 'ybka, nonyyeHHast N0 TakOW TEXHONoruu, a
TaKkKe No TEXHOSOrMM NONyvYeHUsa LeMeHTaTa Unu mn3 cynbdaTHbIX pacTBOPOB, pacnnasBngd-
€TCH C XNOoNbsMUN KayCTu4eckomn coabl (rmgpokcmnaa HaTpus) € Lenbio yaaneHus oCcTaBLUerocs
UnHKa. lNMony4yeHHbIn NPOAYKT OTNMBaKOT U NpoatoT, NMbo, B criydae copepXaHus 3Hauu-
TENbHOro KONMYyecTBa npumeceun, OTNPaBnfAlT Ha nocnegywwmin atan pagpuHUpoBaHUA
Kagmusi.

Kagmumn takke MOXHO M3BMeYb U3 NoslydaeMbiX OCTaTOYHbIX MPOAYKTOB B BUAE Kap-
boHara. [1ns 3Toro NpUMEHSAT METOAbI BbileNnavyMBaHNs N 3MEKTPOIKCTPaKLMN.

Ha 3aBogax no nepepaboTke kagMus nosydaembli B paMKax OMUCaHHbIX Bbille Tex-
HOMOMMYeCcKNX NpoLeccoB KagMnn MOXHO NaBuUTb N oTNMBaTb B popMbl. Ecnn kagmun He-
AOCTAaTOYHO OYULLEH, OH MOANEXMT AUCTUNNALUK NPU BbICOKMX TemnepaTtypax. Obpasyto-
LMNCS Npu 3TOM KOHAEHcAT npeacTaBnsieT cobon kaamum ¢ cogepkaHnem npumepHo 1 %
UMHKa, a OCTaBLUMNCA pacnsiaB — BbICOKOKAYeCTBEHHbIN LMHK. [lonyyuBliasaca dpakuyus
KagMuns nNnaBUTCS C KAYCTUYECKOW COO0M N HUTPATOM HaTpUs C Lenblo yaaneHnsa ocTaTo4vHo-
ro LuHka.

Hwxe npencraBneHbl CXeMbl TEXHOMOMMYECKUX MPOLLECCOB ANA MeToLOB MNoslyvyeHus
KagMna Ha OAHOM POCCUMCKOM (PUCYHOK 2.10) M HECKONbKMX 3apybexHbiX NpeanpuaTnax
(pycyHkm 2.11 — 2.15).
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PucyHok 2.18 — Cxema npovecca Npov3BoACcTBa kaamus: 3asog A
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PucyHok 2.19 — Cxema npouecca NnponsBoAacTBa Kagmus: 3asog B
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PacTBop, cogepxawmn ZnSO4
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PucyHok 2.21 — Cxema npouecca nponsBoacTBa kagmus: 3asog D
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PucyHok 2.22 — Cxema npovecca npon3BOACTBa Kagmus: 3asog E
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PucyHok 2.23 — Cxema npouecca npov3BoacTBa kaamusi: 3aBog F

2.3.2 NpounsBoacTBO BTOPUYHOIO KagMuns, B OCHOBHOM U3BIIe4YE€HHOro U3

aKKyMYNATOpPHbIX 6aTapen

D,perM Ba>XHbIM MCTOYHUKOM MOJTy4EHNUA KagMUA ABNAETCA nepepa60TKa MCnoJib30-

BaHHbIX HUKENb-KaAMMUEBBLIX aKKyMynsTOpHbIX GaTapei. CyuiecTByeT ABa Tuna akKyMyns-

TOPHbIX OaTapen: ObiToBble repMeTUYHbIE BaTapen 1 NPOMbILLSIEHHbIE HErepMeTu4YHble ba-

Tapew.

OCHOBHbIMM KOMMOHEHTAMWN OAHHbIX AKKYMYIATOPHbIX 6aTape|7| ABNAKOTCA:

- aHon: Cd;

- katoa: NiOH Ha ctanbHOM ceTke;

71



UTC 13-2016

- MeMbpaHbl U cenapaTopbl: NOSIMMEPHbIE MaTepuarnsl u bymara;

- obonouyka: ctanb M nnacTMmacca;

- anektponut: KOH.

Mpouecc nepepaboTkm COCTOUT N3 TPEX ITAMNOB:

- CopTuposka.

[MpombIWwneHHblIe U ObITOBbIE aKKyMynaToOpHble 6aTtapen Heobxooumo naeHTUULn-
poBaTb U OTCOPTMPOBbLIBATb, YTOObI MMHUMU3NPOBATL KONMYECTBO Npumecen. KayectBo cop-
TUPOBKM ONpeaenseT YNCTOTY u3BrekaeMoro kagMmma n gppakuum NiFe.

- MopgroToBka Kk nepepaboTke KagMus.

Ucrionb308aHHbIE MPOMbIWIIEHHbLIE HE2epMemuYHble akKyMyrnsamopHble bamapeu.
3 NnpOMBbILLNEHHBIX aKKyMYNATOPOB CRMBAOT XUAKWWA TMOPOKCUA Kanus, U pasbupatroT umx
BPY4YHYyl0. BCce copgepxawme kKagMnin geTtanu HanpaensTca Ha guctunnauuio kagmms. MNpo-
Ynme KOMMOHEHTLI (3NeKTponuT, nonmmepsl, Fe n Ni) ngyt Ha BTOpUYHYO nepepaboTky. Pas-
BGopka BbINOMHAETCS B 3aKpPbITOM NoMeLeHnn. BeHTunauusa Bosgyxa ocyLecTBnsieTcs yepes
KacceTHbIN punbTp.

Ucrnonb3o8aHHble bbimosbie 2epMemuyHblie akKymyrnsamopHble bamapeu. BbiToBble
akkyMynsiTopHble 6aTtapen, KoTopble 06bIYHO NPeacTaBnAT cOB60N akKyMynaTopbl OT BbITO-
BbIX 3IEKTPOUHCTPYMEHTOB M NpMBOPOB B MNACTUKOBLIX Kopnycax, 0Obl4HO nogBepratoTcs
MexaHu4eckon obpaboTke Ans OTAEeNeHus nnacTukoBon o6onouvkn. OTAENEHHbIN NNacTuk
naeT Ha NPoM3BOACTBO NacTMace Unu NPoaaeTcs B KA4eCTBe roproyero matepuana.

OcTaBlmeca opraHmyeckme dpakumm n BoAa yAanswTCcs MeTOAOM nuponmsa npwu
TemnepaTtype 400 °C — 50 °C. Llenb npouecca — ncnapeHve BoApl, pasnoxeHue opraHnuye-
CKOM (ppakumMm MeTooOM TEPMUYECKOrO KPEKMHra U ee OTAEeNeHne nyTeMm BbiNapuBaHUSA 13
MeTannuyeckon dppakuumn. OcTtaBluasica MeTannmyeckas pakumns HanpaesngeTcs B npouecc
ANCTUNNALMMN.

[Mponn3 BbINOMHAKOT NPW 3NEeKTPOHarpeBe Unn Harpese nponaHoMm. epen BbiNyCKOM
B aTMocepy oTxogswme rasbl ounbTpytoTCsa. PasnoxeHHble yrneBogoponbl MOXHO 13Be-
KaTb NyTEM KOHOEHCAUUM B BMAE MACNAHUCTbIX BELLECTB, KOTOPblE NPOAATCA B KadecTBe
roprYnX MaTtepuarioB UMK CKUralTCs B KaMepe AOXUraHus ¢ mssneveHnem Tenna. [pwu
NPUMEHEHNN KaMepbl JOXUIaHUA UCNONb3YIOT PasfnyHble MeTOAbl ra3004nCTKN (Hanpuvep,
MOKpPbI CKpyb06ep, pykaBHbIA OUIbTP, aKTUBHbIV YrONbHbIN OUNbLTP).

- Quctunnsauma kagmus.

N3 meTannuyeckon dopakumm M3BreKarT KagMmun mMetogom auctunnauun. [nsa Boc-

CTaHOBIIEHUS OKCMAOB A06aBNAOT BOCCTaHABNMBAOLWMIA areHT (KOKC). OMCTUNNMpOBaHHbIN
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KagMnin umeeT YncToTy 99,95 %. KoHOEHCUPOBaHHbLIN XUOKUA KagMUii MOXXHO obpabaTtbiBaTb
nyTeM NOrpy>KeHMs B BOAY A5 NONTyYEeHUS OKaTbILEN UNN OTNINBATL B YYLLIKW.

OcTtaBlwasacsa metannudeckasn dpakuna cogepxmnt Ni n Fe ¢ o4yeHb HebONbLINM KONK-
yectBoM Cd. Npun HeobxogmmocTn ppakumnio Ni-Fe MOXXHO rOMOreHNM3nMpoBaTb NyTEM MNIIaBKU.

OcTtaTouHyto bpakumto Ni-Fe npogatoT npom3BoANTENSAM HEpPXKaBEKLEN CTasnMW.
2.4 NMpousBoacTBO CBMHLA M ONloOBa

CyuwiecTByeT HECKOsbKO npoLeccoB/KOMOMHAUMIA MPOLECCOB Afsi NPOU3BOACTBA U
nnaBKK CBMHLA WM CBUHLIOBbLIX CNiaBoB. B HacTosLleM nogpasnene npuBoaUTCs XapakTepu-
CTUKa OCHOBHbIX NPOLIECCOB U METOAO0B NPOM3BOACTBA CBMHLIA 1 OfTIOBa MO TEXHOMOMMYECKUM

nepegenam.
2.4.1 NMpumeHsaeMble Npouecchbl U MeToAabl

CBuHeL 1 0NoOBO NPOM3BOAUTCS B OCHOBHOM MyTEM NMpOMeETannypruyeckux npouec-
COB, YTO NpegonpenenseT ucnonb3oBaHne neven. NpomMsBoaCTBO CBMHLA MOXHO pa3fgenntb
Ha npouecchl nepepaboTkM NEPBMYHOIO U BTOPUYHOIO CBUHLA B 3aBUCMMOCTU OT nepepaba-
TbiBaeMbIX Matepuanos. [1naBka NnepBMYHOrO CBUHLA OCHOBaHa Ha npeobGpa3oBaHWM CBWH-
LOBbIX Py Y KOHUEHTPATOB, CMOXHbIX BTOPUYHBIX MaTtepuanoB (KeK CBUHLIOBLIN, Kek kapbo-
HU3NPOBAHHbIN CBUHLOBLIW, MMeT N T.M.) M HEKOTOPbIX YacTen ckpana CBUMHLIOBO-KUCMOTHbIX
aKKyMynsTOpHbIX 6aTtapen (nacTbl MK CETKN) B CbipOM YEPHOBOW CBUHEL, Tpebyowmun ganbs-
Henwen nepepaboTkn. NNaBka BTOPUYHOIO CBMHLIA OPMEHTMPOBAHA B OCHOBHOM Ha nepepa-
BOTKY fTOMa CBUHLOBbIX KUCNOTHbBIX akKKyMYyNSATOPHbIX 6aTtapen, a Takke Apyrnx Bngos TIOMOB
n otxonos?l.

[MpymeHsaemble npoueccbl B page criydaeB MOryT OblTb MAEHTUMYHBIMW AN NAaBKU
NepBUYHOro, BTOPUYHOIO U CMELLAaHHOro cbipba [21]. B gopyrnx cnyyasax BTOpUYHbIE MaTepu-
anbl cenapupyloT U HEKOTOpbIE UX YacTW Takme Kak nacTbl HanpaBnslTCca Ha nepepaboTky
Ha gpyrve npeanpuaTus.

OnoBo MOXeT 6bITb M3BNEYEHO M3 OTXOA0B, MOMYYEHHbLIX B Npouecce Npou3BOACTBa
CBMHLA U BTOPMYHOW MeOU UNN U3 BHYTPEHHUX MOKPbITUI CTanbHbIX GaHOK. Takke 0noso

MOXeET ObITb noJiy4eHo "3 nepBuUYHbLIX pya.

1 Buabl noma n otxonoB onpegeneHbl B FOCT 1639-2009 «Jlom 1 oTXoAbl LBETHbIX METAOB U CNI1aBoB»
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2.4.2 NnaBKka nepBUYHOro CBMHLUA

Ona nepepaboTkn cynbUAHbLIX CBUHLOBbLIX KOHLEHTPATOB NPUMEHMMbI KaK nupome-
Tannypruyeckasd, Tak u rmgpometannypruyeckas texHonorus. OgHako rugpomMeTtannypruye-
ckune cnocoba n3BneyYeHnsa CBUHLA BCNeaCcTBUE TEXHONOMMYECKOro HECOBEPLLEHCTBA HEKOH-
KypeHTOCNOCOOHbI C NMPOMETanypruiyeckMMmn 1 40 CEro BPEMEHU HEe HalNn NPUMEHEHNS B
NPOMBbILLIIEHHOCTH.

Bo3MOXHbI Tpu BMaa nnaBkM CBUHUA U3 CYNbMUOHbLIX KOHLEHTPATOB: peakuMOHHas,
ocagunTenbHasa n BOCCTaHOBUTENbHAA NnaBkKa.

CyuwiecTtByeT ABa OCHOBHbIX NMMpOMETanNypruiecknx cnocoba nponsBoLCTBa CBMHLA
N3 Cynb(UOHOro Cbipbs NN U3 CMELLAHHOIO CbIpbS:

- Arnomepaums nnu crnekaHve/nnaeBka B LWAxXTHOM neyu unm B nedun Imperial Smelting
(ASF).

lMocnegHun 3aBog NO NPSAMOK NNaBKe arnomepara B LWaxXTHOM neyvn 6bin nyweH B EB-
pocoto3e. OTu npoueccbl MOryT BbiTb UCNOMb30BaHbI, Kak AN NaBKM KOHLEHTPATOB, Tak U
Ansi cMeLaHHOro cblpbd. CocTaB LUMXTbl MOXET MEHATLCS B 3@aBUCUMMOCTM OT COCTaBa KOH-
LEHTPaTOB U NX NnpeaBapuTenbHon obpaboTkm, YTO onpeaendeTca BO3MOXHOCTbIO BOCCTa-
HOBIIEHMS N U3BMEYEHUS COMYTCTBYIOLWINX METasnsoB, TakMx Kak UMHK, kKagmui n pTyTb. Oc-

HOBHbI€ KOMIMOHEHTbI CBMHLLOBOIO KOHLIEHTpaTa npunBeneHbl B Tabnuue 2.1.

Tabnwuua 2.8 — CoaepkaHne 0OCHOBHbIX KOMMNOHEHTOB B CBMHLIOBOM KOHLIEHTpaTe

KomnoHeHT CopepxaHue (%) KomnoHeHT CopepxaHue (%)
CsuHew 35-90 Meab 0-5
LnHk 0-15 Hukenb 0-1
Cepa 0-35 Kagmun 0-0,2
[Aunokena KpemHus 0-10 Xpom 0-10
Okeunpg kanbumsa 0-20 MblILbAK 0-5
Okcup xenesa 0-30 PTyTb 0-0,01

NcTtoyHnk — [9].

2.4.3 CnekaHue/nnaBkKa B waxTHou Imperial Smelting ne4ax

Kak nokasaHo B 2.4.2, B EBpOCOIO3€ NMeeTCH TOSbKO OAWNH 3aBo[, KOTOPbIA UCMOMb3Y-
eT nedo ASF ana npomsBoOACTBa UMHKA M CBUHLA U3 CBMHLOBO-LIMHKOBbLIX KOHLEHTPATOB.

WaxTHble n ASF neun Bce elle MCnomnb3ylTca 3a npegenamun EBpocotosa ona nepBUYHON
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NNaBkM CBMHUA. Takke B HEKOTOPbIX CTpaHax MPUMEHSIIOT KOMOWHaUMIO NPSIMOW NaBku U

nnaBku B LWAXTHOW neyn (Hanpumep, B Knutae).
2.4.4 Mpsaman nnaBkKa

B npsmon nnaBke cTagnsa cnekaHusi He NPOBOAUTCA OTAeNbHO. MmeroTcs npouecchl
ncnonb3yLmne NPSAMy NaBKy CBMHLIOBLIX KOHLEHTPaATOB M HEKOTOPbIX BTOPUYHbLIX MaTe-
puanos Ans NpoM3BOACTBA CbIPOro CBMHLA C nonyyvyeHnem wnaka. Crnegywowme npouec-
cbl/Meyn BKMOYAKT MPSAMYIO NnaBkKy M ucnonb3yoT obe B EBpocotose un mupe: Ausmelt /
ISASMELT (BaHHa ne4n, BepxHsisi MOrpyxHas dpypma — KOMbe) UHOrga B COYeTaHun C
waxTHbiMM nevamu; Kaldo (TBRC), QSL (BaHHa neuu), nnaBka BO BpaLLalOLLMNXCHA KOPOTKO-
BGapabaHHbIX neyax, COBMELLEHHbIE MPOLIECCHI N AneKkTponeyb (NpUMeHsieMbl Ans nepepa-
BOTKM MEePBUYHBLIX CBUHLOBbLIX KOHLEHTPATOB COBMECTHO C BTOPWUYHLIMKM Martepuanamm).
Ausmelt / ISASMELT neun n QSL n Bpawatwmecsa kopotkobapabaHHble neun npuHUMaroT
BnaxHyt wunxty, a Kaldo n Kivcet ncnonb3yloT BbICYLUEHHYO WKUXTY [22]. 3TN npoueccsl

npeacraeneHsl B Tabnmuax 2.2. n 2.3.

Tabnuua 2.9 — NepeyeHb NpsMbIX NPOLLECCOB NIIaBKu

CopepxaHne cBuHUA B 5
Mpouecc KommeHTapwui
wnake (%)

Mpouecc QSL <3 AddekTnBHbIN Npouecc. Bos-
MOXHbIW NpoLiecc.

Kusuet 3-5 YcnelwHbin npoLecc.

Ausmelt/ ISASMELT He obpasyetca wnak?) | 3ddekTuBHbIN npouecc. Bos-
MOXHBbI nNpouecc.

Kaldo nnaBka 2-4 OGP EKTUBHBIN NPOLIECC — CMECH
Pb/Cu

Bpawatowascs neys (ko- 2-4 A deKTnBHbIN npouecc. Bos-

poTkobapabaHHas) MO>XHbI NpoLecc.

QnekTponnaeka O D EKTUBHBIN NPOLLECC B LLUMPO-

koM anana3oHe Cu/Pb oTHoLle-

HNA MaTepunanoB

D Ausmelt B Hopaxame ocTaHoBMMna NpoLEecc BOCCTAHOBIEHUS LLUNaKa Nnocne cTaguy OKUCTeHNs

W NpoAdaeT CBUHLOBLIN OKUCNEHHbIM KOHLEHTpaT.

NcTtoyHnk — [9].
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Tabnuua 2.10 — Chlpbe, ncnonb3yemMoe B npoueccax npsiMon nraBku

TexHonorus Cblpbe KommeHTapui
Kaldo npouecc (TBRC) (non- | CBUHLOBbIN KOHLEHTpAT 1 Cyxas wuxTa, nepemen-
HOCTbIO 3aBEpPLLEHHbIN) BTOPUYHbIE MaTepuarbl (BbIC- |HOro coctaBa ANOKCUL,
Lume copTa) cepbl. OnepupoBan B

KOMMNMneKkce ¢ MegHom

nnasKown
QSL CBWHUOBBIN KOHUEHTpAT 1 BnaxHag wunxTa
BTOPUYHbIE MaTepuanbl
KuBueT neyb Cu/Pb koHueHTpaT n BTopud- | Cyxas wmnxra
Hble MaTepuansbl
Ausmelt/ISASMELT neuu CBWHUOBBIN KOHUEHTpAT 1 BnaxHas, rpaHynuposaH-
BTOPUYHbIE MaTepuanbl Hag WuxTa

Bpawwatowascs nedb (kopoT- | Kek CBUHUOBBIN, KEK KapboHU- | BnaxHas wuxTa, kapbo-
kobapabaHHas) 3MPOBaHHbINA CBMHLOBbIW, MET | HU3MPOBaHHAsA

M BTOPUYHbIE MaTepuanbl

QnekTponeyb Cu/Pb koHueHTpaT n BTopu4- | Cyxad wmxTa, rpaHynupo-

Hble Cu/Pb matepuansl BaHHbIE KEKN

Opyrne neuun, Takme kak Shuikoushan (SKS ¢ fOHHbIM OyTbeM) He UCMNOSb3YKTCA B
EBpone, HO npumeHsTCA B Apyrnx cTpaHax. Bo Bcex npsiMmbix NnaBunbHbIX NpoLeccax KoH-
LUeHTpaTbl UM COBMECTHO C BTOPMYHBIMW Matepvanamn CMeLUMBalOTCA C APYrMMKU COCTaB-
NAWUMN WNXTbl U pnrocamm, YTobbl obecneunTb NOCTOSAHCTBO LWKXThI. [NaBHas npakTuka
cocTouT B 0TOOpe Npob, M3yvyeHnss cocTaBa KOHLIEHTPATOB U obecnevyeHne nx xpaHeHus no
OTAENbHOCTU AN NPUroTOBNEHUS ONTMMAanbHOM cMecu Ans nnasku. LLnxTtoBblie cmecn MoryT
ObITb NPUrOTOBMNEHBLI C MOMOLLBIO BEHANHI-CUCTEM C UCMONb30BaHNEM JIEHTOYHbBIX 403aTOPOB
unu cuctem, ukempyrowmx notepu B Bece. OkoH4YaTenbHOe CMeELLeHne N ycpegHeHue ocy-
LLLEeCTBNSAETCA B CMeCUTENsX, rpaHynatopax WUnm TPaHCNOPTUPYIOLMX U O03UPYHOLINX CU-
ctem. Ecnn, ana nnaBunbHoro npouecca TpebyeTca cyxas WmMxTa UCNoNnb3yeTcs ropsyas
cywka. Cywka MOXeT Takke OblTb NPUMEHEHa ONsl YMEHbLUEHUS BRIAXXHOCTU LUMXThI, KOrga
copaepXaHue Bnarv MIMMUTUPOBAHO MNaBuIbHBIM NPOLLECCOM.

Bo Bcex neyax cMellaHHble cynbguaHble KOHLEHTPaTbl U BTOPUYHbIE MaTepuarbl 3a-
rpy>KarTcsl HEMNOCPEACTBEHHO B MeYb U 3aTem nnaBaTcsa M okucnstoTtes. ObpasyeTcss ANOK-
cuAa cepbl, cobupaeTcs, o4nNLLIAeTCa U HanpaBnseTCca Ha NPOM3BOACTBO CEPHOM KUCNOTbI. YT-

nepog (Kokc unu ras) n dniockl JobaBnATca K 3arpyske B nevb. Okcug CBMHLA BOCCTaHaB-
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nMBaeTCs A0 3MEMEHTHOro cBuHUa M obpasyeTcsa wnak. HekoTopoe KONUYECTBO LUWMHKa U
KagMna yneTy4mBaeTCHa M UX OKUCHbl YNaBfMBaKOTCA U NepefarTcs Ha BOCCTaHOBEHWE B
apyroe npomnssoacTso [9].

Bo Bcex npoueccax obpasyeTcsa CBUMHeLCoAepKaLLMIA LWakK, ero cogepxaHme B QSL n
KuBueB npoueccax notpeboBano co3gaHve BOCCTAHOBUTENbHOM 30HbI Neyvu Ons ussnede-
HUSA CBUHLA [0 KOHEYHbIX OOMYCTUMbIX cogepxaHui B wrake. CunukaTtHbid wrak QSL npo-
Luecca aTTecToBaH, Kak KOHCTPYKUMOHHbIN MaTepuan. B Kanbgo-npouecce (Takke U3BeCTHOM
Kak Bpallalonncs BepTUKanbHbI KOHBEPTOP) NPUMEHSAOT ObIOMUHI-NPOLIECC ANs nepepa-
6oTkM wnaka. Ausmelt/ISASMELT neyb moxeT ObITb NpeacTaBnieHa B ABYXCTagUMMHOM pe-
Xnme, ¢ 0aHOM neYvbto (MOPUUOHHO) NN ABE HeNpepbIBHbIE NapannenbHble nevn gns obpa-
6OTKM Wnaka ¢ nonyvYeHnem HeobxoauMbIX KOHAUUUIN. B gpyrom cnyyae, ogHa nedb, MOXeET
ObITb, paboTaTb HENPepbLIBHO ANS NOSTyYeHUs CbIPOro CBMHLA M BoraToro No CBMHUY LUaka
ANsa fanbHenwen ero nepepaboTkm U BOCCTAHOBIIEHMS CBUHLA.

Pekynepauna Tenna n KOHBepCcus ANOKCMAA Cepbl B CEPHYIO KUCMOTY SABMASAIOTCA Takxke
4YacTblo 3TUX NPOLLECCOB. YNpaBreHne npoueccom 6asmpyeTcs Ha U3MePEHNN KOHLIEHTPaLUN
SO2 B oTXoAsLEeM rase u 3To NPUBOANUT K HEKOTOPOW 3aepKKe peakunn B npouecce npouns-
BoACTBa cepHon kucnotbl. CobpaHHas Nbiflb BO3BPALLAETCH B MPOLECC U MOXeT OblTb OTMblI-
Ta UNu BblLLEeNoYeHa ANng yMeHbLleHus ranoreHngos [9].

Bce atu npoueccol TpebyoT onpeaeneHHoro BpemeHmn, 4tobbl 6bITb MOMHOCTBLIO OCBO-
€HHbIMW U Ona OOCTUXKEHUSA NPOEKTHOW MPOM3BOAMTENBbHOCTM U MNoKasaTernen KOHBepCUMW.
Kanbgo npefcrasnsieT cobon aByxcragunHbeln npouecc [21], [23], [7] n xopowo pa3paboTaH-
Hbin (c 1976 roga). QSL n Ausmelt/ISASMELT npouecchl npeogosienn nepBoHayarbHble
TPyAHOCTN N achbdekTnBHO paboTatoT B HacTosilwee Bpems [16]. Ausmelt npouecc B Nepma-
HUM MoXeT paboTaTb C BOCCTAHOBMEHNEM LUMAKa, HO B AENCTBUTEINbHOCTU NPOU3BOAUT Me-
Tannyprmyecknin CBMHLOBbIA OKUCIEHHbIV KOHUEHTpAT aAngd npogaxu. MNevb Knsuet paboTtaet
ycnewHo ¢ 1999 roga [9], [24].

Mpouecc KNBUIT-LIC umeeT psag npeumyllects nepen ApyruMn npoueccamu: BO3-
MOXHOCTb nepepaboTkM MonMMeTansiMyecknx KOHLEHTPaToOB C LUMPOKUM OTHoweHueM Pb:
Zn — ot 0,4 o 14,4 (cogepxaHue CBMHLA B KOHLEHTpaTax MOXeT U3aMeHsTbes oT 12 % go
65 %); BblCcOKOE M3BrieyeHue umHka (0o 78 %); OTHOCUTENbHO HU3KME KanuTaroBrOXeHUs,
Hebonblme rabapuTbl OCHOBHOrO 060pPYyAOBaHUA; HU3KME 3aTpaTbl HA BHYTPEHHUI TpaHC-
nopT; ynydlweHne yCnoBuin Tpyaa B CBA3U C He3HAYMTEelNbHbIM BblIOPOCOM BpEaHbIX ra3os;
BO3MOXHOCTb aBToMaTtm3auumn npouecca. NMpouecc KMBLIT-LIC BknoyaeT cneayrowme no-
crnegoBaTenibHO NPOBOAUMBIE B OAHOM annapaTte CTagun: OOXUr u peakuMOHHYO NnaBKy Uc-

XOOHOTO ChIpbsl B aTMOCdeEpPe TEXHONOMMYECKOro KUCropoaa; yrneTtepMmnyeckoe BOCCTaHOB-
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NeHVe LUMHKa M3 LWMAaKoBOro pacnnasa; BO3rOHKY U KOHAEHCAUMIO LUMHKA N OYUCTKY TEXHOSO-
rMYeCcKux rasos.
Mpogykrtamun npouecca KMBLUIT aBnatoTcst 4epHOBOW CBUHEL,, YEPHOBOM LINHK, LUTENH

(vHOrga), Wwnak, obopoTHas Nbifb 1 rasbl, cogepxatme 40 % — 50 % SO..
Ausmelt / ISASMELT

B 1980-x rogax B ABcTpanuu Obina paspaboTaHa HOBasi TexHonorusi nepepaboTku
CBUHeLCcOoAepXalLMxX MaTtepuanos, OTNUYalWascs oT TpaguuMoHHbIX cnocoboB. OcHoBON
3TOM TEXHOMOMMU ABNAETCA UCMOSNb30BaHNE BEPTUKAITBHON LNNMHOPUYECKoN pyTepoBaHHOMN
neyn ¢ ArMHHOM PYpMON cneumanibHOM KOHCTPYKLUKUK, KOTOpasa BBOAUTCHA CBEPXY Yepes CBOL
ne4vn n nocrne pasorpesa neyvn norpyxxaeTcs HenocpeacTBEHHO B pacnas.

Ha pasHbix aTanax pa3paboTky U OCBOEHUSA NeYn U TEXHONOrMK NNaBKkM UX Ha3biBanu
Isasmelt, Sirosmelt n 3atem Ausmelt. B HacTosiLLee Bpemsi Bce npaBa Ha M3rotToBneHne obo-
pyLOBaHUA U pacnpoCTpaHeHne TeXHONormm nepepaboTkm CBUHeLcoaepXaLlero cbipbs (kak
PYOHOro, Tak U BTOPUYHOrO) MMeeT aBcTpanuuckas komnaHma Ausmelt Ltd (Ocment nu-
MuTaa). NoaTomy ganee nNo TEKCTY M NeYb U TEXHONOIMMS HasbiBatoTca Ausmelt HesaBucmo
OT TOro, KaKk OHa Ha3sblBanacb paHee B NepPBONCTOYHUKAX.

MpuHUUNUanebHas cxema NPoMbILIIEHHbIX neven Ausmelt nokasaHa Ha pucyHke 2.16.

_—TpyGKa (B BEpXHEM NOMNOKEHUH)
‘,—Mexaﬂusm neabLema TpyoKu

TexHonorM4yecKkUin Bo3gyx

Kucnopog —»
MpupogHeIiras —

P B

OTxopAwWwMe raskl )
(Ha cucTeMy rasoo4MCTKM) TexHONOrM4eckWi ras

} ’—'(Ha CUCTEMY ra3o04YMCTKM)
3arpysKa WUXTEI \—D

(rPaHYNMPOBAHHOH) ————————— T

Fopenka—1*
(NpUpoaHbLIA ras)
Tpybka_——1*
(B paGo4em nnnnmenuu]
OTxoaAwWwme rasel SOHT 30HT OTxopAWME rasesl
(Ha cMcTeMY rasco4MCTKM) +— (Ha cMcTeMY rasco4MCTKM)
YepHoBoW CEMHEL
Wnak (Ha oBesmexMBaHKE)

PucyHok 2.24 — Cxema neun Ausmelt

OCHOBHbIMM 0COBEHHOCTAMM KOHCTPYKUUN U pa6OTbI neym ABn4A0TCA:

- norpyHasi pypma ocobom KOHCTpyKumn (nateHT Ausmelt);
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- UMNUHAOPUYECKNIA KOPMyC neyun, pyTepoBaHHbIA N3HYTPU OrHEYnopoM U oxnaxaae-
MbI CHApPYXXW OpOLUEHNEM;

- BBOJ, XXnOKoro unm razoobpasHoro tonnmea u Bosayxa (O2) yepes cdypmy Henocpea-
CTBEHHO B pacnnaBneHHy BaHHy, T. €. IPSIMOW ee Harpes;

- 3arpyska nepepabaTtbiBaemMoro nbifeBUAHOrO UM OKOMKOBAHHOrO mMaTepuana, yrns
UITM KOKCa B BaHHY Yepes 0K B CBOAE Neyu;

- BypHOe nepemelunBaHne BaHHbI ropsAWMMM razamm n3 ypMbl C BCEeCKaMu LUNaka;

- JOXUraHWe neTyynx roproymx KOMMOHEHTOB Ha[ BaHHOW B ra3soBOM MPOCTPaHCTBE
neym c nepegayen 4acTu Tenna oT UX CKUraHUS LWNakKy;

- CMYB MeTanna u waka yepes3 CUOH Unu neTku.

OCo6EHHOCTBIO KOHCTPYKLMN NOTPY>KHON (DYpMbl ABNAETCA YCTAHOBKA BHYTPU HEE He-
NOABWXXHOrO cnupaneBnaHoro Bknagbiwa (Tvna LWHeka), KOTopbI NpuXnmaeT BAyBaemble
TONSIMBO U BO34yX K CTEHKaM pypmbl. [1pn aTOM TONNMBHO-BO3AYyLWHAs CMECb HarpeBaeTcs
BHYTPY OYpMbl 4O BbICOKOW TeMnepaTtypbl, YTO NO3BOMSET YMEHbLUNTb pacxod TOnnvBea U
BO34yXa, a CTEHKN (pypMbl HENPEPBLIBHO OXNaXX4AKTCH M CHapyXu Ha HMX obpasyeTcsa cron
TBepOOoro LWaka, 3awuLaoLwmm ypmy OT KOPPO3Un 1 NOBPEXAEHMUS.

MepepaboTky BTOPUYHBLIX CBUHLOBbLIX MaTepuanos no TexHonorum Ausmelt nposoasT
B OBe CTaguu:. CHayana pacniaBfeHue LWKXTbl, @ 3aTeM BOCCTaHOBUTENbHOE obefHeHue
wnaka. Kaxxgasa ctagusa CoOCTOUT U3 psiia OKUCNUTENbHbIX U BOCCTAHOBUTENbHbBIX peakunn, B
KOTOpbIX Cynbdua, cynbgart MU OoKcua CBMHLA BOCCTAHABMMBAKOTCA OO MeTannmMyeckoro
cBuHua. OCHOBHbIE peakumn Ha 0beunx cTagusix:

Ha | ctaguun kpome peakummn okucneHus cynbsguaa:
PbS + O2 = Pb + SO2
PbS + 1,502 = PbO + SO2

N pacnnaenenns uayT peakumm.

Ha Il ctagun obeaHeHve Wwnaka maoeT NpeuMyLLecTBEHHO 3a CYeT BOCCTaHOBIEHWS
OKCMAa CBMHLA Yriepoaom no peakumu.

Ha obGeunx ctagmsax B BepxHee MPOCTPaAHCTBO Meydn yepes Tpyby konnaka, npucoeau-
HeHHoro k doypme Ausmelt, BBoaNTCSA BO3ayx ANS OOXUraHWsi NapoB CBUHLA, ero cynbduaa
n noboro roproYero NPoaykTa HEMOTHOrO CropaHus Yrnst U YreBO4OPOAOB: OKcuaa yrnepo-
Aa, Bogopoda v netyunx sewecTs. [o 40 % Tenna, BblOAENSOLWErocs npu 3TUX peakumsix,
CHOBAa M3BreKaeTCsl B BaHHY MMeLLYLMMCS LWMaKoM, YTO CnocoOCTBYET YMEHbLUEHUIO pacxo-

[a Tonnuea B npoLiecce.
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dntocbl U BoccTaHOBUTENDb (Yrorb) 3arpyxatoT B Nedb Ha CTaauio pacnnaBreHns BTO-
PUYHBIX CBMHLIOBbBIX Matepuarnos npu temnepatype 1000 °C — 1100 °C. B 3aBucumoctn ot
cogepxaHuna cynbduaa, cynbarta M MeTanM4yeckoro CBMHLUA B LUMXTE Neyb paboTaeT B
BOCCTaAHOBUTESbHbIX, HEUTPASbHbIX UM OKUCANTESbHbBIX YCIOBUSX 3a CYET perynmpoBaHuns
COOTHOLLEHNS LUNXTbI U BOCCTAHOBUTENS M (MNTM) TONNMBA U CXKUratoLLEro KUcnopoaa.

[MonyyatoTca 4YepHOBOW  CBWMHEL, BO3rOHbl W  BbICOKOCBUHLUOBUCTBLIA  LUMAK.
Ha yctaHoBke C ABYMsSI neyamu 4epHOBOW CBUHEL, U LUMAaK BbIBOOAATCA HenpepbiBHO. Lnak
HanpaBnsieTca BO BTOPY Nedb ans obegHeHusa. Ha yctaHOBKe C O4HOM Meybio nocrne 3a-
NOSIHEHMS MeYM 3arpys3ka LIMXTbl MpekpawaeTca U HauynmHaeTCca CTaamsa BOCCTaHOBEHUS
wnaka. YepHoBOM CBMHEL, MOXET BbIBOAUTLCS HENPEPbLIBHO B TEYEHWE NNaBKU UK Nepuo-
ANYECKM B 3aBUCUMOCTM OT YCTPONCTBA CUCTEMbI NepepaboTkn YepHOBOro CBMHLA.

lNnaBka Bo Bpaljarowencs nevym (kopotkobapabaHHon)

lMpouecc nnaBku CBUHeLCOAepXaWUX MaTepuanoB npeacraBnseT cobon OKUCIK-
TenbHO-BOCCTAHOBUTENbHbIV NpoLecc npu TemnepaType 1100-1200 °C ¢ ncnonb3oBaHnem B
KayecTBe (PrntoCOB KanbUWHUPOBAHHOW COAbl, XeSle3HOM CTPYXKU, B Ka4ecTBe BOCCTaHOBU-
Tensa — KOKCOBYHO MeoYb.

[ns HarpeBa pacnnasa MCMNOMb3yeTCA He TOMbKO paguauMoOHHOE Tenmno, HO U Puan-
4yeckoe Tensio CTEHOK Mneuyn, HarpeBaemblx hakenom npu ee BpaweHun. CBuHel n wna-
KOLUTEMHOBBIN pacnfiaB Bcerga HaxogsaTCa B HMXKHEW YacTu nedun no ee gnuHe. Harpetas
CTEHKa MOrpyxaeTcs B pacnnaB M OTAaeT eMy 4YacTb CBOEro Tenna, a BbIXOAdallas U3 Hero
OCTbIBLLAsA CTEHKa BHOBb HarpeBaeTcd pakenom. [MponcxoamT NOCTOSIHHLIM NOL4OrpeB pac-
nnasa M3HYTPU N €ro NnepemelLmBaHue, Heobxoanmasa Temnepartypa nogaepXmBaeTcs npak-
TMYECKN BO BCeM O06beMe Lwiaka, npoLecchl nayT ¢ 6onbLIen CKOPOCTbIO U MEHBLUMM PACXO-
AOM TOMNMBa, a UCMOMb30BaHME KUCNopoda B AyTbe NO3BOSISIET COKPaATUTb 00bEM OTX0oAd-
LLIMX ra3oB M NOTEPU C HAMK Tenna.

lMpouecc, npoTekarOLWwmM B NeYn BO BPeEMS NIiaBKu, OMUCbIBAETCA crnefyowmmMm oc-
HOBHbLIMW peakunsIMu:

1. BoccTtaHoBneHme cBuHUA:

PbS0O4 + Na2COs3 + 3C = Pb + Naz2S + 3CO2 + CO;

PbCO3 = PbO+COg;

PbO + Na2COsz+ C = Pb + Na2O+ CO2+CO;

PbS + Na2COs + C = Pb + NazS + CO2 + CO;

3PbS + 2Na20= 3Pb + 2NazS + SOo..

2. O6pasoBaHue Lnaka:

2PbOxSiO2 + Na2COs3 + C = 2Pb + Na20OxSiO2 + 2CO:a.
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npOﬂ,yKTaMVI nnaBKn ABIAKOTCA. LlepHOBOl‘/'I CBWHEL, BO3rOHbl U HU3KOCBUHLIOBUCTbLIN
Linak. L‘|epHOBOl7I CBMHEL U1 WNaK BbIBOOATCA Nnepmnoamnyeckn, no Mepe OKOHYaHUA npoTeKka-

HNA XUMUNYECKNX peaKLI,VIVI.

AneKTponnaBka

OTOT npoLecc NpUMeHAT Ha 3aBoge Kocaka B AnoHun. CMechb, COCTOSALLYIO U3 LMH-
KOBbIX KEKOB BblLLenaynBaHnsi, CBMHLOBbIX OPOCCOB, MacTbl aKKyMYyNSITOPHbIX GaTapen u
APYrnx BTOPUYHbIX MaTepuanos 3arpyatT B 3J1IeKTponeYb.

lMpouecc anekTponnasky OTAMYaeTca OT APYrnX NMpoMeTansypruyecknx npoueccos
cnocobom HarpeBa LWaka WM 3arpykaeMon B Hero Lwuxtbl. B npousBoacTee BTOPUYHOIO
CBMHLA NPUMEHSAIOT pyaHOTEPMUYECKNE SNEKTPUYECKME MeYn, B KOTOPbIX TENSO BblaenseTcs
HernocpeACcTBEHHO B CMOe XWOKOro Lifaka C BbICOKUM yAeSIbHbIM COMPOTUBIIEHNEM MPU MPOo-
XOXOEHUN Yepes Hero aneKTpMYecKoro Toka, a Takke npu MMKpoayroBoM paspsage B ra3oBomn
hase y NOBEPXHOCTU aneKkTpoda. DNEeKTPUYECKNn TOK NOABOAAT Yepes3 rpadouToBble dek-
TPOAbl MOrpy>XEHHbIE B CNOWN XMAOKOro Wnaka. dnektponeyb obecneynBaet rnybokoe naene-
YeHue CBMHLA U3 LLUNXTbI.

OCHOBHbIMM HeAOCTaTKaMM ANEKTPONEYN ABMASAIOTCS:

- BbICOKMW pacxof AOPOrocTosLLen 9MNeKTPO3HEePruM U 3HavuTenbHas 3aBUCUMOCTb
9KOHOMMYECKMX MoKasaTesierd npousBoAcCTBa OT ee CTOMMOCTWU. PacyeTbl nokasbiBalT, YTO
npUMeHeHWe JNeKTPOonnaBkn Ha 3aBofdax Marion Npou3BOAUTENBHOCTU HeadEeKTUBHO, U
TONbKO NpU NPoM3BOAUTENBHOCTU 3aBoaa 6onee 25 000 T cBMHUA U ero cnNnaBoB B rof Tex-
HOJSIOrMsi CTAHOBUTCS 3(PPEKTUBHON;

- Nepuoanyeckoe NosiIBIieHNEe HaCTbINIEN Ha CTEHKax Meyun, YTo NpMBOAMUT K Heobxoam-
MOCTM MNOBbILEHNA TemnepaTtypbl pacnsiaBa, T.e€.K YBeNUYeHU HenpousBOaUTENbHOIo

pacxofa areKkTPoO3HePruun, aNeKTpoaoB, OrHeYnopoB.
2.4.5 NepBU4HOE 0ONOBO

[MepBn4HOE ONOBO NPOMU3BOAUTCH NMMPOMETAnNNYypPruyeckMMun npoLeccamu, nytem Boc-
CTaAHOBIIEHMEM OKUCIIEHHOW pyabl, Yrrnepogom unu Kokcom. B EBpocotose He npounssogsr
0noBa HENOCPEeACTBEHHO U3 pyAa.

OCHOBHbIM MMHEpPanNoM orfioBa ABNSIETCA KAaCCUTEPUT, NpeacTaBnaloLWmnin cobom okema
onoBa (SnO2). MeHbLlee NpakTU4YecKoe 3HaYeHne MMeEeT APYron MUHepan — CMeLUaHHbIN

cynbdug onosa, meam u xenesa — ctaHHWH (CuzFeSnSs). CogepxaHme onoBa B pydax
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00bI4HO cocTtaenseT 0,1 % — 3 %. Pyabl 0NIOBAHHBLIX MECTOPOXAEHNA MOXHO Noapasaenvtb
Ha POCCbIMNHbIE N KOPEHHBbIE.

PocchinHble MmecTopoXxaeHnsa cogepXaT NpenMyLeCTBEHHO MESIKO3EePHUCTbIE MECKN.
OcHoBHble MeTOoAbl NX pa3paboTkm — aparupoBaHue n gobblva neckoBbiMU Hacocamu. Npu
MeTode gparmpoBaHus 60mbLIne MHOMOKOBLLOBbBIE UM 3EMIIECOCHbIE Apark JoObiBatoT 01o-
BOHOCHYI POCCbINb CO AHA pPeK, NCKYCCTBEHHbIX BOAOEMOB U Jaxe C MOpcKoro AgHa. [dpara
npeacrtasnseT cobon nnaBy4Mii ropHO-oBoraTUTENbHbBIA arperaT, KOTOPbIA BbIMNOMHSET pas-
NNYHbIE NMPOLIECCHI rpaBUTaUMOHHOIO oboraweHns (rpoxoyeHne, OTcagky M KOHLEHTpUpoBa-
HWe Ha cTonax) u, cbpacbiBasi NyCTy0 NOPoAY 3a KOPMY, BblAaeT KOHLEHTpaT KaccuTepuTa.

Mpn pa3spaboTke NecKOBbIMM HacoCaMy MECTOPOXOEHWE CHayana BCKpbIBalOT Mexa-
HUYeCKMMN cpeacTBamMu. 3aTeM MOLLHbIMU BOASIHBIMU CTPYsSIMU ApOBAT pyay M CMbIBalOT ee
B Npea-HakonuTesnb Ha HUXHEeM ypOBHE Kapbepa. [MorpyHou neckoBbI HACOC NogdaeT BOA-
HO-TPSA3EBYI0 CYCMEH3UIO Ha MNPOMbIBHYIO ranepeto, pacrnosioXeHHyt0 Ha 0onee BbICOKOM
ypoBHe. CycneH3uns cTekaeT Mo NPOMbIBHbIM LUMIO3aM, KOTOpble NPeaCcTaBnstoT cobon AnunH-
Hble AepeBsAHHbIE NOTKN. TSXeNbI KacCUTEPUT OcefaeT Ha AHO U nepuoamyeckn otbmnpaer-
Csl ANsl OTCaAKM U KOHLEHTPUPOBAHNA Ha cTonax. [ony4vyeHHbI KOHUEHTpaT KaccuTeputa co-
nepxut 70 % — 76 % onos.a.

Poccbinn 0bbl4HO 3HauMTEnbHO nerde oborallalTca rpaBUTALMOHHBIMU MEeToAamu,
Yem pyabl KOPEHHbIX MECTOPOXAEHUA, OHM He TPpebyloT NPUMEHEHMS OOPOroCTOALWMX Npo-
LueccoB ApobneHuns, namenbyeHus. [lJoBogka YepHOBbIX KOHLIEHTPATOB NErko OCyLeCTBAsSeT-
CSl MarHUTHbIMU, 3NEKTPUYECKUMU U APYTMMU METOOAMMN.

B Poccun okono 95 % onoBa m3BnekaeTca U3 KOPEHHbIX, OObIYHO OYEHb CIOXHbIX U
TpyaHOOBOraTMMbIX, TOHKOBKpAaMNMnEeHHbIX pyd, Tpebywwmx pasBuTbix cxem oboralieHuns,
npMMeHeHnsa donotaumn.

OTaenbHble KOPEHHbIE XUITbHbIE MECTOPOXAEHMS MOTyT pa3pabaTbiBaTbCsl OTKPbIThIM
cnocobom. Ho yalle ucnonb3ytT HaKMOHHYK LWTOMBHIO B KOCOrope, HaKfOHOM KOTOPOM
obecneynBaeTca HenpepbiBHOE APEHMPOBaHWE BOAbl. B HEKOTOpbIX cry4asix Heobxoanm
BepTUKAsbHbIA LWIAaxXTHbIN CTBOS. LLlekoBble ApoBUMIKM M MenbHULbI pa3mernbyaloT Heobora-
LLEHHYO pyay OO0 KpynHOCTM necka. Metoabl AanbHENLWero KOHUEHTPUPOBAHNSA 3aBUCAT OT
Xxapaktepa pyabl.

B cooTBeTCTBUM C BeELLECTBEHHbIM COCTaBOM pyAbl, CBOMCTBAMM BXOAALIUX B Hee
LEHHbIX MUHEPAroOB U MMHEPAsiOB MyCTOM NOPOAbI, @ Takke C NpMMeHseMbiM Ans oboraue-
HUA Pyad NPOLECCOM, KOPEHHbIE OMOBSIHHbIE PyAbl MOXHO KrnaccuduuupoBaTb Ha cregyto-
LLMe OCHOBHbIE TEXHOSOrMYeckme rpynnel: pyabl, oborawaemble rpaBUTauMOHHbBIMM MeTo4a-

MW; pyabl, o6orawjaemble KOMOGMHUPOBAHHBLIMU rPaBUTALMOHHO-(NOTALMOHHLIMU METOAAMM,
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pyabl, oborawaemble KOMOWHUPOBAHHBLIMU PFIOTALMOHHO-TPaBUTALNOHHBIMW  MEeTOAaMW.
B0O3MOXHOCTb NpUMEHEHUsA rpaBUTaLMOHHBIX MeTo40B oboralwleHnss obycrnoBneHa Tem, 4YTo
MUHepanbl orfioBa TaXenee 6GOMbWMHCTBA MUHEpanoB Bmeljawwen nopoabl. Cynbduabl
Xenesa, Mean, CBUHLA U HEKOTOPbIX APYrMX NpuMecen MoryT ObiTb OTAENEHbI OT KaccuTepu-
Ta (pnoTtaumen (MHorga aToT NPOLLECC COBMELLAETCA C rpaBuTaunen n Torga HoCUT Ha3BaHue
drioTorpasuTauun).

[Ons yoaneHns mMarHUTHbIX MUHEPanoB NPUMEHSAIOT MarHUTHYK cenapauuio, a MUHe-
panbl, pe3ko OTNMYalrLmnecs OT KaccuTepuTa no ANeKTPONpPOBOAHOCTU, yAANSAIOT C NOMOLLbIO
anekTpocTtaTnyeckon cenapaumu. CogepxxaHne onoBa B KOHUEHTpaTtax, npegHasHadYeHHbIX
Ans nnaeku, coctaBnsaeT 06bi4HO 40 % — 70 %.

TexHonornyeckasa cxema MeTannypruyeckon nepepaboTKM ONOBSAHHbBIX KOHLEHTPATOB
BKMOYaeT crnefyloLine OCHOBHble nepeaensbl: yaaneHme U3 KOHUEeHTpaToB BpedHbIX npume-
cen 0BXurom, BblLenadmBaHMeM Unu nocnegoBaTenbHbIM OCyLLLECTBNEHUEM 00eunx Ha3BaH-
HbIX onepauumn; BOCCTaHOBUTENbHYIO NNaBKy KOHLEHTPATOB Ha YepHOBOE OSI0BO; paddUHMPO-
BaHWe (OYMCTKY) YEpPHOBOro OfioBa C MosflydeHnemM Mapo4dHOro (T. €. COOTBETCTBYHOLLEro no
COCTaBy cTaHAapTy) meTtanna (pUcyHok 2.17). Kpome nepeymcrieHHbIX onepaumin B TEXHOMO-
MMYECKY0 CXeMy BXOAAT AOMOMHUTENbHbIE onepaunn nNo nepepaboTke NonynpoaykToB Mnpo-
N3BOACTBA: LUMAKOB, Mblfen n ap.

Llenb obxura KOHUEHTPaTOB — YyAarieHne W3 HUX MpUMeCcen MbllbsKa W Ccepbl,
OCMOXHSALLMX Mocnegyowme onepauuun BblwernayneaHmus (ecriv OHO NPOBOAUTCHA Mocne
obxura), nnaskM N papuHNpoBaHUS. MbIWbAK B ONOBSAHHbLIX KOHLEHTpaTax COOepXUTCS
rmaBHbiM o6pa3om B Buae MuHepana apceHonuputa (FeAsS), cypbMma — CTUbHUTa (aHTUMO-
HUTa) Sb2S3, )Xene3o — MHOroYUCreHHbIX CyrbUAOB, BKNOYAA U OfloBocoaepKaliue, a ce-
pa, KpOMe Toro, — B BUAE NUpuUTa 1 Unv NUppoTuHa.

[Mpy 0GXure ONOBSHHBIX KOHLEHTPATOB BO3MOXHO Takke obpasoBaHue HeneTtyqmx
neHtaokcnaoB As20s5 1 Sbh20s, KoTopble 3aTPYAHSAIOT yaaneHne npumecen. [lobasnasa B wmnx-
Ty 0OXura yronb, MOXHO CO34aTb YCMOBUSA OIS BOCCTAHOBMEHWSI NEHTAOKCUAOB Mbilbsika U

CypbMbl A0 NneTy4ynx TonoKCnaoB:

As205 + 2CO — As203 + 2C0O2
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KOHLUEHTPATOB Ha TOBApPHOE OJ10BO
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B 3aBvcumMocCTM OT cocTaBa pyAabl Orapok NoABeprarT npeaBapuTenbHOMY Bblllena-
YMBAHUIO NNN NPSIMOMY BOCCTaHOBIIEHUIO 10 YEPHOBOro OfioBa. B kayecTBe pacTBopuTens B
aToM cny4dae mucnosnb3yrT 30%-Hyto HCI. OnoBsiHHblIE KOHUEHTpaTbl MHOrA4a MOXHO Bbilena-
ynBaTb 6e3 obxura, ecnv oHn cogepxat <1 % (S + As).

B pesynbTaTe BO30eNCTBUS pacTBOPUTENSA PacTBOPAKOTCA OKCUAbl Mean, BoSfibdhpama,
BMCMYTa, CyYpbMbl, MbIlbsKa, OKCMAbI Xene3a W CBMHUA nNepexogaT B Xnopuapl,
T. €. NPOUCXOAAT NPOLECChbl OYMCTKM M OBOralleHnst KOHLeHTpaTa.

Cepy 1 MbIWbSAK yoanawT npy o0Xure 3a cHeT TEpMUYECKON guccoumauunm (pasnoxe-
HUA NoA OEeNCTBMEM BbICOKMX TEMMNepPATyp) N OKUCIeHUs. B pesynbTaTe MbilbsK U cepa BO3-
FOHAIOTCSH B 3rieMeHTapHon hopMe unv B BUae OKCUO0B, codepalleecs B yKa3aHHbIX Bbllle
MuHepanax xeneso nepexoaut B Fe203 unu FesOa.

Ha oTeyecTBeHHbIX NPeanpUATUSAX 0BXUI ONOBAHHBIX KOHLEHTPAaTOB OCYLLECTBISIOT B
MHOronodoBbIx nevax, NMmbo B nevax kmngawero cnos (KC), 3a pybexxom — B OCHOBHOM B
TpybuaTbIX BpaLLaloLWmMXCca neyax.

OnoBsHHbIE KOHLEHTpaTbl 06XuratoT B MHOronogosbix nedax npu 650 °C — 850 °C.
[MoBblWweHMe TemnepaTypbl 0OXura cnocobCTBYET MOSTHOTE OTIOHKA MbllbSKa U Cepbl, HO
MOXEeT NPUBECTWN K CMEKaHWIo nexawero Ha nogax matepmana. Nokasatenn paboTbl 3TUX
neyen: ygenbHas npowvsBoauTenbHocTb 0,15-0,3 T/(M?-cyT), pacxod yrns unu kokca 30—
130 kr Ha 1 T 0GXXMraemoro KoHUeHTparTa.

CteneHb aeapceHunsauumn (yaaneHus mbiwbsaka) — go 70 % — 80 %, a gecynbdypu-
3aumn (yaaneHus cepbl) — o 80 % — 95 %, KOHEYHOE coAepKaHne Kaxaonm nu3 npuMmecen B
000XCKEHHOM KOHUeHTpaTe He 6onee 0,3 % — 1 %. Bbixog 06G0XCKEHHOro KOHUEHTpaTa
(orapka) 80 % — 95 % oOT Maccbl MCXOOQHOro KoHueHTparta. [loTtepu onoBa npu obGxure
0,2 % — 1,3 %.

Mpn 0b6Xxure ONOBAHHBIX KOHLEHTPATOB B TpybyaThbiX BpallaoWmxcs nevax obxurae-
MbIi MaTepman NOCTOSIHHO MepecbhinaeTcs, NO3TOMY TemnepaTypy OOXura MOXHO MOAHSATb
Ao 1000 °C u Bbiwe 6e3 onaceHus obpasoBaHus cnekoB. bnarogapsa aTtomy ygaeTcs nosbl-
CUTb MOSMHOTY OTFOHKU MbIWbSKA U Cepbl, @ B page criydaeB Hapsgy C 9TUMWU MPUMeECAMU
yaanuTb TaKkke MeHee netyyme CBMHEL U BUCMYT.

TexHonornsa obxura ONOBSAHHBIX KOHLEHTPATOB B NeYax KUMsLWEero cnos OCHoBaHa Ha
WHTEHCUBHOM B3aUMOAENCTBMM 0BXMraeMoro matepmana ¢ nepemMeLlairoLlmm ero BO3ayxom.
O6xur B neun KC npounssogsat npu temnepatype 780 °C — 820 °C, co3gaBaeMon 3a cyeT
BblAENeHns Tenna no 3K30TEPMUYECKON peakumMu OKUCHEHUs cepbl unn (B crnyyae maroro
coAaepXaHnsa nocnegHen B KOHUEHTpaTe) 3a cYeT cropaHus yrns, 4obaBnsemMoro B Konude-

ctBe 0o 60—-100 kr Ha 1 T KOHUeHTpaTa.
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MpownssoanTensHocTb neun KC B pacuyete Ha 1 M? nnowaam noaa 3HauyMTenNbHO Bbl-
Le, YeM NPOU3BOAMTENBHOCTL MHOIOMNOAOBOM Neyn, U cocTaBnseT ao 25 1/(m?-cyT). CTeneHb
AeapceHunsauumn gocturaet 75 % — 90 %, cteneHb aecynbdypusaumm 85 % — 98 %.

"a3bl, Bolgensawowmeca npy o6xure onoBsHHbIX KOHLEHTPATOB, OYMLLAIOT MO Cneayto-
len cxemMme: B MNepBYK CTaguilo ynasnnBalT OSIOBOCOAEPXKALLYIO MNblflb B TOPSYEM 3S1EKTPO-
dpunbTpe npn 300 °C (MbIWBAK NPU 3TOM TemMnepaType eLle He KOHOEeHCUpPYeTCH), BO BTOPYHO
CTaguio — MbILLbAKOBbIE BO3rOHbI B MOKPOM 3feKTpounbTpe npu temnepaTtype He Bbille
80 °C — 120 °C (310 Heobxoaumo Ans obecnevyeHnsa MOMHOW KOHAEHCAUUW MbIbSAKa).
YNoBneHHbIE MO TaKOW CXeMe OrfloBsiHHbIE BO3roHbl cogepxat He 6onee 0,3 % — 1 % As, B
TO BPEMS KaK MbILLIbAKOBbIE BO3roHbl cogepxaT 71 % — 73 % As u 9Bng10TCA, MO CYLLECTBY,
TEXHUYECKUM TPUOKCUAOM MblwbsKa (As203).

KoHueHTpaTbl, NocTynatoLwmne Ha nnaeky, 0bbl4HO cogepxart, %: 45—-75 Sn; 1-4 Fe; go
0,1 Pb; po 0,01 Bi; 0,2-0,5 As; 0,1-0,4 S; 0,4-2 WOgs; go 25 SiO2; 0,1-4 CaO; 0,2-3 Al120s.
OnoBo BOCCTaHaBnMBaeTCa U3 KaccutepuTa okcngom yrnepoga yxe npm 500 °C — 600 °C
no cxeme: SNO2 — SNO — Sn, T. e. CHayana Ao HU3LWero okcMaa, a 3aTeMm 4o MeTarnna.

B oTeyecTBeHHOW NpakTMKe BOCCTAHOBUTESNbHYK MNaBKy ONIOBSHHbLIX KOHLIEHTpPaTOB
OCYLLECTBMAT TOMbKO B 3MEKTPOTEPMUYECKMX Mevax, a 3a pybexom — Takke B OoTpaxa-
TenbHbIX, 6apabaHHbIX BpaLLaloLWmMXCa 1 Apyrnx nevax.

OnekTponeyn Ans nnaBkM ONOBAHHBIX KOHLEHTPATOB MMET MOoWHOCTb 350—
3000 kBA npwv nnowaan noga 2—-11 m2. MNnowaab noaa otTpaxaTenbHbIX nedein 24—46 m2.

BoccTtaHoBUTENBLHYO NIaBKy ONOBSAHHbLIX KOHLIEHTPATOB B 3rieKTponedyax u oTpaxa-
TenbHbIX Nevax seayt npu 1150 °C — 1350 °C.

YpenbHaa npou3BOAUTESNIbHOCTb 3reKTponeyer Mo KOHUEeHTpaTy cocTtaBndetr 3—
7 T/(M?-cyT); yOenbHbl pacxon anekTpoaHeprum 800-1200 kBT-u/T. lMpsiMoe u3BreyeHue
OonoBa B YEpPHOBOW MeTansi npyv BOCCTaAHOBUTENbHOM nnaBke coctasBnset 90 % — 95 %;
ocTanbHOEe KONMYECTBO pacnpenensercsa mexagy o60opOoTHbIMU MbIASMUA U LUNAKOM, Hanpas-
ngemMblM Ha PbIOMUHIOBaHME C Lenblo JOU3BNEYEHNS N3 HEro OroBa.

>Kenesncrtble wWakMm BOCCTAHOBUTESNIbLHOM MNAaBKM ONOBSHHbLIX KOHLIEHTPATOB coAep-
XaT, Kak npasuno, He meHee 5 % Sn. Npn pbloMUHIOBaHUN CTENEHb OTIFOHKM OfloBa — [0
90 % — 98 %.

Monyyaembln B pe3ynbTate BOCCTAHOBUTESNBHOW MaBKM ONOBSHHbLIX KOHLIEHTPATOoB U
0OOpPOTHBIX NPOAYKTOB (Mblfien, (PbOMUHI-BO3rOHOB U Ap.) YePHOBOW MeTann coaepxut, %:
93-99 Sn; 0,2-0,5 Fe; 0,2-2 As; no 0,1 S; no 3 Pb; no 2 Cu; oo 3,5 Sb; go 0,4 Bi. YepHoBon

MeTann ouvnMwarT OrHeBblIM UM 3NTEKTPOJIUTUHECKUM pa(*)I/IHVIpOBaHVIeM 0o cnepywulero,
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Hanpumep, coctaBa, %: 99,92 Sn; 0,10 As; 0,009 Fe; 0,01 Cu; 0,025 Pb; 0,01 Bi; 0,015 Sb;
0,01 S; 0,002 Zn; 0,002 Al.

OrHeBoe (peareHTHOe) pauHMpPOBaHME YEPHOBOIO OflI0Ba NPUMEHSIOT B OTEYECTBEH-
HOW M 3apybexHon npakTuke. MeTtoa 3akntodaeTcs B 06paboTke pacnnaBneHHoro metanna
pasnuyHbIMW peareHTamMmn C nocnegoBaTernbHbIM yaarneHuem npumMecen xenesa, Mblllbska,
Mean, CypbMbl, BUCMYTa N CBUHLLA.

XKeneso po cogepxanusa 0,1 % ygansaoT obpaboTkon YepHoBoro onosa npu 350 °C —
450 °C anemeHTapHOM cepon, nepeBogsLlen xeneso B oopmy cynbduga. [ns obneryeHns
CHATUA TAXENbIX Xene3ncTblX CbeMOB B pacnsiaB nocre ob6paboTkm cepon nHoraa BMeLLU-
BatoT npu 500 °C — 600 °C menkun yronb. BennbiBas oH yBrekaeT ¢ cobon coeauHeHus
Xernesa. OQHOBPEMEHHO C Xere3oM yaanseTcs YacTb Mbllbska U Meau.

YpnaneHne wmbiwbsika o cogepxaHma 0,01 % gocturaetcs obpaboTkonm 4epHOBOro
onosa npu 500 °C — 600 °C antoMuHmem, obpasyromM C MbILLbAKOM TYronsiaBkne MHTep-
MeTannuyeckme coeguHeHus. locne paduHUPOBaHMS OT Mbllbska B YEPHOBOM OJlOBE
octaetca go 0,05% — 0,1% anoMuHua. Ero yaansioT XIOpUCTbIM  aMMOHMEM  NpU
300 °C — 320 °C, ucnonb3ys peakumto 2A1 + 6NH4CL = 2A1C13 + 6NH3 + 3Ho2.

OaHOBpEMEHHO C MbILWbSAKOM Npu 0bpaboTke antoMMHMEM yaansieTcsa xeneso Ao co-
aepxaHus He Bbiwe 0,02 %, a Takke 4aCTUYHO Medb U cypbMa (yKa3aHHble NpUMecH, Kak n
MbILLbSK, 0O6pa3ytoT C antOMUHNEM UHTEPMETANNMYECKME COEANHEHUS).

Menb no cogepxaHna He Bbiwe 0,1 % yoansaroT, Kak U xeneso, C NOMOLLbIO 3r1eMeH-
TapHou cepbl. Temnepartypa pacnnasa npu 3Tom coctasngeT 220 °C — 350 °C.

YpaaneHve cypbMbl OCYLLECTBIIAIOT aHanorMyHo ygarneHuio Mbiwbsaka npu 550 °C ¢
nomoLlpto 06paboTkm anomuHnem. Hapsgy ¢ yaaneHnem cypbMbl B 3TOW onepauumn ofioBO
OKOHYaTeslbHO OYULLAEeTCH OT OCTATKOB XKeres3a, Mbllbska U Meau.

YpaaneHne BUcMyTa peareHTHbIM MeTOAOM OCHOBAHO Ha obpasoBaHUM UM UHTEpMe-
TannnMyeckMx COeaUHEeHU C MarHmemMm n HaTtpuem. OTU peareHTbl BMELLMBAKOT B pacnsas rnpu
TemnepaTypax cooTBeTcTBeHHO 380—400 un 240 °C — 300 °C. lNocne CHATUA BUCMYTOBOM
neHbl Npun 280 °C — 350 °C ygansaT C NOMOLLbI XNOPUCTOrO aMMOHUSA OCTaTO4YHbIE MarHUN
N HaTpuh (@aHanorM4yHoO yAaneHuto OCTaTOYHOro antoMuHus). B aTonm onepaumm BmecTe C
BUCMYTOM YAaNATCHA OCTaTKU CypbMbl.

YpaneHve cBuHUa ocHoBaHO Ha peakumn Pb + SnClz = PbCl2 + Sn, naywen cnesa
Hanpaso npu Temnepatype Hmxe 450 °C. BO3MOXHO Takke npsMoe yaarneHue CBuHua U3

4epHOBOro ofloBa 06paboTkon anemeHTapHbIM xriopoM npu 250 °C — 270 °C.
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PeareHTHOe padunHMpoBaHMe onoBa NPOBOAAT B YYryHHbIX UMW CTanbHbIX KOTNAax no-
nycgepudeckon opmbl paboyen emkocTbio (No onosy) 5-45 T, oborpeBaembIx anekTpuye-
CKMM N NPUPOAHBIM ra3oMm.

O6Lwasa nNpoaormKUTENbHOCTb MOSIHOMO LMKMAa peareHTHOro padpuHMpoBaHus OObIYHO
40-80 4, yaenbHasi NPON3BOANTENBHOCTb KOTMNOB Mo onoBy 2—6 T/cyT Ha 1 M3 o6bema. Mps-
MO€e M3BnevYeHne orioBa B Mapo4Hbli meTann coctasnseT 80 % — 90 %, ocTanbHOe 00BO
nepexoguT B CbEMbI U BO3rOHbI.

MnaBky npoBogaT B Hebonblwmnx anektponedax (200-500 kBA) nnn oTpakaTenbHbIX
neyax npu 1300 °C — 1400 °C. PasoBas 3arpy3ka CbeMoB cocTaBnseTr 2-5 T, NpogoSmKu-
TENbHOCTb NNaBkn 3—6 4, yaenbHas NpoM3BOAMTENbHOCTb NeYen Ans nepennaBkn CbeMOB
5-10 T/(m?-cyT).

UepHoBOM MeTansn, noryyYeHHbI B pesyfibTaTe nepennaBkM CbeMOB U BO3rOHOB pa-
PUHMPOBOYHOIO nepegena, obblMHO MCMNONBL3YHT ANA NPOu3BoACTBa cnnasoB (6abobuTos).
LLInak nocne HackilweHns onoBoM ao cogepxaHmna 20 % (4epes 2—8 nnaBokK) HanpaBnsawT Ha
BOCCTAHOBUTENbHYIO MaBKY, 3aMEHSISt €r0 CBEXUM.

BucmyTtoBble chbeMbl (MeHy) nogBepratoT crneumanbHOn nepepaboTke C Lenbk KOH-
LEeHTpMpOBaHus BUCMYyTa. XNopUcTble (CBUHLOBUCTbIE) CbeMbl 00pabaTbiBalOT XUOKUM LMH-
KoM (25 % — 35 % OT Maccbl CbeMOB), LEMEHTUPYIOLLMM U3 HUX OFIOBO N CBUHEL MO peak-

Lumu:
SnCl2 + Zn = Sn + ZnCl2 u PbC12 + Zn = Pb + ZnCl2

ITy onepaunto npoeoaaT npu 400 °C — 480 °C, NnpogormKUTeNbHOCTb ee cocTaBnseT
6—9 4. [lony4eHHbIN ONTOBAHHO-CBUHLIOBLIW CMSiaB HanpaBnAwT Ha paduHUpOBaHUE, N LWH-
KOBUCTbIE CbEMbI — Ha rmapomeTannypruyeckyto nepepaboTky.

B oTeuyecTBeHHON NpakTUKe OCBOEHLI hM3ndeckne mMetoasl paconMHMPOBaHNSA OfioBa —
LEHTPOBEXHbIN U BaKyyMHbIA. [pn LeHTPOBEXHOM pahUHUPOBAHUN XNOKOE OMOBO (hunb-
TpyeTca yepes Crov Kokca nog BO34eNCTBUEM LLEHTPOOEXHbIX CU.

Onepauuto ocywiectensaT npyn 310 °C — 400 °C. B pesynbtate ygaeTtcs OYUCTUTb
4YepHOBOE OSI0BO A0 KOHEYHOro coaepxaHus xenesa He bonee 0,1 %, Mbllbsika — He bornee
0,1 %. B dunbTtpat mnsBnekaetcsa 80 % — 85 % Sn, ocTtanbHOEe KONMYECTBO NepexoamT B
Ccbembl, cogepxatme 50 % — 65 % Sn, 5 % — 20 % Fe, 5 % — 25 % As n HanpaBnsemble
00bI4HO Ha OBXUr BMECTE C ONOBAHHBIMU KOHLEHTpaTamu.

BakyymHoe paduHMpoBaHMe MO3BOSMISET OYUCTUTL OJSIOBO OT JNETy4nx npumecen
(cBMHUa n BMCMyTa) B pesynbTtate 0b6paboTkm yepHoBoro onosa npu 1000 °C — 1300 °C u

ocTatoyHOM AasneHum 13-65 Ma.
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Onepauuio NpoBOAAT B MHAYKUMOHHBIX UMW BaKyyMHbIX 3NIEKTPUYECKMX Neyax Henpe-
PbLIBHOIO OENCTBUA NPOU3BOAUTENBLHOCTLIO A0 20-25 T/cyT. B pesynbTate BakyyMHOro pa-
UHMPOBaAHMA COOEpPXKaHMe CBUHLA B YEPHOBOM OJloBE MOXET OblTb CHWMXEHO ¢ 1-3 o
0,03 % — 0,22 %, a Bucmyta — ¢ 0,1-1,5 go 0,01 % — 0,06 %. MN3Bne4yeHne onosa B pa-
JdomHMpoBaHHbIN MeTann coctasndeT 99,8 %. [NepBUYHbLIM KOHOEHCAT, BbIXOL, KOTOPOro Co-
ctasnseT 4 % — 6 % OT macchbl onoBa, cogepxuTt, %: 15-35 Sn; 40-60 Pb; 6-10 Bi; go 1,5
Sb. Ero nogsepratoT MHOrOKpaTHOM BaKyyMHOMW pas3roHKe C LeNbio AOU3BNEeYeHus onosa u
KOHLIeHTpMpoBaHUA BUCMyTa. ocrne YyeTbipex — NATU Takmx onepawumm MOXHO NOMy4nUTb TO-
BapHbIN KOHAEeHcaT, cogepxawmmn, %, He 6onee: 2—-3 Sn; 65-92 Pb; 7-25 Bi; oo 3—4 Sb; 0,1—
0,2 As, 1 HanpaBnAeMbIN Ha N3BreYeHne BUCMYTA.

B uenom TexHonorma npousBOACTBa OfloBa CrIOXHA, MPaKTUY4ECKN WUHAOMBMAyanbHas
AN Kaxgoro tvna pya n TpebyeT ycoBepLIEeHCTBOBaHMSA NPAKTUYECKN Ha BCEX nepeaenax.

[MpuBeaeHHbIe Bbile TexHonormm oboraweHus, obxura onosocoaepxalwux pya, rua-
po-nupomMeTannypruiyeckne cnocobbl NONyYEeHNs YEPHOBOrO OfloBa M3 KOHLEHTPATOB U €ro
paduHMPOBaHUS He B MOSIHOW Mepe OTBevalT COBPEMEHHbIM BO33PEHUAM Ha TOpPHO-
MeTannyprmyeckme npous3BoacTBa M ONTUMarnbHbIM pPeLUeHNAM 3aKosiormdyeckon 6esonacHo-
CTW.

Y4yeHbIM 1 crneymanucTam npeactouT pewnTb 3T npobnemel B Gnvxaniwumve rogbl 3a
CYeT yBENUYEHNs UCCreAOBaHUN U MHHOBALMOHHbIX Pa3paboTok.

Hwxe npvBoOMM OCHOBHblE HanpasneHusa uccregoBaHun Ans obecnedyeHns pocTta
TEXHUKO-9KOHOMUYECKNX NOoKasaTenen Npon3BoacTBa OfoBa:

- paspaboTka npuHUMNuanbHO HOBbIX PU3NKO-XMMUYECKMX METOAOB oboralieHus Ko-
PeHHbIX pya, obecnedmBalowmx ynpoweHne TEXHONOMMYECKOro LUMKna, NoBbILEHUA M3Bne-
YeHUs U Ka4eCTBa KOHLEHTPaToB;

- COBEpLUEHCTBOBAHME 0OBXMUra OMNOBSHHbIX KOHLEHTPATOB C BbIBOAOM MbllbsAKa B
Ge3onacHble ToBapHble NPOAYKThI;

- NOBbILLEHME KOMIMMEKCHOCTM UCMONb30BaHNA Of0BOCOAEPXKaLLEero Cbipbs C U3Brieye-
HUEM TSKerblX, TYronnaBknux U peakux MeTansos;

- MOBbILIEHNE 3HEProa(mEKTUBHOCTN IMEKTPONMaBkM 3a CYeT perynmpoBaHug
HanpaBneH1s TeNOBbIX MOTOKOB N YBENUYEHNS MEXPEMOHTHOrO npobera neven;

- pa3paboTka HOBbIX HEMpPEpPbIBHbIX CNOCOBOB TEPMUYECKOrO paddMHMPOBaHMS OfOBa;

- pa3paboTka BbICOKOTEMMEPATYPHOrO BbILLENa4YMBaHNA KOHLEHTPATOB U OrapKos;

- MOUCK HOBbIX BbICOKO3((PEeKTMBHbIX 06nacTen MCnonb30BaHNA OfloBa U 3aMeHy ero B

TpaaAUUMOHHBLIX Buaax npoayKunun.
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2.4.6 NpousBoacTBO BTOPUYHOIrO CBUHLA M OfloBa

Mpun NpPoM3BOACTBE BTOPUYHOIO CBMHLA M OfI0Ba MOXET ObITb MCMNOSb30BaH LLUMPOKMIA
Kpyr MaTepuanoB. OTOT NepeyeHb MOXEeT BKMYaTb CBUHEL/0NOBOCOAEPKALLMIA APOCChI, 30-
Mbl, WTEWHbl, OTXOAbl M LWNaK C LUMPOKUM AMana3oHOM cocTaBnstowmx. Jlom nMcToBOro
CBMHLA M OTNMBOB Takke MOXeT ObiTb MCMonb3oBaH. TeM He MEHEe CBMHLIOBO-KUCIOTHbIE
aKKyMynsiTOpHble 6aTapen COCTaBMsAOT OCHOBHYI YacTb Cbipbsi AN NPOM3BOACTBA BTOPUY-

HOro cBMHLUa.

2.4.6.1 BoccTtaHOoBNeHMe CBMHLUA U3 CBUHLIOBbIX KUCNTOTHbIX aKKYMYNATOPHbIX

6aTapen

JTom aBTOMOGUMbHBIX M MPOMBILLIIEHHBIX aKKyMYIATOPHbIX 6aTapen (aBTOMOOUMbHBbIX,
ABWXKOB UIN pe3epBHbIX) ABMSOTCS OCHOBHbIMU MCTOYHMKAMW BTOPUYHOIO CBMHUA. Tunny-
HbI COCTaB CKparna CBUHLOBO-KUCITIOTHOM akKKymMynaTtopHon Gatapen npueedeH B Tabnu-
ue 2.4.

Tabnuua 2.11 — Tunu4yHbIA COCTaB ckpana akkyMynsaTOpHbIX 6aTapen

Coctas Bec, %
CBWHUOBbIE KOMIMOHEHTHI (CeTka, Neperopoaku u T. A.) 25-30
OrnekTpoaHasa nacta (Menkue YacTuubl okcraa u cyrnbdaTa cBMHLUA) 35-45
PasbaBneHHas cepHas kucnota (10 % — 20 % H2S0a4) 10-25
MonunponuneH 5-8
Apyrne nnactuyeckne matepuansl 2-5
Apyrne matepuansl (CTekNo U T. 4.) <1

NcTouHnk — [25]

MmetoTca aBa OCHOBHbIX npouecca Aamna BOCCTaHOBINEHUA CBMHLUA U3 aBTOMOOUMbHbIX

aKKymynsiTopHbix 6atapen [21], [23], [7].
MepepaboTka B LLAXTHOM Ne4wm

Mocne cbopa ncnonb3oBaHHbIE aKKyMYNATOPHbIE BaTapen ocBoboXaatoTCst OT KUCIIO-
Tbl, KOTOpasi B 3aBUCUMOCTM OT MECTHbIX YCIOBWUA MPOAAETCS, Kak pacTBOP KUCMOTbl AN
NMpOLECCOB BbILENayYMBaHma Unn Heutpanuayetcd. [lonmnponuneHoBbi NNacTuKk MOXeT
ObITb OTAENEH OT BCEWN UMM YaCTM aKKyMYNSTOPHbIX GaTapen, OCyLLEHHbIE akKyMYMsTOpPHbIE

6aTapeV| 3aTeM CMeLnMBaKTCA C KOKCOM, (bJ'II'OCElMVI nnn apyrmMmm BmgamMmum CBUHLIOBbIX CKpa-
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NoB M OOMOJSTHAT 3arpy3ky B LUAXTHYO NneYb. [Mofy4eHHbIN CypbMSHUCTbLI YEPHOBOW CBUHEL,
COBMECTHO C KPEMHMUCTbBIM LUFIAKOM U CBUHLOBOXENE3NCTbIM LUTEMHOM MOXeT ObiTb BOCCTa-
HOBIEH B NeYu nnaBku nepBuYHOro ceuHua [9], [22].

Cxema Bcero npouecca nokasaHa Ha pucyHke 2.18.

Feedlng. . e — FILTERED
s oo A L
After burner ,/ |
l > | Filter
Battery . - eEsess 1 Lime > ¢ |
“ Jr |
Batteries 13
| Lo,
Oth-e'F Ie;(; scraps R e mm mm mm mm e mm o e e e e = = -
Battery - P Cool
- -
< k
Iron Scrap Reusable slags
! I Er s FEEl A Separate slags
Reusable slags Alloying elements Cool
=" o —ser—> 1l
Pb bullion Refinary pots Casting end-products Ingots Battery

PucyHok 2.26 — Cxema TUNM4HOro npoLecca BOCCTAHOBEHUST aKKyMYJSIATOPHbIX

Oartapeli B LLaXTHOM Nneyn

OpraHuyeckne coeguHeHUs B OTXOOSLLMX radax neyn JOOKUCNATCS B NOcreayoLuen
Kamepe O0XWUraHus 1 rasa, 3aTemM OXJlaXKaarTCs M o4YMLLalTCs B TkKaHeBOM unbtpe. MNbinb

hmnbTpa guxnopupyeTcs 1 Bo3BpaLlaeTcs B Neyb.

MexaHuu4eckue npouecchl pasaenkm akkyMynsiToOpHbIX 6aTapen gns

nocneayroLwen nnaBkKu

Mpumepamu npoueccoB mexaHuyeckon cenapaunn sensetca MA u CX (Engitec). 3tu
nNpoLecchbl aHanornyHbl B NpUHUMNE, HO TEXHUYECKUE peLUeHUA OOBOSbHO pasfiMyHbl And
nacTbl U cepHOM KucnoTbl. B obounx cnyyasax akkymynatopHas 6atapes ocywaeTcs OT KUCIO-
Tbl, pa3gaBnNUBaKOTCA N pasgensaTca Ha pasnuyHble dpakuumn ¢ UCMNonb3oBaHNEM aBTOMa-
TMyeckoro obopyaoBaHus. [decynbdaTtnanpoBaHHaa nepen nNraBkoW nacta MOXET YMEeHb-
WNTb KONMMYECTBO MOMTy4aeMoro Lwnaka u 3aBUCUT OT UCMNOJSIb30BAHHOMO MeToda NiaBku U
Konu4yecTBa BblibpacbiBaemMoro guokcuaa cepbl B atmocdepy. lNpouecc nokasaH cxeMaTuyHO

Ha pucyHke 2.19.
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Ckpan 6aTapeit

!

Ocywika > [pobneHne
\ / Otces » [pobneHne
Kucnota l
Y
dneKTpogHan nacra MMAPaBINYECKUii mapaenuyeckuii
> —> [loaunponuneH
cenaparop cenapaTop
MeTtannunueckne

OcTtanbHblie BUAbI

matepuanbl
nNNacTuKa

(cBMHLOBan ceTKa)
PucyHok 2.27 — Cxema TUNoBOro npowecca nepepaboTkn akkyMynaTopHbixX 6aTapen

O6a npouecca MA n CX ncnonb3ytoT MOMOTKOBbIE MESIbHULbI, YTOObI paspywmnTb Le-
nble akkymynsTopHble 6atapeun. PaspylleHHble MaTepuarnbl 3aTeM MPOXOAST Yepes3 ceputo
pacceBOB, MOKPbIX KNacCcUdUKaTopoB 1 (hunbTPOB ANA NOSyYeHUss oTAenNbHbIX pakuun, Ko-
TOpble cogepxaTt MeTannnyeckne KOMMOHEHTbI, OKCUA-CYNbgaTHY0 CBMHLIOBYIO nacTy, Mo-
NUNpoNUIeH, HeNnoOAAALWMIACA pereHepaunn NnacTuk, pesmHa u pasbaBneHHas cepHasi Kuc-
nota [26]. HekoTopble npouecchl UCNONb3YT BTOPYO CTaau0 U3MerbYeHUs nepen KoHeu-
HoM oBGpaboTKon hpakumm nnactukos. MNMonunponuneH BO3BpaLLaeTCa Ha CKOMbKO 3TO BO3-
MOXHO B LUMPOKOM anana3oHe NpuMeHeHUs.

AkkymynatopHas kucrota cogepxut ot 10 % go 15 % cepHOM KUCIOTbl U NPUMECH.
B0O3MOXHOCTb ee NMpMMeHeHMs 3aBUCUT OT CUTYyauUUn B PErMoHe N pasnnyHble BO3MOXHOCTU
AN NCNONb30BaHUSA COAepXKaLLenca cepbl B Matepmanax akkyMynaTopHbIX 6GaTapen:

- LLleNIOYHOoe BbIlLEeNaynBaHne C MUCNOSib30BaHMEM COMW UM pacTBopa rMMAPOOKUCU
LLenoYHoro Metanna ansa yaaneHnsa cynbdaTtoB CO BTOPUYHbBIX MaTepuarnos nepes ninaskow;

- Aecynbdapusaumns sarpy>xaeMblx MaTepuanos;

- CBSI3blBaHME Cepbl B pacnnaee, cnonb3ys obaBku;

- obpaboTka cogepxawero SO2 ra3oBOro NOToka M3BECTbK UM NHXeKUuMK bukapbo-
HaTa HaTpus;

- LLIEeNIOYHOWN UI U3BECTKOBLIN CKpyBep nocne O4YMCTKU Nbinu;

- NPON3BOACTBO CEPHOM KUCNOThI,

[MnaBka BTOPUYHOIO CBUHLLA MOXET ObITb OCYyLLECTBIIEHA B 4 OCHOBHbIX TUNaX Nevemu:

- LUAXTHble neYu;

- BpaLlaoLwmnecs neuu;
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- OTpaxartenbHble neyu;

- 3neKTponeyu.

B waxTtHon neun (okono 15 % BTOPUYHOro CBMHLA npou3soauTca B EBpocotose), wnx-
Ta 3anofiHAET BEPXHIO YacTb MeYun, B HUXKHEN YyacTu nevn oboralleHHbIM KMCITopoaoM BO3-
AyX BOYyBaeTCs BHYTPb, YTODObI 3aXeyb KOKC U pacnfaBuTb LUMXTOBble MaTtepuarnbl. Bo3ayx
NHXXEKTUPYETCSA B HUXKHIO YacTb Neyn n obpasyowmecs NoTOKN ra3a NnocTynarT B BEPXHIOK
YacTb neyu, Npoxoasa Yepes matepuan 3arpyxeHHbin ceepxy. Cepa ot 6atapenHon nacthbl
(cynbdpat cBmHUA) B ocHOBHOM (6onee 90 %) nornoLiaeTcs XenesHbiM LWTENHOM, OCTaBLua-
sca cepa B neun (MeHee 10 % OT nepBoHavanbHOro oobema) oTxoguT M3 neun B Buae SO2
rasa. OTxogsawme rasbl, cogepxaljme HenpopearmposasLUne YrnesBogopoadbl U OCTaTOYHbIE
CO obpabaTbiBaloTCH B Kamepe AOXUraHWs C nocrnegyrolen OYUCTKON CyXON U3BECTbIO U
Leno4yHon Bogon. Tam, rge aTo NPUMEHMMO MOXET ObITb MCMOMNBb30BAHO TEMMO OTXOAALLMX
rasos.

Bpawatowmecs, (Hanbonee pacnpoCTpaHeHHble MeyYn A0 CUX MOop), Kavarolmecs-
BpaLLatowmecs n otpaxaTenbHble (Hanbonee pacnpoctpaHeHHasa neyb B CLUA n Takke uc-
nons3yemas B EBpocoto3e) neun mMoryt ucrnonb3oBaTb CKuraHue rasa unm masyta c obora-
LWEeHHbIM KMCNOpoaOM B pasnuyHbiX BapuaHTax. Bo Bpalarwwmxcs neyax nnaska O6blYHO
OCYLLIECTBMSETCA NOPLMOHHO, LUNaK U MeTann CrnvBalTCs OTAENbHO M napTua wnaka obpa-
GaTbiBalOTCA Ana n3BneveHms 6onblIero CBMHUA U ANs NPOM3BOACTBA LUfaka NOCTOSIHHOMO
coctaBa. bonblasa 4acTb cepbl U3 WKXTbI NepexoanT B Wnak. Lnak moxeT BkntovaTb: COAo-
BO-CYNb(UAHO-Xene3Hoe coeguMHeHne ¢ HebonbLIMM KONMYECTBOM CBUHLA U OPYrMxX MeTarn-
NOB UMM CUIMKATHbBIN LWNaK, KOTOpbIN 6onee npuemnem Ans ytunusauuun. B HaknoHsawowmxcs
BpaLlaloLwmnxcsa nevyax nnaska Takke OCyLLeCTBSeTCa NopumMoHHO. Ho wnak u meTtann moryT
ObITb yCnewHo otaeneHsl nocne oxnaxaeHuns. Cepa Takke ycnewHo nepexoguT B Linak u
MOXeT ObITb Ha 40 % — 80 % adpdpekTBHEE, YeM BO BpallaroLlmxcs nevax (obe neum uc-
nonb3yT Aecynbdapn3npoBaHHyo nacTty). B oTpaxaTernbHbIX nevax nnaBka HenpepbiBHA,
cnek 1 metann yaansaiTca otaensHo. Cnek pacnnaendaetca (06blMHO BO Bpawjatolencs ne-
4Yn AN NPOU3BOACTBA CUMMKATHOIO LUMaKa), NOTOK OTXOASLWEro rasa u3 oTpaxarternbHon ne-
4n cogepxmnt SO2, KOTOPbIM B3aUMOLENCTBYET C U3BECTbIO C NnosydeHnem runca. lNeyn, onu-
CaHHble Bbllle ANS NfaBku NEPBUYHOMO Cbipbs, YNOMSAHYTbI 30€Cb, Tak Kak OHM MOryT ObITb
NCNonb30BaHbl A5 NIIaBKM BTOPUYHBIX MaTepuanos.

B npouecce Ausmelt/MsacmenT cepocoepxallias nacta U BOCCTaHOBUTENb Hernpe-
PbIBHO MNOAAKTCA B NeYb U YepPHOBOW CBUHEL, cnnBaeTcs nepuoandeckn. Korga KoBLU MOMHO-

CTblO 3amnoOSIHAETCS LWIakoOM BOCCTaHaBNMUBAOLLNI areHT U (*)J'II-OCbI pobaensatoTca ans npo-
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N3BOACTBA BbICOKOCYPbMSAHUCTOrO YEpHOro MeTtasnsa v oTBanbHoro wnaka [7], [24]. Wnak
MOXET ObITb Takke BOCCTAHOBIIEH B OTAESbHOM MEYM.

B QSL-npouecce HEKOTOPbIE KOMMOHEHTbI aKKyMYyIATOPHbIX GaTapen, TakMe kak nac-
Ta nepepabaTbiBalOTCA BMECTE C APYrMMM BTOPUYHBIMK MaTepuanamm (pocchl, Wwnambl, OT-

X04bl BblLLiEeNayYnBaHuns, nNobinu u gpyrue) [22].
2.4.6.2 U3Bne4yeHune cBMHLA U3 OTXOAO0B

MeTannuyeckun nom CBUHLA MOXET ObiTb pas3nuUyHon opmbl. ATO MOXET ObiTb 3a-
rPA3HEHHbIE NNAacTUYECKU mMaTepuana unm 6utym, MoxeT ObiTb CnnaBneH ¢ ApyruMmun ane-
MEHTamMKu, B YaCTHOCTM ONIOBOM, CypbMOW U cepebpom. YunCTbi cKpan nnaBuTCs B Cneuu-
anbHO KOHCTPYMPOBAHHbLIX KOTMax, KOTOpble HarpeBalTCA KOCBEHHO MasyTOM WU rasom.
Ckpan 3arpyxaetca u3 OGyHkepa, pacnofioXeHHOro Hag Kotnom. [pocc n TBepAbli OTX04
CHMMAIOTCA C NOBEPXHOCTU METansM4eckoro pacnnasa u nocpeacTtsoM cuta cenapupyroTcs
Ha TOHKMe KpynHble dopakumn. [pocc npeacraBnseT cobon Menkyo gpakuuio 1 Bo3BpaLla-
€TCA KaK HEMETannM4Yeckn otxoqd. TBepabi 0TXon4 npeacTaenseT n3 cedbss B OCHOBHOM Me-
Tann ¢ 6onee BbICOKON TEMMNepaTypon NraBneHnsa Yem ceBuHeL 1 nepepabatbiBaeTcsa B Apy-
rom mecte. OcTaTkKm B OCHOBHOM HeEMETanfIM4eckoro cocTaBa, HO 4YacTO CMeELUaHHble CO
CKparnomMm MeTanfiM4yeckoro CBMHUa nNnaBAaTcs ¢ dnocamMm BO BpallaloWencsa nUnm WaxTHON
nevax. CBuHeL Mnn cnnaebl CBUHLUA, MOSTyYEHHbIE U3 CKpana Unu UCNosib3yembin npouecc

padoHNPOBaAHNA OCTaATKOB NpeAcTaBneHbl HUXKE.
2.4.6.3 U3BneyeHUe CBUHLIA U ONTOBA U3 OCTAaTKOB U NbliNer MeaHON NnaBKu

Crnepytouwme meToabl NMPUMEHSIOTCA ANSA M3BMEYEHUs CBMHLA M OfioBa B npolecce
BTOPMYHbIX MeHbIX NraBKax.

Mcnonb3oBaHne BTOPOW BOCCTAHOBUTENbHOW CTagun. JTO NPaKTUKyeTCH Ha OOHOM
3aBoJe BTOPMYHOW MeLHOW NnaBku [27] B KOTOPbLIX CBMHEL, U ONIOBO BOCCTaHaBIIMBAETCHA C
OoCTanbHbIMX CKpanom unm onoBsiHHbIMK 6aHkamu B TBRC. [Jo6aBnsatoTcs cBMHEL, U ONOBSAH-
HbIW CKpan, LWaK U ocTaTkn 1 NpOn3BOAUTCS CBMHLOBO-OMOBSAHHbIN cnnas. Cnnae npoxoauT
Yyepe3 06paboTKy B kKayatoLLeMCs KOBLUE AN yaaneHUs OCTaTKoB MeAu, HUKENS U KPEMHUS U
obe3mexeHHbI cnnaB 3aTeM obpabaTbiBaeTcs B CUCTEME TPEXCTaAUNHOM BaKyyMHOMW OU-
CTUNNAUMN AN pasgeneHna ceuHua u onosa. OnoBo paduHMpyeTcss NOCPencTBOM Kpu-
cTannusauuun nepen BTOPOW CTagnm BakyyMHOW OANCTUNNALUN.

Vcnonb3oBaHue rasoBow MNbin U3 KOHBEpTEpa NnaBkn BTOPUYHOM Meau (MHorga Tak-

e LWaxTHOW neqm) Kak coCcTaBnsLwme WwuxTbl. B BOCCTaHOBUTENBbHbIX YCINOBUAX UMHK yne-

94



UTC 13-2016

Ty4dnBaeTCA U U3BIEKaeTCH, Kak OKUCb, B TO Xe BPeMSA CBMHEL, U OfI0BO Nory4aroT B hopme
cnnaea.

Mcnonb3oBaHMe MeYHOW TEXHOSOrMM MONyYeHUs ONOBAHHO-CBUHLUOBOMO cChflaBa B
MHOrOCTYNneH4YaToM npoLecce BOCCTAHOBIIEHNA OS5 NPOU3BOLCTBE YEPHOM Mean ONOBSAHHO-
CBWHLIOBOrO cnnasa u enesa cunvkaTtHoro waka u3 KRS nnu TBRC koHBepTepHoro Lwna-
ka [16]. Takxe, kak pacnnaBneHHbIN KOHBEPTEPHbIN LWIaK, Apyrue nonynpoaykTbl MEeCTHOro
NPOn3BOACTBA N OT TPETbMX MAPTUN U BTOPUYHLIX MaTepuarioB UCMOSMb3yeTCs B KavecTse
ncxogHbIx matepuanos. MaTtepuansl nnu gobaBkn MOryT 3arpy>kaTtbCa B TE4EHUEe BCEro npo-
uecca. CocTaB wWnaka KOHTpPONMpyeTCca B onpefeneHHbIX npegenax, Ytobbl nonyyntb TO-
BapHbIN NpoaykT. Nocne 3aknouYnTENbHOW CTaaum — rpaHynaumm Wwnak MoxeT ObiTb Npo-
AaH. YepHas megb BosBpalaetcsa B nedb KRS mnu TBRC. OTxogdwme rasbl OT NNaBku m
BTOPUYHbIE 3a HarbINIbHUKOM OTMPaBNATCA B PuUnbTp-cuctemy. PamHupoBaHue onoBsiH-
HO-CBMHLOBbIX CMaBOB BKIIOYAET cneayoLine waru:

- cerperaumio u yganeHue gpoccos (yoaneHne mMeau U HUKens);

- yoaneHue octaTkoB Meau, UMHKa U Mbllwbska, JobaBneHnem cepbl, Xropvaa aMmmo-
HUS U artOMUHNA.

Mcnonb3oBaHne Kavarowencs spawiaroenca neyn ans n3BnevyeHnst CBuUHUa 13 nbinuv
nepBUYHON MedHOW nnasku. [1OTOKM MbIlY N3 NevYen MegHOW MraBKu MOCTYNarT B CYXYH U
MOKPYIKO cucTeMbl nbineynasnueaHnga. C kapboHaTom cogpl (Grnoc) M ecnu Heobxoammo
(kokcom) cmelmBaroTCs B HEOOXOAMMOM MPONOPLNN U FTEPMETUYHO 3aTapuBalOTCA U TPaHC-
NOPTUPYIOTCH B KOHTENHEP, HaXOOAWMNCA Ha, neYbto. XKenesHbl ckpan MMeeT BaXXHOe 3Ha-
YeHue Ansa npouecca U OH XpaHUTCA B OTAESNTbHOM KOHTenHepe. 3arpyska nevm ocyLecTsns-
€TCHA C NMOMOLLbIO CneunanbHOro 3arpy304HoOro yCTpomcTBa M HauYMHaeTCs Npouecc nraBky.
Cblpon cBUHeL, pa3nuBaeTca B Myfbabl ANd nocrneaywowero paduHupoBaHus. OTxXogawmm
ras nocrne obesnbineBaHNa B MELLOYHOM PUbTPE TPaHCNOPTUPYETCA B YCTAHOBKY (MOnycy-
Xon) gecynbdypusauuu, B KOTOPOM N3BECTKOBOE MOSOKO (BOAHAsA CYCNeH3ust Merikux YacTtuly
rMapooKncK Kanbumsa) pacnbeinsetcs. MNpoaykt aecynbdypasumm cobvpaetca B KOHEYHOM
MELIOYHOM PUNbTpe N YTUNN3UPYETCA UMK BO3BpaLLaeTCs B MNevyb MeOHOM NMaBKU Kak
dntoc. CBMHLOBBIV LINAK, NOMYYEHHbIA NPU NraBke CBUHeLcoAepXallen nbin OT MegHOoM
nnaBkM BO3BpaLLAeTCa Ha YyCTAaHOBKY NPOU3BOACTBA Meau, rae oH AobaBnsieTcs B LWAXTHbIE
neym BMecTe ¢ 6pUKeTUPOBAHHBIM MEAHbIM KOHLEHTPaTOM.

Mcnonb3oBaHue anekTponeven Ans KOMMeKCHoNn nepepaboTKy BTOPUYHbLIX MaTepua-
N0B, TaKMX Kak cofepXxallimx cBuHeL/MeLb, a MMEHHO Mblfn, APOCCHI, LWaKuy, Wrambl, ckpan
Me[HOro cnriaesa, HU3KOCOPTHbIN LUTENH, CBMHEL/MeHble KOHLUEeHTpaTbl U Apyrne CBUHLOBO-

MeHble 3arpyxxaemble matepuarnbl. Meub pa60TaeT B peXunmMme KoOMnaHun. B 3aBucumocTu ot
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NCXOOHOro Matepuana, Y4epHOBOW CBUHeL,, MeAHO-CBMHLOBbIN LUTENH UNWU MEeOHO-CBUHLOBbLIN
LNensbl OTAENSTCA OT Waka. BocctaHoBUTENbHbIE peareHTbl COCTOAT U3 xenesa, yris u
Kokca. Menkue n maTepuansl TMNa LWNamMoB rpaHynMpyloTcs, YToObl NpeaoTBpaTUTb Nbine-
BbIHOC, 3aTeM CyLlaTCs FOpaYMM BO34YyXOM 4O OCTAaTOYMHOW cogepXaHua Bnarm meHee 2 % —
3 % Ha KOHBEMEPHOW CyLUnUnKe Unn BakyymMHon. Cbipbe NogatoT Ha BEPXHIOK YacTb BaHHbI, B
KOTOPOW NPOUCXOAAT peakuuu, B pesyribTaTe KOTOPbIX NOy4yaeTca MeTans v wWnak, KoTopbIn
nepuvoanyeckn Boinyckaetcs. lNbinb 13 rasa cobnpaeTca u U3 Hee BOCCTaHaBNMBAETCH LMHK.

Cblpon 4epHOBOW LMHK B nocnegyoLwemM papuHnpyeTca nupoMeTanyprmyecknm cnocobom.
2.4.6.4 N3Bne4yeHue orioBa U3 CTaribHOro ckpana

OnoBo MOXeT O6bITb M3BMEYEHO U3 CTaflbHOrO CKpana, NIMbo 3NEeKTPONUTUYECKN UMK
XMMUYECKMM BbILENaynBaHMEM C MCMOMb30BAHMEM KayCTUYECKOW COoAbl UM HUTpuaa
HaTpusa (Hatch Associates Ltd 1993). B nocnegHem cnyyae mnssnekaetcss ammunak (0,048 kr
Ha Kr onoea). ONoBO pacTBOPHAETCS U 3aTEM U3BIEKAETCS ANEKTPONN30M, B TEYEHME KOTOPO-
ro OfioBO yAansieTcs C KatodoB MyTeM MOrpyXeHust Ux B pacnnae onosa. [MpousBogatcs
CMUTKM MNW ONOBSIHHBIA MOPOLLOK WU 3aTeM MOryT ObiTb MCMONb30BaHbl ANA NPOM3BOACTBA
psAaa cnnaesoB M NOKpbITU. ONOBO BLINMABMAAIT B KOTAX, aHANOMMYHbIX NCNOMb3yeMbIX AN
NpOM3BOACTBa CBMHLUA U NPOM3BOAAT cnnasbl M3 Hero. Ckpan onoBa Takke W3BreKaeTcs
npoueccamun nnaekn. Hanbonee pacnpoCTpaHeHHbIMU CnriaBamMun SIBASKOTCS MPUMOU, N OHK
BKIMOYAKOT CBMHEL, KaK nervpyowmi matepuan. icnonb3yoT Takke gpyrue neyun, Ho temne-

paTypHbIA KOHTPOSb AOCTATOYHO CITOXHbIN.

2.4.6.5 N3BneyeHne cBMHLUA, ONI0Ba U APYrMx MeTassioB N3 BTOPUYHOIO CbIpbs U

oTXoaoB

CeuHel n gpyrme meTansbl MOryT ObITb M3BNEYEHbl N3 BTOPUYHBLIX MaTepuarnos 1 OT-
XO[O0B, TakUX KaKk OCTaTKu BbllenavyvMBaHus OT MraBkuM CBUHUA, OPOCChI OT pauHNPOBaHNSA
CBMHUA, WTEWNHBbI, WNaku, WwnamMbl 1 Nbinv. [JJononHUTernbHbIE COCTaBMAKOLME MOMYT COCTOATb
N3 KOMIMMEKCHbIX NEPBUYHbLIX MaTepuanoB (Hanpumep, CBUMHLIOBO-MeOHble KOHLUEHTpaTbl) u
OTCNYXMBLUMX CPOK 3KCrnyaTaumm martepuanoB (SMNEKTPOHHbIA JIoM). JTO NpuBoauTE K
CINOXXHOW TEXHOIOIM4YEeCKON cxemMe, B KOTOPOW He TOMbKO CBUHEL,, HO TaKxKe apyrne metansibl,
Takue Kak, Medb, HUKeNb, OfI0BO, CypbMa, AparoueHHble MeTarnnbl, ceneH n UHOUM MoryT
ObITb M3BMNeYeHbl. PacyeTHaa cMmecb 3TMX MaTepuarnoB NOL4AETCS B OKUCNUTENbHbIN nna-
BUNbHbIN arperaT, Takon kak ISASMELT, B koTOpoM MeAbcodepxaljas gparoueHHble me-
Tannbl OTAENAETCHA OT OCTallbHbIX MEeTarnsnoB, KOTOPblE OKUCNAKTCA W NepexogaT B LUMaKW.

OTOT WaK 3aTemM BOCCTaHaBnMBaeTcs (Hanpumep, B LWAXTHOM Neyun) 1 3arpa3HEHHbIN Yep-
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HOBOW CBMHeL, nonyyaeT BMecTe ¢ obegHEeHHbIM LWnakoM. HYepHOBOW CBUHEL, HanpasnseTcs
Ha JanbHeunwee pauHUpoOBaHUE, B KOTOPOM OFI0OBO, CypbMa, MbIlWbSAK, BUCMYT U AparoLeH-
Hble MeTasnmbl KOHLUEHTPUPYKTCA B OTAENbHbIE MPOAYKTbI. TexHonornyeckne rasbl U3 OKUC-
nnTenbHON neyvn cogepxat 6onee Bbicokne copgepxaHme SO2. asbl HAaNPaBnAKTCA Ha cep-
HOKMCINOTHbIV 3aBof nocne obecnbineBaHns U CYLLKW.

M3BneyeHne cemHUa 13 BoraTbiX LWNAKOB LenecoobpasHo OCyLecTBNATbE (PbIOMUHIO-
BaHWEeM, UCNOJb3ys AN yrydlweHNs 3KOHOMUYECKNX nokasaTernen 3Toro npouecca 3anmBky
pacnnaBfieHHOro Wwnaka u nogavy B neYb HEKOHAULMOHHOIO YrNs B Ka4yecTBe YacTn HeobXxo-
AMMOro Tonsmea U BoccTaHoBuTens (pucyHok 2.20). [na ocyllecTBneHus UCNofb30BaHNA
AeLLEeBOro TonnnBa u co3gaHns HeobxoaMMbIX YCNOBUIA JOXUTAHUSA rOPHOYNX KOMMNOHEHTOB B
noAcBO4OBOM MPOCTpaHCTBE pa3paboTaHa M 3anaTeHToOBaHa BO3rOHOYHASA NeYb OpurnHanb-

HOM KOHCTPYKLMN.
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PucyHok 2.28 — Cxema ycTaHOBKM (DblOMUHIOBaHMS GoraTbix CBUHELICOAEPKALLMX LUAaKoB (pacrnnaBrneHHbIX Uu TBeEpAbIX)
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2.4.6.6 N3Bne4vyeHne CBMHLA U3 BTOPUYHOIO CbhIPbA U OTXOA0B MO

KOMOWHMPOBAHHOW TEXHONOINMU

TexHonornyeckne npoLeccol, NpMMeHseMble Ha NPOM3BOACTBE NO nepepaboTke BTO-
PUYHOrO CBMHLA, MOXHO pa3fennTb Ha Ba OCHOBHbIX NMpoLecca: rmapoMeTaniiypruiecknii n
nupomeTannypruyeckun.

TexHonorna n obopyaoBaHve Onsi NPOBEAEHUS TMOPOMETaNyprumyecknx npoLeccos
npegnonaratoT nepepaboTky oTpaboTaHHbIX CBUHLOBbLIX aKKyMYnsSiTOPOB, COAEPXKALLMX dNeK-
TPONUT UNW renb, BKIIOYaLWyo ApobneHune, cenapauuio, crylleHme, ocBeTneHne, rmgpas-
NUYECKYI0 Krnaccudukaumo, gecynbgaTtaunio, unbTpaumio ¢ MNosiydeHneM coepalimx
CBUHeL, NpOMNPOAYKTOB (ApOBneHbIX KNnemMm, peLleTok 1 06e3BOXEHHOrO Keka), Nerkon un ta-
Xerion opraHnKn n TOBapHOro Cyxoro cyrnbdgarta HaTpus (BbICLLEro copTa).

Kpolka BTOprYHOro nonunponuneHa 6narogaps BbICOKOWM CTEMEHU OTMbIBKU MpPakTu-
YeCKN He COOEPXMT CBUHLA, a TaKkkKe OPYrMX 3arpsa3HAoLWLnX BELLECTB U NoMb3yeTcs CIPOCOM
y Npou3BoguTenen nonmnponunexHa.

CbipbéM ANga nupoMeTannypruyeckoro nepegena sBNATCA NPOAYKTbl rmapomMmeTan-
nypruyeckoro nepegena (Metannuyeckasa dpakums n obeccepeHHas nacra), a Takke Cblpbe
NoCTaBLUMKOB (4epHOBbLIE chnaBbl, kabenbHaa obonoyka, pasgenaHHbIii JIOM U gp. cogep-
Xallee cBMHeL NPOMMPOAYKTHI).

MeTtannu4yeckasa dpakuma n obeccepeHHasa nacta nepennaBnAlTCA BO BpalLatoLwmX-
Csl KOPOTKO-BapabaHHbIX nevyax ¢ Nony4YeHMeM YepHOBLIX «MAMKMX» U CYPbMSIHbIX CM/1aBOB.
Meuyn obopyaoBaHbl NOKamMK, Yepes KOTopble NPOUCXOAUT 3arpyska LUMXTbl U BblNYCK YEPHO-
BOr0 CBMHLA B YCTAHOBMEHHbIE HA NEPEABWKHbIE TEMNEXKMN KOBLUKN. Meyn NOnHOCTbIO 3aKpbl-
Tbl KONNakaMu, KOTOpble COeAMHEHbI C PyKaBHbIMW (hrunbTpamu.

YepHoBble cnnaBbl COOBCTBEHHOIO NPOU3BOACTBA U OT MOCTaBLUMKOB MOABEpPralTcs
paUHNPOBAHUIO C LIeNbo NOSTyYeHNA MapOYHOro CBMHLLA M CMfaBOB Ha OCHOBE CBMHLA NO
cornacoBaHuio ¢ notpebutensmu.

YnpaBneHne TexXHOMNorm4eckumn npoueccaMmm MakCUMarbHO aBTOMAaTU3UMPOBAHO U
KOMMNbOTEPM3NpoBaHO. CUCTEMbI aBapUNHbLIX 3alUMT He NO3BONAT obcnyxuBatowemy nep-
coHarny BbIMOMHUTL HenpasuibHble onepauun. Becb TexHomornyeckum npouecc HarnsgHo
npeacTaBfieH Ha MHOTOYMUCIEHHbIX MOHUTOPAX.

Tepputopus 3aBoda BbINOSIHEHA MO YKIIOHOM — 3TO MO3BONSET BCE JIMBHECTOKU, BO-
Ay OT MbITbSl KONEC Bble3XaloLero aBToTpaHcnopTa, BoAy OT YBNAXHEHUA N MbITbS Teppu-
TOpUM crneuaBToOTpaHCNOPTOM cobupaTtb B KOMMEKTOP U HaNpaBnsiTb HA CBOU OYUCTHbIE CO-

OpyXeHud, ovneHHaa Boga C KOTOPbIX BO3BpallaeTcAa B FI/Iﬂ,pOMeTaJ'IJ'IprI/I‘-IeCKI/IVI nepeanern.
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2.4.6.7 T'mppomeTannyprmuyeckme cnocobbl nepepaboTkm oTpaboTaBLUINX

aKKyMYNATOPHbIX 6aTapen

HeobxoaMMOCTb NOBbIWEHNA 3KOHOMUYECKON 3(PEPEKTUBHOCTU BTOPUYHOIO MNPOU3-
BOACTBa CBMHLA M YOOBNETBOPEHMS BO3pacTalolmx TpeboBaHUM K 3alimTe OKpYKatoLlewn
cpenbl OT BblIbpoca BpeaHbIX BELLECTB NpuBesNia K pa3paboTke U NOCTENEHHOMY BHEOPEHUIO
B CyLLeCTByoLlee nupomMeTanypruieckoe NnponsBoaCcTBO CHayvana oTAesNbHbIX rmgpomeTarn-
nypruyeckmx npoueccoB U YyCTaHOBOK.

[MepBon NO cpokam BHeOpeHus U Hanbonee yaadHon BHeApeHHOW pa3paboTkom ¢ uc-
Nnosib30BaHNEM rMAPOMETaNyprmyeckon TexHonormm bbina TexHonorna pasgenku gpobne-
HbIX OTpaboTaBLUMX aKKyMynATOPHbIX 6aTapen. 3atem B Npon3BOACTBO Obina BHeApeHa Tex-
Hororus gecynbdypusaumm nactbl pacTBOpamMu KanbUWHMPOBAHHOM UMN KayCTUYECKOW CO-
Aabl. NMogpobHoe onncaHme aTux NpoueccoB NpuBeaeHO B pa3aene 3.

PaspabotaHa n BHeapeHa TEXHOMNOMMs XUAKOCTHOW JKCTpaKuumn xenesa mns otpabo-
TaBLUEro 9MeKTponiMTa ¢ nogkpensieHMem KMCroTon 1 BO3BPATOM OYULLIEHHOMO 3feKTposiMTa
Ha 3anuBKY HOBbIX aKKyMyNATOPHbIX GaTtapen, a TakkKe 3nekTpoXumMuyeckas TEeXHONOorms
OYUCTKM PacTBOPOB OpOoLLEHNS ckpybbepa OT ceneHa.

PaspaboTtaHa Takke TEXHONOrMsi NPOM3BOACTBA pPa3fIMYHbIX COEAMHEHUN CBMHUA
HenocpeacTBEHHO M3 NacTbl akKyMynATOpPHbIX GaTapen 6e3 npomMexyTo4yHOn cTaguu nony-
YeHUsa n padPMHMPOBaHUS MeTanIM4YecKoro CBUHLA.

[OnutenbHoe Bpemsi npoBogunacb paboTta MO Co3gaHWo rMapoMeTannypruyeckomn
TEXHOSorMmM nepepadboTkn CBUHeLcoaepKalmx opakumin OT pasgenkm oTpaboTaBLUMX aKKy-
MYNATOPHbIX 6aTtapen, Ncknio4varoLLen BbiIcokoTeMnepaTypHble npouecchl, obpasoBaHne BO3-
roHoB u wnakoB. K HacTosiwemy BpeMeHn pa3paboTaHbl ABa BapuaHTa TEXHONOrMm nepepa-
OOTKM cBMHeLcoaepaLmnx bpakLumm:

- KOMOVMHMPOBAHHAA TEXHOMNOrNs, BKIIOYaloLWas HU3KOTEMNepaTypHy nupomeTan-
Nypruyeckyo nepennasky MeTanMyeckon pakumu, rmgpoMeTaniyypruieckyto TEXHONOrmo
Aecynbdypusaumm nacTbl C Nocnegylowen rmgpomMmeTanilyprmyeckon xe nepepaboTtkon ge-
Cynbdypmn30BaHHOW NacTbl K NOSTyYEHMEM METANNNYECKOro CBMHLA M3 pacTBOpa 3EKTPOnn-
30M,;

- MOMHOCTbBIO rMapoMeTannypruyeckass TeXHonorus nepepaboTkm CBUHELLCOAEPKALLMX
dopakumi ¢ NoNy4yeHMeM MeTanIMyYeckoro CBMHLUA 13 pacTBopa dMeKTposiM3oM 1 nocneayto-
Wwen nepennaskon, OKOHYaTemNbHbIM paddMHUPOBAHMEM N Pa3fIMBKOM KaTOLHOro CBUHLA CY-

LeCTBYROLWLNMU HU3KOTEMNEPATYPHbIMU NMNUpoOMeTarytyprm4eCKumMm cnocobamu.
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2.4.6.7.1 OuyncTKa aneKkTponuTa oTpaboTaBLUNX aKKYMYNATOPHbIX 6aTtapen oT

npumecen

OaHMM 13 NPOAYKTOB pasfenikm oTpaboTaBLUMX akKyMYnSTOpHbIX 6aTtapen saBnsetca
3MNEKTPONUT — PacTBOP CEPHOWN KUCMNOTbI C NNOTHOCTLIO 1,05-1,15 r/cm3. O6bIYHO 3TOT pac-
TBOP HENTPANU3YIOT U3BECTbLIO C NOJSTyYEHNMEM OTBASIbHOrO rmrca unu coaoun ¢ nocnenyroLen
OYUCTKOW, BbiNapyBaHMeM pacTBopa 1 NosTlydYeHneM KpUCTanmnyeckoro cynbgara HaTpus.

OTpaboTaBLumi aNeKTPONUT Nocne NOAKPENNEHNS KPEMNKOW CEPHOM KUCITOTON MOXHO
ObIno 661 MCnonb3oBaTb AN1s1 3afMBKM B HOBblE aKKyMYNATOpHble GaTapen. OgHako B Npo-
uecce aKkcnnyaTauuun v pasgerniku akkyMynaTopHbix GaTapen B HEM CHUXaeTCHA KOHLEHTpa-
UM KACINOTbl U HaKannmBaroTCA NpUMeECH, CHmxXawme 3PHeEKTUBHOCTL paboTbl HOBbIX aK-
KyMynaTopHbIX 6aTapeni. OCHOBHOWM U3 HUX SBMSIETCA Xeneso.

KomnaHnuna East Penn Manufacturing Inc (CLUA) paspaboTtana TEXHOMOIMO OYUCTKM
aNeKTponuTa OT Xernesa C NOMOLbI0 pacTBOpa XMAKOr0 MOHOOOMEHHWKa B OpraHUYeckom
pactBoputene. TeXHONOrMs BKIOYAET HENPEPbLIBHYIO NPOTUBOTOYHYHO XXUAKOCTHYH SKCTpaK-
LUMIO U PE3KCTPaKUMIO Kere3a B 3KCTpaKTopax Tuna CMeCUTenb-OTCTOMHUK. PeakcTpakuuio
Xenesa n3 opraHmyeckon asbl NpoBoasaT Oonee KOHUEHTPUPOBAHHBIM PacTBOPOM CEPHOWN
kncnotbl (35 % — 38 %). [Ana yaaneHust oCTaTKOB 3KCTpareHTa O4uMLLEHHbIA pacTBop obpa-
GaTbiBalOT aKTUBMPOBAHHbBIM yrnieM, a 3aTeM NOAKPENNSAT CEPHOM KUCMOTOM M 3anuBatoT B
HOBbIE aKKyMynsaTOpHble GaTapewn.

OKcTpareHT coctouT M3 cmecu peareHTa (30 06. %) 1 pacTBOpUTENS, HE MMEKLLErO
3anaxa (70 06. %). PeareHTOM sBNsieTCA CMeCb 3ameLlleHHOro 8-rmgpokcnxmHonunHa (Kelex-
100), aun-2-atunrekcun-gpocgopHon kucrnoTbl (0231 PK) n TpugekaHona.

B opraHunyeckyto a3y nepexoauT Tonbko Fe3*, a ons nssnedyeHns BCeEro xernesa uo-
Hbl Fe?* HeobxoouMo nepepn SKCTPaKUMEN OKUCNSATb MyTeM NPOAYBKM BO3[yXa Yepes3 afek-
TPOnWT.

PeakcTpakT (35 % — 38 % H2S04) MCNONb3YIOT HA PE3KCTpaKuumn Heckonbko pas. Ko-
HeuYHbIN BbIxoA ero He npesbiwaeT 10 % oT ucxogHoro pacteopa. Pekomengyetcsa 5 ctaguin
3KCTpaKkumMm n 3 cTagumn peakcTpakumn. KoHueHTpauus Xenesa B OYMLLEHHOM pacTBope
He npesblwaeTt 15 ppm (1 ppm paseH 0,0001 %).

Onsa ncknoyeHna obpasoBaHns TpeTben dhasbl NpU AKCTPaKLUKN 1 yNy4dLeHns paccna-
nBaHus a3 UCXOAHbIN pacTBOp HEOBXO0AMMO hUNbTPOBAT.

OKCTpareHT yCTON4YMB B TeYEeHUe HecKonbkux net. CoaepxaHue opraHuki B OYMLLEH-

HoM kucrnoTte coctasnseT oT 50 go 100 ppm, 4YTO CBUAETENLCTBYET O €€ He3HaYuTenNbHbIX

101



UTC 13-2016

notepsx. [ponyckaHme OYULLEHHOrO pacTBopa Yepe3 KOMOHKY C aKTMBUPOBAHHbLIM Yriem
CHWXaeT cogepxaHue opraHukn oo 30 ppm n MeHee.

YcTaHoBneHo, YTo BOocCTaHOBNEHNe Fes* B peakcTpakTe A0 Fe?* cyllecTBeHHO yBenu-
YnBaeT EMKOCTb peakcTpareHTa no xenesy (go 2-3 r/n). BocctaHoBneHne NnpoBOaAT B anek-
Tponusepe C pasgeneHnem KaTogHoOro U aHOAHOro NPOCTPaAHCTB aHMOHOOOMEHHOW Membpa-
HOW.

Harpee 0o 30 °C noBbllWaeT CKOPOCTb pasgeneHna gas. lNocne 2 net paboTbl 6biNo
3aMeYeHO YMEHbLUEHNE IKCTPAKLMOHHOWM CNOCOBHOCTM 3KCTpareHTa. YCTaHOBMEHO, YTO ne-
punoanyeckaa pobaska Kelex-100 BoccTaHaBnMBaEeT 3SKCTPAKUMOHHYKO CMOCOBHOCTbL A0
NPeXHEro ypoBHsi. YCTaHOBKa HaxoauTCs B MOCTOAHHOM MPOMBILUNIEHHOW 3KCnyataumm un ¢
1992 no 2000 r., Ha He nepepaboTaHo 6onee 30000 M3 anekTponuTa.

OKCTpakuMOHHAsA OYMCTKA ANEKTPOnMTa UCKNioYaeT obpasoBaHmne XUOKUX U TBEPAbIX
OTX0OOB MNpwu nepepaboTke oTpaboTaBLUEro 3neKTponuTa akkyMynaTopHbiX 6Gatapen,
YMEHbLUaeT pacxoq KPenkon CEPHOM KUCNOTbl U 4ENOHU3NPOBAHHON BOAbl B NMPOU3BOACTBE
HOBbIX aKKyMynsTOpHbIX 6atapen, uckniovaet HeobxooMMOCTb WMCNONb30BaHMA Tennoob-
MEHHVKOB 4111 OTBOAA TEnna M3 pacTtBopa OT CMELUEHMUS KPEMKOW KNCNOThbl 1 BOAbLI NpWU nNpu-

rOTOBMEHUM HOBOTO 3M1IEKTPONMUTA.
2.4.6.7.2 OunctKa pacTBOpOB OpPOLLUEHUsA CKpybO6epoB OT ceneHa

Ha 3aBoge komnaHum East Penn Manufacturing Inc., CLUA, B ckpy66epe ounwiatot oT-
Xogsawme rasbl oTpaxaTesfibHOW NeyYn U BOCCTaHOBUTENbLHOW LWaxTHoM ne4vn. PactBop co-
AEPXUT Cynbut, ducynbutT U TMocynbat aMMOHUS, a Takke Hebonblne KonmyecTsa
MOHOB MeTanmnoB. B kOHeYHOM MTOre pacTBOp OTNPABMAOT HA NPOM3BOACTBO YAOOPEHU, HO
cogepxaHue Takux npumecen, kak As, Ba, Cd, Cr, Hg, Se n Ag, OO/KHO COOTBETCTBOBaTb
YCTaHOBJSIEHHbIM HOPMaM.

CopepxaHue ceneHa npesbilaeT yCTaHOBMEHHYD HopMy 1 ppm. daktuyeckoe co-
CTOSIHME MOHOB CefleHa B pacTBOpPEe HEM3BECTHO, TaK Kak OH MOXET HaxoAuTbCHA B BUAE
WOHOB pa3HOM BaneHTHOCTU: B cerneHaTe (6+), B ceneHute (4+) u B ceneHunge (2-).

BbIno ycTaHOBNEHO, YTO 3(P(PEKTUBHOE CHWXEHWE COAEepXaHUs ceneHa O YCTaHOB-
NIEHHON HOPMbl MOXeET OblTb AOCTUIHYTO B 3NEKTPOnM3epe C pasgeneHnemM KaTogHoro um
aHOOHOro NMPOCTPaHCTB aHMOHOOOMEHHOM MeMbpaHon n paspaboTaHa TEXHOSOrMs BbiBOAA
€ero 13 anekTponura.

lMpennonoXxuTensHo, Ha anekTpoaax NPOUCXOAAT cneayrLne peakuum:

- Ha kaToge Sef* + 2e — Se**, Se** + 4e — Se (ocagok);

- Ha aHoae Se? — 2e — Se (ocaok).
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KoHeuHoe cogepxaHune ceneHa B O4MLLEHHOM pacTBope — <1 ppm.

B npombIlWNeHHOM 3neKkTponuaepe pacTBOp OpolleHus ckpybbepa nocTtynaeT yepes
OTBEpCTUE B AHE aHOOHOro OTAEerieHUs, a CrMBaeTCa CBepxy W rnocTtynaeT B 1 MUKPOHHbIN
NOSIMNPONUIEHOBbLIN PYKaBHbIN bunbTp. 3aTeM Yepes AHO OH NOAAeTCs B KaTogHoe otaene-
HVWE M NpU BbIXOAE U3 ero BepxXHen vactu punbTpyeTcsa BTOpon pas. [Ans pasgeneHus Ka-
TOAHOrO U @aHOAHOrO MPOCTPAHCTB ObINIM UCMONb30BaHbl pambl PUNbTP-Npecca n aHMoHoce-
nekTMBHaa MembOpaHa. B kayecTBe aneKkTpoAOB UCMOMb3YHTCS NPOKaTaHHble NNacTUHbI U3
YNCTOrO CBMHLA, M B KaXXA0e NPOCTPAHCTBO 3arpyaeTcsi rpaHynMpoBaHHbIn rpaduT.

Bonblwoe BnusiHMe Ha yaaneHuve cerneHa OKasbiBalOT criegylowme nuMuTupylolmne
drakTopbl NpoLecca:

- TeMmnepartypa pacTtBopa He AorkKHa npesbiwaTth 65 °C;

- Bpems npebbiBaHUSA pacTBOpa B AfIEKTPONIM3EPE 3aBUCUT OT COLEPKaHUA B HEM ce-
fieHa 1 SOIMKHO UCXOANUTb N3 MaKCMMaribHOro ero cogepXaHus;

- B NpoLiecce OYMCTKM pacTBoOpa Ha rpaHyfiMpoBaHHOM rpaduTe NpoucxoauT ocaxie-
HWe TBepablX BELWECTB M NO3TOMYy HeobXoOuMO yBenuuMBaTb Hanop Hacoca, YTO MOXeT
NPUBECTU K NOBPEXAEHNIO MeMOpaH;

- ANEKTPOAbl MOKPbLIBAKOTCA OCaXAEHHbIM MaTepuanoM M UX HeobXoauMMO YUCTUTD.
MembpaHbl CO BpEMEHEM 3arpA3HAOTCH U UX HEOBXOOUMO 3aMEHSTD.

Ha 3aBoge East Penn Manufacturing nepepabatbiBatotr 30 51 pactBopa B MUHYTY.
Pacxon Toka coctaBnsaeT okosio 600 A npu HanpsikeHun 12 B.

Kpome yMeHbLUeHMsT cofepXaHusa ceneHa, npu nepepaboTke pacTBopa B 3MEKTPONnu-
3epax eCTb HECKOJSbKO COMYTCTBYHOLLMX NOSTOXUTESbHBIX 3(P(EKTOB:

- BbIXOOALWMNIN pacTBOP OYEHb YMUCTbIN, NPO3pPaYdHbIN;

- nepen BBOOOM B anekTponmsep B cbopHom BGake obpasytoTcst KpucTanibl CoOnen, Ho
nocre anekTponmaepa Kpuctannbl He 00pasytoTcs N He CO34al0T TPYOHOCTEN B LMPKYNALM-
OHHOMW Llenouke;

- Npouecc uaeT B HEMPEPbIBHOM pexume.

3aTpaTbl Ha ANEKTPONN3ep He3HaYUTENbHbI.

MpogomkaeTcs paboTa NO COBEPLUEHCTBOBAHUIO KOHCTPYKLMM INIEKTPONN3EPOB, Noa-
6opy MemOpaHHbIX MaTtepmanoB U ApYyrMx maTepuanos A5 9NeKTPOLOB.

OxunpaeTtcs, YTO C yBENMYEHNEM KONMUYECTBA HOBbLIX aKKyMYyIATOPHbIX 6aTtapewn ¢ pe-
LweTkamum u3 cnnaesa, MogMuLMPOBaAHHOIO cernlieHoM, npobnemMa O4YMCTKM pacTBOPOB raso-

OYUCTHBIX COOPYXXEHUI OT cerneHa byaeT npuobpeTtaTtb Bce 6onbllee 3Ha4YeHue.
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2.4.6.7.3 TeXHONOrMs NONy4eHMA XMMU4YeCKUX COeAMHEHUN CBMHLA U3

oTpaboTaBLUMX aKKYMYNATOPHbIX 6aTapen

OpHou 13 KpynHbix obnacten notpebneHns ceuHUa (KpOMe NPou3BOACTBA aKKyMyns-
TOpHbIX GaTapen) sBnseTcsa NPoOM3BOACTBO €ro0 XMMUYECKUX COEOUHEHUI, UCMOMb3yeMbIX
npu NONyyYeHUM creumanbHbIX CTEKON (SNEeKTPOBAKYYMHbIX, 3NEKTPOTEXHUYECKMX, OMNTUYe-
CKMX, aHTUpaanaunoHHbIX U Np.), XpycTans, Kpacok (CBUHLUOBbLIX U CBMHLIOBO-MONMOAEHOBbIX
KPOHOB, aHTMKOPPO3MOHHbIX KPACOK Ha OCHOBE Cypuka M np.), nnactmacc (ctabmnmsatopos
NOSIMBUHUMXAOPUOHbIX NNACTUKaTOB).

B HacToslee BpeMs XMMUYECKME COEAMHEHUS CBUHLA MNPOM3BOLAT U3 ero okcuaa
(rmeTa), KOTOPbLIM MOMNy4YalT OKUCHEHWEM pacriaBfNeHHOro MapOYHOro MeTansIM4eckoro
CBUHLA, YTO TpebyeT CyLeCTBEHHbIX 3aTpaT Ha MCXOOHbIN MeTann u He Bcerga obecneyu-
BaeT BbICOKOE KayecTBO M3Oenui u3-3a NpucyTcTBus B rnete HebombLIOro Konnyectsa me-
TannnMyeckoro CBMHUA.

PaspaboTaHa rugpomeTannyprmyeckas TEXHOMNOMMA MNOfyvYeHUss COeANHEHUIA CBMHLA
13 NPOMNPOAYKTOB nepepaboTkm oTpaboTaBLIMX akKyMymnaTOpHbIX 6aTtapen, npuHuunuans-
Has cxema KOTOpOW npeacTaBneHa Ha puUcyHke 2.21. B kayecTBe MCXOOHOro CbipbA MOTyT
OblTb MCNOMNBb30BaHbl CynbdaT-okenaHas pakuma OT pasfderiku akkyMynsaTopHbix 6aTapen
(nacta) n nbinu (B T. Y. XNnopcoaepxalumne) ot ee nepepaboTku B nevax pasnnyHoro Tuna.

TexHonorna nepepaboTkn 3TMX NPOMMPOAYKTOB BKOYAET Creaytolne OCHOBHbIE
rmgpomeTannypruyeckme onepawmm:

- pecynbdypusauus (obecxnopmBaHme) NacTbl KanbLUMHNPOBAHHOW COO0M;

- ynapka pacTBOpoOB nocrne gecynbgypusaumm (obecxnopmBaHus) ¢ nonyvyeHmem To-
BapHbIX conen (cynbgaTa unm xrnopuga HaTpusi), He cogepxalumx CBMHUA;

- BblLenavmBaHne kapboHaTHoOro keka a3otHou kucnoton (HNO3);

- ynapka pacTtBopa HuTpaTa CBMHLA;

- KpUcTannuaaums HATpaTa CBUHLA;

- CyLLKa HMUTpaTa CBUHLA;

- OCaXkgeHne TPEXOCHOBHOro cynbdarta CBMHLA MMM CUiMKaTta CBUHLA M3 pacTBopa
HUTpaTa CBMHUA.

Bo3amoxxHa kOMOBUHMpOBaHHaA TexHomnorus nepepaboTku, BKK4YaroLwas nMpomertan-
nypruyeckyto nepepaboTky HATpaTa CBMHLA C NONyYeHUeM rneta u cunumkaTta cemHua (pput-

Tbl) BbICOKOIO Ka4ecTBa 1 C 3agaHHbIMN CBOUCTBaAMM.

104



UTC 13-2016

Mo cpaBHEHMIO C CyLLECTBYIOLEN TEXHOMOrmen noslyYyeHna CoeuHEHWW CBUHUA U3
MapOYHOro MeTanna ruapomeTansypruieckas TEXHONOMMSA NONyyYeHNa Nx 3 NPOMNPOLYKTOB
nepepaboTkn akKyMynaTopHbiX 6aTtapern No3BoNseT:

- UCKMIOYMTb NUpOMETannyprmiyeckne nepeqesnbl nonyydeHns u paduHMpoBaHUS Me-
TannnMyeckoro CBMHLUA, UCMOfb3yeMOro Asnsi NPOM3BOACTBA XMMUYECKUX COEOUHEHUI, N CBA-
3aHHble C HUMW 3aTpaTbl HA NPOM3BOACTBO MEeTanIMYEeCKoro CBUHLUA 1 3aLLMUTy OKpyXKatoLLemn
cpenbl OT Bbibpoca BpeaHbIX BELLECTB;

- CHM3MTb 3HEProeMKOCTb MPON3BOACTBA XMMUYECKNX COEONHEHNI CBUHLA;

- NOBbICUTb KA4eCTBO rOTOBOW KOHEYHOW MPOAYKLMM 3a CYET OTCYTCTBUSA B HEW NpUMe-
CN MeTanM4YecKoro CBMHLA;

- NOBbLICUTbL MPAMOE U3BIIeYEeHME CBUHLA B FOTOBYHO MPOAYKLMIO.

MmaopomeTannypruyeckasi TEXHOMOMMsS NpoBepPeHa B MOSYNPOMBbILLSIEHHbIX YCIOBUSIX,
Nosly4YeHHbIE NAPTUM XMMUYECKMX COEQMHEHNA CBMHLA NPOLUSN UCTbITaHUS y noTpebuTtenen
N NONyYnnu rnoATBepXAeHWE UX BbICOKOrO KayecTBa. TexXHUKO-3KOHOMUYEeCKne pacyeTbl Mo-

Kasasim BbICOKYI 9KOHOMUYECKY 3IEKTUBHOCTb 3TON TEXHOMNOMMH.
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HNO: Na2CO:s MPOMMPOAYKTSI BOJa Na:SiOs
i A 4 <
Hecynbdypusaums |
(obecxnopupoBaHue)
KapOOHaTHbIN KeK —T—— pacTteop Naz250s
4 l l
T BbiwenaynsaHne Ynapka
OCTaToK
\ 4 Kpucrananyeckuit
Ynapka Na2SO4 (NaCl)
\ 4
Kpuctannusaums —f‘—'\j
\4 7
i Pb(NO:s):
Ha NMPOMETANYPIUYECKYIO dh ¢
nepepaboTky pacTBop M
NOTPEBUTENTHO

A

Y A
OcaxpneHne TOCC/
cunukaTa cBMHUA

l CUNUKaT

TOCC

CBMHLA

PucyHok 2.29 — lNpuHumnmnanbHas TexHonorndeckas cxema nosiydeHns XmmMmyecknx
COEANHEHUIN CBUHLLA M3 NPOMMPOAYKTOB nepepaboTkn GaTtapen TPEXOCHOBHbIN
cynbgat cauHua (TOCC)

2.4.6.7.4 TexHonorua npoMsBoACcTBa CBMHLIA U3 MPOAYKTOB pa3aeniku

OoTpaboTaBLINX aKKyMYNATOPHbLIX 6aTapewn

MapannenbHO C COBEpPLUEHCTBOBAHWEM NMpoOMeTanypruyecknx cnocoboB nepepa-
0OTKM OTpaboTaBLUNX aKKyMYNATOPHbLIX BaTapen B pasnmyHbiX CTpaHax B TeYeHue AnuUTerb-
HOro BpeMeHu NPoBOAUNNCL UCCIEeAOBaHNs MO pa3paboTke rmapomeTannypruyeckon TeXHO-
NOrn N3BMNEYEHMs CBMHLA U3 aKKyMYnsTOpHbIX 6atapeir. PaspaboTaHbl TEXHOMOMMS, cneum-
anbHoe obopyaoBaHWe, NPOBEAEHbI UX UCMbITAHUS B MOMYNPOMbILLNEHHBLIX YCIOBMSIX, HO MO

pasHbIM NPUYNHEM B NPOU3BOACTBO OHU €llle HE BHEOPEHbI.
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Kaxxgas u3 paspaboTaHHbIX TEXHOMOMMN MMEEeT CBOM OCOBEHHOCTU, HO NpaKTU4eCKu
BCE OHM BKIIOYAIOT CrieyroLime OCHOBHbIE onepauunn:

- ApobrieHne n pasgeneHne akkyMmynatopHbix 6atapen Ha dpakumm;

- MpeBpalleHne  HepacTBOPUMbIX  COEAWHEHWA  CBMHUA B pacTBOpPUMBbIE,
B T. 4. BocCcTaHoBneHue PbOz;

- BblLLieNavyMBaHme CBMHLA U3 PacTBOPUMbIX COEANHEHUI OBOPOTHBLIM ANEKTPONNTOM,;

- OYMCTKa pacTBOPOB CBMHLA OT NpUMecenu;

- ANEKTPOSNITUYECKOE U3BIIEYEHNE CBUHLIA N3 pacTBOpa;

- MNaBKka u pasnueka KaTogHOro CBUHLA;

- nepepaboTka OCTATKOB BblLLeNavynBaHus.

YacTb aTMx onepaunin, HaNpMMep, MEXaHU3MpOBaHHAA TEXHOMNOMNSA ApPOoBneHns akky-
MYNATOPHbIX BaTapen, pasgeneHnsa nx Ha dpakummn, gecyns@ypmsaumm nactbl yCnewHo uc-

Nnosib3yeTcs B MPOMbILLIIEHHOCTU U CyLWEeCTBEHHbIX NPO6ieM He Bbi3biBaET.
2.4.6.7.4.1 U3Bne4eHue CBMHLIA B PaCTBOP M OMUCTKa PaCTBOPOB OT NpumMmecen

Hanbonee nHTepecHble cnocobbl 1 KpaTKkasi XxapakTepucTmka NpoLeccoB rmgpomeTarn-
nypruyeckon nepepaboTkm CBUHeLcoaepKalmMX Ppakumin OT pasgenkm akkyMynsaTopHbix 6a-
Tapen npuBegeHbl B Tabnuue 2.7, rae OHW pacrnofioXeHbl B NOpsiAKe NOSABEHNA UHdopMa-
UMM O HUX.

3HaunTenbHble TPyaHOCTU BbiNy NpeoaoneHbl Npy paspaboTke TeXHOMNOrMM nepeesoaa
cogepXalumxcsl B nacte HepacTBOPUMbIX COeAMHEHNN CBUHLA (B ocHOBHOM PbSO4, PbO2) B
pacteopumble (PbCOs nnn PbO). B 1980-x rogax cynbdaTt cBMHUA NepeBoannn B pacTBo-
pumble KapboHaTbl UK oKcug, CBMHLA NyTeM Aecynbdypu3aumm nactbl pactBopamun kapbo-
HaTOB MMM MMOPOKCUOOB LLEMNOYHbIX METANMOB UM aMMOHUSA. 3aTEM 3TU COEANHEHUSA pac-
TBOPSINM B pacTBOpax pasfiMyHOro cocTtasa, MosflydeHHble pacTBOPbI C BbICOKMM COOepXKaHu-
€M CBMHLA o4uLany oT NpMMecen U Hanpaensin Ha ero ANeKTPOXMMMYECKOE N3BEYEHNE B
aNeKTponuaepax pasnuMyHon KOHCTpykuuun. B 1990-x rogax nosBunmcb gpyrue cnocobbl ne-
peBoaa cBuHUa M3 PbSO4 B pacTBOp vnn gaxe npsiMoro 3reKTpPOXMMUYECKOro passioXeHus
ero B aneKkTponmsepax.

TpyAaHoOCTM BbI3Barno Takke npespalleHne PbO2 B pacTBopuMble hOPMbl NN XOTSA Bbl
B cynbdat cBuHUa. B pe3ynbTaTe uccnegosaHui 6bino paspabotaHoO HeCKOnbKo cnocobos

ero pasrnoxeHus (kak TEpMUYECKUX, Tak U rTMapoMeTanypruyeckux).
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Tabnuua 2.12 — Cnocobbl rmgpomeTanypruyeckoi nepepaboTkn CBUHELICOAepKaLLMX ppaKLmii OT pas3aenkv akkyMyrnsiTOpHbIX 6GaTapen

HanmeHoBaHMe TexHonormm

PeareHTbl ansa gecynsdypusaumm

Cnocob BoccTaHOBMNEHUSA
PbO2

PaCTBop ansa Bbllenadvmnea-

HUA

MpumeyaHue

RSR Process

KapOoHaTbI LIENOYHbLIX METANOB U
NH4*

pobaska cynbduTta unm 6u-

Cy.l'lbd)I/ITa 3TUX MeTansoB

H2SiFs unmHBF4 c nobaskomn
HsBO3

Bureau of Mines Process

KapOoHaTbI LLIEMNOYHbIX MeTanmoB n
NH4*

BblLLenaynBaHue B H2SiFs ¢ gobaBkoliPb nopoluka

BonbLion pacxoa Pb nopoww-

Ka

Ginatta Process

anekTpopasnoxeHue BHBF4

Engitec CX-EW

Na2COs nnn NaOH

BbienaynBaHme B HBF4 ¢ go6askonPb nopowka nnm H202

BonbLion pacxog Pb nopouu-

Ka

PbSO4 Slurry Process

nob6aska SOz unu NazS0s K
ocTaTKy OT 3f1eKTpopasno-

XeHunda

anekTpopasnoxeHne PhSO4
B pactBope NazSO4 + H2SO4

PLACID Process

BbilenavnsaHue B HCl + NaCl ¢ BocctaHoBneHnem PbO2

Pb nopoLukom, LemeHTaumen npumecen, kpuctannusawmen

PbCl2 n pactsopeHuem ero B HCI

Bonblon pacxog Pb nopouu-

Ka

AAS Process

BbllwenaymsatoT B pacTtBope (NH4)2SO4 + NH4OH (AAS *),

3aTteM octaTok pasnaratoT B H2SO4 (>50 %) npnt >80 °C ¢

Bo3BpaTom PbSO4 Ha BbllenaynsaHune

CX-EWS + FLUBOR® Pro-

cess

cynbduansaumnio cBMHLA U BoccTaHoBneHne PbhO2 npoBoaAT ¢ noMo-

wbto Na:S

PbS BhiwenaymBatoT B pac-
TBOpe Fe(BF4)s

THIOPAQ® + FLUBOR® Pro-

Cess

DOakTepuanbHoe BOCCTaHOB-
nexuve PbO:2 u cynbunamnsa-

umns

PbS BhiwenaymBatoT B pac-
TBOpe Fe(BF4)s

* AAS — aMMMayHO-aMMOHUNHBLIW Cyrbgar.
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1) Tepmudeckoe pasnoxeHue ao PbO npu HarpeBe nactbl Ao Temnepatypbl 290 °C no

peakuum:
PbO2 — PbO + %202,

2) JobaBka anokcuaa cepbl, Cynb@UTOB UM GUCYNbMUTOB LWENOYHBIX METANMOB Npu
Aecynbdypusaumm nactbl pacTBopamm KapboHaTOB MM rTMAPOKCUAOB.

3) BBegeHve TOHKOro CBMHLIOBOrO MOpPOLLKa B pacTBOPbI KUCMOT NpW BbilwenaynsaHum
kapOoHaTa cBuHUA.

4) No6aska H202 npu BbiwenaynsaHum B HBFa.

5) CHavana B pacTtBop nepeBoasat PbSOa4, a octatok ¢ PbO2 o6pabaTtbiBatoT Kpenkom
H2S04 (bonee 50 %) npu TemnepaTtype Bbiwe 80 °C, obpasyowmnca PbSO4 Bo3BpawiatoT
Ha BblLlenadnBaHue.

6) K octaTky nocne anektpoxmmunyeckoro pasnoxexuuss PbSOs pobasnsiotr SOz mnu
Naz2S0Os3 1 BHOBb nony4eHHbIi PbhSO4 HanpaBnsawoT Ha 3NEKTPOXMMUYECKOE pasnoXeHune.

7) Cynbduamsaumnsa cemHua B nacTe.

[Mocne npuBegeHUsa CBUHUA K OAHOM BaneHTHOCTU (2+) U nepesoga B pacTBOpPUMbIE
hopMbl NPOBOAAT €ro BbilenaynsaHme. Ecnn cBuHel nepesefeH B kapboHaTbl unu okeung,
MX BblLLEenayYnBaloT COOTBETCTBYIOLIEN KUCIOTOM MO OObIYHBIM peakuuMsaM HenTpanusauum
UNu pasnaratlT IMEKTPOXMMUYECKMMIN cnocobamn C NOflydeHMEM Ha KaTode CBMHLA, Ha
aHoge — Kucrnopoga.

Ecnu cBuHel nepeBegeH B PbS no peakunsam:

B T. Y. C NOMOLLbIO DakTepuin,

nepeBof ero B pactBOp NPOBOAAT NO peakumsiM OKUCIIEHUS:

AHanorn4yHo MOXKHO NEpPEBECTU B paCTBOP CBUHEL, U N3 MeTanNM4eckon gopakumn.

Cepa 13 PbSOs4, npu rugpomeTaniyprmyeckon TEXHOMOrMN nepepaboTkn nactbl Mo-
XeT 6bITb nepeBefeHa B 6e3BOAHbIV KpucTannuyeckni cynbdaT HaTpua Na2SOs nnbo B
3ANEMEHTHYI0 cepy S° n He ByaeT 3arpsi3HATb OKPYXKatoLLyo cpeadly, Kak npy nupomMeTannyp-
rmyeckomn nepepaboTke.

OnemeHTHasa cepa MOXeT ObITb Nony4YeHa pasHbiMu cnocobamu.

Cynbdpat HaTpua npu Temnepatype 900 °C nepeBogAT B Cynbgug HaTpua No AaBHO

VICI'IOJ'Ib3yeMOl7I B NMPOMBbILUITEHHOCTU peaKunn.

Na2S04 + 2C — NaxS + 2COz,
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nonyyYeHHbIn cynbug HaTpUa MOXHO MCMNOSb30BaTb ANA CyNnbguansaumn crnenyowiemn nop-
UMM NacTbl MO peakumam uUnn Ons rnosyydeHns YNCToM cepbl N3 ocTaTka OT BbllLeNlaynBaHnA

PbS. Ina aToro cepy no peakuuu:
Na2S + n S° — NagSn +1,

nepeBoaAdAT B I'IOJ'Il/Ich'Ib(*)I/Iﬂ,bI HaTpuna 1N nocne otaeneHnAa HepacTBOPMMOIro oCctaTka K pac-

TBOPY nonucynbduaos HaTpusa obdasnaoT H2SOa4. Mo peakunu:
NazS n+1 + Y2 H2S04 — Y2 Na2SO4 + NaHS + n S°,

cepa BblNagaeT B 0CagoK, OTPUITbTPOBLIBAETCA U MOCHE MPOMbIBKA U MepennaBky MOXeT
MOXeT ObITb TOBapHbIM NMpPoAyKTOM. PacTBop BoO3BpallaeTcs Ha Cynbuansaumio CBUHUA B
nacre.

[ns nonyyeHns YnCToM cepbl NpeanaraeTca UCNofb30BaTb OpPraHUYeCcKU pacTBopu-
Tenb — NepxrnopatuneH. PacTBOpMMOCTb Cepbl B HEM 3aBUCUT OT TemnepaTypbl: Npu Harpe-
Be 0o 60 °C cepa pacTtBopseTcd, a npu oxnaxageHun 0o 20 °C 13 Hero BbinagarT XenTble
KpucTtannsl cepbl.

MpennoxeH n opyron NyTb UCMNOMb30BAHUA YacTN AfieMeHTHOW cepbl. Ee pacTtBopsioT

B pacTBOPE M3BECTM MO peaKLmu:
S° + 3 Ca(OH)2 — 2 CaS + CaS203 + 3 H20,

n pacTtBop cynbduga n Tmocynbdarta kanbums gobasnsawT K pactBopy NazSOas. NMony4yeH-

HbIA NO peakuunu:
CaS + CaS203 + Na2S0O4 — CaS0O4 + NazS + Na2S20s,

pacTBOp Mocre OTAeNeHus runca MoxeT OblTb UCMONb30BaH ANs cynbduansaumm cBMHLA B
nacte. ObpasyroLmincs TnocynbdaT HaTpUs Takke y4yacTByeT B Cynbduansaumm no peakuum

N peakumam:
PbSO4 + Na2S203 + H20 — PbS + NaxSO4 + H2SO4,
PbO + Na2S203 — PbS + Na2SO0Oa.

3aTtem npn OKNCNUTENbHOM BblLLEeSTa4YnBaHNn PbS B ANeKTponnTe no peakunam cHoBa
nosiydaeTcAa afieMeHTHaaA cepa. EAVHCTBEHHbIM ncnoJsib3yeMblM B npouecce peareHTomMm fAB-

nseTcsa Hegoporasa U3BecCTb.
2.4.6.7.4.2 dneKkTpoxXxumMmn4yeckoe BOCCTaHOBIIEHUE CBUHLIA U3 pacTBopa
PactBopbl PbSiFs, Pb(BF4)2 unn PbCl2 nogatoT B kKaTtogHOE OTAENeHne 3f1eKTponmse-

pa, otaensieMmoe OT aHOAHOro AnadparMon UM NOHOOOBMEHHO MeEMOpPaHOWN.
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HesaBrcuMMO OT cocTaBa anekTponuTa Ha Katode NpoUCXoauT CreayoLlas peakums:
Pb2* + 2 e~ — Pb®.

[na nonyyeHns KOMNAKTHbIX OCaAKOB B pacTBOp J00aBNAOT NOBEPXHOCTHO-AKTUBHbIE
BELLEeCTBa, MHOrga ovYeHb 3K30TUYHbIE. Hanpumep, B npeanaraetca aobasnate go 1 r/n Tri-
ton x-100 n cpeHondpTaneunH.

Ha aHoge e B 3aBMCMMOCTW OT COCTaBa 3feKTponmMTa MoryT NpouCXOAuTb crnenyto-

LMe peakumm:
H20 — e- — Oz + 4H*, Pb?* + 2H20 — e— — PbO2 + 4H".

OTa peakuus sBNSETCA HeXenaTenbHOW, U B pacTBOp BBOAAT AobaBku, MHrMbupyto-
wme obpasosaHme PbO2 Ha aHoge: docdaT- u apceHaT-noHbl, MoHbl Co?*, Nnepokcua Boao-
poga H202. HyxxeH CTpormm KOHTpOrnb 3a cofgepxaHuem aTnx AobaBok B NocTynatowem pac-
TBOpE.

Mpn ogHOBpPEMEHHOM MPUCYTCTBUM B pacTBOPE CONlEN CBUHLA W Xenes3a Ha aHode

MOXeT NPonCcxoanTb peakuuns:
Fe(BFa4)2 + HFB4 — e— — Fe(BF4)s + H.

CtaHgapTHbIM NoTeHuman 3Ton peakumm nodtn Ha 1 B meHblie, 4em y AByx npeabl-
AyWMX aHOOHbIX peakuuMin, U Ha aHoA4e He BblAeNnseTcss HU ra3oobpasHbi  KUCropoa,
HW TBEpAbIM ANOKCUA CBUHLA.

Xapaktepuctmka HeKoTopbIX Ony6NMKOBaHHbLIX MPOLLECCOB 3MEKTPOXMMUYECKOro Mo-
nydeHnsa cBuHUa NpuBeaeHa B Tabnuue 2.7.

M3 npmBeaeHHbIX B HEN OaHHbIX BUAHO, YTO BbIOOP 3MNEKTPONUTOB NOKa YTO HEBENMUK,
N BO3MOXHOCTb peanusaumn npouecca byaet onpenensitbCa KOHCTPYKUMEN SneKTponmaepa
1 nokasaTtenamu ero pabotbl. B nutepatype (ccbinikn Ha Hee npuBeaeHbl B Tabnuuax 2.6. n
2.7) npuBOgATCA N Apyrme getann 3Tux NpoLeccos.

BonblWMHCTBO paspaboTaHHbIX MAPOMETaNyprmyecknx TEXHONOMN He BbIWo 3a
pamMKu NOMynpPOMBbILLSIEHHbIX UCMbITaHNA. EAMHCTBEHHBIM 3aBO4OM, paboTaBLUMM HECKOMBbKO
net no texHonormn Ginatta, 6bin 3aBoa komnanuu Elettrochimica Marco Ginatta B Santena,
TypuH, Utanua, mowHocTbio 4500 T cBMHUA B rod. TexHosnorna Bkrovana cnegyrouime oc-
HOBHblE onepauuu:

- OTpe3aHue AHa KopnycoB akKyMynsTOpPHbIX 6aTapen;

- AneKTpoxumMmnyeckasa gecynbdartaums anekTpogos B pacteope H2SOg;

- pacTBOpeHue CBMHLA 13 351eKTpoaoB B pactBope HBF4;

- ANEKTPOOCaXJEeHMEe YMCTOro CBUHLA Ha Katode u3 nonyvyeHHoro 6opdTopuaHoro

pacTeopa;
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- ApobneHne KopnycoB Mnocne pacTBOPEHUsT ANEKTPOAO0B U pasfeneHns, pasgeneHve
MaCCUBHbIX MeTannIMyeckux getanen n nonmnponunieHa;

- nepennaBka MacCUBHbIX MeTanIM4Yecknx getanen B KoTnax ¢ Nofly4yeHMeM CBUHLIO-
BO-CYpPbMSAHMCTOrO Cnnaea.

3aBog npopaboTan HECKOSbKO NET, HO BbIN 3aKkpbIT U3-3a 60MbLWOro o6bema pyyHOro
TpyAa MO YCTaHOBKE aKKyMYMSTOPHbIX 6aTtapen B anekTpudeckue uenu, TpygHOCTM Aanb-

HENLLEro yKpyrnHeHus Npov3BoACTBa.
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Tabnuua 2.13 — XapakTepucTuka NnpoLecCoB 3MEKTPOOCaXAEHNS CBUHLA U3 pacTBOPOB OT BbiLLENaynBaHns cBUHeLcoaepXXallnx dpakumuin

aKKyMynaTOpHbIX 6aTapen

KoHueHTpaums, r/n

NHrmbutopsl

THIOPAQ® + FLUBOR®
Processes

MoBepxHo- MnoTHOCTb
HanmeHoBa-Hue Tex- ocaxaeHus MaTtepuan Twn ocagka
Tun anekTponuTa cBo6oaHas CTHOAKTUBHbIE | TOKa Ha KaTo-
Homormm CBUHEL PbO2 Ha aHo- ) aHopna Ha kaTtoge
Kucnorta ne BeLllecTBa ae, Alm
RSR Process H2SiFs/HBF4 70-120 >50 + As>0,5r/nB PbO:2 Ha rpa- MIOTH.
n conu Pb +H3BO3 Buage AsO4*> dute
Bureau of Mines Pro- H2SiFe + PbSiFe >150 docdpatsl 0,05 r/n koc- 150-250 PbO: Ha NMOTH.
cess 1-2 r/n THOrO Knes Ti
+ 4 r/n nur-
HWH-
cynboHaTa
Ginatta Process HBF4 + conu Pb Co>0,2 r/n 400 rpacur MMOTH.
Engitec HBF4 + conu Pb 100-120 100 H202 Knen 350 PbO2/Ta/Cu MIOTH.
CX-EW unu
Pt/Ta/Cu

PbSO4 Slurry Process | Na:S0O4 + H2SO4, aTu- aHop 1 Kato pasgeneHbl aHNOHOOBMEHHOW MeMmbBpaHom Kunawmn rybka

neHaMamMUHTETPayK- Cnon vacTtuy

CyCHasi KUCNoTa, HUT- nof TOKOM

pu-noTpuauerar, yk-

CycHas v WwaBernesas

KUCMOTbI
PLACID Process NaCl + PbCl> + HCI aHop, 1 KaTto4 pasgeneHbl KaTMOHOO6MeHHON MeMbpaHoi rybka
AAS Process (NH4)2SO4 + NH4OH + NMAOTH.

+ conu Pb

CX-EWS + FLUBOR® n | PDb(BFa4)2 + Fe(BFa4)2 300 MMOTH.
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2.4.6.7.4.3 TexHonorun PLACID wn PLINT

TexHonorna PLACID BkritoyaeT criegytolme OCHOBHbIE onepauuu:

- XNopuaHoe BbillenaymsaHne ceBuHUAa 13 nactol npu temnepartype 80 °C;

- OYUCTKY pacTBopa OT cyfnbdaT-noHa n3BecTtblo 1 (Mnn) pactesopom CacCly;

- OYUCTKY pacTBopa OT NpuMecen LemMeHTaumen Ha CBMHLOBOM MOPOLLKE;

- ANEKTPONUTMYECKOe BblAerieHMe CBMHLA Ha KaTtode M Kucnopoda Ha aHofe c pasge-
NeHWEeM KaTOAHOro M aHOQHOMO NPOCTPAHCTB ANEeKTPonm3epa NOHOOOMEHHON MeMBpaHOW;

- NPOMbIBKY 1 BpMKeTMpOBaHME CBUHLIOBOW rybku C katoaa, nnaBky OpuMKETOB M pas-
NNBKY KaTOOHOro CBMHLA;

- OYMCTKY YacTu pacTBopa OT npumMmecen U3BeCTbio:C Bo3BpaToM PbS Ha Bbiwenayu-
BaHue, a pacteopa CaClz Ha cTaguio 04UCTKM OCHOBHOIO pacTBopa OT cynbdart-uoHa. Npu-
MeCW BbIBOOATCS C OTBaSIbHbIMU MMAPOKCUAHLIMWU NPOLYKTaAMM.

MpuHunnuansHasa cxema PLACID-npouecca npefcTaBrneHa Ha pUcyHke 2.22, NpuHLm-

nuanbHasa cxema 3reKkTponmsepa — Ha pucyHke 2.23.

nacra H3BECTh - Pb nmopomox
BelmenauuBaHe [ DNeKTPOOCAKICHHE ™ Tlnasxa u pasueka
v 0 CIIUTKH
Ocaxnenue cynbpara —— > OuncTKa pacTBopa Pb 99,99%
v LEMEHTHBIH O0CalIoK
HEpaCTBOPUMBIH THIIC (Bi, Cu, As, Sb, Ag)
OCTaTOK

PucyHok 2.30 — lMNMpuHumnmnansHaa cxema PLACID-npouecca
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KHC uopo;l
14— “' -
O e MeTaTn—
5 71C JIEE H qecKni
AHOIAT ;: Xy CRIHEL
tl /
:
: ) oTpasoTanERR
BO1Z KiC Tait
KaToauT
BCKONHHT
PACTEOD

PucyHok 2.31 — Cxema anektpoocagutensHon saHHbl PLACID.

CeuHeL ocaxpgaeTtca B Buae rybku, Kotopas oTpbiBaeTcs OT kaToga M nagaeTt Ha AHO,
OTKyAda cneyunanbHbIM TPAHCMOPTHBLIM YCTPOUCTBOM €€ BbIrpy>KatoT U3 anektponuaepa. Oxu-
AaeMbl pacxop anekTpoaHeprin coctaBuT 800 kBT-4/T cBMHUaA. PacyeTbl nokasbiBaloT, 4YTO
npouecc anekTpoocaxaeHusa 6oree BbIroAeH AN KPYnHbIX 3aBOA0B.

OcHosHble HepocTaTkn PLACID-npouecca:

- CBMHEL, Ha KaTofde nonyvaeTtcda B Buge rybku, 4to npuBoANUT K €ro YaCTUMHOMY OKMC-
NEHVIO NpU NpoMbIBKE, BPUKETUPOBaHUN TyBKM N nepensiaBke BpUKETOB, YBENNYEHUIO KOMN-
YecTBa 0B6OPOTHBLIX CbEMOB MpPU NNaBkKe;

- 6onbLUON pacxon CBMHLIOBOIO MOpPOLUKa Ha BoccTaHoBneHwe PbO2 npu Bbiwenaym-
BaHWM NacTbl: y4nTbIBas, YTO MOYTU MOMOBMHA CBMHLUA B nacte Haxoautca B Buge PbO2,
KaXabl pa3 B pacTBOp BO3BpaLLaETCH TO Xe KONMMYEeCTBO CBUHLLA U3 CBUHLOBOIO MOpPOLLKA,
Ha NoSlydeHne KOTOPOro 3eKTpo3aHeprusa yxe bbina n3pacxogoBaHa, T. €. pacxoq dMeKTpo-
3Hepruu npesbILLaeT TeopeTUYecKki NoYTK B NonTopa pasa;

- B 0OCajKe runca nocrne O41MCTKM pacTBopa OT Ccyrnbdar-uoHa coaep)kaHmue CBUHLA Co-
ctaBnset oT 1 % 0o 3 %, T. e. C 0cagKkoOM TepsaeTcsa YacTb CBMHLA, N HA 3aXOPOHEHME TaKoro
rmnca noTpebyoTca ONONHUTENbHbBIE 3aTpaThl (TO K€ OTHOCUTCHA K HepacTBOPUMOMY OcCTaTt-
Ky OT BblLleriaynBaHns nacTbl).

OgHum  n3  BapumaHToB  coBeplleHcTBoBaHusi  PLACID-npouecca  sBndeTcsa
PLINT-npouecc, npuHUMnuanbHasd Ccxema KOTOpOro nmnpeacTaBreHa Ha pUCyHKe 2.24.
Ot PLACID-npouecca PLINT-npouecc oTnuyaeTcs TeM, 4YTO BMECTO 3S1eKTPOOCaXOAeHUs

CB/MHLUA Ha Katoae CBUHEL U3 OYULLEeHHOro 3JieKTpoJsinTa oCaXaakT U3BECTbio, pacTBoOp
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HanpaeAlOT Ha BblllenadymnBaHMe nactbl, 0CaAOK — Ha BOCCTAHOBJIEHUWE CBUMHLUA TBEpAbIM

yrnepogom npu 6onee HM3Kon, 4eM 0Bbl4HO, TeMNepaType C nonydyeHnem cemHua 99,99 %.

nacra H2S0a4 M3BeCTb Pb nopowok yronb
HuskoTemnepatypHas
BobiwenayneaxHne < OcaxpaeHne cBuHUa >
nnaska
A
PasnuBeka
v v CUTKM

Pb 99,99 %

A 4

OcaxpgeHue cynbdaTta OuucTka pacteopa

l l

LeMEHTHbI 0CaZoK
(Bi, Cu, As, Sb, Ag)

rmnc

\ 4
HepacTBOPUMbIVA

OCTaTOK
PucyHok 2.32 — lMNpuHumnuanbHasa cxema PLINT-npouecca
2.4.6.7.4.4 CX-EW-npouecc u ero coeBepLieHCTBOBaHUe

PaspaboTkon 1 coBepLUEHCTBOBAHNEM rMAPOMETaNyprmyeckon TeXHONOrMn nepepa-
0OTKM CBMHeLUcoAepXaLmMX (bpakumin OT pasfenknm akkyMynaTopHbiX Gatapen yxe 6onee
30 neT 3aHMMaKOTCA UTanbsHCKME KOMNaHUK rpynnel Engitec.

lMepBoHavanbHO Obina npeanoxeHa TexHonormsa CX-EW, Bknwovaslwas cnegywowime
OCHOBHblE Oonepaunu:

- pasgenka akkyMynaTopHbix 6aTtapen;

- Hu3KotemnepartypHasa (400 °C — 450 °C) nepennaBka MeTannnMyeckon pakuumn c
nosly4eHMemM CrmnTKOB CYPbMAHUCTOrO Cnnaea;

- jecynbdypusaumsa nactol ¢ nomowbio Na2COs unn NaOH ¢ nonydeHuem kpucrarn-
nun4yeckoro cyrnedgara HaTpusa ynapKkown ero pacTteopa;

- BbllLieNnavmBaHme gecynbypmn3oBaHHON NacTtbl B 06OPOTHOM 3nekTponute, coaep-
xawem HBF4 n Pb(BF4)2 c BocctaHoBneHnem PbO2 no peakuusam;

- ANEeKTPoOCaXaeHne CBUHUA 13 6oratoro No CBUHLY 3NEKTpONUTa C nosyvyeHneM Ym-
CTOro CBMHLLA Ha KaToAe M KUcropoda Ha aHoage;

- NepennaBka KaToOQHOro CBMHLA U pasfivBKa B CINTKM.

OcCHOBHbIMM HegocTaTKaMy 3TOro npouecca, TPy NepBbIX ornepauun KOToporo ycnerw-
HO BHeApPEHbl HA MHOMMX 3aBoAdax Mupa, SABMSOTCS:

- BonbLION pacxod peareHTOB Ha Aecynbdypusauuto cynbdarta CBUHLA;
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- 6onbLUON pacxo peareHTOB Ha BOCCTaHOBIIEHUE OMOKCMAA CBUHLUA;

- BbICOKas CTOMMOCTb HEPaCTBOPUMbIX aHOOB;

- NOBbILLEHHbIE 3Hepro3aTpaTthbl Ha BblerieHne KMcrnopoga Ha aHode M3-3a BbICOKOro
noteHumana ero obpasoBaHus;

- HeOBXOAUMOCTb MPUMEHEHUST peareHToB-UHrIMbuTopoB obpasoBaHna PbO2 Ha aHo-
ae,

- NOBbILLEHHbIE 3HEpro3aTpaTbl Ha BbiNapuBaHWe BOAbl NPU MNOMYy4YEHUM KpUCTannmye-
CKOro cynbcara HaTpus.

B pesynbtaTte ganbHenwmx uccnegosaHun Ha ocHose CX-EW-npouecca 6bina pas-
paboTaHa HoBast TexHonorun CX-EWS (unu CX-EWS + FLUBOR®), npuHumnuansHas cxema
KOTOpOW nNpuBeaeHa Ha pUcyHke 2.25.

TexHonorua CX-EWS nmeeT crneayowme otnnyms ot TexHonorum CX-EW:

- onepauus gecynbdypusauum nactbl 3aMeHeHa onepaumen cynbungmsaumm ceuHua
CyNbMUAOM HATPUA MO peakuusam;

- NpegnoxeHo nonyvatb Na:S pacTBopeHVMEM 3fIeMEHTHOM Cepbl B LLESI0YHOM pac-
TBOPE UNKN BOCCTaHoBNEHneM kpuctannmyeckoro NazSO4 TBepAbIM Yriepoaom;

- npeanoxeHo ucnonb3oBate FLUBOR®-npouecc, T. e. npoBoAUThL BbillenavmBaHue
cynbduga ceuHua pactsopom Fe(BFs)s (aHONMTOM) C noryyeHMem 3reMEeHTHOM cepbl Mo
peakunn ¢ nocrieayLwmm aNeKTpooCaXKAeHMEM YACTOro CBMHLA Ha KaTode U pereHepaumnen
Fe(BFa4)3 Ha aHoZe NO peakuun 6e3 BbigeneHnsa Kucnopoaa.

Cynbuansaumnsa cemHLa NO3BOMSET YNydLWUTb PUITbTPYEMOCTb U OTMbIBKY Cynbdua-
HOro Keka, a okucnenune Fe(BF4)2 Ha aHOOe NO3BONSET YMEHbLWUTb ero noteHuyuan (cneno-
BaTeNbHO, N HanNpsXXeHWe Ha BaHHE) NoYTM Ha 1 B M NOSIHOCTLIO UCKMIOYUTL OBpasoBaHue
kncrnopoga n ocaxgeHue PbO2 Ha aHofe, Tak Kak He gocTuraeTcs noteHuman ux obpasosa-

HMs. MNMponopuUMOoHanNbHO YMEHbLUAETCS PAaCXOf 3MEKTPO3HEPI MU,

117



UTC 13-2016

Macta 1 Kkr

v v

Cynbdugnsauus

\ 4

dunbTpaums

3

PbS 0,9 kr
BN-Tb 12,0 %

BolwenaunsaHne

\ 4

dunbTpaums

v v

pacTtsop

CEepHbI KeK

3

l |

OnekTponus

v

3/1eKTPONUT Pb°®

Fe**10r/n

aHoNuUT
V=37,8n

A

0,2 kr s° Ca(OH):
Bn-16 1,5 % 0,05 Kr 0,3 kr
f v v v
PacTtBopeHue cepsbl
\ 4
dunbTpaums
pacTBop l l
‘ pacteop KOHEYHbIN KeK
Na250s ¢ ¢
0,55 Kr OcaxpgeHue runca 0,08 Kr
BN-Tb 25 %
\ 4
dunbTpaums
pacTBop TMNCoBbIN KeK

CaS0s4-2H:0
0,67 Kr
BN-Tb 25 %

\ 4

\4

Ha 3aXopoHeHUe

PucyHok 2.33 — MpuHuunuansHasa cxema CX — EWS + FLUBOR®-npouecca

Cogaeprkawlasca B nacte cepa MoxeT ObiTb NepeBefeHa B TOBapPHbIA NPOAYKT — ane-

MEHTHYIO cepy.

I'Ipen,no>|<eHo TakXe oTAesibHO pacTBOpATb HEKOHOAULNMOHHbIE CYPbMAHUCTbLIE CrhilaBbl

B aHONnn1Te, OCTaBnAaAd nNnpuMecu B LUame, ﬂOﬂyquHbIVI pacTBOp CBMHLUA nogaBaTb B KaTo4-

HO€E oTAeNneHne n Takke nojlydaTtb Ha Katoae YUCTbIN CBUHELL, YTO NO3BOMSAET UCKIIOYUTL BCE

onepauum panHMPOBaHNS YEPHOBOIO CBUHLIA OBbIYHBIMM NMMPOMETAaNNYPru4eckMMm Croco-

Samu.

[anbHenwen cTyneHblo pa3BuTusa rmapoMeTaniyprmyeckon TexHonormm nepepaboTkm

nactbl ctan npouecc THIOPAQ® + FLUBOR®, npuHuunuanbHas cxema KOToporo npeacras-

neHa Ha pucyHKe 1 KoTopbiit BkntovaeT THIOPAQ®-npouecc n FLUBOR®-npouecc.
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6aKkTepum NPUPOAHbIV ra3 nap
oTpaboTaBLme H6aTapen ! !
¢ PudopmuHr napa
Pasgenka _l
f v (H2CO:)
S/1IEKTPONUT nacra
peLleTku 1 noatoca (H:504) l
Buocynedpuaunsaumsa —> BOJa
A > 7 Pbs
\ AR A 4 ¢
— BblwenaynBaHue B aHonuTe BbiwenayneaHue B aHonuTe
3NEKTPONUT 3NEKTPOAUT KeK
< AHO/IUT <— OnekTponns
Pb kaTtogbl 99,99 %
v
wnam v
(Sb, Cu, Ag, Bl nT. 4.) cepa + HepacTBOPMMBbIN OCTaTOK
v

HelTpanusaumna

PucyHok 2.34 — MpuHumnuansbHasa cxema THIOPAQ® + FLUBOR® — npouecca.

Mo THIOPAQ®-npoueccy cynbgaTt-noHbl B TBEpAON dase (B Heaecynbdypr3oBaHHON
nacTte) BOCCTaHaBNMBaT MeToAoM Ouocynbduansauumn no peakumsim ¢ NOMOLLbIO aHad-
pobHbIX BakTepuin 1 rasos, cogepxawmx Hz n CO2, Hanpumep, nonyy4yaemMbiX NpU BbICOKO-
TemnepaTypHon obpaboTke cMecu NPUPOOHOro rasa ¢ napamu BoAbl. JTa TEXHOMOMMNA MO3-
BONSET MCKMIOYUTL TPyOO- WU 3HEeproeMkue onepauuu aecynbgypusaumm nacTbl COAOWN,
OYUCTKM W BbiNapuBaHUS pacTBopa cynbaTta HaTpus, nonyyYeHns ero B KpuUcTanin4yeckom
Bnage. CooTBETCTBEHHO YMEHBLLUEHUIO KONMYECTBaA TEXHOSOrMYECKMX onepauui no cpaBHe-
HUIO C TexHomnorven CX-EWS + FLUBOR® yMmeHblUaeTcs KONMMYECTBO TEXHOSIOMMYECKOrO
obopyaoBaHus, CHUXKAKOTCS dKCNnyaTaunoHHbIe U aHepreTudeckune 3atpartbl. Cepa ns ocrar-
Ka OT BblllenaynBaHusa cynbduia CBUHLA aHONMUTOM MOXET ObiTb U3BfieYeHa B TOBapPHbLIN
NpoayKT.

KaTogHoe n aHogHOEe NpOCTpaHCTBa anekTponua3epa pasfgensoTca OObiMHOM Monu-
NPoONUIIeHOBOM AuadparMon, UCNoNb3yemMon, Hanpumep, B anektponuse Hukens. CBuHey,
ocaXgaeTcs Ha KaTode B BMAE KOMMAKTHOro ocagka. [psiMble 3aTtpaTtbl 3N1EKTPO3HEPTMM BO

BpeMSs UcCnbITaHU coctaBunmn okono 500 kBT-4/T cBMHUA.
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PacueTbl nokasbiBalOT, YTO KanuTarnbHble BIIOXEHUA B OObIYHbIA NMpoMeTannypruye-
Cknin 3aBog MolHocTblo 30000 T cBuHUa B rog coctaBat 11 mnH gonnapos CLUA, a no Tex-
Honornn CX-EWS — okono 15 mnH gonnapos CLUA, HO aTu BRoXeHust GbICTPO OKynatTcs
3a CYEeT 3HaAYNTESNTbHON 3KOHOMWUW AKCMyaTaLMOHHbBIX 3aTpaT M 3aTpaT Ha 3alunTy OKpyKato-
wen cpeapbl.

CpaBHeHue rmgpomMeTanilyprmyecknx M nMpoMeTanslyprmyecknx cxem nepepaboTkm
nacTbl NoKasblBaeT, YTO rmgpomMeTtannypruyeckas TeXHONOrnma no3BosiseT npakTU4ecku norsi-
HOCTbI MCKINIOYNTb BbIOPOC MbININ U BpeLHbIX ra30B B OKPYXKaloLLYH Cpefy U CHU3UTb 3Hep-
rosaTpaTthbl, HO TpebyeTcs ee aopaboTka. Tak, BbIXxog OTBasfbHbIX NPOAYKTOB B KONUYECTBE
75 % OT nocTynuBLUEN NacTbl (CM. pUCYHOK 54) Bpsag N MOXHO cuMTaTh B60MnbLIMM JOCTUXKE-
Hnem. Ecnn Ca(OH)2 6ygeT He O4eHb 4YMCTbIM, BbIXOA OTBasibHbIX NPOAYKTOB OyaeT eule
oonbLue.

Kpome Toro, He ykasaH cocTtaB OTBasbHbIX MPOAYKTOB, B KOTOPbIX OyayT coaepxatbca
PbF2, BaF2, CaF2 n gpyrne onacHble Ona okpyxatwoLwen cpefbl BewecTsa, YTo npueeaeT K
NOBbILLEHMIO 3aTpaT Ha UX 3aXOPOHEHNE.

[MockonbKy pacTBOpbI coaepxaTt coeanHeHna ptopa, Heob6xoaAMMOo OTBasnbHbIE OCaaKM
TwaTenbHO NPOMbIBaTh BOAOW. banaHc e cuctembl N0 BOAE MOXHO NogAepXuBaTb TOSNbKO
3a cYyeT ee BbiNapuBaHus, 4YTO NOTpebyeT CyLleCTBEHHbIX 3HeprosaTpart, KOTopble Takke
Heob6Xxo4MMO y4nTbiBaTb B pacyeTax.

CnepoBaTtenbHO, pearnbHYy 3EEKTUBHOCTE MMAPOMETaNNypPruyeckon TEXHOMOrmm
nepepaboTkn oTpaboTaBLUMX aKKyMynsTOPHbIX 6aTapen MOXHO ByaeT oueHUTb TOSbKO Mo-
cne 3aBepLUeHUs UccrnegoBaHU No BCeM nepegenam, ydeTta 3KCniyaTaunoHHbIX U dHepre-
TMYECKUX 3aTpaT npu paboTe no NOSHOM Cxeme, 3aTpaTt Ha 3axOpOHEHME OTBasibHbIX MaTe-
pnanos.

PasHoobpasne npumMmeHsieMbIX TeXHONOrMnm nepepaboTkm BTOPUYHOIO CBMHLIOBOTO Chbl-
pbsi B HacTosilLlee BpeMs onpefensieTcs Ha O0onbLUMHCTBE OENCTBYHOLUMX NPOMbILUNEHHbBIX
npeanpusaTMin cTpemneHmeM obecneunTb Kak BO3MOXHOCTb BbINOMHEHUS hbeaepanbHbIX m
permoHanbHbIX 3KOSIOrMYEeCKNX HOPMATUBOB, Tak U SKOHOMUYHOCTbL NPOU3BOLCTBA B YCIOBU-
X HEOAHOPOLHOCTU LEH Ha Cbipbe, TOMSIMBO-3HEPreTMyeckne pecypcbl, pabouyylo cuny,
TPaHCNOPTHbIE TapUdbl U MUHUMN3AUMIO KanuTanbHbIX 3aTpaT Ha HOBOE UMM PEKOHCTPYUPY-
emMoe npegnpusTtve. B nocrnegHem criydyae peluarowmm akTopoM SBASETCA HanmMyme OCBO-
€HHOM NPOMMIOWAAKN C BO3MOXXHOCTbI WUCMOMb30BaHUS UMEIOLLENCA MHMPACTPYKTYpbl U
obopynoBaHus (Kak, Hanpumep, oTpaxaTesibHble U LaxTHble nevn Ha 3asogax CLUA wnu

aneKkTponeyun Ha 3aBoge «PasuseTmeT», Poccus).
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[Mpn aTom cnegyeT yunTbiBaTb HEOOXOOUMOCTb NpefoTBpaLLeHUs 3arpA3HEeHUst TOK-
CVYHBIMW MHTpeaMeHTamMm BO34YLLHOW U BOOHOW Cpeabl OKpyXatoLlero o6bekT panoHa ¢ y4e-
TOM CyLLECTBYOLMX (POHOBLIX KOHLUEHTpaLUWUn OT APYrMX NPeanpuaTuin, a Takke cobnogeHns
CaHUTapHO-TUMMEHNYECKNX HOPM Ha paboynx mecTax.

B psige cnyyaeB 3aTpaTtbl Ha OXpaHy OKpyXarLlen cpefbl MOryT OCTUrHyTb 75 % oT
obLer cTouMoCT! CTpouTenbCcTBa 3aBoda, HO peHTabenbHOCTb Takoro Npov3BOACTBa BO3-
MOXHa npu nepepaboTke AeLeBoro BTOPUYHOrO Cbipbsl.

M3noxeHHoe Bblle NO3BOMNSeT caenaTtb BbiBO4 O TOM, YTO co3faHne 6e30TXOAHOro

9KOJ1IOrM4YHOro npon3BoacTtea BTOPUYHOIo CBMHLA B HacTosdLee BpeMAa BO3MOXKHO.

2.4.7 PachmHMpoBaHue NepBUYHOIro U BTOPUYHOrO CBUHLA M ONoBa

B npousBoacTse cBMHUA M ONoBa U3 NEPBMYHOIO U BTOPUYHOIO CbIpbs NoslyvyaemMble
MeTanmnbl padUHUPYIOTCH, NPOU3BOASATCA CNfaBbl U NIUTbE PbIHOYHOrO KadecTBa. Mcnonbay-
I0TCS Takke OpyrMe UCTOYHUKU (CBUHEL, U CBMHLIOBBIA CKpan, OfioBO M OfIOBAHHbLIA Cnias,
cnnasbl MeTannos).

YepHoBOW CBUHEL, MOXET codepxaTb pas3fiMyHoe KonmyecTBo Meaun, cepebpa, BUCMY-
Ta, CypbMbl, MbilbsKka U onoBa. CBUHeL, U3BMEYEHHbIN C BTOPUYHBLIX MaTepmnanoB MOXET CO-
AepxaTb nogobHble npumecu, HO NpenmyLecTBeHHo cypbMy. CyulecTByeT ABa MeToda pa-
(PUHMPOBAHUS YEPHOIo CBUHLA — ANEKTpoNUTUYecKasa n nupomMeTansypruieckas.

AnekTponuTuyeckoe paduHUpoBaHne NCNonb3yeT aHodbl N3 06e3MexXeHHOro YepHo-
BOr0 CBMHLA M KaTOLHOW OCHOBbI U3 YMCTOro CBMHLA. OTO JOPOroCTOSALWMIA NpoLece, KOTo-
pbI HEe ucnonb3yeTcs 3aBogamMu B EBpocotose, XoTa NpUMeHsieTcsa B page Apyrnx CTpaH.

MupomeTannypruyeckoe padmHMpoBaHME BKOYaEeT B cebsa onepaumm cepum KOTrOoB,
KOTOpble KOCBEHHO HarpeBakTCA Ma3yToM unm rasom [21].

B kayecTBe nepBOro Liara ocyLecTBNAeTCA nepennas MeTanna, ecrnv OH He MosyyeH
B XXMAKOM Buae. PadnHUPOBOYHbIE KOTIbI HE ABMSKOTCA NOAXOOAWMMN ONS pacnnaBrieHns
CBMHLIOBOrO CKpana 3arps3HeHHOro opraHu4yeckumn matepuanamu. Meab aBnseTcs nepsbim
3NeMeHTOM yaansemMbiM U3 pacninasa U OTAeNseMblM Kak Lnvkep mefHbin. Ecnn B YepHo-
BOM MeTansie HeJoCTaTOYHO Cepbl, OHa MOXeT ObITb JobaBneHa B BUAE NopoLLKa cepbl Unm
raneHuta / nuputa. LLUnukep MeaHbIv yoanseTcsa ¢ NOBEPXHOCTU MeTasnsa ¢ NoMoLbio Mexa-
HUYECKOro CbeMLuKa, KOTOpPbIN neperpyxaeT ero B KOHTENHeP.

Tenyp, MblWbsK, CypbMa M OfIOBO yaansieTcs NOCpeAcTBOM OKUCNeHnsa (Xappuc npo-
uecc). Mcnonb3yembln METOA 4acTO Ha3blBaeTCs, Kak CMsArdeHue, BKMOYaeT peakuuio co

CMeCbl0 HUTpaTa HaTpua “ KaycmquKon coaomn c nocnegywwnmMm yganeHnem OKMUCIioB Me-
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XaHUYeCKUM CbeMHUKOM. Bo3ayx, Kak n KMCropofd, MoryT ObiTb MCNOMNb30BaHbl Kak OKUCIN-
TenbHble areHTbl. B 3aBMCMMOCTM OT cOCTaBa YepPHOBOro CBUHLA, T.e. KONMYEeCcTBa coaep-
Xalmxca B HEM npumecen, pacnnasfeHHasi CMeCb conen MoxeT ObiTb rpaHynvpoBaHa B
BOAE, a npumecu MoryT ObiTb yaaneHsl rmgpomeTtannyprmyeckm [22]. OnoBo u CBUMHEL MOTyT
ObITb Takke pasgerieHbl NPoLecCOM BbICOKOTEMMNEPATYPHOW BakyyMHOW auctunnsaumn. B pe-
3ynbTaTe 3T0ro, 6yayT NonyyYeHbl YACTbIM CBUHEL, U ONOBO. YaaneHue cepebpa npon3soanT-
cs [Napkec npoueccom, KOTOpbIA MCNOMb3yeT NpeanodTUTENbHOE pacTBopeHue cepebpa B
unHke. LinHkcopepxawmin matepman (UMHK, rapTuuHK 1 T.N. ) gobaBnseTcs K CBUHLY npwu
TemnepaTtype okono 470°C u pacnnaB 3atem oxnaxpaetcsa Ao 315+325°C. CepebpsiHo-
LUMHKOBLIN cnnae oTaenseTcs n obpasyeTcsa Kopka Ha NOBEPXHOCTU U3 KOTOPOK cepebpo m3-
BrnekaeTca BakyyMHoOW auctunnaumen. YepHoBoe cepebpo noasepraetcs pauHUPOBaAHUIO C
ncnonb3oBaHMEM Kucnopoa Ans NPpou3BoACTBa Cbiporo cepebpa.

BucmyT yoansetca obpaboTkon pacnnaBa cmecbto Kanbumsa n marius (Kponn — bet-
TepToHe npouecc). Kanbuum-marHumn-BMCMyTOBbIMA CNnaB hopMUpyeTCa Kak ApOCC BUCMYTU-
CTbIl HA NMOBEPXHOCTU CBMHLA U yaanseTcs cbeMHuUKoM. [lanee B npoLecc BBOAST CypbMy.
BennbiBlune gpocchl CypbMSAHUCTbIEYOANSIOT C NOBEPXHOCTU CBUHLA CbEMHUKOM W Hanpas-
naT B 000pOT Ha onepauuio OKUCNNTENbHOro padMHMpPOBaHUs cnegyowien nnaeku. poc-
Cbl BUCMYTUCTbIE OKUCIIAKOTCA XOpMAOM CBMHLA, ra3o06pasHbiM XNIOPOM UM CMECHIO Kay-
CTMYECKON COAbl U HUTPATOM HaTpPUsS MOCMNEe Yero OKCuAabl KanbUMa U MarHus yaansioTcs
CbEMHMKOM C NOSTyYEHNEM ChfaBa CBMHLOBO - BUCMYTUCTOro. Crnnas CBMHLOBO - BUCMYTU-
CTbll BOCCTaHaBNMBaETCH U NnoaBepraeTca ganbHenwemMy padUHUPOBAHMIO C NOSTyYEeHUeEM
BucmyTa. MNpumepHas guarpamma npouecca paduHMPOBaHMS CBMHLA AaHa Ha pucyHke 2.27.

B cnyyae npucytcTBus Tannmsa OH MOXET ObiTb yAaneH ¢ NOMOLLBIO Xopuaa LuHKa U

KpeMHusi ¢ obpasoBaHMeM Boratoro TannmMeBoro Apocca, KoTopbi CHUMatoT [28].
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PucyHok 2.35 — MNprmMepHas cxeMa npoLeccoB paHMPOBaHUS CBMHLIA

3aBepLiatoLlen ctagnen padMHMpoBaHMS CBUHLA SBNAETCA KA4EeCTBEHHOE LLENTOYHOE

padrHupoBaHue. NpoBoauTcs C Lenbi yaaneHus KanbLus, MarHusi, CypbMbl U LMHKa, BBE-

AEHHbIX B BaHHY npu obeccepebpeHnn n obessucmyumBaHun. Pacnnae obpabaTtbiBaeTca

CMeCblo HaTpa eaKkoro n Hatpmua a30THOKUCIIOro. Mo okoH4YaHWUK npouecca C NoBEepxXHOCTU
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BaHHbl MeTanna CbeMHUKOM CHUMAlT OKWUCIIbI Cbiyyme, KOTOpble BO3BpaLlaloT Ha onepa-
LMIO OKUCIIUTENBHOMO pachMHMpPOBaHNA CriefytoLwen nnaBku.

UuncTein cBuHeL, pa3nuBaeTcsa B 6110KM Mnn CrMTKU B Ka4eCcTBe MeTanna unv cnnasa.

BoaroH, gpocc, rmeT n gpyrne otxogbl 06bIMHO NEPEnnaBnanTCs B ManeHbKOW LWaxT-
HOM NMeyu Unun BpaLlaroLllenca nevyn gnsa nponsBoaAcTBa YepPHOBOrO CBUHLIA KOTOPbIA BO3Bpa-
waetca B umkn paduHnpoBaHus. OnoBo M ONOBSIHHO CBUHLOBbIE CMfaBbl pauHMPYOTCA
rmapomMeTaniyprmyeckum m nupoMeTannyprudeckum crnocobom. [MapomeTannypruyeckun
MeTO NpUMEHSIET anekTpopaduHpoBaHne. 3To, 0gHaKo, MMeeT HebonbLion obbem B EC
(meHee 1000 1/rog). MNMupomeTtannypruyeckoe paduHMpoBaHMe NoAo6HO padUHMPOBaHMIO
cBuHUA. YKenes3o ygansetca nukeauven pacnnasa, Medb yaansdetrcs ¢ noMoLbio AobaBku

cepbl U MbILWbBSAK UK CypbMa yaansaiTca 4o6aBKkon antoMUHUSA Unu coabl.
2.4.8 NnaBneHue 1 NPoOoU3BOACTBO CBMHLOBbLIX CNJlaBOB

lMnaBneHne 1 NPoOM3BOACTBO CMNMaBoOB 0ObIYHO NPOM3BOAAT B KOCBEHHO-HArpeBaeMbix
TUrenbHbIX NeYax, UCNonb3yKLWNX ANEKTPOIHEPTMIO NN Ma3yT unu ra3. PacdmMHMpoBaHHbIN
CBUWHEL, pacnnaensioT B KOTNe, B KOTOpbI AobaBnstoT nurupytowme gobaeku. Temnepatyp-
HbIA KOHTPOSb MOXET ObITb BaxeH [22]. CBMHEL U CBUHLOBbIE CMnaBbl 0ObIYHO pasnueatoT B
CTauMoHapHble xenesHble Mynbabl [21]. CTaTudeckne mMynbabl U KOHBEWEPHbIE JIUTbEBLIE
MaLUMHbI MCNONb3YIOT ANs Npou3BoAcTBa 6nokoB, cnsiboB u cnutkoB. MawwunHa ons Henpe-
PbIBHOMO NUTbA UCMOMb3YHT ANA NPOW3BOACTBA CTEPXHEN ANA YyMEHbLUEHWUs MPOBOOOB.

YnaBnvBaHne BO3roHOB NPOM3BOAAT Hag Xenobamm n B Toukax otbopa.
2.5 NMpoussoacteo apyrux metannos. (In, Ge, Ga)

B ncnonb3yemblx nNpu NpoOVM3BOACTBE LIMHKA M CBMHLA KOHLEHTpaTax MHorga npucyT-
CTBYIOT U apyrne metansnbl. OHM 0BbIYHO HakKannMBaKTCH B LUMaKax, Apoccax, KOMOLUHUKO-
BOM MbINN U APYrMX OCTATOYHbIX NPOoAyKTax, obpa3syoLmxcs B npoLecce Npon3BoAcTBa. Ta-
KMe NpOoAyKTbl MOMyT MUCMOMb30BaTbCsA B KAyecTBe LWMXTbl ANS chneumanbHbIX YCTaHOBOK,
npeaHasHa4YeHHbIX ANs U3BMNeYeHNs: 3TUX LIEHHbIX MeTanmnos.

TexHonormm n3BneYeHnst MeTannoB MoryT GbiTb 4OCTATOMHO CHOXHbLIMU U BO MHOIMX
crnyyasix NpeacTaBnsAlT KOMMEPYECKYH0 TalHy. 3TU TEXHOMNOrMM 06beauHSAT psa MeToOoB,
TakMX KaK BbllUenadvBaHue, LeMeHTauus, 3KCTpaKuuUs pacTBOPUTENEM, XITOpUpoBaHuE,
3MEKTPOIKCTPAKUMS N BaKyyMHasi AMCTUNNSAUMS. [lanee MoryT NpUMEHsiTbCsl 30HHasi NnaBka

M MeTOoAdbl BblpalluBaHUA KpUCTannoB And nonyvYyeHnAa CBEPXYUCTbIX MeTarsioB.
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Paspgen 3. CywecTByrowme ypoBHU NOTpPebNeHus pecypcoB 1

3MUCCUN B OKpYXKaloLyro cpeay
3.1 MpousBoacTBO LMHKA U KaaMUA

OcHoBHble akonornyeckme npobnemMsl Npy NPON3BOACTBE LIMHKA CBSA3aHbI C 3arpsi3He-
HMeMm BO3ayxa u BoAbl U obpasoBaHMEM OnacHbIX OTX040B. Ha npeanpmnsatmusx obbivHO ycTa-
HaBNMBalOT COOCTBEHHbIE BOAOOYMCTHBLIE COOPYXEHUSI U UCNOSb3YIOT 3aMKHYTbIE€ CUCTEMBbI
BogoobopoTa.

[na BocnonHeHns o6bemMoB OBGOPOTHOW BOAbI, UCMOMbL3YEMOW B TEXHONIOMMYECKOM
npouecce, 1 NoTepb, CBA3aHHbLIX C UCNAPEHNEM, MOTyT cobMpaTbCs NOBEPXHOCTHbIE CTOKM, a
TaKkKe ApeHaXKHble CTOKM C MOSIMIOHOB 3aXOPOHEHUsT OTX040B. Ecnn no3eonsaT o6bembl BO-
Abl, BbIBOAMMOW M3 NPOU3BOACTBEHHOrO npouecca, MoxeT Ao6aBnsaTbCa (puHanbHbIN 3Tan
Kpuctannusaumm (Hanpumep, Ha HEKOTOpPbIX Npeanpuatusax B epmaHun, MCNonb3yoLwmx
BenbL-NpoLEeCce), YTO NO3BOMSET MOSTHOCTBIO UCKMYUTL COPOCHI 3arpA3HSOLWLMX BELWECTB B
nNpUHMMaloLLne BOAHbIE OO BHEKTHI.

MHorve Bumabl OTX040B NOBTOPHO UCMOMb3YHOTCA B MPOM3BOACTBE, HO OCHOBHbLIM BU-
AOM, OKasblBalOLLMM 3HaA4YMTENbHOE BO3OENCTBME Ha OKPYXaloLylo cpeny, ABMASTCHA OcTa-
TOYHblE NPOAYKTbI BbiwenaymsaHus [8], [7]. ns nogoTpacnn xapakTepHbl HEKOTOpPbIE F10-
KanbHble acnekTbl, Takne kak Wym. B cBA3n ¢ TeM, YTO psiA MOTOKOB TBEPAbIX U XUAKUX OT-

XOO0B ABNSAITCHA ONACHbIMU, CYLLLEeCTBYET 3HaUYUTENbHbIN PUCK 3arpA3HEHNSA NoYBbl [29].
3.1.1 Pacxon maTtepuarnbHbIX pecypcoB

B Tabnuue 3.1 npuBeaeHbl NokasaTenn MaTepuarnbHbIX NOTOKOB Ha NPUMEPE OAHOro

13 3aBoaoB B [epmaHun, paboTatowmnx no TexHonornm RLE.

Tabnwuua 3.14 — TunudHble nokasaTenu angd 3asoga B lepmaHmm, paboTatoLlero no texHonornn RLE

C ncnosib3oBaHnem BTOPUYHOIO CblpbA

MaTepuan Onuncanune
Cblpbe KoHueHTpaTtbl (47 % — 56 % |1,3-1,8 T/T Zn
Zn) BOo3MOXxHO 0,03-0,58 T/T Zn
Benbu-okena (55 % — 70 %
Zn)
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Matepunan Onucanuve

Mpogykums LUnHk SHG (99,99 %) 3—4 kr/T Zn
Kagmunn? 1,23-1,68 T/T Zn
CepHas kucnota, Hanp. 96 %

OTxoabl Fetnt? nnu apoant? 0,3-0,8 1/T Zn
O6e3BOXEHHbIN KUCNbIN oca- | < 0,5 Kr/T Zn
JOK 3—4 kr/T Zn
OctaTtok npon3BoacTBa Kaa- 0,3 kr/T Zn
muab) 7-15 kr/T Zn
Lnam Hg/Se
OcaxgeHHbIn Wwnam

MpoMeyTouHble Npoayk- | CynbdaTtHbiit CBUHLIOBLIA KekY | 115 kr/T Zn

Thl/nonydabpukaThbl MeaHbIn Kek 7-15 Kkr/T Zn
Zn/Fe KeKk nnun Zn Kek 0,5-1 1/t Zn
(HenTparbHbIN OCTATOK Bbile- < 4 Kr/T Zn
naynsaxms)Y < 4 xr/T Zn
Xnopug ptytv (kanomens)?
'mnc

O6bem nponsBoacTea LnHk mapkn SHG 130 000 T/rog
CepHas kucnota 225 000 T/ropg
KagmuinV 480 T/rog,

D B 3aBMCUMOCTM OT TEXHOMOrMYECKOro npoLecca.

NcTouHnk — [16].

B Tabnvue 3.2 npeacTaBneH TUMMYHBIA COCTaB LUMXThI M 0BPa3yoLLUMXCA OCTaTOYHbIX

NpoayKkToB Ans 3aBoga, paboTtatowero no TexHonormn RLE ¢ ncnonb3oBaHnem BTOPUYHOMO

CbIpbSi.

126




UTC 13-2016

Tabnuua 3.15 — Tunu4yHbIA COCTaB LWNXTbI 1 06pa3yoLLNXCsl OCTaTOYHbIX MPOAYKTOB ANs 3aBoaa,

paboTatowero no TexHonorum RLE ¢ ncnonb3oBaHnem BTOPUYHOIO Cbipbs

OcTaToyHbIN

Hentpane-
NPOAYKT C
Metann | LuHkoBbIN KoHueHTpaT Cynbdar HbI OCTaTOK
BbICOKUM CO- Aposnt
(%) KOHUEeHTpaT Zn/Fe cBMHUA BblLLleNayu-
aepxaHvem
BaHusa Pb/Ag
Cu
Zn 54 18-21 8 4 2,5 9,5
Fe 6,7 17-19 0,3 5 27
Pb 2,1 7-8 4 40 25 4,9
S 32 6-9 2 11 HO HO
Cu 0,4 0,6-1 51 0,05 HO 0,2
Cd 0,2 0,1-0,2 1,2 HO 0,2 0,06
Ag 0,01 0,04-0,06 <0,01 0,04 0,01 HO
SiO2 HO 4-7 0,7 2 25 0,24

HL = HeT AaHHbIX

NcToyHnk — [16].

B Tabnuue 3.3 npeacTtaBneH TUNUYHBIA COCTaB LWUNXThbI U Cbipbsa Ans npouecca RLE ¢

npuBneYeHnemM BTOPMYHOro MaTepuana.

Tabnuua 3.16 — TUnNU4YHLIN COCTaB WNXTbI U Cbipbs AN npouecca RLE ¢ npueneyeHvem

BTOPUYHOIo martepmnana

OcTaToyHbIN
npoaykT
Copnep- Mepnbconep- Up y
HenTparnbHo-
»aHne | KoHueHTpaTr | KoHueHTpaT | Xauwui ocTa- Cynbar
ro Bblllena- Aposut
meTarn- Zn Zn/Fe TOYHbIN NPO- CBMHLA
yMBaHus, co-
na, % OYKT .
aepxawmmn
Pb/Ag
Zn 54 18-21 8 4 2,5 55
Fe 6,7 17-19 0,3 5 27
Pb 2,1 7-8 4 40 25 4.9
S 32 6-9 2 11 HO HO
Cu 0,4 0,6-1 51 0,05 HO 0,2
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OcTaTo4HbI
NPOAYKT
Cogep- Megbconep- Vp y
HenTparnbHo-
xaHue | KoHueHTpat | KoHueHTpaT | kawwmwn octa- | Cynbdat
ro Bbllena- Aposut
meTan- Zn Zn/Fe TOYHbI NPO- CBUHLa
4ymBaHus, Co-
na, % AYKT .
aepxawmm
Pb/Ag
Cd 0,2 0,1-0,2 1,2 HO 0,2 0,06
Ag 0,01 0,04-0,06 <0,01 0,04 0,01 HO
SiO2 HO 4-7 0,7 2 25 0,24

HL = HeT gaHHBbIX.

NcToyHnk — [16].

B Tabnuue 3.4 nokasaH GanaHc «BXo4 — BbIXOA» ANS Benbl-NpoLecca Ha 3aBofe,

nepepabaTbiBaloLLEM MblNb, 00Pa3yoLLYOCS B 3MEKTPOAYroBOi Neyu.

Tabnuua 3.17 — banaHc «Bxoa4 — BbIXOA» ANA BeNbL-NpoLecca Ha 3aBoe, UCNoNb3yowem

npouecc SDHL

Bxon T/T cyxoro Buion T/T cyxoro
npoaykra npoaykra
OT1an 1: obpaboTka B BeNbL-Neyn
OctaTtku Zn (nbinb ot 3l 2,68 Benbu-okcua (He NpoMbIThIN) 1
nT. 4.
KokcoBasi Mmenioyb 0,48 LLinak cyxon 1,63
CaO, nsBectb 0,21 YucTtble oTxoadwme rasbi 2,07
(HM3/T)
MpoMbiwneHHas Boga (M3/T 1,22
CyXOro Npoaykra)
MpupoaHsiii ras® (HmM3/T cyxo- 3,66
ro npoaykra)
OnekTpoaHeprus (kKBT-4/T cy- 240
XOro npopaykra)
AunsencHoe Tonnueo (M3/T cy- < 0,001
XOro npoaykra)
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Bxon

T/T cyxoro

npoaykTa

Bbixopn

T/T cyxoro

npoaykTa

D MpupogHbIi ra3 B Besbl-MeYy UCMONb3yeTcs TONMbKO ONA NpedBapuTenbHOro Harpesa, a

He onst 0Obl4HOro pexuma paboThbl.

NcTouHnk — [16].

B BenbL-okcuae BbICOKMI ypoBeHb coaepkaHusi Cl, n Ha 3aBogax, WMCMOSb3YHLLMX

npouecc RLE, nepea BbiwenaynBaem OHM nognexart npombiBke. B Tabnuue 3.5 nokasaH

GanaHc «BXOA4 — BbIXOA» NpY NPOMbIBKE BerbL-OKCUAA Npy Hanuuum 1 6e3 npouecca Kpu-

crannmns3auunn.

Tabnuua 3.18 — MaTtepuanbHbili 6anaHc npolecca BOAHO-COA0BOW OTMbIBKM BEMbLI-OKUCHAA

Bxon T/T cyxoro Buion T/T cyxoro
npoaykta npoaykra
OT1an 2a: lNpombiBKa ¢ Kpuctannusaumen
Benbu-okcua (He NpoMbIThIN) 1,13 Benbu-okcua (MpoMbIThIN) 1
Yrnekucrbl HaTpuin 0,06 LLlennoyHon ocTtaTok 0,13
MpombilwneHHas Boga (M3/T 1
CyXOro nNpoaykra)
MpupoaHbIi ras (HM3/T cyxoro 15
npoaykTa)
OnekTpoaHeprus (kKBT-4/T cy- 94
XOro npoaykra)
OTtan 2 6: Knaccuyeckas BoOHO-cogoBast OTMbIBKA
Benbu-okcua (He NpoMbITbIN) 1,13 Benbu-okcua (NpombIThIN)
Yrnekucrnbl HaTpum 0,06 Ctoku (M3/T cyxoro npoaykra) 4
MpoMbiwneHHas soga (M3/T 4
CyXOro Npoaykra)
MpupoaHbIi ras (HM3/T cyxoro 33
npoaykra)
OnekTpoaHeprus (kKBT-4/T cy- 36
XOro npopaykra)

NcTouHnk — [16].
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B Tabnuuax 3.6 n 3.7 npeacrtaeneHbl MaTepuarnbHble 6anaHcbl npouecca PblOMUHIO-

BaHuA nbinv SO0 B nnasmeHHO-4yroBou nevn u npolecca niasmMeHHO-A4yroBoro obloMUHIo-

BaHWs C NOfyYeHneM BTOPUYHOIO okcmaa umHka (ZnO) oT MeaennaBunbHbIX NeYei.

Tabnuua 3.19 — MaTtepuanbHo-cbipbeBor 6anaHc Ans npouecca ObOMUHIOBAHMS B NNa3MeHHO-

Ayrosou ne4uv

Bxona, kr Bbixog, kr

Mbinb Al 1000 LWnak 426

Kokc 80 a3 7505

Mecok 90 MpoagykT 494

CxaTbl BO3ayX 5915

Bopga 1286

Macno LNG 54

Bcero 8425 8425

NcTouHnk — [13]
Tabnuua 3.20 — CpeaHun pacxop LMHKa 1 pacxodHblX MaTepuarnos
Bxog, TbIC. T/roa Bbixoa, TeiC. T/rog,

MegHbIn wnak 290-300 ['paHynMpoBaHHbIV 265
Lnak

Meine 3l 25 LWnensa/wrenH 4,5

Yronb 45-50 LIMHKOBBLIW KNUHKEP 40

Macno WRD 1171 'paHynupoBaHHas 5
KNWHKepHas nblifb

CO2 150

NcTouHnk — [13]

3.1.2 Pacxop aHeprum

MoTpebHOCTM B 3HEpropecypcax 3HauYnTeNbHO OTNNYaTCs ANs PasnmyHbIX TEXHOMO-

rmmn nony4vyeHuAa LUMHKa. OHK 3aBUCAT OT KayecTBa Cbipba 1 NpOAYKUMN, NCNOJ1b30BaHUA CKPbI-

TOro Tenna wunn Tenna oTXoadwwumx rasoB U nNpom3BoAcTBa npomemyTquon npoaykuun.

B Tabnuue 3.8 nokasaHbl cpeaHue 3HaveHus noTpeGHOCTen B aHepropecypcax no pasnuy-

HbIM npoLueccamM 3a UCKI4YeHnemM 3HeproeMKoCTU CbipbA.
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Tabnuua 3.21 — NMoTpebHOCTb B aHepropecypcax Ans pasfinyHbIX MPOLECCOB NOYyYEeHUs LMHKa

Bopa
OrnekTpo Movpon- ans
Mpouecc MpoaykT ] Kokc (kr/T) HbIN ras Bhr
3Heprus wena-
(kBT-u/T) () YnsaHunA
(M3/1)
RLE® LiuHk mapkmn | 3850 — | 0,48 I'Ox/T cpeaHee HM HIM
SHG 4905 Anga opyrmx BMaoB
SHeprum
BosroHka wnaka Lnak 150 250 HI HI
Benbu-neyb
(Mpouecc) SDHL 6e3 | HenpombITblit 240 480 4@ HIM
NPOMBbIBKU BenbL-OKCug,
SDHL c 2-atanHon [MpomMbITbIN 300 540 38 6
NPOMbIBKOM BenbL-oKcug,
SDHL c¢ 3-atanHoun MpombITbIN 360 540 19 1

NPOMbIBKOW U KpK-

cTannusauymen

BeJlbL-OKCu1

HI = He npnmeHnmo.

D O6ume 3aTpaThbl aHeprumn: 13,86—20,00 IOx/T.

2 Tonbko ANs NpeaBapUTENbHOTO Harpesa.

NcTouHnk — [16]

Mpumep yaenbHOro nNoTpebneHns sHepropecypcoB Npu Npou3BoacTee LUHKa B Poc-

cun npuBeaeH B Tabnuue 6.9
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Ta6n|/|u,a 3.22 — YpenbHbln pacxon sHepropecypcoB Ha pas3finyHbIX 3Tanax TeXHOJIOrM4YeCcKoro npouecca Ha ogHOM N3 OTEe4ECTBEHHbIX

npeanpuaTuin
Mepe- | MNpowns- Mpous-
O6xxur LlemeHTa- Mepe- paboTka | BOOCTBO
MNepe- Mnasne- Mpokan- . | BOOCTBO
] UMHKO- | Bblwena- | unoHHas Mepepa- | paboTka LUMHKO- | cepHom
Otan: TexHono- | paboTka OnekTpo- | Hue Ka- Ka cynbda-
BblX KOH- | YMBaHME | O4YUCTKa 6oTKa LIMHKO- BbIX K€- | KNCNOTbI
rms BenbLO- N3 UMHKa | TOQHOrO Benbl- Ta LUMHKa
LueHTpa- | orapka pacTBo- APOCCOB | BbIX Ke- KOB B MeTo-
Kncm LUUHKa oKucu TEXHU-
TOB poBs KoB ycnosu- | gom OK/ 4ECKOTO
ax KBl OA
OneKkTpoaHep- [112,4— (51,1- 40,6— 51,19- 2945,4— |137,2— |[129,1- |137,5- |104,3- 3 153,1- |535,8-
s, KBT.4/T 1175 66,39 53,19 59,530 3371,19 |155,99 |154,19 |195 136.,5 178,4 |590,1
MpupoaHbIN _ _ 54,6— _ _ 1,6-8,3% _ 14,5-24 |50,8— _]0,1-0,9 |819,2-
ras, M3/1 76,3 462 1071,8
CxaTbin BO3- 217,5— 1921- 186,7— |217,5- 0,7-3,5 |1053,8
ayx, 3/t 450 - 21982 - - - - 356,5 |449,8 - —
1400,2
MpomblwneH- |5,845- |0,062— |0,65— 3 3 3 3 0,5-1,4 {3,5-7,9 3 1,1-1.,8 3
Has Boga, M3/t |7,5 0,126Y |1,31Y
Map, Nkan/T 0,503- 0,031- |0,08- 3 3 3 0,01 |0,3— 3 3 3
0,65 0,157Y |0,32Y 0,7
Kucnopoga, M3/t B 274,6— B B B B B 0,4— B B B B
338,19 10,7
Booa xum. 1,53- 1,5-1,8
ouuLLEeHHad, — 2,12 — — — — — — — — —

m3/Tkan

€T 01M



3T1an: TexHorno-
rmsa

Mepe-
paboTka
BenbLo-

Kncu

O6xur
LIMHKO-
BbIX KOH-
LeHTpa-
TOB

Bbiwena-
ymMBaHue
orapka

LlemeHTa-
LMOHHas
oyucTka
pacTBo-
poB

onekTpo-
N3 UMHKa

Mnaene-
Hue Ka-

TOOHOro
LMHKa

Mepepa-
boTka
Jpoccos

Mepe-
paboTka
LIMHKO-
BbIX Ke-
KoB

Mpokan-
Ka
Benbl-
oKuncu

Mepe-
paboTka
LMHKO-
BbIX Ke-
KOB B
yCnoBu-
ax KBl

Mpowus-
BOOCTBO
CepHou
KNCIOThI
MeTo-
aom [OK/
OA

Mpowus-
BOACTBO
cynba-
Ta LUMHKa

TEXHU-
4YecKoro

DHa 1TZn B p-pe.

2 Ha 1 7 Zn nbinu.

% KaTtogHbiin Zn (nep).

4 Zn 4yLIKOBOM.

% KaToaHsblit Zn MOTOPSI.

€eT

€T 01M
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3.1.3 Bblbpocbl B atmocdepy

Bbibpockl B atmocdepy nmbo ynaesnvealoTCs B BUAE AbIMOBbIX ra30B, MO0 OTXOAAT B
BMAE HEOpraHM3oBaHHbIX BbIOBPOCOB B 3aBMCMMOCTM OT BO3pacTa YCTAHOBKM U MCMNOMb3ye-
MOM TeXHONornn. Belbpockl AbIMOBbLIX ra30B 0ObIYHO KOHTPONMPYTCSA NMB0 B HENPEPbLIBHOM
pexume, NMb6o nNepnmoanyecku, U No HUM NpeacTaBnseTcs COOTBETCTBYHOLAA OTYETHOCTb.
Bonbliee 6ecnokonMCTBO BbI3bIBAOT HEOPraHM3oBaHHbIE BbIGPOCHI, KOTOpblE Heo6Xo4MMO
ynaBnuBaTb.

K oCHOBHbIM T1Nam BbIBPOCOB B aTMOCKepy OT LIMHKOBOIO NPOM3BOACTBA OTHOCATCS:

- anokeng cepbl (SO2), NHbIE COEANHEHNS Cepbl U KUCMNOTHbIE Napbl;

- okenabl azota (NOx) U MHble ero coeanHeHNs;

- MeTannbl U UX COEQUHEHNS;

- J1IOC n NMXA0/o.

WHble 3arpasHutTenu B nogoTpacnv npeHebpexnmo manbl, B YaCTHOCTU, NOTOMY YTO
OHWU NMBO He NpPUCYTCTBYIOT B NPOM3BOACTBEHHOM npouecce, NMbo HemMeaneHHO HeuTpanu-
3ytotca (Hanpumep, xnop unu HCI), nnbo BCTpevaTCca B HA3KUX KOHLEHTpaunax (Hanpumep,
CO). CyuwiectBeHHble 06beMbI 3arpA3HAIOLLNX BELLECTB BbIOpacbiBalOTCA B COCTaBE MNblNen
(kpoMe KaaMus, MbllbSAKa U PTYTU, KOTOPbIE MOTYT NPUCYTCTBOBaTb B razoobpasHon ase)
[8].

NcTouHMKN BblOpoCOB onpegensaTcA ncrnonb3yemMomn TexHonorvemn
(cm. Tabnumuy 3.10). K HMM OoTHOCATCS:

- TpaHCNOPTMPOBKa, Norpyska/pasrpyska 1 NnoAroToBKa Cbipbs;

- obxur/cnekaHne M CepHOKMCNOTHasa ycTaHoBKa (6OMbLMHCTBO BbIGPOCOB MPOMCXO-

OAT BO BpeMA He3annaHNPOBaHHbIX OCTaHOBOB);

nMpoMeTannypruyeckme onepauun: BO3roHka, nrnaeka u pajHMpoBaHue;

rmagpomeTaninyprm4eckme onepauun. BbillenadymnBaHne, O4HNCTKa U SN1EKTPOJINS,

MexaHun4eckasi 0bpaboTka: namernbYeHne, pa3Mon 1 rpaHyNMpoBaHune;

- INTbe.
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Tabnuua 3.23 — 3Ha4YMMOCTb BO3MOXHbIX BbIBPOCOB B aTMOcdepy 13 LMHKOBOIO U KagMUEBOro

npou3BoacTB
O6xur n
Bbiwena- MexaHunye- CepHokuc-
MHblE NNPOo- JIntee
KomMmnoHeHT YnmBaHue n | AnNekTponus | ckas obpa- noTHasa ycTa-
meTannypr. nT. N
oyncTka 6oTka HOBKa
npowecchbl
OKCMﬂb| n oo(l) [ [ 1) [ [ [X1]
cynbdaThbl cepbl (kMCnoTHblE
napbl)
Okcuapl a3oTa o1 HM HM HIM . .
Mbinb 1 meTan- ses(D) . . ooe ooe HM
nbl
JTOC v NXQ4/® o(s0)@ HI HIM HI o) HIM

MpumeYaHus: ese Hanbornee BaxHble — * HanMeHee BaxHble; HIM = He npumerumo. © Mpamble
BbIOpPOCHI C 3TanoB oGXxura unv nNnaekyM nogseprarTcs 0bpaboTke U/MNn nepenaroTca Ha 3Tanbl ra-
3004UCTKU U HA CEPHOKUCIIOTHYIO YCTAHOBKY; MO-NPEXHEMY OCTalTCA 3HAYMMbIMU OCTaTOYHbIE Bbl-
Opocbl Auokcuaa cepbl UK OKCUAOB a30Ta C CEPHOKUCITOTHOW YCTaAHOBKW. NSt 9TUX UCTOYHWKOB
TakKke OOCTATOYHO 3HAYMMbl HEOpraHW3oBaHHbIE M He ynoBreHHble Bbibpockl. @ MXOA/® n OC
MOryT MPUCYTCTBOBaTb BO BTOPMYHbBIX MatepuanoB (ecrnvm oHu ucnonbaytotcd), JIOC moryT Takke

MCMNoJib30BaTbCA B Npouecce 3KCTpaKunn pactBopuUTenem.

MomMMMO TexHOMNOrM4Yecknx BbIBPOCOB 06pasyoTCA HeEOPraHM3oBaHHbIEe BblGpockl. Oc-
HOBHbIMM UCTOYHMKaMKN HEOpPraHn3oBaHHbIX BbibpocoB (cMm. Tabnuuy 3.11) sensatoTtca [8]:

- MbINb, 06pa3yoLWancs Npu xpaHeHuu, norpyske/pasrpyske n obpaboTke KOHLEHTpa-
TOB;

- YTEYKN U3 0BXMIroBbIX N NNABUSbHbIX NEYEN;

- a’p0o30NN 1 MbINK, COAEpPXKALLMECH B OTXOOSALMX ra3ax OT BaHH BblllenaynBaHus u
OYUCTKU;

- OTXOAALME ra3bl rpagupeH Anst YCTPOWCTB BbiLeNadnBaHns U OUYUCTKK;

- OTXOAsILLMeE ra3bl rpagupeH npouecca anekTponunaa;

- npouyue.
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Tabnuua 3.24 — Beibpocbkl B aTmocdepy oT ycTaHoBOK RLE

NcToYHUK Oo6bewm, T/roa YAenbHble BblOpoct,
r/T UMHKa

MbINb OT XpaHeHus, Norpy3sku/pasrpy3kmn n obpaboTkm <0,25 0,25-0,75
KOHLIEHTPaTOB U orapka
A3p0o30nn 1 NbIM N3 OTXOAALUMX ra3oB OT BaHH Bbl- <2 1-9
Lena4ymBaHus U OYUCTKK;
OTtxogsuwme rasbl rpagupeH ans yCTpoucTB Bbilena- <4 2-16
YMBaAHMSA N OYUCTKU
OTxogsauwme rasbl rpagupeH npolecca anekTponunsa <5 3-20
(0,8 T/ron)

NcTouHnk — [13].

XOTs HeopraHu3oBaHHble BbIGPOCHI TPYAHO U3MEPUTb U OLIEHUTb, CYLLLECTBYIOT HEKO-
TOpbl€ YCNeLwHo NpuMeHaemMble MeToabl (CM. pasgen 5).
Obwas nHpopmaumsa 0 KOHTpPOe BbIOPOCOB 3arpA3HAIOLWMX BELWECTB Ha POCCUMNCKNX

npeanpusaTmsx npueegeHa B Tabnuue 3.12

Tabnuua 3.25 — NHdopmaums 0 HOpMUPOBaHMM BbIGPOCOB 3arpsa3HAOLLINX BeLLecTB Ha Poccninckmnx

npegnpuaTuax u B cnpasovHmke HOT EC

Hannune 3B B paspeLueHmm CnpaBoyHuk EC
3arpasHstouiee
BeLlecTBo I‘Ipeqnfmme Mpeanpuatne 2 | KoHTponb BAI;:-__A Mepepen

A30Ta anokeua + + - —
A3orta okeng + + - —
B3BelueHHble ya-
cTnubl PM10 - - - -
B3BelueHHble va-
ctuybl PM2,5 - - - -
B3BelueHHble Be- + + Mbinb NbiNb |BCe nepeaensl
LecTtea
nxao/e - - + + nnaeka cMelluaH-
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Hannune 3B B paspeLueHmm

CnpaBoyHuk EC

3arpsasHstowee
Mpegnpuatne BAT-A
BEeLleCcTBO Mpeanpuatne 2 | KoHTponb Mepenen
1 EL

JleTyune opraHu- + + HbIX MaTepuarnos,
Yyeckne coeauHe- - - LLUTAKOKO3roHHas n
HUSA BenbL-neyun
Kagmuin u ero co- + + + + nupomeTannyprus
eaNHeHNSA KagMus
Mepgb, okcng me- + + npu
an, cynbdaTt me- HeobXxo-
an, xnopug megm ANMOCTU - -
(B nepecyeTe Ha
Menb)
MbILWbSIK 1 ero + + npu
coeauNHEeHus, Heobxo-
Kpome Bogopoaa ANMOCTH - -
MbILLIbSIKOBUCTOrO
PTyTb 1 ee co- + + + nupomMeTannyprus,
edNHEHNSs, Kpome - npwu HanM4mMn B Cbl-
ANITUNPTYTU pbe
CsuHey 1 ero co- + + npu
€ONHEeHns, Kpome Heobxo-
TETPasaTUICBUHLA, ANMOCTU - -
B nepec4yeTe Ha
CBUHeL|
Cepbl gnokeng + + + nupomMeTannyprus
Yrnepoaa okcug + + - - -
LInHkK n ero co- + + + + BblLLleNnaynBaHue,
eaNHeHNA OYUCTKA, ANEKTPO-
Cymma AsH3 u + + + nm3
SbH3 -
Xnopwuabl razoob- + + + + nnaBka cMellaH-

pasHble B nepe-

cyeTe Ha HCI

HbIX MaTepunarnos,

LLJTaKOKO3roHHasa un
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Hannune 3B B paspeLueHmm CnpaBoyHuk EC
3arpsasHstowee
Mpegnpuatne BAT-A
BeLLecTBo Mpeanpuatne 2 | KoHTponb Mepepen
1 EL

dTopnabl razood- + + BenbL-Neyun

pasHble B nepe- — —

cyeTe Ha HF

CepHas kucnota HeT AaHHbIX HeT AaHHbIX + + BblLLlenaymBaHue,
O4YUCTKA, ANEKTPO-
nvs

3.1.3.1 lnokcupa cepbl U UHbIE CePHUCTbIe CoeaANHEeHUs

OCHOBHbIM UCTOYHWKOM BbIBPOCOB AMOKCHAA Cepbl ABMAITCA NpsAMble BbIBpOCHI cep-
HOKMCIOTHOIO MPOM3BOACTBA YCTAHOBKU. QPEKTUBHOCTL NPEeSOTBPALLEHMS HEOPraHu30-
BaHHbIX BbIOPOCOB onpefensieTcs NOHOTOM yaaneHns TeXHONOorM4yeckoro rasa (tTarogyrbe-
BbIM PEXMMOM) U repMETUYHOCTBLIO ra30X04HOro TpakTa u npoyero obopyaoBaHus (06xuro-
Bas neyb, OXnaxgeHwe orapka, ycTtaHOBKa npeaBapuUTesibHOM OYUCTKU rasa U CEepHOKUCNOT-
Has ycTaHOBKa).

[Mocne yganeHus Nbinn M OYMCTKM TEXHOMNOTMYECKOro 06XMroBoro rasa, AnMoKcug ce-
pbl, HAXOOALIMNCA B OTXOASLEM rase NnpoLeccoB cnekaHusa n obxura npeobpasytoT B TPUOK-
cua cepbl (SO3). lMpu 3anycke CEpPHOKUCIOTHOW YCTAHOBKM MOCME MNMaHOBbIX OCTAHOBOK
(06blvHO Kaxgble 15—-20 mec) MOryT NpPoMCXOAnTb He3HauuTernbHble BbIOPOCHI cnabo KOH-
LEeHTPUPOBAHHOIO rasa, He KoHBepTupoBaHHOro B SOs3. Takue cnydyam HeobxoauMOo BbISB-
NATb MO KaXOoOW yCTaHOBKE OTAENbHO, U MHOMME KOMMaHWM SOCTUIM BOnbLUMX YCNEeXoB B
NPUMEHEHNN METOAO0B TEXHOSTOMMYECKOro KOHTPOMS, NO3BONSAOLLMX NpeaoTepaLllatb Unn co-
KpawiaTb Takme Bblbpoch! [8], [7].

YnyJyweHne paboTbl CUCTEM TEXHOSOMMYECKOro KOHTPONSA no3BonisieT obecnednBatb
nogayvy rasoB c 6onee crabunbHon KoHUeHTpaumen SOz Ha CEPHOKUCHOTHbIE YCTaHOBKW.
[MpMMeHeHre KaTanu3aTopoB, NermpoBaHHbIX Le3neM, No3BOoNseT yBeNnninuTb CTeneHb KOH-
BEPCUN KOHTaKTHbIX annapatoB. CTabunbHOCTb KOHLUEHTpaLUMK, a Takke BKIIYEeHe NATOro
KOHTaKTHOro Cnos no3sonunu obecneuntb NpefenbHO HU3KUA YpPOBEHb BbIOBPOCOB (CTaH-
AapTHasa npakTuka npegycMmatpuBaeT YeTblpe Cros; NATbiM cuntaeTcs nuwHum) [30].

BHyTpU uexa anekTponusa B npouecce 3nekTporim3a npoucxogaT BbIBpoChl asapo3o-
nen (CepHom KUCNOTbl U CcynbdaTa LMHKA). DTN BbIOPOCHI BbIXOOAT U3 Lexa 4Yepes ecTe-
CTBEHHYIO BEHTUMNALMIO NN Yepes BO3OYXOAYyBKM rpagvpHU (eCcrnv 9TO NO3BOMSIOT NOrogHbIe
ycnosus). o cpaBHeHMIO C BbIBpOCaMM OT CEPHOKUCITOTHOW YCTaHOBKM 06beM 3TuX BbIGPO-
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COB HaMHOro MeHbLUe, HO MOCKOSbKY OHM 0Bpa3yTcsa B BUAE adpo30sien, UX MOXHO ynaB-
nMBaTb C NOMOLLbBI TymaHoynosuTenen [8]. Ha 6onbluMHCTBE 3aBOAOB MPUMEHSIOT MOKPbI-
TMA ANna BaHH, [o00aBnss B 3MeKTPONMT NeHooOpasylwmi areHT C LeNnblo COKpalle-
HUA/KOHTpons obpasoBaHna napos [11].

B Tabnuuax 3.13 u 3.14 npmBeaeHbl AaHHble MO 06pa3oBaHUIO ANOKCUAA Cepbl B He-

KOTOPbIX npoueccax nonyvyeHna LUnHKa.

Tabnuua 3.26 — O6pasoBaHne OUOKCMAA Cepbl B HEKOTOPbLIX NpoLueccax NonyvyeHnst LMHKa

O6wee npomnssoacTso | MonyyeHne gruokeuaa
Mpouecc Mpoaykt
meTanna, T/rog cepsbl, /T MeTanna
KoHueHTpaT C HU3KUM CcOo- LUMHK + KaaMWUI 238 800 280
OepxaHuem xenesa
O6xxur n anekTponus LMHK 65000-482 000 200-4000
Meyb ISF n ycTaHoBKa LUMHK + CBUHeL, 100 000 Zn 5000-9000
cnekaHus 45000 Pb

NcTouHnk — [16]

Tabnuua 3.27 — Bbibpockl guokcuaa cepbl Ha ogHOM 13 NpeanpuaTuii B Poccuiickon ®enepaunm

O6Lwwee npomseoacTeo| Beibpockl guokcmaa

Mpouecc MpoaykT

mMeTanna, T/roq cepbl, /T UMHKa

MponseoacTBo B LENoM LIMHK =~ 184 000 =~ 12500*

(B T. Y. CEpHOKMNCNOTHAas

yCTaHOBKa)

* Pac4yeTHOe 3Ha4YeHne Ha OCHOBE AaHHbIX oduLManbHON CTaTUCTUYECKON OTYETHOCTH.

3.1.3.2 Okcuabl a3oTa

OTanbl 06Xura n NNaBkM SABMSKOTCA NOTEHUMANbHBIMU UCTOYHMKaMN 0B6pa3oBaHUs OK-
cupoB asota (NOx). Okemabl azota (NOx) moryT obpasoBbiBaTbCA U3 COeAMHEHUW a30Ta,
NPUCYTCTBYIOLLMX B KOHLIEHTpaTax, UM n3 azota Bo3gyxa npu BbiCOKOW Temnepartype. [ony-
Yaemas cepHas Kucrota MoxeT nornowatb 6onbuyto 4actb NOx, YTO MOXET HeraTMBHO
BNMUATbL Ha KayecTBO CepHOM kucnoTtbl. Ecnn nocne obGxura HabniogaeTcss BbICOKUN
ypoBeHb NOx, U3 3KONOrMYeCcKnx coobpaxkeHnn n ans nogaepXkaHusa kayecrtsa npogykra Mo-
XeT notpeboBaTbCa OYMCTKA ra3os, obpasyrowmxcs npu obxure. [lnanasoH 3HAYEHUN KOH-

LieHTpauumm ansa Bcex npoueccoB cocTasnsaeT oT 20 mr/Hm® go 400 mr/HmS.
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3.1.3.3 MNbinb U mMeTannbl

BbIHOC NbInNn OT 06XuUra unn MHbLIX NMPOMETaNypPruyecknx NPoLEeCccoB ABNAETCSA Mo-
TEeHUManbHbIM UCTOYHUKOM Kak OpPraHnM30BaHHbIX, Tak U HEOpPraHn3oBaHHbIX BblGpocos. IMn-
pomeTannyprmyeckme rasbl ynasnmarTca M obpabaTbiBalOTCA CHayana B npolecce raso-
OYUCTKM N 3aTeM Npu NPOU3BOACTBE CEPHOWN KUCMOThI. [binb yaanseTca U3 rasa v Bo3Bpa-
LaeTcsa B TEXHOMOMMYECKMI npouecc.

["a3bl nocne pasbpbI3rMBaloOLLNX UM OPOCUTESbHBIX KOHAEHCATOPOB, UCNOMNb3yEMbIX B
npouecce ISP, U3 pekTMrKaLMOHHbIX KOSIOHH U U3 MECT CNMBa MeTarnna Takke sBMSTCS
noTeHumanbHbIMU UCTOYHMKaMn BbIBpOCOB. B aTnx Toukax C Lenbio npegoTBpaLleHns Heop-
raHN30BaHHbIX BbIBPOCOB HEOBXOAMMO OCYLLECTBMATL MakCUManbHO BO3MOXHOE ynasnuBa-
HMe OTXOAALMX ra3oB M UX oumncTky. [NepepaboTka n BbICTPOE OXNaKAeHMe LWnaka Takke
ABNAIOTCA UCTOYHUKOM 0Opa3oBaHus Mblnv. [nanasoH 3HayeHnin BbIBPOCOB MbIN U3 AaHHbIX
NCTOYHMKOB cocTaBnsgeT oT MeHee 1 mr/Hm® o 15 mr/Hms.

Acnunpaunsa peakTopoB Ha 3Tanax BblLeNadYMBaHNA U OYUCTKN MOXET NPUBECTU K Bbl-
OGpocy aspo3onen, KOTopble MOXHO MpPU HEOBXOAMMOCTM (NPU HANUYUU PETYNSPHOrO KOH-
Tpons) ynaenmBaTtb C NOMOLLBIO CKpy66epoB nnn TymaHoynosutenen/gemmctepoB. Beibpo-
Cbl, cOAepKaLime onacHble BelecTtsa (apcvH, CTMBUH, BOAOPOA N KagMnin), KOHTPOSMPYIOT B
MecTax BO3MOXHbIX BbIOPOCOB. 3TN BbIOPOCHI NOCTOSHHO yNaBnNMBalOT M NPOMycKaloT yepes
YCTPOWCTBA ra3oounCcTkM, Hanpumep, ckpybbepbl n TymaHoynosutenu (B cuctemax MOKpPOW
OYUCTKM) U pYKaBHble PUNbTPLI (B CUCTEMAX CYXON OYUCTKM).

B uexe anektponusa obpasytoTcs BbIGPOCHI asapo3onen, KoTopble MOryT coaepxaTtb
MeTansbl B pacTBOPEHHOM Buae. [lnanasoH 3Ha4YeHnn BbIBPOCOB MNbifiv 1 NapOB U3 OAHHbIX
MCTOYHMKOB cocTasnsgeT oT 0,2 0o 1,25 Mr/HmS.

lMnaBka, nermpoBaHue, pasnuBka M NPOLECCHl NOSTyYeHUS LIMHKOBOW MyCbepbl SBNSA-
I0TCA MOTEeHUManbHbIMU UCTOYHMKaMM BbIOPOCOB Mblnv U MeTannoB. [Anana3oH 3Ha4YyeHun
KOHLIEHTpaUMK AN HeouuleHHoro rasa coctasnseT oT 200 mr/Hm® oo 900 mr/umd [8], [7].
Yawe Bcero ansa ynaBnmBaHus OTXOASALLMX ra3oB U NbIN NPUMEHSAIOTCA pyKaBHble OUNbTPbI
3HayYeHUs1 KOHLEHTpaLUMM MbiNn A5 OYMLLEHHOTO rasa coctaBnstoT meHee 10 mr/HM3, a He-
peako un okono 1 mr/um2 [7].

BbIbpochbl meTannoB HEMNOCPEACTBEHHO CBS3aHbl C BbIBpOCaMu Mbifiv, NPUYEM U3 HUX
okono 50 % npuxoantcsa Ha UuHK. Mpy nnaeke, NerMpoBaHnn N NUTbE YUCTOrO LMHKA KagMun
N CBUHEL, OTCYTCTBYIOT.

B T0 Bpems kak Ang KOHTpoOnuMpyeMblx BbIOPOCOB BCerga yCTaHOBIIEHbI OnpeaeneHr-

Hbl€ NCTOYHUKN N 3TU Bbl6pOCbI MOXXHO ynaBliMBaTb U nNoagBepratb O4YNUCTKE, HEOPraHM3oBaH-
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Hble BbIOpPOCHI pacnpoCcTpaHATCA NpakTUYeCcKn No Bcen NpomsBoacTBeHHon nnowaake. Oc-
HOBHbIMM UCTOYHMKAMN HEOPraHM30BaHHbLIX BbIOPOCOB SBMSAKTCA MECTa XpaHEHUS N TpaHC-
NOPTUPOBKN MaTepuarnos; MNbifib, 0OCeaarowas Ha TPaAHCMNOPTHbLIX CPeACcTBaX MNM npoesgax
WUNN Ha OTKPbITbIX y4acTkax paboyen 30Hbl, rae HUKAKMX Mep Mo UX NpeaynpexaeHuto u co-
KpalleHuio obbl4HO He npegnpuHumaeTcs. B tabnuue 3.15 npeacrtaBneHbl AaHHble No 06-
WM o6bemam BbIGPOCOB COOTBETCTBYHOLMX METANNOB Ha LMHKOBbIX 3aBoAax. CokpalleHune
HeopraHM3oBaHHbLIX BbIOPOCOB AOCTMraeTcs Gnarogaps peanu3auumn Takux MeponpuaTURn,
Kak [16]:

- o6HOBNEHME CUCTEM yNaBnNMBaHMA U UNbTPALUN OTXOOSALLNX ra30B;

- COKpallleHMe BPEMEHN OCTaHOBA Meyn NyTem yCOBEPLUEHCTBOBAHUA npoLleccoB ¢y-
TEPOBKM (COOTBETCTBEHHO, COKpaLLEHNEe BPEMEHWN 3anycka U OCTaHOBa, KOorga 3a OorpaHuyeH-
HbIA OTPE30K BPEMEHW MPOUCXOAAT 3HAYMUTENbHbIE BbIGPOCHI);

- YKpbiTMe/pa3mMelleHme BHYTPU CTPOEHMM MeCT [LOCTaBKW, XpaHeHusi martepuana,
yCTaHOBKa TaM ra3oyrnasfvBatoLLmnX CUCTEM;

- YCOBEPLLEHCTBOBaHNE obpalleHnsa ¢ matepuanamm (Hanpumep, nytem yBrnaxHeHUs
CbiNy4Ynx MmaTepuanoB 4O U BO BPEMS NOrpy3kn) N COKpaLLeHNe YacToTbl TPAHCMNOPTHLIX one-
pauui (Hanpumep, NyTeM Ucnonb3oBaHns 601ee MOLLHbIX NOrpy34mMKoB);

- yCTaHOBKa 06s13aTeNbHOM MOWKN aBTOTPAHCNOPTHbBIX CPeacTB (4519 BHYTPULIEXOBOIO
N BHELLHEro TpaHcnopTa);

- YKpenneHne noKpbITUIA NOWaaAoK U NogbEe3AHbIX NYTEN N ONTUMU3ALNS NX YOOPKK;

- 3aKpbITUe 1 06e3BpeXMBaHME CTapbIX LLNAKOOTBAOB.

Tabnuua 3.28 — O6wune o6beMbl BbIGPOCOB METANSIOB HA HEKOTOPLIX 3aBO4AX MO NEPBUYHOMY U

BTOPUYHOMY MNMPOMN3BOACTBY LMHKa

lMpounseoacTeo MNbinb Zn Pb Cd As
Mpouecc MpogykT
TOHH r/T npogykTa r/T MmeTannos

O6Xxwur, ouncTka n LIMHK 130 000 — HO |6,6-| HO |<0,05 HO
anektponus (6e3 nu- 1450 000 7,6
TbS)
OOGXxur, oyncTka u LMHK 1nnu 130 000 — 3-17 |1-15| <0,3 |[<0,05|<0,03B
ANeKTponn3 (C NMTb- | LMHKOBbIE 1450 000 Bnae
em) cnnasbl okcuaa
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lMpounseoacTeo MNbinb Zn Pb Cd As
Mpouecc Mpogykr
TOHH r/T npoaykTa r/T meTannos
O6xwur, ouncTka un Zn + Cd 238 850 3 2 0,007 |{0,0004 | < 0,000
anekTponus (Bce 1
3Tarnbl Ha4YnHasa ¢
KOHLIEHTpaTa C HU3-
KUM cofepxaHuem
Xenesa)
Benbu-npouecc BernbL- 29000-60000 |14-73|4-21| 0,3- | 0,13-| <0,1
okena 2,0 0,42
[Mepennaska, padu- LMHK 40000 60 15 <3 HO HO
HUpoBaHue
HIO= HeT gaHHbIX
NctouHnk — [30].

3.1.3.4 nNXpa/o

O6paszosanue MNMXOO/P B 30He cropaHnsa 1 B OTAENEHUM OXNaAXOEHUS CUCTEMbI ra3o-
ouncTkm («obpasoBaHMe C Hynsi») MOXET CTaTb BO3MOXHbIM B HEKOTOPbIX Mpoueccax, B
nepByr0 o4yepeab, ecrnvm BO BTOPUYHbLIX MaTtepuanax, obaBnsiemMbiX B LUMXTY, coaepxartcs
nnacTukoBble KOMMNOHEHTbI [29]. B page cnydaes MXOO/P Takke Obin 06HapY>KeHbI B Mbln
N3 BenbLU-neYyen, B KOTOPbIX NepepabaTbiBaeTCs Nbiflb U3 3NEKTPOayroBbix neyen. Npu oT-
CYTCTBMM cheunanbHbiX METOO0B NpeaynpexneHnss u yrnaBnuBaHus M3MepeHnsa aatT 3Ha-
4yeHus KoHueHTpauum MXA4/® no 100 Hr/HMS,

Mpn nepexoge OT KUCMNOTHbLIX BEnMbL-MPOLECCOB Ha CUCTEMY BbICOKOOCHOBHOIO
/TOMaCOBCKOro Liaka MOXHO A0BUTLCA CHUXEHUS KOoHueHTpauun NXOAL0/P B HeouUnLwEeHHOM
raze Ao meHee 0,1 Hr/HM3. Mpyn HEOGXOOUMOCTU COAEPXKaHWE OpraHWYecKUX COoeaVHEHWIA
MOXXHO COKPaTUTb C MOMOLLbIO CUCTEM AOXKUTaHUS.

Mpouecc SDHL Takke no3sBondeT AOCTUYb OYEHb HU3KUX NoKasaTesrien KOHUeHTpauum
Nxaa/® (menee 0,01 Hr/Hm3).

Boibpocbl MNMXAO/P, obpasyowmecs npu N3BneveHnn Kagmmsa n3 akkyMynsitopHblx 6a-
Tapeu, CHWXalT MyTeM COYEeTaHUS OOXUrawLwmx ropesiok n metogoB unbTpauuun. pu

aTom nokasatens no MXAO/P B 3HaumTenbHom cteneHn Huxe 0,1 Hr MAT/HmS.

142




UTC 13-2016

3.1.4 Copocbl B BOAHblIe 00 BHEKTbI

Mpn nponsBoACTBE NEPBMYHONO M BTOPUYHONO LUHKA U KaAMUSA OCHOBHbIMW 3arpsi3Hs-
IOLWMMKN BeLeCTBaMK, COAEPXKALLMMUCS B CTOKAX, ABMAKTCS MeTansbl U UX COeAMHEHUs, a
Takke matepuanbl B opMe CycrneH3un. JTo Takne metannsl, kak Cd, Pb, Cu (1 B MeHbLUEN
cteneHun, Hyg, Se, As) [31], [8], [7], [32], [16].

Opyrue BewecTBa, nonagatrowmne B BOAY B 3HAYUTESNbHbBIX KONIMYECTBAX — 3TO XMOpU-
Abl, pTopuabl U cynbdaThbl.

[MoTOkaMu CTOYHBLIX BOA, B KOTOPbIX MOTYT coAepXaTbCA BbllLeyka3daHHble BELLEeCTBa,
ABNAOTCA:

- CTOKM C 3TanoB 0bXura n ra3aooumcTKu: MOKpble CKpyb6epbl, MOKpbIe aNeKTpodusib-
TPbl, 3Tan U3BNeYEHUs pTyTH;

- CTOKK, obpasyrolmecsa Npu rpaHynauumn wnaka (ecnu oHa NpUMeEHseTcs);

- CrlyYanHble YyTeYKN U3 passiMyHbIX rmapomeTanyprmyeckmx npoLeccos.

Opyrumn noTeHumnanbHO 3arpsi3HEHHbIMW MOTOKAMK CTOYHbIX BOA, KOTopble cobupa-
I0TCA M MOBTOPHO MCMOMb3YITCA Kak NPOMbIBOYHASA Boga npu omnbTpauumn (ecnv nossonseT
NX Ka4ecTBO), ABMAKOTCA:

- CTOKM, obpasytoLmecs npy NpoMbIBKE aHOA0B U KaTOO0B;

- YNNOTHAKLAas Boga U3 BaKyyMHbIX HACOCOB;

- obLwime onepaumm, BKNOYast YNCTKY 060pyaOBaHMSA, MbiTbe NOMOB U T. N.;

- CNMB 13 OxNaxgarLwmx KOHTYpoB (0ObIYHO CrnefyrLwmnx 3a HEKOTOPbIMU 3aKpbITbIMU
uuknammn BogoobopoTa);

- NNBHEBbIE N MOBEPXHOCTHbIE CTOKWN (Npexae BCero, B 30HaX XpaHEHWs!) U CTOKK C
KpbliL;

- BOAa, Nogasaemas C NOMMroHOB OTXOA0B M NOA3EMHbIX MOSIOCTEN.
3.1.4.1 CTOKM C BOAOOUYUCTHbIX COOPYXEHUMN

B obuwem cnyyae cuCTeMbl MOKPOM ra3004YMCTKU IKCMIyaTUPYOTCA MPU 3aMKHYTOM
uukre obopoTa XUOKOCTHU.

B MokpbIx ckpybG6epax npom3BoANTCA OYMCTKA KUCIbIX HacblWeHHbIX SO2 pacTBOpPOB,
obpasyroumxcsa B npouecce obxura. B ckpybbepe yoansotca dotopuabl, Xnopuasl, bonbLuas
4YacTb PTYTU M CENEHa U HEKOTOPbIE YacCTuLbl, KOTOPbIE NPOXOAAT MEXAHNYECKYH ra3004mMCT-
Ky. Bo nsbexaHne HakonneHus 3arpsasHALUX BELLECTB HEKOTOPOE KOMMYECTBO KUOKOCTU
HenpepbIBHO crivBatoT u3 ckpybbepa. PactBopeHHbii SO2 yaanawT ansa ganbHenwen obpa-

00oTKU.
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B MOKpbIx anekTpodunbTpax Takke obpasyroTca Kucnble pacteopsbl. [locne punbTpa-
unn ux nepepabatbiBaloT. HEKOTOPOE KONMUYECTBO XMAKOCTU CRMBAKOT U3 AAHHOrO KOHTYpa,
4yToObl YOaNuTb HakannuBarLMecs YacTuubl 3arpasHaoWmx sewecTs. Nepen cnvBomM aaH-
HYIO XXnakoctb obpabaTbiBatoT U aHann3npytoT [8].

Mpn HeoBxoaMMOCTM nNepea OTNPaBKOM Ha CEPHOKUCIOTHYH YCTAHOBKY, M3 XUOKOCTU
yaansetcsa ptyTb. [1na 9Toro ncnonb3yercs raso-XnaKocTHas KOHTAKTHas eMKOCTb UIM Opo-
cuTenbHas kKonoHHa. MNocTynawwasa B Hee XUOKOCTb COOAEPXUT peareHT, KOTOpbIA BCTynaeT
B coefuHEHMe C PTyTblOo M yaansieT ee. B kayecTBe peareHTa 4acTo NPUMEHSAETCA Xropug
pTyTn (HgCl2), KOTOPLIN BCTYNaeT B peakuunio C MeTannmyeckon pTyTbio U3 rasa, B pesynbTa-
Te yero obpasyetca TBepAbii ocagok (Hg2Clz, Takke HasbiBaeMbl Karnomernbto). OTHOCK-
TENbHO YUCTYIO XXMAKOCTb CMMBAOT M OTNPABMAIT Ha AanbHenwy nepepaboTky. [Ansa ko-
HeuYHon yTunusaumm Teepabin ocagok Hg2Clz: nepepabartbiBatoT n ctabmnuanpytor.

lMpoayBOYHAA XWOKOCTb B OMNpederieHHbIX KONMYecTBax COLEPXKUT B3BELLUEHHbIE
TBepAble YacTuubl U pacTBOpPeHHbIe conu. [poayBOYHYO XMAKOCTb nepen cOpocom oumuia-
0T NMnMBo nokanbHO, NMMGO B LIEHTParibHOM BOAOOYMCTHOM YCTAHOBKE C LENb yaaneHus
TBEPAbIX U PACTBOPEHHbIX BeLecTB. MecTo yTunusaumm otaeneHHbIX MatepmnanoB 3aBUCUT
OT UCTOYHMKA NPOMCXOXAEHUS CTOYHbIX Bog. B Tabnuue 3.16 ykasaH cocTaB ra3oO4vMCTHbIX

Xngkocten oo nepepaboTku.

Tabnuuya 3.29 — TUnnYHbIN COCTaB CTOKOB [0 O4YUCTKU

KoHueHTpauus (pacTteo-
KoMnoHeHT CocTaB B3BELUEHHbIX TBEPAbIX YaCcTuL
PEHHbIX BELLEeCTB)
TeepAable YacTuubl 250-1500 mr/n
Cynbdpat 13-251r1/n
Xnopwug 1,3-1,8 r/n
®Topua 0,3-0,5r/n
PtyTb 0,1-9 mr/n 5 % — 30 % B3BeLLEHHbIX TBEPAbIX YacTuLy
CeneH 0,1-50 mr/n 10 % — 60 % B3BeLUEHHbIX TBEPAbIX YacTuLy
MblILWbAK 5-95 mr/n < 0,05 % B3BelUeHHbIX TBEPAbIX YacTULL
LnHk 0,1-2,5r/n 2 % — 6 % B3BeLUEHHbIX TBEPAbIX YaCTuL,
Kagmuin 1-95 mr/n 5 % — 50 % B3BeLLUEHHbIX TBEPAbIX YacTul,
CsuHel, 1-13 mr/n

NcToyHunk — [7].
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Tabnuua 3.30 — NHdopmaums 0 HOpMUPOBaHUN COPOCOB 3arpA3HAOLLINX BELLLECTB B BOAHbLIN 00BHEKT

Ha Poccunckmx npeanpusitusx n B cnpasoyHuke HOT EC

HanmeHoBaHve BREF NFM
Kog 3B no Mpeanpuatne Mpegnpuatne
3arpsisHsitoLLero
sewecTaa 1316 A b KoHTponb BAT-AEL
XKeneso 47 + + + —
Kagmuin 48 + + + +
Megb 63 + + + +
MbILWbSAK 1 ero 71 — + + +
coeiHeHus
Hukenb 75 — — + +
PTyTb 1 ee 87 — — + +
coeiHeHus
CsuHel, 88 + + + +
Cynbgoar- 98 + + + —
aHWOH (Cyrb-
daThbl)
LnHk 135 + + + +
B3BelueHHble 166 + + — —
BeLlecTBa
pH pon. 170 — — — —
NcTouHnk — [gaHHble npegnpuatuin B Poccuiickon ®egepaumu].

3.1.4.2 CnnB aneKkTponura

OnNeKTpoNuT MOXHO CNMBaTb U3 BaHH C LENbI0 KOHTPOMNS HaKOMfeHWUs npumecen,
HanpuMmep, MarHus, KOTOpble MOryT OTpULATENbHO BNUATbL Ha paboTy AnNeKTPONUTUYECKUX
BaHH. [Mpn npon3BoaCTBE LMHKA MOTOK, OOpalLaloWnncsa Yepes 3NEKTPONIUTUYECKME BaHHbI,
OTHOCUTCH K TOMY e 3aKpbITOMY BOAHOMY KOHTYPY, K KOTOPOMY NPUHaAnexar aTanbl Bbille-
naymBaHus n ounctku. CepHasa Kucnota, obpasyoLlasca BO BpeMS 3NeKTponunaa, noctynaet
B NMPOLECC BbllenaymBaHns, a OCTaBLUAsACA YacTb XMAOKOCTU OYULLAETCH U MoAaeTcsa Ha
anektponus [7], [8].

CTOKM 13 UuMKNa aNeKkTponuaa, BblenadmBaHns U OYUCTKN ABASKOTCA CUIbHO KUCTbI-
MU N COAEPXaT LUMHK N B3BELUEHHble TBepAble YacTuLbl B BbICOKOW KOHLUeHTpaumum. Obbem

CTOKOB 3aBUCUT OT COCTaBa LMHKOBbIX KOHLUEHTPATOB, UCMNOJIb3yeMbIX Ha J3Tane obxwra.
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OneMeHTbl, KOTOpble CKMOHHbI HakannMBaTbCA B KOHTYpe, OCOBEeHHO MarHui, onpeaensior
o6beM CrMBaeMom XNOKOCTU N HEOBXOAMMOCTb €€ OYMCTKU. YBENMYEHNEe KonmyecTBa Kasb-
UMsa B LUMKIe BblllenavmBaHus, bnarogapst MICNOMb30BaHUIO BTOPUYHOIO CbIpbsl, KOHTPONUPY-
eTca nyTem yganeHus runca m3 Bblllenaynsarowlero pactsopa. CTOKM M3 3TOW CUCTEMDI
MOXHO nepepabaTtbiBaTb C LenNbio n3snedveHus Mg, Na, K, xnopmngos un gotopmaos [33].
Kpome KOHTpOns 3a HakonfeHMeM yKasaHHbIX NpuMecen, BbIBOA YacTu afekTponuta
(HeMTpanbHOro OYULLIEHHOrO pacTBopa) M3 npouecca No3BONAeT KOMNeHcMpoBaTb U36bITOK
cynbdaToB, BBEAEHHbIX C NPOAYKTaMN 0BXura n CepHon KUCNOTON. OPPEKTUBHBIM CMOCO-
OoM BbIBOAA [aHHbIX NpUMeCcen ABMSETCH MNoflydeHne KpucTanimyeckoro cynbdaTta uMHKa
(LMHKOBOrO Kyrnopoca) € UCMNob30BaHNEM YyrnapBaHUS pacTBOpa Ha cneumanbHbIX YCTaHOB-

Kax, CHabGXeHHbIX LMKITIOHaMn 1 ckpybbepamu anga ynasnuBaHus Mbifiv 1 a3po305en.
3.1.4.3 CTOKM U3 gpyrmx UICTOYHUKOB

OneKkTpoabl, NCNOoSb3yeMble NPU ANEKTPONN3e, HEOBXo0AUMO PerynsipHO NPOMbIBATh C
uenblo yganeHns ocaxgaemoro Ha MX NOBEepPXHOCTb mMaTtepuana. B pesynbTaTe peakumm
Kncrnopoga ¢ pacTBOPEHHbIM MapraHuemM Ha NOBEPXHOCTM aHOAOB 0b6pa3yeTcsa ANoKeuag map-
raHua. MnO2 ocTaeTcsl Ha NOBEPXHOCTU aHOL4OB, 0OpasyeT wWiaM Ha OHE 3NeKTponuTuye-
CKMX BaHH WNu TBepable OTnoXeHusa B TpybonpoBoae. Bce Takme octaTtkM nepuogmyecku
yaansioTca MexaHU4ecknm nyTemMm uUnm CMbiBatOTCS BOOOMW MO BbICOKMM AasrieHvem. Mapra-
Hel OTOensAlT U3 NPOMbLIBOYHOM BOAbI AN MOBTOPHOrO NPUMEHEHUS 3a npegenamMmu 3aBoga
unu ytunusauun. Katogpl nognexart o4ncTke nocrne yaaneHusi 9NeKTpoSIMTHOro LMHKOBOIO
ocagka. OTpaboTaHHasi XXWUAKOCTb NOCMe NPOMbIBKM aHOOOB M KaTOOO0B SBSIETCHA KMCIOW U
MOXET coaepXaTb Medb, LMHK, CBMHEL, U B3BELLEHHble TBepAble YacTuubl [7], [8].

B Tabnuue 3.18 npmBeaeHbl pe3ynbTathl aHann3a cocTaBa CTOYHbIX BOA AMS HEKOTO-

PbIX MPOLIECCOB.

Tabnuua 3.31 — TunuyHble gaHHble aHann3a cocTaBa CTOKOB

OCHOBHbIE 311eMeHThI
Crtok MNoTok

Pb Cd As Zn Ni XK

Mpouecc m3/rog | m3/yac mr/n

dnekTponus HO 40-200 | 0,01- | 0,001-0,15 0,01 0,01-1,9| HI1 HI
0,8

Mpouecc ISP HO 380-420| 0,05- 0,005— 0,005- |0,05-1,0| HM HI
0,5 0,035 0,1
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OCHOBHbIE 3MEMEHTHI
Crok MoTok

Pb Cd As Zn Ni XMK
Benbu-neyb 190 00 35 <0,2 <0,1 <1,0 <10 |<0,5/<200
npouecca
SDHL c npo- -
MblBKOM 6e3 228 00
Kpuctannuaa-
uun

NcTouHnK — [16].

Mpu NpombIBKE BenbL-OKCMAA NMPUMEHEHNE KpUCTanNnu3aumMm MoxXeT npuBecTu k bec-

CTOYHOMY npoueccy. Kak BapnaHT nepen CIMBOM CTOKN MOXHO OYUCTUTD.

B Tabnuue 3.19 npegctaBliedHbl CBOAHble AaHHble NO nNoTeHuuMarnbHbIM MCTOYHUKaM

CTOYHbIX BOA N TEXHOTOTNAM UX nepepa60TKV|.

Tabnuua 3.32 — MNoTeHuManbHble UCTOYHUKM CTOKOB U TEXHOMOMMN UX NepepaboTku

OTan Texnpouecca

Onepauns/mcTouHmK

Mcnonb3oBaHue/nepepaboTka

O6wume onepaunn

JInBHEBbLIE CTOKM C JOpOT,
naowanokK, Kpblll, MOKpas
ybopka aopor, MbITbe rpy30Bu-

KOB U T. O.

[MoBTOpHOE UCNonNb3oBaHME U (UNK)

nepepaboTka Ha BOJOOYMUCTHOM

yCTaHOBKe

paHynaumsa wnaka

MokKpbIn 0CcafoK NeKTpo-
dunbTpa
['paHynsumMoHHasa Boaa

Peunpkynauus n oxnaxaeHue, no-

ctynneHmne CToKoB Ha BOAOOYUCT-

HYH YCTaHOBKY

Ob6xunr/mokpas raso-

O4YnNCTKa

Mokpas ouncTtka ra3os u3 ob-

>KUrOBOW NeYun

BopgoouncTtHasa yctaHoBKa

BbilwenaynBaHue

O6wwme onepaunun, BKo4vas

MOKPYH ra3004UCTKY

BosspaT Ha BbllleflavynBaHmne

Ouunctka

O6wume onepaunn

BosspaT Ha BbillenavynBaHne

OnekTponus

YucTka BaHH, aHOOOB U KaTo-

[10B

BosspaT Ha BblilleflavynBaHmne

BbilwenaynBaHue

KagmMus

BbllwenaynsaHue kagMmus

BosBpart B LMK BbilLlena4nBaHns
LMHKa UK, Npu OTCYTCTBUN BO3-

MOXHOCTU, nepefgadya Ha BOOO-

OYMCTHYIO YCTAHOBKY
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OT1an Texnpouecca Onepauna/McTouHuK Wcnonb3oBaHue/nepepaboTka
Bce TexHonornyeckue TexobcnyxumBaHve BogoouncTtHasa yctaHoBKa
YCTaHOBKM
BopoouncTtHas ycra- OuncTtka cToKoB [ns HeKoTopbIX METOA0B NOBTOP-
HOBKa Hoe npuMeHeHune/cbpoc

3.1.5 OcTaTou4Hble NPOAYKTbI TEXHONOMMYeCKUX NpoLEeccoB

MponsBoacTBO MeTannoB npuMBoauMT K obpasoBaHuio psga NoBGOYHbIX MPOAYKTOB,
OCTaTOYHbIX MPOAYKTOB M OTXOAOB. TBepAdble ocTaTouvHble NPOAYKTbl, obpasyrowuecs npu
peanus3auun pasfinyHbiX MPOLLECCOB U 3TanoB OYUCTKM, MOFYT WUCMONb30BaTbCA MO TPeEM
HanpasBieHUsIM:

- MOBTOPHOE UCMOfb30BaHWe B JaHHOM Mnpouecce unv Ha npegbiayLwmx npoueccax;

- nepepaboTka Ha nocreayLwwmx 3Tanax c Lenbio N3BneYeHnsa apyrux MeTansos;

- OKOHYaTenbHasa yTunusauus nocrie nepepabotkun, obecneumnsatowen 6e3onacHyto
yTUNu3aumio.

3HaunmMbIMK SBNAOTCA cneayowmne obpasyrowmecs TBepable 0TXoabl.

- TBepable ocTaTouHble NPOAYKTbI C BbICOKMM coepxaHueM MeTannos, obpasyroLm-
ecs B npoueccax BbllenadnBaHns, OYUCTKN M INEeKTPoNnn3a LmHka. 3TN NpoayKTbl 06bIMHO
NMOBTOPHO NepepabaTbiBalOTCA HA COOTBETCTBYIOLLEM 3Tarne TEXHOMNOrMYeCcKoro npowecca.

- Meun Imperial Smelting nnu ne4yn NpAMoKn nNnaBkK Takxke SABMSATCA 3HAYUMbIMU UC-
TOYHMKaMn obpas3oBaHMA TBepAbIX LWNakoB. Takue wnakv obbl4HO YyXe noaBepranvcb Aen-
CTBUIO BbICOKMX Temnepatyp, W, B LerioM, cogepxaT HebonbLloe KONMMYecTBO Bblleraynsa-
eMblx MeTannos. CnegosaTtenbHO, OHU BNOCNEACTBMU, MOCNe NpoBeaeHUs onpeaeneHHbIX
UCMbITaHWUM, MOTYT UCNOJSIb30BaTbCS Kak CTpoUTerNbHble MaTepuans [34].

- TBepable ocTaToyHble MPOAYKTbI TAKXKe MOMy4arT B pesynbTaTte nepepaboTku CTo-
koB. OCHOBHbIMUK NOTOKaMK ABNATCA runcoBble oTxoadbl (CaSOa4) 1 rmapokeuabl MeTansos,
KOoTopble 06pa3yloTCs Ha YCTaHOBKE HeWTpanmMsaumm CTOKOB. [JaHHble OTXoA4bl paccMmartpu-
BalOTCA Kak nposBreHne noboYHOro agpdekta aTMX METOAOB OYUCTKN, OOHAKO MHOTUE N3 HUX
BO3BpaLlaloTCa B NUpOMETannyprmyeckmn npouecc Ans ganbHenwero u3snevyeHus U3 Hux
MeTarnmnos.

- Mbb vnu wnam, obpasyowmecs nNpu ra3soounCTKe, UCMOMb3YHTCH B Ka4ecTBe Chbl-
pba Ong Npou3BoAcTBa Apyrvx mertannos, Hanpumep, Ge, Ga, In 1 As U T. 4. unn Bo3Bpa-
LLAKTCA Ha NNaBKy UK Xe B LMK BbllLenavymBaHns C LEernbio U3BNeYEeHNs LMHKa.

- OcTaTouHble NpoAyKThl, coaepXalime pTyTb U ceneH, obpasyTca Ha aTane npeg-
BapuTenbHon obpaboTku pTyTb- U CeneHcogepXalmnx NOTOKOB U3 ra3ooumctkn. MN3-3a npu-
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HATbIX OrPaHU4YeHUn Ha UCNONb30BaHME PTYTU U3BMNEYEHUEe PTYTU U3 OTXOAOB, CoAepXKaLlmx
Hg-Se, nnn n3 kanomenn 6onee He npoBogutcsa. Ob6a nobo4vHbIX NpoaykTa HeobxoaMmo
cTabununanpoBaTb 4Ns1 OKOHYATENbHOM yTUnM3aumm. B ncknioumtenbHbIX criydyasx, Koraa Bbl-
COKO COOTHOLIEHNe Se K Hg, MOXHO B Ka4yecTBe arnbTepHaTuBbl U3BMEKaTb CerlieH.

- OTxogpbl, obpasyomecs npyu NPOM3BOACTBE KaaMUSA U3 akKyMynSaTOPHbIX Gatapen,
Takue Kak nnacTuK U3 KopnycoB pa3obpaHHbIX MPOMBILLNIEHHbIX N BbITOBLIX aKKyMYNSTOPHbIX
GaTtapen, HanpaBnaAT Ha NPOM3BOACTBO NnactMmacc. [pyrve opraHuyeckue pakumm npo-
AalT LEeMEHTHbIM NpeanpusTUaM B Ka4ecTBe TOMMMBa, pasMeLLaloT Ha NOSIMroHax Unmn Cxu-
ratoT C uenbto n3snedyeHus tenna. Ni-Fe anektpoabl, obpasytowmecs npu pasbope NpomMbILL-
NEHHbIX aKKyMynsaTopHbix 6aTapewn, n Ni-Fe ckpan, ocTtalowmnca nocne tennoson obpabot-
KW, MPOAatoT NPON3BOANTENSAM HEPXKaBEIOLLIEN CTanu.

B Tabnuue 3.20 nokasaHbl BapuaHTbl MCMNOMb30BaHUS UM nepepadoTKn OCTaTOYHbIX

NpoayKTOB, 06pa3yoLMXCA NpY peanu3aunmn HeKOTOPbIX NPOLECCOB.

Tabnuua 3.33 — OcTaTouHble NPOAYKThI, 0OpasyoLmnecs Npu NOy4YeHUn LmMHKa

Sran npoussoCTEa ﬂpOﬂ,yKTbl, BKIto4aA oCta- Konunyectso BapmaHT ncnosib3oBaHusA
TOYHbIE Kr/T LMHKa nnu nepepaboTkm
Mpouecc RLE
O6xwuroeas neyb/ CepHas kucnota <1200-1700 Mpogaxa
CEepPHOKUCIIOTHas Map < 1700-2000 Mony4eHune aHeprnn
yCTaHoBKa PTyTbCcoaepxalwum npo- <0,1 KoHTponupyemas ytunu-
AyKT (Kanomens) 0,4 3auus
MpoaykT, cogepxalunm <0,5 KoHTponunpyemas ytunm-
Hg/Se 3aums
O6€e3BOXEHHbIN KUCHbIN KoHTponunpyemas ytunm-
wnam 3aums
YcTaHOBKa BblLLena- HenTpanbHbIM OCcTaTou- 500 B ISF, BenbLu-neys unm
YMBaHMUA HbIW NPOAYKT BblLLienayun- 450 ropsvnmn KNCNbIn Bbllena-
BaHWA (KOHUEHTpaT Zn- 600 YMBaKoOLLMN PacTBOpP, KOH-
Fe) Tponupyemas yTunusaums
KoHueHTpaTt PbAg N3BneyeHne Ag un Pb
KOHeYHbIN OCTaTOYHbIN KoHTponupyemas ytunum-
NPOAYKT, €CIiN KOHLEH- 3aumsa unu B neYb Ans
Tpat Pb/Ag ytunusupyert- nnaskn Pb/Zn
cs
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Sran npoussocTEa npOﬂ,yKTbl, BKI1HO4aA OCTa- Konunyectso BapmaHT Mncnosib3oBaHusA
TOYHbIE Kr/T UMHKa unu nepepadboTku
OuucTtka KagmueBas rybka 34 [Mpogaxa nnu KoHTponu-
LiemenTat Cu 7-15 pyemas ytunmsaums
LlemeHtatr Co n Ni Mpopaxa
Mpopaxa
Llex anekTponuaa 'mnc 3-4 LlemeHTHbI 3aBOA Nnn
KoHTponupyemas ytnnum-
3auns
BogoouncTHasa cTaH- OceBLWNI WNam 7-100 D YnaneHve nnu B rneyb
umsa nnaskn Pb/Zn
Mpouecc Imperial Smelting (ISF)
Arnomepaumon- Kucnbin wnam 0,25 KoHTponupyemas ytunu-
Has/cepHOKMCIOTHas | PTyTbcoaepxawum npo- 0,15 3auus
yCTaHOBKa DYKT 200 KoHTponupyemas ytunm-
MbIneyHocsl 1300 3auus
CepHas kucnota B kagmuneBbIn LeX
Mpopaxa
YcTaHoBKa no nepe- KapboHaTt kagmus 18 Mpopaxa
paboTke Kagmus Cynbcung Tannusa 0,25 KoHTponupyemas ytunum-
OcTaTouYHbIN NPOaYKT 180 3auusi
BblLLEeNa4YnBaHms Ha arnomepaunoHHyto
dhabpuky
Meyb Imperial Lnak n3 neun Imperial 600-900 lMpogaxa nnu KoHTponu-
Smelting Smelting pyemas ytunmsaumsa @
BoooouncTtHas ctaH- OceBwnin wnak 30 BosBpaTt Ha arnomepauunto
uns
Mpouecc guctunnaumm New Jersey
Nukeauus CsuHel 156 Ha paduHmpoBaHue
rapTUMHK 25-500 CBUWHLA unu B neyb ISF
BosBpart B neyb ISF
Ynanexue As [pocc < 1-5@ BosspaT B neyb ISF
a3oouncTka MbineyHochbl 10 BosBpaTt Ha arnomepauunto

Benbu-npouecc ¢ NnpoMbIBKOW 1 KpUCcTannuaauuen
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ﬂpOﬂ,yKTbl, BKI1HO4aA OCTa- Konnyectso BapmaHT MCMNoJib30BaHUA
OTan nponsBoacTsa
TOYHbIE Kr/T UMHKa nnun nepepaboTkm
[paHynsumsa wnaka Benbu-wnak, Kr/T cyxoro 1600 CTpoutenbHbI MaTepuan
npoaykra A8 Jopor 1 Ha NOSIUIOH
Ansa oTXo40B
lMpombiBKa BENbL- ConeBoit ocTaTok®@, Kr/T 130 3axopoHeHWEe B LLaXxTbl
okcmaa npoaykra
Fa3ooumncTka A6cop6eHT @) HO KoHTponupyemas ytunu-
3aums
[Mepennaeka, padhuHUpoBaHue
Mepennaska, padu- rapt- 25 BHewHsaa nepepaboTka B
HMpoBaHue LUMHK/UMHKCOAEPKaLLMIA Zn0O
OOHHbIN opocc
a3oouncTka KoHueHTpaT unHKOBOW N3- 130 BHewHsasa nepepaboTka B
rapm BenbLU-neyn unm neuu IS
(Npn Hanu4nn)
CopTtupoBka ckpana, Ckpan Al-Fe 50 BHewHsasa nepepaboTka B

nnaBubHa4da neyvb

KayecTBe ckpana C BbICO-
Knum cogepxanuem Al nnu
Fe

D PacyeTHoe 3Ha4yeHue.

2) B 3aBUCMMOCTM OT TEXHOMOIMMMK, KayecTBa 1 HopMmaTMBHOro perynuposaHus & konuyectso mo-

XeT 3aBUCETb OT LUNXTbI

HI — HeT gaHHbIX

3.1.5.1 NMupomeTannypruyeckue LWakm 1 OCTaToUYHbIE NPOAYKTbI

LWnakn M3 neven OnNs BO3rOHKM LMHKA U Benbl-neden (npu nepepaboTtke nbinen m3

30N mnn noaobHbIX KOMMOHEHTOB LUMXThI) COAEPXKaT BbillenaymBaemMble MeTanmbl B O4eHb

HU3KNX KOHUEHTPaundx. HOSTOMy OHW, KaK npaBuno, npurogHbl And Mcnosfib3oBaHUA B CTpPO-

utenoctee [7]. Boixoa wnaka Haxogutca B npegenax ot 10 % ao 70 % oT macchl nosyyeH-

HOro metanna B 3aBUCMMOCTU OT UCNOJTIb3YyEMOIO ChbipbAl.
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3.2 NponsBoACTBO CBUHLA M ONIOBa

OcHoBHble akonornyeckue NpobrieMbl CBMHLIOBOM U ONOBAHHOW NPOMBbILLFIEHHOCTM CO-
CTOAT B 3arpsi3HEHUM BO3adyxa M BOAbl M 06pa3oBaHMs onacHbIX 0TX040B. 3aBoAbl 0ObIYHO
UMEIOT CBOM COBCTBEHHbIE OYNCTHBIE COOPYXKEHUSI CTOUHBLIX BOA M OObIYHO MpaKTUKyeTcs ne-
pepaboTka nnn NOBTOPHOE MCMNOSIb30BAHNE CTOYHbIX BOA.

MHorne oTxoabl MOBTOPHO, HO OCHOBHOW MNPOGREMON SBMSETCA BbllenadnBaHue
OCTaTOK, KOTOPbIM UMEET BbICOKOE BO3OENCTBUE Ha OKpyxatwLyto cpeay [7], [8]. HekoTopble
noKanbHble acnekTbl, Kak LWyM, TaKkke UMeKT OTHOLLEHMEe K OoTpacnu. M3-3a onacHoro xapak-
Tepa HEeKOTOPbIX TBEPAbIX U XUAOKMX OTXOA0B, TakkKe CyWecTByeT 3HaYUTenbHbIN PUCK 3a-
rpSA3HEeHUs noys [29].

B Tabnuue 3.21-3.24, npuBeaeHbl maTepuanbHble 6anaHcbl Ans HEKOTOPbIX CBUHLIO-

BbIX 3aBO0B B EBporne.

Tabnuua 3.34 — MaTtepuanbHbI 6anaHc nnaeky B nevn Ausmelt/ISASMELT

3arpyxeHo ToHH/rog Mony4yeHo ToHH/ rog
BaTapenHas cBuHUO- 100 000 YepHoBoOWM CBUHEL], 125 000
Bad nacra
CBWHLIOBbIN KOHLIEH- 60000 CepHas kucnota 50000
Tpat
bartapenHas ceTka 35000 CBUWHUOBBIN KOHLEHTpAaT 43500
[pyrne BTOpUYHbIE Ma- 5000 Cepebpo 30-70
Tepuarnbl
Yronb Unmn Kokc 5000 dyTepoBka 300-400
Kucnopoa 15000 CO2 50000

000 HMm3/rop
MpupoaHbI ras 140 000 mrB1/r |OGopoTHas Boga 3 m3/yac
OnNeKTpoaHeprms 45000 mrB1/r | OTxopsawme rasbl 32000—-
49000 m3/uac

NcToyHnk — [16].

Tabnuua 3.35 — MatepuanbHbin 6anaHc yctaHoBku QSL

3arpyxeHo

ToHH/rog

MonyyeHo

ToHH/ rog

CBWHLOBbIE KOHLEH-

TpaThbl

145 000

UepHoBOM CBUHEL,

135 000
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3arpyxeHo ToHH/rop MonyyeHo ToHH/ rog
BTopuyHble maTepuna- 100 000 CepHas kucnota 100 000
nbl
dnocbl 8000 LWnak 75000
Yronb 15000 MeaHO-CBMHLIOBbLIN LLITENH 4500
Hedtb 100 Cepebpo 260-300
Kucnopog 50000 000 Hm3/r |Kap6oHaTbl Zn-/Cd 250
MpupoaHbIv ras 3300 000 HM3/r  |CO2 61500
ONeKTpPoaHeprms 9000 000 mrB1/r | OTxogsuwme rasbl 20400 m3/yac

C6poc Boabl Ha oxnaxae- 2 m3/yac

Hne

NcTouHnk — [16].

Tabnuua 3.36 — MaTtepuanbHblii 6anaHc ycTaHOBKM Mo NepepaboTke akkyMynsaToOpHbIX 6aTapei ¢

aecynbypusaumen (NoAroToBka U KOPoTKad BpaLlaroLascs nevb)

3arpyxeHo ToHH/rog, MonyyeHo ToHH/ rog
MaTtepuanbl nnaBku
BaTapenHbIn ckpan 42000 Cblpon cBuHel, 43000
CBUWHLOBBIN CKpan 5400 MonunponuneHoBbIN NOM 1800
BTopuyHble maTepu- 2600 LLnak 10000
ansol
O6opoTbl 10700 Cynbat HaTpus 4700
dntochl dyTepoBka 35
NaOH 7000 CO2 10800
CtanbHble cBepna 2300 OTxogsawwme rasbl 22000 m3/yac
Copa 2200 O6opoTHas Boaa 105 000 m3/r
CBuMHLIOBOE CTEKITO 1700 LWnak 10000
OHeprus
Kokc 2400
Kucnopoa 3700 000 Hm3/r
MpupoaHbI ras 1400 000 HMm3/r
OnNeKTpoaHeprms 3800 000 mrBT/r

NcTouHnk — [16].
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Tabnuua 3.37 — MaTtepuanbHbIn 6anaHc yCTaHOBKU NO nepepaboTKke akkyMynaTOPHbIX 6aTtapen ¢

NSaBKOW LieNbIX akKyMynaTOPHbIX 6aTapen (LuaxTHasi neyb)

3arpyxeHo

ToHH/roa

Mony4yeHo

ToHH/ rog

Mcnonb3oBaHHbIE

cyxue GaTtapeu

50000-60000

UepHoBOM CBUHEL,

49000-50000

CBWHUOBbIN CKpan, 13250-16500 MNbinb rasoxonos 2500-2800

oTxoapl

XKenesHble oTxoabl 5500-7000 OTtBarnbHbIN Wnak 1500-3000

Lnak 12500-14000 OB6OpOTHbLIN Wnak 12500-14000

OB60opOTHLIN WNnam 3850-4450 OTxopswue rasbl 65000

Mbinb razoxonos 500-650 CBMHLOBbIN LUTENH 9800-10200

Kokc 4950-5950 Wcnonb3oBaHHasA 4000-8000
KucnoTa

Yronb 0 CO2

Kvucnopoa 1000 000 HMm3/r OTxogswue rasbl 65000 m3/uac

MpupoaHbIl ras 477 500 HMm3/r O6opoTHas Boaa 0 m3/r

ONEeKTpPoaHeprms 10390 000 mrBt/r | ®dyTepoBka 110

NcToyHnk — [16].

3.2.1 JHeprus

OHepreTuyeckne TpeboBaHMs K pasnMyHbIM Npoueccam MNosflyYyeHust CBUHLA M onoBa
BapbMpYylOTCS B LUMPOKUX Npefenax, B 3aBUCUMOCTM OT KayecTBa MCXOAHOMO Chipbsi U Mpo-
AYKTOB, UCMOMb30BaHUS BHYTPEHHEro Unn TePSIEMOro Tenna, a Takke OT NPOU3BOACTBA MO-
604HbIX NpoaykToB. B Tabnuue 3.21 nokasaHbl cpeaHue NoTPebHOCTN B SHEPTMUN pasfnyHbIX

npoLueccos, 3a NCKITIYeHNEM TenJ10eMKOCTU NCXOOQHOIro Matepuana.

Tabnuua 3.38 — MNoTpebHOCTb B 3HEPrM AN PasfnYHbIX NPOLLECCOB NPOM3BOACTBA CBUHLA

Kokc® a3
Pacxop anektpo- | Kokc (Kr/T Fas® Kucnopon
Mpouecc (xBT/T (m3/7
3Hepruu (kBT/T Pb) Pb) (xBT/T Pb) | (HM3/T Pb)
Pb) Pb)
QSL® 70 Yronb:110| 900 25 275 370
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Kokc® a3
Mpouece Pacxop anekTtpo- | Kokc (kr/T (BT e ras® Kucnopoa
sHeprum (kBT/T Pb) Pb) Pb) Pb) (kBT/T Pb) | (HM3T Pb)

Ausmelt/Isasmelt 360 40 350 102 1120 120
nnoc paduHUpoBa-
HWe 1 gpyrue one-
pa-umu
LaxTHasa neyb ans 100-150 110-130 930- |20-30| 200-300 20
nraBkM BTOPUYHOIO 1150
cBuHUa®
BapabaHHas neyb c 180-250 60-100 |520-900| 90- 1000- 150-200
CUCTEMOW pa3fenku 180 2000
Oartapen n Bbligene-
HUS cynbgaToB
HaT-pusa 1 Kanbums
OtpaxaTenbHas 80-140 20-30 |175-270|55-70 | 600-800 | 110-150
neyp®

4 BTOpUYHbIE neyu.

% MNepBUYHbIE Neyn.

D Mepesop KT/T B KBT/T ¢ KoadhduLimeHTom 8.85.

2 Mepesog Nms B KBT/T ¢ koadhdpuumeHTom 11.

NcTouHnk — [16].

3.2.2 Bblbpocbl B atmocdepy

BbiGpocbkl B atMocdepy NMG0 MOryT ynoBreHbl, Kak BbIOPOCHI OTXOASILLMX Fa30B UMK

NX MOXHO n3bexaTtb B Ka4yecTBe HEKOHTPOInpyeMbIX Bbl6pOCOB, B 3aBUCUMOCTU OT BO3pacTa

3aBoAa W MCNonb3yemon TexHonorun. Belbpockl AbIMOBbLIX ra30B O6bIMHO KOHTPONUPYOTCS

HenpepbIBHO MMM Nepuoanyeckun, U KOHTponupyTcs. HekoHTponupyemble BbIOPOCH! SIBNSI-

toTCS NpUYMHON Ans 6ecnokoncTBa, U OOMKHbI ObITb YNOBMEHbI.

OcHoBHble BbIGpOChHl B aTMocdepy 13 Npor3BOACTBa CBUHLA U ON0Ba SBMAIOTCS:

- anokena cepbl (SO2), ApyrMe cepHUCTbIE COeANHEHUSI U KUCMOTHbIE TYMaHbl;

- okemabl azoTta (NOx) 1 gpyrne coeanHeHus asoTa;

- MeTansbl 1 X COeaNHEHUA,

- NbINn;

- NeTy4yume opraHudeckune coeguHenus u NXAnQ /o.
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Opyrue 3arpsasHaoLLmMe BewecTsa He UMEKT BUAMMOrO 3Ha4YeHUs AN npOMbILLSIEHHO-
CTW, MOTOMY YTO OHM HE NMPUCYTCTBYIOT B MPOU3BOACTBEHHOM MpoOLlecce, YTO OHWU cpasy
HenTpanuaytoTca (Hanpumep, xnop unm HCIl) unn notomy, YTO UX KOHLEHTpaLUMs CrULLIKOM
mMana (Hanpumep, CO). BbibpocChl B 3HAaUNTENBHOW CTENEHM CBA3aHbl C Mbifblo (3a UCKIoYe-
HMEeM KaaMuA, MbllbsKa U PTYTU, KOTOPble Takke MOryT NpUCYTCTBOBaTb B rasoBou (pase)
[8].

McTouHMKM BLIBPOCOB 3aBUCAT OT UCMOMb3yeMOro npouecca u npueegeHsl B Tabnu-
ua 3.6. K HMm oTHOoCcATCA:

- 06xur (bonbluas YyacTb BbIBPOCOB NPOUCXOAUT BO BPEMSI BHEMMAHOBbLIX OCTAaHOBOK);

- Apyrue Buapl npeasapuTenbHon obpaboTkm (Hanpumep, 6aTapen pasbueka);

- TpaHCNopTMpPOBKa 1 0bpaboTka maTtepunana;

- 3aBO[ CEPHOMN KUCIIOTHI,

- NNaBka (BKIYasa rpaHynaumio Waka) n pajpuHMpoBaHue;

- pasnvBeka B oOpMbl.

Tabnuua 3.39 — lNepeyeHb NoTeHUManbHbIX 3MUCCUIA B aTMOCepy npu Npon3BOACTBE CBUHLA

O06xur arnome- Paspenka 6a- 3aBog cep-
KomnoHeHT PadunHrnpoBaHue . Nutbe .

pauuna niaska Tapeun HOW KUCJ1OTbI
Oxkcuapbl cepbl ool ° ° ° eoe
Okcunabl asota ol He 3Ha4YMMo He 3Ha4YMMo ° °
Mbinb 1 Me- (Y Y R ) ooe YY) HEe 3Ha4YMMOo
Tannol
Iletyune op- DR He 3Ha4YnMMO He 3Ha4YnuMo ° He 3Ha4YMMO
raHn4yeckme
COeANHEHNS 1
nxaon /e

eee — (oree CyLLEeCTBEHHbI, ® — MEHEE CYLLECTBEHHbIN.

1) HenocpeacTBeHHbIE 3MUCCUM OT NpoLieccoB obxura unu nnaeku nepepabaTbiBaeTca v (Unn)

nepepabaTtbiBaeTCs O4YMCTKO Nepes 3aBoA0M NPOV3BOACTBA CEpbI.

AleTyune opraHundeckme coeauHenua v MXOO /® moryT GbiTh BbISBNEHbI, €CMNY UCMONb3YHTCA

BTOPUYHbIE MaTepuvarbl, CoAepKallme opraHuky.

Obwas nHpopmaumsa 0 KOHTpPOe BbIOPOCOB 3arpA3HAIOLWMX BELWECTB Ha POCCUMNCKNX

npeanpuaTmaX, NPON3BOASILLNX CBUHEL, M3 BTOPMUYHOTO Chipbsi, puBeaeHa B Tabnuue 3.27.
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Tabnvua 3.40 — NHdopmaumss 0 HOPMUPOBaAHMM BLIGPOCOB 3arpsa3HAOLLNX BeLecTB Ha Poccninckmnx

npegnpuaTuax u B cnpasovHmke HOT EC

Mpeanpuatne CnpaBoyHuk EC
3arpsasHsiloLee BeLecTBo KoH- HopMmupyeMbiit
2 3 BAT-AEL
Tponb nepegen
A30Ta anokecug + + + -
A3soTa okeng + + + -
B3BeLleHHble YyacTuuybl PM10 - - — -
B3BeLleHHble YyacTuubl PM2,5 - - — -
BaBelueHHble BewecTBa + + Nblb Nbib BCe nepege-
nbl
[AnokcrHbl (NONMXNopMpPOBaH- + + BTopu4HbIn
Hble AMOEH30-M-ONOKCUHBI U CBUHeL,.
AnbeH3oypaHbl) B nepecyeTe MnaBka
Ha - -
2,3,7,8-teTpaxnopanbeHso-1,4
-OMOKCUH
Kagmunn n ero coeguHeHus - - + -
Menb, okcug megu, cynbdart + +
Mean, xnopug meam (B nepe- - -
cyeTe Ha Meab)
MbILWbSK N ero coegnHeHus, + +
Kpome BO4OpO4a MbILLbAKOBU- - -
cToro
PTyTb 1 ee coeguHeHus, Kpo- + + MNMupomeTan-
Me ONaTUNPTYTU nyprus, npu
- - HanMyum B
Cblpbe
CBuHeL, 1 ero coenHeHuns, + + + + 3arpyska,
KpomMe TeTpasTUrCBUHLA, B nnaska, Bbl-
nepecyeTe Ha CBUHeL, rpyska
Cepbl guokeung + + + +
Yrnepoga okcug + + — -
CypbMa n ee coeguHeHus - + + -
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Mpeanpuatne CnpaBoyHuk EC
3arpsasHsiloLee BeLecTBo KoH- HopMmupyeMbiit
1 3 4 BAT-AEL
Tponb nepegen
O6Lwwme netyume opraHndeckue + + BTopunyHbIN
coeNHeHUs - - - CBUHeL.

CyLwka cblpbs

3HayeHWe noTeHumnanbHbIX BbIOPOCOB B aTMocdepy B Npon3BoAcTBe CBUHLA. NMoMuMo

TEXHONOIMNM4€eCKMNX Bbl6pOCOB, nponcxogAat HeopraHn3oBaHHbIE Bbl6pOCbI. OCHOBHbIMU UCTOY-

HUKaMN HEOPraHM30BaHHbIX Bbl6pOCOB ABNAIOTCA.

- NbINIb OT XPaHeHusi 1 06paboTKM KOHLEHTPATOB;

NblNb N3 APYrnx NCTOYHUKOB.

YT€4Kn OT 0OXXMroBbIX U NaBUMbHbLIX NEYeWn;

Mblfib OT BbIXJIOMHbIX ra30B INTENHbIX NEYeMu;

HecmoTpsi Ha TO, HeopraHM3oBaHHble BbIOPOCH! TPYAHO ONpPeAennTb U OLEHUTb, eCTb

HeKoTopble MeToAbl, KOTOopble ObINN YyCMewHo Mcrnonb3oBaHbl Ans atoro. B tabnuue 3.28.

npmBegeHbl HEKOTOPbIE JAaHHbIE O Bb|6pocax M3 npouecca nnaBkn nepBn4HOro ceBmHLUa c mc-

nonb3oBaHueM nevn Ausmelt / Isasmelt [7], 4TO nnnoCTpupyeT NOTEHUNANBHO BbICOKUN YPO-

BEHb HEOPraHM3oBaHHbIX BbIOPOCOB.

Tabnuua 3.41 — 3Ha4yeHns HeopraHM30BaHHbIX BbIGPOCOB

YctaHoBka Ausmelt/Isasmelt BHegpeH (2009) (kr/roa)

AmMucens KoHTponMpYeML PaccesHue Bcero
peelil

CsuHel, 596 312 908
Kagmui 3.07 0.24 3.31
Cypbma 5.05 1.77 6.82
MbILWbsK 0.93 1.55 2.48
Tannun 1.83 <0.01" 1.83
PTyTb 0.87 <0.01° 0.87
Hunokeng cepbi(T/) 343 - 343

* PacyeTHble OLEeHKMN.

MpoussoacTeo ceunHua B 2009 rogy — 114 161 7.

NcTouHnk — [35].
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3.2.3 lnokcup cepbl U Apyrue coeanHeHus cepbl

OCHOBHbIMM MCTOYHUKaMKN BbIOPOCOB ABYOKUCK Cepbl SABNAIOTCA HEOpraHW30oBaHHbIE
BbIOpOCHI Ha CTaausiX OKUCNEHUS, NpsiMble BbIOPOCHI OT 3aBoAda MO NPOW3BOACTBY CEPHOWN
KUCIOTbI U BbIBPOCHI OCTAaTOYHOW Cepbl B LUMXTE. XOpoLlee U3BrieyYeHne n repMmetmsanmm ne-
Yyen npegoTBpaLLaeT Takme BbiOPOCh!, KOTOPble BMECTE C TEXHONOMMYECKMMIN rasaMmu u3 cra-
ONN OKUCNEHNA, nepeaatnTcsa Ha ra3oouUCTKY, a 3aTeM Ha YCTaHOBKY MO NMPOU3BOACTBY cep-
HOW KMCNOTbI UNn rmnca.

[Mocne o4ncTkn ANoKCua cepbl B rase U3 ctagum cnekaHus, obxura nnm npsiMon nrae-
Kn KoHBepcupyeTcs B Tpuokeng cepbl (SOs3).

Bo Bpems 3anycka M OCTaHOBKM, MOTyT ObITb Criyyau, korga crabble rasbl Bblbpachl-
BatoTcA 6e3 npeobpasoBaHMa. ITU cnydanm JOIMKHbI OblTb NPeayCMOTPEHbI ANS OTAENbHbIX
YCTAHOBOK. TeM He MeHee, MHOrMe KOMNaHuu caenanu 3HaduTernbHble yryylleHns AN KOH-
Tponsa 4TobbI NpeaoTBpaLLaTh UM YMEHbLUATL 3TN BbliOpock! [7], [8]. CBUHLOBLIN arnomepar
N HEKOTOpble BTOPUYHbIE CbipbEBbLIE MaTepuarnbl cogep)XaT OCTaTOYHY cepy U cynbdaTbl.
Coobuwanock [36], uto 10 % OT coaep)xaHus cepbl B CBMHLIOBOM KOHLIEHTpaTe OCTaeTcs B
cnevyeHHOM mMaTtepwuane, KOTopbln nogaeTcs B neyn. Kpome Toro, cogepkaHue cyrnbdaTtoB B
nIoOMe akKyMynsTOpHbIX BaTtapen MoxeT BbITb 3HaYNTENbHLIM B 3aBUCMMOCTU OT criocoba ero
npegBapuTenbHon obpaboTku [37] n HanuuMs B HemM nacTbl. B 6onbWMHCTBE cnyyaeB cepa
OCTaeTCs B LWMake unn B Apyrnx noboyHbIx NpoaykTtoB. CTeneHb YCBOEHUS Cepbl 3aBUCUT OT
ncnonb3yemMblX OIIOCOB M APYrMX MeTansoB, CBA3aHHbIX C NPOLECCOM, Hanpumep, MoXeT
ObITb MOMy4YeH MeOHbIA LITENH NPU COBMECTHOW nepepaboTke CBUHLOBO-MEAHbIX KOHLEH-
TpaToB. CBMHLOBO-XXeENe3HbI LUTENH 06pa3yeTcsi B BOCCTAHOBUTESNbHbBIX YCOBUAX NpU A0-
GaBneHum xenesa CTpyxek. B apyrux cnyyasx moxet Bbigensatbcs SO2, BO3MOXHO, noTpe-
OyeTcsa ganbHenwas nepepaboTka.

OMuccun Npu pasnuyHbIX npoueccax MNpoOuM3BOACTBA CBMHUA MokasaHnbl B Tabnu-
ue 3.29.

Tabnuua 3.42 — O6pasoBaHmne ANoKcuaa cepbl B pasfnyHbIX NpoLeccax nomy4YeHnst CBMHLA

O6uiee npom3BoacTBO cBMHLUA | [MpoM3BOACTBO CEPHOWM KUCMOTLI
Mpouecc
(t/rop) (r/T Pb)
QSL®W 135 000 700
ISA@D 120 000 3000
BaTtapes akkymynatopHaa — 50000 4000-6000
uenas®
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Mpouecc O6uiee npom3BoacTBO cBMHLA | [MpoM3BOACTBO CEPHOWM KUCMNOTLI

(t/ron) (r/T Pb)

Barta- 35000-50000 1070-3000

pes akkyMmynatopHaa — fge-

cynbdypusosaHHas nacta®

BaTtapes akkymynatopHasa ¢ 35000 3200

nsBnedYeHHon nacton®@

Bartapes akkymynsatopHaa + 10000 210(FGD cucrtema)

AONONHUTENbHasA nacra

LaxTHas neyb ons cBMHUA U 110 000 10000-45000

arnomepauuoHHbI 3asog®

Barta- 33000 6600

pes akkymynsatopHas — MA

npouecc

1) OcHoBHo1 Npouecc.

2 BTOPUYHBIN NpoLiecc.

NcToyHnk — [16]

TyMaHbl OT paspyLueHns akKyMynaTopHblX 6aTtapen Takke MOryT NpMBOAMTb K N0g06-
HbIM BblOpocaM. BbIBpochl OT nnaBurbHbIX NEYEN C 3arpy3Kon U3BMEYEHHOIO U3 akKyMynsi-
TOpPHbIX Gartapen matepuana, cogepxawiero SO2, KOHLEHTpaUNa KOTOPOro 3aBMcuUT OT TOro,
nNaBAT M Nacty unn gecynbypu3oBaHHbIN MaTepuan unm cepa nornawiaeTcs LUakom.

TunnyHble undpbl ot 50 Mr/HM® go 500 mr/Hm® [8].
3.2.4 Okcuabl a3oTa

Onepauun nnaeBku SABMAIOTCA NOTEHUMaNbHbIMU UCTOYHMKaMK okcnaoB asoTta (NOx).
NOx, moryT 6blITb 06pa3oBaHbl M3 KOMMNOHEHTOB a30Ta, NPUCYTCTBYIOLLMX B KOHLEHTpaTax,
unn B kadectee Tepmmyeckoro NOx. [lonyvyeHHas cepHas KucnoTa, MOXET normnowartb
BonbLyto yactb NOx, M 3TO MOXET BNUATb Ha Ka4eCTBO CEPHOW KUCNoTbl. [pyrne ne4yun, uc-
NONb3yLLME KUCNOPOOHO-TOMMMBHbIE TOPESNKU, MOTYT Takke OEMOHCTPUPOBATb CHUXEHUE

NOx. [lnanasoH ans Bcex npoueccos, coctaenseT 20 4o 300 Mr/HmS,
3.2.5 MNbinNb 1 MeTannbl

MbiNb N3 NPOLECCOB NMaBkM ABNAETCHA NOTEHUNanbHbIM UCTOYHMKOM MPSIMbIX U HEOP-
raHM30BaHHbIX BbIOPOCOB MbINM U MeTannoB. a3kl cobupatoT nu obpabaThiBalOT B ra3004NCT-
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HbIX npoueccax 1 rasbl, 6oratole no SOz, B yCTAHOBKE MO MPOU3BOACTBY CEPHOWM KUCIOTbI.
Mbinb yaansetcs, BbiwenodeHHaa aona Bbisoga Cd unu Cl2 B cnyyae HeobxoaumocTtu, m
BO3BpalLlaeTcs B npoLecc.

lMepepaboTka M 3akanka Lwwnaka Takke npmBoauT K obpasoBaHuio nbinun. [duanasoH
MbifieBbIHOCA U3 3TUX YIOBMEHHbIX UCTOYHUKOB OT MeHee <1 mMr/Hm® go 20 mr/Hms. LWnaku un
APOCChl, MOMyYeHHbIE B NPOLECCE BOCCTAHOBMEHUSA CBUHLA M3 aKKyMynsaTOPOB MOryT CO-
aepxaTb Sb. Korga aTn octaTku CTAaHOBATCA BMaXHbIMW, CYLLECTBYIOT NOTeHuuanbHasa BO3-
MOXHOCTb 06pasoBaHusa BbIOGPOCOB CTUOMHA, KOTOPbLIN SBMSETCA S40BUTLIM rasoMm. Tewm
He MeHee, 9TO He KacaeTcs BCeX LUNakoB, €Cnv OHW He codepkaT BblAensAwwmx BOAopoa
MaTepuanos.

Bbibpocbl aspo3onent NpoMCXOAsT B MOMELLEHUs, rOe paspyLllarT akKyMynaTtop-
Hble GaTapeun M OHW MOryT coAepxaTb MeTannbl. [nana3oH BbIOBPOCOB TymaHa v Nblnv U3
3TUX UCTOYHUKOB cocTasndeT oT 0,1 A0 4 Mr/HMS,

B T0 Bpems Kak KOHTponvpyemble BblOpOCbl MMEKT M3BECTHbIE WMCTOYHWMKM U MOTYT
ObITb yrioBneHbl 1 06paboTaHbl, HEKOHTPONUPYyEMbIE BbIBPOCHI MOryT NPOUCXOANTL B f06OM
MecTe Ha Tepputopun 3aBoga. OCHOBHbLIMW UCTOYHWKAMW HEKOHTPONUPYEMbIX BbIOPOCOB
ABNAIOTCA XpaHeHWe n obpalleHne maTepuanos, Mblfib C TPAHCNOPTHbLIX CPEACTB UNN ynuu,
a Takke OTKpbITble pabouyne 30HbI, rge He 6bino obopyaoBaHO CpencTB AN COKpalLeHUs
BblbpocoB. [laHHble No BbIGpocamM MeTannoB Afs HEKOTOPbIX €BPONENCKMX NPOLLECCOB MNpu-
BedeHbl B Tabnuue 3.9. B nocnegHue rogbl HEKOTOPbLIM KOMMaHMAM yOanochb CyLEeCTBEHHO
COKpaTUTb HEKOHTPONUPyeMble BbIBPOCHI MyTEM NPUMEHEHUSA TakUX Mep, Kak [16]:

- YBENNYEHME HArpy3Kn LIAXTHOM Neyn n ynyyweHna cbopa oTXogaLmnx ra3os,;

- obHOBNEeHMEe MeToaa cbopa M PUNbTPOBarbHbIX YCTPOUCTB ANA OTXOASALLErO rasa;

- COKpalleHe BpeMeHU MPOCTOA MNeyun 3a cYeT yryyleHUa OrHeynopHon oyTepoBKU
(Tem cambIM CHMXasi BpeMS MyCcKo-Hanagku 1 npocTost, YTO MOXET NPUBECTU K YBENUYEHNIO
BbIOPOCOB B TEYEHME OrPAHNUYEHHOIO BPEMEHN);

- 3aKpbITUE KPbILUM TEXHONOMMYECKMX 30aHNA N MOAEPHM3aLMA PUNbTPOB,;

- 3aKpbITUEe/Kopnyc NOCTaBKW, MaTepuarn Ans XpaHeHUss 1 30Ha OYUCTKM U pacrnosoxe-
HWe cuctem cbopa OTXOAALMUX ra3os;

- COBepLUEHCTBOBaHME npouenyp obpaboTkm maTtepuanos (Hanpumep, NyTemM CMaudu-
BaHWS CbIMy4yMx MaTepuanoB 4O M BO BPEMS 3arpy3ku), U CHUKEHUE TPAHCMOPTHbIX YacToT
(Hanpumep, ¢ cnonb3oBaHMEM BONbLUMX KONECHbIX NOrPy34nKoB);

- yCTaHOBKa 06A3aTeNnbHOro MbITbSl TPAHCMOPTHLIX CPeacTB (4Ns 3aBOAHbLIX U BHELU-

HMX TPAHCMOPTHbIX CPEACTB);
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- NPUMEHEHNE YKpensieHnn 4Oopor B 30HaxX 3aBoda M NOAbe3AHbIX NyTer U onTuMm3a-

una npouenyp nx O4HUCTKK,

- 3aKpbiTne n o6e33apa>|<|/||3arou.|,|/|e 30HbI YyTUNmM3aumm oTearnbHOro Liaka.

Tabnuua 3.43 — MNpon3BoACTBO CBUHLA HEKOTOPbLIMU EBPONENCKMMM NPOU3BOANTENSAMU

Pb Cd
Mpouecc MpopykT fpouason- rleine al MTopo- | T/ Twe- AS
cTBO (T) M Toponycr | T/ Tnpoayxr I/ Twe-rann
Ayt Tann
QSL CsuHel,
-npoLecc YepHoson Pb| 120 000 1 NA <0.1|<0.0|<0.000
1 1
-patuHnpoBaHue Ynctein Pb, 135 000 54 NA <0.1|<0.0|<0.01
cnnasbl Pb 1
-BTOPUYHBIAD 12 NA 2.3 | 0.03 | 0.09
Ausmelt/Isasmelt CsuHel,
-npouecc YepHoBon Pb| 113 000 <1 0.09 25 | <0.1]| 0.01
-padomHUpoBaHmne Ynctein Pb, 120 000 NA 1 4 0.01 | 0.02
cnnasbl Pb
-BTOPUYHbIAD NA 0.04 03 |<0.1]| 0.01
baTtapeu uensle CsuHey,
(waxTHas neyb)
-npouecc 49000 10-25 0.1 25 | <0.1]<0.15
-pacmHmpoBaHne 53000 0.49 NA 0.024 | NA NA
-BTOPUYHBIAD <2 MI/H NA <0.0| NA NA
m3 1
MI/HM
3
baTtapea — ge- CsuHey,
cynbypu3oBaH-
Hada nacrta
-npouecc 43000 1-3 NA 0.1-1| 0.01 | 0.18
-padomHUpoBaHmnE 52000 4 NA 0.5 | 0.02 | 0.24
-BTOPUYHbIAD 6 NA 0.3 NA | 0.02
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Pb Cd
Mpoussoa- MNbinb Zn As
Mpouecc MpooykT MTopo- | T/ Twe-
cTBO (T) M Toponycr | T/ Tnpoayxr I/ Twe-rann
AYKT Tann
batapea — uenas CsuHel,
(kopoTkas bapa-
OaHHas neyb)
-npouecc 10000 15-35 NA <05| NA <0.3
DBTOpMYHanA razoxodHas nbirb
NcTouHnk ceeaeHni [16]

3.2.6 OpraHu4yeckue coeamHeHusn (VOCs, PCDD/F) u CO

OpraHudeckne coegnHerus yrnepoga n CO MoryT BbliOenATbCA Ha CTaauu CYLUKU B
3aBUCMMOCTU OT CbIpbs U TOMMMBA, UCNONb3YEMOro ANng CyLkn. Ho B npon3BoacTBe CBMHLA,
Hanbonee Ba)XHbIM MCTOYHUKOM OpraHu4eckux coeamHeHun yrnepoga n CO gasnseTcs Boc-
CTaHOBUTENbHas CTagus npouecca nnaekv, 0COBEHHO Korda nnacTuk/nnactvka OocTaTku
NPUCYTCTBYIOT B WmnxTe. [Joxur asnseTtcs Hanbonee pacnpocTpaHeHHbIM METOAOM, UCMNOSb-
3yeMbIM 4115 NIMKBUAauumn aToro 3arpsasHutens [35].

B npounsBoacTee cBMHLA, BbIOpOCHI O6LLEro neTyyero OpraHWYeckoro yrrnepopna
(TVOC), BblpaxeHHble, Kak C 3aBUCAT OT Tuna neyn n ucnonb3yemblx npoueccos. [Mpu uc-
Nonb30BaHMKN KaMepbl OoXuraHus, Bolopockl TVOC, B cpeaHem, MeHee 10 mr/Hm3 1 Makcu-
MarbHble 3Ha4YeHusl, Kak npaBuno, Hke 40 Mr/HMmE,

Bbibpockl CO 13 wwaxTHOW ne4yn HaxoaaTca B AvanasoHe 500 mr/Hme. ObpasoBaHue
MXOO0/® B 30HE ropeHust n B oxnaxkaarowen 4Yactu cmctembl 06paboTkm oTxoasuwlero rasa
(NepBUYHBLIN CUHTE3) MOXET ObITb B HEKOTOPbIX Npoueccax, B YaCTHOCTU, €CMM NNACTUKOBbIE

KOMMOHEHTbI BKITHOYEHbI B COCTaB WNXThbI [29].
3.2.7 Cobpochl B Boay

MeTannbl 1 UX COeQUHEHUS U MaTepuarnsl B BUAEe CyCNeH3nn SBNSTCA OCHOBHbIMU
3arpsasHutensamun B Bogy. CootseTcTByowmne metannsl Zn, Cd, Pb, Hg, Se, Cu, Ni, As, Co u
Cr [31], [8], [7], [32], [16].

K apyrm 3HauMMbiM BelLecTBaM, NONagaroLmM B Body, OTHOCATCH XNopuabl, pTopu-

Abl U cynbgaTol.
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B0O3MOXHbIMM NOTOKaMM CTOYHbIX BOA, KOTOpble COAepXaT BbILLEyNOMsSHYThlEe BeLLe-
CTBa, SBNATCS:

- CTOYHbIE BOAbI OT MOKpPbIX CKpy66epoB;

- CTOYHbIE BOAbI OT MOKpPbIX 3N1EKTPOPUNbTPOB;

- CTOYHbIE BOAbI CO CTaAMK yaaneHust pTyTu;

- CTOYHbIE BOAbI OT pa3pyLUEHMs akKyMYNATOPHbIX 6aTapen un ganbHenwmx cTaguin;

- CTOYHbIE BOAbI OT rpaHynauun LWnaka;

- YNNOTHAOLWEN Boabl U3 HACOCOB;

- CTOKM OT 0bLMX onepauui, B TOM Yucre OT OYUCTKM 06opyaoBaHUS, MbITbs MOSOB
nT. o.;

- BblAENEHMSA U3 KOHTypa OxNnaxaatoLLern Boabl;

- AOXOEBbIE CTOKM C MOBEPXHOCTM (B YACTHOCTU, MECT XpPaHEHMS) U KPbILLW.

CTo4YHble BOAObl M3 ra3004UCTKU NMaBUSIbHBIX arperatoB MoryT ObiTb Hanbonee Bax-

HbIM UCTOYHUKOM 3arpsi3HEeHuS.
3.2.8 CTOUYHbIE BOAbLI OT ra3004YUCTKU

Kak npaBuno, BriaxHble ra3o04UCTHbIE CUCTEMbI paboTaloT C peunpkynaumnen BogHbIX
pacTtBopoB. KoHTponupyembit oT60p nogaepxmBaeT KONMYECTBO B3BELLEHHbIX TBEPAbIX Ya-
CTUL, N pacTBOPEHHbLIX COMen B onpefeneHHblX 3aaHHbIX npegenax. B cuctemax mokpon
rasoouncTkm Npu nepepaboTke Cbipbs, cogepxallero cepy, pacteBop npuobpeTtaeT KUCNyto
peakunto. PactBop aBnaetca o60pOTHbIM M UCMOSb3yeTCs Ha OpoLleHue nocre unbtpa-
uuun. Yactb pacTtBopa BbIBOAMTCS U3 060poTa, C Uento yaaneHuss HakonmeHHbIX 3arpsasHe-
HW. BbiBeaeHHbIN pacTBop nognexut obpaboTtke (ounctke). MNMepen cObpocom ocyLiecTsns-

€TCHA 3KOaHanMTUYEeCKNN KOHTPOJTb CTOYHbIX BOA [8].

Tabnuua 3.44 — TUNUYHbIA COCTaB PaCTBOPOB OT OYMCTKM ra3os

KoMMOHEHT CogepmaHme (paCTBop) Konun4yecTBo B3BELLUEHHbIX TBepAblX 4Ya-
cTuy

Teeppoe 250-1500 mr/n
CynbdoaTthl 13-25r/n
Xnopuabl 1.3-1.8r/n
dnoopuThl 0.3-0.5r/n
PTyTb 0.1-9 mr/n 5 % — 30 % oT TBepAbIX YacTuy,
CeneH 0.1-50 mr/n 10 % — 60 % oT TBEepAbIX YacTuy,
MbiLbsAK 5-95 mr/n < 0.05 % ot TBEPAbIX YaCTUL,
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KonnyecTBo B3BELLEHHbIX TBEPAbIX Ya-
KomMmnoHeHT CopepxxaHue (pacTteop)
cTuy,
LnHk 0.1-2.5r/n 2 % — 6 % oT TBepAabIX YacTul,
Kagmunn 1-95 mr/n
CsuHel, 1-13 mr/n 5 % — 50 % oT TBepAbIX YacTuy,

NcTouHnk — [7]

3.2.9 CTOYHble BOAbI OT BOCCTAaHOBIIEHUA aKKyMYFATOPHbIX 6GaTapen

B pesynbTaTte pasgenku akkymynsTopHbiX 6aTapen Ha cTagmm NnpomMbiBKM 0bpasyeTcs
KMCMbI MOTOK, KOTOPbLIN COAEPXUT CBUHEL, U OpyrMe MeTannbl B BUAE CYCNeH3Un n pacTBo-
pa. OTOT NOTOK HENTPANU3yT 1 BOL4Y BO3BpaLLalOT B npouecc. Ecnm aTo BO3MOXHO, KUCIIO-
Ta MCNosb3yeTcsa B APYroM mecte. Yactb ee 00bl4HO OTBOAMTCHA U3 CUCTEMbI N5 KOHTPOMSA
pacTBOpPeHHbIX conewn [29].

[Mpouecchbl pasgenkn akkyMmynaTopHbix 6atapen 3arpasHaT NOBEPXHOCTHbIE BOAbI U,
cnefosaTenbHO, 3Ty BOoAY HEOOXOAMMO OYUCTUTbL U MCMNOSb3oBaTh MOBTOPHO. Kayectso u
KONIMYECTBO CTOYHbIX BOA 3aBMCUT OT MCMNOJSIb3YyEMOro npoLecca, cocTaBa Cblpbs, UCNOSb3Y-
emoro B npouecce. [MOBTOpHOE UCMNONb30BaHME TEXHOMOMMYECKOW BOAbl U AOXAEBbLIX BOL
A0CTaToYHO pacrnpocTpaHeHHo. Oxnaxaarolwaa Boga OT rpaHynsaumy WNakos U oxXnaxaeHus
obopynoBaHust O6bIMHO LMPKYNMpPYeT B 3aMKHYTOW cucteme. 3arpsisHeHUe Jopor U noBepx-
HOCTEN Ha NPOMMNIIOLaAKe CBOAUTCS K MMHMMYMY 3a CYET 4YacToW BRakHoOW ybopku gopor,
rpy30BbiX aBTOMOOMMNEN, OYMCTKE MPONMBOB. TUMWUYHBIA COCTaB CTOYHbIX BOA HEKOTOPbIX

TEXHOJTOrMYECKMX NPOLLECCOB NokasaH B Tabnuue 3.27.

Tabnuua 3.45 — TrMnNoBOWM COCTaB aHanNM3MpyemMon Boabl

CTOYHbIE Pacxop
OCHOBHbIE KOMMOHEHTHI (Mr/1T)

BOAbI (noToK)
Mpouecc (m3/r) (m3/yac) Pb Cd As Zn Ni COD
QSL® 158 000 18 0.06 0.02 0.04 0.15 0.01 20
Ausmelt/ 110 000 13 0.01- |0.001-0.01|0.001-0.1|0.01-0.2 50-200
IsasmeltH@ 0.09
PasgeneHune mexaHu- 190 000 <0.20

Yyeckux b6aTtapen (CX)+
6apabaHHasa neyb®

PaspeneHune mexaHu- 124 000 0.02 0.07 < 0.0005 0.27 0.09
yeckux 6aTtapen (MA)+

GapabaHHas ne4ys®
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CTOuYHblE Pacxop
OCHOBHbIE KOMMOHEHTHI (Mr/1T)
BOAbl (noTok)

Llenbie 6atapen® 150 000 40 0.4 0.01 <0.001 0.01 |<0.05 96
LWaxTHast neyb® 17000 <0.2 <0.1 <0.3
CX + bapabaHHas 105 000 2.1 0.13 0.01 0.01 0.03
neyb + pacpmHmnposa-
Hue Pb®

D MNepBUYHbIE NeYn.

CBMHLIA N C NOBEPXHOCTMW.

3) BTOpUYHbIE Nneyun.

MeTanoB 1 NPOBOAMMOCTHH <10 MUKPOCUMEHCOB.

2 Llex Ausmelt He nmeeT oumncTkn Bodbl. O6paboTaHHble COPOCHI NOCTYNAIOT C NNaBUSIbHbLIX YCTAHOBOK LIMHKA

4) B npouecce CX Npou3BoanTCsA KOHAEHCAT U3 KpUcTannmuaaTopa, KOTopble MMeeT 04YeHb HU3Koe codepkaHue

NcTouHuk — [16]

McTouHMKM cOpPOCHBIX BOA U TEXHOMOMMM nx nepepaboTkm gaHbl B Tabnuue 3.28.

Tabnuua 3.46 — McTouHMKM oTpaboTaHHOW BOAbl U TEXHOMOMMK UX NepepaboTku

HanmeHoBaHKWe npouecca

Onepaunsa/ncTouHmK

BoamoxxHoe ncnonb3oBaHmne/ 06-

paboTka

[TnmaBHbIN

[loxxgesasi Boga ¢ gopor, Tpo-

TyapoB, Kpblill, OT MbITbA O0-

YcTaHoBka 06paboTku BOAbl,

3aTeM yganeHue unv peump-

por, rpy30BOro aBTOTPAHCNOP- | Kynsauns
TaunrT. o
Pasgenka 6atapen PacTtBopeHune Mcnonb3oBaHne B npouecce
aecynbdypusaunn/Ha ycra-
HOBKY 06paboTku BOAbI
Hecynbypusaumsa nactel |PactBopeHue Mcnonb3oBaHne B npouecce

aecynbdypusaunn/Ha ycra-

HOBKY 00paboTkn BoAbI

[MnasunbHbIE Onepaummn

Bopoa oxnaxgeHus neyen, ma-

LUMH 1 obopyaoBaHus

Peuunpkynauus

paHynaumsa wnaka

CT104Hble BOAObI OT ckpybbepa.

'paHynupoBaHHasa Boaa

Peumnpkynauus, Ha ycTaHOBKY
06paboTkn BOAbI.
Peuunpkynauus
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HanmeHoBaHKe npouecca

Onepaunsa/McTouHmK

Bo3moxHoe ncnonb3oBaHue/ 06-

paboTka

Cuctema o4YnUCTKM rasa

KoHaeHcaT oT oxnaxaeHus ra-
3a 1 BogHoro ckpybbepa

KoHpeHcaT oT yaaneHus pTyTtu

YpaneHue cycreH3uu, octaTok,
Kak MCXOOHbIN MaTepwuan.
lMocne yoaneHus pTyTy Ha
OYUCTKY BOABbI.

Peuunpkynauus

3aBof CepHOW KMUCIOThI

Boga ot oxnaxaeHust obopy-
[AOBaHWS.

MpoTeykn

Peuunpkynauus

Ha yctaHoBky 06paboTku BoAbI

Cknapg cbipbs

[MoBepxHOCTHas Boda (ooxae-

Bas)

Ha yctaHoBky 06paboTku BoAb!

Arnomepaums

Ckpy066ep (oxnaxpatowiasi Bo-

Aa OT crnekaHus)

Ha yctaHoBky 06paboTku Boabl

O6wee obopyaoBaHue

PemMoHT

Ha yctaHoBky 06paboTku BoAbI

YcTaHoBKa OYNCTKU BOAbI

Ob6paboTka CTOYHOM BOAbI

OcTtaToKk ong TeKyLwero mc-

nonb3oBaHus/copoc

3.2.10 NMpomexyTouHble NPOAYKTbI

ﬂpomemyTquble npoayKTbl, NofiydaeMble U3 Pa3yiM4HbIX NMPOLECCOB, a TakK XXe TEeXHO-

NOrMIn MMHUMKU3aLUMN BbIDPOCOB MOIYT MMETb OAWH U3 TPEX BO3MOXHbIX CMNOCOOOB nepepa-

00oTKU:

1. NOBTOpPHOE BOBJIEYEHNE B TEXHONOrMYeCKUN npouecc

2. NOBTOPHOE BOBMNEYEHME B TEXHONOMMYECKNIA NPOLIECC C LieNblo KOHLEHTPUPOBaHMUS

Apyrnx metanmnos C nocrneayrwmm n3snev4eHnemMm 3Tux metasnriosB.

3. [lom3BneyeHne LEHHbIX COCTaBNsOLWMX, 00paboTka ocTaBLIerocs npoaykra ¢ Le-

Nbl0 BO3MOXHOM yTunm3aumm B gpyrmx otpacnax npomMbIlLNIEHHOCTU, B Cltydae HEBO3MOXHO-

CTh yTunm3aumm oTxogos — UxX pasmMellleHme Ha noJyimroHe.

Mpn paduHnpoBaHnn cCBUHLA 0OpPas3ylTCss NPOMMAPOOYKThI:

(cbembl), cepebpuctasi neHa, 6oraTble CBMHLOM M APYrMMKW MeTannamu, Kotopble

LNWKMpa,  ApOCChl

BO3-

BpaLLalTCHa B COOTBETCTBYHOLLMIA NPOM3BOACTBEHHLIN rnpouecc. Kpome Toro, wak ot npous-

BOACTBa OJ10BA U3 KACCUTEPUT ABIIAETCA OCHOBHbIM NCTOYHUKOM TaHTala n HMobus.

TBepable OCTaTKM Takke BO3HUKAIOT B pe3ynbTaTe 06paboTkM CTOKOB. OCHOBOW TBEpP-

OOro oCrtaTka ABJiAeTCcA

pa3yroTca Ha y4dacTKax

He|7|Tpar| n3aunm CTOYHbIX BOA.
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yTUNn3npyoTcs, nnbo Bo3BpalaloT B NMpomeTannypruyeckme npouecchl Ans n3BneveHus
MeTannos.

Meinb N wnam ot o6paboTKM ra3oB MUCMOMb3YKTCHA B KA4YEeCTBE Cbipbs AN NPou3s-
BOACTBA ApYrnMX MeTanmnoB, Takux, kak Ge, Ga, In n As, nnn mMoxeT OblTb BO3BpaLlEH Ha ne-
pensiaBky UnNn B KOHTYP BbllLeriaynBaHusa AN N3BneYeHnsa cBuHLa 1 onosa.

PTyTb 1 ceneHoBble OCTaTKW BO3HWKAKOT U3 NpeaBapuTenbHON 06paboTKM PTYTHLIX
UM CeneHoBbIX MOTOKOB OT ra3oBOM OYUCTKW. OTOT TBepAbl MOTOK OTXOAOB COCTaBnseT
npumepHo 40 - 120 T/ rog B TUNMYHOM 3aBofe. HEeT M3-3a orpaHnYeHnin Ha NCNoSb30BaHNe
PTYTU, n3BreyeHusa pTytn n3 Hg-Se octaTkos, UNu N3 KaroMenu co cTagun yaaneHus pryTu,
yXe He npeactaenseT uHTepeca. Ob6a NoboYHbIX NPOAYKTA AOSMKHbI OblTb CTAOUNM3MPOBAHDI
OS5 OKOHYaTenNbHOro yaaneHns. B UCKNIOUYNTENbHBIX CnyyasaX, Korga oTHOWeHue Se K pTyTn

SIBMSIETCHA BbICOKMM, BOCCTAHOBIIEHME CerleHa MOXeT BbITb OAHUM N3 BapnaHTOB.
3.2.11 NMupomeTannypruyeckue LUMakKu U oTxoabl

LLInakn 13 WwaxTHoM neyn n nevm npsiMon nnaBkW, Kak NpasBuno, cogepXaT O4YeHb HMU3-
Kne KOHUEHTpauumn pacTBoOpsieMbiX MeTanoB. Takum o6pa3om, OHM, Kak NpaBuIo, NPpUrogHsl
OS5 UCNOSb30BaHUSA B KOHCTPYKLUMOHHBLIX MaTepuanax [7]. Bbixoq wnaka HaxoguTtcsa B npe-
penax ot 10 % no macce n 70 % OT mMacchl NosiydeHHOro metasnna B 3aBUCUMOCTU OT UC-
NoJSib3yeMOoro Cbipbsi.

LLnakn ot o6paboTkn akkymynaTopHbiX 6aTapen coctasnsoT 13 % go 25 % ot Beca
nosiy4eHHoro ceuHua. OHU MOryT BbITb NPUrOAHbI AN UCNONb30BaHNA B KOHCTPYKLMSX B 3a-
BUCMMOCTM OT pacTBOPMMOCTM METasoB, KOTOpPblE OHM codepaT. BbiIMbiIBaEMOCTb 3aBUCUT
OT MCMNonb3yeMblX (OIOCOB U YCroBuW 3kcnnyaTaumm [7]. Wicnonb3oBaHue nocoB Ha
HaTpuneBon ocHoBe (Na2CO03s), 4Tobbl 3achmkcMpoBaTb Cepy B LWMake, NPUBOAUT K yBenu4e-
HUIO KONMYECTBa BbIMbIBAEMbIX METANNOB. OTU LWakM U APOCChbl OT NPOLECCOB BOCCTAHOB-
nexHunsa 6atapen moryt cogepxaTb Sb. 3710, Kak npasuno, nepepabaTbiBalOTCH, HO XpaHeHne
BO Ba@XHbIX YCIOBUAX MOXET NPUBECTU, NPU ONpeaeneHHbIX YCroBusX, K aMuccnmn ctmbana.

Pag ctaHgapTHBIX TECTOB Ha pacTBOPUMMOCTb UCMONb3YHTCH rocygapcTBaMu-4rieHamum
EC, n oHn aBnaTca cneyndmnyeckuMmmn ans AaHHon ctpatbl. [pouecchbl HaxoaaTca Noa KOH-
Tponem, YTobbl NOHM3UTL CoAepXXaHUe pacTBOPSiEeMbIX MeTanmMoB, ¢ TeM, YTObbl obecneunTb
OyayLuyo NpUrogHOCTb MaTepurarnoB Ansi CTPOUTENBbCTBA M APYIMX MPUMEHEHWIA.

Lnak u TBepAable 4acTuubl, yaoaneHHble Ha cTagusax nnaeBneHus, pagpuHnpoBaHuA
CBMHLA 1 00Ba, cogepXaT MeTansbl, KOTopble OCTYMHbI AN U3BeYEeHUs.

B Tabnuue 3.29 npuBeneHbl XapakTepUCTUKN TBEPAbIX MaTepuarnos, NOMy4YeHHbIX Npu

padrHNPOBaHNN YEPHOBOrO CBMHLA.
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Tabnwvua 3.47 — Teepabln MaTepuan oT padMHMPOBaHUSA YEPHOBOIO CBUHLA

OT1anbl padomMHMpPOBaHUSA

TBepable NpoayKTbl

B03MOXXHOCTb MCNonbL3oBaHUs 00-

paboTkn

O6pa3soBaHue gpoccos/obes- |MeaHble opocchl

MeXunBaHue

Mocnepytowmi npouecc ons mns-

BrevyeHnda Mmean n cBMHLa

Cwmsiryenue (Xappuc npo-

uecc, KucrnopogHoe cmsrye-

Lecca.

LLnakn ot Xappwuc npo-

Hue) CypbMsiHbIE LLNaKu

'mopomeTtannypruyeckoe ns-
BneYyeHne MeTansos.
[MupomeTannypruyeckoe nssre-

YyeHne MmeTarnioB

ObeccepebpoBaHune LinHkoBo-cepebpsHHas M3BneyeHne gparmeTtanna
Kopka

Ob6ecuuHkoBaHue MeTannuyeckni LMHK MoBTOpHOE 06eccepebpeHmne

O6e3Becmy4dnBaHme BucmyToBbie KOpKM N3BneyeHne BucmyTa

YananeHue WenoYHbix me-

TanroB N peaknx MeTarrnoB

Hpoccel okengos Mg-Ca

®noc Ha BHYTPEHHIOKD peLUpKY-

nAaumio

KoHe4yHasa ctagusa

HaTtpuesble gpocchl

BHYTpeHHss peumpkynsaums

NcTouHnk — [38].

B Tabnunuax 3.30 n 3.31 nokasaHbl BO3MOXXHOCTU AN UCNOSb30BaHUSA OTXOAOB, NOJy-

YeHHbIX B HEKOTOPbIX npoLueccax

Tabnuua 3.48 — OTxo4bl OT NPOM3BOACTBA CBMHLA

OTansbl npomn3Bsoa-

I'Ipop,yKT nnnm oTxo-

Konuyectso (kr/T

B0O3MOXHOCTM NCNOMb30BaHNA UK

cTBa Abl OT Npouecca Pb) nepepaboTku
3aBoa (PbIOMUHIOBaHMA LWNaka
dblOMUHIOBaHWE LLnak 700 Bogoctonkne KOHCTPYKUMOHHbIE
wiaka WTenH 2.5-25 MaTepuansl
Map 2500 Ha megHyto nnasky

Map Ha npeBpaLLeHne aHeprmm

Mpouecc nepepaboTkm akkyMynsaTOPHbIX BaTapen — KopoTkasa bapabaHHas neyb
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OTansbl npomn3esoa-

I'Ipop,yKT nnm oTxo-

Konuyectso (Kr/T

BO3MOXHOCTM NCNOMb30BaHUA UK

cTBa Obl OT Npovecca Pb) nepepaboTkn
Pasgenka 6aTtapen Na2S04 (CX) 220 Mpopaxa
BaTtapenHas nacrta 700 Ha nepBuYHYO U1 BTOPUYHYIO
(MA) 100-300 nnasky
MonunponuneH 70-80 Mpopaxa
OcTtaTku nnacTtuka B oTBan vnun cxuranune
lMnaBeka UepHoBoOM cBUHEL, 830 Ha paduHupoBaHune
LWnak 80-120 B otBan
MNbinb AbIMOXO0B 30-50 Mocne obpaboTkm B Pb nnaBky
PadvHuposaHune Ipocc 60-90 Ha nnaBky nepBUYHOro Chlpbs
Cb6pacHas Boga O6pasoBaHHbI BoaBpaT B nnaeky
wnam
Bce craguu LWnak, nbinib go- 500-550 BHyTpeHHss peunpkynauuns

MoxogoB

Mpouecc nepepaboTkn akKyMyNATOPHbIX

batapen — waxTHasa neyb

[MpurotoBneHue OTpaboTaHHbIV 70-120 CTOpoHHee ncnorb3oBaHue unm
LINXTbI anekTponut HenTpanusauus
LLlaxTHasa neyb >KenesHo- 80-250 Mpoaaxa Ha PbCu
CBUHLOBbIN LUTENH 40-60 nfaBsKy unv B oTean
Lnak 30-80 [opOXHble KOHCTPYKTUBHbIE Ma-
Mbinb Tepwanbl Ui B oTean
BHYTpeHHU Unn CTOPOHHUI pe-
LMKITUHT
PadvHuposaHune [poccebl 70-120 Mpopaxa anst nsBneyYyeHnsa me-
Tanna
Bce ctagum LLinak, noToKk nbinu 500-550 CTOpPOHHASA peumpKynaums

D KopoTkoBapabaHHble neyn MOoryT GbiTb TakKe WCMOoNb30BaHbl B MEPBUYHON MMaBKe CBMHLA

Anst nepepaboTkM 0TXOA0B OT padhMHUPOBAHMS

NcTouHnk — [9]

170




Tabnuua 3.49 — OTxo4bl OT NPSAMOW NMaBKK CBMHLA

UTC 13-2016

OTanbl NpoM3BOACTBA

MpoaykT unu npouecc

obpasoBaHMsa 0TX040B

KonuyecTBo
kr/T Pb

BO3MOXHOCTb MCMNOSb30BaHUS UMK

nepepaboTkn

KuBueT npouecc

MnaBunbHbIN arperaT | LLnak 700 KoHTponunpyemsble oTxoabl
asoxogHaa nbb 1 |110 Bosspat B nnaBunbHbIN arperat
["aszoxogHas Nbinb 2 100 Ha BbilwenaynsaHune
Map 1300 MpeobpasoBaHue aHeprumn

O6paboTka BoAbl Wnam

CepHoKMCnoTHbIN 3a- | H2SO4 1100 Mpopaxa

BOA Kanomenb <0.10 Mpopaxa
Kucnbein wnam 0.5 KoHTponupyemsbin oTxoA

Kanbgo npouecc

TBPC (Kanbao) LWnak 350 Ha dpblomuHroBaHue
["a3oxogHasd nbinb 160 BoaBpaT B nnaBunbHbIN arperat
Map 700 MpeobpasoBaHue aHeprumn

CepHokucnoTtHbln 3a- | H2S04 500 Mpooaxa

BOf Kanomenb

Kucnbin wnam

QSL-npouecc

MnaBunbHbIN arperaT | LUnak 550 [lopoxxHoe nokpbITHe
["a3oxogHasd nbinb 60 BosBpaT B nnaBunbHbIN arperart
MegHbIn gpocc 100 (nocne Bblwenavnsanus Cd)
Map 1300 Mpopaxa
MpeobpasoBaHne aHeprum
PaduHupoBaHue Cepebpo 2 Mpopaxa
CepHokucnoTHbIN 3a-|H2S04 700 Mpogaxa
BOf Kanomenb 0.02-0.05 |lpopaxa
Kucneiv wnam 0.5 Bo3Bpat B nnaBunbHbIW arperaT
Mbinb  BbIWenaymBa- | Kagmum LMHKOBas 1.9 KoHTponupyemsbin oTxoA
HUS rpaHynsums
O6paboTka BOAbI LLnam Bosspart B nnaBunbHbIN arperart

Unn B oTBan?
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MpoayKT unu npouecc | Konmyectso | BO3MOXHOCTb MCNONb30BaHNS NN
OTanbl NpoM3BOACTBA

obpasoBaHMsa 0TX040B kr/T Pb nepepaboTkn
Bce atansbl LLnak, razoxogHasa| 130-150 |BHewHss unpkynsaums

Nbinb, WNamMbl 1 T.4.

Ausmelt / ISASMELT neuyb

MnasunbHbIN arperaT | Jpocc 125 BoaBpart Ha nnasky*
Okecua unHKa Nbinb 50 BosepaTt B nnaBunbHbIN arperat
Map NA LIMHKa
MpeobpasoBaHne aHeprum
CepHokucnoTHel 3a- | H2S04 400 Mpopaxa
BO[ Kncnbin wnam >1 Bosspat B nnaBunbHbIN arperat
OcaxgeHwue pTyTH 0.2 [MpounssoacTBO Kanomenu
O6paboTka BoAbl Wnam >5 BoaBpaT B nnaBunbHbIN arperart
unu B oTean?
Bce atansbl LLnak, razoxogHasa| 130-150 |BHewHss unpKynsaums

nbinb, WiaMbl 1 T.4.

MepepaboTka 6€30TX04HOM Mbi OT NPSAMOW MMaBKM Mean BO BpallaloLENCs, KadaroLencs

neym
MnaBunbHbIN arperaT | LUnak 1330 Bos3BpaTt B nnaBunbHbLIM arperart
LLnensa 36 mMeaun
Mpogykt  nonycyxown|115 Ha canky
HenTpanusauunm  oT- BosBpaT B nnaBunbHbIN arperart
xogsiero rasa Meau Kak pnoc, 4YacTU4HO Ha
cknag

(1) — cneumanbHble KOMMNaHUW L5 BOCCTAHOBMEHUS LWnaka (2) — 3aBUCUT OT LLEHHOCTU Me-

Tannos, coAepXalunxcs B wname
NcTounukm — [9], [16], [24], [35]

3.2.12 NMnacTtmacchbl OT 06paboTKM aKKyMYNATOPHbIX GaTapen

HekoTopble 3aBoabl MO nepepaboTke akKyMynaTOpHbIX GaTapen Takke Npou3BOAAT

nonunponuieH U noJIndTuneH U3 N3Mesrib4eHHbIX KOPMNyCoOB aKKyMYJIATOPOB. Obuwee coaep-

XaHue nnactuka coctaBnsaeT ot 11% no Becy Ao 20% no macce nony4YeHHoro ceuHua [7].

EcTb uenbin pAa40 npon3BoacTB nnacrtMace, pa3pa6OTaHHbIX cneuunanbHO AnA 3TOro Mmatepu-

ana, n oOHM Npon3BoOAT FpaHyJ'IVIpOBaHHbIVI nonunponuneH Ana pAaga npoM bllIIEHHbIX U Obl-

TOBbIX MPUMEHEHWIA, B TOM Yncne aBToMoOunen, Tpyd n apeHaXHbIX CUCTEM, KOMMOHEHTOB B
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AOMALLHMX KyXHSX U T.0. OddeKTUBHAA NPOMbIBKa NOSIMMNPONUIEHOBON (hpakuum n otaene-

HUA gpyrme nnactmMacCcoBbl€e KOMMOHEHThI, TakKUe Kak 36oHMTa unn NBX nmeeT BaxxHoe 3Ha-

YeHune Onda npom3sBoacTteBa npoaykuunn B npenenax cneu,mcbwkau,mm.

Tabnuua 3.32 — OTxoabl OT NPSAIMOW MaBKW CBMHLA

OTansbl npon3BoacTtBa

KonunyecTtso
kr/T Pb

MpoaykT unu npouecc

obpasoBaHMsa 0TX040B

BO3MOXHOCTb MCNOSIb30BaHUS UK

nepepaboTkn

KuBueT npouecc

lMnasunbHbIN arperaT | LLnak 700 KoHTponupyemble oTxoabl
["asoxogHagda nbinb 1 110 BoaspaT B nnaBunbHbIN arperat
["asoxogHagq nbinb 2 100 Ha BbiwenayBaHve
Map 1300 MpeobpasoBaHne aHeprum

O6paboTka BoAbl Wnam

CepHoKkncnoTHbIn 3a- | H2SO04 1100 Mpopaxa

BOf Kanomenb <0.10 Mpopaxa
Kncneiv wnam 0.5 KoHTponupyembin oTxoA

Kanbgo npouecc

TBPC (Kanbpo) LWnak 350 Ha dpblomuHrosaHve
[[azoxogHas nbinb 160 Bos3Bpat B nnaBunbHbIW arperaT
Map 700 MpeobpasoBaHne aHeprum

CepHoKncnoTHbIN 3a- | H2SO04 500 Mpopaxa

BOf Kanomenb

Kucnbin wnam

QSL-npouecc

[MnasunbHbIN arperat | LWnak 550 [lopoxxHoe NoKpbITUE
["azoxogHas nbinb 60 Bos3BpaTt B nnaBunbHbLIM arperart
MeaHbIn gpocc 100 (nocne BbiwenaymsaHms Cd)
Map 1300 Mpopaxa
MpeobpasoBaHue aHeprumn
PadvHuposaHune Cepebpo 2 Mpooaxa
CepHokncnoTHbln 3a- | H2SO04 700 Mpopaxa
BOA Kanomenb 0.02-0.05 |lMNpopgaxa
Kucneiv wnam 0.5 Bos3Bpat B nnaBunbHbIW arperaT
350lMbib  BbiWeNa- | Kagmun LiMHKOBas 1.9 KoHTponupyembin oTxoA
YnBaHMA rpaHynauus
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OTanbl NpoM3BOACTBA

MpoaykT unu npouecc

obpasoBaHMsa 0TX040B

KonuyecTBo
kr/T Pb

BO3MOXHOCTb MCMOSIb30BaHUS UMK

nepepaboTkn

O6paboTka Boab! Wnam BosBpaTt B nnaBurbHbIN arperat
Unu B otean?
Bce atansbl LLnak, ragoxogHada| 130-150 |BHewHss yupkynauma

Nbifb, WiaMbl U T. O.

Ausmelt / ISASMELT neub

MnasunbHbIN arperat | pocc 125 BosBpaT Ha nnasky*
Okeuna unHKa nbinb 50 Bosspat B nnaBurbHbIN arperat
Map NA LIMHKa
MpeobpasoBaHue aHeprumn
CepHokucnoTtHbin 3a- | H2SO4 400 Mpooaxa
BOL Kucnein wnam >1 Bosspat B nnaBunbHbIN arperat
OcaxpgeHue pTyTH 0.2 MponsBoacTeBo kKanomernu
O6paboTka BoAb! Wnam >5 BosBpaTt B nnaBurbHbIN arperat
unu B oTean?
Bce aTansbl LLnak, razoxogHasa| 130-150 |BHewHss unpKynsaums

Nbinb, WaMbl U T. O.

MepepaboTka 6€30TX04HON NbINM OT NPAMONM NNABKM Mean BO BpaLLAOLWENCSs, KavatoLencs

neym
MnasunbHbIN arperaT | LLnak 1330 BosepaTt B nnaBunbHbIN arperat
Lnensa 36 Mean
MpoaoykT  nonycyxoun 115 Ha canky
HenTpanusaumm  OT- BosBpaTt B nnaBunbHbIM arperar
xogswiero rasa Mean Kak pntoc, 4acTU4HO Ha
cknapg

(1) — cneumanbHble KOMMNaHUW L5 BOCCTAHOBMEHUS LWnaka (2) — 3aBUCUT OT LLEHHOCTU Me-

TannoB, cogepXxawuxcs B Luname
UcTtounnkm — [9], [16], [24], [35]

Paspnen 4. OnpepeneHne Hauny4wWwmnx AOCTYMNHbIX TEXHOSOMMUMN

TepMUH «Haunydline AOCTYMNHble TeXHorormm» onpegeneH B denepanbHOM 3akoHe

«0O6 oxpaHe okpyxatoLien cpepl» Ne 7-03.
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Mon «TexHonornen» NOHMMaETCHa Kak cnonb3yemMasa TeXHONOrns, Tak u cnocob, ¢ no-
MOLLbIO KOTOPOro OBBEKT CNPOEKTUPOBAH, MOCTPOEH, AKCNIyaTUpPyeTCa U BbIBOOUTCS U3 IKC-
nnyartayuu; 3To He TOMbKO TEXHOSIOrMs NPOn3BOACTBA, HO U pa3fnyHble TEXHUYECKUE U He-
TeXHU4Yeckne meTobl (SKONOMMYECKUMN MEHEIKMEHT, yrnpaBfeHYeCKMe peLLeHns) MoBblLle-
HUS 9KONOMMYECKON Pe3ynbTaTUBHOCTM.

Moa «OoCTynHOM» MOHUMMAETCs 3KOHOMWUYECKM LenecoobpasHas M HeyHuKanbHas
TEXHOMOors, Kotopast 4OCTUINa ypoBHs, No3Bonsowero obecneyunts ee BHeAPEHNE B CBUH-
LOBO-LIMHKOBO-KaAMMEBOW MPOMBILLSIEHHOCTM C YY4ETOM OSKOHOMWYECKOM U TEXHUYECKON
000CHOBaHHOCTHU, NPUHMMAdA BO BHUMaHWe 3atpaTtbl U NPEUMYLLECTBA; NPU 3TOM TEXHONOrs
AOJIKHA ObITb peanu3oBaHa XoTsa 6bl Ha ABYX NPeanpuATUSX oTpacnu.

Moa «Hauny4ywen» NOHMMAaeTCa TEXHOMOrMMs, B MakCumarnbHOW Mepe obecneymsato-
LLLasa oxpaHy oKpyxatoLen cpebl u cbepexeHme pecypcoB (Cblpbs, BOAbI, IHEPTUN).

Mopsagok onpeneneHnsa TEXHOMOMMN B Ka4yecTBEe Haunydlwen LOCTYNHOWM TEXHOSormu
onpegeneH noctaHoBneHnem [lpaButenbctBa Poccuiickon ®epepaunm ot 23 aekabps
2014 r. Ne 1458 «O nopsagke onpegeneHus TEXHOMOMMU B Ka4eCcTBe Haumnyylen JOCTYNHON
TEXHOMOrMM, a Takke paspaboTku, akTyanu3aumm m onybrnmkoBaHus MHEGOPMAaLMOHHO-
TEXHUYECKUX CMPABOYHUKOB MO HAUMY4YLLMM AOCTYMNHbIM TEXHOMOMMAM», HA OCHOBAHUM KOTO-
poro MMHMCTEPCTBO NMPOMbILLNIEHHOCTN U Toproenu Poccunckon ®epepaumm paspaboTano
«MeToandeckue pekomeHgauun no onpeaerieHnuo TEXHOMOMMMU B KayecTBe Haunydlen ao-
CTYMHOW TEXHOIIOMNN.

CornacHo aTuM AOKyMeHTaM, Npu OTHECEHMM TEXHONOMMYECKMX npoLieccoB, obopyno-
BaHWs, TeXHMYecKknx cnocoboB n metogos kK HOT HeobxooMMo yumTbiBaTh CreaytoLmne Kpu-
Tepun:

a) HaUMEHbLLUMI YPOBEHb HErATUBHOIO BO3AENCTBUS HA OKpYXKaloLLylo cpeay B pacye-
Te€ Ha eanHULY BpEMEHU Unm o6bEeM NPOU3BOLAMMON NPOoAYKLMK (ToBapa), BbINOSIHAEMON pa-
60Tbl, OKa3blBaeMow ycnyru nmbo COOTBETCTBME APYrMM MOKa3aTensM BO3OENCTBUA Ha
OKpYyXatLyo cpeay, npeaycMoTpeHHbIM MexayHapoaHbiMu gorosopamu Poccuinckon de-
aepauumn; nNpUoOpUTETHBIM, OKa3biBalOLWMM HauMMeHblUee oTpuuaTenbHOe BO3AENCTBME Ha
OKpY)XaloLlyto cpefly, pEKOMEHAOBAHO CcyYMTaTb BO3AENCTBME OT OTXOA0B, 3aTeM BbIOPOCHI B
BOAY W 3arpsi3HEHMe No4Bbl; BO3OENCTBME OT BbIOPOCOB B BO34yX PEKOMEHAOBAHO paccMar-
puBaThb Kak hakTop, MMeLWnn HanbonbLUNN oTpuLaTenbHbIN APdeEKT;

6) akoHOMUYecKkas A(PPEKTUBHOCTb BHEOQPEHUS M AKCMyaTauMu; aHanm3 aKoOHOMuYe-
CKOW apPEeKTUBHOCTU 3aKN0YaeTCs B OLeHKe 3aTpaT Ha BHeApeHue U IKCnsyaTaunio TEXHO-

Jlormn n BbIrogbl OT €e BHeApEeHuna nytemMm npuMeHeHnda Metoda aHanuni3a 3atpat U BbIro; B
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npouecce OUEHKN pekomeHayeTca pasfgensatb o6bekTbl (NMpeanpusiTus) Ha HOBble U Aew-
CTBylOLME;

B) MPMMEHEHNe pecypco- U aHeprocbeperaroLmx MeToaoB;

r) nepmnog BHeLPEHUS;

[) NPOMbILWIIEHHOE BHEAPEHME TEeXHONOorM4yecknx npoueccos, 060pynoBaHUA, TEXHU-
Yyeckmnx crnocobos, MeTooB Ha ABYX U Bbonee obbekTax B Poccuiickon ®enepaumm, okasbl-
BalOLLMX HEraTMBHOE BO3JENCTBMNE Ha OKPYXaloLLyto cpeny.

B kayecTBe MCTOYHMKOB MH(pOpMaLUKN O MPUMEHAEMbIX HA NPaKTUKE TEXHOMOrmsX, OT-
Hocswmxca K HOT, Obinn ncnonb3oBaHbl OKOHYATENbHbLIM NPOEKT BTOPOW peaakuun crpa-
BoyHuka EC no HOT ans npegnpuatmi uBeTHon metannyprumn (oktabpb-2014), cBegeHus,
nonyyeHHble B pe3ynbTaTe aHKeTUPOBaHUA NPeanpuaTuiA oTpacnu, pesynbTaTbl Hay4HO-
nccneposartenbckux pabot, nybnukaumn, a Takke UHgopmauus, nonyvyeHHas B Xo4e KOH-
CynbTauun ¢ OTpacreBbIMU IKCNEPTAMMU.

Havny4ywune goCTynHble TEXHONMOrMM U METOAbl, a Takke, B HEOOXOAMMBIX CryyasX,
COOTBETCTBYHOLUME MM TEXHOSOrMYECKMe MoKasaTenu (3HayYeHUs KOHLIEHTpauum 3MUCCui),
onpegerneHbl TeExHUYeckon paboyen rpynnon NPUMEHUTESNTbHO K OCHOBHbIM M BCMOMOraTesb-
HbIM MpoLeccaM NpoM3BOACTBA CBUHLUA, LUMHKA M KagMus, ONUCaHHbIM B pasgene 2 HacTos-

LLIero cnpaBOYHUKA.
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5.1 O6wwme HAT onsa npou3BoacTBa CBMHLA, LIMHKA U KagMuUA

5.1.1 CucTteMbl 3KOnornyeckoro meHemxkmeHta (COM)

HAT 1. MoBblweHne obuwen pesynbTaTMBHOCTU MNPUPOAOOXPAHHOW AEeSATENbHOCTMU.

BHeopeHvne u nogaepxaHue cuctemMbl aKonorndeckoro meHegpxmeHta (COM), cooTBeTCTBY-
towen TpebosaHusam FOCT P NCO 14001% unu 1ISO 140019,

5.1.2 QHeproMmeHeXKMEHT

HAOT 2. MNMoBbiweHne adpdHeKTUBHOCTU UCMNOMb30BaHUS 3HEPTUU: UCMONb30BaHWE KOM-

OuHaummn gByx unu 6onee MeToaoB, NpMBEAEHHbIX B Tabnuue 5.1

Tabnuua 5.1
MeTopn/o6opynosaHue MpuMeHnMocCTb
a) | Cuctema ynpaBneHus 3HeproddeKTUBHOCTLIO (Hanpu- | O6lenpMMmeHnmo

Mep, B COOTBETCTBUM C TpeboBaHMAMU MeXOyHapOLHOro
ctaHgapTta ISO 50001 u HaumoHnanbHoro FOCT P KNCO
50001)

6) | Ncnonb3oBaHne n3bbiTouHOro Tenna (Hanpumep, napa, ro- | NpumeHum ans nupome-
paYen BOAbl UM ropsYero Bo3gyxa), obpasyloleroca npu | Tanmypruieckux npouec-
peanu3aunmn OCHOBHbIX MPOLECCOoB coB

B) | [MoBbiWeHWe TemnepaTypbl BbillenadmBarowmx pactBopos | NMpumeHnm ana rmgpome-
C MCMNOMb30BaHMEM Mapa Unn ropsden Bogbl 3a cHET M30bl- | Tannyprmyeckmx npouec-
TOYHOro Tenna coB

r) Mogaya Ha ropenku Bo3gyxa, oboraweHHOro KMCnopoaom, | NpumenHnm ans neden, B
WM YMCTOro KUcnopoda Ansi yMeHbLUeHUs noTpebrieHus | KOTOpbIX  UCMOoNb3yeTcs
9HEepruM 3a cyeT aBTOrEHHOW NIaBKW MMM MOSHOrO Cropa- | Cbipbe, coaepxallee cepy
HWUS yrnepogucToro martepmana nunun yrnepoa

A) | HuskotemnepaTypHasi Cyllka KOHUEHTpaToB WU BraxHoro | ObwenpnmeHmmo

Cbipbsi Nepe nnaBKown
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e)

Tennonsonsums o06beKkToB, OYHKLUMOHUPYIOLLIMX NPU BbICO-
KUX TemnepaTypax, Hanpumep, Tpy6onpoBOA4OB napa U ro-

psiYen Boabl

WMcnonb3oBaHve Tenna, obpasykollerocs npu nNpousBos-
CTBE CEepHOWN KMUCMOTbl U3 AMoKcMAaa cepbl, Ans npeasapu-
TENbHOrO Harpesa rasa, UCrnosb3yeMoro Ha 3aBofe CEepPHOM

KWCNOTbI, N ANst BbIpaboTKM Napa v / unun ropsyer Boabl

MpumeHum pna 3asonoB
no npou3BOACTBY LBET-
HbIX MeTannoB, BKIO4Ya-
OLLMX NPON3BOACTBO Cep-
HOW KNCMOTbI UMW XXNOKOro
SO2

Mcnonb3oBaHMe BbICOKOS((EKTUBHBLIX 3rieKkTpoaBurarte-
nen, obopynoBaHHbIX YaCTOTHbIMM MpeobpasoBaTensamu,

ANS Taknx yCTPOWCTB Kak, Hanpumep, BEHTUNATOPbI.

Cuctembl KOHTPOJ1A, KOTOPble aBTOMAaTU4YECKN aKTUBUPYIOT
BKITIOYE€HNE MECTHbIX OTCOCOB MblJ1A UIMN OTXOOALLUNX ra3oB

TOJIbKO NP BO3HMKHOBEHUN Bbl6pOCOB

O6LwenpumMeHnmMo

5.1.3 KOHTpONb TEXHONOrM4YeCKMNX NPOLLeCCOB U MOHUTOPUHI IMUCCUN

HOT 3. O6ecneyeHne cTabunbHOCTM NPOU3BOACTBEHHOIO MpoLEecca: BHeAPEHNe cu-

CTeéMbl aBTOMaTuU3NpPOBAHHOIO KOHTPONA M Ucnomnb3oBaHue KomMOuMHauum OByX UIn bonee

MeTOo0B, NpuBeAeHHbIX B Tabnuue 5.2

Tabnuua 5.2
MeTtoa/o6opynoBaHue MpMMeHnMoCTb
a) |[lpoBepka M copTUpOBKa MUCXOAHLIX MaTtepuarnoB B COOT- | OBLWwenpMMmeHnmo

BETCTBUN C Tpe6OBaHVIFIMVI, onpependaeMbiMn UCnorsib3ye-
MbIM TEXHONOIMNM4Y€CKUM O60py,£I,OBaHVIeM N NpuMeHAeMbIMA

MeToaaMu COKpaLleHUA 3arpa3HeHnd

0) | TwartenbHoe nepeMeluMBaHMe pasfiMyHbIX MaTepuanos,
BXOASLLMX B COCTaB LUMXTbI ANSA OOCTUXEHUSA ONTUMarnbHON
3pheKTUBHOCTM NepepaboTkn M CoKpaLleHUst BbIOPOCOB U
OTXOA0B

B) | Cucrembl B3BELLUMBAHNS U AO3UPOBAHUS LLUNXTbI
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Mcnonb3oBaHMe aBTOMaTUYECKUX yCTpOVlCTB Onda KOHTponda
CKOPOCTHM nogadn mMartepuana, Kno4eBbiX TEXHOJTOTMYECKNX
napamMeTpoB, BKIOYaA CuUrHanmsauuio, ycnosvu7| CKUraHu4

1 nogayn gononHNTENbHOro rasa.

n)

HenpepbIBHbIA MHCTPYMEHTAlbHbLIN KOHTPOSIb Temnepary-

pbl, AaBlieHNA B NeYn 1 nogayun rasa

KOoHTponb KpUTMYECKuUx napameTpoB MPOLIECCOB, peanuay-
eMbIX Ha YCTaHOBKaX OYMCTKM BO34yxa, TakuMxX Kak Temne-
paTypa rasa, KOnM4yecTBO NoJaBaeMblX peareHToB, nage-
HME OaBneHusi, TOK U HanpskeHue Ha 3nekTpodunbTpe,
obbem nogaun n pH Xmnagkoctm B MOKpOM ckpybbepe, co-

cTaB nogaBaemoro rasa (Hanpumep, Oz, CO)

KOHTpOJ'Ib coepXXaHua Nbiyii B OTXO0OAWLKMX ra3ax nepen nx

nogayen Ha 3aBof CEPHOM KUCNOThI

HenpepbIBHbIA MHCTPYMEHTanNbHbIA KOHTPOSb YPOBHS BUOG-
pauun ona obHapyXeHus 3aBarioB U BO3MOXHbIX OTKa30B

obopyaoBaHus

MpumeHnm gns 3aBofoB
no npov3BOACTBY LBET-
HbIX MEeTanmnoB, BKIHOYa-
OLLIMX NPOn3BOACTBO

CEPHOM  KUCIOTbl  MNK

*xuakoro SO2

HenpepbIBHbIN MHCTPYMEHTASbHbLIM KOHTPOSb CUMbl TOKA,

HanpaXxeHuna n temnepatypbl ANIEKTPUHECKMX KOHTAKTOB

ObwenpnmeHnmo

KoHTponb 1 perynupoBaHve TemnepaTtypbl Ans npenoT-
BpaleHns obpasoBaHus BbIOPOCOB MeETasnsioB U OKCUOOB

MeTansnos u13-3a neperpesa

MpumeHnm gns npouec-

COB MniaBkKu

Mcnonb3oBaHne MUKPONPOLIECCOPHBIX YCTPOWUCTB ANA KOH-
TPONs Nogayn peareHToB U paboTbl OYUCTHOrO obopyao-
BaHWs, BKIOYAA HenpepbiBHbIA MHCTPYMEHTAsNbHbIW KOH-
Tponb Temnepatypbl, pH, anekTponpoBoAHOCTY U 06 bEMOB

CTOKa

MpumeHum ana yctaHo-

BOK OYUCTKM  CTOYHbIX

BO,

HAOT 4. CokpaweHne BbIGPOCOB B3BELLEHHbIX BELWECTB M METANNOB: NoaaepXKaHue

B KayecTBe cocTasnswowen COM cuctemsl ynpaBrneHnsa akcnnyataunen, OpueHTUpoBaHHON

Ha noaaepXaHme SQ)(*)GKTVIBHOCTVI CUcTtemM nbinienogaBrneHnda 1 nbineynaBnmMBaHuA (CM.
HOT 1)
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5.1.4 O6wun noaxoa K npesoTBPALLEHUIO HEOPraHU30BaHHbIX AIMUCCUN

HOT 5. [pepoTtepaweHne unu, rae 310 HeuenecoobpasHo, COKpallleHne Heopra-

HM30BaHHbIX 3MUCCUI B BO34yX 1N BOOHbIE 00BbEKThI: ynasnnBaHune 3MUNCCUN MO BO3MOXHOCTM

MakcumarnbHO 6nmn3ko K MCTOYHUKY N nocrnenyrLiaa o4ncTKa

HOT 6. [pepoTtepaweHne unu, rae 310 HeuenecoobpasHo, COKpallleHne Heopra-

HM30BaHHbLIX BbIOPOCOB B3BELUEHHbIX BELLECTB: pa3paboTka M peanusauusi B Ka4yecTBe CO-

CTaBHOW 4YaCTU CUCTEMbI IKONOrnM4eckoro MeHepkmeHTa (cm. HOT 1) nnaHa meponpuaTum no

HeopraHM3oBaHHbIM Bb|6pocaM, npegycmatpuBarouwlero, B TomMm 4Yucne wHBeHTapulauuo

Hambonee xapakTepHbIX MICTOYHUKOB HEOPraHN30BaHHbIX BbIGPOCOB

HAOT 7. YMmeHblieHne HeopraHM3oBaHHbIX BblIGpPOCOB, 0Opasylowmxca npu XxpaHe-

HNWN CbIpbd:. NCNnoJib3oBaHne KomMOMHauum OByX UMK 6onee meToaoB., npuBegeHHbIX B Tabnu-

ue 5.3
Tabnuua 5.3
MeTon/o6opynosaHue MpuMeHnMoCTb
a) Mcnonb3oBaHMe  3aKkpbITbiX MNOMELLEHMA wnu  emko- | NpumeHsieTca ans  nbl-

cTen/byHkepoB

nawmx martepunanos, Ta-
KMX KaK KOHLEHTpaThl,

dontochbl 1 nynbna

6)

CoopyXeHue YKpbITUIA Hag nnowankaMm XpaHeHus

MpumeHsieTca ana  He-
NbINAWNMX  MaTepuaros,
TakKMX KakK KOHLEHTpaThl,
dontocel, TBEPAOE TONMU-
BO,  KPYNMHOTOHHaXHbIe
HacbINHbIE MaTepuansl U
KOKC, a Takke BTOPUYHO-
ro Cblpbsi, coaepxaliero
pacTBOpuMbIe B BoAe Op-

raHn4yeckme coegnHeHunA

'epmeTnyHas ynakoBka

lNpumeHsieTca gna xpa-
HEHUA MbINAWMX MaTe-
puanoB, a TakkKe BTO-

PUYHOIO CblpbsA, coaep-
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Xalllero pacTBopvMble B

BOOe OpraHn4yeckme Cco-

eMHeHuns
r) CoopyxeHue yKpbITUA Hag nponeTamm MpumeHseTca npu rpa-
HynvpoBaHuu/  arriome-
pauum maTepuana
n) PasmelueHne ycTponcTB Ans ynasnvBaHua nbinn / ra3oB B | [pumeHsieTca B mecTax
TOYKax 3arpysku 1 neperpysku CKNnagupoBaHusa  Mblns-
LLMX MaTepuanos
e) Mcnonb3oBaHue LA COOPYXEHUs emKocTen crtpouTernb- | ObwenpumeHnmMo
HbIX MaTepuanos, YCTOMYMBLIX K 3arpykaembiM mMartepua-
nam
X) lMpMeHeHne HagexHbix cucteM obHapyxeHus ytedek u | O6LienpMMmeHnmo
NHOWKaLUN YPOBHS 3amnoSIHEHUS eMKOCTeN C nogayen cur-
HanoB AN NpeaoTBpaLleHnsa Nx nepenonHeHus
3) XpaHeHne KOHUEHTPUPOBAHHON CEPHOM KUCMNOTbI 1 apyrnx | ObwenpumMmeHmmo
arpeccuMBHbIX MaTepuanoB B €MKOCTAX C OBONHbIMU CTEH-
KaMun Unn B EMKOCTSX, pa3MeLLEHHbIX BHYTPU YCTOMYMBOTO
K BO3OEMNCTBUIO arpeccuBHbIX cpeq obBanoBaHUa OBOWHOM
BMECTUMOCTU
n) lMpoekTupoBaHmMe NnowWanoK ANng XpaHeHus Takum obpa- | ObenpMMmeHnmo
30M, YTOObI Ntobble yTEeYKM N3 EMKOCTEN U CUCTEM LOCTaB-
KW yaepXuBanucb BHYTpM obBanoBaHus, cnocobHOro eme-
CTUTb 0OBLEM XNOKOCTU, PaBHbIN, NO KpanHen mepe, obbe-
My Hanbonbluen eMKOCTU, pa3mMeLleHHOW BHYTpu obBasno-
BaHusa. nowanka Ansg xpaHeHWs OormkHa ObiTb obBarno-
BaHa M UMETb MOKPbITUE, HE MOABEPXXEHHOE BO3AENCTBUIO
XpaHsLLerocst arpeccMBHOro matepuana
K) C6op n obpaboTka amuccun, obpasyrowmxca npu xpaHe- | O6wenpMmMeHnmMo  npu
HWUW, C NMOMOLLIbIO CUCTEM, NpeaHa3HaYeHHbIX Ang obpalle- | XxpaHeHun rasoB. [lpwu
HUS C XMMUYecKnMmn BelectBamn. Boaa, ncnonb3oBaHHasa | XpaHeHUu Xngkocten

On4a CMbiBa Nbifn, TakKe O0JDKHA CO6I/IpaTbCFI n oyniaTb-

ca nepepq cbpocom

nodble yTEeYKN AOSKHbI
cobupatecs n ob6paba-

TbiBATbCA
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n) PerynapHasa ybopka u, npu HeobxogmmocTu, yBnaxHeHune | ObLienpMmeHnmo
nnowaaku xpaHeHus
M) XpaHeHne matepuanos Tam, rae 9TO0 BO3MOXHO, B ogHou | [MpumeHseTca npu ckna-
Ky4ye BMECTO HECKOSbKNX ONPOBaHUM Ha OTKPbITOM
BO3yxe
H) Mcnonb3oBaHue HedTenoByllek M neckonoBywek B Ape- | NpumeHseTca npu ckna-

HaXke OTKPbITbIX MMOWaaAoK XpaHeHus. Wcnonb3oBaHue
ONA XpaHeHus maTepuanos, KOTOpble MOryT cogepaTb
HedpTenpoaykTbl (Hanpumep, 3amMacneHHOW CTPYXKM), Ge-
TOHMPOBAHHbIX NMOWAA0K ¢ GopTamMn NN NHLIMU YAEPXKN-

BaKOLLMMM YyCTpOUCTBaAMU

AnpoBaHMN HaA OTKPbITOM

BO34yxe

HAOT 8. YMeHbLleHne HeopraHn3oBaHHbIX aMUCCUI, obpasyromxcs npyu obpaboTke

N TPaHCNOPTUPOBKE CbipbA: UCNOJIb3OBaHNE KomMOMHauum OBYyX UMK Gonee meToaoB, npuBee-

JEeHHbIX B Tabnuue 5.4

Tabnuua 5.4

MeTtoa/o6opynoBaHue

MpnmeHnmocTb

CoopyXeHue 3aKkpbiTbIX KOHBEMEPOB MMM MHEBMATUYECKUX
CUCTEM AN TPAHCMOPTUPOBKN M 06pabOTKM MbINSALWMNX KOH-

ueHTpaTtoB, ¢oroCOB U NMynbbl.

CoopyxeHune KOHBENepoB AN HEMbINAWMX TBEpAbIX MaTe-

pwanoB nog HaBecamu

ObwenpnmMmeHnmo

YcTaHoBKa ycTponcTB Ans cbopa nbinv B NyHKTax 4OCTaB-
KW, BEHTUISALUNOHHBLIX OTBEPCTUAX, MHEBMATUYECKUX TPaHC-
MOPTHbIX CUCTEMAx M TOYKax Meperpy3knm Ha KoHBenepax

nepenayn n Ux NOAKMYEeHne K cucteme unbTpaLmm

MpumeHseTca npu  uc-

NnoNnb30OBaHNN  NbINALWNX

martepvarnos

Mcnonb3oBaHne gns obpalleHnsa ¢ M3MerNbYeHHbIMU UNn
BOOPaCTBOPUMbIMIN MaTepuanamMmm 3akpbiTbiIX MELLKOB UM

bouek

Mcnonb3oBaHue crneumanbHbiX KOHTEMHEPOB Anst 06paboT-

KM yINOXeHHbIX Ha noggoHax MmaTtepuanoB

Pa36pr3I'VIBaHVIe BOAbl ON1A YyBJITaXXHEHUA MaTepuarnoB B

MecTax nx obpaboTku

Ncnonb3oBaHne MakcumarbHO  KOPOTKMX — MapLupyTOB

O6LwenpuMeHNMo
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TPaHCMOPTUPOBKM

YMeHbLleHNEe BbICOTbl NageHusi C KOHBGVIeprIX JIeHT, Me-

XaHU4eCKux sionaTt U 3axsaToB

PerynupoBka CKOpPOCTU OTKPbITbIX JIEHTOYHbIX KOHBENEPOB
(<3,5 m/c)

MpumeHseTca npu  uc-
NoSfib30BaHUN  OTKPbITbIX

NEHTOYHbIX KOHBENEPOB

MVHUMM3aUUSA CKOPOCTU Crycka MnvM cBoOOAHOro nageHus

MaTepunanoB C BbICOThI

PasmelleHne nepeparomx KOHBENEpPoOB N TpybonpoBoaoB
Ha 6e3onacHbIX OTKPbITbIX MAOLWAAKax Bbllle YPOBHS 3eM-
HOM MOBEPXHOCTM C LENbK OnepaTMBHOIO OBHapyXeHus
yTeyek 1 npenynpexaeHnss NoBpeXaeHU TpaHCNOPTHLIMM
cpeactBamu 1M gpyrum obopyaosaHueM. Ecnn gns nepe-
MeLLleHMs HeonacHbIX MaTepunarnoB UCMOMb3YHTCA Noa3eM-
Hble TpybonpoBoAbl, MECTOMOMOXEHNE UX TpPacC OOIDKHO
OblTb OOKYMEHTanbHO 3aMKCUMPOBAHO M OTMEYEHO Ha
MECTHOCTW COOTBETCTBYIOLLMMU Npeaynpexgatowmmmn 3Ha-
KaMu; OOMMKHblI NPUMEHATLCA cucTembl Ge3onacHoro Befe-

HUS 3eMNSAHbIX paboT.

ObwenpnmeHnmo

Mowka konec 1 waccu TpaHCNOPTHbLIX CPeacTB, UCMOMb3Y-

eMbIX ONnd A0CTaBKu Unmn o6pa60T|<|/| NblNAWMNX MaTepmnanoB

He npumeHseTcsa B ycno-

BUSIX, KOTOpble  MOryT
npueBectn Kk obnegeHe-

HWIO

lMpoBeneHne nnaHoBbIX kKaMmnaHum no ybopke gopor

PasgeneHne HeCOBMECTUMbIX MaTepuanoB (Hanpumep,

OKUCNUTENEN U OpraHNYeCcKMX MaTepuarnos)

MuHMMKU3auus MaTepuarnbHbIX MOTOKOB MeXAy npouecca-

MU

O6LwenpuMeHNMo

HAOT 9. MNMpegynpexaeHne vnn cokpalieHne HeopraHm3oBaHHbIX BbIOPOCOB: ONTUMMU-

3auuna napamMmeTpoB Squ.)eKTI/IBHOCTI/I ynaBiMBaHUA N O4YUCTKN OTXOOALLUMX ra30oB U NCMNOJIb30-

BaHWe koMbuHauuu asyx unun 6onee MeToaos, NpuBeAeHHbIX B Tabnuvue 5.5

Tabnuua 5.5
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MeTtoa/o6opynoBaHue MpMeHNMOCTb

a) Mcnonb3oBaHue 3akpbITbIX NeYyen, OCHALLEHHbIX cuctema- | [NpumeHeHune MOXeT
MU MblfeynaBnuBaHng, UM OCHaLLeHue never n apyroro | bbITb OorpaHNYeHo coob-
TEXHOMNOrM4Yeckoro o60pyaAOBaHUS BbITSXKHbIMU CUCTEMAMU | paXkeHnsiMmn  6e3onacHo-

ctm  (Hanpumep,  Tu-
NOM/KOHCTPYKUMEN neyn,
Hanuynem yrposbl B3pbl-
Ba)

0) OcHalleHre neyen N KOHBEPTOPOB BTOPUYHBIMU cuctema- | [NpumeHeHve MOXeT

MW OTBEJEHUSA ra3oB B TOYKAX 3arpy3ku 1 BbIrpy3Kku ObITb OrpaHu4eHo coob-
paxeHnamu 6e3onacHo-
ctm  (Hanpumep,  Tu-
NOM/KOHCTPYKUMEN neYn,
Hanuynem yrposbl B3pbl-
Ba)

B) C6op nbiNn 1 ucnapeHnn B Mectax neperpysku noinawmnx | ObwenpumeHmmo
mMaTepuanoB (Hanpumep, B TOYKax 3arpy3km U BbIrPy3Ku
neyemn, Ha NIMTENHbIX NOTKaxX)

r) OnTUMM3aUMs KOHCTPYKUUM W TexHonoruu akcnnyatauuum | insa cywecTtsyowmx 3a-
BbITSPKHbIX YCTPOWCTB M ra3oxo4oB C Lenblo ynaBnMBaHUS | BOAOB MNPUMEHEHNE MO-
ra3oB, BO3HUKAIOLLMX NPW 3arpy3Ke LWKXTbl N OTXOOALWMX OT | KeT OblTb  OrpaHuMyeHo
pasorpeToro mMeTtanna; Bbldaya v nepemMelleHne pacnna- | UMerLwuMca npocTpaH-
BOB CYNb(UAOB UMK LLIAKOB MO 3aKpbITbIM Xenobam CTBOM W CrOXMBLUENCSH

NnaHMpPOBKOM pasmeLle-
HNA 0O6BEKTOB B LieXax

a) CoopyXeHue yKpbITUA neven / peakTopoB, Hanpumep, cC | Ans cywecTBylOWmMX 3a-
MOMOLLIbIO MECTHOW acnvpauun, Ang ynasnueaHus BblOpo- | BOAOB MPUMEHEHNE MO-
COB MpW 3arpy304HbIX Ornepaumnsax 1 Bblgaye pacnnaBoBs XeT ObITb OrpaHU4eHo

UMEeKLWNMCA  NpOCTpaH-
CTBOM U CNOXMBLUENCSH
NIaHMPOBKON pasMelle-
HNA 0O6BEKTOB B LieXax

e) Mcnonb3oBaHne cuctem, NO3BOMAKOWMX NodaBaTh cbipbe | [pumeHseTcs TOMNbKO

HebonbLWNMK nopumnamMm

Ona  nony3akpbITbiX Me-
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yen

X) | Ounctka ynaBnuBaemblX OTXOOAWMX ra3oB € nomouibio | O6wenpumeHnmo

COCTaBa

CUCTEM, CKOHCTPYMPOBAaHHbLIX C Y4eTOM OCOBEHHOCTEN WX

5.1.5 YpaneHwue pTtyT!

HAOT 10. CokpawieHre BbIGpOCOB PTYTU OT NMPOMETanyprudecknx npoLueccoB, B KO-

TOPbIX NPUMEHAETCA Cbipbe, coaepXallee pTyTb: NpeanoyYTUTENIbHOE NCNOJIb30BaHUE CblipbA

C HU3KUM CoepXKaHnem pTyTu

5.1.6 CokpaweHue BbiopocoB NO, NO2

HAOT 11. MNpepoTtepaiieHne BbibpocoB NO, NO2 OoT nupomeTannypruyecknx npouec-

COB: UCMOMb30BaHNe OHOro U3 METOA0B, NPUBEAEHHbLIX B Tabnuue 5.6

Tabnuua 5.6

MeTopn/o6opynosaHue MpuMeHnMocCTb
a) "openku ¢ HM3kMmKM Bbibpocamm NOx O6LwenpuMeHNMo
0) KncrnopoaHo-TonfMBHbIE rOpesnku O6LwenpuMeHNMo

Tabnuua 5.7 — TexHonormyeckmn nokasatenbs: Bblbpockl NO, NO2 oT nupomeTannyp-

r’myecKkmnx rnpoueccoB

MapameTp EovHnua  wuamepe- | CpegHunin ypoBeHb BbIBpOCOB
HU ana HOTY
NO, NO2 (cymmapHo) Mr/Hm3 <300

1) CpeaHecyTouHOE 3HaYeHne unu cpeaHee 3HadeHue 3a nepuog npobooTbopa

5.1.7 OTBeaeHue CTOUYHbIX BOJ,

HAOT 12. MNpepoTBpalieHe obpa3oBaHMA CTOYHBIX BOA: UCMOMb30BaHME OOHOrO M3

UNn KOMOMHaLMM METOA0B, NPUBEAEHHbIX B Tabnuue 5.8

Tabnuua 5.8

MeTon/obopyanoBaHue

[NpMeHnUMoCTb
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a) N3mepeHne obbemoB ucnonbdyemon u cbpacbiBaemon | ObwenpumeHmMmo
BOAb!
0) BosBpaT B TeXHOMOrMyeckun npouecc BoOAbl, MCMNOMb3o- | ObwenpMMmeHnmMo
BaHHOM ANSA NpOMbIBKU (B TOM Yucne NPOMbIBKM aHOAOB), U
pasnuTon Boabl
B) [MoBTOPHOE Mcnonb3oBaHue cnabbix KNCIOT U3 CTOKOB, 06- | MpumeHsaeTca B 3aBuCK-
pasyloLNXCHA B MOKPbIX 3MEKTPOCTaTUYECKUX PUIbTpax M | MOCTU OT COAEPXaHUS B
MOKpbIX CKpy66epax CTOYHbIX BOAax MeTan-
OB 1 TBEPAbIX BELLECTB
r) cnonb3oBaHne 04YMLLEHHbIX MOBEPXHOCTHBIX CTOKOB MoxeT 6bITb Henpume-
HUMO Ha [OEeNCTBYIOLWMX
npeanpusaTmsX
n) Mcnonb3oBaHue CUCTEMbI OXSaXOeHUst C 3aMKHYTbIM KOH- | [TpyumeHeHune MOXeT
TYpoMm ObITb OrpaHuM4yeHo Tex-
Honornyecknmm coobpa-
XeHnsmn, korga Tpeby-
eTca Hu3kas Temnepary-
pa
e) MoBTOpHOE wMcCNOMNb30BaHWE BOAbl, Npoxoasiwen depes | [pumeHseTcs B 3aBUCK-

OYUCTHbIE COOPYXEHUA

MOCTM OT CoAepXaHus
conewn.

MoxeT ObITb Henpume-
HUMO Ha [OEeWCTBYIOLWMUX

npeanpusaTmsax

HAOT 13. MNpepoTBpalleHne 3arpsi3HeHUsa He3arpsa3HeHHbIX BOA M COKpalleHune cbpo-

COB 3arpdasHdaoWnX Bewects B BOOHbIE obObekTbl: oTaAeneHue He3arpAa3HEeHHbIX CTOKOB OT

APYIMX CTOYHbIX BOA, KOTOPblE TPEDYHT OYMCTKU

Mpumennmoctb HAT 13: OTaeneHne He3arpsa3HEHHbIX NIMBHEBbLIX CTOKOB MOXET ObITb

HENpMMeHnMo Ha CyLeCTBYOLMNX yCTaHOBKaxX

HOT 14. CokpaweHne cOpoOCOB 3arpA3HAKWMX BELECTB CO CTOYHbIMM BOAAMM:

O4YNCTKa CTOYHbIX BOA, o6pa3y+ou.|,14xc;| npu npomn3sBoactee CBMHLUA, onoBa, LUMHKa 1 KagMuna cC

uenbto yoaneHuna metansnoB U Cyﬂbd)aTOB C MCMNONb30BaHNMEM OLHOr0 U3 UNU KOMOGMHauMn

MeTOAOB, NPUBEAEHHbIX B Tabnuue 5.8
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Tabnuua 5.8
MeTopn/obopynoBaHue MpumeHnmocTb
a) | Xvumunyeckoe ocaxaeHve O6LLenprMeHnMo

6) | CegumeHTauus

B) | dunbTpaums

Tabnuua 5.9 — TexHonornyeckMe nokasaTtenu: CpeaHU YpOBEHb KOHLIEHTpauuni 3a-
rPA3HAIOLNX BELeCTB B NpsAMbIX cbpocax, obpasyloLmxcs npu Npon3BoacTBe CBMHLA, OSl0-

Ba, LUMHKa 1 KaaMus, B MPUHUMaOLLIME BOAHbIE OOBEKThI

MapameTp EanHnua namepenumn KOHUeHTpauma 3arpsasHs-
lowiero Belecrea?)

As Mmr/n <0,2

Cd Mmr/n <05

Cu Mr/1 <10

Pb Mmr/n <1,0

Zn Mmr/n <12

B3BeLLEHHble BellecTBa Mr/n <25

pH en. 6-95

1) CpeaHecyTo4HOe 3HaYeHune

5.2 HOAT ansa npousBoAacTBa CBMHLIA U OfloBa
5.2.1 BbiGpochl B BO3ayXx
5.2.1.1 HeopraHusoBaHHble BbIOPOCHI

HAOT 15. MNMpepoTepalieHme nnm ymeHblLEHNE HEOPraHN30BaHHbIX BLIOPOCOB OT Noa-
roTOBKM (HanpuMmep, CMELLEHNS, NepemMeLllnBanns, opodneHuns, peskun, CKpUHMUHra) nepBud-
HbIX U BTOPUYHBIX (32 MCKIOYEHMEM aKKyMynAaTOPHbIX GaTapen) maTepuarnos: UCMOMb30Ba-

HMe 0QHOro uU3 UnNn KoMobMHaUMM MeToaoB, NpuBeAeHHbIX B Tabnuue 5.10:

Tabnuya 5.10

MeTon/obopynoBaHue MpuMeHnMoCTb

187




UTC 13-2016

3aKkpblBaeMble KOHBEWEpHasi unnm MnHeBMaTUdeckaa cu-
a) O6wenpumeHmo
CTeMbl Nepeaaydn ans nbinswero matepmnana

3akpbiBaemoe ob6opyagoBaHue. [lpu umcnonb3oBaHun | [puMeHsieTCs TONbKO Ang
MNbifbHbIX MaTepuanoB BblIOpOCbl cObUpatloT 1 Hanpaensa- | Nogadn CcMecen, noaro-
0T B CUCTEMY MOLABNEHNS BbIOPOCOB TOBIEHHbLIX C WCMONb30-
0) BaHMEM CUCTEMbI, BKIO-
vawowen OyHkep c [o3a-
TOPOM WNKN B3BELUMBAHU-

emMm

CmMelueHre Cbipbs OCYLLECTBSAETCH B 3aKpbITOM 30aHuUK | [IpyMeHseTcs TONbKo Ans
NbINFAWWX  MaTtepuanos.
Ons CYLLEeCTBYOLLMX
B) YCTaHOBOK, 3TO MOXeT
ObITb 3aTpygHEHO Wu3-3a
HeJoCTaTOYHOro npo-

CTpaHcTBa

HAOT 16. MNpepoTBpalieHMe wnNM yMeEHbLUEHNE HEOpPraHn3oBaHHbIX BbIOPOCOB OT
npegBapuTenbHon obpaboTkn matepmanoB (Takon Kak Cyllka, LEMOHTaxX, cnekaHue, bpuke-
TMpOBaHWe, rpaHynauunsa u gpobneHne 6aTtapen, NnpocemBaHue 1 Knaccugukauus) npu npo-
N3BOACTBE NEPBUYHOIO N BTOPUYHOIO CBMHLIA M OFIOBa: UCMNONb30BaHNE OAHOrO U3 UNN KOM-

OmMHaunn nnm kKoMGMHaUMM MeTodoB, NPUBEAEHHbIX B Tabnuue 5.11

Tabnuuya 5.11

MeTtoa/o6opynoBaHue

3aKprTaﬂ KOHBeVIepHaﬂ nnn nHeBMaTn4eckada CUCTEMbI nNepenaydn AnAa nbindwero ma-

Tepwana

6) 3akpbiToe obopyaoBaHue. [pu MCNONb30BaHUN NbINALWLMX MaTepmanos BbIGpPOCkl cobu-
patoT 1 HanpaensalT B CUCTEMY NOAABMeHNsT BbIGPOCOB.

HOT 17. [pepoTBpalleHne nnn ymeHblLlEHNE HEOpPraHM3oBaHHbLIX BbIOpPOCOB OT 3a-
rpy3ku, NnaBkM M NpeaBapuTenbHO obGe3MexuBalowen onepauun npu npousBoAcTBE nep-
BMYHOIO CBMHLIA M OJIOBA: UCMOSfb30BaHME KOMOMHAUUKM OOHOro M3 Unnm KoMbuHaumm MeTo-

A0B, NpuBeAeHHbIX B Tabnvue 5.12
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MeTon/obopynoBaHue MpumeHnmocTb
a) | Okcnnyataumsi neunm w rasootBogswaa cucrtema nog | O6wenpumeHnmMo
paspsbkeHNeM 1 ¢ 4OCTAaTOYHOW CKOPOCTbIO OTBOAA rasa
ANs NpeaoTBpaLLeHns NOBbILLEHNS AaBNeHNs
6) | YnnoTHeHue CoYneHeHnn ¢ ra3oxoaom n netkon npu 3a- | ObwenpnmeHnmMo
rpy3ke n Bbinycke meTanna
B) | 3akpbiTOoe 3gaHune ObwenpnmeHnmo
r) MooaepxaHne repMeTUYHOCTI Neyn ObwenpnmeHnmo
) | Cnctema rasooTBofa Ansi 3arpy3ku U codneHeHmnsa ¢ cun- | ObwenpumMmeHmmo
cTemMoun counbTpauum

HOT 18. T[lpepoTBpalleHne Unm yMmeHblLIEHNE HeEOPraHM30BaHHbIX BbIBPOCOB OT 3a-

rPy3KM CbipbA OO0 BblMyCKa MeTaria npu npom3soactee nepBU4YHOro 1 BTOpUYHOro ceBuMHUa “

0noBa: NUCNonb30BaHME OAHOro UM KOMBUHaLMM METOAOB, npmBeageHHbIX B Tabnuue 5.13

Tabnuuya 5.13

MeTon/obopynoBaHue MpuMeHnMoCTb
a) | FepmeTnyHasa cuctema 3arpysku, Takas kak ABOWHOWM ko- | ObLenpumeHnmMo
FIOKON, 3aKpbITble KOHBEWEpPbI U NUTATESNb, OCHALLEHHbIE
cucTemMomn oTBoa rasa
0) | N3onmpoBaHHbIE UM OTFOPOXEHHbIE MeYn C YNNoTHeHW- | [IBepb  ynNnoTHUTENbHas
€M nogaudn Ccbipbs npUMEHMMa TONbKO Aris
NnpoueccoB C nNpepbIBU-
CTOM noaaven 1 BbIXo4oM
B) | OkcnnyaTtauua neuu u rasootBogsilas cuctema nog | O6ienpMmeHnmo
paspskeHMEM M C AOCTAaTOYHOM CKOPOCTbIO OTBOAA rasa
Ans NpeaoTBpaLLEHNS NOBbIWEHWS AaBNEeHUs
r) | YNNOTHEHME COYNIEHEHUI C ra3oxoaoM M neTkon npu 3a- | ObwenpumMeHnmMo
rpy3ke u Bbinycke metanna
) | 3akpbIToe 30aHue O6wenpumeHmo
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e) | lNonHasa repmeTnsaumsi C CMCTEMOM OTBOAA rasa MpuMeHMMO ONns  HOBbIX
3aBogoB. [lpu PEKOH-
CTPYKUMM  OENCTBYHOLLMX
YCTaHOBOK, MNPUMEHEHNE
MOXEeT ObITb 3aTpPyAHEHO
n3-3a NoTpebHoOCTN B No-

MeLLEeHUAX

X) | NoogepxaHne repMeTUYHOCTU NeYun O6wenpumeHmo

3) | MNMoppepxaHne Temnepatypbl B MeYnm Ha MuUHUMAanbHo | O6wenpumeHnmMo

HeobxoanMOM ypoBHE

n) | Cuctema rasootBofa Ansa 3arpy3km U couneHeHus | ObienpMmeHnmo

C cuctemou cunbTpauun

K) | MpeaBapuTenbHass MNOAroTOBKA MbINEBUOHOIO Cbipbs, | MpUMEHSIETCS TOMNbKO KO-
HanpuMep rpaHynupoBaHue raa npouecc U neyb Mo-
XeT ucnosnb3oBaTb rpa-

HYNMPOBaHHOE Chbipbe

n) | YcrtaHoBka gomuka (YKpbITUS 4N KOBLUEW npu Bbinycke) | ObwenpMmeHnmMo

HAOT 19. T[pepoTBpalleHne Unm ymeHblUeHNE HeopraHM30oBaHHbIX BbIOPOCOB OT ne-
pennasku, paMHUPOBaAHNA U PasnNUBKM B NMPOU3BOLCTBE NEPBUYHOIO U BTOPUYHOIO CBUHLA
N ONnoBa:. UCMOMb30BaHME OAHOrO M3 MM KOMOMHAUMM MeToOOoB, NMPUBEOEHHbLIX B Tabnu-
ue 5.14

Tabnuuya 5.14

a) | YKpbITUe TUrenbHOM neyu unm KoTra c CMCTeMOM OTBOAA rasa

6) | Kpbllkn Ons 3akpbiTUS KOTNOB BO BPeEMS pacpMHMPOBaAHUSA U 3arpy3kn XMMUYECKUX

BeLlecTB

B) | YKpbITUe Ha xenoba n neTkn ¢ cuctemon oTeoa rasa

r) | KoHTponb Temnepatypbl pacnnasa

A) | 3akpbiTble MexaHWYeCKMe CbeMLUNKM AN yAaneHus 3anbifieHHoro Apocca/oTXoa0B
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5.2.1.2 OpraHn3soBaHHble BbIOPOCHI NbINN

HAOT 20. CokpalleHue BbIGPOCOB B BO34YX NblfM (B3BELLUEHHbIX BELECTB) U METasnnos
OT NOAroTOBKM Chbipbs (Hanpumep, npuem, obpaboTka, XxpaHeHue, nepemMeLllnBaHme, CMeLlm-
BaHue, CyllKa, u3amenbveHne, peska 1 npocenBaHme) B NPON3BOACTBE NEPBUYHOIO U BTOPUY-

HOro CBMHLIA M OJI0BA: UCMONb30BaHNE pyKaBHOro hunbTpa.

Tabnuua 5.15 — TexHonornveckun nokasatens HOT 20: BbiIOpoChl B3BELLEHHbIX BELWECTB OT

NpoLEeccoB NOArOTOBKUN Cbipbs (KPOME aKKyMynsiTOpHbIX 6aTapen)

MapameTp EovHnua  uamepe- | CpegHunin ypoBeHb BbIBpOCOB
HUI ana HOTY
B3BeLleHHbIE BeLllecTBa Mr/HM3 3-11

1) CpegHecyToYHOE 3HaYeHve Unu cpegHee 3HadveHve 3a nepvon npobooTGopa

HAOT 21. CHwkeHne BbIGPOCOB B BO34yX MblNN (B3BELUEHHbIX BELLECTB) U MeTasnnos
OT MPOLECCOB NOArOTOBKM aKKyMYNATOPHbIX 6aTapen (apobneHne, npocemBaHne 1 Krnaccu-

duKaums): ncnonb3oBaHMe pPykaBHOMO hmunbTpa nnm Mokporo ckpybbepa

Tabnuua 5.16 — TexHonoruyeckni nokasatens HOT 21: BbIGPOCHI B3BELLEHHbLIX BELLECTB OT

NpoLLeCCOB NOArOTOBKM aKKyMYNSITOPHbIX GaTapen

MapameTp EovHuua wuamepe- | CpegHun ypoBeHb BblIGpOCOB
HUI ana HOTY

B3BelueHHbIe BellecTBa Mr/Hm3 2-5

1) CpegHecyToYHOE 3HaYeHVe Unn cpeaHee 3HadeHve 3a nepuog npobooTbopa

HAOT 22. [Ina cokpalleHnsa BbIBPOCOB B BO3AyX MbiNN (B3BELUEHHbIX BELLECTB) U Me-
TannoB, 3a WCKIOYEHUEM TeX, KOTOpble HanpaBnsAKTCA Ha NPOM3BOACTBO CEPHOW KUCMOThI
nnu xungkoro SO2 OT 3arpy3ku, NAaBKku 1 BbiMyCka MeTasnna nepBu4HOro n BTOPUYHOIo Npo-

n3sBoacTBa CBMHLA M onioBa: NCNOoJib30OBaHUE PyKaBHOIO (*)I/IJ'Ipra

Tabnuua 5.17 — TexHonornyecknn nokasatens HOT 22: BbIOPOCHI B3BELLEHHbLIX BELLECTB U

CBUMHLa OT NpoueccoB 3arpys3ku, niaBk1 1 BblNMyCKa MeTanna

MapameTp EovHuua wuamepe- | CpegHun ypoBeHb BblIGpOCOB
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HU ana HOTY
B3BeLleHHbIE BeLllecTBa Mr/HM3 2-10
CBuHeLy wn ero coeguHeHus, | Mr/HmM3 <2

KpomMe TeTpasTuiiCBMHLUA, B Me-

pecuyeTe Ha CBUHEL]

1) CpegHecyToYHOE 3HaYeHve Unu cpegHee 3HadveHve 3a nepvon npobooTGopa

HAOT 23. CokpalleHne BbIOPOCOB MbIIM U MeTanmoB B aTMocdepy OT nepennasku,

paCbVIHI/IpOBaHVIFI n nNntba B Npomn3BoacTBe NEPBUYHOIo U BTOPUYHOIO CBMHLUa M onoBa: UC-

Nnonb30BaHWEe OAHOMo M3 METOA0B, NPUBEAEHHbIX B Tabnuue 5.18

Tabnuuya 5.18

MeTtoa/o6opynoBaHue

MpumeHnmocTb

nognepXxaHume temnepatypbl BaHHbl pacniiaBa Ha MMHUMarb-
a) HO BO3MOXHOM YypOBHE, B 3aBUCMMOCTU OT CTagun TeXHOIO-

rMYecKoro npoLecca B coMeTaHuUM C pykaBHbIM PUbTPOM

Ans  nupomeTannypru-

YeCKMX npoueccos

6) MCNonb3oBaHMe MOKPOro ckpybbepa

ana  rmgpomMmeTtannypru-

YECKMX MPOLECCOB

Tabnuua 5.19 — TexHonornyecknin nokasatens HAOT 22: BbIGPOCHI B3BELLEHHbIX BELLECTB U

CBUWHLIA OT NPOLIECCOB Nepennaeku, padHMPOBaHUS N NNTbS

MapameTp EovHnua  wuamepe- | CpegHunin ypoBeHb BbIBpOCOB
HUI ana HOTY

B3BelleHHble BellecTBa Mr/Hm3 2-10

CBuHeL wn ero coeguHeHust, | Mr/HmM3 <2

KpomMe TeTpasTuiiCBUHLUA, B Me-

pecyeTe Ha CBUHEL]

1) CpegHecyToYHOE 3HaYeHve Unu cpegHee 3HadveHve 3a nepvon npobooTGopa

5.2.1.3 BbIOpOCbI OpraHM4Yecknx coeguHeHUmn
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HAOT 24. YmMeHbLleHne BbIBPOCOB OpraHNYeCcKNX COeaANHEHU B aTMOCHEPY M3 CYLLKK

MCXOOHOro Mmatepuana u rnpotuecca nriaBku npu npom3BoacTese BTOPUYHOIo CBMHLA W OfioBa:

NCnonb30BaHME OOQHOro M3 N KOMOMHaLUUKM MeTo40B, npmBeaeHHbIX B Tabnuue 5.20

Tabnuya 5.20

MeTtoa/o6opynoBaHue MpMMeHnMOCTb
BbibupaTb 1 nogaeaTth Cbipb€ B COOTBETCTBUM C NEYLIO U UCMONb3Y-

a) O6wenpumeHmo
eMbIMW MeToAamMun NoAaBneHnsi BeIopocoB
OnTuMun3npoBaTtb yCroBWUS CropaHnst AN yMeHblueHusi BblOpOCOoB

0) ObwenpnmeHnmo

OpraHN4yecknx coeanHeHuin

HAT 25. CokpaweHune Bbibpocos MNXOO/P B BO3ayxe npu BbinnaBke BTOPUYHOIO Cbl-

pbda CBMHUA WU OJioBa U MaTtepunanoB. UCMNOJIb30OBaHNE OOHOIo U3 Uin KoMbuHauum MeToaos,

npuBeAdeHHbIX B Tabnuue 5.21

Tabnuuya 5.21

MeTtoa/o6opynoBaHue MpMMeHnMOCTb
Bbibop 1 nogaya cbipbs B COOTBETCTBMM C MEYbIO, UCMOSb3YHOLLEN
a) ObwenpnmMmeHnmo
MeToAbl NogaBneHns BbLIGPOCOB
CuncTtembl 3arpy3ku Cbipbst HEBGOMbLUMMK NOPLUSMN MpumeHsieTca
TONbKO Ans no-
6)
ny3akpbITbIX Me-
yen
BHyTpeHHAs cuctema ropenkm MpumeHsieTca
B) TONMbKO Anga ne-
yen
r dop-kamepa nnu pekynepatop OBLLENPUMEHNMO
M3beraTb cuctem AbIMOOTCOCA C BbICOKOW 3amblfIEHHOCTLIO NOBEPX-
n) O6LwenpuMeHNMo
HOCTW Npu TemnepaTtype > 250 ° C
e) | Vicnonb3oBaHune adphekTUBHOM cucTeMbl cbopa Mnbinu ObwenpnmeHnmo
) Mcnonb3oBaHne MHXeKUMM Kucnopoaa B BEPXHEN 30He neyu O6LIenpUMEHNMO
OnTumMusMpoBaTb YCroBusS cropaHus AN nojasfeHuss BblOpoOCcoB
3) O6bwenpnmeHnmo

OpraHn4yecknx coeanHeHnmn
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5.2.1.4 Bbibpocbl SO2

HOT 26. [lpepoTBpalleHne unum ymeHblleHne BblbpocoB SO2 B BO3Ayx (Kpome
HanpaBnseMblX Ha NPOU3BOACTBO CEPHON KUCNOTbI Unn xuakoro SO2) OT 3arpysku, NnaBku 1
po3nvBa npu NPou3BoACTBE NEPBUYHOIO U BTOPUYHOIO CBUHLLA U Of0Ba: UCMONb30BaHWE 0f-

HOro 13 N KOMOMHaLUN METOAOB, NPUBEAEHHbIX B Tabnuue 5.22.

Tabnuuya 5.22

MeTon/obopynosaHue MpmeHMMocTb

a) LLlenoyHoe BbilenaymBaHmne OTHoCcUTCA TOMBKO K MaTepwuany,
KOTOpbIN COOEPXUT cepy B Buae

cynbara

0) dukcmpoBaHme cepbl B (hase pacnnaea MpuMeHsieTca TONbKO AN Npous-

BOACTBaA BTOPUYHOIO CBMHLA

Tabnuua 5.23 — TexHonornyecknin nokasatens HOT 26: BbIOpOCkI AMoOKCnaa cepbl OT 3arpys-

KW, NnNaBkK1 1N po3finBa

MapameTp EovHuua wuamepe- | CpegHun ypoBeHb BblIGpOCOB
HU ana HOTY

SO2 Mr/HMm3 50 - 350

1) CpefHecyToYHOE 3HAYEHME UMK cpedHee 3HadYeHre 3a nepuogd npobooTGopa

5.2.2 No4Ba 1 3awwmMTa NOA3EMHbIX BOJ,

HOT 27. [lpepoTBpalleHne 3arpsa3HeHus noYBbl U rPYHTOBbLIX BOA OT CKNnagvpoBa-
Hna 6atapen, ApobneHns, NpocemBaHUsa N onepauun Knaccugukaumm: NCnonb3oBaHne Kuc-

NOTOCTOMKOM NOBEPXHOCTU NOJSia U CUCTEMbI AN c6opa KMCNOTHbLIX NPOSIMBOB
5.2.3 O6pa3oBaHue u O4YUCTKA CTOYHbIX BOA

HOT 28. lMNMpenotBpaweHne obpasoBaHns CTOYHbLIX BOA NPU LEMNOYHOM BblLLEnadn-
BaHMM: MOBTOPHOE WCMOMb30BaHMA BOAbl OT KpUCTannmsauum pactBopa COnv LWEeNoYHOoro

mMeTarnna.
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HAOT 29. YmMeHblweHne cbpocoB B BOoAYy OT MOArOTOBKM aKKyMyISTOPHbIX 6aTapen
npyv HanpaefEeHUN KUCIIOTHOMO TyMaHa OTpaboTaBLUEro 3NeKTponutTa B TEXHOMOrMYecKun
npouecc nonyyvyeHus cynb@artHbIX COSen UM Ha OYUCTHbIE COOPYXEHUA CTOuHbIX BoAd. Uc-
nonb3oBaHWe afeKkBaTHO CNPOEKTUPOBAHHOW YCTAHOBKM OYMCTKM CTOYHbLIX BOA, MO3BOMSHO-

LLen ynaBnuBaTth 3arpssHsoLme BeLeCcTBa, Cogepalymecs noToke.
5.2.4 OTxoAabl

HAOT 30. YMeHbLWeHNe KonnyecTBa OTXOAOB, HarnpaBngeMblX Ha 3aXOPOHEHME OT
NPOn3BOACTBA NEPBUYHOIO CBUHLLA: OpraHM3aums ornepaunn Ha MecTe, C Lenbiko YNpoLeHUs
NOBTOPHOMO MCMOMb30BaHUS OCTATKOB WK, €CMN 3TO HEBO3MOXHO MX HanpaBfieHWe Ha pe-
LUMKITMHI C UCNOSb30BaHMEM OAHOM0 M3 UMM KOMBMHaUMM MeToaoB, NPMBEAEHHbIX B Tabnu-
ue 5.24

Tabnuua 5.24

MeTon/obopynoBaHue MpuMeHMMoCTb

a) | BropmyHoe ncnonb3oBaHme MNbifv U3 CUCTEMbI YOaneHus
ObwenpnmeHnmo
NbINn B NpoLecce NpoM3BOACTBaA CBMHLA

6) | BocctaHoBneHue Se 1 Te OT BNaXHOW UM CyXon O4nUCT- | [pUMEHUMOCTb MOXeT BbiTb
KV ra3oB 13 nbinu / wnama orpaHMyeHa  KONMU4YEeCTBOM

NPUCYTCTBYIOLWEN PTYTU

B) | BocctaHoBneHne Ag , Au, Bi, Sb nu Cu ot nepepaboTtku
ObwenpnmeHnmo
APOCCOB, LUNNKEPOB, OKACIIOB

r BoccTtaHoBneHne mMeTannoB M3 LWamMa OYUCTKU CTOYHbIX | MpsaMaa nepennasBka Lwina-
BOA Ma OT YCTAHOBKM OYMCTKU
CTOYHbIX BOA MOXET ObITb
orpaHuyeHa Hanuynem He-
XenaTtenbHblX B MNnaBke
3NEeMEHTOB, Takux Kak AS,
CduTl

HOT 31. UsBnedeHne nonunponuneHa v nonuaTuneHa u3 CBUMHLIOBbLIX aKKyMYnATop-

HbIX GaTapen: oTaeneHne NnonuNponuieHa u NonMaTuneHa ot 6arapen nepen NNaBKown.

MpUMEHMMOCTb: HE MOXET ObiTb NPUMEHUMO AONs LWAaXTHbIX NevYen BCreacTBue ra-
30MpoHnLaemMocTu, obecrneymBaeMon AeMOHTMPOBaHHbIMKU (LenbiMu) BaTtapesamu, KoTopas

TpebyeTcsa Ans NeYHbIX onepaumi.
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HAOT 32. lNoBTOpHOE MCMONb3oBaHME UMW BOCCTAHOBMIEHUME CEPHOW KUCMOTbI, MOSy-

YeHHOM OT mpouecca nepepaboTkN akKyMyNSTOPHbIX GaTapei: MCnonb3oBaHWE OAHOMO M3

UnNn kKoMOMHaUUKN MeToaoB, NpuBeAeHHbIX B Tabnuue 5.25

Tabnuuya 5.25

MeTon/obopynoBaHue MpumeHnmocTb
a) | lNpousBoacTeo cynbgarta HaTpus MpumeHsieTca TONMbKO Ans npouecca Bbl-
LwenaymBaHus. NoBbieHNe TemnepaTypbl
pacTBOPOB MNPWU BbilenaynBaHMmM 3a cyeT
TENNOTbl XMMWUYECKUX peakunin 6e3 npu-
HyQMTEenbHOro NogorpeBsa
0) |[lMoBTOpHOE wucnonb3oBaHMe B kadyecTtBe | O6WENPMMEHMMO B  3aBUCMMOCTU  OT
TPaBUNbLHOIO areHTa MECTHbIX YCMOBUW, TakUX Kak Hanuyue
npouecca TpaBneHus U COBMECTUMOCTU
npuMmecen, NPUCYTCTBYIOLLMX B KACNOTE C
npoueccom
B) | [loBTOpHOE wucnonb3oBaHMe B KayecTBe | [[pUMEHNMOCTb MOXeT ObiTb OrpaHuyeHa
XMMUYECKOrO Cbipbs B 3aBMCUMOCTM OT Hann4yusi MECTHOIO Xu-
MUWYECKOro 3aBoaa
r) | MNpounsBoacTBO rMnca unu runcogepxawmx | icnonb3yetca TOMbKO €Ccnu  npumecw,

martepvarnos

NPUCYTCTBYIOLLME B pereHepauumn KMCcnoThbl
He OKa3blBalOT BMNUSHMUS HA Ka4yeCTBO IUM-
ca unn mnc Oornee HWU3KOro KayecTtea,
MOXeT ObiTb MCMonb3oBaH Ans OPpYrnx

Luenen, Taknx Kak coctasnawwiasn donoca

HOT 33. YMeHblleHne KonuMyecTBa OTXOOO0B MPOM3BOACTBA BTOPUYHONO CBUHLUA U

oJioBa, OoTnpaBdAeMblX Ha 3aXOpOHEeHUNe: opraHn3auuna onepau,vll7| Ha MecTe, C uenbto obner-

YeHund npouecca noBTOpPHOro NCnoJjib3o0BaHUA OCTATOYHbIX MPOAYKTOB UIK, €Clin 3TO HEBO3-

MO>XHO, HarnpasneHne nx Ha peunuknmHr ¢ npumeHeHnem oaHoro n3 unn KoMObuHaunm meto-

A0B, NpUBEAEHHLIX B Tabnuue 5.26

Tabnuuya 5.26

MeTtoa/o6opynoBaHue
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nOBTOpHoe ncnonb3oBaHMe OCTATKOB B Nnpouecce nnaBku ana nonyvYyeHna cesmHUa mn

%) ApPYrux MeTansnos

5 MNepepaboTka OCTATKOB M OTXOAOB B CreumarnbHblX YCTAaHOBKaX Ast NONyYeHUst Ma-
) Tepuanos

B) | ObpaboTka ocTaTkoB 1 OTXOAOB AJIA WUCMONb30BaHUSA B APYr1X 0bnacTax

) Ncnonb3oBaHve OTpaboTaHHOrO 3MeKTponuMTa B KayecTBe peareHTa npu O4ncTke

CTO4YHbIX BOA

LWKX rasos, obpasyroLmxcsa B OOXUIOBOM MNedn, C MOMOLLBbO OAHOrO M3 UMM KOMOMHaumn

5.3 HOT ana npousBoAacTBa LMHKA

5.3.1 NMoTpeGneHue 3Heprumn

HOT 34. 3¢ppekTnBHOE UCMOMNb30BaHME IJHEPIrUU: UCMONb30BaHWE Tensia OTXoAas-

cnefylowmnx MeToaoB, NpMBeAEHHbIX B Tabnuue 5.27.

Tabnuuya 5.27

MeTon/obopynoBaHue MpuMeHMMoCTb

a) | Ncnonb3oBaHne KoTna-ytunmsatopa usbbiToyHoro Tenna | NMpumeHeHne 3aBucuT OT
N TYpOuH Onst NpoOn3BOACTBA ANIEKTPOIHEPTUN CTOMMOCTW SHEPIUn

0) | icnonb3oBaHue KoTna-ytunusatopa msbbiTouyHoro Tenna | ObwenpumMeHnm

Ona Npon3BoacTBa Ternsia, KotTopoe 6y,u,eT NMPUMEHATLCA B

AaHHOM npouecce n/unn gna otonneHms opucos

5.3.2 BbiGpochkl B aTMocdhepHbIn BO3ayX
5.3.2.1 MupomeTannypruyeckue npoueccol

5.3.2.1.1 HeopraHnsoBaHHble BbIOPOCHI

HAOT 35. YMeHblleHne HeopraHM3oBaHHbIX BbIOPOCOB B3BELLEHHbLIX BELLECTB, 06-

pasyloLLMXCsi B NpoLiecce NOArOTOBKM Cbipbs ANst 06)KMroBON neyn v npu 3arpyske B Hee 3To-

ro CbipbA: UCMNOJb30BaHNE MOKpOVI LUNXTbI.

HOT 36. YMeHblleHMe HeopraHM30BaHHbIX BbIOPOCOB B3BELLEHHbLIX BeELWecTB, 06-

pasyoLmxcsi npy 0bpaboTke orapka: BbINONHEHME onepaumii Npy NOHWXEHHOM AaBNEHUN.
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HAOT 37. CokpaweHne HeopraHM3oBaHHbIX BbIOPOCOB B3BELLEHHbLIX BeLecTB, 00-
pasyroLNXcs Npu NPou3BOACTBE LUMHKOBOW MNbINN: NpuMeHeHne obopynoBaHusa npu oTpuua-

TENbHOM OaBJiIEHUN.

5.3.2.1.2 OpraHn3oBaHHble BbIOpPOCHI

HOT 38. YMeHbLUeHME BbIOPOCOB B3BELLEHHbLIX BELLECTB, Mbllbska U LUMHKa, obpa-
3ytowmxca npy paboTe NpoKanoyYHOW Neyn u BenbL-NeYn: UCNOoNb30BaHNEe pyKaBHOMO bunb-

Tpa.

Tabnuua 5.28 — TexHonornyeckmi nokasatens HOT 38. Bbibpochl B3BELWIEHHbIX BELWECTB U

MeTannos, o6pasylowmecs npu paboTte NpokKano4yHol neur u BenbL-neym

MapameTp EaovHvua namepenun CpeoHun  ypoBeHb
BbIGpocoBs ana HOTY

B3BelleHHble BellecTBa Mr/HMS <60
LinHk 1 ero coeanHeHus Mr/HMS <42
MbIWbAK U ero coeguHeHus, | Mr/Hm3 <1

KpomMe BOAOpOoAa MbILLbSKO-

BMCTOro (MpW Hanuyum B Cbl-

pbe)

DCpeaHecyTouHOe 3HaYeHne Unu cpeaHee 3HaveHue 3a nepuon npobotbopa

HAOT 39. YmeHblleHne BbIOPOCOB B3BELLUEHHbIX BELWECTB, MbIlLbAKa U LiMHKa, obpa-

3yloLMxXcs nNpu paboTe NOMONBHOIO KOMMIEKCA: UCMONb30BaHNe pyKaBHOro unbTpa.

Tabnuua 5.29 — TexHonornyeckmi nokasatens HAT 39. Bbibpochkl B3BELWEHHbIX BELLECTB U

MeTannos, obpasyruwmecs npu pabote NOMOSIbLHOrO KOMMseKca

MNapameTp EanHnua namepenumn CpegHun  ypoBeEHb

Bblbpocos ansa HOTY

B3BelleHHble BellecTBa Mr/HMS <60
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LInHK n ero coeguHeHus Mr/Hm3 <60

MbIWbAK N ero coeguHeHus, | Mr/HmS <16
KpOMe BOAOPOAA MbILbSKO-

BMCTOro (MpW HanMuyum B Cbl-

pbe)

DCpenHecyTouHoe 3HauYeHne unv cpeaHee 3HaveHve 3a nepuop npoboTtéopa

HAOT 40. CokpalleHue BbIOPOCOB B3BELLEHHbIX BELECTB U LUUHKa Npu nnaske, ne-

TMPOBaHUN M NUTbE LIMHKOBLIX CIIMTKOB: NPUMEHEHME pyKaBHOro ounbTpa.

Tabnuua 5.30 — TexHonornveckmn nokasatenb HOT 40. BbiOpockl B3BELLUEHHbIX BELLECTB U
UMHKa, obpasylolmecs npu nnaske, NErmMpoBaHUN U NNTbE LIMHKOBBIX CIIUTKOB M NPOWU3BOA-

CTBE LMHKOBOW B3BELLEHHbIX BELLECTB

MapameTp EaovHvua namepenun CpeoHun  ypoBeHb
Bblbpocos ansa HOTY

B3BelleHHble BellecTBa Mr/HMS <50

LinHk 1 ero coeanHeHus Mr/HMS <50

DCpenHecyTouHOe 3HauYeHne unv cpeaHee 3HaveHve 3a nepuop npoboTtbopa

HOT 41. CokpalleHne BbIOPOCOB B3BELLUEHHbLIX BELWECTB U LMHKA Npyv Npou3Boa-

CTBE LIMHKOBOW MNbINK: NPUMEHEHME PyKaBHOrO ounbTpa.

Tabnuua 5.31 — TexHonornveckmn nokasatenb HOT 41. BbiOpockl B3BELLEHHbIX BELLECTB U

MeTannos, o6pasyroLmecs npu NPpon3BoACcTBE LIMHKOBOW Nblfu

MapameTp EaovHvua namepenun CpeoHnn  ypoBeHb
BbIOpocoB ans
HOTY

B3BeLueHHble BeLllecTBa Mr/Hm3 <200

LIMHK 1 ero coeguHeHust Mr/Hm3 <200
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DCpeaHecyTouHOe 3HavYeHne Unu cpeaHee 3HaveHue 3a nepuon npobotbopa

HAOT 42. CokpalweHre BoibpocoB SO2 OT NMpOMeTanypruiecknx npoLeccoB npouns-
BOACTBA LUMHKA, 3@ MCKINIOYEHUEM TeX, KOTOpble HarnpaBnsalTCA Ha CEPHOKUCINOTHYK YyCTa-

HOBKY: NMPMMEHEHME MOKPOro ckpybbepa.

Tabnuua 5.32 — TexHonornyeckmn nokasatens HOT 42. Beibpockl SO2, 3a MCKAOYEHNEM
TeX, KOTOpble HaMNpPaBnsATCA NpM NMPOMETaNNypryyeckom npPon3BoACTBE LUHKA Ha CEpPHO-

KMCMNOTHYIO YCTaHOBKY

MNapameTp EanHnua namepenumn CpegHunn  ypoBEHb
BbIGpocos ana HOTY
SOz Mr/HM3 <500

DCpenHecyTouHOe 3HauYeHne unu cpeaHee 3HaveHve 3a nepuop npoboTtéopa

MPUMEHUMOCTb: TONbKO AS1S1 HOBbIX NPeAnpPUATUIA

HOT 43. CHuxeHwue BolOpocoB  SOz: HanpaBneHve  OTXOOAWWUX  rasoB
(c NnpeaBapuTENbHON OYMCTKOW OT B3BELLUEHHbIX BELECTB) HA YCTAHOBKU MO NPOW3BOACTBY

cepHon KUCINOTbl U apyrnx aHanorn4yHblX NnpoayKToOB.

Tabnuua 5.33 — TexHonormyeckun nokasatens HAOT 43. Beibpockl SO2 ¢ CEPHOKMCIIOTHOM

YCTaHOBKM
MapameTp EaovHvua namepenun CpeoHun  ypoBeHb
BbIGpocoBs ana HOTY

SO2 Mr/Hm® < 850

DCpenHecyTouHOe 3HauYeHne unu cpeaHee 3HaveHve 3a nepuop npoboTtéopa

anMeHVIMOCTbI NPUMEHNMO B 3aBUCMMOCTUN OT coAepXaHnA OUNOKCMaa Ccepbl B ra3ax
N OT Hanun4na pblHKa Npon3BOAMMOro npoaykta unum yCJ'IOBVIl7I an4a aonroBpeMeHHOro xpaHe-

HUA.
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5.3.2.2 TmppomMmeTannyprmyeckme npouecchbl: BbllenaynBaHme, O4YUCTKA, dreK-

Tponus
5.3.2.2.1 HeopraHnsoBaHHble BbIOPOCHI

HAOT 44. YmeHblleHWe HeopraHM3OoBaHHbIX BbIOpPOCOB, obpasylowmxcs npu npo-
MbIBKE, pasaeneHnn TBepablxX U Xnakmx opakunn n 04MCTKe: UCMONb30BaHNE O4HOIO U3 UNn
KomOnHauum meTonoB, NpuBeAeHHbIX B Tabnvue 5.34.
Tabnuua 5.34

MeTtoa/o6opynoBaHue MpMeHNMOCTb

a) YKpbITUE EMKOCTU KPbILLKOW O6LwenpumeHnm

0) YKpbITUE BMYCKHbIX M BbIMYCKHbIX FIOTKOB Ans TexHonorndye- | ObwenpumMmeHnm

CKOW XMOKOCTU

B) CoeanHeHne eMKOCTEN C MEXaHUYEeCKOW BbITSXKHOW uLeHTpa- | ObwenpumeHum

NM30BaHHON CUCTEMOWM Fa300YUCTKU UMM C NOKarbHbIMU CU-

cTeMamMu Ans oHOW eMKOCTU

HOT 45. YMeHblleHNne HeopraHn3oBaHHbIX BbIOPOCOB MapoB, 06pasylomnxca npu
3NEeKTponn3e: MCNonb3oBaHWE B 3nekTponuadépax [obaBok, 0CcO6eHHO neHoobpasyroLmx

areHToB.
5.3.2.2.2 OpraHu3soBaHHble BbIOPOCHI

HAOT 46. YmMeHblieHne BbIBPOCOB a3p030ia COeAMHEHUN LiMHKa, 0Bpasyowmxcsa npu
NPOM3BOACTBE CyrnbMaTa LUUHKa: NCNONb30BaHNE OOHOMO0 U3 METOL4O0B, NPUBEAEHHbIX B Tab-

mmue 5.35

Tabnuuya 5.35

MeTon/o6opynoBaHue MpuMeHMMoCTb
a)| Mokpbin ckpyb6ep O6wenpuMeHnm
0)| LleHTpobexHasa cuctema O6LwenpuMeHnm
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Tabnuua 5.36 — TexHonormnyeckmn nokasatens HAT 46. Bbibpockl aspo3onen LnHKa obpa-

3yrowecd npu sbilenadmBaHum, O4HNCTKE N 3NEKTPOSInN3e.

MapameTp EaovHvua namepenun CpeoHuin ypoBeHb Bbl-
6pocos ana HOTY

B3BeLleHHbIE BeLllecTBa Mr/HM3 <400

LIMHK n ero coeguHeHus Mr/HM3 <120

DCpeaHecyTouHOe 3HaYeHne Unm cpeaHee 3HavyeHve 3a nepuog npoboTbopa

5.3.4 OxpaHa no4Bbl U NOA3EMHbIX BOA,
HAOT 47. CokpalleHve notpebneHns Boapl Npu nepepaboTke BerbL-OKUCK: Npume-

HEHUN MHOrOCTaAUNHOW NPOTUBOTOYHOM MPOMBIBKMU.

HOT 48. CokpaweHne ob6pa3oBaHMs CTOYHbIX BOA NPW MMaBKe U NMNTbE LIMHKOBbLIX
CNUTKOB: NMOBTOPHOE WUCMONb30BaHWe BOAbl ANS OXNaXAdeHus nocne oteoga Tenna npu no-
MOLUW rpagupeH unm TennoobMeHHUKOB, MOAKMIOYEHHbIX K BTOPUYHOMY KOHTYPY.

HOT 49. T[lpepoTBpalleHne 3arpa3HEHNA NOYBbl U FPYHTOBbLIX BOA: MCMNOSIb30BaHNE

OOHOro M3 UNn KOMOMHaLMKN MeTod0B, NPUBeAEHHbIX B Tabnuue 5.37.

Tabnuuya 5.37

MeTon/obopynoBaHue

BOﬂ,OHel'IpOHI/ILI,aeMaFI obBanoBaHHasa nnowjagka ans eMKOCTeRn, ncnonb3yemblX npu

a) | BblllenaymBaHuu

BoooHenpoHnuaemas obsanoBaHHas Nnollagka ans eMKOCTel, MCMOoNb3yeMblX npu

0) | ounctke

B) | Cuctema BTOPUYHOIO 3aMTHOIrO 0GBarioBaHUS LIEXOB 3rlieKTponmaa

HOT 50. CokpaweHne noTpebneHna Bogbl 1 NpeaoTBpaLLeHns obpa3oBaHnsa CTOY-
HbIX BOA: MCMOfb30BaHWE OAHOr0 U3 UM KOMBMHaUMM MeToAOoB, NPUBEAEHHbIX B Tabnuue
5.38.
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MeTtoa/o6opynoBaHue

BoaBpaT CTOKOB OT mpouecca OYUCTKU/YTEYEK XMUAKOCTEN C OBXMroBOW neuvn, cepHo-

a) | KUCNOTHOW YCTaHOBKMU, 3NEKTPOSIM3EpPOB 1 NMUTENHOM Ha CTaauIo BbllenavyvBaHus
BoaBpaT CTOKOB OT npouecca O4UCTKU/ yTedek XXUOKOCTEN C 3TanoB BblleriaynBaHus v
OYUCTKN, OT NPOMbIBKM (PUNBbTPALIMOHHOIO KeKa U BMaXXHOW ra3o0uUCTKN Ha aTarbl Bbl-

0) | wenaymBaHus U/MNN OYNCTKK
MpMMeHeHe MHOrocTagumHOM NPOTUBOTOYHOW MPOMBIBKM Mpu nepepaboTke BenbL-

B) | OKCMOOB

5.3.5 OTxoAabl

HOT 51. CokpaweHne obbemoB obpas3oBaHMA OTXOLOB, NpeAHasHa4yeHHbIX ANs

KOHEYHOW YyTUNn3auuu: opraHn3aumsi onepauumn tTakum obpasom, 4Tobbl coaencTBoBaTtb Mo-

BTOPHOMY MCNOJIb30OBaAHNIO OCTATO4HbIX NPOAYKTOB, UIN, €CIIn 3TO HEBO3MOXHO, NX BTOPUY-

HOM nepepa60TKe C MCMNOSIb30BAaHMEM OOHOr0 MM KOMOMHaUUM MeTodoB, npmBegeHHbIX B

Tabnuue 5.39.

Tabnuya 5.39

MeTon/obopynoBaHue

[NpMeHnUMOoCTb

[MoBTOpHOE UCMNONb30BaHME B3BELLEHHbLIX BELLECTB,
obpasylLenca npyu xpaHeHnn n obpaboTke KOHLEH-

TpaTa N Ha UHbIX CTaanAX TEXHONIOINM4YeCKoro npouec-

O6LwenpumMmeHnmMo

a) | ca (Bkfoyasa nogavy KOHLUeHTpaTa)
BTopuyHaa nepepaboTka ocTaTOYHbIX NPOAYKTOB, CO- | [IpUMEHMMO, B 3aBUCMMOCTU OT
Aepxawmx ceuHel n cepebpo, B KAa4eCTBe Cbipbs AN1A | COAepXaHust  MeTannoB U
ApYyrux npeanpusTumn HanuMuusa pblHKa/npouecca ne-
5) pepaboTku
BTopuyHaa nepepaboTka ocTaTOYHbIX NMPOAYKTOB, CO- | [IpUMEHMMO, B 3aBUCMMOCTH OT
aepxawmx Cu, Co, Ni, Cd, Mn, B Ka4yecCTBe Cbipba OS5 | coagepXaHns MeTannos  u
NPOn3BOACTBa TOBApHOM MpOoAyKUMM APYrMMW Npen- | Hannuma pbiHka/npouecca ne-
5) NPUATUAMM. pepaboTku
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HOT 52. CokpaweHne ob6bLeEMOB OTXOAOB, 0OPas3yloWMXCA NPU NUTbE LMHKOBbLIX
CMUTKOB W HanpaBnsieMblX Ha KOHEYHYI0 YyTUNM3aLMIO: OpraHu3aumnsa onepaumi takum obpa-
30M, 4YTOObI COAENCTBOBATbL NOBTOPHOMY UCMOMb30BAHMIO OCTATOYHbIX NPOAYKTOB, UMK, €CNN
3TO HEBO3MOXHO, MX BTOPMYHOWM NepepaboTke C MCMOonb30BaHMEM OOHOMO U3 UM KOMBUHA-

UMM MeToLoB, NpMBeaeHHbIX B Tabnvue 5.39.

Tabnuuya 5.39

MeTon/o6opynosaHue

a) MpMeHeHNe LUMHKOBbLIX OPOCCOB U LIMHKOCOAEPKALLlEeN B3BELLEHHbLIX BewecTB, obpa-
3ylOLLENCS B NMaBUMbHbIX Nevax, B 0OXMUroBbIX nevyax uim B TEXHONOMMYECKOM Mpo-

Lecce noslydeHus LUMHKa U3 OKUCNEHHbIX opakuni.

0) Mcnonb3oBaHue meTannmyecknx ppakumi LMHKOBBIX U MeTanmMyeckux poccos, 06-
pasyloLmMXCcs Npy NnaBke KaToA4oB B MMaBUSbHbBIX NeYax Unu rnpu nonyyeHun LIMHKO-

BOM B3BELUEHHbIX BELLECTB UMW OKCMAa UMHKA, Ha yCTaHOBKe AJ14 NMJi1aBKMN LUUNHKa.

HOT 53. O6paboTka 0TX0A0B BbilenaydnBaHma ¢ Lenblo obecneyeHnsa ux npuroa-
HOCTW ONsi KOHEYHOMW YyTUnM3aumn: nupomeTtannyprudeckad obpaboTka OTX0A0B Bbllenayu-

BaHUS B BeNbL-Ne4yun.
5.4 HOT ana npousBoAacTBa KaaMuUA
5.4.1 Bo3gyuwHble BbIOPOCHI

HAOT 54. CokpalleHne HeopraHn3oBaHHbIX BbIBPOCOB B aTMOCHepy: NCNosb30Ba-

Hune LI,eHTpaJ'II/I3OBaHHOl7I BbITS>KHOW CUCTEMbI, MOACOEANHEHHOM K CUCTEME ra3004NCTKMN.

HAOT 55. CokpalleHve BbIGpPOCOB B3BELUEHHbLIX BELWECTB M MeTannos, obpasyto-
LWMXCA NpY NUPOMETanypruyeckoM NoslyYeHun Kagmus, nnaeke, FiermpoBaHUn U OTNMBKE

KagMNEBbLIX CITUTKOB: UCMNOJIb3OBAaHNE MOKPOIo MNblneynoBUTena Ui pykaBHOro (*)VIJ'Ipra.

Tabnuua 5.40 — TexHonornveckui nokasatenb HOT 55. BbiGpochl B3BELLEHHbIX BELLLECTB U
KagMusd, obpasyomecs npym NnMpomMeTannyprmyeckom nonyyYeHnn kagMmmsa, nnaske, nermpo-

BaHUN U NMNTbe KagMUEBLIX CITUTKOB

MapameTp EonHuua namepenmin CpefnHuin ypoBeHb

Bblbpocos ansa HOTY

B3BelleHHble BellecTBa Mr/HMS <50
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Kagmui Mr/HMS <0,3

DCpeaHecyTouHOe 3HavYeHne Unu cpeaHee 3HaveHue 3a nepuon npobotbopa

5.4.2 OTxoAabl

HAT 56.

npon3BoacTBa KaamMuma, npeaHa3Ha4vYeHHbIX 054 KOHEeYHOoM yTunusauumn: opraHmsauma onepa-

CokpalleHne o6bemoB 06pa3oBaHMst OTXOAOB rMOPOMETaNypruyeckoro

LM Takum o6pa30M, 4yTOObLI COOENCTBOBATL MOBTOPHOMY MCMNOJ1Ib30BAHUIO OCTATOYHbIX MPO-
AOYKTOB, UK, eCrnn 310 HEBO3MOXXHO, NX BTOpVI‘-IHOVI nepepa60TKe C ncnonb3oBaHnem ogHoro

N3 MeToaoB, NpuBeAeHHbIX B Tabnuue 5.42.

Tabnuuya 5.42

MeTon/obopynosaHue MpuMeHnMoCTb
a) | \aBneyeHne nony4eHHOro Ha ctaguu MpMeHNMO TOMBbKO NPU HaNU4ynmn 3KOHO-
OYUCTKMN LEMEHTHOro MaTepuana c BbICO- MUYECKN 3HaYMMOro cnpoca
KM cofepXXaHueMm KaaMusa B Buae tosap-
HOro MeTansa Unu coeanHeHnn Kagmus
6) | OcaxgeHvne uemMeHTHOro maTepuana ¢ Bbl- | [IpUMEHMMO TOMBKO NpY AOCTYMHOCTU CO-

COKMM coaeprKaHnem KaamMuna

OTBETCTBYIOLWEro nosyimroHa ana 3axopoHe-

HUA OTX040B

YTunusauyus kagmmin cogepkallero marte-

prnana nytem BelnbLeBaHNA COBMECTHO C

anMeHVIMO npu HanM4mm CooTBETCTBYIO-

wero obopyaoBaHus

UMHKCOoAepXallnMmn matepmanamm

Pa3pen 6. 9KOHOMUYECKMe acnekTbl nPpUMeHeHNnA Hanny4wunx

AOCTYNHbLIX TEXHOJIOMN "

6.1 ®aKkTopbl, BNUAKOLWMWE Ha AaHHbIe MO 3aTpaTaM nNpwu

NPoOM3BOACTBE CBMHLA, ONOBa, LIMHKa U KaaMUS

B HacTosilLiem pasgene paccmaTpuBaloTCsl BOMPOCHI, CBSi3aHHblE C OLIEHKOW 3aTpaT
NPOMbILUMEHHbIX NPEANPUATAA LIBETHOW MeTannyprum Ha peanvsauuio oTaenbHbIX NPUpoao-
OXpaHHbIX MEPONPUSTUI, BKIOYasi NpuobpeTeHne, MOHTaX, Hanaaky v akcnnyatauuio obo-

pyaoBaHusi, 0GecneynBaloLLEro CoKpalleHne 3MUCCUiA 3arpsi3HSAOLLMX BELLECTB B OKpY»Kato-

Wyto cpeny.
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[aHHble, NpuBegeHHble B HAacTosWweM pasaene, nonyyeHbl U3 pasfyHbIX UCTOYHUKOB,
B TOM 4ucCne OT NpeanpuaTUin, NOCTaBLLMKOB TEXHOMNOMMA N 060pya0OBaHNSA, KOHCYNbTAHTOB.
Kpome TOro, aons oueHku 3atpaTt MOryT MCMNoNb30oBaTbCA pesynbTaTbhl UCCIeA0BAHUN U UHASA
onybnvkoBaHHas MHdopMaunsa (KopnopaTuBHbIE AOKMNaAbl U OTYETbI, XypHarbl, OTKPbITblE
NUCTOYHMKM B ceTn WHTepHeT, matepmansl koHdepeHunn n ap.). OgHako mHpopmauma ua
YNOMSAHYTbIX MCTOYHUKOB HE SIBNISIETCA YHUBEPCANbHOM N HE MOXET ObiTb MCNOMb30BaHa AN
XOTb CKOSIbKO-HNOYAb OOCTOBEPHOW OLIEHKN HEOBXOOUMBIX ByAyLLINMX BNOXEHUN KOHKPETHOrO
npeanpusaTus B obopygoBaHue M TEXHOSOMU B LENsX COKpaLlLleHUs SMUCCUIN 3arpsa3HSAoLLINX
BELLECTB B OKpYXaloLlylo cpefy, a oTpaxaeT Nub NpUMepHbIn macwTab 3aTpaT, KoTopble
MOryT BO3HMUKATb MNPy peanuaaunm oTaenbHbIX NPUPOSOOXPAaHHbIX NPOEKTOB.

3ayacTylo MMerLmeca AaHHble arpernpoBaHbl U He NO3BONAT OQHO3HAYHO onpene-
NUTb KIMOYeBble KOMMOHEHTLI 3aTpaT 1, TEM CaMblM NPOBECTU pasrpaHNYeHne Mexay 3aTpa-
TaMn Ha NpPUPOJOOXPaHHbIE MEPONPUATUA U 3aTpaTamu, CBA3aHHbLIMU C 0OLWen MmoaepHu3a-
UMen npou3BOACTBEHHOrO npouecca M MNycko-HanagodHbiMu paboTamu. EQMHCTBEHHBbIMK
«YUCTbIMU» 3aTpaTamMn NPUPOLOOXPAHHOIO XapakTepa ABMSTCS 3aTpaTbl Ha 06opyaoBaHNE
N TEXHOSIOMMN «Ha KOHLUE TpyObl», KOTOpble, Kak MpaBurio, HE UMEKT MHbIX Lienen, Kpome
YMEHbLUEHUA 1N NpeaoTBpaLleHna 3IMUCCUN 3arpsa3HSAIOLLNX BELLLECTB B OKPYXatoLLy cpe-
Aay. YuntbiBasi, 4To Hanbonee pesynbTaTuBHbIE NPUPOLOOXPaHHbIE MEPONPUATUA OKa3blBa-
I0TCA WHTErpMpOBaHHbIMX B NPOW3BOACTBEHHLIN MPOLIECC, OLeHKa (hbakTU4eckoro obbema
pecypcoB, HaNpaBIiEHHbIX Ha OXpaHy OKpYXaroLlen cpebl, NpeacTaBnsaeTcs KpanHe 3aTpya-
HUTENbHOMN.

Kpome Toro, B cuny BbICOKOM CNeUngUYHOCTM NPOM3BOACTBEHHBIX 0OBHEKTOB, CaMO MO
cebe Hanuuve 6Gonee peTanbHOW WHOpPMaUUM He BCerga rapaHTupyeT NpPUMEHUMOCTb
UMEIOLNXCH OaHHbIX ANA OLUEHKN TPebyoLMXCA BOXEHUN POCCUNCKUX METannypriuyeckmx
npeanpusaTMi B TexHornorum n obopygoBaHve NpUpOOOOXPaHHOrO HasHaveHus. [Mommmo
mMacwTaba npeanpusaTMs U 0CcoBeHHOCTEN NPOW3BOACTBEHHOrO MpoLuecca CyLeCTBEHHOE
BNUSHME Ha NOTEHUWarbHble pacxobl, CBA3aHHbIE C BHEAPEHMEM MPUPOJOOXPAHHbBIX METO-
AOB U TEXHOMOIMMI, U OLIEHKY 3KONOrMYeckon pesyrnbTaTUBHOCTU KOHKPETHOrO MHBECTULMOH-
HOro NpoeKTa oKasblBaeT Lenbl psa NHbIX (0akTopoB, B TOM YUCHE:

- IOrMCTUKA U Pa3BUTOCTb TPaAHCMOPTHOW WMHMPACTPYKTYpbl, OKasbiBaloLMe MpsiMoe
BO3Ee1CTBME Ha 3aTpaTbl HA NOCTaBKy MaTepuanoB 1 NpoayKUuu;

- IpsIMble onepaLunOHHbIE U3LOEPXKKU, KOTOPble MOryT BbITb CBSA3aHbl C 0COBEHHOCTAMM
TPYAOBOro 3akoHoAaTenbCTBa U MECTHOrO pbliHKa Tpyaa, KNMMaTUyYeCckKumMmn ycrnosusmu, yaa-
NEHHOCTbIO OTAENbHbIX LEeXoB U nogpasfeneHnn, Hanmynem (UM CTOMMOCTbIO) SHEeprun u

NHMPACTPYKTYpPbI, cneunanbHbiMU TpeboBaHNSIMUM MO OXpaHe OKpYy»KatoLwen cpeapbl;
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- pacxofbl, CBA3aHHblE CO CObITOM M LOCTYNOM Ha PbIHOK, BNUSIHME Ha MacwTab KoTo-
pbIX Takke OKa3blBalOT Pa3BUTOCTb TPAHCMNOPTHOM WMHAPPACTPYKTYPbI, KNMMaTUYeCKne yCrio-
BUA, CTPYKTYpa pblHKa U OrpaHuyeHusi, CBA3aHHbIE C BbIXOLOM Ha HOBbIE PbIHKY;

- KOHBIOHKTYpPa pblHKa, B TOM YUCIE LieHa KOHEYHOW NpoAayKLMKM U ee guHaMuKa, CTou-
MOCTb CbIpbsi U UHbIX UCMONb3yeMbIX B NPOM3BOACTBE MaTtepuanos, o6bemMm cnpoca U BO3-
MO>XHOCTU OS5 paclUMpeHUsi MPOU3BOACTBA;

- HAMBUAYarbHble 0COBEHHOCTU KOHKPETHOMO MHBECTULMOHHOMO NPoeKkTa, B TOM YucC-
ne rpauk N NPOTAXKEHHOCTb MHBECTULMIN BO BPEMEHU, NapamMeTpbl NOCTaBKN U pasfnyHbie
CPOKM 3Kcnryatauum obopyaoBaHus, OCTYNHOCTb SHEPreTUYECKON N MHOW MHMPACTPYKTY-
pbl, NPOLEHTHAas CTaBka U AOCTYMNHOCTb KpeaUTHbIX peCypCcoB, KOprnopaTuBHasi CTPYKTypa.

lMpuBeneHHbIe Bbile (PakTopbl CBUAETENLCTBYIOT, YTO MOMYYUTb HaLEXHble OaHHble
no pacxogam, CBsi3aHHbIM C BHEAPEHMEM NPUPOAOOXPaHHbIX METOAO0B U TEXHOMOIMMK, KOTO-
pble Mornn 6bl 6bITb UCNONBb30BaHbl ©6€3 ONAaCHOCTU CYLLECTBEHHOIO UCKaXXeHus1 pesynbTa-
TOB, KpalHe 3aTpyAHMTENbHO. [ofnHble U AOCTOBEPHbLIE 3KOHOMUYECKME pacyeTbl B fto6oMm
cny4vae 6yayT BO3MOXHbI TOMbKO C Y4ETOM BCEX MECTHbIX YCINOBUI U KIOYEBbBIX NAapaMeTpoB,
BNUAIOLMX HA PUHAHCOBBIE pe3yrbTaTbl NPeanpUsTUS.

B poccuickmnx ycnoBumax CyLeCTBEHHOE BIIMSIHE HAa AOCTOBEPHOCTb U MPUMEHUMOCTb
cBefeHNN O 3aTpaTax KOMMaHUM OTpacnv NPoM3BOACTBA LMHKA Ha NPUPOLOOXPAHHbIE MEPO-
NPUATUA OKasblBaeT BbICOKasi BOMATUNbHOCTb BasitlOTHbIX U (PMHAHCOBLIX PbIHKOB. Bcnea-
CTBME 3TOro Heobxoamma CyLeCTBEHHasi KOPPEKTUPOBKA MMEIOLIMXCA AaHHbIX O 3aTtparax,
NOCKOSbKY rofoBasi NMpOUEeHTHas CTaBKa, pacxodbl Ha CCygHble BbiNnaTbl, YPOBEHb UHANS-
UMM 1 BaniOTHbIE KypCbl B TEKYLLEM Nnepuoae OKaXyTCA HeCONOCTaBUMbI C YCINOBUAMMU, B KO-
TOPbIX KOMMaHUSMW paHee OCYLLeCTBNANUCb COOTBETCTBYIOLWMNE BnoxeHus. [NpeacraeneH-
Hble B HacTosieM pasfenie CBeAeHUsl O MPOLUSbIX UHBECTULMAX POCCUUCKUX Npeanpuvs-
TUA — NPOU3BOAUTENEN LIMHKA B pyOrieBOM 9KBMBASiEHTE 3a4acTylo arpermpoBaHbl U NPUBO-
aatca B Buae obulero obbema BMOXEHUA B MOAEPHM3ALUMIO KOHKPETHOrO NpPOW3BOACTBA,
npuBeaLy0 B YNCIe NMPoYero K NOBbILEHUIO ero 9KONorm4eckon pesynbtaTtMBHOCTU. MoaTo-
MY MX HEMOCPEeLCTBEHHOE MPMMEHEHMEe Ansi NPOrHO3NpoBaHuA Byaylwmnx 3aTpaT BO MHOMMX
cnyyasx MOXeT NPUBECTU K MNOMyYEHNIO HELOCTOBEPHbLIX Pe3yNbTaToOB U 3HAYNTESNTbLHOMY 3a-
HWKXeHno Tpebyemoro o6bema MHBECTULMA.

3aTpaTtbl Ha MOoAepHU3aUMiO NpeanpuaTUA, Kak NpaBuno, coaepaT 3HauyUTerNbHbIn
BaNOTHbIA KOMMOHEHT, CBSA3aHHbIA C NPMOBpEeTEHMEM, MOHTaXXOM, HaNaaKom U B HEKOTOPbIX
cnyyasx akcnfyataumen MMMAOPTHOrO, B TOM 4uUCre NpupoaooxpaHHoro, obopyaosa-
HUA/TEXHOMNOMMN, KOTOPbIM B CUMY CYLLECTBEHHOINO WU3MEHEHUSsI KypCOB BasnioT B TeKyLMX

yCrnoBudx B py6J'IeBOM SKBMBAneHTe MOXeT YBEJIMYNUTBCA MOYTU KpaTHO. B cBoto o4epenb,
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pybneBbIi KOMMNOHEHT, YBA3bIBAEMbIN CO CTPOUTENLCTBOM, NpuobpeTeHnem paboTt un ycnyr
Ha MECTHOM pblHKE, aAMUHUCTPATUBHLIMU pacxogamu U T. 4., NogBepraeTcs BO34eUCTBUIO
NMHNAUMN, 4TO Takke TpebyeT yyeTa npu oueHke Byayuimx 3aTpaT Ha Mo4epHU3auuno Npo-
N3BOACTBA M MNOBbILLIEHME €r0 3KOSIOMMYECKON pesynbTaTUBHOCTU. JTO onpeaenseTcs psagom
hakTopoB. Hanpumep, MHOrme npupoaoOXpaHHble MEPONPUATUSA CBHA3AHbl CO CTPOUTENb-
CTBOM, KOTOPOE MOXET 3aHMMaTb rogbl C MOMEHTA BblAeNeHus cpeacTB B 3aBUCMMOCTU OT
pasmMmepa npeanpuaTusa 1 CroXXHOCTU TEXHOSTOrMYECKUX NpoLeccoB; HAALMS, BO3OENCTBY-
owasn Ha 3apaboTHy nnaTy, agMUHUCTPATMBHbLIE pPacxodbl U CTOMMOCTb MaTepuanos, MO-
XeT NpUBOANTL K CYLLLIECTBEHHOMY yBeNnMYeHuto obbema HeobxoauMbIX 3aTpaT B CpaBHEHUM
C NepBOHaYasnbHO YyTBEPXAEHHbIMMU.

CoobpasHbii MHGNaUMK pocT kroyveBon ctaBkum banka Poccum un, kak cneacreue,
yBenu4eHne npoLEHTHbIX CTaBOK MO PO3HMYHbLIM KpeauTam npeanpustusm obycnoBnmBeator,
Nno MeHbLlEN Mepe, YANUHEeHWEe nepuoga OKynaeMoCTU MHBECTULMOHHBLIX MPOEKTOB U, TEM
caMblM, BMUSAIOT Ha OLEHKY AOCTYMHOCTU BIIOXEHUW B NPUPOAOOXPaHHbIE MEepPOonpuUaTUS,
obGopyaoBaHMe M TEXHOMOMMU AN KOHKPETHbIX MPOM3BOAMTENEN.

OnucaHHble obcToATeNnbCTBA HEOHXOANMO MPUHUMATL BO BHUMaHWE Mpwu NoLroTOBKe
N NMPUHATUAM PEeLLEeHn O peanu3aunmn NPUpPoOA0OXPaHHbIX MEPONPUATUIN U BHEOPEHUU METO-
AOB M TexHonorur, obecneyvmBalolLMX COKpaLlEHME SMUCCUM 3arpsA3HSAIOWNX BELECTB B
okpyxatowyto cpeay. lNpuBeneHHble B HacTosweM pasgene obbemMbl 3aTpaT POCCUNCKUX
npeanpusaTMin — NPOU3BOAMTENEN LBETHbLIX METasnnoB MO3BOMASAT MOMAyYUTb NMLLb HEKOTO-
poe npeacTaBneHne o noTeHumanbHblX obbemax Tpebyembix MHBECTMUMA. BmecTe ¢ Tem
drakTnyeckme pacxofbl, CBA3aHHble C BHEAPEHMEM NPUPOLOOXPAHHbBIX TEXHOMOMN B NPOU3-
BOACTBO, HaNpPsiMyl0 3aBUCAT OT TEKYLLMX YCMOBMK, B TOM Yncne OT obuiern 3KOHOMUYECKON
CUTyaLMn, HanoroBOro pexmma, AOCTYNHOCTU (PUHAHCOBLIX PECYPCOB, HAaNM4us nNbrot u cyod-

CUAWN, TEXHUYECKUX XapaKTePUCTUK NPeanpuUaTUS U KOHKPETHOIro 060pyaoBaHuS.

6.2 NMpumepbl MHBECTULMOHHLIX 3aTpaT No 3aBoAam

no npon3BoacTBy LUMHKa

Pecypchbl, kKoTopble NPeanpuUaTUsS oTpacnv MOryT HanpaBUTb HA MOAEPHMU3aLMI0 Npo-
N3BOACTB M peanunsaumnto NpupoaooXpaHHbIX MEPONPUSTUA, HAaNPSIMYHO 3aBUCAT OT KOHbHOHK-
TYpbl pblHKa UMHKA, siBRstoLlencs rnobanbHbiM GUpXeBbiM ToBapoM. Ha Takom pbiHke KOM-
naHMM — NPOU3BOANTENM LUMHKA He 00nagaloT XOTb CKOMbKO-HUOYAb CYLLECTBEHHOW PbIHOY-
HOW BNacTbO M HE UMEIT BO3MOXHOCTM MO OTAENbHOCTU BO3AENCTBOBaTbL Ha LIeHY KOHEYHOM

npoaykuunmn, 4To no3Bonusio Obl B TOW U UHOW CTENEHU nepenoXxumtb NOHeCeHHblIe B CBA3U C

208



UTC 13-2016

peanusauunen NpupoaoOXpaHHbIX MEPONPUATUN U BHEOPEHMUEM IKONOrMYeckn 3pPEeKTUBHbBIX
TEXHONOrMM 3aTpatbl Ha NoTpebutens. Takke oTCyTCTBYeT U obpaTHas BO3MOXHOCTb — Me-
pEeHeceHUsa YacTu U3OepXeK Ha peanu3auuio NpUpoaoOXpPaHHbIX MEeponpuATUA Ha MnocTas-
LLIMKOB CbIpbS 3@ CYET CHUXEHUS NOCNefHMMU LEH Ha Cblpbe — LieHbl Ha LIMHKOBbIE KOHLIEH-
TpaThl, KaK U Ha LMHKOCOAEpXalUMA fIOM, YBA3aHbl C KOTUPOBKaMu Ha JIoHOOHCKoW Bupxe
MeTansos.

OTO 03Ha4aeT, YTO BO3MOXHOCTM MO KOMNeHcaumnn Nniobbix CyLeCTBEHHbIX 3aTpart, Nno-
HECEHHbIX B CBA3W C peanusauuen npupoaooxXpaHHbiX MeEPONPUSATUA KOMNAHUSMU — NPOU3-
BOOAUTENAMU LUHKA, B 3HAYUTENbHOW Mepe OrpaHuvyeHbl U NpeuMyLiecTBEHHO MOryT ObiTb
peanu3oBaHbl OOHUM cnocobom — 3a cyeT yBenuyeHns o6 bemMoB NPoOn3BOACTBA.

YCcoBepLIEHCTBOBAHMSA «Ha KOHUE TPyObl», KOTOPblE U3HA4YanbHO MOryT Kas3aTbCs OT-
HocuTenbHO 6onee geweBbiMU U He TpeboBaTb CyLECTBEHHbLIX BPEMEHHbIX 3aTpaT Ha pea-
nu3aumio, B 60NbLUINMHCTBE CryvyaeB NPUBOAAT K YBEMUYEHWNIO SKCMyaTauNUOHHbIX PacXo4oB U
He JaloT Takoro noBblleHUs 3PEKTUBHOCTN MPOM3BOLCTBEHHOIO npoLecca, KoTopoe Mo-
XeT ObITb NONy4YeHo B pesynbTaTe BHEAPEHUS MeP, MHTErPUPOBaHHbIX B TEXHOSOMMYECKNI
npouecc Npou3BoACTBa NPOAYKUMU. JTO TakkKe CBUAEeTeNbCTBYeT B NoNb3y Bblbopa Npoek-
TOB KOPEHHOW MoJepHM3aumm npou3BOACTBEHHOIO Mpouecca npu onpeaeneHnn Mep,
HanpaBrieHHbIX Ha COKpalleHne 3MWUCCUM 3arpA3HSIOLLMX BELEeCTB B OKPYXaloLLylo cpeay.
Bmecte ¢ Tem Takou noaxon CBf3aH CO 3HAYUTENbHLIMW KanuTasbHbIMU BIOXEHUSMU Y
WHBIMX NOTEPSMU BBMAY HEOOXOAMMOCTM BpPeMEHHOW OCTaHOBKM MPOU3BOACTBa U nepe-
CTPOMKN NPOU3BOACTBEHHOIO MpoLuecca B UenoM, 4To 0bycrnoBnmMBaeT CHUXEHME NpUBMeKa-
TEeNbHOCTM NOofHOMacLWTabHOM MOAepHM3aUmMmM NPoOn3BOACTBa NPy HEGNAroNnpUATHOM PbIHOY-
HOW KOHBLIOHKTYpE.

CobCTBEHHbBIN 3KOHOMWYECKUI MOTeHUMan npupoaOOXPaHHbIX MEepPONpUATUNA, Takux
KaK, Hanpumep, BHeApeHUE ManooTXOOHbIX TEXHOSOMMW, NPOU3BOACTBO NOBOYHOM NPOAYyK-
umm 1 (MnNn) NonesHoe MCnonb3oBaHWe 06pasylLWUXCs B OCHOBHOM NPOWM3BOOCTBEHHOM
npouecce OTXOOOB B POCCUMCKUX YCMOBUAX CriedyeT Npu3HaTb CKOpee He3HauyuTerlbHbIM.
C ogHOM CTOPOHbI, NPUPOOOOXPaHHbIE TEXHOMOMMU BO MHOMMX CIlydasiX XapakTepusyrTcs
BbICOKOM 3HEpProemMKoCTbio, a nogaepxaHne obopyaoBaHus B OYHKLMOHANbHOM COCTOSIHUK
TpebyeT perynsapHbixX 3aTpaT Ha pacxoAHble MaTtepuarnbl U KOMAMEKTYIOLWME N UHbIX SKChnya-
TaLMOHHbIX 3aTpaT; B HEKOTOPbIX Cry4asix Npu NpPou3BOACTBE NOBOYHOM NPOAYKLMMU, HANpu-
Mep, Takon Kak CepHasl KUCnoTa, 3HayuTerbHble U3AEpPXKM MOryT BO3HMKaTb U B CBA3U C
Heo6XO04MMOCTBIO XpaHEHUsI U TPaHCMNOPTUPOBKM arpeccnBHoOro selectsa. C gpyrom ctopo-
Hbl, HA3Kas €MKOCTb POCCUMCKMX PbIHKOB He obecneymBaeT OOCTATOMHOro crnpoca Ans Bbl-

BOAA «MNOBOYHbIX» NPOM3BOACTB HA AKOHOMUYECKN IP(PEKTUBHBIA YPOBEHb U HE CMOXET ra-
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paHTUpoBaTb ycTondmBoe notpebneHne npoaykuMM BHOBb BBOAMMbIX MPOM3BOOCTBEHHbIX
MOLLHOCTEW, a NOoTeHUnan BbIXO4a Ha BHELUHWE PbIHKA OrpaHuvyeH 1 mMarnonepcnekTuBeH C
9KOHOMMUYECKON TOYKM 3PEHUS.

Takum obpasom, HanMbOMbLWKMM NOTEHUMANOM C TOYKM 3pEeHUA BO3MeELLEeHUs 3aTpar,
NOHEeCeHHbIX B CBA3W C BHEOPEHMWEM Ha NpeanpusaTuyM HOBbIX MPUPOOOOXPAHHbLIX METOO0B U
TexXHoMnormm, obnagarT KOMNIEKCHbIE Mepbl, YBA3bIBAIOLLME IKONOrMYECKY0 MOAEPHM3ALMIO
NpPon3BOACTBA C NepeHacTPOMKOW NPOM3BOACTBEHHOrO npolecca B LenoM, ontumMusaumnen
OTAENbHbIX €ro 3BEHbEB N pacluMpeHMeM o6beMoB Npon3BoAcTBa. B 3Tom crniyyae BbicOkMe
HavanbHble 3aTpaTbl HAa BHEOpEeHWe WUHTErpupoBaHHbIX B MPOU3BOACTBEHHLIA NpoUecc npu-
POOOOXPaHHbLIX MEP U TEXHOMOMMIN MOryT ObITb B KOHEYHOM CHETE BO3MELLEHbI 3a CYET yBe-
nnyeHns ob6bEMOB NPOU3BOANMOM NPOAYKUUWN, MNOBbILLEHUS 3(PEHPEKTUBHOCTU U CHUKEHUS
yAenbHbIX 3KCNyaTaumMoHHbIX pacxogoB. OgHako Ha npakTtuke obocobrieHne «akonorumye-
CKOW COCTaBnALLEN» B paMKax TakKMX «BCTPOEHHbIX» B TEXHOSIOMMYECKUN MNPOoLLECC Mepo-
NPUATUN Ha (POHEe ApYrux KanutasibHbIX U 9KCMNNyaTaunoHHbIX pacxogoB npeactaBnaeT co-
6on JOCTaTOYMHO CNOXHYIO 3agady.

B cBolo oyepeab, noteHuman npsAMon «MOHeTU3aunumn» NpupoaooXpaHHbIX Meponpus-
TM BO MHOIOM onpefenseTcs HannmyMem unm oTCyTCTBMEM COOTBETCTBYHOLUUX PbIHKOB CObI-
Ta W, KaK NpaBuIio, B OTPaCIsX TSXKeNon NpOMbILLNIEHHOCTU, B TOM YUCHe B UBETHOW MeTarn-
nypruuv 1 npon3BoACTBE LMHKA, HEBESUK.

Mo gaHHbiIM OAO «3nekTpounHk» (r. Bnagukaeskas) B nepmog 2010-2015 rogos pac-
X04bl Ha NPUPOAOOXPaHHbIE MeponpuaTus coctaBunn 1707 MiH pyd., YTO COOTBETCTBYET
37 % ot obuwero obbema MHBeCTUUMI OBLecTBa 3a yka3aHHbIN nepuod. K OCHOBHbIM 3KOMO-
rMMYECKNM MepOonpuUATUAM, BbINOMNHEHHbIM B TedeHne 2010-2015 rr. oTHOCATCA:

- obopygoBaHMe acrnmpaunoHHbIMX YCTAaHOBKaMM Y4aCTKOB 3arpy3kuM U BbIrPY3Ku
Benbuyneden Ne 1-6 (2007-2011 rr.);

- yBENM4YeHme BbICOTbI TPYObl CEPHOKMCNOTHOrO Lexa Ao 120 m (2011-2012 rr.);

- NepeocHaLleHne acrnmpaumoHHbIMU YCTaHOBKaMM 3neKTponuTHoro uexa (2011 r.);

- NepeBoy 3aBoJa Ha BeCCTOYHYI0 cMCTeMy BOo4ONOTPebneHns, B TOM YuChe:

- OpraHu3aums cucteMbl BogoobopoTa yvacTka anekTponeven CBMHLOBOMO Npon3Boa-
ctBa (2011 r.).

- OpraHM3aumsi CMCTeMbl BOOOOOOPOTa ydacTKa aneKkTponeyen KynensumMoHHoro otae-
na cBuHLoBOro npomssoactea (2011 r.).

- CHWKeHne BogonoTpebneHns B BbllwenaynBaTernibHOM Lexe 3a cYeT BHeAPEHUS HO-

BbIX TexHonorun (2011 r.)
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- CTPOUTENBLCTBO CUCTEMbI BO34YLLUHOIMO OXMaXkaeHnsa anektponuta (rpagmpHsa) (2008—
2013 rr.).

- PEKOHCTPYKUMS CEPHOKMUCIIOTHOIO MPOWM3BOACTBA, OCYLLECTBIISIOLWErO YTUAM3aumio
06xwurosbix rasos (2014-2015 rr.)

3aTpaTbl Ha TEXHUYECKOE NMEPEBOOPYKEHME CEPHOKMUCIIOTHOroO Lexa B 2015 roagy co-
ctaBunu 232,1 mnH py6. CornacHo nporpamme pa3putns OAO «3nekTpoumHk» 0 2017 roga
06beM WMHBECTMLMA Ha MOOEPHU3ALMI0O CEPHOKUCIOTHOrO MPOM3BOACTBA 3annaHMpoBaH B
pasmepe 523,2 M1H pyb6.

CornacHo gaHHbiM rogoBbix ot4eToB [MAO «YHensabuHCKMn LMHKOBLIA 3aBO4», COBO-
KynHble 3aTpaTbl Ha OXpaHy OKpyxawulen cpegbl B nepuog 2011-2015 rr. coctaBunm
1602 mnH pybnen. K yncny KpynHbIX MEPOMPUATUIN NO OXPaHe OKpYXXaloLllen cpebl, peanu-
30BaHHbIX B YKa3aHHbIA Nepuon, OTHOCATCA PEMOHTbI CYLLECTBYIOLUNX ra3004UCTUTENBHbIX
YCTaHOBOK, TEXHNYECKOE NEPEBOOPYKEHNE CUCTEM OYUCTKM OT MbININ ra30oB Neyven «KunsLle-
ro Cnos» npu Ux nycke n octaHoBKe B OOXMIOBOM Lexe C yCTaHOBKOMW ckpybGbepa BeHTypu ¢
ABYXbAPYCHbIM OpPOLUEHNEM, CTPOUTENBLCTBO HOBOW CUCTEMbI BO4OOOOPOTA B CEPHOKMUCIIOT-

HOM Liexe.

6.3 NMpumepbl MUHBECTULMOHHLIX 3aTpaT No 3aBoAam no

NPou3BOACTBY CBMHLA

Tabnuua 6.51 — 3aTpaTbl Ha CTPOUTENLCTBO HOBOrO 3aBOAa MO NPOM3BOACTBY CBMHLA

KanutanbHble 3a-

HanmeHoBaHune n

onucaHue oobek-

TpaTbl Ha CTPOU-

TenbCTBO 0OBbEK-

o cTpouTenb-

KanutanbHble 3a-

TpaTbl Ha BBO

OkcnnyataumnoH-

KM CBMHLOBOIO

KOHLIeHTpaTa

Tal yctaHoBKW/ | TalycTaHOBKW/BHE[ o6beKkTa B aKC- Hble 3aTpaThl,

TEXHUYECKOro pe- | peHue TexHu4e- eTea nnyatauuio, MIH py6/rog
LeHns CKOrO peLleHus, MITH py6
MITH py6.

JInHusa no nepe- 14,338 2007 14,338 2,024
paboTke akkymy-
NATOPHbIX baTa-

pen KPAB 40
YcTaHoBKa cyLu- 28,957 2016 28,957 4,137
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HavnmeHoBaHune n

onvcaHue obbek-

KanutanbHble 3a-
TpaTtbl Ha CTpou-

TenbCcTBO 00BbEK-

log cTpouTens-

KanutanbHble 3a-

TpaTtbl Ha BBOA

OkcnnyaTaumoH-

Tal yctaHoBkW/ | TalycTaHOBKW/BHEL obbekTa B aKC- Hble 3aTpaThbl,
TEXHUYECKOro pe- | peHue TexHnYe- eTea nnyatauuto, MIH py6/rog,
LIeHUs CKOrO peLLeHus, MIH py6
MITH pyo.
PyaHo- 41,501 1998 41,501 6,572
Tepmuyeckas
nevb
[Meyb KOpOTKO- 155,551 2016 155,551 21,96
6apabaHHas po-
TOPHO-
HaknoHHaa KL—
710 (2 wr)
KoTnbl pacpuHu- 9,871 2007 9,871 0,964
poOBOYHbIE (6 LWT)
KoHBenep pas- 0,03 1967 0,03 0

TMBOYHbIV CBUH-

ua

6.4 [laHHble 0 3aTpaTax Ha NPUPOAOOXPaHHbIE MeponpUATUSA

Hwxe B Tabnuue 6.2 npeacTaBneHbl YKPYMHEHHbIE AaHHbIE O 3aTpaTax Ha peanusa-

LMo OTAENbHbIX MPUPOAOOXPaHHBLIX MEPONPUATUA POCCUNCKMX NPOM3BOAUTENEN LMHKA.

Tabnuua 6.2 — [laHHble 0 3aTpaTax Ha peanu3auuto NPUPOAO0OXPaHHbLIX MEPONPUATUN
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OnucaHne mepo-

NPUATUA

OdbdbexT oT BHEA-

peHus

"o BHeOpe-

HUA

KanutanbHble 3a-

TpaTbl, MIH pyb.

3KCI'IJ'IyaTaLI,VIOHH bl€ 3a-

TpaTbl, MNH py6./roq

MoaepHusauus
CUCTEMbl  BOAO-
obopoTa npwm
npon3eoacTBe
CEPHON KUCIOTbI
MEeTOA0M c
[JBONHbIM KOH-
TaKTUpPOBaHNEM
M [JBOMHOM ab-
copbuuen

(OK/OA)

CHuxeHue pac-
Xoga  NPOMbILL-
NEeHHoNn BObI.
Ounctka  BOAbI
OT B3BELLEHHbIX
BellecTB. YBe-
NNYEeHne  MoLL-
HOCTWU  CUCTEMBbI

BogoobopoTa

2014

273,01

1,2

Cuctema aBTO-
MaTn3NpOBaHHO-
ro Hanmea cep-
HoWn KMCIOTbI

B X/ LMCTEpPHbI

NckntoveHue

BblbpocoB B art-
Mocdepy napos
CEepHON KUCNOThI
N CEPHUCTOrO aH-

ruapana

2014

17,12

0,4

MopaepHusauus
cucTemsl opo-
LWEeHNSA yBIIaXHU-

TenbHoOW OallHu

npu  NpousBoAa-
cTBe cepHon
KMCNOTbl  METO-

OOM C [OBOWHbIM
KOHTaKTMpoBa-
HUEM N OBOUHOW
abcopbumen

(OK/AA)

YBenuyeHue

NAOTHOCTN paB-
HOMEpPHOCTU

opoweHns ball-
HU N aPdeKTus-
HOCTU  OYMCTKM
rasa oOT npume-

cen

2015

11,52
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ynasnMBaHua ra-

30B MpW nyckax u

OpocoB TaXKEmNbIX

mMeTannoB U aun-

OnucaHue mepo- | AddpekT oT BHea- | [oa BHegpe- | KanutanbHble 3a- | QKCnnyaTtauuoHHbIe 3a-
npuaTnS peHus HUS TpaTbl, MH pyo. TpaTbl, MNH pyb./rog
Ckpybbep  gnsa|CHuxeHne  Bbl- 2013 20,08

OCTaHOBKax ne

oKkcmaa cepbl
yem «KUNSALWEro
cnosi» npu o6xu-
re LMHKOBOIO

KOHLIeHTpaTa

Paspgen 7. [lepcnekTnBHbIE TEXHONOIMN

7.1 NMpoun3BoacTBO LUMHKA

lMpouecc, MNO3BONAOWMA YBENUYUTL W3BMNEYEHWe MeTanna w3 Benbu-wnaka (i-
Meltor™). OH 3akntoyaeTcs B 06paboTke Benbl-lUnaka B crneuuanbHO NpucnocobneHHowm
3MEeKTPOAYroBON Nevn Ha nepeMeHHOM TOKe ANS U3BMEeYEeHUS TSXKenNbIX MeTasnsioB U vyryHa.
Mpouecc cxox ¢ NpoLUEeCccoM, NPUMEHAEMbIM ANA U3BMEYEHUS LMHKA U3 Nbinn, obpasytowen-
CH B yroBOW 3r1€KTPONeyu, NCrosb3yemMomn B CTanenntemHom npoMbILLNIEHHOCTW.

[lo HacToAWwero BpeMeHn, 310 npouecc O6bin UCNbITaH Ha HECKONbKUX €BPOMENCKMX
BenbL-neyvax, HoO A0 CUX NOP IKOHOMUYECKM HEKOHKYPEHTOCNOCOOEH M3-3a NOBbLILLEHHbIX 3a-
TpaT Ha 3HepronoTpebneHue.

Mcnonb3oBaHue gaHHoro npouecca Tpebyet AONOMHUTENBHBIX METOL0B COKpaLLEeHMWS
BbIGPOCOB, TaKMX Kak kaMmepa LOXUraHusl, Cyxon ckpybbep n cuctema noineyganeHus.

MmetroTtcsa gaHHble 0 cucteme SX-EW, npegHasHaydeHHOW ONS U3BNEYEHUS UMHKA U3
nbinn, obpasyoLlencsa B aNeKTpoayroBon neyu.

Mo nmetowenca nHpopmaumm Ha cTagnum AEMOHCTPALMOHHOIO NpoekTa anpobupyoT-
Cs1 MpOLEeCChI BbilenaymBaHns C NOMOLLbIO XJfiopuaa Ans N3BNeYeHns UuHKa u cemHua. [14].

Mcnonb3oBaHue nna3meHHOW ropenkn Npu nosly4eHnn LuHKa n3 BTOPUYHOIO ChipbS.

MmetoTca cBegeHna o 4eMOHCTPaUMOHHOM NPOoeKTe No TepMmmnyeckon obpaboTke spo-
3uTa un retuta B npouecce Outotec [8]. LlnHK n gpyrne netyyne meTannbl NogsepraroTca BO3-
roHke n msenekatoTcs. Obpasyowmncsa wnak NnpurogeH Ang UCNonb3oBaHUS B CTPOUTENb-
ctBe. OgHakKo npoLecc okasasncs 9KOHOMUYECKN HENPUEMSIEMbIM B KayecTBe obLiero Meto-

Aa 06paboTKM OCTaTOYHbIX NMPOAYKTOB.
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YcnewHo npuMeHseTcs BBOL4 TOHKOAMCMNEPCHOro mMaTepuana vyepes oypMbl LLIAXTHOW
neyn, 4To NO3BONSAET YMEHbWUTb 06beMbl 06pabOTKM MbINAWMX MaTepuanoB U pacxogbl
3Heprum, HeobxoaMmble Onsi BTOPUYHOW nepepaboTkM TOHKOAMCMNEPCHOrO Matepuana B ar-
nomMepaLnoHHON yCTaHOBKE.

Mpouecc EZINEX ocHoBaH Ha aMMOHWWHO-XNOPUOHOM BblLenaydnBaHMm UMHKa C Mo-
crnegyrowen uemeHtaumen n anektponusoM. OH 6bin paspaboTtaH ans npsimon o6paboTkm
nbinn, obpasyroLlenca B aNeKTpoayroBon neyu, 1 ycnewHo NpuMeHaeTca Ha 04HOM 13 3aBo-
AoB. OH MOXeT BbITb MCNONb30BaH AN NPUroToBneHns bonee 6oraton LWMXTbI NP BTOPUY-
HOM Npomn3BoAcCTBE UMHKa [9].

AKTMBHO paspabaTtbiBaloTCA Npouecchl, NO3BONANLME ONTMMU3MPOBATb MNpPoLEeCcC
yTUNN3aummn akkyMynaTopHbix 6aTapen nytem nepepaboTkm B 3aMKHYTOM LUKIE NULLb HEKO-
TOpbIX UX YacTen. OAHaKo U3BECTHbIE NPOLECChl TaKoro poAa A0 CUMX NOp HaxXo4ATCs Ha CcTa-
ann paspaboTku.

M3yuatotcs npoueccbl 06paboTkm wnakos, obpasyowmxca npy nupomeTtannyprude-
CKOM MPOM3BOACTBE LIMHKA M CBMHLIA B MEYN C NOrPy)XEHHOW OYyron, AN U3BrnevyeHus LmHka u
CBUHLA W NPOU3BOACTBA NMpakTU4eCKU NpUMeHMMOro u 6esonacHoro Ans okpyxatowen cpe-
Abl Wwraka.

Peuupkynauua nbinu, obpasyowenca B 9MeKTpOAyroBOM Neyun, 4Yepes pyKaBHbIN
uUnNbTPp NPUBOANUT K OKOMKOBAHUIO MbIfM. DTO MO3BONSAET YBENUYUTL COAEPXKaHMEe LMHKa B

NbinKn, cobupaemon B pykaBHbIX oUnbTpax.
7.2 NponsBoAcTBO CBUHLUA

K nepcnekTMBHbIM TEXHOSNOMMSAAM B POCCUNCKUX MeToanvecknx gokymeHtax no HAT (B
YacTHOCTU B [2]) npeanaraeTca OTHOCUTb «TEXHOMOMMWU, KOTOPbIE HaxoOATCA Ha cTaguu
Hay4YHO-MCCneaoBaTeNbCKUX, OMbITHO-KOHCTPYKTOPCKUX paboT mMnim OnbITHO-NPOMBbILLSIEHHOTO
BHeOpeHMs1, NO3BOMSOLLME NOBbICUTbL 3EEKTUBHOCTL NPOU3BOACTBA U COKPATUTbL AMUCCUM
B OKpY>KaloLLyIO cpefy».

Heckonbko uMHOe onpegeneHne aHanorm4yHoro MOHATUA ucnonb3dyetcs B EBpocorose
(cT. 3, 14 [OQupekTnBbl 0 NPOMbILLIIEHHbIX AMUCCUsX) B aton anpektnse noa «paspabatbiBae-
MbIMU/NOABNSAIOLWNMUCA  METOAAMMU/TEXHOSOMMSIMU»  MOHUMAKOTCA  HOBATOpPCKME  METO-
Abl/TexHonornn Onga onpeneneHHoro Buaa NpoMbILLIIEHHON OeATEeNbHOCTU, KOTopble Npu ux
KOMMEpPYECKOM MCNONb30BaHMM MoryT obecneuntbe 6onee BbICOKUM OBLLMIA YPOBEHb OXpPaHbl
OKpy>KaroLlen cpeabl Unn, No KpanHen Mepe, Takom e YpoBEeHb OXpaHbl OKpYXatoLlen cpeabl

npv OOCTUXXEHUU MOBLILLIEHHOW NO CpaBHEHUIO ¢ cywecTsyowmnmn HOT akoHoMuMen 3aTpar.
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B nobom cnyyae peyb nget o metogax/TeXHONormsax, KoTopble, Npu COOTBETCTBYIO-
LLMX YCNOBUSIX MOTYT OblTb OCBOEHbI B OTpacnu B 0603pumom byayuiem.

B eBponenckom cnpasodHuke HOT ana npegnpuatui uBeTHOM MeTannyprn ans
BCeW oTpacnv nNpMBoauTCcsa ofHa Takaa texHonorna — npoueccol LUREC® n BAYQIK® ans
npeobpas3oBaHNs BbICOKOKOHLIEHTPMPOBAHHOIO OWNOKCMAA Cepbl B CEPHYIO KUCNOTY (C HEKO-
TOPbIMWU 3KCMNNyaTauNOHHBIMU U CTOMMOCTHBIMU XapakTepucTukamm). Yto kacaetTcs CBMHLO-
BOW MOAOTPAacnun, MHOrO MHopMauumn NocesweHo paboTam NoO COBEPLLUEHCTBOBAHWUIO NUPO-

MeTannyprumyecknx n rmgpomMeTannyprmieckmux npoLeccoB nepepadboTkm akKyMynsiTOPOB.
Mpouecc QSL

Mpouecc QSL (Queneau-Schuman-Lurgi) no3sonseT nonyyaTb CBUHEL, Kak U3 nep-
BUYHOIO, Tak M BTOPUYHOIO CbipbA C COONIOOEHMEM COBPEMEHHbLIX HOPM K TpeboBaHUM K
3HeprosaTpartam 1 oXpaHe OKpyXatoLen cpeabl.

[MnaBka npoTekaeT B ropu3oHTarIbHOM peakTope, rae YepHOBOW CBUHEL, U LUMakK ne-
pemMeLlaloTcs B NpoTuBOTOKe. PeakTop pasgeneH Ha ABe pasnuyHble 30Hbl: 30Ha OKUCIIU-
TenbHOW (aBTOreHHOW) MMaBKu Cbipbd, B KOTOPOW pacnnaB CHU3Y NpoayBaeTcs Yepes3 pypMmbl
TEXHUYECKUM KUCIOPOAOM, U 30Ha BOCCTAHOBIIEHUSA LUMaKa MblreyrnemM, NnpogyBaeMblM CHU-
3y Yepes pypmbl.

lMpouecc BHegpeH Ha Tpex 3aBogax obuwen nNpPou3BOAUTENBHOCTBID MO CBUHLY
200 TbiC. T/rog.

CblpbeBble MaTepuarnbl, COBMECTHO C doritocaMn, 060POTHOM NbISbIO U, ecnun TpebyeT-
Ccs, TBepabiM TOMAMBOM MOryT nNpeaBapUTENbHO OKaTbiBaTbCA UMK GpukeTMpoBaTbCS.
B HacTosLlee BpeMs HET CUCTEMbI CYLLKN U arperMpoBaHus CbipbeBbIX MaTepuanos, UMeT-
CS NULLb A03UPYIOLLME N NepeMeLLvBatoLLIne YCTPOMCTBA.

Cxema 3aBoga komnaHun Metallgesellschaft AG (Fepmanus) B LUTonbbepre npusege-
Ha Ha pucyHke 7.1. YcTtaHoBKa BBeeHa B cTpou B 1990 roagy v npeaHasHavyeHa ans nepepa-
60TkM 150 ThiC. T/rog CBUHeLcoAepKalnX MaTepuarnos, 4OMNA BTOPUYHOIO Chipbs B KOTOPbIX
Nno NPoeKTy coctasnseT okono 1/3. B otaenbHble nepuogbl paboTbl COOTHOLLEHNE aKKyMynsi-
TOPHOIO NoMa K KOHUeHTpaTy coctasndeT 1:1 u gaxe 3:2.

MponssognTenbHOCTb KOoHBepTepa QSL no cBuHUy cocTasnseTt 80 Tbic. T/rog npu
AnvHe 33 M, B TOM Yucrie AfnHEe NnaBuibHOW 30HbI 12,5 M, 30Hbl BOCCTAHOBSIEHNSA LUNaka —
20,5 m, ux gnametpax 3,5 1 3 M COOTBETCTBEHHO.

CopepxaHune cBuHua B wnake npu 1200 °C B 30He BOCCTAHOBIEHUSI CHMXKAETCS OO0

2 %. ObLiee mn3BneveHne ceBuHUa npesbiwaet 98 %. Kucnopopn sayeaoT yepe3 3 AOHHbLIX
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dypMbl B 30He nnasrnieHus. Cmecb 02 + yronb BAYBaeTCS 3MeKTpocTaTuyeckoM unbTpe U
nocTynaeT B CEPHOKMUCNOTHOE NPOU3BOACTBO.

C 1992 roga TexHonorna QSL BHegpeHa Ha CBMHLOBOM 3aBoe KomnaHum Korea Zink
B . Onsan, Pecnybnuka Kopesi. YcTtaHoBKa paccymtaHa Ha 60 TbiC. T CBMHUA B rog u pabo-
TaeT Ha CMEeCU pasfnU4YHbIX KOHLUEHTPaTOB M BTOPUYHBLIX MaTepuanos, rfaBHbIM 0Opa3om,
CBUHL0BO-CepebpsaHbIX kekoB COBCTBEHHOro NpomssoacTea. Coaep)kaHne BTOPUYHOMO Chbipbs
B wunxte 35 % — 47 %. KoHBepTep nogobeH repmaHCKoOMy, OOHAKO B KOHLIE LUSAKOBOW 30HbI
nMeeT BTOPOW rasoxon 4S8 BblBOA4A LWHKOBbLIX-MAPOB, KOTOPble OCAaXAAlTCHA B PyKaBHbIX
dunbTpax 1 noctynawT B rugpomertannyprudeckun nepegen. Obuiee m3sneveHve cCBUHUA
cocTaBnsget —98 %, HO BO3roHKa LMHKa 13 LWnakos ocyLlectengerca nuwb Ha 30 % — 40 %.
OxkoH4aTenbHoe nx obegHeHue o 3 % no Zn un go 1 % no Pb nposBogutcsa B neun Ausmelt ¢

Norpy>KHoM oypmomn.

-0,1 mm asoT -0,5 MM CblpbeBble
nbineyronb TOHKMIA KOKC maTepuanbl +
cxKaTbIl $och boraTble CBUHLOBbIE KEKMU
Knucnopon
BO34yX
v ¥ nbiNb
MpurotoBnexve
LUMXThI
KapboHaTbl
nbiab Cd/zn
Koten- OnekTpo- Kagmueas
> > R
v Vy yTunmsartop PunbTp yCTaHoBKa
oTxogauue
QSL-koHBepTEP AALY oTxogAaume
g rasbl rasbl
wnak . nap v
H4eproson Mokpas CTOYHbIE BOAbl
CBUHeL,
oumctka —————————————>
rasa
,,,,,,,,,,,,,,,,, v
| ! M3BneyeHve
1 ObeamexvBaHue |
Ll 7777777777777 17) 3Heprum
meHble
CBUHel,
Apocchbl v v oTxogawne
rasbl
3Heprua CepHokucnoTtHas
l
yCTaHOBKa
v

rpaHynaums
Lnaka

v
cepHas

Kncnota
PucyHok 7.36 — Cxema QSL-3aBoga B LUtonbbepre (Mepmanus)

MHpopmauma o nycke nogobHom ycTaHOBKM QSL — nnaBku Ans CBUHLOBOMO CbIPbs B
KHP B 1997 r. TeXHMKO-3KOHOMUYECKNE MOoKa3aTenn He coobuiatoTcs. 3aBoa AOMKEH Npouns-
BoauTb 52 TbiC. T Pb/rog.

KomnaHuna Cominco (KaHaga) nbiTanacb BBectn B cTpon B 1989 rogy ycTaHOBKY Mo
TexHonormm QSL ans nonyyeHus CBUMHLA COBMECTHO M3 MEPBUMYHOINO U BTOPUYHOMO CbIPbS.

B cooTtBeTCcTBMUK C Tpe6OBaHVI$IMVI KOMMNaHUM ANnsi BOCCTAHOBMEHUS Wiaka Obino 3anpoeKkTun-
217



UTC 13-2016

pOBaHO NPYMEHEHNe NPUPOAHOrOo rasa, a He nbineyrns. Mpouecc He 6bin ocBoeH. Mocne He-
yAa4yHbIX MOMNbITOK 3aMEHUTb Mbifie-yroflb Ha MEeANEeHHO ropswuii MeTaH peaktop QSL 6bin

3ameHeH KMBLUOTHoOM neybto.
Kaldo- npouecc

Kaldo-npouecc BHegpeH komnaHnen Boliden Metall AB, B LBeunn, ans nepepaboTtkm
CBUHeLCcOoAepXalmMx MaTepuarnoB U OCYLLECTBAETCS B KOMMNAKTHOM KOHBepTepe (06bemom
1 unu 2 m3) ¢ BepxHUM OyTbeM (CM. PUCYHOK 2.3.) B NEPUOANYECKOM PEXUME.

[MepBOHa4YanbHO nNpoLecc Ucnonb3oBanu ansa nepepaboTkn CBMHELICOAEPKALLMX Mbl-
nen mMegHoOro nNnpovM3BoAcCTBa, 3aTeEM — AN CMECU CBUMHLOBbLIX KOHLEHTPATOB, floMa akKymMy-
NATOPHbIX GaTapen M 0BOPOTHBIX Mblfien, B HACTosiILee Bpems nepepabaTbiBaloT TOSbKO
CBUHLOBbIE KOHLUEHTPAaTbI U Mbifn.

Kaldo-npouecc BknioyaeT gBe CTagun: aBTOrEHHYH KMCIOPOOHO-(aKesbHY NnaBKy
cbipbs (Npy NepepaboTke KOHLEHTPATOB) U BOCCTaHOBUTENbHOE 00eAHEHUe pacnnasa, Ko-
TOPOE OCYLLECTBIISIETCH B 3TOM Xe KOHBepTepe nocrne pacniaBneHns WNXThbl.

CBMHLOBbIN KOHUEHTpaT nepef 3arpy3kon cylwaTt 0O coaepXaHusi Bnarn He bonee
0,5 % n nHeBMaTU4eCKM NoLalT B KOHBEPTEP BMECTE C KUCMOPOLAHO-BO34YLIHOW CMEChHO
Yyepes pypmy crneumnanbHON KOHCTPYKUUMN.

Bbigengiouleecs Ha | ctagum Tenno oT OKUCHEHNA cynbuaoB pacnnaBnaeT KOHUEeH-
Tpat n gobaensiemble dntockl. Kak npu oTpaxkaTenbHOW NnaBke unv Ha | ctagum nnaeBku
Ausmelt, OCHOBHYIO 4YacCTb CBWHL@ BOCCTaHaBNMBalOT 4O MeTasnsa, HO coaep)XaHue ero B
wnake | ctagun nnaskn octaBnaoT okono 30 %. OkoH4yaTenbHOE BOCCTAHOBMNEHME CBUHLA
[0 coaepXxaHusa ero B wake okono 4 % npoBoadaTt Ha Il ctagmm nocne fobaeneHns Kokca K
pacnnasy.

Mpouecc ucnonb3yetcs Ha 3aBoge Ronnskar, Weseunsa, ons npomssoactea 35000 T
CBMWHLUA B rog M3 cynbMuaHbIX CBUHLIOBbIX KOHUEHTpaToB M Ha 3aBoge WMpaHckon Hauwmo-
HanbHOW CBWHLIOBO-LIMHKOBOM KOMMaHUM B 3aHgkaHe, VpaH, ona nponsBoACcTBa CBUHLUA U3

OKCUAHbIX CBMHLOBbIX KOHLIEHTpaTOB (C 4o6aBKkon Tonnmea Ha | ctaguio).

218



UTC 13-2016

1 — KOXyX KOHBepTepa; 2 — pacnnas; 3 — ypma; 4 — ONnopHO-NMOBOPOTHOE
YCTPOWCTBO;
5 — HanbINbHUK cogepxaHne SO,. Ma3bl HaNpPaBnATCS HAa CEPHOKUCIIOTHBLIN 3aBOS,

nocne obecnbineBaHnsi U CyLLKW.
PucyHok 7.37 — KoHeepTep anga Kadlo-texHonoruu
MupomeTannypruyeckue npouecchl B CTagum paspaboTku

K3MAI-XB n K3MAJ npouecchl

B nHctutyte BHUMLBeTMET (Ka3zaxcTaH) pa3paboTaHbl 6a3oBble NUpomMeTaniypruye-
ckne npoueccol KOMMAJ-)KB, K3IMAJl n cooTBeTCTBYIOLLME UM arperaTtbl, NPoBeAeHbl UX MO-
NYyNPOMbILLUMIEHHbIE UCTNbITAHUS.

B ocHoBy npouecca KOIAJI-)XXKB 3anoxeHa KOHUenuusi aBTOreHHon nniaBku gpobne-
HOro akKyMynAaTOPHOro fioma B 6apboTnpyemMon Xunagkom BaHHE TEXHOSIOrMYECKOro pacnnasa
C BOCCTaHOBMEHMEM OKCUAOB CBUHLA coAepXallencs B nome opraHukon. [na agpdekTMBHON
peanu3auumn 3Toro npouecca paspabdoraH arperat KOINAJI-)XKB, cxematnyeckn nsobpakeH-
HbIW Ha PUCYHKE 2.7 U COCTOALMM N3 NIaBUITbHOM N SNIEKTPOTEPMUYECKON YaCcTeN.

Lnxta kpynHocTblo He 6onee 150 MM nogaeTca 4epes 3arpy3ovHoe OTBEepCcTuE B
CcBOJE NNaBUMbHOW LWAaxTbl U NagaeT Ha NOBEPXHOCTb pacnsiasa. Yepes oypmbl B pacnsas
nogaeTcs TEXHUYECKUIA KMCNOpoa Mnn BO3ayX, oboralleHHbl Kucnopodom. Tenmno ak3oTep-
MUYECKNX peakuumii B3aMMOLENCTBUSA KACIOpOoAa U OpraHMYeckmx martepmanos obecneuymsa-
€T HarpeB pacninasa A0 3aaHHOM TemnepaTypbl, pa3noXeHue cynbgaToB CBUHLA 4O OKCU-
Aa 1 BOCCTaHOBIIEHME €r0 4O MEeTanIM4yeCcKoro CBUHLA.

Ha 6a3e npouecca n arperata KOIMAJI-XKB (pucyHok 2.7) paspaboTaHa TexHonornye-
ckas cxema nepepaboTkm ApobNeHoro HepasgenaHHOro akkKyMyrnsaTOpHOro noma (pucy-
HOK 2.8). OCHOBHbIMM MpOAYKTaMU Mpouecca SBASKTCA CBUHLOBO-CYPbMSHUCTLIN Cnnas,
KOHOVLUMOHHBIM MeOHbIA WTENH 1 oTBanbHoM wnak. Xnop NBX-cenapaTopoB BbIBOAUTCA U3
npowuecca C XnopcoaepXxawumMmm MbiNsgMn, a 3aTeM NepeBOAUTCS B TOBapHbIA Xnopug
HaTpusa. Cepa u3 cynbdaToB CBMHLA N 300HUTa NEPEBOAMTCH B LUTEWH M TOBAPHbIA CTPOU-

TenbHbIN TUmnc.
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MonynpoMbILLNEHHbIE UCTbITAHUSA 3TOrO0 MpoLecca Ha YCTaHOBKE MPOM3BOAUTENbHO-
CTbto 0korio 40 T IomMa B CyTKM NO3BOMUIN NONYYMTb CreayloLime nokasaTenu:
- yaenbHas npou3BoaAUTENbHOCTb NO WKXTe, T/M?-cyTkn — 40-50;

- pacxopn kucnopoaa, HM3/T wnxTel, He 6onee — 350;

n3snevyeHune cenHuya B Pb-Sb cnnas, % — 97,3;

BbIX0Z, Wwiaka, % oT cbipbsi, He 6onee — 10;

cogepXaHue cBuHUa B LWake, % — meHee 1,

nssneyvyeHne Cu B TOBapHbIN WITEWH, % — 80;

- pacyeTHbIN Pacxod 3NEeKTPOIHEPTMN Ha MPOMBbILLUNIEHHON yCTaHOBKe, KBT-4/T YyepHo-
BOro cenHua — 210.

Ha nepepaboTky 06blMHO MOCTYyNaeT CMEeCb akKyMynATOPHOro sioMa ¢ Koprnycamu 13
nonunponuneHa n 4YacTu4Ho n3 aboHuta. MNonmnponuneH MoXeT BbITb UCNONBb30BaH NOBTOP-
HO OS5 pasfiMyHbIX NPOMbILLIEHHbIX Lenen, a oxuradme ero B arperate KOMAJI-XKB vnn 3a-
XOPOHEHME 3KOHOMUNYECKM HeLenecoobpasHo.

B uHctutyte BHUMUBeTMeT paspaboTaHa Takke TEXHONOrmsa pasgenkm oTpaboTan-
HbIX aKKyMyrnsTOpOB, codepxalimx nonuvnponurneH n 36oHnT. OCHOBY ee COCTaBnsalT ABa
OCHOBHbIX MpoLecca: ruapoanHamMmmu4eckoe pasgerneHue noma Ha pakumm (B ToMm Ynucne no-
NMNPONUIIEHOBYI) M NUpPOMETannypruveckas nepepaboTka CBMHeLCOAEPKALMX PpaKUmi 1
a6oHuTa ¢ ucnonbzosaHmem KIMAJI-)XKB unu KOIMAJT — npoueccos.

B ocHoBy KOTAJl-npouecca 3anoxeHa KOHUENuUa aBTOrE€HHOW B3BELLEHHOW MiaBKu
BbICYLLEHHOM CMeCU BCeX OTAErNEHHbIX OT nonunponuneHa gpakumMm n BOCCTaHOBMEHUSA OK-
CuaHoro pacnnasa opraHukon kopnycoB B arperate KOIAJL [Npouecc n arperat ansa ero
OCYLLECTBMNEHNA aHasorMyHbl nNpombiwrieHHo ocsBoeHHbIM KMBUIT-LUIC npoueccy n KUB-
LISTHoMy arperaTy, cOCTOSILLEMY U3 MNABUNIbHON M 3NEKTPOTEPMUYECKON YacTeun, ra3oBble
NPOCTPaHCTBA KOTOPbIX pasferneHbl oxnaxgaemMon neperopoakomn, Norpy>KeHHon B pacnsas.
ABToreHHocTb nnaeku B arperate KOIAJl gocturaeTcs 3a cyeT Tenna CropaHusi OpraHuku.
CBuHeL, U3 OKCUOHOrO pacnnasa BOCCTaHaBNMBaeTCs B nriasunbHou waxte nedn K3IMAJT op-

raHnKomn KopnycoB 0e3 nobaBkn AONONHUTENBHOrO TOMMANBA UM BOCCTAHOBUTENS.
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CTOSK; 2 — 3arpyska; 3 — nnasunbHas waxra; 4 — ypmel; 5

1

M BbIlMYCK CBUHLA

;6 — BbINyCK LWaka; 7 — CUOHHbI

ANEKTPOOTCTONHUK

PucyHok 7.38 — ArperaT KOIMAJT->KB
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ABTOTPAKTOPHbIE MOPCKUE HECOPTHOE SMOCHI
AKKYMYNATOPbI AKKYMYJIATOPGI CbIPbE
YpaneHue kopnycos
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v <
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OCTaToK OT conu aTmocdepy oTBanN
BbllenaunsaHma | CBUHLA
\ 4
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PucyHok 7.39 — TexHomnornyeckas cxema nepepaboTku JiloMma CBUHLOBbIX

akKymynsitopoB 6e3 npegBapuTenbHON pasaenku

BasoBbIi BApuaHT TEXHONOMMYECKOM CXembl nepepaboTkn pasgenaHHoOro akkymyns-
TOpHOro fnioma c ncnonb3oBaHnem K3IMAJ1 — npouecca un K3IAJl arperata npeacrasneH Ha
puUcyHke 2.9.
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TexHonorna npegycMaTpuBaeT MexaHUYecKyt U rmapoavHaMUYECKYO pasfernky ak-
KyMYINSATOPHOrO JfioMa C MoflydeHMeM nonvnponuneHa, Aecynbgypusaunio cynbdaTHO-
oKCugHoOM cbpakuum pacTBopoM kapboHaTa HaTpus C MNOflydeHMeM TOBapHOro cynbdgarta
HaTpu4, gecyrnbdypusauunto nbifien ¢ nonyyeHnemMm ToBapHOro xsiopuaa HaTpusa U cTpouTenb-
HOro runca, nnaeky kapooHatoB B arperate KOIMAJl ¢ nonyyeHMem 4epHOBOroO CBUHLIOBO-
CYPbMSHUCTOrO crnnasa.

Cyxyto cmecb CcynbdaTHO-OKCUAHOM dopakumm 1 06OPOTHBIX Mblfien nocrne aecynbdy-
pusaumm BMecTe C MeTannnanpoBaHHOM dpakumen, 360HUTOM KpynHOCTbIO He 6onee 30 Mm
n NMBX-cenapaTtopamn 3arpyxatT B Neyb B MOTOKE TEXHUYECKOro KUcropoaa 4Yepes BepTu-
KanbHYI ropernky B CBoAe NIaBuUibHOM LWaxThl. 3a CYET Tenna peakumi OKUCIIEHUS OpraHu-
YecKkux BellecTB TemnepaTypa B dakerne gocturaet 1300 °C — 1400 °C, a cynb@at cBuHUa
TepMUYeckn pasnaraeTcs ¢ obpasoBaHMEM Kaneflb OKCMAHOro pacnnaBsa U guokcmaa cepbl.
[vcneprMpoBaHHbIM pacnnas nagaeT Ha Cnowu ropsilen opraHnkn Ha NOBEPXHOCTU LUaka u
OKCMAbl CBMHLIA BOCCTaHaBMMBaKTCA B HEM OO0 MeTanna. PacnnaB nepertekaeT B 9NeKTpo-
TEPMUYECKYIO YacCTb Nneyn, rge NpoucxoguT rpaBUTaUMOHHOE ero pasgerieHMe Ha CBUHLOBO-
CYpPbMSAHbIN crnas 1 oTBarnbHOW wWnak. Xnop u3 NBX-cenapaTopoB BbIBOAUTCA U3 npouecca
C NbIbIO, a 3aTeM nocne obpaboTkM ee cooon NEepPeBOAUTCA B TOBAPHbLIA XNOpUL HaTpUS.
Cepa 13 36oHUTa BbIBOAMTCS B NbIfN U N3 paCTBOPOB NOCIe UX Aecynbdypusaumm — B rvnc.

[Mpn NoNynpOMBbIWNEHHbLIX UCMBITAHUAX 3TOr0 Mpouecca Ha YCTaHOBKE MpOu3BOAU-
TenbHOCTbLI0 40 T Ioma B CyTKM BbInM NoMyYeHbl cnegyowme pesynbTtaThbl:

- yaenbHas NPon3BoANTENBHOCTb NMNaBUMNbHOM 30HbI MO WKXTE, T/M?-cyT — 40;

- pacxopn kucnopoaa, Hm3 T WwinxTsl, He 6onee — 300;

- U3BrIeYEHNE CBUHLA B YepHOBOWM cnnas., %, — 97,2;

- BbIXO[ LWiakos, % OT cbipbs, — 4,

- coaepxaHune cBMHUA B Wwake, % — meHee 1;

- pacxopf, 9neKTpo3HeprMm Ha NPOMbILLIEHHOMW YCTaHOBKe, KBT-4/T 4yepHOBOro CBUWH-
ua — 220.

Mcnonb3oBaHue KIOIMAJT npouecca No3BoONdAeT CyLweCTBEHHO MNOBbICUTb MTMOKOCTb TEX-
HOSOrMM NepepaboTKM aKKyMynsiTOPHOMO JSIOMa, Kak C TOYKU 3PEeHUst AOCTUMXKEHUSA BbICOKUX
TEXHUYECKUX NoKasaTenen, Tak U C TOYKU 3pEeHUs NOSTyYeHUs pasfnnyHbIX BUOOB TOBapHOM
npoayKunn.

Bo3MOXHO noniydeHne nonepemMeHHO Kak CBWHLIOBO-CYPbMSHMUCTOrO cnnasa, Tak M
ManocypbMSIHUCTOrO CBUHL,A B OAHOM 1 TOW e neyn KIIMAJI.

KOIMAJT n K3MAJT->KB npouecchl OTKpbiBalOT BO3MOXHOCTU Ans nepepaboTkm apyrnx

BMOOB BTOPUYHOIO CBMHLOBOIO CbipbA: CBUHLLOBOM n3rapu, nacthbl, nbisien, cnnaeos, CTPyX-
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KM, kabenbHbIX 060M0YeEK, Pa3NMYHbLIX NPOMMPOAYKTOB: HEKOHOULMOHHBLIX LUTENHOB, 060po-

TOB padPUHNPOBAHMS CBUHLIA M Ap.
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! !
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\ 4 A
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Y

PucyHok 7.40 — TexHonormyeckas cxema nepepaboTky loMma CBUHLIOBbIX

aKKyMynSITOPOB C NpeaBapuUTeNbHON pa3aenkon
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Mo mHeHuto aBTopoB, npoueccbl KOMAJI-XKB n KOIMAJT obecneunBatoT cnegyrowime
npenmyLecTBa TEXHONOrMM nepepaboTKn akkyMynAaTOPHOro fioma:

- aBTOreHHOCTb NPOLIECCOB;

- BblCOKas yaenbHas Npon3BOAUTENBHOCTb MO CbIPbio;

- He3HaunTenNbHas 3aBUCUMOCTb TEXHOSOIMYeckux nokasarenen nepepaboTkn ncxoa-
HOrO CbIpbs OT €ro COCTaBa;

- HA3KMI YPOBEHb pacxofa TONMmBa 1 3NeKTPoO3HEPruu;

- UCKNIOYEHME CNOXHbIX CTaZun NOArOTOBKU CbIpbS;

- YMeHbLLUeHne obbeMa TEXHONOMMYECKMUX ra3oB N OOCTUXEHUE HOPM Bblbpoca Bpea-
HbIX BELLEeCTB B OKpYXatoLLyto cpeay;

- UCKNIOYEHME pacxoga TONMMBa Ha JOXKUTaHWe OpraHvKK B rasax;

- UICNONb30BaHUEe Tenna OTXOAALWMNX TEXHONOMMYECKUX ra3oB AN NonyyYeHns aHepre-
TMYECKOro napa;

- OTCYTCTBUE CTOYHbIX BOA,;

- OTCYTCTBME HEOOXOAMMOCTM B CNeunanuanpoBaHHbIX XpaHUnuwax Ans 3aXOpOoHe-
HWSA OTBaNbHOW OPraHyKM 1 BOOOPAaCTBOPUMbIX LUNAKOB;

- besonacHble ycnosusa Tpyaa.

Ha oCHOBaHMM U3NOXEHHOro aBTOPbl YyTBEPXAAlT, YTO WMCNONb30BaHME MNpPOLECCOB
KOMAJI->XXB n K3IMAJ1 no3BonseTt co3gaTtb npakTnieckm 6e30TxoqHy0 9EKTUBHYO TEXHO-

norvo nepepaboTky BTOPUYHOIO CBUHLIOBOTO CbIpbS.
HuskoTeMnepaTypHble npouecchl

YuntbiBas, 4To npu nepepaboTke BTOPUYHOINO CBWMHLIOBOrO Cbipbsi HEOBXOOMMO CO-
GnoaeHe NOBbIWEHHbIX TPEBOBaHUN MO OXpPaHe OKpYXatloLen cpeapbl, ANs NerkonnasBkoro,
neTyyero M TOKCMYHOro CBUHLI@ Hanbonee nepcnekTMBHbIMU MOFYT OKa3aTbCs HU3KOTEMMe-
paTypHble Npouecchl, MOUCK 1 pa3paboTka KOTOpPbIX Be4ETCS.

CoBMecCTHas LenoyHasa nnaBka MeTanimnyeckon M OKCUOHOW dopakuui OT pas3fenku
aKKyMynaTopHbIX 6aTapen

B N'MHUBeTMeTe paspaboTtaH u onpoboBaH B OMbITHO-MPOMbILLIEHHOM MacwTabe Ha
MoaonbCckoM 3aBOAE BTOPUYHbLIX LIBETHBIX METasIOB LWENOYHON HU3KOTEMNEPaTYpPHbIA Cro-
cob nepepaboTkM BTOPUHYHOIO CBMHELICOAEPKALLETO ChIPbSI.

JTabopaTtopHble OnbITbl MO NNaBKe pasgenaHHbIX CBUHLOBBLIX akkyMynaTopos (6e3 op-
raHUKN) OCYLLIECTBISANNCE B TUMMAX U3 CTanu, ONbITHO-MPOMBbILUSNIEHHbIE MaBKN — B 3MEKTPO-

TEPMUYECKON NEYN.
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Temnepatypa npouecca — 700 °C. Bbino ycrtaHoBneHo, 4Tto npu pacxofe Lenoyn
25 % k Becy noma n 2 % cepbl (MnNn cynbpUOHOrO CBMHLIOBOIrO KOHUEHTpaTa B nepecyeTe Ha
2 % cepbl) n3BneyeHve metannos coctasnseT 98 % — 99,6 %. NMpoayKTbl NNaBKK BbINyCcKa-
I0TCA U3 Neum B xuakoM suae. CogepxaHve npuMmecen B Nony4aemMoM CypbMSAHUCTOM CBUH-
ue, %: Sb-2,2; Cu— 0,05; Sn — 0,05; As — 0,02. lNnaB Ha 50 % — 60 % cocTouT 13 Cyrnb-
haTa HaTpus 1 ero npegnornaraeTcs UCNoNb30BaTh B CTEKOSIbHOW MPOMbILLIIEHHOCTH.

Mo3aHee B 1996—-1997 rogos B [MHUBeTMETE BblNM NPOAOIKEHbI UCCNEA0BaHUS HU3-
KoTemMnepaTypHOWN NnaBku OKCUCYNbMaTHbIX dpakumi akkyMynaTopHoro fioma. PaspaboTtaH
TEXHOSIOrMYECKUA pernamMeHT W BbINOSIHEH 3CKU3HbIN MPOEKT Ha Cco3JaHue OMbITHO-
NPOMBILLSIEHHOW YCTAHOBKM MO nepepaboTke noma akkymynsatopHbix 6atapen (6e3 opraHunkm)
no LEerio4HOM cxeme.

Mpu nnaBke BTOPMYHOro CBMHLOBOrO cbipbsi npu 700 °C ¢ gobaBkon 25 % wwienoyun
(epkmn HaTp) N 3 % KOKCUKa M3BNEeYeHWe CBUHUA M CypbMbl B CrfiaB COCTaBWUIIO, COOTBET-
cTBeHHO, 98,0 n 48,6 % (ocTanbHas cypbMa nepeLuna B LWef0YHOW nnas).

PaspaboTtaHa cxema nepepaboTKM LWENOYHOro nnaBa C BblAeneHMeM Nonynpoayk-
Ta — Pb-Sb wnama un pactBopa cynbata HaTpus, cooTBeTCTBYtoWero TY PssaHckoro 3a-
BOJaA MCKYCCTBEHHOIO BOJIOKHA.

TexHonorn4yeckoe HanpasrieHVE LLENOYHOW NNaBKM akKyMynATOPHOro rfioma nepcnek-
TMBHO MpPW YCNOBUWN peLleHnsa npobnemsl yTunusauum Bcex NpoMnNpoaykToB (B NEPBYO O4Ye-
pedb LeroYHOoro nnaea), Tak kak 6e3B03BpaTHO UCMOSb30BaHHbLIN, HE YTUNU3UPYEMbIN [0-
POroCTOALLNA €OKNA HaTp CYLLeCTBEHHO yxXyAlaeT 3KOHOMUKY npouecca M 3KOOrMyeckyto

6e3onacHOCTbL NPOM3BOACTBA.

LLlenoyHas nnaBka MeTannnM4yeckon ppakumm oT pasgaenku akkyMynsiTOPHbIX

6aTapen

MonyyuBwne pacnpocTpaHeHe MPOLECChl NpeaBapuUTENbHOM pa3gesniku fioma akky-
MYNATOPHbIX GaTapen NO3BONAIT BblAENUTb METaNNM3MPOBAHHYIO M OKCUMOHO-CYNbdaTHYHO
CBMHeLCcoAepKallme cocTaBnsawme rioma B otaensHble dpakuuun. VX pasgensHasa nepepa-
00TKa gaeT BO3MOXHOCTb C HanbornbLLen 3KOHOMMUYECKON 3(PPEKTUBHOCTLIO U3BNEKATb CBU-
Hel, U3 BTOPCbLIPbSI.

MeTannuyeckue dpakunmn pasgenaHHoOro akkyMyrnsaTopHOro nioma (peleTku, nontca,
nepembIvkKn) ycrnewHo nepepabaTbiBalOT Ha YEPHOBOW CYPbMSIHUCTBLIM CBUHEL, B NPUBEAEH-
HbIX BbllUe CXemMax B MnaBuibHbIX nedax (KopoTko-b6apabaHHbIX, oTpaxaTenbHbiX U Ap.) C
BbICOKMM NPSMbIM BbIXOAOM cBMHUA. OgHaKo B 9TUX TEXHOMOMMSAX NPUMEHSETCA TeMnepary-

pa npouecca Bbiwe 900 °C, no3BonsaoLwas BOCCTAHOBUTbL YriepoaoM pacnfaBfieHHbIN OKCug,
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ceuHua. lNMpn nnaBke meTannuyeckux dpakuui B KoTnax npu 6onee HM3KoW Temnepartype
(500 °C — 550 °C) npsiMmon BbIXO4, MeTanNIM4Yeckoro CBMHLUA He npeBblwaeT 75 % n okena-
HbI CbeM, coAep)Xaliun 3Ha4YuTernbHOEe KOMMYEeCTBO CBUHLA, OTNPaBNAT B MfaBKy OKCU-
cynbaTHOM hpakumn rioma.

[na H1M3KoTeMnepaTypHOU MnaBkn MeTannmM3anpoBaHHOM opakunn NpeanoXeHo nepe-
nnaensaTb ee B kotne npu 470 °C — 550 °C ¢ HaBegeHHOW BaHHOW pacriaBfneHHoro CB1HUA,
NOKPbLITOro crioem gorca U3 rmagpokcmaa HaTpus.

YpenbHbI pacxoq rmapokcmga Hatpus coctaesnseT 5,8 % oT Beca noma, npu 3Tom
obecneymBaeTca n3BnevyeHne cemHua B metann go 96,5 %.

[MprMeHeHe rCoBOro Crosi CNoCoBCTBYET PaCcTBOPEHNIO OKUCHBLIX TBEPAbIX ¢ha3 C

NOBEPXHOCTU MeTara no peakumam:
PbO+e + 2NaOHx = NazPbO2 x + H20nap
PbSOa4+ + 4NaOHx = NazPbO2 x + Na2SOa4 x + H20nap

N NpeaoxpaHsaeT pacnnas CBMHLA OT OKUCIEHMS.

Ob6pasytowmeca NazPbO2 1 Na2SOs4 pactBOpMMbl B pacnsiaBfieHHOM rnapokcuae
HaTpus.

Mo MHeHMO aBTOpa nybnukaumu, oTpaboTaHHbI nnaB (COMNEeBOW LUMAK) MOXET WUC-
nonb3oBaTbCA ANA Aecynbdypusaunmn akkymynsaTOpHON NacTbl Nepes ee nnaBKkown.

Mpouecc npoBepeH B nabopaTopHOM mMacluTabe ¢ HaBeckamm 40 2 Kr.
MepepaboTka okcucynbgaTtHon chpakumm B COA0BO-CONIEBOM pacnraBe

[na nasneyeHnsa cemHUa U3 OKCUAHO-CYNbgaTHON dpakunK OT pasgerikm SioMma akky-
MynaTopHbiX 6atapen paspaboTaH U NpoBepeH B YKPYNHEHHO-nabopaTtopHoOM macwTabe
YyCOBEpPLUEHCTBOBAHHbIN CNOCO6 COAOBO-BOCCTAHOBUTENBHOWN NITABKMW.

C uenblo CHWXEeHUs TeMnepaTypHOro npefena MCnosib30BaHUSA KanbLMHUPOBAHHOW
coapl, kak donocylowero areHta, npeanoxeHa conesas cmecb Na2COs-NaCl, obpasytowas
3BTEKTUKY C 36,5 Mon. % xnopuaa HaTpusa npu temnepaTtype 634 °C.

Mo aTomy cnocoby okcnaHo-cynbatHas dpakunsa (OCP) wunxryerca ¢ kapboHaToM 1
Xniopnaom HaTpua B cooTHoweHun 100:14:4,7 v pacnnasndeTca B HEMTpanbHoW unm cnabo-
okucnutenosHon cpege npu 700 °C. lNocne npekpalleHus rasooTaernieHns, cBuaeTeNbCTBY-
lOLLIEro O 3aBEPLUEHUN peaKkuun Mexay cynbdaToM CBMHLA U cOaon, B 06bem pacnnasa npu
NOCTOSIHHOM MNepeMeLLMBaHnN NodaeTcs TBepAbl BOCCTaHOBUTENb B konudectBe 3,5 % (K

Becy noma). Nony4yaembii CBUHEL, OCaXKgaeTcs B JOHHOM YacTu nog orocom.
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Xnmmyeckmn coctaB ucxogHon OCO u npoayktoB ee nepepaboTkM COO0BO-

BOCCTAHOBWUTENbHON NriaBkown npueeaeH B Tabnuue 7.1.

Tabnuua 7.52 — Xumudeckuin coctaB ncxogHon OCO n npoayktos ee nepepaboTkm

MpogykT Bblojoon’ CopepxxaHue aneMeHToB, % M3BneyeHue, %
Pb Sb Cu Fe | Sn S n.m. Na Pb Sh
oCo 100 67,5 | 0,52 | 0,48 | 0,61 |0,02| 3,52 | 12,9 100 100
, -
Metann 67,3 ocH. | 0,65 0,08 001|H.o0.|[001| - - 98,81 | 84,13
Coneson| 39,3 164 (0,19 | 1,08 | 1,42 |0,05] 8,93 19,83 | 0,96 | 14,36
lwnak -

M3BneyeHne cemHua B meTann >98 %. B ra3zoBbix Bbibpocax cogepXmtca MUHUMArb-
HOe KONMMYecTBO BPedHbIX COCTaBMNALWNX (QuoKkeuaa cepbl, Xnopa, CBUHLUA).

K HegocTaTkaMm npeasioXeHHOW TEXHOMOrMM aBTOPbl OTHOCAT OTCYTCTBUE CXEeMbl ne-
pepaboTkn nony4aemoro BOAOPaCTBOPMMOIO COMEBOrO LWfaka Mpu OCTaTOMHO BbICOKOM

coaepXXaHun B HEM CBMHLA.
AneKkTpoTepMuyeckas nnaBKa B pacnnaBe KapboHaTtoB

B nHctutyTax Ypanbckoro otaenedns PAH nposegeH uukn paboT no nepepaboTke
TEXHOMEHHbIX OTXOL4OB U BTOPMYHOIO CbIpbS, B T. Y. JIOMa akKyMynaTOPHbIX BaTtapen n oTxo-
A0B aKKyMYNATOPHbIX 3aBOJ0B.

PaspabotaHa TexHONornsa anekTpoTeEPMUYECKON NaBKKU akKyMynsTOPHOro noma (no-
BMOMMOMY, MOCIe OTAENEHUs opraHNYecKUX KOMMOHEHTOB BGaTtapen) nog crnoem pacnnasa
cmecu kapboHaToB HaTpuaA 1 kanus npu TemnepaTtype 800 °C — 950 °C.

[Mpamoe mn3BneveHne cBMHUA B CBUHLOBO-CYPbMAHUCTLIM CniaB Mpu NonynpoMbiLL-
NEeHHbIX UCMbITaHNAX TexHonorm coctasusio 98 % — 99 %, nbineyHoc — A0nM NpoueHTa,
pacxon anekrpoaHeprum — 600—700 kBT-4 Ha 1 T cnnaea.

OpHako B kapboHaATHOM pacnnaBe HakannMBaloTCcsa coeanHeHuns As, Se, Te n gpyrux
3N1IEMEHTOB, OCTaeTCA HEACHbLIM, HYXXHa N NpefBapuTernbHas gecynbgypusaumsa nactsl n B
BUAe Yero BbIBOAUTbL U3 Hee cepy, CKOJSIbKO MSIaBOK MOXHO MPOBECTU Ha OOHOM pacnsiase
©e3 ero 3ameHbl, He pa3paboTaHa TEXHOMOMMA pereHepaunn pacnnasa W BbiBOAA Hakanmm-

BaloLLMXCHA B HEM NPUMECEN.
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[o pelueHnsa 3TUX OCHOBHbIX BOMNPOCOB MCMOSb30BaHWe pa3paboTaHHOro npouecca B
NPOMBILLMIEHHOCTU BPAS, NI BO3MOXHO.

TexHonorn4yeckne cxembl NPOU3BOACTBA CBUHLA M3 CBMHELICO-AepXKallumMx NpoMMpo-
AYKTOB NpeanpuaTui UBeTHON MeTannyprum

Ha npeanpuatuax no nepepabotke MeaHbIX U LIMHKOBbLIX KOHLEHTPATOB, a TakKke Ha
ropHooboratutenbHbiX KOMOMHaTax, nepepabartbiBaoWMX NONMMETaANNIN4Yeckoe cbipbe, 00-
pasylTCs CBUHeLcoAepXalme npomMnpoaykTbl (Mbifn, KEKW, WraMbl, WAk U HEKOHAMLUM-
OHHble MO OCHOBHbLIM LBETHbIM MeTanfam KOMfeKTUBHbIe NPoayKTbl oboraleHns), caMocTo-
AaTenbHasa nepepaboTka KOTOPLIX B HACTOSLLEE BPEMS HE BeAeTCH, HECMOTPS Ha 3HaYMTeNb-
HOE KONMYECTBO B HUX LIBETHbIX M GrnaropoaHbix meTtannoB. O6blvHaa npakTuka n3BnevyeHus
LEHHbIX KOMMNOHEHTOB M3 3TOr0 TEXHOTEHHOrO CbIpbs 3aKMYaeTcs B NOAMELLUMBAHUN €ro K
LUMXTE CBUHUOBbLIX 3aBOAOB, NepepabaTtbiBalolwmxX pyAHble KOHUeHTpaTbl. lNpyn aToM M3-3a
yBenuyeHns obbemMa OTBarbHbIX LUMAKOB Ha 3TUX MPeanpuaTUAX BCe paBHO MPOUCXOAAT
Gonblime NoTepu LBETHbIX 1 6naropogHbIX METansos.

[MpeanoxeHHble OO0 CUMX MOP NUPO- U rMapoMeTannyprmyeckme cxembl nepepaboTkm
TaKkuX CIIOXHbIX MO COCTaBy NPOMMNPOAYKTOB HE NONYyYnNn Npu3HaHnsa n3-3a Hey4oBreTBOpU-
TeNbHOro pasgeneHus Meau, CBMHLA N UWMHKA B CaMOCTOATENbHbIE TOBAPHbIE MPOAYKThI (M-
pomeTannyprusi) unm m3-za obpasoBaHus GonbLIMX 0OBEMOB 3arpsA3HEHHbIX TEXHOMNorn4ye-
CKMX pacTBOpPOB, TpebyroLmnx JoOporocTosien odncTkn (rmagpomeTtannyprus). Kpome Toro,
n3BneyeHne BnaropoaHbIX MeTansos, Kak npasuno, b0 HeJOCTaTOYHbIM, @ pacnpeerne-
HWe MeTanmnoB No pasnNUYHbIM TOBapHbLIM NPOAYKTaM HeYAOBNeTBOPUTESbHbBIM.

B nHcTuTyTE «lMHUBETMET» pa3paboTaHbl U UCNbITaHbl B MNOAYNPOMbILLIEHHOM Mac-
wrtabe TexHonornyeckme cxembl MeTannypruieckor nepepaboTkn CBUHLOBbLIX KEKOB LIMHKO-
BbIX 3aBOAOB, MbIfIEN W LWMNAKOB MNaBUIbHbIX U KOHBEPTEPHbIX NepeaenoB MeaennaBuiibHbIX
3aBOJOB, KOJSINEKTUBHBLIX MPOMMPOAYKTOB W HEKOHAMLUMOHHbLIX CBWHLIOBO-LUHKOBO-MEAHbIX
KOHLIEHTpaToB, coAepXawmx bnaropogHble MeTansbl, C UCMNOMNb30BAaHNEM B KayecTBe OC-
HOBHOW NIaBUMbHOM TEXHOMOMMU npoLecca YCOBEPLUEHCTBOBAHHOW 3MEeKTPOTEPMUYECKON
nnaBkn NpegBapuTenbHO NpoKaneHHoM (0B0XOKEHHON) LWMXTbI. JTa TEXHOMOIMS CyLEeCTBEH-
HO CHWXaeT CyMMapHble 3aTpaTbl (B NepBY o4Yepeib 3HepreTuyeckue 1 Ha nblrnerasoynas-
NMBaHWe) U co3gaeT Npeanocbikm Ana 3apPEKTUBHOIO peLleHnst IKONOorMyecknx npobnem
npy ouncTke HebOoNbLUMX 06BHEMOB OTXOAALUMX MeTannypruyeckmnx raso. OTkas oT MCnonb-
30BaHWNA coAbl B NNaBUbHOW TEXHOMNOMMM NO3BOMSAET NOMy4aTb YEPHOBOW CBUHEL, U XOPOLLO
paccnamBarLLmMecs WTENH N LWNaK, B KOTOPbIX KOHUEHTPUPYIOTCA LEHHble KOMMOHEHTHLI (B

WTENHe — Medb, B LUMake — UWMHK). Tak Kak 4YepHOBOW CBUHEL, SIBIISIETCHA KONIIEKTOPOM
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AparMeTansnoB, TO NPWU MraBKe OHW NPaKTUYECKU MOSHOCTLIO M3BEKAKTCA B CBUHEL, Ya-
CTUYHO B LUTEWH, a Aanee rno n3BeCTHON TEXHOMNOMn NepeBoasaTCA B TOBAPHbIE NPOOYKTbI.

CnenyeTt oTMETUTb, YTO AaXe NpW 3HAYUTENbHOM KOHLEHTpaumm 3onoTa u cepebpa B
YEepPHOBOM CBUHLE Hanuune npomMmexyToyHoro (bydepHOoro) cnos wrenHa rapaHTupyeTt Ao-
CTWXKEeHMe HebonbLUMX NoTepb AparMeTansioB CO LUfakaMun, KOTOpble ONpenensitoTcs Koad-
pULMEeHTOM pacnpeneneHna gparmeTansioB Mexay LWTEeMHOM U LIIakoM Npu cogepxaHnm nx
B WwWrenHe B 10 pa3 MeHbLLEM, YEM B YEPHOBOM CBUHLIE.

B pesynbTtate npoBeAeHHbIX NOSMYyNPOMbILIIIEHHBIX MUCNbITAHUW pa3paboTaHa 3KOo-
M4yHaa MmanooTxogHasi TexHosnormss nepepaboTkm  HEKOHAMUMOHHBLIX  CBUHEL-Medb-
UMHKCOAEepXalUmMX KOHUEHTPaToB M MPOMMPOAYKTOB C MOSIyMeHWEM Creylowmx TOBapHbIX
NPOAYKTOB: YEPHOBOro CBUHLA, COAEpXKallero OCHOBHYH YacTb OGmaropoAHbiX MeTasnsos;
wTerHa 1 wnaka, cogepxatuero 6onee 15 % ZnO, KoTOpbIn peHTabenbHO nepepabaTtbiBaTb
B BMAE pacnsiaBa LWNaKoBO3rOHKOW WMNW BenbLEBaHWEM rpaHynupoBaHHoro wraka. Cepa
MOXeT ObITb YTMNM3MpOBaHa Unu HerWTpanusoBaHa. Mo paspaboTaHHON TexXHONorMM mn3Bne-
YyeHue CBMHUA B YepHoBown cBuHel, — 88,54 % 1 B MegHO-CBUHLOBbIN WITENH — 5,52 %; 30-
nota n cepebpa B YepHOBOW CBUHEL U wTernH — o 98,3 %, B TOM 4Yucne B YEPHOBOW CBU-
Heu — B6onee 96 %; nssneyeHne mean B WTenH — 85,5 %, umMHka B wnak — 97,3 %, cepobl B
rasol — 92 %.

TexHonornyeckasa cxema (pucyHok 2.10) BknoYaeT nepenerbl OKUCANTENBHOIO 06Xu-
ra BO BpaljaroLwencsa TpybyaTton neum n anekTpoTepMmyeckon nnaskm ¢ Hebonblmm obbe-
MOM OTXOASLLNX ra3oB.

Mpouecc nepepaboTKM HEKOHOAMLMOHHBIX CBUHELICOAEPXaLMX MaTepuanoB OCy-
LecTBNSeTCA peakunoHHOW NIiaBkou, AN Yero B LWMXTe, NoCTynawLen Ha nnasky, COOTHO-
LEHMe CynbgnaHOro CBMHUA K CyfibpaTHOMY U OKCUOHOMY LOSMKHO ObiTb HE MeHee 1:2.

lepmeTnyHas annapatypa u marnble 06beMbl OTXOASALMX ra3oB obecneynBatoT IKOMO-
MYHOCTb TEXHOMOMW MU CHWXKAKOT 3aTpaTthbl Ha ras3onblfnieynasnueaHue.

OuuncTka rasoB OT NbIN B pyKaBHbIX PUIbTPAxX CO CTPYMHOM NPOAYBKOW MW Bn3KMX
no nokasatensm ounbTpax C UMMYSIbCHOW pereHepauuen CHMXaeT OCTaTOYHYH 3anbliieH-
HOCTb A0 1-3 Mr/HMmS.

MMHuBeTMeTOM paspaboTaHbl TeXHOMormyeckun pernameHt n TOO uHBecTMuMn ons
BHeApeHUs1 pa3paboTaHHOW TexHonornm nepepaboTkn CBUHLUOBBLIX kekoB anga YL3. Annapa-
TypHasa cxema otaeneHusi nepepaboTkn CBMHLIOBLIX KEKOB NpeacTaBrieHa Ha pucyHke 2.12.

[Mpon3BOACTBO COCTOUT U3 CreAyoLLMX OCHOBHbIX OnepaLni:

Cywka cBMHLOBOro Keka BnaxHocTbio 35 % [o cogepxanua Bnarn 15 % — 17 % B

6apabaHHon Tpybe-cywunke (B AanbHenwem npegnosiaraeTca BakyyMmHas punbTpaums).
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YpaneHue n3bbiTOMHOMO yrrepoaa M3 CBMHLIOBOIO Keka ¢ cogepxaHvem Bnarn 17 % B
npokanoyHom 6apabaHe npu TemnepaTtype 750 °C.

[MnaBka NpoKaneHHOro CBUHLIOBOTO Keka B TPEXANEKTPOOHOW 3NeKTPOTEPMUYECKOM
neyn mowHocTteo 1,5 MBT npu temnepatype — 1200 °C — 1250 °C ¢ 04MCTKOM OTXOOALLNX
rasoB OT MNblIM N CEPHUCTOrO aHrnmapuaa.

‘paHynsumna n BenbLeBaHWe LMHKCOAEPKaLUUX LUNAKoB, MOSyYEeHHbIX B 3MeKTpoTep-
MUYECKOM NeYn, B BefbL-nevyax 3aBoaa.

PadgurHmpoBaHme 4epHOBOro CBUHLA, MNOSyYEHHOro B 3fieKTponeyun, B rasooborpesae-
MbIX 25-TOHHbIX PaPUHUPOBOYHBLIX KOTNax OT Meau, CypbMbl, OfloBa, BUCMYyTa C BbIBOLOM
AparMeTansoB 1 nonyvyeHnemM ToBapHbIX Mapok ceuHua C1l n CO, ToBapHOro BUCMYTUCTOrO
CBUHLA.

lMepepaboTka cepedbpncTon NeHbl B anekTponeyn MoLHocTbo 0,2 MBT ¢ nonydyeHnem
TOBapHOro cnnaea [Jope B KynensuMoHHON oTpa)aTenbHOW Neyun nrowaabo noga 2 M2,

TexHonornyeckasa cxema npegycMmatpuBaeT NOfHyo nepepaboTky 060poToB M NpoM-
NPOAYKTOB: MNblIM HaNPasnslT Ha BbllleflaynBaHue, LMHKOBUCTbIE LUMAKM U LWESIOYHbIEe
CbeMbl Ha BerblieBaHME B CYLLECTBYIOLLYIO HA 3aBOAEe TEXHOSIONMYECKY CXeMY, LUNaK anek-
TponnaBku NeHbl — B OTBasn. Cuctema aBakyaumm OTXO4ALWMX ra3oB neyen npegycMmarpmea-
eT TPaHCNOPTUPOBKY ra3oB CYLUKM CBMHLIOBOIO KEKa Ha OYMCTKY B OBYXCTyneH4aTbin abcop-
6ep nonbin ckopocTtHon (AlC), ra3oB NpoKano4YHON Nevn 1 ra3oB AMEKTPONMABKA Orapka —
Ha OYMCTKY B LMKITOH, 9NEKTPOUnIbLTP 1 ganee CoBMECTHO ¢ razamm neven »KC« 3aBoga —
Ha NPON3BOACTBO CEPHOWN KUCMOTbI, ra30B 3NEKTPOonnaBku cepebpucton neHbl U Kynens-
UMM — B pyKaBHble PUNbTPbI.

C y4yeTOM U3BMNeYeHns CBUHLA U3 NPOMNPOAYKTOB, obpasylowmxca npu nepepaboTke
CBMHLIOBOrO Keka (LLfakoB 9MeKTponnaBky CBMHLIOBOIO Keka U cepebpocogepkallen neHbl,
LLIESTOMHbIX CbEMOB paUHUPOBAHUSA CBUHLA, OOOPOTHBLIX Mbifien U Wnaka (rneta) Kynens-

LMmn), NP BO3BpaTe UX B LLUMXTY U3BNEYEHNME.
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HekoHAMUMOHHbIN .
ANt dnoTaunNOHHbIN

CBUHLIOBbIN
NPOMMPOAYKT
KOHLEeHTpaT
» LWMNXTAPHUK |«
h Mbiab
B TPyOy
Mpokanka
yrnusauua B 6apabaHHo rasb '
SO paba » [MbineynaesnuBaHne
A BpaLLaloLLencs nevn
MbiNb
MbineynaenueaHue Orapok
A
\ 4 \ 4
OnekTpoTepmMunyeckas
raspl €—— nepepaboTtka

«ropqayero» orapka

]
v \ MeZHO-CBUHL,0BbI

WTerH (noTpeburtento)

UepHoBoOW CBUHEL, v
cogepxaLuum MY ETS
OnaropoaHble meTannbl
B Tpyby
A\ 4
v rasbl
BenbueBaHue nnun
PadunHuposaHue » [lbineynaesnueaHue
dblOMUHroBaHne ,
TOBApPHbIA TOBAPHbIN OTBa/IbHbINA LWAAK LUHKOBbIe BO3rOHbI
CBUHel, cnnae Jope (noTpebutento) (noTpebutento)

PucyHok 7.41 — TexHonorn4eckas cxema 6e3oTxogHon nepepaboTkm

HEKOHONUMOHHbIX KOHUEHTPAaToB, coAepXXalnx 6naropop,Hb|e mMmeTansbl

MMHUBeTMeTOM pa3paboTaHbl TEXHOMormyeckmn pernameHt n TOO uHBecTMuun ons
BHeApeHus1 pa3paboTaHHOM TexHonorm nepepaboTkm cBMHUOBbLIX kekoB ans YL3. Annapa-

TypHas cxema oTAeneHus nepepaboTku CBUHLIOBLIX KEKOB NpeacTaBneHa Ha pucyHke 2.12.
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[Mpon3BOACTBO COCTOUT U3 CreAyoLLnMX OCHOBHbIX OnepaLni:

- CyLlKa CBUHLIOBOro Keka BnaxHoCTbio 35 % no cogepxaHusa snarm 15 % — 17 % B
6apabaHHon Tpybe-cywunke (B AanbHenwem npegnosiaraeTca BakyymHas punbtpaums);

- yaaneHue n3bbiTOMHOrO yrnepoga M3 CBUMHLOBOMO Keka C cogepkaHmem Bnarn 17 %
B NpokanoyHom 6apabaHe npu temnepatype 750 °C;

- Nf1IaBKa MNPOKarieHHOro CBMHLOBOIO KEKa B TPEXANEKTPOLHOMN 3NIEKTPOTEPMUYECKON
ne4n mowHocTtblo 1,5 MBT npu temnepatype — 1200 °C — 1250 °C ¢ 04YMCTKON OTXOOALLMX
rasoB OT MNbIIM U CEPHUCTOrO aHrMapUAa;

- FpaHynNsaumMsa 1 BenbLEBaHNE LMHKCOAEPKALLMX LUIAKOB, NOSTyYEHHbIX B ANeKTpoTep-
MUYECKOM NeYn, B BefbL-nevyax 3aBoaa;

- pachmHMpOBaHNE YEPHOBOrO CBMHLA, NOSTYYEHHOrO B 3reKTponeyu, B rasooborpesa-
eMbIX 25-TOHHbIX PatUHUPOBOYHbLIX KOTMAax OT MeAn, CypbMbl, OflOBa, BUCMYTa C BbIBOAOM
AparMmeTansnoB 1 nosydYeHnemM ToBapHbIX Mapok ceuHua C1l n CO, ToBapHOro BUCMYTUCTOrO
CBUHLA;

- nepepaboTka cepebpuncTon neHbl B anekTponeyn mowHocTbio 0,2 MBT ¢ nonyyeHn-
eM ToBapHoro cnnasa [lope B KynensunoHHOW oTpaxaTernbHOM neyy nnowanpto noga 2 m2,

TexHonornyeckas cxema npegycMatpmBaeT NOMHYK nepepaboTky 06opoTOB U NPOM-
NPOAYKTOB: MNblIM HaNpasnslT Ha BbllleflaynBaHue, LMHKOBUCTbIE LUMAKM U LWESIOYHbIe
CbeMbl Ha BesibLEeBaHNe B CYLLECTBYIOLLYIO Ha 3aBOJEe TEXHOMOMMYECKYH CXeMY, LUMaK anek-
TponnaBku NeHbl — B OTBan. Cuctema aBakyaumm OTXO4ALWMX ra3oB neyen npegycMmarpmea-
€T TPaHCNOPTUPOBKY ra3oB CYLLUKM CBUHLOBOIO KEKa Ha OYUCTKY B ABYXCTyneH4aTbli abcop-
6ep nonbin ckopocTtHon (AlC), ra3oB NpPoOKano4YHON Nevn 1 ra3oB AMEKTPONABKA Orapka —
Ha OYMCTKY B LMKIIOH, 9NeKTpopubTp 1 ganee coBMeCTHO € razamm rneven »KC« 3aBoga —
Ha NPOU3BOACTBO CEPHOW KUCMOTbI, ra3oB 3NEKTPOnnaBku cepebpucton neHbl U Kynens-
UMM — B pyKaBHble UNbTPbI.

C y4yeTOM M3BNeYeHns CBUHLA U3 NPOMNPOAYKTOB, obpasyowmxca npu nepepaboTke
CBMHLIOBOro Keka (LLnakoB 3MeKTponnaBky CBMHLIOBOIO Keka u cepebpocoaepkallen neHbl,
LLIESTOMHbIX CbEMOB paUHUPOBaHUSA CBUHLA, OOOPOTHBLIX Mbifien M wWnaka (rneta) Kynens-

Lumn), Npn BO3BpaTe UX B LLUMXTY
3aKknUunTesnibHbIe NONOXeHUs U pekoMmeHgaunun

B uenax paspaboTku HacToswlero cnpaBoyHuka HOT npukasom PocctanHpapTta oT
4 mapTta 2016 r. Ne 227 6bina cchopMmmpoBaHa TexHuveckasa padoyas rpynna «lpon3soncrteo

CBUMHLA, UUHKA U KagMUs».
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ABpaamoBa EneHa ApcrnaHoBHa

OAOQO «Ypananekrpomenb»

AknmoBa HuHa lNeTpoBHa

OAO «UHcTUTyT «MHUBETMET

AnekcaHgp Anekceesuny babaes

000 «®peraT»

Bungep AmuTtpuin Cepreesuy

OAQO «OneKTPOLMHK»

BparvH EsreHnin Bnagnmmposuy

000 «YTIMK-XonguHr»

bpsaHueB AHgpen AnekcaHapoBuy

000 «Kypcknin akkyMynsaTopHbIA 3aBoa»

BynbirmH AHatonun Hukonaesuy

3A0 «Pycckaa megHas KOMnaHus»

ByTtoBckui Pycnan Onerosuy

drbyY «BHUW Skonorusa»

BopoHuHa 3uHanga HukonaesHa

OAO «UHcTUTYT «MHUBETMET

loHyap Hatanuna BanepbeBHa

3A0 «Pycckaa megHas KoMnaHus»

lopoees Anekcen VMiBaHoOBMY

3A0 «Pycckaa megHas KoMnaHus»

'peyvywHnkoB EBreHnn Anekcangpo-
BUY

000 «NCTOK+»

'punwaes Cepren ViBaHoOBWY

MwuHnpomTtopr Poccum

[3roes YepmeH TamepnaHoBu4

OO0 «HoBoaHrapckumn oboratuTenbHbIn
KOMOUHAT»

[obpoxoToBa Mapus BuktopoBHa

Oryrt «<BHAUM CMT»

Epmunos Buktop Unbuy

3A0 «Kapabawmenb»

Kenbko Muaunosuny

000 «®PperaT»

3aBapuH Anekcangp CtaHucnaBoBuY

3A0 «Kapabawmenb»

3arpebuH Cepren AHaTonNbEBUY

000 «YTIMK-XonguHr»

3uHranesa Hapexna BsayecnaBoBHa

3A0 «Hosropoackun meTannyprumieckmi 3a-
BOO»

NkpsiHHMkoB Oner BaneHTnHOBUY

MuHnpomTopr Poccuu

MnbnH KOpun Bsayecnasosuy

AO «METKOM [pynn»

Wpxxakosckast EneHa BanepueBHa

OAQO «OneKTPOLMHK»

Knucc Bnagummp AnbbeptoBuy

3A0 «Kapabawmenb»

KoBTyH Cepren Onerosumy

3A0 «KIBP "Cnnas»

KopkuHa Hatanbss AnekcaHgpoBHa

NMAO «HensabuHCKu LUMHKOBbLIN 3aBOa»

Koponb KOpuin Anekcangposuy

3A0 «Pycckaa megHas KoOMnaHus»

Kypowes Nnbs Cepreesuy

Oryrt «<BHAUM CMT»

Makapos Anekcangp AnekcaHgposuy | S3AO «OKAT»

Makapos KOpuin AnekcaHapoBuY 3A0 «Pycckaa megHas KoMnaHus»
MakeeHko NaBen AnekceeBuy 000 «YIMK-XonaunHr»

Hatanbs AHaTonbeBHa CugHeBa 000 «®peraT»

MogyHoB Bnagnmup Cepreesuny

OAQO «OneKTPOLMHK»

PomaHoB Anekcangp Bnagummnposuy

AO «HUNWN ATmocdepa»

CupopeHko AnekcaHap HOpbeBuy

3A0 «KbIWTbIMCKNI MeOE3NEKTPONNTHBIN
3aBoO»

CkygHbin Anekcangp ViBaHoBu4

NMAO «HensabuHCcKui LUMHKOBbLIN 3aBOa»

Cob6onb OmuTtpun Buktoposuy

000 «YIMK-XonguHr»

TapacoB AHapen Bnagnmmnposuy

OAO «/HCcTUTYT «'MHUBETMET»

TumogpeeB KoHcTaHTuH JleoHngoBuy

OAOQO «Ypananektpomeab»

XaH Cepren Anekceesud

MwuHnpomTtopr Poccum

LWabanuH AHTOH BanepbeBuy

3A0 «KbIWTbIMCKNI MEOE3NEKTPONNTHBIN
3aBoO»

KOamH Anekcangp bopucosuy

3A0 «Hosropoackun meTannyprumieckmi 3a-
BOO»
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Hap cnpaBoyHukom HAOT Takke pabotanu:

3onvHa MpuHa BaneHTMHOBHa MAO «YensabuHcK1U LMHKOBLIN 3aBOO»
BapraHos Makcum CepreeBuy MAO «YHenabuHCKMIN LMHKOBBIN 3aBOO»
MonosHWMKoB AnekcaHap 3A0 «Arponpubop»

[ns onpegeneHns ycrnosui HOPMUPOBAHUS OTEYECTBEHHbIX NPEeAnpUATUin Heobxoam-
Ma OLleHKa OOCTUrHYTbIX OTpachbio nokasaTesien pecypco- U aHeproaPdPeKkTUMBHOCTU N KO-
norMyeckon pesynbTatMBHOCTU. B Lensx cbopa nHdopmaumm o NnpUMeHSEMbIX Ha MPOMbILL-
NEHHbIX NPeanpuUATUAX TEXHONOMMYECKNX npoueccax, obopyaoBaHUM, 06 MCTOYHUKAX 3a-
rPA3HEHUS OKpY>XKatoLLEeN cpefbl, TEXHONOMMYECKMX, TEXHUYECKUX U OPraHM3aLmMOHHbIX Mepo-
NPUATUAX, HaMPaBEHHbIX HA CHWXEHME 3arpA3HEeHUs1 OKpyXawlwen cpedbl U MOoBbILEHNE
9HeproadhPeKkTMBHOCTU U pecypcochepexeHuns, Bbinn NoAroToBNEHbl aHKeTbl ANs npeanpu-
ATUIN, KOTOpble ObINM HanpaeBneHbl B agpeca BCeX NpeanpuaTuin no Npou3BOACTBY CBMHLA,
UMHKa 1 Kagmusi. B kadectBe OCHOBbI Anst opMmpoBaHnsa AHKeTbl Obina Mcnonb3oBaHa
YHUMUMPOBaAHHAA aHKeTa, yTBepxaeHHas biopo HOT.

B cBA3n ¢ 1em, 4yto obmeH nHdopmauuen Obin NpoBedeH B 4YpPe3BblYANMHO CXKaTble
CpOKK, MO psigy nokasartenen npu HanucaHun cnpasodHnka HOT 6biny ncnonb3oBaHbl Takke
3apybexHble mMatepuanbl — CnpaBOYHUK EBpPONENCcKOro cotsa no Hamnyywmm AOCTYMHbIM
TEXHOSOrMAM Ans NPeanpusTUA LBETHOW MeTannyprum, ctaTuctmiyeckne COOpPHUKK, pesyrb-
TaTbl Hay4YHO-UCCNEAOBATENbCKUX M OUCCEPTALMOHHBLIX PaboT, UHbIE MCTOYHUKKU, a Takke
MHpopmauus, NonyvyeHHas B XO4e KOHCyNbTauuni C aKcneptamu B obnactm npou3BoacTBa
CBUHLA, UMHKa N KagMusi.

O6bLiee 3akntoyYeHne, KOTOpoe MOXHO caenaTtb B peaynbTaTte MOArOTOBKM AAHHOMO
cnpaBoyHuka HAT, cocTonT B TOM, YTO BeayLime OTEeYECTBEHHbIE KOMMAaHMM aKTUBHO 3aHWU-
MalTCs BHEAPEHMEM COBPEMEHHbIX TEXHOMOMMYECcKMX npoueccoB n obopyaoBaHus, paspa-
GaTbiBalOT NporpaMmbl NOBbILLEHNS 3HEPrOdPAEKTUBHOCTM N IKONOMMYECKOWN pesynbTaTuBs-
HOCTM MPOM3BOACTBA CBUHLA, LUMHKA U KagMmusa. OgHako uenu, 3agaym U oXugaemble pe-
3ynbTaThl nepexofa K TeXHONOrM4yeckomy HopmupoBaHuo Ha ocHoBe HIT pykoBoautenu
npeanpusaTUii NOHUMAKOT U OUEHUBAKT No-pasHoMy. OXunaaHus NMPOMbILLNIEHHUKOB CBSA3aHbI
C YMEHbLUEeHNeM agMUHUCTPATUBHOW Harpyskm 1 ynpoLieHMeM CUCTEMbl roCyaapCTBEHHOIo
perynupoBaHusa B cdepe oXxpaHbl OKpyXXalollen cpefbl, onaceHuss — C HeonpeaeneHHbIM
nopsaKOM NPaBoONPUMEHEHNSA U BEPOSATHOCTLIO YCTAHOBNEHUS HEQOCTMXKMMbIX TEXHOMOMNYe-

CKMX HOpMaTnBOB.
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[Mo3TOMy BaKHbIM LIAroMm Brnepes no nNyTu JOCTUXEHUS KOMMNEKCHOro npeaoTepalle-
HUSA N KOHTPONSA 3arpsA3HEHUst OKpyXXatoLlen cpedbl B MPOMbILLIIEHHOCTM OOSDKEH CTaTh NO3u-
TMBHbI OBMEH MHopmaumnen.

[Ons npoasmxeHna naen nepexoga k HOT Heobxoaumo opraHusoBaTb MacLuTabHyto
NH(POPMAaLNOHHO-NPOCBETUTENBCKYIO KaMMaHUo U CUCTEMY MOAroTOBKM (NOBbILLEHUS KBa-
nudurkaummn, OONONHUTENBHOrO npodeccnoHanbHoro obpasoBaHus) kagpoB. Ob6cyxaeHue
CYTW NepemMeH NpM3BaHO NOArOTOBUTL K HAM NPeanpUATUS N pasbsCHUTb OCHOBHbIE MOTUBbI

N CTUMYIbI 3KONOrnM4yeckon mMoaepHu3aumnn 0TEeYeCTBEHHOWN 3KOHOMMUKM.
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MpunoxeHue A

(obsizaTenbHoe)

Cdrepa pacnpoctpaHeHUs HacTosiWwero cnpasovyHuka HAOT

HanmeHoBaHue npoaykumn

HanmeHoBaHWe Buaa oesaTenbHoO-

OKTA 2 no OK 034—2014 (OKr1a) ctn no OKB3[] 2 OKBSA 2
Mpon3BoacTBO OCHOBHbLIX Apa- 24.4
rOUEHHbIX MeTanoB 1 NPoOYnX
LUBETHbIX MeTanmnoBs, Npouns-

BOACTBO SiAEPHOro Tonnmea
Mpon3BoacTBO CBMHLUA, LIMHKA 24.43
n onosa
MponsBoacTBO CBMHLUA 24.43.1
24.43.11 CsuHel HeobpaboTaHHbIN
24.43.11.000 CBuHel HeobpaboTaHHbIN
Mpon3BoacTBO LMHKA 24.43.2
24.43.12 LinHk HeoGpaboTaHHbIN
24.43.12.000 LinHk HeoGpaboTaHHbIN
MponssoacTBo onosa 24.43.3
24.43.13 OnoBo HeobpaboTaHHoe
24.43.13.000 OnoBo HeobpaboTaHHOE
24.43.2 MonydabpukaTtbl N3 CBUH-
Ua, UMHKa 1 ofioBa uUnm nx
cnnaBsoB
Mpon3sBoacTBO NPOYNX LBET- 24.45
HbIX MeTarnsnoB
24.45.30.171 Kagmun HeobpaboTaHHbIN
HeaTtenbHoCTb No 06paboTke 38.3
BTOPUYHOIO CbIpbs
YTunusayust oTCOpTUPOBAHHbIX 38.32
mMartepmanos
O6paboTka 0OTXOA0B K IomMa 38.32.4
LUBETHbIX MeTarnsoB
O6paboTka BTOPUYHOrO cbipbs, | 38.32.49
coaepkallero npo4vme LBeT-
Hble MeTannbl
[Mpon3BoacTBO NPOYNX OCHOB- 20.13
HbIX HEOPraHNYEeCKNX XMmnye-
CKuX BelecTsl!
20.13.24.122 Kucnota cepHas!

1 Tonbko B YacTy KUCNOTbI, MPOU3BOAUMON U3 OTXOASALLMX ra3oB LIMHKOBOIO NPOM3BOACTBa
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MpunoxeHune b
(obsizaTenbHoe)
Mepe4vyeHb MapKepHbIX BeWEeCTB U TEXHOJTOrM4YeCKnx

nokasareneu

B.1 Nepe4yeHb TEXHONOrMYECKMUX NoKasaTereun

Tabnuua b.1 — Npon3BoACTBO CBMHLIA U Of10Ba

[na atmocgepHoro Bosayxa [ns BogHbIX 00bEKTOB
NO, NO2 (cymmapHo) As
Cepbl gnokeng Cd
B3BeLlueHHble BeLlecTBa Cu
CBuHeL 1 ero coegmMHeHust, Kpome TeTpasaTum- Pb
CBUHLA, B NepecyeTe Ha CBUHEL,
Zn
B3BELLEHHbIE BeLeCcTBa
pH
Tabnuua b.2 — MNpon3BoaCcTBO LMHKa
Ons atmocdepHoro Bosayxa [nsa BogHbIX 06bEKTOB
NO, NO2 (cymmapHo) As
Cepbl gnokeng Cd
B3BelueHHble BeLecTBa Cu
LInHK n ero coeanHeHns Pb
MbILWbSK 1 ero coegmHeHust (NPU HanM4mMm B Cbl- Zn
pbe), KPOMe apcuHa
B3BELUEHHbIE BellecTBa
pH
Tabnuua b.3 — Npon3BoacTBO Kagmus
[na atmocgepHoro Bosgyxa [ns BogHbIX 00bHEKTOB
NO, NO2 (cymmapHo) As
Cepbl gnokeng Cd
B3BelueHHble BeLlecTBa Cu
Kagmun n ero coeguHeHus Pb
Zn
B3BELUEHHbIE BellecTBa
pH
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B.2 Nepe4yeHb TEXHONOrMYECKMUX NoKasaTerneu

B.2.1 O6wme TexHOMOrnyeckne nokasarenu Ansa NPousBoACTBa CBUHLA, ONOBa,

LUMHKa U KagMusa

5 EavHuua [Jnana3oH/
TexHonornyecknin nokasarternb
N3MepeHns 3HayeHne

Bbi6pocbkl NO, NO2 oT nupomeTannypruydeckux npoueccos (HOT 11)

NO, NO2 (cymmapHO) Mr/Hm3 < 300

CpeAaHun ypoBeHb KOHLIEHTPaLMi 3arpsaA3HAOLWMX BelwecTB B NpPsAMbIX copocax, 06-
pasyroLwmxcs npyu npousBoACTBe CBUHLA, ONI0OBa, LMHKA U KaaMUA, B NpUHUMaloLwme

BoAHble 06bekTbl (HAT 14)

As Mr/n <0,2
Cd Mr/n <0,5
Cu mr/n <10
Pb Mr/n <10
Zn mr/n <12
B3BELUEHHbIE BELLECTBA Mr/n <25
pH en. 6-95

b.2.2 TexHonoru4yeckue nokasarenu gns npousBoAcTBa CBMHLA U OfioBa

5 EavHuua [Jnana3oH/
TexHonornyecknin nokasarternb
N3MepeHns 3Ha4yeHne

BbiGpoCbl B3BELWEHHbIX BelWeCcTB OT NPOLEeCcCOB NOArOTOBKU CbIpbs (KPOMe aKKyMymnsToOp-
HbiXx 6aTapen) (HOT 20)

B3BelleHHble BellecTBa Mr/HMS 3-11

Bbi6poch! B3BeLEeHHbIX BELWECTB OT MPOLIeCCOB MNOAroTOBKUA aKKyMYNATOPHbLIX 6aTapen
(HAT 21)

B3BellueHHble BeLlecTBa Mr/HM3 2-10

CBUHeL, 1 ero coegnHeHusi, KpoMe TeTPa3TUICBMHLA, B Nepe- Mr/HM3 <2

c4yeTe Ha CBUHeLy
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BbiGpochbl B3BelleHHbIX BeLWeCTB U CBUHLA OT NPOLIeCCOB nepennaBkyu, paMHUPOBaHUA U

nutba (HAOT 22)

B3BellueHHble BellecTBa Mr/HM3 2-10
CBuWHeU 1 ero coegnHeHus, KpoMme TeTpaaTUNCBnHLA, B nepe- Mr/Hm3 <2
cyeTe Ha CBUHeL,
Bbibpocbl guokcuaa cepbl OT 3arpy3ku, nnaBku u posnusa (HOT 26)
SO, Mr/Hm® 50 — 350
B.2.2 TexHonoru4yeckue nokasaresnu Aans nponsBoAcTBa LIMHKA
EavHuua [Jnana3oH/
TexHonornyecknn nokasartesib
n3mMepeHus 3Ha4veHue

BbiGpocbl B3BeLWEHHbIX BELWECTB U MeTanioB, obpasyowmecs npu padote npokKanoyHoun

ne4yu un Benbuy-neun (HAT 38)

B3BelleHHble BellecTBa Mr/HMS <60
LInHK 1 ero coeanHeHns Mr/HM3 <42
MbIWbSK U €ro coeanHeHus1, KpoMe BO4OPOAA MbILLBbAKOBUCTOMO Mr/HM3 <1

(Mpy HanNU4Mn B Cbipbe)

Bbl6pOCbl B3BeLUeHHbIX BewecTB N MeTannoas, o6pa3y|ou.|v|ec;| npun pa60Te MOMOJIbHOIo

komnnekca (HOT 39)

B3BelleHHble BellecTBa Mr/HMS <60
LInHK n ero coegmHeHus Mr/Hm3 <60
MbILWbAK 1 ero coeguHeHUs, Kpome Bogopoaa MbllLbAKOBUCTO- Mr/HM3 <16

ro (Mpv HanM4Mmn B Cbipbe)

Bbl6pOCbI B3BE€LUEeHHbIX BelweCcTB N LNHKA, 06pa3y|ou.|v|ec;| npv nnaBke, nermpoBaHn n nu-

Tbe LIMHKOBBLIX CIIATKOB U NPOM3BOACTBE LMHKOBOM B3BelleHHbIX BewecTs (HAT 40)

B3BelleHHble BeLlecTBa

Mr/HM3

LInHK 1 ero coeanHeHns

Mr/HM3

BbiGpochbl B3BelleHHbIX BeLeCTB U MeTanmnoB, o6pa3yloLwmecs Npu Nnpou3BoACTBE LIMHKO-

Boun nbinu (HAT 41)

B3BelleHHble BellecTBa

Mr/HM3

<200

|_|,VIHK n ero coegnHeHund

Mr/HMS3

<200
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Bbi6pochbl SO2, 3a UCKIMIOYEHUEM TeX, KOTOpPble HanpaBsATCA NPU NUPOMeTanypruieckom

Npon3BOACTBE LMHKA Ha CePHOKMUCINOTHYI0 yctaHoBKy (HAT 42)

SO, Mr/Hm?3 <500
Bbi6pocbl SO, ¢ cepHokucnoTHon yctaHoBku (HAOT 43)
SO, Mr/Hm?3 < 850

BbIGpochl aapo3onen LMHKA obpasylowmecs npu BbillenaymBaHumM, OMUCTKE U 3reKTponuse

(HAT 46)
B3BelLeHHble BellecTBa Mr/HMm3 <400
LInHK n ero coegmHeHus Mr/Hm® <120
b.2.3 TexHOonorn4yeckue nokasartesnu gns npousBoAcTBa KaaMmus
5 EavHuua [nanasoH/
TexHonornyecknin nokasaTternb
n3MepeHuns 3HayeHune

Bbl6pOCbI B3BeLUEeHHbIX BelwecTB U KaaMusA, 06pa3y|ou.w|ec5| npu nupomMmeTannypruiecKkom

nosly4yeHun KaaMus, nnaske, NermpoBaHun u NnuTbe Kagmmuesbix cnutkoB (HAT 55)

B3BellueHHble BeLlecTBa

Mr/HM3

Kagmun

Mr/HM3
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MpunoxeHune B
(obsizaTenbHoe)

MNepeuyenb HAT

B.1 O6wwue HOT

HAOT 1. TloBbiweHne obLen pesynbTaTMBHOCTU NPUPOLOOXPAHHOM AEATENBbHOCTU

HOT 2. [oBbiweHne adEKTUBHOCTU UCMNOSTb30BAHUS SHEPTUN

HOT 3. ObecneyeHne cTabmnbHOCTN NPOM3BOACTBEHHOIO Npouecca

HAOT 4. CokpalieHne BbiIGPOCOB B3BELLEHHbIX BELLECTB U METansoB

HAOT 5. [pepoTtBpalleHne unu, rae 310 HeuenecoobpasHo, COKpalleHMe HEOpPraHmM3o-
BaHHbIX AMUCCUIN B BO34YyX U BOAHbIE OOBEKTDI

HOT 6. [MpepoTBpallieHne unu, rae 3To HeuenecoobpasHo, COoKpalLEHNE HEeopraHmn3o-
BaHHbIX BbIOPOCOB B3BELLEHHbIX BELLIECTB

HAOT 7. YMeHblueHne HeopraHn3oBaHHbIX BbIOPOCOB, 0OpPa3yloOLMXCA NpU XpaHeHUU
Cblpbs

HAOT 8. YMeHblueHe HeopraHM3oBaHHbIX AMUCCUMKA, 0BpasyoLmxcsa npy obpaboTke n
TPaHCNOPTUPOBKE CblpbS

HAOT 9. T[peaynpexaeHue nnm cokpalleHne HeopraHM3oBaHHbIX BbIGpPOCOB

HAOT 10. CokpalueHne BbIGpOCOB PTYTU OT NMPOMETanNyprmyecknx npoLeccoB, B KOTO-
pbIX MPUMEHSETCA Cbipbe, CoAepXaLlee pTyTb

HAOT 11. lMNpepotepalleHune Bbibpocos NO, NO2 OT nupoMeTannyprmyeckmx npoLeccos

HOT 12. lMNMpepoTBpalleHne obpa3oBaHUs CTOUHbLIX BOA

HOT 13. lMNMpenoTBpalleHne 3arpsi3HeHnst He3arps3HEHHbIX BOA, M COKpalleHne cOpocoB
3arpsA3HSIIOLLMX BELLECTB B BOAHbIE OO BHEKTDI

HAOT 14. CokpalieHne cOpocoB 3arpAa3HAOLLIMX BELLECTB CO CTOMHBbIMM BOAAMM

B.2 HOT ansa nponM3BoacTBO CBUHLIA U OnoBa

HAT 15. lMNpepoTtBpalleHne unmM yMeHbLUEHNE HEOpPraHM30BaHHbIX BbIOPOCOB OT MOAro-
TOBKW (Hanpumep, CMeLUEeHUs, NepeMeLLNBaHNS, ApOOneHns, pe3kun, CKPUHUHIA) NEPBUYHBLIX U
BTOPUYHbBIX (32 UCKIOYEHNEM aKKyMYNATOPHbIX BaTapen) maTepmanos

HAOT 16. lNpegoTBpalleHne UM yMeHbLUEHWE HeOpraHM3oBaHHbLIX BbIOPOCOB OT npea-
BapuTenbHOM 06paboTkn MaTepmanos (Takon Kak Cyllka, AEMOHTaX, crnekaHue, bpukeTnpoBa-
HWe, rpaHynsaumnsa n gpobneHne Gatapen, npocenBaHme u Kraccmdukaumsl) Nnpyu NPon3BoOACTBE

nepBMYHOIo 1 BTOPU4YHOIo CBMHLUA 1 OfioBa
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HAOT 17. lMNpepoTtBpalleHne Unn yMmeHbLLIEHNE HEOpPraHN30BaHHbIX BbIOBPOCOB OT 3arpys-
KW, NNaBkM U NpegBaputenbHO obe3MexmBalowen onepauumn npu nNponsBoACTBE NEPBUYHOIO

CBUHLA

HAT 18. lNpepoTtBpalleHne Unn yMmeHbLLIEHNE HEOPraHN30BaHHbIX BbIBPOCOB OT 3arpys-
KV Cblpbsi 4O BbIMyCka MeTassia npy nponsBoACcTBe NePBUYHOIO U BTOPUYHOIO CBUHLIA U OrloBa

HAT 19. lNpepoTBpalleHne MM yMeHbLUEHWE HEeOpraHM3oBaHHbLIX BbIOPOCOB OT nepe-
nnaek1, pauMHUPOBAHUA U PasnMBKA B MPOWU3BOACTBE MEPBUYHOIO M BTOPUYHOIO CBMHLA U
onosa

HAT 20. CokpalleHne BbIGPOCOB B BO34yX Mbln (B3BELUEHHbIX BELLECTB) U METasnoB
OT MOArOTOBKM Cbipbs (Hanpumep, npuem, obpaboTka, XxpaHeHne, nepeMeLluMBaHe, CMeLlnBa-
HVe, CyLlKa, u3MernbYyeHne, peska U npocemBaHne) B Npon3BoacTBE NEPBUYHOIO U BTOPUYHOIO
CBWMHLA 1 onoBa

HAOT 21. CHwkeHne BbIOPOCOB B BO34YyX MbiNN (B3BELLEHHbLIX BELLECTB) U METannos OT
NpoLEeCccoB NOArOTOBKM aKKyMynsiTOpHbIX 6aTapen (gpobneHue, npocevBaHve n Knaccuduka-
Lwst)

HAOT 22. [1na cokpaweHnsa BbIOGpOCOB B BO34yX MNbifn (B3BELLEHHbIX BELLECTB) U MeTarn-
NOB, 3a UCKITOYEHMEM TeX, KOTOpble HanpasristOTCA Ha MPOU3BOACTBO CEPHOW KUCNOTbl MU
xngkoro SO2 OT 3arpysky, MnaBky U BbiNycka MeTanna nepBUYHOro U BTOPUYHOIO Npou3Boa-
CTBa CBMHLA 1 OrnoBa

HAOT 23. CokpalleHne BbIOGPOCOB MbIIM U MeTansoB B aTMocdepy OT nepensnasky, pa-
PUHNPOBAHNS U NUTbS B NPOU3BOACTBE NEPBUYHOIO N BTOPUYHOTO CBMHLA W1 OrloBa

HAOT 24. YMmeHblueHne BbIGPOCOB OpraHMYeCcKMX COeAMHEHMI B aTMOCKepy M3 CyLUKU
NCXOOHOro MaTepuana u npouecca nnasku Npu NPon3BoACTBE BTOPUYHOIO CBMHLA M 0f10Ba

HAT 25. CokpalueHue Boibpocos MNXAL/P B Bo3ayxe npw BbinnaBke BTOPUYHOIO Cbipbs
CBWHLA 1 OrioBa 1 Matepuarnos

HAOT 26. lNpepoTBpalleHne unn ymeHblueHne BbibpocoB SO2 B BO3ayX (KpoMe Hanpas-
NsieMbIX Ha NPON3BOACTBO CEPHOM KUCNOTbI uUnn xunakoro SO2) OT 3arpy3ku, NnaBku U po3nuea
npu Npon3BoACTBE NEPBUYHOIO Y BTOPUYHOIO CBMHLLA 1 OrloBa

HAOT 27. lMNpepoTtBpalleHne 3arpasHeHUs MoYBbl U FPYHTOBLIX BOL, OT CKMNagupoBaHWUSA
GaTapen, opobneHus, NnpocenmBaHmsa 1 onepaunn knaccndmkauum

HOT 28. lNMpenotBpallieHne obpas3oBaHMsl CTOYHbLIX BOA MPWU LLEMNOYHOM BbillenadvvBa-
HUM

HAOT 29. YmeHblueHne cOpocoB B BOAY OT NOArOTOBKM BaTapen npu HanpaBneHun Knc-

JIOTHOIo TyMaHa Ha O4YUCTHbIE COOPYKEHUA CTOYHbIX BOL,
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HOT 30. YMeHbLUeHMe KonmyecTBa OTX040B, HanpaBnseMblX Ha 3aXOPOHEHNE OT NPoun3s-
BOACTBA NEPBUYHOIO CBMHLA

HAOT 31. VM3BneyeHve nonunponuneHa n nonMatuneHa ns CBUHLOBbLIX GaTapen: otaene-
HVe nonuMnponueHa n NonuaTuneHa ot batapen nepes naBKow.

HOT 32. lNoBTOpHOE MCNOMb30BaHME UM BOCCTAHOBIIEHWE CEPHOW KUCMOTbI, NOJSTyYeH-
HOW OT npoLecca nepepaboTkn GaTapen

HAOT 33. YMeHblueHVe konmyecTBa OTXOA0B MPOU3BOACTBA BTOPUYHOIO CBUHLA U OO-
Ba, OTNPaBnseMblX Ha 3aXOPOHEHWe

B.3 HOT ansa nponsBoacTBa LMHKA

HAOT 34. 3dpdekTrBHOE NCNOMNb30BaHUE 3HEPrUm

HAOT 35. YMeHblueHne HeopraHn3oBaHHbIX BbIOPOCOB B3BELLEHHbLIX BELLECTB, 0Opa3syto-
LLIMXCS B NpoLiecce NoaroToBKN Cbipbs 419 0OXMIroBOM NeYun 1 Npu 3arpyske B Hee 3TOro Chipbd

HAOT 36. YMeHblueHe HeopraHM3oBaHHbIX BbIOPOCOB B3BELLEHHbIX BeLecTs, 0bpasyto-
Lmxcsa npm obpaboTke orapka

HAT 37. CokpalleHne HeopraHM3oBaHHbIX BbIGPOCOB B3BELLUEHHbIX BELLECTB, 0Opa3syto-
LLIMXCS NPY NPOU3BOACTBE LIMHKOBOW MbIN

HAOT 38. YMmeHblueHVe BbIOBPOCOB B3BELLEHHbIX BELLECTB, MbllbsAKa U LMHKA, 0bpasyto-
LLUMXCs Npy paboTe NPOKanoYHON Neym n BernbL-neymn

HAOT 39. YMmeHblueHne BbIGPOCOB B3BELLUEHHbIX BELLECTB, MbllbsKa U LUUHKA, 06pasyto-
Lmxcs npy paboTe NOMOIBLHOIO KoMMsekca

HOT 40. CokpaweHre BbIOPOCOB B3BELUEHHbIX BELECTB W LUMHKA Npy NraBke, Nnermpo-
BaHUU N NNTbE LNHKOBbLIX CIINTKOB

HAOT 41. CokpalieHne BbiOGPOCOB B3BELUEHHbIX BELLECTB U LMHKA MNpu Npou3BOACTBE
LIMHKOBOW MbINn

HAOT 42. CokpalueHue BbibpocoB SO2 OT NUpoMeTansyprmyeckmux npoLeccoB Npon3Boa-
CTBa UMHKA, 32 UCKINIOYEHUEM TeX, KOTOpble HanpaBnstoTCA Ha CEPHOKUCIOTHYIO YCTaHOBKY

HAT 43. CHuxeHue BbIGpOCOB SOz2: HanpasneHue OTXOAALLNX rasos
(c npenBapuTENBHOM OYUCTKOM OT B3BELLEHHbIX BELLIECTB) HA YCTAHOBKM MO NPON3BOACTBY Cep-
HOW KUCMOTbI UIN OPYrMX aHanorM4HbIX NpoayKToB.

HAOT 44. YMeHblUueHNe HeopraHn3oBaHHbIX BbIOPOCOB, 0OpasytoLLMXCs NpU NPOMbIBKE,
pasaeneHun TBepablX M XXUOKUX OPaKLMM U O4UCTKE

HAOT 45. YMeHblueHe HeopraHM30BaHHbIX BbIOPOCOB NapoB, 0Opa3yrLMXCS NPy dreK-
Tponuse

HAOT 46. YMmeHblueHne BbIGPOCOB a3po30Nsa COeQMHEHMIN UpHKa, OBpasylolmxcs npuv

npoun3BoACTBe CyrbgaTa LmHKa
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HAT 47. CokpalueHne notpebneHus Boabl Npy nepepaboTke BesbL-OKUCH

HAT 48. CokpalueHne obpasoBaHmsi CTOYHbIX BOA MPY NNaBke U NUTbE LIMHKOBBLIX CINT-
KOB

HOT 49. lNpepoTBpalleHne 3arpsa3HeHNS NOYBbI U IPYHTOBLIX BOZ,

HAT 50. CokpalueHne notpebneHus Bogbl M NpefoTBpalleHns obpasoBaHNSA CTOYHbIX
BOA

HAT 51. CokpaweHne o6bemoB 06pa3oBaHNs 0TXOA0B, NpeAHa3HaYEeHHbIX AN KOHeY-
HOW yTUnM3aumm

HAOT 52. CokpalueHrne 06beMOB 0TX040B, 00pPa3yHLMXCS NPU SINTbE LIMHKOBLIX CIIMTKOB
N HanNpaBNAEMbIX Ha KOHEYHYHO YTUNM3aLUMIo

HAOT 53. ObpaboTka O0TX040B BbiWENAaYMBaHNS C Lienblo obecnedeHns nx npurogHocTum
ANsi KOHEYHOW YyTUIn3aumm

B.4 HOT ansa npon3sBoAacTBa KagMuUA

HAT 54. CokpalleHne HeopraHM3oBaHHbIX BbIBPOCOB B aTmocdepy

HAOT 55. CokpalleHne BbIOPOCOB B3BELUEHHbIX BELLECTB U MeTansoB, 0bpasyloLumxcs
npy NMPOMETanypruyeckom nonyvyeHnn Kaamums, nraske, ermpoBaHUM U OTIIMBKE KaaMUEBbIX
CNUTKOB

HAT 56. CokpaleHne ob6bemoB 06pa3oBaHMs OTXOO0B rMApPOMETanypru4eckoro npo-

M3BOACTBa KaaMua, npeagHa3Ha4YeHHbIX ans KOHEYHOW yTnnmsaumm
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MpunoxeHue I'

AHeproacppekTMBHOCTb

1 Kpatkas xapaktepucTuka OTpacfiu C TOYKM 3pPEeHUsi pecypco- U

3HepronoTpeb6neHns

Bonpochkl ncnonb3osBaHnsa aHeprum npu oueHke HOT B uBeTHOM MeTannyprun B Lernom
MU Npu NPOU3BOACTBE CBMHLUA U LMHKA B YAaCTHOCTU UMEIOT CyLLEeCTBEHHOe 3HadeHue. Tak,
Hanpumep, cyllecTBeHHas Aons B obwemM nNpons3BOACTBE CBMHLUA obecneynmBaeTcsa 3a cyeT
BTOPUYHBIX pecypcoB. [MOCKONbKY yaerbHble NpsiMble BbIOPOCHI NMaBUIbHbLIX 3aBOAOB, Nepe-
pabaTbiBalOLLMX NIOM, B 3 pa3a Hmxe, YeM BblOpOoChl NnaBuibHbIX 3aBOA0B, paboTatlowmx Ha
NepPBUYHOM CbipbEe, M3rOTOBIIEHNE CBMHLA M3 BTOPUYHBIX MaTtepuanoB UCKMO4YaeT BbIOpPOCHI
DECATKN ThICAY TOHH 3arpssHaowmx sewects n CO-.

OCHOBHbIM METOAOM MOBbLILLEHNA 3HEPro3adPEKTUBHOCTUN SBMSETCS UCMNONb30BaHME
CUCTEM 3HEepromMeHemKMeHTa, OnucaHHbIX B MexayHapogHoMm crtaHgapTe SO 50001 wvnu

HaumoHanbHoMm ctaHgapte FOCT P MCO 50001.

.2 OCHOBHbIE TEXHONIOrM4YecKune npouecchbli, cBA3aHHbIe C UCNoJib3OBaHUeM

3Heprum

YTunusaums aHeprum 1 Tenmna LWMPOKO NpUMEHSIETCS Npy NpomM3BOACTBeE cBuHUA. [Mn-
pomMeTannypruiyeckue npoueccbl obxura, arnoMmepauun nnaBkM OObIYHO COMPOBOXAAKOTCSA
WHTEHCMBHbIM BblAENEHNEM Tenna, coaepXallerocs, B YaCTHOCTU, B oTXogsawmx rasax. lo-
3TOMY AN18 yTUnmnsauum Tenna Ucnonb3yrTCa pereHepaTuBHbIE U peKkyrnepaTuBHbIE roOperiku,
TENnooBbMEHHNKN 1 KOTAbI. ap nnn anekTpoaHeprna MoryT BbipabaTbiBaTbCs Ha 3aBOAE Kak
Ans cobCcTBEHHOrO UCNOMb30BaHUSA, Tak U ANsa BHELWHUX noTpebutenen, Hanpumep ans my-
HUUMNanbHbIX CUCTEM OTOMMEHUS, N ANA NOAOrpeBa maTepuanoB unu razoobpasHoro Tor-
nuBa. TexHonornm, NnpuMeHseMble Ana pekynepaumm Tenna Ha pasnuyHbix obbekTax, MoryT
CYLEeCTBEHHO pasnuyaTbCs. VX xapakTepuCTUKN 3aBUCAT OT LIENoro psiga paktopos, Takmx
Kak akcepretundeckun KI1[, BO3MOXHble HarnpaBfeHUs WUCMNONb30BaHUS Tenma MU 3NeKkTpo-
3HEeprun Ha NpommnsoLlagke unm psagom ¢ Hen, macwrtaba Npon3BoaCcTBa M CNOCOBHOCTH ra-
30B UM COAEPXaLUMXCS B HMX KOMMOHEHTOB OTKMagblBaTbCA UNKN ocaxaaTbCs B Tennoob-

MeHHUKax.
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Hwxe npueeaeHbl NpyMepbl METOA0B, KOTOPblE MOTYT ObiTb MCMOMb30BaHbl ANa nNpu-
MEHSIEMbIX TEXHOMOMMYECKNUX NPOLECCOB NPOM3BOACTBA CBUHLA.

"opsiumne rasbl, ob6pasytowmecs npy nnaeBke unu obxure CynbuUaHbIX pya, NOYTK BCe-
roa NpoxoasaT Yepes napoBble KOTSbl. [onyyaemMbli nap MOXeT UCNONb30BaTbhCA A9 NPOU3-
BOACTBA 9NEKTPO3HEPIrMM Unu ans otonneHus. NomMnumo reHepaumm aneKkTpoaHeprum, nap
ncrnonb3yeTcs B MNpouecce CYLWKM KOHLEeHTpaTa, a OCTaTo4YHOoe Tenno ucnonb3yeTcs And
npenBapuTenbHOro Nnogorpesa Bo3ayxa, NoCTynaroLwero Ans nogaepXaHus ropeHuns.

[pyrne nupomeTtannypruyeckme npoLecchl Takke UMEKT SPKO BblpaXKEHHbIN 3K30Tep-
MUYECKNA XapaKTep, OCOBEHHO MpWU MCMNONb30BaHUN AyTbHA, 0OOralleHHOro KUCNopoAOM.
MHorve npouecchbl UCNONb3YyT M3ObLITOK Tenna, KOTOPbIA Ha 3Tanax obXxura unu nNnNaBkK UC-
nonb3yeTcsa AN NnaBku BTOPUYHOTO Cbipbs (1oma). B aTom cnyvae nom ncnonb3yetcsa ans
CHXXEeHUs TemnepaTypbl NpoLecca, NpU4emM cocTaB SioMa TLaTesNlbHO KOHTPONMpPYyeTCS.

Mcnonb3oBaHue B ropenkax oboralleHHOro KUCrnopoaomM Bo3gyxa unm Kucnopoga co-
KpawaeTt notpebneHne aHeprum 3a CYET BO3MOXHOCTU aBTOM€HHOW MIaBKM MW MOJSIHOMO
cropaHus yrnepoaHbix matepuanoB. O6beMbl OTXOAALLMX ra30B CYLLECTBEHHO COKpaLLaoT-
CS1, YTO NO3BONSET NPUMEHATb BEHTUNATOPbLI MEHbBLUMX Ppa3MepoB 1 T. M.

MaTepuran yTepoBKM NeYn MOXET TaKKe BNUATb Ha SHepreTudecknuin 6anaHc nnasku.
MmetoTca gaHHbIe O NONOXUTENBbHOM 3EKTE NPUMEHEHNSA NETKMX OrHEYNOPHbLIX MaTepua-
NOB, CHWXalOLWMX TENOoNpPOBOAHOCTL U HArpeB NPOM3BOACTBEHHOrO nomelyeHus. Mpu aTom
HeobxoaumMo cbanaHcMpoBaTb NofyvYaemble OT 3TOro BbIroAbl CO CPOKOM Cry0Obl dyTepoB-
KW, MH(punbTpaunen metannos B PyTEPOBKY.

PasgenbHasa cyuka KOHUEHTPaTOB M BTOPUYHOIO Cbipbs MPU HU3KMX TemnepaTypax
COKpalllaeT noTpedbHOCTb B SHEPrnn. ATO CBA3AHO C 0O6bEMOM 3Heprun, Heobxoammon ans
neperpesa napa B MnaBWUibHOW MeYu, U 3HAYNTENbHbIM yBennyeHnem obuiero obvema rasa
npu npoussoacTee napa. bonbwnin o6bem rasa yBennyunBaeT KONIMYeCTBO Tensna, OTBOANMO-
ro n3 neyu, U, cnegoBaTenbHO, pa3mMep BEHTUNASATOpa, Heobxoammoro ansa paboTbl ¢ yBenu-
YeHHbIM 06BbeMOM rasa. B HekoTopbIX cnyvasx cyllka MoxeT 6biTb 06ycrnosneHa Heobxoau-
MOCTbIO NogaepXaHUst MUHUMarbHOrO YPOBHSA BAAXXHOCTWU ANs NpeaoTBpaLLeHns BolbpocoB
NbINn 1 (M) camoBO3ropaHus.

[Mpon3BOACTBO CEPHOM KUCIOThI M3 ANOKCUAa cepbl, 0bpasytolleroca Ha ctagusax ob-
Xura n nnaBKu, — 3K30TEPMUYECKUI MPOLIECC, BKMOYAOLNIN HECKOSTbKO CTaaun oxnaxaeHns
rasa. Tenno, HakannMBaemoe B rase npu obxure 1 nnaBke, a Takke TeNso, cogepxalleecs B
Npoun3BeeHHON KMCOTe, MOXET BbITb MCNOMbL30BaHO A4S NPOM3BOACTBA Napa u (unum) ropsi-

yen Boabl.
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Tenno yTunuanpyeTcsa nytemM UCMNONb30BaHUS rOPSYMX ra3oB CO CTaguin nraBku Ans
CYLLKW W NpeaBapuTeNnbHOro noforpeBa WMXTbl. AHANOrM4YHbiM 06pas3omM TOMMMBHbLIA ra3 u
nogaBaemMbl A4S NogAepXKaHMa ropeHnsa Bo3gyx MoryT 6biTb npeasBapuTensHO NOAOrPeThI,
UM B NneYn MoxeT ObiTb UCMONb30BaHa pekynepaumoHHasa ropesnka. TepMoaddekTUBHOCTb
B 3TMX Cry4asax NoBbILIAETCS.

BaxHbIM MeTOLOM SIBMSETCA OXNaxaeHne OTXo4sLWMX ra3oB nepen nogaden B pykas-
HbIi PUNbTP, MNOCKONbKY OHO obecneynBaeT TeMnepaTypHyo 3aWwuTy punbTpa u gonyckaeT
bonee WMPOKMIA BLIDOP MaTepuanoB A9 €ro U3rotoBneHnd. B HEKOTOpPbIX Criydasix Ha 3Tou
cTaguu BO3MOXHa yTunuaaums tenna.

O6pasytowascs npyM BOCCTAHOBUTENbHOW MMaBKU B LUAXTHOW MEeYn OKUCb yrrepopa
yNaBfiMBaeTCA U CKUraeTCa B KadeCTBe TOMMMBa B HECKOSbKMX PasfnyHbIX npoueccax unuv
ncnonb3yeTcs Ang Npou3BOACTBa napa, Hanpumep A8 MeCTHOro OTOMMEHUs, a Takke Ha
apyrue aHepretTnyeckmne Hyxabl. CO MoXeT o6pa3oBbiBaTbCA B CyLLECTBEHHbBIX 00bemax, n
MOXHO NPUBECTWU LENbIA psg NpUMepoB, korga Gonblias 4YacTb 3HEpPrum, MUCNonb3yemomn
yCTaHOBKOW, Npon3BoauTcsa Ha ocHoBe CO, ynaBnnBaemMoro B 3N1eKTPOAYroBou rneyu.

3HauMTENbHYIO 3KOHOMUIO IHEPrUK Takke obecnevmBaeT BTOPUYHOE MCMNOSIb30BaHMNE
3arpsi3HEHHbIX OTXOASALUMX ra30B B KUCIOPOAHO-TOMMMBHOW ropenke. 'openka mncnonb3yet
OCTaTOYHOE TEenso rasa, 3HepPrv coaepXallnxcs B HeEM Npumecen U paspyluaeTt nocrea-
Hune. C NOMOLLbIO 9TOro Npouecca MOXHO TakKe COKpaTUTb BbIOPOCHI OKCMAOB a3oTa.

YacTo npakTukyeTcsi ICNonb3oBaHWe Tensna ra3oB Unu napa Ans yBenuyeHus temne-
paTypbl BbilenavymBaloLLmx pacTtBOpPOB. B HEKOTOPbLIX Criydyasix 4YacTb ra3oBOro NoToka MoXeT
OTBOAUTBLCA Ha ckpybbep Ana otaaum Tenna B BoAy, KOTopasa 3aTeM MCNonb3yeTcs Ang ue-
nen BblwenaymBaHus. OxnaxaeHHbI ra3 3aTeM BO3BpallaeTCs B OCHOBHOM MOTOK And
JanbHeuLwen O4YNCTKN.

B oTgoenbHbIX cnyyasix BO BpeMsi nepennasku 6aTtaperHoro fioma roprounmn nnactmk
BHOCUT CBOW BKNaj B 3HEPruio, Kotopasi UCMNonb3yeTca B Mnpouecce nraBku U COKpallaeT
o6bemM HeobxoaNMMOro CKonaemoro TonmnBea.

MpenmyllecTsa NpenBapuTenbHOro HarpeBa BO3a4yxa, NodaBaemoro Ans nogaepxa-
HUA TOpeHusi, NOATBEPXAEHbl MHOrMMW LOKYMeHTamu. Ecnmn BO3gyx nogorpeBaeTcsa Ha
400 C, pocTt TemnepaTypbl nnameHu coctaengeT 200 C, a ecnv npegBapuTenbHbIN NOAOrPEB
coctasnseT 500 C, TemnepaTypa nnameHu pactet Ha 300 °C. Takoe yBenuyeHue Temnepa-
Typbl NnameHn obecneymBaeT 6onee BbICOKYH 3EEKTUBHOCTb MMaBKN M COKpaLleHue Mno-
TpebneHus aHeprun. MIMetoTca cBeageHns 0 pereHepaTMBHbIX roperikax, NogorpeBatoLmnx no-
AaBaembli Bo3ayx Ao 900 C, 4to cokpallaeT notpebneHne aHeprun Ha 70 %. OTO0T meToq

XOpOoLUO OCBOEH, U ,EI,OCTI/IFHyTbII7I CPOK OKynaeMoCTUh coCTtaBlideT MeHee O4HOro roga.
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Bo MHormx obctoaTenbcTBax npeaBapuTenibHas cyllka cbipbs obecneymBaeT 3Hepro-
cbepexeHne, NOTOMY 4TO CKpbITOE TEnmno, akkymynupyemoe B obpasywlemcs nape,
He TepseTcs, KpoMe Toro, yMeHbluaeTca o6bem rasos, CrieaoBaTesibHO, BEHTUNATOPbLI U ra-
3004UCTKN TOXE MOrYT OblTb MEHLLUMMW MO pasmepy U NoTpebnsaTb MeHbLle 3Heprun. [ops-
Yyne rasbl, ynaBnuBaemble Hag NUTENHbIMUM Xernobamn, MOryT UCnonb3oBaTbCa ANg nogaep-
XXaHUs ropeHus.

BTopnyHoe ucnonb3oBaHWe Tenna u SHeprnn — HECOMHEHHO, BaXKHbIW dhakTop Ans
npeanpusaTUiA LBETHOW MeTannyprum, oTpaxarlowmin BbICOKYIO O aHeprosatpaT B cebe-
ctoumocTn. MHorme MeToabl BTOPUYHOMO UCMOMb30BAHUSA SHEPIMU OTHOCUTENbHO Nerku Ans
NPUMEHEHNA NPU MOAEPHU3aLMM CYLLLECTBYIOLWNX NPOU3BOACTB, O4HAKO WMHOrga MoryT BO3-
HUKaTb Npobnembl, CBA3aHHbIE C OTMIOXKEHWEM MeTannoB B TennoobmeHHukax. MMoatomy B
OCHOBE Ka4yeCTBEHHOIo NPOEKTUPOBaHUSA AOMKHbI NexaTb JOCTOBEPHble 3HaHWS O Bblbpachl-
BaeMbIX KOMMOHEHTaxX U X NoBedeHUU Npu pasnuyHbliX TemnepaTypax. [Ons nogaepxaHus
BbICOKOM TEPMO3(P(PEKTUBHOCTN TaKKe UCMONb3YOTCA CUCTEMbI OYUCTKN TENI00OMEHHUNKOB.

[MockonbKky 3T MeToAbl 3KOHOMUU ABMNAOTCA MPpUMEepaMm SKOHOMUU Ha OTAEerbHbIX
KOMMOHEHTax YCTAHOBOK, WX NMPUMEHEHUe N 3IKOHOMUYeckas 3PPEKTUBHOCTb 3aBUCHAT OT
cneumuyeckmx yCrioBUN KOHKPETHOM MPOMbILLIIEHHOM NNOLWAaAKMU U TEXHONOIMYECKoro npo-

uecca.
.3 YpoBHM noTpebneHus

MHdopmaumsa o6 ypoBHSX NoTpebneHnsa cobipbsi, MaTtepmnanoB N SHEPropecypcoB npu
NPoOn3BOACTBE LUMHKa npmBeaeHa B pasgene 3.1.1 cnpasoyHuka HOT (cm. tabnuubl 3.1 —
3.9).

MHdopmaumsa o6 ypoBHSX NOoTpebneHnsa cobipbsi, MaTtepmnanoB N SHEPropecypcoB npu
NPOM3BOACTBE CBMHLA npuBedeHa B pasgenax 3.2 u 3.2.1 cnpaBoyHuka HOT (cm. Tabnuubl
3.21 - 3.25).

r4a Havmyqume AOCTYMNHbIe TexXHONormn, HanpasJfieHHble Ha noBbIllWeHne

3HeproadppeKTUBHOCTU N ONTUMU3ALIMIO U COKpaLLeHue pecypconoTpebneHus

Hauny4wve goctynHble TexHomnormm ans NnpouM3BoAcTBa CBMHLA, OfloBa, LUMHKa U Kaa-
MUS, HanpaBlEeHHbIE HA NOBbILLIEHNE 3HEPrO3ahPEKTUBHOCTU U ONTUMU3ALMIO U COKpaLLEHME
pecypconotpebneHus, npuBeaeHsl B pasgene 5: HAT 2, HOT 30, HOT 31, HAT 32, HAT 33,
HOT 34, HOT 47, HAOT 51, HAOT 52, HAOT 53, HOT 56.
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.5 9koHoMUMYeckue acnekTbl peanusauum HOT, HanpaBneHHbIe Ha NOBbILWLEHNE

3HeproadppeKTMBHOCTU N ONTUMU3ALIMIO U COKpaLLeHue pecypconoTpebneHus

CobCTBEHHbBIN 3KOHOMWYECKUI MOTeHUMan MpUpOAOOXPAHHbBIX MEepPONPUATUA, TakuX
Kak, Hanpumep, BHeAPEHWE ManoOTXOAHbIX TEXHOMOrM, MpoM3BOACTBO MNOBGOYHON
npoaykumm mn  (unn)  NonesHoe  UCnonb3oBaHMe  0bpasylwmuxcd B OCHOBHOM
NPOun3BOACTBEHHOM MpoOLEcCe OTXOAOB B POCCUMCKUX YCHOBUSAX criedyeT npu3HaTb cKopee
He3HauuTernbHbiM. C OOQHOW CTOPOHbLI, NPUPOAOOXPAHHBIE TEXHOMOMMN BO MHOMMX Cry4vasix
XapaKTepU3ylOTCA  BbICOKOW  3HEProeMKOCTblo, a noggepxaHve obopyaoBaHus B
PYHKUMOHANBHOM COCTOSIHUM TpebyeT perynsipHbiX 3aTpaT Ha pacxogHble Martepuarnbl U
KOMMNNEKTYOWMNEe W  WHbIX 3KCNIyaTauMOHHbIX 3aTpaT; B HEKOTOPbIX Cchnyyasax npwu
Npon3BoACTBE NOBOYHOM NPOAYKLMU, HAaNpUMep, TakOW Kak cepHas KMCNoTa, 3Ha4YnTernbHble
N30EpPXKN MOryT BO3HMKATb U B CBSA3M C HEOOXOOMMOCTBIO XPaHEHWA U TPaHCNOPTUPOBKK
arpeccuBHoro BeulectBa. C Opyrod CTOPOHbl, HU3KasA E€MKOCTb POCCUMCKUX PbIHKOB He
obecneuynBaeT [OCTATOMHOrO Crnpoca Ans  BbiBoga «MNOBOYHbIX» MPOM3BOACTB Ha
3KOHOMMYECKN IPPEKTUBHBLIN YPOBEHb W HE CMOXEeT rapaHTUpoBaTb YCTOMYMBOE
notpebneHne nNpoaykunMnm BHOBb BBOAMMBLIX NMPOU3BOACTBEHHbLIX MOLLHOCTENW, a noTeHuman
BbIXO4A Ha BHELUHME PbIHKA OrpaHMYeH M ManonepcrneKkTMBeH C 9KOHOMUYECKOW TOYKM

3peHus.

Takum obpasom, HanbonbLMM MOTEHUMANOM C TOYKM 3pEeHUA BO3MELLEeHUda 3aTpar,
NOHECEHHbIX B CBA3M C BHEOPEHMEM HaA NPeanpusTAM HOBbIX MPUPOOOOXPAHHBIX METOO0B U
TexXHoMormm, obnagarT KOMNIIEKCHbIE Mepbl, YBA3bIBAIOLLME IKONOrMYECKY0 MOAEPHM3ALMIO
npomn3BoacTBa C NepeHacTpPOMKOM NPOU3BOACTBEHHOrO Mpouecca B LEeoM, onTMMusauuen
OTAENbHbIX €ro 3BEHBEB U paclumpeHmem o6bLeMOB NPON3BOACTBA. B aTOM crniyyae BbiCcOokMe
HadanbHble 3aTpaTbl HAa BHEOPEHWE WHTErPUPOBAHHbLIX B MNPOU3BOACTBEHHbLIA MpPOLECC
NPUPOOOOXPAHHbIX MEP U TEXHOMOrMM MOryT ObiTb B KOHEYHOM CYETE BO3MELLEHbI 3a CYeT
yBenuyeHns o6 bemoB nNpom3BoANMON NPOAYKLUUKN, NOBbIWEHUS 3EEKTUBHOCTU U CHUXKEHNS
yOenbHbIX  3KCnnyaTauuMoHHbIX  pacxogoB. OpgHako Ha  npaktnke  obocobneHue
«3KONOIMYECKOM COCTaBNANLWEN» B pamMKax TaKMX «BCTPOEHHbIX» B TEXHONOMMYEeCKUN
npouecc MepornpusaTMU Ha OHe ApYrux KanuTanbHbIX W 3KCNyaTauMOHHbIX pacxogoB

npeacTaBnaeT coboi AOCTAaTOYHO CIOXHYI0 3aady.
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