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BBeneHue

MHOopMaLMOHHO-TEXHUYECKNIA CPABOYHMK NO HaWUMy4ywM AOCTYMNHbIM TEXHONOMMAM
(nanee — cnpaBoyHuk HAT) «[pou3BoacTtBO Hukensa wn kobanbTa» paspabotaH Ha
OCHOBaHMM aHanui3a pacnpocTpaHeHHblx B Poccunckon degepauum M nNepcrnekTUBHbIX
TexHomnorn, obopyaoBaHusA, Cbipbs, APYrMX PEecypcoB C  YY4ETOM  KIUMaTUYECKUX,
9KOHOMMYECKMX U coumanbHbiX ocobeHHocTen Poccuiickon ®egepauuu.

B cooTtBeTcTBMM C nonoxeHnamu ®enepansHoro 3akoHa oT 10 aHBapsa 2002 r. Ne 7
®3 «O6 oxpaHe oOkpyxatwen cpegbl» [1] 0ObekTbl, OKasbiBalOLME BO3LEWCTBME Ha
OKpy>aloLlyto cpefly, NoApasaensaTcsa Ha YeTblpe kaTeropun. NMpom3BoaCcTBO LMHKA, CBMHLA
N KagMusa BKIHOYEHO B | KaTeropmto M OTHECEHO K obnactaM nNpuUMEeHeHUs Haunyywux 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
HeobxoouMMmble  npegynpeauTernbHble  Mepbl, HanpasrfieHHble Ha npedoTBpaleHune
3arpsisHeHNs OKpyXarLen cpeibl 1 pauuoHanbHOe MUCMNoSib30BaHUe pecypcoB, B YAaCTHOCTU
nocpeactsoMm BHeapeHus HIOT, koTopble AalT BO3MOXHOCTb 00ecneuvnTb BbIMOSIHEHUE
aKonornyeckmnx TpeboBaHmn.

TepMUH «Haunyywmne JOCTYMNHbIE TEXHONOMMU» onpegerneH B ctatee 1 ®efeparnbHOro
3akoHa Ne 7 @3 [1], cornacHo koTtopomy HOT — 37O TexHonorna Npon3BoacTBa NpoayKumm
(ToBapoB), BbINoNHeHUs paboT, OkasaHusA ycnyr, onpegensemas Ha OCHOBE COBPEMEHHbIX
OOCTWXKEHUN HAaYKU U TEXHUKM U HaWUNy4dLero coYeTaHus KpUTepueB AOCTUKEHUSA OXpaHbl
OKpy>atoLen cpeibl NpU YCNoBUU Hanmyns TEXHUYECKON BO3MOXHOCTUN ee NPUMEHEHNS.

CtpykTypa HacTtosiwero cnpasovHuka HOT cootBetctByeT NMHCT 21—2014 [2], doop-
mMaTt onncaHusa TexHonormm — NMHCT 23—2014 [3], TepMWUHbI NpuBEAEHbI B COOTBETCTBUU C
MHCT 22—2014 [4].
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KpaTtkoe coaepxaHme cnpaBo4HUKa

BBepeHue. [peacraBneHo kpaTkoe cogepkaHue cnpasoyvHuka HAOT.

Mpeancnosume. YkasaHbl Luenb paspaboTku cnpasovHunka HOT, ero craTtyc, 3akoHoaa-
TEeNbHbIN KOHTEKCT, KpaTKoe onncaHne npoueaypbl co3gaHnsa B COOTBETCTBUN C YCTAHOBIEH-
HbIM MOPSAKOM, a TaKKe B3aMMOCBSA3b C aHaNOM4YHbIMU MeXAyHapo4HbIMU JOKYMEHTaMN.

O6nactb npumMeHeHuA. OnncaHbl OCHOBHbIE BUAObI OEATENBHOCTU, HA KOTOpbIE pac-
npocTpaHsaeTcsa aencTene crnpasoyHuka HOT.

B paspgene 1 npegcrasneHa nHgopmaumsa 0 MMPOBOM COCTOSIHUM U YPOBHE pas3BUTUSA
HUKeNb-KO6anNbLTOBOW MPOMBbILLNIEHHOCTN — OCHOBHbIX MPON3BOAUTENSX U NOTPEbUTENaX HU-
Kena n kobanbTa, pyaHon 6ase, npuMeHsieMblX NpU NPOU3BOACTBE TEXHOMOIMYECKMX Mpo-
ueccax, kKa4ecTse TOBapHOW NPOaYKLUNN.

B pasgene 2 npefncrasrneHbl CBeAEHUS O TEXHOMOMMYecKux rnpoueccax, npumeHse-
MbIX MpWY NPOU3BOLCTBE HUKENSA U KOBanbTa U3 pya M KOHUEHTpAaTOB, AaHa oueHKa noTped-
NEeHNa 3HepPropecypcoB U YPOBHEN 3MUCCUIN B OKPYXaIOLLYO cpefdy, XapakTepHbIX Ans Mpo-
n3BOACTBA HMKeNs n kobanbTa B Poccuickon degepaumn.

Pasgen nogrotoBneH Ha OCHOBE AaHHbIX, NMPeaCTaBleHHbIX NpeanpuaTtnamm Poccum-
ckon depepaumm B paMmkax paspaboTku cnpasodyHuka HOT, a Takke pasnuyHbiX nutepatyp-
HbIX NICTOYHUKOB.

B pasgene 3 onncaHbl 0COGEHHOCTN NOAXOAO0B, MPUMEHEHHLIX Npu pa3paboTke OaH-
Horo cnpaBoyHuka HAOT u B uenom cooteseTcTBYOWMX [NpaBunam onpeneneHnss TexXHonornm
B KayecTBe Haumnyylen OOCTYMHOW TEXHONorMu, a Takke paspaboTku, akTyanusauun wm
ony6nmMkoBaHNa MHPOPMALMOHHO-TEXHUYECKNX CNPAaBOYHUKOB MO HaWUyYLWMM OOCTYMHbIM
TexHosornam (yTBepxdeHbl noctaHoBneHuem [lpasutenbctBa Poccunckon depepauumm ot
23 pekabpsa 2014 r. Ne 1458) n Metoan4ecknm pekoMeHgaumsam no onpeneneHmnto TEXHOMNOo-
MK B Ka4eCTBe Haumyulen JOCTYNHON TexHonormm (yTBepxaeHbl npukasoMm MuHuctepcTBa
NPOMbILWIIEHHOCTN K Toproenu Poccuinckon ®eagepaunmm ot 31 mapta 2015 r. Ne 665).

B pasgene 4 npuBegeHo kpaTtkoe onucanHve HOT gna npomsBoacTBa HUKENS U KO-
BanbTa, BKMAYas:

- CUCTEMbl 3KONOMMYEeCcKOro N 3HepreTM4eckoro MeHemKMeHTa, KOHTPONA U MOHWUTO-
pyHra TeXHOTOrM4YEeCKMX NPOLIECCOB,;

- TEXHUYECKME U TEXHOSIOINMYECKME peLLEHNS ONA NOBbILLEHNA 9HEProadddPEKTUBHOCTN,
pecypcochepexeHns, CHMKEHNA 3MUCCUIN 3arpA3HAIOLLINX BeLwecTB, MeToabl obpalleHnsa ¢

oTxogamu 1 NoBOYHbIMMK npoaykramum npon3BoacTBa.

Vv
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B paspene 5 npuBegeHbl JOCTYNHbIE CBeAeHUs 06 9KOHOMMYECKUX acnekTax peanu-
3auum HOT Ha npegnpusatnax Poccuickon ®eaepaunn.

B paspene 6 npvBeaeHbl KpaTkMe cBedeHUS O HOBbIX TEXHONOMMYECKUX U TeXHU4Ye-
CKMX pelueHusix (He npumMeHsiembiXx B PoccMmM Ha MOMEHT noarotoBku cnpaBoyvHuka HAT),
HanpaBfeHHbIX Ha MNOBbIWEHNe 3JHepProddPEKTUBHOCTN, pecypcochepexxeHns, CHUXEHue
3MUCCUN 3arps3HALLNX BewecTB, ahdeKkTnBHOE obpalleHne ¢ oTxogamum, NPOMEXYTOYHbI-
MM 1 NOBOYHBIMWN NPOAYKTaAMM.

3aknounTenbHble MONOXEeHUs U peKkomeHaauuun. NprBeaeHbl CBegeHUsA O YreHax
TeXHU4eckon paboden rpynnbl, NPUHUMABLLMX y4yacTue B paspaboTke cnpasodHuka HOT, n
pekoMeHJauuu npegnpuatuamM no ganbHenwWwuM UCCefoBaHNAM 3KOSTOrMYeCcKUxX acrnekToB
X OeATENbHOCTMW.

Bubnuorpadwma. NpnBegeH nepevYeHb MCTOYHMKOB MHGOPMAaLUK, UCMOSb30BaHHbIX

npu paspaboTtke cnpasoyvHmka HAT.

Vi
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MpeaucnoBue

Llenun, oCHOBHblE NPUHLMMBLI U NOPSAOK pa3paboTku cnpaBovHuka HOT ycTaHOBMEHbI
noctaHoBneHvem [NpasutensctBa Poccuiickon Pepepaumm ot 23 gekabpsa 2014 r. Ne 1458
«O nopsagke onpeneneHns TEXHOMNOMMU B KavyecTBe Haumnydlwen OOCTYNHOW TexXHonoruu, a
TaKke pa3paboTku, akTyanusauum n onybrnmkoBaHUA WMH(OPMAaLNOHHO-TEXHUYECKMX Crnpa-

BOYHMKOB MO Hauny4vywimm OAOCTYMNHbIM TEXHOJTOTUAM>,

1 CtaTtyc AOKyMeHTa

HacTtoswuin cnpasovHuk HOT siBnsieTca 4OKYMEHTOM Mo CTaHgapTusauuu.

2 Pa3paboTumk

CnpaBoyHnk HOT paspaboTtaH TexHudeckon paboden rpynnon «MponsBoacTBO HUKe-
na u kobanbTta» (TPl 12), cosgaHHon npuka3om PocctangapTta oT 4 mapta 2016 r. Ne 240
«O cosgaHun TexHuyeckon pabouyen rpynnbl «[1pon3BoAcTBO HMKENA n kobanbTax». lNepe-
YeHb OpraHM3auum N ux NnpeacTaBuTenen, NPUHMMaBLLMX y4acTue B pas3paboTke cnpaBoOYHM-
ka HOT, npuBeaeH B pasgene «3akounTeNbHbIE MNOMOXEHUS 1 peKOMeHaauum».,

CnpaBoyHnk HOT npeacrtaBneH Ha yTBepXaeHne Bopo Hamnyudwmx AOCTYMHbIX TeX-

Honorun (ganee — bropo HOT) (www. burondt. ru).

3 Kpatkasa xapaktepucTuka

CnpaBoyHnk HOT cooepXuT onucaHwe npuMeHsieMbiX Mpyv NPpOu3BOACTBE HUKENHA U
kobanbTa TEXHONOMMYECKNX NpoLEeccoB, 060pyAOBaHUS, TEXHUYECKMX cnocoboB, MeToa0B, B
TOM 4UCre NO3BOMSAOWMX CHU3UTb AMUCCUN B OKPYXKaIOLLYHO cpely, COKpaTuTb BOo4ONOTpe6-
neHne, NoBbICUTb IHEProaPPeKTUBHOCTbL, 0BecneYnTb 3KOHOMUIO pecypcoB. M3 uncna onu-
CaHHbIX TEXHOMOrMYecknx NPoLEecCcoB, TEXHUYECKMX CNOCOBOB, METOOOB BblAENEHbl peLue-
HWUS, OTHECEHHbIE K Hauny4dwmm JocTynHbiM TexHonornam (HOT). B cnpaBoyHnke HOT ycTa-

HOBJ1EHbI TEXHOJIOTNM4YECKME NnokKa3aTtesin, COOTBETCTBYOLLNE BblAEJIEHHbIM HOT.

4 B3auMmocBA3b C MeXAYHapOAHbIMU, permMoHanbHbIMU aHanoramm

CnpaoyHnk HOT pa3paboTtaH Ha ocHoBe cnpaBo4HMKa EBponenckoro cotosa (EC) no
Hauny4wmm OOCTYMNHbIM TEXHOMNOMMAM ANA nNpeanpuaTun useTHon metannyprum (Best Avail-
able Techniques (BAT) Reference Document for the Non-Ferrous Metals Industries) ¢ y4ye-

TOM 0cOOEeHHOCTEeN NPON3BOACTBA HUKENS 1 Kobanbta B Poccunckon degepauum.

5 C60p AaHHbIX
MHdopmaumsa o TEXHONOMMYECKMX NpoLeccax, TeXHMYEeCKnx cnocobax, metogax, npu-
MeHsieMbIX NPY NPoM3BOACTBE HUMKens n kobanbTa B Poccuiickon ®egepaummn, bbina cobpa-

Ha B npouecce pa3paboTkm cnpasoyHmka HOT B cooTBeTcTBMM C Nopsiakom cbopa AaHHbIX,

VIl
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HeobxoanmbIX Ans pa3paboTkM MHEHOPMALMOHHO-TEXHUYECKOTO CMpaBOYHMKA MO Haunyud-
UMM OOCTYMHBbIM TEXHOMNOMMSIM U aHanu3a NpMopUTETHLIX NPOGemM oTpacnu, yTBepXKAeHHbIM

npukasom Pocctangapta ot 23 nona 2015 r. Ne 863.

6 B3anmocsssb ¢ apyrumu cnpaBoyHukamu HAOT
B3anmocssasb HacTosdwero cnpasoyHuka HOT ¢ apyrmmu cnpasoyHukamu HAOT, pas-
pabaTbiBaeMbiM/ B COOTBETCTBUMN C pacnopsikeHnem npasutenbctBa oT 31 oktsbps 2014 r.

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

7 UHdhbopmaumsa o6 yTBepXXaeHUU U BBeAEeHUU B AeUCTBUe

Hactosawun cnpaBoyHuk HOT yTBepxaeH npukasom PocctaHpapTta oT 15 agekabps
2016 r. Ne 1890.

Hactoawwun cnpasoyHuk HOT BBegoeH B gencteume ¢ 1 utona 2017 r., ocuuymansHo
ony6nvkoBaH B MHGPOPMALMOHHOM CMCTEME 00Lero nonb3oBaHns — Ha ouumanbHOM can-
Te depgepanbHOro areHTCTBa No TEXHUYECKOMY PErynMpoBaHMioO M meTpornormm B cetun UH-

TepHeT (WWw. gost. ru).

VIl
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MHO®OPMALMUOHHO-TEXHUYECKUUN CNPABOYHUK
no HAUMNYYWUM OOCTYMNHbIM TEXHONOIMMNAM

NMPOU3BOACTBO HUKENA U KOBAJIbTA

Production of nickel and cobalt

DaTta BBegeHua — 2017-07-01
OGnactb NnpuMeHeHUA

HacTtoswun cnpaBoyHuk HOT «[pon3BoacTBO HMKENS 1 KobanbTa» pacnpocTpaHseT-
Csl Ha npouecchbl NPON3BOACTBA NEPBUYHbBIX HUKENSA 1 kobanbTa, T. €. nofy4yaeMblx U3 pyaHo-
ro Cblpbsi.

CnpaBoyvHunk HOT Takke pacnpocTpaHAeTCs Ha MPOLECChl, CBA3AaHHblIE C OCHOBHbIMM
BMAAMU OEATENbHOCTM MO NMPOU3BOACTBY NEPBUYHBIX HUKENSA U KobanbTa, KOTopble MOryT OKa-
3aTb BAMsiHWE Ha 06bEeMbl AMUCCUIA N (UNN) MacLUTadbl 3arpA3HEHUST OKPYXKatoLen cpeapb:

- XpaHeHue, NoAroToBka U TPaHCNOPTUPOBKA ChIPbS;

- XpaHeHue 1 NnoaroToska ToNnMBa, MaTepuanoB, peareHToB 1 NPoaYyKUUN;

- MPOM3BOACTBEHHbIE MPOLECCHI (MMpOoMeTannypruieckme, rmapomeTannypruyeckue).

CnpaBoyHuk HOT He pacnpocTpaHsaeTca Ha:

- Ao6blvy 1 oboralieHne HUKENEBbIX N NONMMETANNIMYECKUX PYA HA MECTOPOXAEHUSIX;

- BONPOCHI, KOTOPbIE KacalTCs WUCKIYUTENBHO obecnedyeHnss npomblneHHon 6es-
OMacHOCTU UMW OXpaHbl Tpyaa.

Bonpockl obecnevyeHns NpoMbIWINeHHOM ©e30nacHOCTM M OXpaHbl Tpyga YacTU4HO
paccMaTpmuBaloTCA TOMbKO B TEX CryvasaX, Korda okasblBalT BNUSHUE Ha BUAbl OeATerNbHO-
CTM1, BKNIOYEHHbIE B 06NacTb NpUMEHEHNa HacToswero cnpasovHmka HAT.

[ononHutenbHble BUAbI AeATENBHOCTU NPY NPOU3BOACTBE HUKENA U KobanbTa, a Tak-
Xe cooTBeTcTBylOWMe UM cnpaBovHmkn HOT (HasBaHua cnpaBoyHukoB HOT aaHbl B penak-
unn  pacnopsbkeHus [NMpasutenbctBa Poccunckon dPepepaumm ot 31 oktabpa 2014 r.

Ne 2178-p) npuBeaeHbl B Tabnuvue HUXe.
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Bua pearenbHocTH

CooTtBeTcTBYIOWMIA cnipaBodHuK HOT

MeToabl O4MCTKM CTOYHbBIX BOA,
HanpaBfeHHbIE HA COKpaLLleHne
cbpocoB meTannoB B BOAHbIE 0ObEK-

Tbl

NTC 8-2016 OuncTtka CTOYHbIX BOA NPU NPOU3BOa-
cTBe NpoayKuumn (ToBapoBs), BbINOMHEHUN paboT 1

OKa3aHWW yCryr Ha KPYMHbIX NPeanpUATUSX

MeToabl O4MCTKM BLIOPOCOB 3arpss-
HSAOLLMX BELLECTB B aTMOC(EepPHbIN

BO34YyX

NTC 22—-2016 OuncTtka BbIGPOCOB BpeaHbIX (3a-
rPA3HAIOLLNX) BELWECTB B aTMOCHEpPHbIA BO3AyX
npu NPOM3BOACTBE NPOAYKUMN (TOBApPOB), a Takke
npv NnpoBeAeHnn paboT 1 oKazaHumM YCNyr Ha Kpyn-

HbIX NpeanpnaTnax

XpaHeHune n obpaboTtka maTtepuanos

CokpaleHune BbIBPOCOB 3arpA3HAIOLLNX BELLECTB,
cOpOCOB 3arps3HAOLLIMX BELLECTB NPU XpaHEHUN K

CKnagupoBaHum ToBapoB (rpy3oB)

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

YyaTble TENST0O0OMEHHMKM

NTC 20-2016 lNMpombILLNEHHbIE CUCTEMBI OXIa-

XaeHus

O6paLlleHune ¢ oTxogamm

NTC 9-2016 Ob6e3BpexmBaHne 0TX040B TepMUYe-
CKMM CNocoboMm (CKuraHme oTXOAO0B)

NTC 15-2016 YTunusauma n obesspexmnsaHue oT-
x000B (Kpome 0b6e3BpexmnBaHna TepMmMYECKUM CMo-

cobom (CcxuraHne oTxonoB)

BbipaGoTka napa v aneKkTpoaHeprum

Ha TennoBbIX CTaHLMNAX

CxxuraHue Tonnmea Ha KPYNHbIX YCTaHOBKax B Lie-

149X npon3soacTBa SHeEpPrmn

Bonpocbl nponssoacTBeHHO-

OKOJ10rM4eCcKoro KoOHTpon4a

NTC 22.1-2016 OBwme npnHUUNbLI NPON3BOa-
CTBEHHOrO 3KOSIOMMYECKOro KOHTPOSIS U ero MeTpo-

nornyeckoro obecrnevyeHus
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Pazgen 1. MupoBoe cOCTOsIHUE HUKeNb-KOGanbLTOBOM

MPOMbLILWNEeHHOCTHU

1.1 NMpoun3BoAacTBO U NOTPeONeHne HUKenA U KobdanbTa

MwupoBoe Npon3BOACTBO NEPBUYHOIO HUKeNHA BO BCeX Buaax B 2014 rogy, No AaHHbIM
MexxgyHapogHoun rpynnbl no nydeHunto Hukens (International Nickel Study Group — INSG),
coctaBurno 1 994 Tuic. T, B ToM yucrie 350 TbIC. T HUKeNna B dpeppoHukerne n okorno 450 TbiCc. T
HUKens B HUKenucTom yyryHe ([5], [6]).

Mog nepBuYHbIM HUKenewm, no onpegeneHuio INSG, nogpasymeBaeTca NpoOOyKUUS
NNaBWbHbIX U PatOMHUPOBOYHLIX 3aBOAOB, NPUroaHas Ans UCnonb3oBaHUA noTpebutensamu,
B TOM 4ucne:

- HUKenb Knacca | ¢ cogepxaHnem Hukensa 99 % u Bbllwe (3MEKTPONUTHBIA HUKESb — B
BMAE NOSTHOPA3MEPHbIX UMK pe3aHblX KaTOAOB, rpaHysbl, GPUKETLI, NOPOLLKW/XNONbS, nenne-
Thbl, pOHAENWN);

- HMUKenb knacca Il ¢ cogepxaHmem Hukenst meHee 99 % (deppoHuKenb, OKCUA, HUKe-
NA/CNHTEP, IOTUMUTU-HUKENDb, HUKESTUCTBLIN YYTYH).

OtpenbHas rpynna BKIOYaeT XMMUKaTbl HA OCHOBE HUKENS.

Ha ponto 10 kpynHenwmx npomnssoamnTenen npuwnocsb nodtn 93 % mMmpoBoro BbiMyc-
ka. NpakTuyeckn HegocaraemblM nuaepom sensetcs Kutan, Ha koTopbi npuxoautcs bonee
1/3 mupoBoro npousBoactea. Poccua 3aHMmaeT BTOpoe MecTo ¢ gonen B 12 % (Tabnu-
ual.1).

Tabnuua 1.1 — MNpon3BOACTBO HMKeNs BO Bcex Buaax B 2014 rogy no ctpaHam ([5], [6])

Crpana lMpon3BoaCTBO NEPBUYHOIO [ona oT MMpoBOro NPoM3BOACTBA,
HUKEnNs, TbIC. T HUKENS %
Kutan 688 34,5
Poccus 241 12,1
EC 200 10,0
AnoHns 185 9,3
KaHaga 147 7,4
ABcTpanusa 139 7,0
bpasunus 84 4,2
HoBasa Kanegonus 67 3,4
Konym6us 41 2,1




UTC 12-2016

rlpOI/I3BOLI,CTBO nepsn4HOro

[ons oT MMpOBOro NPon3BoACTBa,

CTpaHa HUKensA, TblC. T HAKENA %
tOAP 37 1,9
Mpoune cTpaHbl 165 8,3
Mwup B Lenom 1994 100,0

MupoBoe notpebneHne nepBUYHOrO HUKenst Bo Bcex Buaax B 2014 rogy COCTaBMIIO

1 863 ThIC. T, U3 KOTOPbIX Ha A0S0 NEPBON NATEPKU CTPaH — BeAyLmux notpebutenemn Huke-

nsa npuwnock 88 %. be3oroBopoyHbIM Nuaepom aengetca Kntan — 6onee nonoBuHbI MUPO-

BOro notpebneHuns Hukensi, Ha Poccuio npuxogutca meHee 2 %, T.e. ~ 30 Tbic. T (Tabnu-

ua l1.2).

Tabnuua 1.2 — MNoTpebneHne nepBMYHOrO HUKENS BO Bcex Bnaax B 2014 rogy no ctpaHam ([5], [6])

MoTpeGneHne NepBUYHOro

[lonsi oT MupoBoro noTpebnexus,

CTpaHa HUKEN4, TbiC. T HUKENA %
Kutan 974 52,3
EC 343 18,4
CLLIA 158 8,5
AnoHns 144 7,7
KOxxHaa Kopes 68 3,7
Poccus 31 1,7
Mpoune cTpaHbl 145 7,7
Mwup B uenom 1863 100,0

Okono 2/3 MnpoBoro NoTpebneHns HUKens NPUXOAMTCS Ha CEKTOp MPOU3BOACTBA He-

p>xasetowen ctanm (pucyHok 1.1). Mpu aTOM CTpyKTypa NnoTpebneHms B OTAENbHbIX CTpaHax

MOXET CYLLECTBEHHO OTNn4aTbCs OT cpeaHeMmnpoBon. Tak, B Poccun, Hanpumep, Ha npous-

BOLCTBO HepxaBetoLwen ctanu npmxoantca meHee 1/ 3 oT obuiero notpedbneHns HUKens.
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JIHTEE
3%  IIpoume
\\ 6%

I 'anpEaHOMOKPRITHA 7%

Hepxaseromas ctans 68%

Hurensconep:alme
CILTABEI
11%

PucyHok 1.1 — O6nactn notpebnenuns Hukens B 2014 rogy (100 % = 1 863 ThIC. T)

)

Mo Hukenesomy koHTpakTy JloHgoHckon Gupxkm metannoB (JIBM) moxeTt ObiTb no-
CTaBneH MepBUYHbIN HUKemNb (T. €. MPOU3BEAEHHbIN U3 PYOHOrO Cbipbsl) B BuAe KaToOoB
(nonHOpasMepHbIX UK pe3aHbiX), Apobu nnn GpPUKeToB, YAOBMETBOPSAIOLWNA MO XMMNYECKO-
My cocTaBy OAHOMY M3 AByX cTtaHgapTtoB: ASTM Standard Specification for Nickel B39-79
(2013) nnun GB/T 6516—-2010 — Ni9990 grade (Tabnuua 1.3).

Tabnuua 1.3 — TpeboBaHUs K COCTaBy NEPBUYHOIO HUKENS, NpmBegHHble ASTM B39-79 (2013) u
GBI/T 6516—2010 — Ni9990

3AnemeHT, % Macc. CrangapTt ASTM Cranpgapt GB/T
Coprt Ni9990
Ni+Co Min 99,90
Ni Min 99,80
Co Max 0,15 Max 0,08
Cu Max 0,02 Max 0,02
C Max 0,03 Max 0,01
Fe Max 0,02 Max 0,02
Max 0,01 Max 0,001
P <0,005 Max 0,001
Mn <0,005
Si <0,005 Max 0,002
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3AnemeHT, % Macc. CrangapTt ASTM Cranpgapt GB/T
As <0,005 Max 0,001
Pb <0,005 Max 0,0015
Sb <0,005 Max 0,0008
Bi <0,005 Max 0,0008
Sn <0,005 Max 0,0008
Zn <0,005 Max 0,002
Cd Max 0,0008
Mg Max 0,002
Tabnuua 1.4 — Mapku HUkens, 3aperucTpmpoBaHHble Ha JIBM
MpounssoanTtens CtpaHna Mapka SuA
npoayxkumm*
BHP Billiton Nickel West ABcTpanusa BHP BILLITON NICKEL BRI- b
Pty Ltd QUETTES
Minara Resources Pty Ltd MINARA HIGH GRADE NICK-
EL BRIQUETTES
Votorantim Metais S.A. bpasunusa TOCANTINS ** K, PK
The Cobalt Refinery Com- KaHapga SHERRITT NICKEL BRI- b
pany Inc QUETTES
Vale Canada Limited VALE ELECTROLYTIC PK
NICKEL
VALE INCO K
VALE NICKEL PELLETS a
Jiangxi Jiangli Sci-Tech Kutan GUORUN K
Co., Ltd
Jinchuan Group Co., Ltd JINTUO GRADE 1 K, PK
Norilsk Nickel Harjavalta duHNaHans NORILSK NICKEL K, PK
Oy HARJAVALTA CATHODES
NORILSK NICKEL b
HARJAVALTA BRIQUETTES
Eramet S.A. dpaHumsa NICKEL HP K, PK
Sumitomo Metal Mining AnoHus SUMITOMO METAL MINING PK
Co., Ltd CO.LTD
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MpownssoaunTens CtpaHa Mapka Bua
npoaykuuu*

SMM K

Dynatec Madagascar S.A. Maparackap |AMBATOVY NICKEL b
BRIQUETTES

Glencore Nikkelverk AS Hopserus NIKKELVERK NICKEL K, PK

PJSC MMC Norilsk Nickel Poccus NORILSK COMBINE H-1 K, PK
NORILSK COMBINE H-1Y K, PK

JSC “Kola GMK” SEVERONICKEL COMBINE K, PK
H-1
SEVERONICKEL COMBINE K, PK
H-1Y

Impala Platinum Ltd FOxxHasa Adpuka |IMPALA NICKEL b

Rustenburg Platinum RPM NICKEL K, PK

Mines Ltd

Vale Canada Limited/Vale |Benukobputanus | VALE NICKEL PELLETS a

Europe Limited

RioZim Limited 3nvbabee BCL EMPRESS ** K, PK

* b — 6pukeTbl; K — katogbl; PK — pesaHble katogbl; [1 — opobb.

** Pernctpauus Ha JIBM He npoaneHa.

NcT.: JIBM




Tabnuua 1.5 — OnucaHne n XMMmM4eckuin CoCTaB HEKOTOPbIX MapPOK HUKENS, 3aperncTpupoBaHHbIX Ha JIBM (gaHHble KomnaHun)

VALE VALE VALE
Mapkn ELECTROLYTIC VALE INCO NICKEL GUORUN JINTUO NICKEL HP NIKKELVERK NICKEL
NICKEL PELLETS GRADE 1 NICKEL PELLETS
3aBog Thompson, Thompson, |Copper CIiff, Kutan Kutan Sandouville, Nikkelverk, Clydach,
KaHapga Kanapa Kanapa ®paHuma Hopserus BputaHus
XvMn4eckui coctas
Ni >09,91 >09,91 299,98 299,98 99,99 99,99 >99,98 299,98
Co <0,06 <0,06 <0,00005 <0,007 0,005 <0,00009 <0,0002 <0,00005
Fe <0,0002 <0,0002 <0,001 <0,005 0,002 0,0009 <0,001 <0,01
C <0,0035 <0,0035 <0,007 <0,005 0,005 0,0021 <0,002 <0,015
S <0,0002 <0,0002 <0,0005 <0,001 0,001 <0,0003 <0,0002 <0,0005
Cu <0,001 <0,001 <0,0005 <0,0005 0,0015 <0,00012 <0,0001 <0,0005
Zn <0,0002 <0,0002 <0,00005 <0,001 0,001 <0,0001 <0,0002 <0,00005
Pb <0,0003 <0,0003 <0,00005 <0,0003 | 0,0003 0,00006 <0,0002 <0,00005
As <0,0013 <0,0013 <0,00005 <0,0008 | 0,0008 <0,00005 <0,00005
Si <0,0005 <0,0012 0,001 <0,0005
P <0,00005 <0,001 0,001 <0,0002 <0,00005
Cd <0,00005 <0,0003 | 0,0003 <0,00001 <0,00005
Sn <0,00005 <0,0003 0,0003 <0,00005
Sb <0,00005 <0,0003 | 0,0003 <0,00005
Bi <0,00005 <0,0003 | 0,0003 <0,00005
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VALE VALE VALE
JINTUO NIKKELVERK
Mapku ELECTROLYTIC VALE INCO NICKEL GUORUN NICKEL HP NICKEL
GRADE 1 NICKEL
NICKEL PELLETS PELLETS
Al <0,00005 <0,001 0,001 <0,00005
Mn <0,00005 <0,001 0,001 <0,00005
Mg <0,00005 <0,001 0,001 <0,00005
O <0,007 <0,01
Bug PK K il K PK, K PK, K PK, K i
npoaykumm *
Pasmepbl 25 x 25 MM, Ton- | 72 x 103 cm, D <20 mm |90 x 95 cm, K:77x130cm, | K:72x128cm | D <20 mm
wmnHa — 15 mm TOrMwuHa — TOMLN- PK: 100 x 100, PK: 25 x 25,
15 mm Ha — 50 x 50 mm, 50 x 50,
3/5mMm TOoNwmMHa — 100 x 100 mm
13-15 mm

* K — katogpl; PK — pesaHble katoabl; [1 — Apobb.

B pononHenne k Tabnuue 1.5 B Tabnuue 1.6 npuBeneHo

He 3aperncTpmpoBaHHomn Ha JIBM.

OoMnMcaHWe HUKeNeBOW NpoAyKUMK 3apybexHbiX npoussBoauTenew,
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Tabnuua 1.6 — OnucaHne n XMMmM4YeCckuin CoCTaB HUKENEBOW NPOaYKUUN, HEe 3apernctpmpoBaHHom Ha JIBM (gaHHble KomnaHui)

Pellets: Rounds:
3aBog/ Copper CIiff/ Clydach/ Clydach/ Thompson/ Thompson/ Thompson/ Long Harbour/
KomnaHus Vale Vale Vale Vale Vale Vale Vale
Havmen. Nickel Nickel Nickel Electrolytic Nickel S- Electrolytic Nickel R- Nickel Melt Rounds Nickel Melt Rounds
P-Pellets P-Pellets S-Pellets Rounds Rounds
Xum. coctas
Ni >99,98 >09,98 >99,97 >99,90 >99,90 Min 99,8! Min 99,8!
Co <0,00002 <0,00002 <0,00002 <0,065 <0,08
Fe <0,0006 <0,004 <0,004 <0,0003 <0,0002
C <0,007 <0,011 <0,005 <0,0035 <0,0035
S <0,0001 <0,0002 ~0,022-0,030 | ~0,019-0,025 <0,0002
Cu <0,00004 <0,0001 <0,0001 <0,0008 <0,0009
Zn <0,00002 <0,00002 <0,00002 <0,0002 <0,0002
Pb <0,000002 <0,00001 <0,000001 <0,0003 <0,0003
As <0,0015 <0,002
Bug Kap6oHun. Kap6oHun. Kap6oHun. OneKTp. HUKENb B BU- | ONEKTP. HUKENb B BU- | DNEKTP. HUKENb B OnekTp. HUKenNb B BUAE
npoaykuuun | opobb Apobb Apobb e «nyrosuup» [e «NyroBuL» BUAE «MyroBuL» «MYroBuL»
PasmepL: Onam.=8-12 Onam.=8-12 Onam.=6-14 Onam.=25mm, Tonwmn- | Aunam.=23mm, Tonwm- | Auam.=22-25mm, Onam.=25-29mm, Tonwu-
MM MM MM Ha =6,5MMm Ha =8MM TonwuHa =6-10mMm Ha =5-6mMmMm, Bec 26-32r
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MpooomkeHune Tabnuupbl 1.6

Disks: Chips:
3aBog, KomnaHus Copper CIiff, Vale Clydach,Vvale Copper Cliff, Vale Clydach, Vale Jinhcuan/ Jinhcuan Group
Electrolytic Nickel Chips
HaunmeH. Nickel Disks Nickel Disks Nickel Plating Chips Nickel Plating Chips
P-1 pP-2 H-1 H-2
Xum. coctas

Ni Min 99,82 Min 99,82 >09,98 >09,98 >09,96* | >99,9* | >99,94* | >99,9*
Co <0,00002 <0,00002 0,02 0,08 0,02 0,08
Fe <0,0006 <0,004 0,01 0,02 0,01 0,02
C <0,007 <0,007 0,01 0,01 0,01 0,02
S <0,0001 <0,0001 0,001 0,001 0,02 0,02
Cu <0,00004 <0,0002 0,01 0,02 0,01 0,02
Zn <0,00002 <0,00002 0,0015 0,002 0,0015 0,002
Pb <0,000002 <0,000003 0,001 0,001 0,001 0,001
Si 0,002 0,002 0,002 0,002
Pb 0,001 0,001 0,001 0,001
As 0,0008 0,001 0,0008 0,001
Cd 0,0003 0,0008 | 0,0003 0,0008
Sn 0,0003 0,0008 | 0,0003 0,0008
Sh 0,0003 0,0008 | 0,0003 0,0008
Bi 0,0003 0,0008 | 0,0003 0,0008
Mg 0,001 0,002 0,001 0,002

Bua npoaykuum

Kap6oHunbHbI Ni B BUae guckoB

Kap6oHunbHbi Ni B BUae

«MOXO0XeM Ha ANCKN»

OnekTponuTHbIN Ni B BUAe «nyrosuL»

Pa3mepsbl

anam.=14-18 mm,

TonwwmHa 3,5-5,5mMm

anam.>11mm,

TonwmHa >5mMm

anam.=17-25um, Ton-

wmHa =4-5mMm

anam.=18-22mm, Ton-

wmHa =4-5mMm

* - Ni+Co

2 — Mo XMMMUYEeCKOMY COCTaBY npeBocxoadT cregywowmne ctaHgaptel: ASTM B39, BS 375, R 99.5, NR9980, ISO 6283
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Mpogomkenune Tabnuubl 1.6

Tonimet Utility Handy Nickel
3aBog, Kaohsiung, Onsan, Niithama, Sumitomo
KomnaHus Matsusaka, Vale Dalian, Vale Long Harbour, Vale Metal Mining
HaunmeH. Tonimet briquettes Tonimet compacts Utility Nickel Utility Rounds Handy-E Handy-S
XuM. cocTas
Ni ~93 ~97 >97 ~97 299,8 299,0*
Co ~1,3 ~1,3 ~1,4 ~2,4 <0,15
Fe ~0,6 ~0,6 ~0,7 ~0,015 <0,02 <0,02
C ~0,2 ~0,005 <0,01 <0,010
S ~0,003 ~0,003 ~0,1 ~0,0005 <0,001 0,01-0,03
Cu ~0,1 ~0,1 ~0,4 ~0,090 <0,005 <0,005
Si ~0,1 ~0,001 <0,004 <0,005
P <0,001 <0,001 ~0,005 ~0,0001
Cr
Mn <0,001 <0,001
Pb <0,0015 <0,0015
Ni, padumHup. no cobeTe. cno- | Ni, padmHup. no cobeT. cnocoby | Ni, paduHmp. no Ni, pacomHmp. no cobeTB. ]
Bug npoa-n | coby B BMAE rpaHyn unm 0pu- | B BUAE <NPECCOBOK» LIUMHAPWY. cobcTB. crnocoby B BU- crnoco0y B BUAgE «nyro- Gnektpon. Ni 8 Bune
KETOB dopmbl ne opobn BUL» «yrosui
MpaHynbl: 10-100 meLw
Pasvept 0,2-0,4mm (60-90%) anamxBbicoTa 3-80Mm (>96%) anam.25-29mm, Tonwm- InameTp ~ 20 v
0,4-0,9vm (10-40%) 25x15 Mm Ha 5-6 MM, Bec 26-32r

BpukeTbl: 20x30%15MM

* - Ni+Co
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Mpogomkenune Tabnuubl 1.6

sasog, Yabulu, Queensland Nikkelverk, Glencore Nikkelverk, Glencore
KomnaHusa Nickel
_ . Crowns:
HanmeH. Nickel Com- Hi Qrade Superelectro
pacts Nickel Crowns Microcrowns D-crowns D-Microcrowns
XuMm. cocTaB

Ni 299,0 299,45 >99,98 >99,98 >99,95 >99,95 >99,99
Co <0,06 <0,06 <0,0002 <0,0002 <0,0002 <0,0002 <0,0002
Fe <0,02 <0,02 <0,001 <0,001 <0,001 <0,001 <0,0005
C <0,01 <0,01 <0,002 <0,002 <0,002 <0,002 <0,0015
S <0,02 <0,01 <0,0002 <0,0002 <0,022 <0,02 <0,0002
Cu <0,01 <0,01 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001
Zn <0,01 <0,01 <0,0002 <0,0002 <0,0002 <0,0002
Pb <0,0002 <0,0002 <0,0002 <0,0002 Max 0,00010
Si <0,05 <0,05
H <0,0003
N <0,0002
(0] <0,002
Ag Max 0,00010
Zn <0,0002
Mg <0,04 <0,04
Al <0,02 <0,02
Ca <0,03 <0,03
Cr <0,001 <0,001
Mn <0,06 <0,06

Bug npo- «lMpeccoBkm» LMNUHAPU- Onetpon. NiB | Onektpon. Ni B BU- Onexrpon. Ni ¢ OnekTpon. Nic go6. S OnexTpon. Ni C MOHIKEHHbIM

OyKLU. Yyeckoun bopmbl BUAE KOPOH» | A€ «MUKPO-KOPOH» AO6. S B BUAE «kKo- B BUAE <MUKPO-KOPOH» cop-em C B BURE Pe3aHHbix
POH» KBagpaToB
LnnuHap ¢ 2m4a nnock.
Paamepsbl CteHamun D~20Mm D~12 mm D~20Mm D~12 mm 50 X 50 mm
H=33 mm, D=33 mm
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MwupoBoe npon3BoACTBO panHUpoBaHHOro kobanbTta, No oueHkam VHCTUTyTa passu-
Tma kobanbTta (Cobalt Development Institute — CDI), coctasBuno B 2015 rogy 98 ThIC. T, 4YTO

Ha 6 TbiC. T Bbllwe nokasatensa 2014 roga ([8]) (tabnuvua 1.7).

Tabnuua 1.7 — MNMpomnsBoacTBo padmHMpoBaHHOro kobanbTa B 2014-2015 rogax, T

KomnaHus/cTpaHa 2014 2015
Kutan (uckntovasa nponssoacteo Umicore B Kutae) 39 292 48 719
Freeport Cobalt, dunnaHansa (paHee OMG) 11 452 8582
Glencore: Nikkelverk, Hopserna (paHee Falconbridge) 3600 3100
Glencore: Katanga Mining, lemokpatuyeckasa Pecnybnvka KoHro 2800 2900
Glencore: Minara, ABcTpanus 2900 3300
Umicore, benbrua (Bknioyas nponssoncTteo B Kutae) 5850 6306
Chambishi Metals, 3ambus (90 % ENRC) 4317 2997
Sumitomo, AnoHus 3654 4259
ICCI, Kanaga (Sherritt) 3210 3733
Ambatovy, Magarackap (40 % Sherritt) 2915 3464
Queensland Nickel, Asctpanusa 2519 1850
Hopunbckun Hukenb, Poccns 2302 2040
Vale, KaHaga (paHee Inco) 2051 1858
CTT, Mapokko 1391 1722
Votorantim, bpasunus 1350 1300
tOAP 1332 1300
Gecamines, [lemokpaTtnyeckas Pecnybnuka KoHro 500 400
Eramet, ®paHuunsa 219 133
NHana (ncknrovaa Rubamin) 100 150
WNTtoro: 91 754 98 113

CywlecTBeHHbIM BKMaa B MNpPeanoXeHne BHOCUT BTOPUYHBIA KoBanbT — nopsaka
10 TbIC. T/r, B TOM 4ucne B CLUA okono 2,2-2,5 Tbic. T. OgHako oueHkn 06beEMOB €ro npouns-
BOLCTBA HOCAT BeCbMa NpMbnM3nTenbHbIN XapakTep, Tak Kak MHOrMe npeanpuaTtnsa nepepa-
OaTbiBalOT Kak MnepBUYHOE, TaK W BTOPUYHOE Chbipbe, W pasgenuTb 3TU  MNOTOKM
He npeacTaBnseTca BO3MOXHbIM. B nocTpoeHun 6anaHca pbiHKa BTOPUYHbLIN KOGanbT obbly-
HO He y4yacTByeT.

Mo oueHkam CDI, kaxyweeca noTpebneHne kobanbta (MPOM3BOACTBO + UMMOPT WU

MMHYC 3KCNOpPT) cocTaBusio okono 82 Tuic. T B 2014 roay 1 89 teic. T B 2015 roay ([8]).
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OcHoBHas 4acTb kobanbTa Ucnosib3yeTcs Npu NPOU3BOACTBE aKKyMyNATOpPHbIX 6aTa-
pen (46 %) v cnnasoB (18 % cynepcnnasbl + 8 % TBepAble cnnasbl), NPUYEM YPOBEHb MPO-
N3BOACTBA Nepe3apsKaeMblX MCTOYHMKOB IHEPrUM U, COOTBETCTBEHHO, noTpebneHune Ko-
BGanbTa HeyKNoHHO pacTyT. Tak, ecnu B 1995 rogy oHO oueHmMBanocb Ha yposHe 700 T, TO B
2014 rogy npubnuamnock K 40 TbIC. T, T. €. COCTABUNO MOYTU MOSIOBUHY OT CYMMapHOro no-
TpebneHus kobanbTa (PUCYHOK 3).

Mo TpeboBaHuam JIBM noctaBnsiembli MeTann AoSmkeH cogepXatb He meHee 99,3 %
Co, 4TO COOTBETCTBYET «HU3KOCOPTHOMY» KOBanbTy. [MpyM 3TOM MakcumManbHas KOHUEeHTpa-
LMs npMmecen ykasblBaeTcs B crieumndukaunmn sapermctpmposaHHoro Ha JIBM npoussogute-
na. NpounsBoguTenun «BbICOKOCOPTHOro» kobanbta (99,8 % Co) nonyyaroT nNpemMuto K LeHe
kobanbTa Ha JIBM. OgHako 1 B pamkax 3TOM rpynnbl BO3MOXHO pasfiMyHoe codepKaHue u
HOMeHKNaTypa NPUMECHbIX 3rieMeHTOoB. YTo kKacaeTcs oopMbl, TO NO KOHTpakTy JIBM moxeTt
OblTb NocTaBneH KobanbT KAaTOAHbLIA (NIOMaHble N pe3aHble KaTodbl), CANTKN, OpUKeThl, rpa-

Hynbl N «TabneTku» (Tabnuubl 1.7, 1.8).

ArpobuzHec/
rankBaHHKA
6% MareHuTH
I Tieel cHKKATHEE — 3% 494

KepaMHKa/TTHTMeHTHI — 6%

Teepable CIIABBI
8%

KaTtanusatopsl
9%

Cynepcnnagel — 18%

PucyHok 1.2 — CTpykTypa notpebneHus kobanbTta B 2014 rogy (100 % = 82 TbIC. T)

Tabnuua 1.8 — Mapku kobanbTa, 3apernctpupoBaHHble Ha JIBM (no gaHHbiM JIBM)

Mponssoantenb CtpaHna Mapka Bun
npoaykuum *
Votorantim Metais S.A. bpasau- TOCANTINS ALLOY BK
nusa GRADE 99,8 % **
TOCANTINS CHEMICAL BK
GRADE 99,7 % **
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Mponssoantenb CtpaHa Mapka Bua
npoaykumm *
TOCANTINS COBALT BK
METAL GRADE
99,65 % **
Vale Canada Limited Kanapa| VALE ELECTROLYTIC mnr
COBALT ROUNDS
Vale Inco Limited VALE INCO ELECTRO- mnr
LYTIC COBALT
ROUNDS **
Yantai Cash Industrial Co., Ltd. Kutan CASH PK
Jinchuan Group Co., Ltd GOLDEN CAMEL 9965 PK
GOLDEN CAMEL 9995 PK
Sichuan Ni&Co Guorun New Materials GUORUN JIK
Co., Ltd
Jiangsu Cobalt Nickel Metal Co., Ltd. KLK 9995 PK
Ganzhou Yi Hao Umicore Industries YHU 9995 PK
Co.,Ltd.
Nicomet Industries Ltd. NHaunsa NICO PK
Sumitomo Metal Mining Co., Ltd. AnoHus SMM CO 99,8 % PK
CTT — Compagnie de Tifnout Ti- Mapok- CMBA JIK
ranimine KO
Kasese Cobalt Company Limited YraHga KCCL ** JIK
Chambishi Metals Plc 3ambuis CMA JIK
Chambishi Metals Plc CMP NnK
Mopani Copper Mines Plc MCM VOC ** JIK

* Bugbl npogykumn: JIK — nomaHble katoabl; PK — pesaHble katoabl; [N — «nyrosu-

ubi»; CIT — cnuTtku.

** Pernctpauus Ha JIBM He npoaneHa.
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Tabnuua 1.9 — Onucanne n xmMmmnyeckuin coctas 3apybexHorn KobanbToBOM NPOaYKUUN, 3aperncTpupoBaHHon Ha JIBM

VALE TOCANTINS SMM CO GOLDEN | GOLDEN
Mapku ELECTROLYTIC ALLOY GRADE 99 8% CAMEL CAMEL KCCL KLK 9995 [ MCM V9B | MCM V9C CASH
COBALT ROUNDS 99.8% ) 9995 9965
Perncrpauus 06.10.09 17.11.09 23.11.09 30.11.09 30.11.09 18.01.10 | 29.01.10 | 29.03.10 | 29.10.10 | 04.05.10
XuMm. coctaB

Al 0,0002 0,0010 0,002 0,003 0,001
As 0,0002 0,0005 0,001 0,00002 0,0005 0,0003
Bi 0,0003 0,0003 0,0005 0,0003
C 0,0050 0,0060 0,01 0,005 0,009 0,012 0,007 0,0050 0,010 0,005
Ca 0,0010 0,005

Cd 0,0001 0,0020 0,0005 0,0003 0,001 0,005 0,0005 0,0020 0,0030 0,0003
Co 99,8 99,80 99,8 99,95 99,65 99,8 99,95 99,65 99,60 99,95
Cr 0,0010 0,005

Cu 0,0002 0,0030 0,01 0,003 0,02 0,02 0,006 0,0030 0,0050 0,004
Fe 0,0008 0,0100 0,01 0,006 0,05 0,02 0,006 0,0050 0,010 0,005
Mg 0,0010 0,002 0,005 0,002 0,0010 0,001
Mn 0,0005 0,0030 0,001 0,005 0,01 0,01 0,005 0,0010 0,0020 0,001
Ni 0,1700 0,0800 0,15 0,002 0,2 0,08 0,008 0,25 0,33 0,005
P 0,0005 0,001 0,001 0,002 0,001
Pb 0,0006 0,0020 0,001 0,0004 0,001 0,01 0,0005 0,0030 0,0050 0,001
S 0,0010 0,0050 0,001 0,001 0,003 0,008 0,002 0,010 0,010 0,001
Sb 0,0002 0,0003 0,005 0,0005 0,0003
Se 0,0001

Si 0,0010 0,001 0,003 0,003 0,001
Sn 0,0003 0,003 0,0005 0,00003
Zn 0,0016 0,0025 0,005 0,002 0,002 0,01 0,003 0,0050 0,0070 0,001
O 0,0080 0,03

N 0,0008

H 0,0004 0,008

Bug npogykumn* T6 JIK PK PK PK JIK PK JIK JIK JIK
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lpodomxeHue mabrnuybi 1.9

EVER EVER TOCANTINS
Mapku GUORUN MCM V99X NICO STAR 99.98|STAR 99.80 CMBA YHU 9995 CHEMICAL CMA CMP
) ) GRADE 99.7%

Pernctpauyus 15.11.10 22.11.10 22.11.10 18.01.11 18.01.11 26.04.11 07.03.12 29.06.12 29.08.13 29.08.13

XuM. coCTaB
Al 0,002 0,001 0,002 0,0010 0,0020 0,0010 0,0010
As 0,0008 0,0003 0,0005 0,0010
Bi 0,0003 0,0002 0,0003 0,0010
C 0,005 0,0150 0,001 0,004 0,005 0,0075 0,010 0,0100 0,0200 0,0100
Ca 0,0050 0,0020
Cd 0,0004 0,0050 0,0020 0,0002 0,0003 0,0010 0,0010 0,0050 0,0050 0,0015
Co 99,8 99,60 99,8 99,98 99,80 99,80 99,95 99,70 99,80 99,90
Cr 0,0020 0,0020
Cu 0,004 0,0050 0,0050 0,001 0,003 0,0050 0,0080 0,0050 0,0050 0,0040
Fe 0,006 0,010 0,01 0,003 0,006 0,010 0,010 0,0200 0,0100 0,0050
Mg 0,002 0,0010 0,001 0,002 0,002 0,0010 0,0020 0,0030 0,0010
Mn 0,005 0,0030 0,0020 0,001 0,005 0,0050 0,0020 0,0300 0,0100 0,0020
Ni 0,1 0,33 0,030 0,005 0,1 0,030 0,0030 0,1000 0,0500 0,0400
P 0,001 0,001 0,001 0,0020
Pb 0,0007 0,0070 0,0050 0,0003 0,0004 0,0050 0,0010 0,0030 0,0060 0,0040
S 0,002 0,010 0,005 0,001 0,002 0,007 0,0030 0,0100 0,0050 0,0050
Sb 0,0005 0,0002 0,0003 0,0010
Se
Si 0,003 0,001 0,003 0,0030 0,0020 0,0010 0,0010
Sn 0,0003 0,0003 0,0003 0,0010
Zn 0,002 0,010 0,0010 0,001 0,002 0,0050 0,0010 0,0050 0,0070 0,0050
O
N
H

Bug npoaykunm* JIK JIK PK PK PK JIK PK JIK JIK JIK

* - Bugbl npoaykuuu: JIK — nomaHHble katoabl, PK — pesaHHble kaToabl, [T — «nyroBuybi»
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1.2 Hukenb- n KobGanbTcoaepxawme pyabl. 3anacbl U pecypcbl

CopepxxaHue Hukensa B 3eMHoOM Kope cocTtaendeT okono 0,01 %macc., ogHako Konwu-
4YeCTBO MPUroAHbIX OS19 3KOHOMMUYECKN 3(PdEKTUBHOIO U3BMEYEHUA MeTanna MnpoMbILUnEeH-
HbIX MECTOPOXXAEHUIN OrpaHNYEHO.

MwupoBble 3anacbl HUKeNsS B pydax oueHuBaloTcs B 79 MNH T. BbIBNEeHHbIE HAa3eMHble
pecypcbl HUKensa B pyaax (tabnuua 1.9) coctaBnsatoT no kpanHen mepe 130 MAH T HUKeNs, B
TOM 4ucne 60 % B nateputoBbiX U 40 % B CynbMUOHbLIX MECTOPOXAEHUAX. 3HAYUTENbHbIE
pecypcbl HAKENSA COCPEOOTOYEHbI TakKe B ryOOKOBOAHbLIX KOHKPELMSIX.

lMpumepHO pOecdaTad 4acTb MWMPOBLIX 3aMacoB HUKeNa cocpenoTtodeHa B Poccuum
(7,9 mnH 7). Mo aTomy nokasaTtento Poccusa saHnmaeT 4-e MecTo B Mupe, yctynas ABctpanum

(19 mnH 1), Bpasunum (10 mnH T) n HoBon Kanegonuu (8,4 mnH 1) (tTabnuua 1.10) ([6], [10]).

Tabnuua 1.10 — MupoBble 3anackl HUKens, Tbic. T

CtpaHa 3anachl
ABcTpanu4a 19 000
bpasunus 10 000
HoBsas KanenoHus 8400
Poccus 7900
Kyba 5500
NHpooHesuns 4500
KOxxHasa Adpuka 3700
dunmnnuHbl 3100
Knutan 3000
KaHaga 2900
BaTemana 1800
Maparackap 1600
Konym6us 1100
CLLIA 160
Apyrue cTpaHsbl 6500
Wtoro 79 000

MwupoBble 3anacbl kobanbTa, no oueHkam US Geological Survey, coctaensioTt

7,1 MAH T, @ BbISIBNEHHbIE pecypcbl — OKono 25 mnH T (Tabnuua 1.10). B gononHeHue K
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3TOMY pecypcbl KobanbTa B XefesoMapraHLUeBbIX KOHKPELMAX N KOpKax Ha OKeaHCKOM OHe
oueHuBaroTca nodTn B 120 MnH T.

OCHOBHbIMM reonoro-NPOMbILLIIEHHBIMU TUNAMW MECTOPOXAEHUN HUKENS M kobanbTa
ABMNAITCA Marmatuyeckue cynbuaHble MeOHO-HUKENEBble, MMNepPreHHble CUSMKaTHbIE HU-
KerneBble KOpbl BbIBETPUBAHUSA U r’MApoTEPMaribHble apCeHUaHble N cynbdoapceHnHble HU-

Kenb-kobanbToBble N COOBCTBEHHO KOGanbTOBblE MecTopoxaeHus (Tabnuua 1.11). BaxHen-

LLUME NPOMbILINEHHbIE MUHepanbl HUkens (M kobanbTa) NpuBeaeHsbl B Tabnuue 1.12.

Tabnuua 1.11 — Muposble 3anacsl kobanbTa, Teic. T ([10], [11])

CrtpaHa 3anacel
Hemokpatnyeckaa Pecnybnvka KoHro 3400
ABcTpanu4a 1100
Kyba 500
3ambus 270
Poccus 250
dunNuNNnHbI 250
KaHaga 240
HoBasa Kanegonusa 200
Maparackap 130
Kutan 80
bpasunus 78
tOAP 31
CLLIA 23
[Mpoune cTpaHsbl 610
WNtoro 7100

Tabnuua 1.12 — Cogep)xaHue HUKENS U MPOYNX KOMMOHEHTOB B CyNb(MAHBIX Y OKUCIIEHHbIX pyaax *

([12}-{22))
CopepxaHue, % Copepxanwue, 1/t
KomnaHus/pygHvk Ni Cu| Co | Pt | Pd | Au npoune
CynbuaHble pyabl:
Vale (Cagbepw) 1,19 150 0,04 | 09 | 10| 04
Vale (MaHuTo6a) 1,72 | 0,10
Vale (Voisey’'s Bay) 2,70 |157| 0,13
BCL (Selebi-Phikwe) 0,71 | 0,65
Glencore (Raglan) 3,04 |0,76| 0,06 |0,84|1,96
Glencore (Cagbepn) 142 |161| 0,03 |0,85]0,92
Lundin (Eagle) 2,9 24 | 0,1 10,64|0,43|0,25
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Copepxanue, % Copepxanwue, 1/t
KomnaHnusa/pyaHuk Ni Cu Co Pt | Pd | Au npo4ve
BHP Billiton (Mt Keith) 0,6
BHP Billiton (Leinster) 1,3
Mirabela/Santa Rita 0,52 ]0,13] 0,015 MgO-27,2
Hopunbckum HUKeb (TanHax- 003 |1.71| wig |1.12]421 024
CKuI y3en)
Hopunbckumn HUKenb (Konb- 059 |0.28| wa |002]|003]001
CKUW M-B)
OkuncneHHble pyabl:
Fe-21; SiO2-32;
Vale (Sorowako) 1,79 MQO-15
Fe-13; SiO2-39;
Vale (Onca Puma) 1,73 0,044 MgO-24
Vale (VNC (Goro)) 1,46 0,11 MgO-4,64
Glencore (MurrinMurrin) 0,97 0,069
Glencore (Koniambo) 2,30
South32 (Cerro Matoso) 1,1
Larco ("peuyus) 1-1,3
Sherritt (Moa Bay) 1,15 0,12 44 Fe
Nickel Asia (canponur) 1,50 11,4Fe
Nickel Asia (MMMOHUT) 1,10 42 Fe
Antam (canponwur) 1,8min 25 Fe max
Antam (IMMOHUT) 1,2min 225 Fe
Sherritt (Ambatovy) 0,84 0,07
KOxxypanHukens (bBypykrans- 0.63
cKoe M-€e) '
YCpaneMHMKem;)(CepOBCKoe M- 073
KOxxypaHukens (CaxapuHckoe
v-e) 0,87

Tabnuua 1.13 — BaxHenwme NnpoMbILLIeHHbIE MUHepanbl HUKens n kobanbta ([23])

HasBaHne MuHepana un xumuyeckas goopmyna

CopepxaHue, %

Ni | Co
Cynbunabl
MeHTnanaut (Fe, Ni)oSs 22-42 1-3
HukenucTtbin NMPPOTUH FeS 0,4-0,7 -
Mwunneput NiS 61-64 0,1-0,5
JInHHent Co3Sa4 — 40-53
Kobanbtnvput (Fe, Co)S2 - 0,05-3
ApceHngbl, cynbgoapceHnbl 1 apceHaTbl
CkytTepyaut CoAss 0-9 11-20
Cadpdnoput (Co, Fe)As2 0-0,3 10-30
WmanbTuH — xnoaHTnt (Co, Ni)As2 1-21 4-24
KobanbtnH CoAsS 0,52 26-34
OputpnH Co3(AsOa4)2 - 8H20 0—6 20-30

CvnukaTsl, rmppocunmnKkaTbl U TMAPOKCUObI
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FapHuepnT (Ni, Mg)4[SisO10] (OH)4 - 4H0 16-35 0-0,1
PesauHcknT (Ni, MQ)s[SisO10] (OH)s 16-35 0,0-0,1
Hukenesbin keponut (Mg, Ni)4[SisO10] (OH)4 - 4H20 10-15 Cnepgpl
HoHTpoHnTt m{Mgs[SisO10](OH)2} - p{(Al, Fe)2 - [SisO10] (OH)2} 0,5-2,0 Cnegbl
Hukenesbin cepnocput (Mg, Ni, Fe)s[SisO10] (OH)s 4-5 Cnepgpl

XapakTtepHon 0COBEHHOCTbIO CynbUAHbIX MECTOPOXAEHWUN, COCPEOTOUEHHbIX Npe-
UMYyLLLECTBEHHO Ha Tepputopun Poccun n KaHagbl, SBNsSeTcs CpaBHUTENbHO BblAEPXXaHHbIN
MUHeparnbHbIA cocTaB pya. NaBHbIMY MUHEpanamun pya SBMSOTCA: MMPPOTUH, NEHTNAHANT,
XanbKonuput 1 MarHetuT. Pyabl cogepxaTt Hukenb, Medb, kobanbT, nnaTtuHouapl, a Takke
ceneH v Tennyp, 301010, cepebpo n cepy. MecTopoxageHns onNMCbIBAEMOro Tuna sABMsTCS
BeAyLWMMM B 3anacax u gobblye Hukens un kobanbta B Poccum.

B cynbduaHbIX pygax valle BCero OCHOBHas YacCTb HUKErS, Mo CyLecTBy, BCTpeyaeT-
ca B Buae MuHepana neHtnanguta (Ni, Fe)eSs. Jluwb Hebonblune konmyectsa Hukens Obl-
BaloT npeacrtasneHsl munneputom NiS, Buonaputom NizFeSa n HUKkenbcogepxawum nuppo-
TMHOM (Fe, Ni)sSe. B pygax HeKoTopbIx MeCcTopoXxaeHun ABCTpanun, Hanpumep, CyLeCTBeH-
Hasg 4acTb HuKens npeacTtasneHa nonuaummntom NisSa. MNMeHTNaHAWT Bcerga BCTpevaeTcs
BMeCTe C ApYrMMn CynbMUaHbIMU MUHEpPanaMu, Yalle BCero ¢ NnMppoTUHOM FesSg 1 xanbko-
nmputom CuFeSz. 3Tn cynbduaHble MUHeparnbl BMELLAeT CUNMKaTHasa 1 antoMoCUnKkaTHas

nopoga. B Tabnuue 1.13 npuBedeH NPUMEPHbIA MWHEPANOrMYeCcKUin COCTaB HEKOTOPbIX

cynbngHbIX pya.

Tabnuua 1.14 — MuHepanorm4eckuin CoctaB HeKOTOPbIX CyNbMUAHbIX HUKeneBbIx pyA ([24])

PyaHuku MenTnangut, % | Xanekonuput, % MnppoTuH, % Myctaa nopoaa, %
Raglan 8 2,4 11 79
Canbepm (1) 3,6 4,3 23 70
Canbepm (2) 3-6 2-5 20-30 OctanbHoe
MaHunTo06a,

7 0,4 11 70
TomncoH

BONMbWNHCTBO MECTOPOXAEHUN OKUCIEHHBbIX (NTaTepuToBbIX) pyad, NpeacTaBnAoLwmnX
UHTepec ansa AodblyM, COCpeaoTOHEHO B 3KBaTopuanbHoOM nosice: B Hoeon KanegoHuu, Ha
Kybe, Magarackape, dvnunnuHax, B IHOoHe3un n gp. CunukaTHble HUKeNeBble MECTOPOX-
AeHns Poccumn nrpatoT nogYMHEHHY0 porb B 3anacax v gobbide Hukensa un kobanbta. MuHe-
parnbHbIN COCTaB OKUCMEHHbIX HUKENEBBIX Py OYEeHb CMOXHbIN: MeTannbl pacnpeneneHsl no
MHOMMM MWHepanbHbIM POpMaM U NpeacTaBfieHbl Kak CUMMKaTHbIMU, Tak U OKCUOHBIMU U

rMapoKnaHbiIMmn cCoeJuHEHUAMMN.
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[ByMS OCHOBHbIMW MogTuUNamMu naTepuToBbIX pya, NPeacTaBAsoWmMX KOMMEPYECKUI
WHTEpEC, ABNAITCA NMMOHUTBI U canponuTbl. JIMMOHUTBI 0BbIMHO 3aneratoT 6nuxke K no-
BEPXHOCTU, HENOCPEACTBEHHO MO MNOKPbIBAKOLWMM NacToM (30Ha heppukpeTa), Huxe 3ane-
ratoT canposnnTbl. JIMMOHUTBI 1 CanpoONUTbI CYLLECTBEHHO pasnu4aroTcy No coctasy. B uenom
B NMMoHUTax cogepxanune Hukena (0,8 % — 1,5 %), marHua (0 % — 5 % MgO) n KpemHe3se-
ma (0 % — 10 % SiO2) Huxe, a xenes3a (40 % — 50 %) n kobanbTa (0,10 % — 0,20 %) BbI-
we, Yem B canponutax. B cnyyae ecnu Hukenb cocpegoTodeH B OCHOBHOM B CUMMKATHOW
dase canposiMToBOW 30HbI, NaTEPUTOBOE MECTOPOXOEHNE OTHOCAT K «rapHUEPUTOBOMY TU-
ny», cogepxawemy 1,8 % — 3,5 % Ni, 0,02 % — 0,08 % Co, 10 % — 25 % Fe, 15 % —
25 % MgO n 30 % — 50 % SiOo.

Uuncto numoHuTOoBas pyaa npencrasnseT cobon B OCHOBHOM OKUCHbI (TMOPOOKUCTIbI)
Xenesa, B TO BpeMS Kak CeprneHTMHUTOBas pyda npeacraBrieHa B OCHOBHOM CITOXHbLIMU Ke-
neso-marHueBbiMU cunukatamu. B obenx pasHOBMOHOCTAX OKUCIEHHbIX pynd HWKENb WU30-
MOP(HO 3aMeLlaeT Xeneso (U MarHuim) B peLlleTke, COOTBETCTBEHHO, OKUCIIOB U CUNMKATOB
(32 0YEHb peaKMM UCKIKYEHNEM B TaKMX pydax NPUCYTCTBYKOT COBCTBEHHO HUKEMEBLIE CU-
nuKaTtbl), NO3TOMY OKUCIIEHHbIE PyAbl HE MOrYT BbITb OBoralleHbl ¢ NPUMEHEHNEM OBbIYHbIX
dusnyecknx metogos oboraweHunsa (pnotauuun, rpasmTaumm U T. M.), Kak 3TO UMeeT MecTo
npy nepepaboTtke cynbduaHbiX pya. VIHoraa npomssoauTtcsa pyaopasbopka ¢ otbpakoBbiBa-
HMEM KpYMHbIX KYCKOB — (pasbl, KOTOpas B psae ClyyaeB CyLleCTBEHHO 06eAHeHa HUKenem
(Hanpumep, oboralleHne pasgeneHneM Mo Knaccam KpynHOCTWU Obifio 3aroXeHo B CXemy
Cawse). OgHako 3TOT NpMem No3BOSISET NNLLb HE3HAYUTENBHO 060raTnTb Chipbe.

MoyTn nonoswHa MUPOBbLIX 3anacoB KobanbTa cocpefoToyeHa B [lemokpaTnyeckom
Pecnybnvke KoHro B MHOrouMcrneHHbIX MeAHO-KobanbToBbIX MeCcTopoxaeHuax MegHoro no-
sca, TaHyweroca n3 3ambun vYepes nposuHUMO KaTaHra B 1Oro-BoCcTo4HOM YacTtun [lemokpa-
Tnyeckon Pecnybnukn KoHro. CogepxaHune kobanbta B Hanbonee 6oraTbix 30Hax gocturaet
1% — 2 %. [NepBMyHaa MuUHepanusaums — cynbunaHas; OCHOBHble MeabcoaepXallne Mu-
Hepanbl — XanbKOMMpUT, Xanbko3nH CuzS; kobanbT NpeMMyLleCTBEHHO — B KapponuTe
(Cu(Co, Ni)2S4). N'vnepreHHas (BToOpu4Hast) MMHepanu3aumnsa accounmpoBaHa C BbICOKOW CTe-
NEHbI0 OKUCMEHNA MUHEpPanoB, 3aneratowmx B6nmam nosepxHoctn (He rmybxe 100 m OT no-
BepxHocTun). Megpb n kobanbT cocpegoTodeHbl NpemmyLecTBeHHO B Manaxmute Cu2COs3(OH):
n reteporeHnte CoO(OH). CogepxaHune kobanbTta 06bi4HO cocTaenseT 0,3 %, meaun ~3 %.

Ha cerogHAWwHMN aeHb GoraTtble k06anbTOM MEeCTopOXAEeHUA Tak Ha3blBaeMoW nep-
BMYHOW KOBanbTOBOW pyabl, UM COBCTBEHHO KODaNbTOBOW pyAbl, MPAKTUYECKN NCHEepraHsbl.
EOQVHCTBEHHBIM pyaHMKOM (MOA3eMHbIM), rae ¢ 1928 roga no cuio nopy BeayT paspaboTky,

aBnsetca pyaHuk Bou-Azzer (Mapokko) komnanun CTT Managem. CogepxaHue kobanbTta B
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pyae, Bknoyatowen Co-Ni-Fe-apceHngbl n cynbgoapceHuabl (rnaBHbIA MPOMBbILLSIEHHbIN
muHepan ckyTTepyaut (Co, Fe, Ni)Asz), a Takke cynbpuabl megm n MonmbaeHnT — BbICO-
Koe, nopsagka 1 %.

MmetoTca npoekTbl Aobblun 1M nepepaboTku MbIWbSAKOBUCTOM pyabl: npoekT ldaho
Cobalt Project (CLLUA), rae oCHOBHbIMK KOBanbT- 1 MeAbCOAepXallMMNU MUHEpanamMmm siBns-
I0TCA COOTBETCTBEHHO KobanbTnH COASS n xanbkonuput CuFeSz; npoekt NICO (Kanaga)
komnaHun Fortune Minerals, npegycmaTpusatowimii nepepabotky Co-Bi-Cu-Au-pyabl, B KOTO-

PO OCHOBHbIM KOBanbTcoaepXallunum MUHEpParioM ABNSETCS apCeHONUPUT 1 Aap.
1.3 lo6bIva HUKens u KobanbTa

HoBbIX KPYNHbIX CyNbMMAaHbIX MECTOPOXAEHUN HUKENs, U TeMm BGonee GoraTbix, B NO-
crnegHve roabl He BbisiBNEeHo. HekoTopble pa3pabaTtbiBaemble AECATUNETUAMN MECTOPOXAe-
HUS CyNnbUOHOW pyabl UMEKT OrpaHUYeHHbIN OCTaBLUMNCS CPOK 3KCMyaTauuu.

B peTpocnektnee ob6bem A06bIUMM HUKENS M3 CyNbMUAHBIX PYA 3aMEeTHO MpeBbillan
Aobbluy M3 NaTepuToBbIX pyA, OAHAKO B MOCNeaHne rogbl AoNs CynbMUOHOro HMKensa B 06-
wem obbeme pobbiuM cHu3amnacb. Tak, no gaHHeiIm Wood Mackenzie Ltd, obwemunpoBas
ropHas gobbida Hukens B 2014 rogy coctaBuna 2042 ThiC. T HMKensl, U3 kotopbix 38,5 %
npuwnock Ha cynbguaHyo pygy um 61,5 % Ha okucneHHyr. o aaHHbIM xe USGS (United
States Geological Survey), ropHas gobbiva Hukensa obina 3HaunTenbHO Gonblue 1 cocTaBuna
2450 TbIC. T, NMPEMMYLLECTBEHHO 3a cyeT DPUAUNNMH U CTPaH, OTHECEHHbIX K KaTeropuu

«[lMpoune» (Tabnuua 1.15).

Tabnuua 1.15 — NopHasa gobbiya Hukensa B 2014 rogy no ctpaHam

Mo gaHHbIM ([5]) Mo gaHHbIM ([10])
CrpaHa opHas gobbiva, | Jons ot muposon | [opHasa gobeiya, | Jons oT mupoBon
TbIC. T HUKENS Ao6bIun, % ThIC. T HUKENS Ao6biun, %

PunNUNnuHbI 417 20,4 523 21,3
Poccus 260 12,7 239 9,8
KaHapa 225 11,0 235 9,6
ABcTpanu4a 210 10,3 245 10,0
Hosasa Kanepno-

183 9,0 178 7,3
HUS
NHpoHe3uns 179 8,8 177 7,2
bpasunus 119 5,8 102 4,2
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Mo paHHbIM ([5])

Mo paHHbIM ([10])

CrpaHa opHas pobbiva, | Jons ot muposon | [opHasa gobbiya, | Jons oT mupoBon
TbIC. T HUKENS A06bIun, % ThIC. T HUKENS A06bIun, %
Kutan 105 51 100 4,1
Kyba 54 2,6 50,4 2,1
tOAP 52 2,5 55 2,2
[Mpoyne cTpaHbl 238 11,7 571 23,3
Mwup B uernom 2042 100,0 2450 100,0

Mo naHHbIM US Geological Survey?, mupoBas ao6biya kobanbTa B 2014-2015 rogax

coctaBnsna 123-124 teic. T/roq, Npud4emM NpUMEpPHO MOMTOBUHA NpuxogauTca Ha [emokpaTtu-

yeckyto Pecnybnuky KoHro (KnHwaca). [latb 6onee unm meHee HagexHylo oueHKy o6beMoB

Ao6blun kobanbTa CNOXHO XOTs Obl NOTOMY, YTO U3 Bcero obbema JOObLITOro BMECTE C HuKe-

NneM «JlaTepuToBOro» kobanbTa Hafgo BbIYECTb NaTepuTbl, Molledlne Ha nepepaboTky,

Hanpumep B beppoHUKenb, rae kobanbT TepaeTca 6e3so3spaTHO (Tabnuua 1.16).

Tabnuua 1.16 — NopHas gobbiva kobanbTa B 2015 rogy no ctpaHam, Teic. T ([10], [11])

CtpaHna Ho6biva, TbiC. T
HemokpaTnyeckas Pecny6nvka KoHro 63
Kutan 7,2
KaHaga 6,3
Poccus 6,3
ABcTpanusa 6,0
3ambus 55
PununnuHbl 4,6
Kyba 4,2

D CneayeTt oTMETUTb, YTO oueHkn USGS no gobbive kobGanbTa B pasHbIX CTpaHax He oTnunya-

0TCA eAMHo0bpasHbIM noaxoaom. Tak, Hanpumep, «ropHas» Aobblda kobanbTa B ABCTpanvu BKO-

YyaeT cogepxaHune kobanbTa B ﬂaTepMTOBOVI HUKeneBom pyoe nrkc cogepxaHune kobanbTa B HUKe-

JIEBbIX KOHUEHTpAaTax, no KaHage, Poccum — 3To oueHka cogepKaHun4 kobanbTa B KOHUEHTpaTax OT

nepepaboTkM MeLHO-HUKeneBbIX cynbduaHbix pya; no Kybe — 310 BooOLlE pacyeTHOe 3Ha4eHue,

nony4yeHHoe Ha oCHoOBe COOBLLIEHHBIX AaHHbIX MO cogepxKaHuo kobanbTa B npon3BeaeHHbIX HUKeJ1b-

k06anbTOBbIX CMeLUaHHbIX Cynbduaax M OLEHKU codepxaHus kobanbTa B aMMWayHOM pacTBOpe

BblLenaymBaHua u 1. 4. ([25]).
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CtpaHa Hobblya, ThiC. T
Maparackap 3,6
HoBas KanenoHus 3,3
OxxHaa Adpurka 2,8
Bpasunus 2,6
Mpoune cTpaHbl 7,7
Mwup B Lenom 124

1.4 NMpoun3BoAacCTBO HUKESA U KobanbTa

TexHonorndeckne cxembl nepepaboTkn HUKENEBLIX pynd ONpedenstoTcsa ux TUNoM u
OCOBEHHOCTSIMN  XMMUYECKOro cocTaBa. Tak, ecnu nepepaboTka cCynbMuaHbIX pya
He oTnu4aeTcs pasHoobpasnem (3a MCKNYeHMEM [ABYX MMApOMeTanypruieckmnx npous-
BOACTB — HapgexHWHcKoro metannypruyeckoro 3asoga B Hopunbcke (3anonspHbin ounuvan
MNAO «"MK «Hopunbckuin HuKkenb», Poccus) 2 n 3aeoga B Long Harbour (Vale, Kanaaa), ro-
NOBHbLIMU OnepaumsMn TEXHOSTOMMYECKOW CXeMbl ABNATCA NUpoOMeTannyprmyeckme npouec-
cbl, obecneymBaoLmne nonydyeHne MeaHO-HUKeNeBoro anHWTenHa), TO CXeMbl MNOMy4YeHus
HUKeNsa M3 NnaTepuToB BeCbMa PO3HATCA Mexay cobown, kak no Tuny n Habopy TexHonornde-
CKMX onepauuin, Tak n N0 BMAY KOHeYHoW npoaykumun. NMpn aTom Hambonbllee pacnpocTtpa-
HEHME UMeeT MnnaBKa OKUCIEHHOM HUKeNneBOoW pyabl HA PeppOHUKErb, B MEHbLLUEN CTENeHu
pacnpocTpaHeHbl Npouecchbl BbICOKOTEMMEPATYPHOro aBTOKMABHONO BbiwenaynsaHus n Ka-
poH-npouecc (Tabnuue 1.17). B HacTosiwee Bpems BCE LUMPE MPUMEHSIETCS MnaBKa OKUC-
NEHHbIX HUKENEBLIX PYA Ha HUKENUCTbIN YyryH (NpoaykT, 6nmn3kni no cocTtaBy K beppoHmKe-

nto0), BeCbMa LLUMPOKO BOCTPeDOOBaHHbIN Npy NPON3BOACTBE HEPXKABEOLLNX CTaneun.

Tabnuua 1.17 — OcHOBHble HUKeNeBble NpeanpusaTUs Mupa (3a UCKIoYeHneM NponsBoauTenen

HUKEJTNCTOro 4yryHa 1 I'IpeLI,I'IpI/IFITVIIZ, nepepaGaTblaarow,le MaJ'IOCyJ'Ib(*)VILI,HbIe nnaTtTnHoBbIE pyﬂ,bl)

Bnapeneuy TexHonorus TosapHaga npoaykumsa MecTtopacnonoxeHune

MepepaboTka cynbdUaHOro pygHOro Cbipbsi

Glencore MponsBoacTeo danHwTEenH Falconbridge, KaHaga

parHwTENHA

2 Kak GyOeT MnokasaHO HupKe, NomnyyYaemblii Npu rmapoMeTannyprinyeckoM oboralieHun Ha

3TOM NMPOM3BOACTBE NPOAYKT Takke nepepabartbiBaeTcsa 40 aniHLWTENHA.
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Bnapgeney TexHonoruns ToBapHag npogykuua | MecTopacnonoxeHue
BCL Ltd. MponsBoacTeo danHwTEenH Selebi-Phikwe,
> alHLWTeiHa BotceaHa
Boliden MponsBoacTeo danHwTENH Harjavalta,
3 anHwTenHa duHNaHansa
Hopunbckun Hu- MpounssoacTBo danHwTENH Hukenb, Poccus
+ Kerb thaliHLWTelHa
Hopunbckumn Hu- [MpounssoacTeo danHwTEnH Hopwunbck, Poccus
> Kenb GanHwTenHa
BHP Billiton MponsBoacTeo danHwTEenH Kalgoorlie,
° danHwTenHa ABcTpanusi
Vale MponsBoacTeo KapOoHWnbHbIN Sudbury, KaHaga
7. hanHwTENHa, padu- HUKenb
HUPOBAHHOIO HUKEeNS
Jinchuan Group MponsBoacTeo Hukenesble kKaToabl Jinchang (Gansu),
8. danHwTenHa, padu- Kutan
HUPOBAHHOIO HUKEeNS
Vale MpounssoacTBo Hukenesble katogbl, | Thompson, Kanana
9. danHwTenHa, padu- poHaenu
HUPOBAHHOIO HUKENS
ASA Resource MponsBoacTeo pa- | Hukenesble kaToAabl, 3nvbabee
Group, Bindura (PUHMPOBAHHOIO HU- | MeAHbIN cynbdua-
10 Nickel Corp Kens HbIN KOHLEeHTpAT,
(BNC) rmgpokcug kobanota
Vale ABToknaBHada nepe- | Hukenesble, MeadHble Long Harbour,
paboTka cynbduaHbIX | N KObanbToBbIE KaTO- Kanapa
11. Cu-Ni-pyg ¢ nonyye- abl
HUeM pauHUpoBaH-
HbiX Cu, Nin Co
MepepaboTka NnaTepuToBbIX PYA
) Glencore MponsBoacTeo deppoHuKenb Bonao, [loM1HWKaH-
12 theppoHuKens ckasi Pecny6nuka
Anglo American MpounssoacTBo deppoHuKenb West of Caracas,
13 doeppoHuKens BeHecyana
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Bnapgeney TexHonoruns ToBapHag npogykuua | MecTopacnonoxeHue
1 BHP Billiton MpounssoacTBo deppoHUKenb MoHTenmbaHo,
deppoHuKens Konymbus
15 Vale MponsBoacTeo deppoHuKenb Ourilandia do Norte,
doeppoHuKens Bpasunus
1. Posco MpounssoacTBo deppoHUKenb Gwangyang, Kopes
hbeppoHuKens
17 Sumitomo MponsBoacTeo deppoHuKenb Hyuga (Kyushu),
deppoHuKens AnoHus
18 Nippon Yakin MponsBoacTeo deppoHuKenb Miyazu (Honshu),
doeppoHuKens AnoHus
L. Pacific Metals MponsBoacTeo deppoHuKenb Hachinohe (Honshu),
deppoHuKens AnoHus
Hyuga Smelting MpounssoacTBo deppoHUKenb Miyazaki, AnoHus
20 Co. doeppoHuKens
1 Antam MponsBoacTeo deppoHuKenb Pomalaa (Sulawesi),
deppoHuKens NHOooHe3us
Glencore MpounssoacTBo deppoHuKenb Koniambo, HoBas
22 doeppoHuKens KanepoHus
Eramet MpounssoacTBo deppoHUKenb Noumea, HoBas Ka-
23 (Le Nickel) theppoHuKens neaoHNs
” Larco MponssoacTBo deppoHuKenb Larymna, ['peuus
doeppoHuKens
Feni Industries MponsBoacTeo deppoHuKenb Kavadarci,
25 doeppoHuKens MakenoHus
Mo6yxcknin MpounssoacTBo deppoHuKenb Mobyxbe, YkpanHa
26. | beppoHukene- deppoHuKens
Bbli KOMOMHAT
07 YdanenHukenb MponssoacTBo deppoHuKenb B. Ydanen, Poccus
(ocTaHoBrEH) deppoHukens
28 PexHukenb MponsBoacTeo deppoHuKenb Pex, Poccusa
(ocTaHoBIEH) deppoHukens
00 KOxxypanHukenb MpounssoacTBo deppoHuKenb Opck, Poccus
(ocTaHoBIEH) beppoHuKens
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Bnapeney TexHonorusa ToBapHaga npoaykuus MecTtopacnonoxeHune
Sherritt BbicokoTemnepatyp- Hwvkenb-kobanbT- Moa Bay, Kyba
30. HOEe CEepPHOKMCIIOTHOE CYNbMUAHBLIN
BblLLleNnavYnBaHune KOHUeHTpaT
Nickel Asia BeicokotemnepaTtyp- | Ni-Co-cynbduaHbin Coral Bay,
HOEe CepPHOKUCIIOTHOE KOHUeHTpaT dnnunnnHbl
3L aBTOKMAaBHOE BblLLe-
nayvBaHue
Sumitomo Boicokotemnepatyp- | Ni-Co-cynbduaHbii | Manila, dununnuHbl
32. HOe CEepHOKNCMNOTHOE KOHLEeHTpaT
BblLLenaynsaHme
Ramu NiCo BbicokoTemnepatyp- CmeluaHHble Basamuk, Nanya-
33. | Management Hoe cepHokucnoTHoe | Ni-Co-rugpokcuabl Hosas ['BMHeA
(MCC) Ltd BblLLela4ymBaHme
First Quantum BbicokoTemnepaTtyp- | CmelwaHHble rmapokK- Ravensthorpe,
Minerals Ltd. HO€ CEepPHOKUCNOTHOE cuabl ABcTpanus
34. BbllLlenaymBaHue +
aTmocdepHoe
BblLLleNnavYnBaHune
Wingstar invest- | Boicokotemnepatyp- | CMmelwaHHble rmapok- | Cawse, ABCcTpanus
35. [ments pty Itd HOE CEePHOKMCNOTHOE | cuabl (kapboHaThbl)
(ocTaHoBMEH) BblLLenaynsaHme
Vale BbicokoTemnepatyp- CuHTep, CoCOs Goro, Hoeas Kane-
36. HOEe CEePHOKUCIIOTHOE [JOHUSA
BblLLenaynsaHme
Ambatovy (Sher- | Beicokotemnepatyp- | 99,8 % Ni, 99,8 % Co Toamasina,
ritt, Sumitomo, HO€ CEepPHOKUCNOTHOE Maparackap
37 Korea Re- aBTOKIaBHOE BblLLEe-
sources) nadnsaHue
Glencore BbicokoTemnepaTtyp- | HUkeneBbi MOPOLLOK, Murrin-Murrin,
HOEe CEPHOKUCIIOTHOE | HUKeneBble DpUKETHI ABcTpanus
38. BblllenaymsaHuve +

Ky4HO€ BblLLena4un-

BaHne
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Bnapeney,

TexHonorusa

ToBapHas npoaykuus

MecTopacnonoxeHue

Wingstar invest-

BbicokoTemnepatyp-

Hukenesblie kaToabl,

Avalon, Asctpanus

39. | ments pty Itd HOE CEePHOKUCIIOTHOE | cynbcua kobanbTta
(ocTaHoBIEH) BblLLleNnavYnBaHmne
KybuHckoe npa- KapoH-npouecc CuHTep, Punta Gorda, Kyba
40. | BUTENBLCTBO Ni-Co-cynbduaHbIn
KOHUeHTpaT
KybuHckoe npa- KapoH-npouecc CuHTep Nicaro, Kyba
i BUTENbLCTBO
Queensland KapoH-npouecc 99,5 % Ni, Townsville,
42 Nickel ChemGrade Cobalt ABCTpanus
Votorantim Met- KapoH-npouecc H. a. Niquelandia,
3 als (ocTaHOBMEH) Bpasunus
Votorantim MponsBoacTeo danHwWTEenH Fortaleza de Minas,
44. | Metals (ocTta- danHwTenHa Bpasnnus
HOBIEH)
Vale MponsBoacTeo danHwTEenH Sorowako (Sulawesi),
45, danHwTenHa n3 na- NHooHe3us
TepuToB
PadunH1poBOYHbIE NpeanpusaTmus
Sherritt MpounssoacTBo H. o. Ft. Saskatchewan,
46. pauHMpOBaHHOIO KaHapa
HMKens
Glencore MpounssoacTBo HukeneBble kaToab! Kristiansand,
47. padUHUPOBAHHOIO Hopserusa
HMKens
Eramet MpounssoacTBo Hukenesble kaToabl | Sandouville, dpaHums
48. padUHMPOBAHHOIO
HUKens
Sumitomo MpounssoacTBo Hukenesble katogbl, | Niilhama (Shikoku),
49. padoMHNPOBAHHOIO conu AnoHus
HUKens
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Bnapeney, TexHonorusa ToBapHag npogykuua | MecTopacnonoxeHue
Hopunbckumn Hu- MponsBoacTeo Hwukenesble kaToapbl, Harjavalta,
50. |kenb padoMHNPOBAHHOIO OpurKeTbl, conu OnHNaHauns
HUKensA
Hopunbckumn Hu- [MpounssoacTBo Hukenesble kaToabl, | MoHyeropck, Poccus
51. |kenb padUHMPOBAHHOIO KapOOHWMbHbIN
HUKena HUKenb
BHP Billiton MpounssoacTBo HwukeneBbI nopoLwok, | Kwinana, ABcTpanus
52. padOMHNPOBAHHOIO | HUKeNeBble BPMKETHI
HUKena
Vale MpounssoacTBo KapOoHWnbHbIN Clydach, Yanbc
53. padoMHNPOBAHHOIO HUKenb
HUKensa
Vale MpounssoacTBo CuHTep, 6pukeTbl Matsuzaka (Honshu),
54. panHMpOBaHHOIO AnoHus
HUKensa
Votorantim Met- PadunHupoBaHune Sao Paulo, bpasunus
> als (ocTaHoBIEH) halHLWTENHa

H. 0. — HeT JaHHbIX.

1.4.1 NMepepaboTka NaTepuUTOBLIX PyA C NOSIyYeHUeM 6oratbiX NPOMbILIIEHHbIX

NMPOAYKTOB UJTU TOBApPHbLIX MeTannosB

NateputoBble Ni-Co-pyabl nepepabaTbiBaldT MNMPOMETANNyprMieckumMm MeToaamm

(nnaBka Ha (beppOHUKESTb, HUKENUCTbIN YYTYH UMK WUTEWNH), rmapoMeTannypruyeckumm MeTo-

Jamun (CepHOKI/ICJ'IOTHOG aBTOKITAaBHOE BbillenavyMBaHme, MHoraa B KoMbuHaumm c aTMOCCbep-

HbIM U KYyYHbIM BbILIJ,eJ'Ia‘-IVIBaHVIeM) n KOM6VIHVIpOBaHHbIMVI mMeTogamMmu, coyetarowmmMmm rnpume-

Mbl

nMpo- W ruapoMeTannyprum (Hanpumep, amMmuavyHoe BblleniadyMBaHne Mo MeTo-

Ay M. KapoHa). Beibop mMeToaa B 3HA4MTENbHOW CTENEHN ONpeaensieTCa XMMUYECKUM U MU-

HepanorMyeckum coctaBoM pyabl. Tak, Ans nepepaboTtkn Mg-rmapocunmkaTHoro noarmna

pyabl Moyt B ¥ criyvyaeB NpuMeHsieTcsl nnaeka. HanpoTtue, ans nepepaboTku Kene3ook-

cnagHoro noatuvna Wucnosib3yrTcA MnpenmMmyuecTtBeHHO runagpomMmetarutyprmyeckme cnocobsil,

Bkntovaa metoa KapoHa (pucyHok 1.3).
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CpelHee cojepXxaHue
(%) Mpouecc nepepaboTkn

Ni Co Fe | MgO
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PucyHok 1.3 — BepTukanbHbIn paspe3 MecTopoXgeH st TPOnnM4ecKnx

Ni-Co-nateputoB ([26])

lNMnaBka naTepMTOBOM HUKENEBOMU pyAbl Ha (heppOHUKENb, HUKESNTUCTLIN YYTyH,

LUTEMH 3a pybexom

CoBMeCTHOe NMpuUCYTCTBME B NaTeputax HUKENs W xenesa co3gaeT nNpeanocbinkm ang
nonyyeHns xenesocoaepXallimMx HUKeNeBblX MPOAYKTOB, MNPUroAHbIX ANA NPOU3BOACTBA He-
pXXaBewLmx cranen — eppoHUKEna U HAKENUCTOro YyryHa.

Cblpbem ans npousBoacTBa eppoHUKENs CIYXUT npenmyLliectBeHHo canposnmt (%:
Ni— 1,5-3; Co — 0,04-0,08; Fe — 15; SiO2-40; MgO — 25), no3songatwowmnmn n3-3a noHu-
XXEHHOro Mo CPaBHEHMUIO C JIMMOHUTOM COAEpPXaHUs Xenesa nNpu MeHbLUMX NPOU3BOACTBEH-
HbIX 3aTpaTtax nony4yatb eppOoHUKENb 3a4aHHOro coctasa ([24]).

TexHonorn4yecknin npouecc BkAYaeT B ceba CylKy pyabl, 06Xur, BOCCTaHOBNEHNE
OKCMOOB HUKESNS M Xenesa B drekTponevax ¢ NoflyYeHMeM YepHOBOro oeppoHUKENsa n ero
paduHupoBaHue, obecneyvnBatolLee yganeHune cepol U pocgopa. CBoeobpasHbiM cTaHaap-
ToM oTpacnu ctan npouecc RKEF (rotating kiln — electric furnace), Bkntovatowum B cebs
oGxur Bo Bpawatowencs neun (‘RF’) n BocCTaHOBUTENbHYO nNnasky B anektponeun (‘EF).

B TunuyHoM criydae rotoBbin heppoHunkens cogeput 20 % — 40 % Ni.
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MponasoacTBo HUKenucToro YyryHa (HY) Havyanock B Kutae B 2005 rogy Kak peakums
Ha BbICOKME LieHbl Ha HUKeNb U yxe K 2014 rogy nosiyuymno BecbMa LUMPOKOE pacnpocTpaHe-
Hue. K 3ToMy BpEMEHM HUKENUCTLIN YyryH cTan nokpbiBaTh 40 52 % noTpebHOCTU B HUKeNe
KMTaNCKUX NpoM3BOaUTENEN HEPXKaBEIoLEN CTanu.

Mcnonb3oBaHne ansa npomssoactsa HY ctaHaapTHbIX AOMEHHbLIX neyen no3Bonsno
nony4atb NPOAYKT BECbMa HU3KOro KavyecTtBa C HEGONbLUMM COAepXXaHMEM HUKENS U BbICO-
KUM — npuMecen, NpuUrogHbli AN NpPou3BOACTBA HEpPXaBeLen ctanu cepun. 3ameHa ux
anekTponeyamn obecneumna cogepxaHuve Hukens B HY Ha ypoBHe 10 % — 15 % Ni, uto
coenaro ero npurogHbIM A58 npon3BoAcCTBa Hepxasetowmx ctanen cepumn 300.

C 2011 roga Havanocb 6bicTpoe passuTue npomssoacTtesa HY no xopowo mM3BecTHoOwm
TexHosormm npoussoacTea deppoHukens RKEF. Takon HUKENUCTbIM YyryH, Kak No cocTasy,
Tak 1 no cnocoby Npon3BoACTBa NPAKTUYECKN HUYEM He OTNnYaeTca OT 0BbIMHOro PeppPOoHN-
kens. CogepxaHune Hukensa B Hem gocturaeT 20 % n 6onee, BpeaHbIX NPUMECEN MEHbLLE, a
N3OEPXKKN HUXKE, YeM MpU NnaBke B JOMHE.

HecmoTpsa Ha BCIO npuBrekaTtenbHOCTb HEeNnocpenCTBEHHOrO NPOU3BOLCTBA HUKEIb-
XenesHblX CNnaBoB, YacTb NaTepuToBOM pyabl NnepepabaTtbiBaeTca No CXxeme C nonyvyeHmem
Hukenesoro wrenHa (Vale Ha 3aBoge Sorowako, WMHOooHeswmsa, u Eramet Ha 3aBoge
Doniambo, Hoeas KanegoHus).

Ha 3aBoge Sorowako komnaHum Vale npousBoguTenbHOCTbIO nopsigka 80 Thic. T roa
MO HUKEII OKUCIIEHHYIO pyay nocnefoBaTenibHO NogBepraT Cynbuanpyowemy ooxury ¢
NCMNoNb30BaHMEM 3NIEMEHTAPHON Cepbl, NfiaBke Ha HMKenesbln WTenH (~26 % Ni) n koHBep-
TMpoBaHuo B kKoHBepTepax Nupca — Cmuta ¢ nonyyeHnem anHwtenHa ¢ ~78 % Ni.

OcHoBHyto YacTb (80 %) rpaHynupoBaHHOro dparHwTerHa Vale otnpasnseT Ha padu-
HUPOBOYHbIN 3aBog Matsuzaka (AnoHus), YacTb — npogaeT KoMMnaHuu Sumitomo gns pa-
uHMpoBaHus Ha 3aBoge Niihama (AnoHnsa) coBMECTHO CO CMeLuaHHbIMKU cynbdugamm, no-
NyYEeHHbIMM Ha OBYX CBOMX 3aBogax Ha dununnuHax, nepepabaTtbiBalomMX NaTepuTOBYHO
py4y cnocoboM aBTOKITAaBHOIO CEPHOKMUCITOTHOIO BbILLENa4YMBaHUS.

Ha 3aBoge Doniambo (Hoeas Kanepowusi) komnauum Le Nickel-SLN, Bxopsdiwien B
rpynny Eramet, okncneHHasa (rapHuepuToBas) pyga nraBuTCA Ha (PeppoHUKeNb B 3MEKTPO-
neun. OCHOBHaga YacTb PepPPOHUKENS NOCTaBNAeTCA NOTpebutenam B KadecTBe TOBApPHOro
npoayKTa, a YacTb — CynbUANPYETCA dNIeMEHTAPHON CEPON C NoslydeHnem panHLWTenHa n
nepepaetcsa Ha 3aBof komnaHuu Sandouville (PpaHumnsa) ans npomssoacTsa padMHUPOBaH-
HbIX HUKeNs 1 KobanbTa (MeTannnMyeckui HUKESNb BbICOKOM YUCTOThI (>99,97 %), xnopug u

kapboHaT HuKens, xnopua kobanbTa).
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lMepepaboTka OKMCNEHHbLIX HUKENEBBLIX Py B Poccuu OCyLLeCcTBRNSeTCA C NonyYyeHnem
TOBapHOro OrHEBOr0 HUKENs Ha kKoMBuHaTe YdanenHukens. Bengy ybbITo4HOCTN KOMBUHATBI

FOxypanHukernb n Pexckun HMKeneBbl 3aBOA OCTaHOBIEHbI.
FmppomeTannypruyeckas nepepaboTtka narepmToBbIX pya

BbicokoTeMnepaTypHOE CEepHOKUCNOTHOE aBTOKNaBHOe BbiwenadnsaHne (HPAL) sB-
ns{eTcs BTOPbIM MO PacnpoCTpaHEeHHOCTU B MUpEe NpoueccoM, npegHasHayvyeHHbIM Ans npo-
N3BOACTBA HUKENSA U3 OKUCIEHHbIX HUKENEBbIX pyA, U obecneymBaeT BO3MOXHOCTb U3BNeYe-
HUSA B TOBapHYto npoaykumio go 90 % n 6onee HMKenNsi U OCHOBHYIO YacTb kKobanbTa.

TexHonorns peanusoBaHa Ha ABYX 3aBogax komnaHuwm Sherrit Ha Kybe n Maparacka-
pe, a Takke npegnpuatnax Sumitomo (Coral Bay) Ha dununnuHax, Vale (Goro) B Hosown Ka-
nepoHun, Glencore u First Quantum Minerals Ltd (MurrinMurrin n Ravensthorpe 2 cooTseT-
ctBeHHO) B ABcTpanuu, Ramu NiCo Management (MCC) Ltd (Basamuk) B [Manya-HoBown
'BMHee. 3aBoabl Cawse n Avalon komnaHmm Wingstar investments pty Iltd B ABctpanuu, npu-
Hagnexaswwue Ao 2014 roga pasnuyHbiM koMmnaHuam (B Tom uducne NAO «MK «Hopunb-
CKUI HUKENb»), B HACTOSALLEE BPEMS 3aKOHCEPBMpPOBaHbI (Tabnuua 1.17).

Mpouecc HPAL — 370 npouecc, B KOTOPOM HUKENb U KOBanbT 13 nateputoBon pyabl
BbILLENaynBaloTCA CEPHOW KUCMNOTOW MNpWU BbICOKUX AasreHun (~40 aT) u Temnepartype
(230 °C — 240 °C). N3 pacTtBOpa BbllLeNa4YMBaHNsA Nnocne OYMCTKM ero OT npumecen nubo
ocaxdatT CMellaHHble Cynbuabl Unu rmapokenabl HUKeNa m kobanbTa, NMbo BeayT Npo-
Lecc C MUCMOonb30BaHNEM >XXUAKOCTHOM 3KCTPAKUMU U IMEKTPOIKCTPaKUUKN OO NOSTyYeHUs me-
Tannnyecknx Hukensa n kobaneta. [locneaHee xapakTepHo A5 OTHOCUTENBHO HOBbLIX Npea-
NPUATUI.

'mapomeTannyprmyeckas TEXHOMOMMs MonyvyeHns HUKenNs u kobanbTta ¢ MCNONb30Ba-
Hnem npouecca KapoHa (BOCCTaHOBUTENbHLIN OBXWUI C NocreaywmMm aMmMMayHbiM BblLLe-
nayuBaHnem) nospondeTt nepepabatbiBaTb NMMOHUTOBYIO pyay UM CMECb JIMMOHUTOB C Ca-
nposiMTamu, rnpu 3TOM C yBernmyeHmem OTHOCUTENBHOM 0NN canponuTa U3BrnevYeHne HUKens
n kobanbTa CHmxaeTcs. 1o cpaBHEHMIO C NPOLECCOM aBTOKITABHOMO KMCIIOTHOMO BblLLEenaym-
BaHunsa (HPAL) npumeHeHue npouecca KapoHa akoHOMMYECKM onpaBAaHo Ana nepepaboTku
pyabl ¢ 6oniee BbICOKMM cofepXaHnem marHus (npumepHo 8o 8 %). OgHako B 3TOM TEXHOSO-

TN N3BneYeHne HMKensa n ocobeHHo kobanbTa CyLeCcTBEHHO HMxKe, Yem B HPAL.

® Ha saBoge Ravensthorpe ucrnonb3yercs codeTaHue BbICOKOTEMMNEPaTypPHOro aBTOKMABHOMO
CEPHOKMCIOTHOrO BbILLENayMBaHust ¢ aTMocdepHbIM, a Ha MurrinMurrin — ¢ KyYHbIM BblllenavmBa-

HUeMm.
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Tabnuua 1.18 — [encTeytowme npeanpuaTtusa, ncnonbayowme HPAL npouecc

M3BneyeHue npu Bbl-

Tun | Conepxanve, % TosapHas
Mpeanpuatune Ctpahna [NpounsBoanTenbHOCTb, T/roa wenavmsaHuu, %
py4 NPOAYKUUS
Ni Co Ni Co
Moa Ba Kyba N Ni-Co-cynbduma-
Y Y 33000 1,3 0,14 96 96 5 y
HbIW KOHUEHTpaT
Murrin Murrin ABcTpanus J1, CM H. a. H. a. HwukenesbI no-
40000 1,2 0,08 POLLIOK, HUKene-
Bble OpuKeThl
Coral Bay OuUNUNNUHBLI J1 Ni-Co-cynbdua-
20000 1,3 0,03 95 95 .
HbIW KOHUEeHTpaT
Goro Hosas Kane- J,C. | H.a H. o H. o H. o CuHTep, CoCOs3
60000
OOHNA
Ambatovy Magarackap M 99,8 % Ni,
60000 1,3 0,11 97 97
99,8 % Co
Ramu Manya-HoBas H. o H. o H. o H. o H. o CwmellaHHble
'BUHes 31000 Ni-Co-rngpo-
Kcunabl
Taganito drNUNNUHBLI 30000 H. o H. g H. o H. o H. o Ni-Co-cynbduma-
HbI KOHUEeHTpaT
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N3BneveHne npw Bbl-

Tun | CoaepxaHue, % ToBapHas
Mpeanpuatune CtpaHna MpounssoanTenbHOCTb, T/rog wenavmsaHuu, %
pyA NpoAYyKUUs
Ni Co Ni Co
Gordes (npoekTun- Typumns H. o H. g H. o H. a. H. a. H. a.
pyetcsa (?) HeT AaH-
10000
HbIX O BBOJE B 9KC-
nnyarauyuio)
Ravensthorpe * ABcTpanus H.a. J,C | Hp H. o CwmellaHHble
96 96 Ni-Co-rngpo-
Kcmapl

C — canponut; CM — cmektuT; J1 — numoHnTt; M — cmewanHbii Tun; Cun — cunukatHas Co-pyaa.

* MicnonbayeTcs npouecc EPAL — coveTaHne aBToknaeHoro (PAL) n atmocdepHoro Boilwenaynsanmns (AL).
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B HacToswwee Bpema npouecc KapoHa NpuMeHAeTca Ha Tpex OeUCTBYOLWNX 3aBojax:

Nicaro, Punta Gorda (o6a Ha Ky6e) n Yabulu (Asctpanus). 3aBog Sao Miguel Paulista (bpa-

3UNNS) U3-3a HU3KUX LIEeH Ha HUKeNb Ha HeornpegeneHHoe BpeMsi ocTaHoBneH (Tabnu-

ua 1.19).

Ta6n|/|u,a 1.19 — lNMokasaTenu U3BreYeHUs HUKeNsa 1 kobanbTa 1 Cnocobbl X U3BIIEYEHUS U3

aMMVIa‘-IHo-KapGOHaTHbIX pacTBOpPOB Ha NpeanpuAaATUAX, MCNonb3yrLnx KapOH-npou,ecc

Yabulu, Sao Miguel
Nicaro, Kyba Punta Gorda, Kyba Townsville, Paulista,
ABcTpanus Bpasnnua
BBsopg B akcnnya-
1941 1990 1974 1981
Tauuio
M3BneveHne, %
Ni 75 84 80
Co 40 40 50
ToBapHas npo- | CuHTtep, Ni-Co-cynbduaHbii kKoH-  [99,5 % Ni, KaTtogHbin Hu-
aykuus LeHTpar 98,5 % Ni, QN Kelb, KaTOOHbIN
ChemGrade Co- |kobanbT
balt
Cnocob BblgeneHnsa metannios
Ni OTroHkor ammunaka B Buae ocHoB- | XKunakocTtHas OcaxpaeHune oc-

Horo kapboHaTa

9KCTpaKums, pe-
9KCTpaKums, oT-
roHKa ammuaka c
nony4eHuem oc-
HOBHOroO kapbo-
HaTa Ni, npokan-
Ka, BOCCTaHOB-
neHve BOAOpPO-

[10M

HOBHbIX Kap0bo-
HaToB Ni u Co,
pacTBOpeHVE B
H2SOa4, anekTpo-

3KCTpaKLuS
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Yabulu, Sao Miguel
Nicaro, Kyba Punta Gorda, Kyba Townsville, Paulista,
ABcTpanus Bpasunnusa
Co (NH4)2S B BUA€E cMeLlaHHbIX H2S B Buae OKCTpaKLMOHHOE

Ni-Co-cynbduaoB nepeq Bbigene- |cynbduaa ns Hu- |BolaeneHve us

Huem Ni kenesoro padgu- |Ni-Co-pacTtBopa,
HaTa, JOBOAKA | 3MEKTPOIKCTPaK-
o Co metannu- |uusa

YeCKoro

B 2010-2011 rogax komnaHusa Direct Nickel npe3seHToBana texHonorno nepepaboTkm
naTepuToB B a30THOKUCIION cpefe C pereHepauuen a3oTHOW KMCMOTbl U 3anycTura OeMOH-
CTPaAUMOHHYIO NUNOTHYH yCTaHOBKY. OAHMM M3 3NIEMEHTOB YCTaHOBKM Obin arperat gns tep-
MMYECKOro pasnoXeHus, B KOTOPbIA NogaeTcs MOHOormapaT HUTpaTta MarHus, a obpasyetcs
MgO B Buzae nopollka u BbigensatoTcsa rasel NOx, npoxogswme vyepes ceputo abcopbepos u
ckpy66epoB, B KOTOpbIX u3Bnekaetca 99 % okucnos asoTta u nonyyaetca 55 %-Has a3oTHas
kncrnota. Pabota geMOHCTpauMOHHOM YCTAHOBKM MOKa3asna BO3MOXHOCTb pereHepauumn 6o-
nee 95 % a30THOW KUCMOTbI U U3BEYEHMST HUKENS U kobanbTa B rugpaTHbIA NPoaykT — 60-
nee 90 %. OgHako, HECMOTPSA Ha BbICOKME MokasaTtenun 3dEKTUBHOCTN, HA CErogHSLLIHUN
AeHb NHopMaLnA 0 KOMMEPYECKOM UCMOSTb30BaHUN TEXHONOMMU OTCYTCTBYET.

CnepgyeT ynoMsiHyTb M O TaKOM HanpasfeHun, Kak XrnopuaHoe BbilwenavmsaHue. Uc-
cnefoBaHus BO3MOXHOCTM nepepaboTky NnaTtepuToBbIX Py B CONSHOKUCIION cpede uayT C
70-x rr. Cpean KoMnaHum, akTUBHO BeayLmx pa3paboTkm B 0651aCcTn XnopuagHOM TEXHOMOMUN,
cnegyet ynomsiHyTb: BHP Billiton (paspaboTaBLuyto npouecc XnopuaHoro Ky4yHoro Bblliena-
ynBaHus), Jaguar Nickel, Nichromet Solutions Inc, Intec Ltd, Anglo American (npouecc Anglo
Research Nickel — ARNi) v agp. OgHako HW OguMH M3 NEpPEeYMCIiEHHbIX MPOLECCOB MoKa

He AOCTUr CTaMM KOMMEPYECKOrO BHEAPEHMS.
1.4.2 NepepaboTka cynb¢puaHbLIX pya ¢ nonyvyeHnem panHwTenHa

Hukenbcogepxawime cynbuaHble pyabl, B OTNMYME OT OKWUCIMEHHbIX, NoA4arnTCs
dnotaunoHHoMy oborawleHuto. Tak, ns pyabl, cogepxawien 1 % — 3 % Ni, nony4yaroT KOH-
ueHTpaT ¢ 7-20+ % Ni. TexHonorndyeckas cxema BKNo4YaeT B ceba apobneHue, namenbye-
Hue n pnoTtaumio. B 3aBUCMMOCTM OT coCTaBa pyabl, B HACTHOCTU COOTHOLLEHUS MEAN U HU-

Kend, NCNosnb3yKTCA pa3rinyHblie CXeMbl.
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[Mpn HebonblWOM coaepXaHun B pyae XanbKonuputa peanu3yeTcs npouecc Konnek-
TMBHOM bnoTauum ¢ nosiydeHnem Ni-Cu-kOHUeHTpaTa, Npu 3Ha4uTernbHOM (MaccoBoe COOT-
HoweHune Cu : Ni >0,3) — npounsBoguTca pasgeneHne Ha HUKeneBbl (MegHO-HUKENEeBbIN) U
MeaHbIN KoHUeHTpaTbl. Ha TanHaxckon oboratutensHon dabpuke 3® NMAO «'MK «Hopunb-
ckui Hukenb», nepepabaTbiBatoLen ChmnoLHble CynbduaHble pyabl, OCYLLECTBAMNOCH Takke
BblAefieHNe HUKENUCTOro NMUPPOTUHA B OTAESNbHbLIN, Tak Ha3blBaeMbl MUPPOTUHOBBLIA KOH-
LueHTpar.

Hanbonee pacnpocTpaHeHHOW MpakTuKkon nepepaboTKn HUKENEBbIX CYyNbMUOHbIX
KOHLIEHTPaTOB ABNSAETCA LWTEMHOBas NnaBka, KoTopas MOXeT bbITb peanusoBaHa nMbo B aB-
TOreHHbIX arperaTtax (neyb B3BELUEHHOW NiiaBku), MMbO B pyaHOTEPMMUYECKUX ANEKTPONeYax.
[MonyyYeHHbLIN WITENH KOHBEPTUPYIOT C NoSlyYeHneM (panHLITENHa, KOTOPbIN 3aTeM paduHu-
PYIOT ruapomeTannypruyeckum (Becb Mup) UnmM KOMOMHUPOBaHHbIM criocobom (Poccus?) ¢

nosly4eHMem TOBapHbIX MeTannoB (PUCYHOK 1.4).

4 Mo paHHbIM Ha 2016 rod, Ha €AMHCTBEHHOM HUKeNbpadMHUMPOBOYHOM NpeanpusTum Poc-
cun — kombuHate CeepoHukens AO «Konbckas TMK» oo cux nop ucnonb3yeTcs ycTapesluas Tex-
Hormornyeckasi cxema nosnyvYeHus KaTtoAHOro HUKerns MeTofoM anekTpopaduHMpoBaHua MeTannuye-
CKUX aHOAOB, OIHAKO OT 3TOM TEXHONOIMW B HACTOsILL,Eee BPpeMS OTKa3blBalOTCH, NOCTENEHHO Nepexo-
A5l HAa TeXHOMOrNI0 XMOPHOro BbILLIENaYMBaHUA HUKENEBOro NopoLLKa TpybyaTbiX neyen ¢ nonyyveHu-

€M HUKEens 3MeKTPOIKCTPaKLMEN.
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Cu:Ni > 0.3 CuNi <03

MeaHo-HUKenesagd
cynbdunaHaa pyda

W

CEJIEKTUBHAA OJIOTALINA KOJIMNMEKTBHAA ONOTALINA
MuppoTUHOBBII \l/ Hukenerelii Hukenerrlii
KOHUEeHTpaT MenHbIA KOHUEHTDAT KOHUEeHTpaT KOHUeHTpaT
bbb B MeOHO& NPOU3BOACTBO
i B OTBan W W W Y
i MONYYEHME WUTEUHA < ABTOKNABHOE
A4 BbIlWEJTAMNBAHWE
LWUnak LUreiiH "
rTMOPOMETAIINTYPIrMYECKOE PacTeop Ke,i
OBOTALLEHNE v
\L Cu-Ni B oTBan KOHBEPTUPOBAHWE Mocne
KOHL|eHTpaT daiHWTellH Lnak HeWTpanu3aLnn
Cepa P B OTBan
aneMeHTHaA Fe [apaThble v
rermmapaTtHeie y
XBOCTLI B OTBAN W OYUNCTKA OT NMPMMECEM
PAONHVNPOBAHWE W PASOENEHWE METANIOB
PadWHWpoBaHHLIA KoHueHTpaT PadunHupoBaHHEl PaduHupoBaHHEIA PaduHMpoBaHHLIA PaduHupoBaHHaq
HUKENb M KobanbT HUKENb kKoGanbT Melb

PucyHok 1.4 — lMpuHumunuanbHas cxema nepepaboTku cynbdUaHbIX MeOHO-HUKENEBLIX pya
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[(MaBHbIM NPEUMYLLECTBOM NMMPOMETANNYypPruyeckon roroBHon nepepaboTkn matepu-
ana aABnAeTcs BO3MOXHOCTb MPaKTUYECKN KONMMYECTBEHHOIO KOHLIEHTPUPOBAHUSA (3a UCKIHO-
YyeHnem cepebpa) NpUCYTCTBYIOLWMX B CyNbPUOHBIX MEAHO-HUKENEBbLIX pyAax AparoueHHbIX
MeTansos.

Onsa pya, He cogepxawmx gparoueHHbIx MeTannoB (MeaHo-HUKeneBble pyabl MecTo-
poxaeHus Voisey's Bay), BO3MOXHa rmgpomMmeTtannyprudeckas nepepabotka ¢ TOTanbHbIM
BCKpbITMEM CYNb(UAHOW COCTaBASOWEN U NONYYEHNEM MEeLHO-HMKENb-KOBanbTOBOro pac-
TBOpa, NPUrogHoOro Ansa AanebHenwen nepepaboTkm ¢ NonydyeHnem KaTogHbIX pauHMpOBaH-
HbIX MeTarnmnoB 1 OTBaNbHOro Keka, MpUrogHoro nocne HemMTpanuaaumm Ans 3aXopoHeHus.

CnepnyeT Takke OCTAaHOBUTbCS Ha nepepaboTke NMUPPOTUHOBLIX HUKENbCOAEPXKALLMX
KOHLIEHTpaToB, NpsaMasa nupomeTtannyprudeckad nepepaboTka KOTOpPbIX BBUOY HU3KOrO CO-
[epXXaHUs1 LleHHbIX KOMMOHEHTOB 3KOHOMMYECKN HelenecoobpasHa ). Mpoueaypa ruapome-
Tannypruyeckoro oboralleHusi, peanu3oBaHHasa Ha HagexamHCKOM MeTannypruyeckom 3a-
Boge 3% INAO «'MK «Hopunbckuin Hukenb», ¢ BbIBOAOM B OTAESbHbIE NPOAYKTbl OCHOBHOW
4YacTu cepbl B arieMeHTapHoOu (popme, a xenesa — B rmapaTHOW denaeT AaHHbIA nosiyvyae-
MbI CyNbMUOHBLIN KOHLEHTPAT BeCbMa MpuBreKaTenbHbIM A58 N3BNEYEHNA U3 HEro LIeHHbIX
KOMMOHEHTOB (HUKens, kobanbTa, Meau, AparoueHHbIX MeTannos) CTaH4apTHbIMU NMpoMe-

Tannypruyeckummn cnocobamm.
Mpoun3BoacTBO WITENHA

[(onoBHOW onepauui NUpomMeTaniypruieckon nepepaboTkn HUKeNbcoaepKalunx pya
N KOHLEHTPAaTOB SBMSETCA NfaBKa Ha LUTENH.

K Hanbonee crapbiM BapuaHTaMm peanu3aumm npouecca OTHOCUTCS MNnaBka npensa-
pUTENBHO OBOXOKEHHBIX M OKYCKOBAHHbIX KOHLIEHTPATOB MM KYCKOBOW pyAbl B OTpaxaTenb-
HbIX MMM LUaxTHbIX nevax. Takume npouecChbl XapakTepusoBaniMCb OTHOCUTENbHO HU3KOW
yOenbHOM NPOU3BOAUTENBHOCTbLIO, BbICOKMM PACXOOM KOKCa W MOBbILWEHHbIMU NOTEPSMMU
LEHHbIX KOMMOHEHTOB C OTBaslbHbIMU LUMaKkaMun 1U3-3a NpUCyLLen MUHepanam nycTtom nopoasl
MEeAHO-HUKeNeBbIX pyA TyronnaekocTu. [aHHble 06CTOATENBLCTBA, @ TaKKe CTPEeMUTESNbHOE

pa3BUTNE 3NEKTPOIHEPrETUKM NPUBENN K JOCTATOYHO ObICTPOMY BbITECHEHMIO 3TUX MpoLEec-

® B cepeanHe XX Beka HuKenbcogepXaluini MUPPOTUHOBLIA KOHLIEHTPAT MECTOPOXOEHWA
Sudbery (Kanaga) Takke nepepabaTbiBanu. Ero obxuranu, BocctaHaBnvMBanu 1 Bblllenadvsanv am-
MWaYHbIMK pacTBOpamu ANs U3BneyYeHns Hukens. NonyyYyeHHbIn Kek Hanpaensancs Ha nupomeTannyp-

rMyeckyto nepepaboTky C NonyvYeHNemM reMaTUTOBbIX OKaThILLEN AIS YEPHOW MeTanypriu.
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COB 3HauuTenbHO Bonee ahPEKTMBHON N MEHEE «KAMPU3HOW» 3MEKTPONaBKoOM, KOTopas, B
CBOI0 o4vepeb, Takke NocTerneHHO 3aMeHSIeTCA NNaBKOW B aBTOreHHbIX nevax.

[lo HegaBHEro BpeMeHn anekTponnaeska npeaBapuTeribHO 000XKEHHOro HWKEeNeBoro
(MegHO-HMKeneBoro) KoHUeHTpaTa npMMeHsnach Ha NaTy 3aBogax (B TOM yucne AByX, pac-
NOMNoXeHHbIX Ha Tepputopumn Poccuiickon depepauun)®, nepepabaTbiBaloWmnX HUKENeBoe
(HMKenb-megHoe) cynbduaHoe cbipbe. B HUKenb-nnaTtMHOBOW nogoTpacnn pyaHoTepMuye-
CKasi nyiaBka NnoBCEMECTHO UCMOMb3yeTCs U NO Cen AeHb, NPy 3TOM U3-3a HU3KOro coaepxa-
HUA cepbl MaTepuan He obXuralT, a nocne CywKU HenocpeacTBEHHO NoJalT B 3NEKTPo-
neyb (Tabnuupbl 1.19-1.20).

HecmoTps Ha To, 4TO NpoLEecc 3MeKTPOonaBkM ABMNSETCA JOBOMbHO CTapbiM, OH UMeeT
psg HEOCNOPUMbIX NPEUMYLLLECTB, 8 UMEHHO:

- BO3MOXHOCTb nepepaboTkn manocynb®UAHOrO BbICOKOMAarHe3nanbHOro Cbipbsa 3a
cyeT CnocobHOCTU anekTporneyn obecneymBaTb BbICOKME TeEMMepaTypbl LUIaKoBbIX pacnna-
BOB;

- BO3MOXHOCTb NepepaboTkM KOHBEPTEPHbIX LUMAKOB M MPSAMOro NnosiydYeHns oTBasib-
HbIX MO UBETHbIM W AparoueHHbIM MeTannam Liakos, He Tpebywmx crneumanbHoro obea-
HEHNS.

MmeHHO aTn obcToAaTenbcTBa 1 06yCcnoBnNMBalOT NOBCEMECTHOE NPUMEHEHWE PyAHO-
TepMUYecKUX neven Ons nnaBkyM nnaTMHoOcoAepXalmx KoHUeHTpaToB. [axe npu cogepxa-
HUM B LWUaKe oKkcuaa marHms Ha yposHe 13 % — 23 % 3a cyeT nogaepXaHust BbICOKOW TeM-
nepaTypbl LMAKOBOW BaHHbI yaaeTca obecrneyntb YpesBblHanHO HU3KME MOTepU LBETHbLIX W
AparoLeHHbIX MeTansnoB (NoTepu AparoLeHHbIX MeTannoB NponopumoHasrbHbl NoTepsaMm me-
AN, TaK Kak HUKeSlb MOXeT NPUCYTCTBOBAaTb B LUMIaKkax He TONbKO B BUAE KOPOSbLKOB, HO U B

pacTBopeHHol dopme) (Tabnuua 1.20 7).

® Mocne 3akpbITs Hukenesoro sasoga B Hopunbcke B 2016 rogy B Poccum 1 HUKenesoro 3a-
Boga TomncoH B KaHage B 2018 r. B aKcnnyaTauum OCTaHYTCA TOMbKO ABa HUKENEeBbIX MiaBUbHbIX
3aBoga ([leveHraHukenb KoMnaHum «HopunbCkMi Hukenb» W 3aBog B r. Cagbepu komnaHum
Glencore), paboTatowime nNo atom TexHonornm. 3ameTtum, 4to B AHBape 2016 roga Glencore nony4yn-
na oTcpoyky Ha 10 neTt gnsi CBOEro NiaBWUibHOMO 3aBoAa MO YacTW BbIMNOSTHEHUSA HOBbIX CTaH4apPTOB
KaHagbl no Beibpocam B aTtmocdepy.

7 CneayeTt OTMETb, YTO B Tabnuue NpMBEAeHO CoaepXKaHMe LIBETHbIX METarnos B Lnake no-
cne cpnotaumn. OgHako yTBEpPXXOEHNE HE TepseT CUMbl, MOCKOMbKY Npu dnoTaumm LWNakoB coaepxa-
HWe AparoueHHbIX U LBETHbIX MEeTansfioB CHUMXaeTcs Mo4YTU NponopuuoHanbHO, BCEro NpUMepHo B

[iBa pasa.
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K HepocTaTkam npouecca crnefyeT OTHECTU BbICOKMW YAENbHbLIM pacxon aNeKTpo3aHep-
N (KOTOPbIN MOXET BbiTb HECKOSTbKO CHUXKEH NPW 3arpy3ke B NeYb ropsavero orapka, kak a1o
peann3oBaHO Ha KaHaACKUX 3aBodax), MPaKTUYeCKU MOSIHoe OTCYTCTBME BO3MOXHOCTU
yrnpaBrieHns CTeneHbio Aecynbdypusanmm B npouecce niaBkyM U BbIXOAOM LUTENHA (OaHHbIe
nokasaTenu perynvpyrTca CTENEeHblo yaaneHnsa cepbl Ha cTagun npeaBapuTenbHOro 0oxu-
ra), a Takke nonyveHue 6onbworo o6bema 6edHbIX N0 CEPHUCTOMY aHrMapuay rasos, yTu-
nnM3aums KOTOpbIX 3aTpyaHeHa.

Ha pencTByloWnX Ha CEroaHAWHNA AeHb NPeanpuUsaTUaX, NCNOMb3YHOLNX CXEMY OKUC-
NUTENbHLIN 0BXUr-anekTponnaska, PIOTALNOHHbBIA KOHUEHTPAT 0BXuratoT B neYax Kunsile-
ro cnos (KC) (tabnuua 1.20) kak B Hanbonee achhekTMBHOM OOGXMroBOM arperate € ygane-
HMEM OCHOBHOIO Konun4yecTtsa cepbl B ra3oByto ady. CogepxaHusa SO2 B OTXOAdALWMX rasax
Ha ypoBHe 5 % — 15 % (no o6bemy) BMoSIHE AOCTATOMHO ANSA UCMONb30BaHMUS B CEPHOKUC-
NOTHOM MNPOU3BOACTBE, a MHTEHCMBHbIN MaccobmeH B arperate obecneymBaeT BbICOKYHO

yAenbHY Npon3BOAUTENbHOCTD.

Tabnuua 1.20 — O6XMr KOHLEHTPATOB Ha HUKENEBbLIX 3aBoAax, paboTatoLmx No TEXHONOormm

obxur/enekTponnaeka [24], [27])

TowmncoH, KaHaga, Vale

Canbepu, KaHaga, Glencore
(no 2018 ropn)

Beoa B cTpon 1978 . 1961r.

Meuwn:

Tun n yncno o6KMroebix 2 neun KC 2 neun KC

nevemn

BHyTpyTpeHHue pasmepbl OnameTp cnoss — 5,6 m, OnameTp cnoss — 5,5 m,

KaXkgon neyu, m anameTp HagcnoeBoro nNpo- anameTp HagcnoeBoro nNpo-
CTpaHcTBa — 8 M CTpaHcTBa — 6,4 M, BbICOTa

Hag doypmamn — 6,5 M

HomMunHanbHasa MOLHOCTb

40 55
Kaxkgown neuu, t/4ac (cyx.)
Yucno cpypm H. o. 256
Coblpbe: KoHueHTpat — 70 %, KoHueHTpaTt — 90 %,
Boga — 30 % Boga — 10 %

CrteneHbaecynb n3a-

ynecyp 70 40
unn, %
HanpasneHnue SO2 Ha cepHOKMCNOTHbIN 3aBOA B Tpyby
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Capnbepun, KaHaga, Glencore

TowmncoH, KaHaga, Vale
(no 2018 ron)

Temnepartypa, °C:

cnosi 760 600

orapka npu BbIrpyske 760 580

OTXOoOfALlero rasa - 530

OTxogsawmnm ras:

CkopocTb obpasoBaHus, 48 000 npn 530 °C
40 000

HMm3/4yac

SO2, 06. % 11-13 Jo 25

Cuctema rasoynasnuea-

HUA

LlnknoHbl — oxnaxaeHue rasa,
ANEeKTPOPUNbTPbI, O4MCTKA ra-
3a B ckpybbepe, yaaneHue Bo-
Obl U HA CEPHOKNCNOTHbBIN 3a-

BOO

LinknoHsbl, AbiMoxoa, AbiIMOBas

Tpyba

44




1%

Tabnuua 1.21 — lNnaBka Ha WTerH 060XCKeHHOro HUKeneBoro KoHueHTpara ([24], [27], [28]) (B ckobkax ons kombuHata «levyeHraHukernb» ykasaHbl

xapaktepuctukm PTI1-5)

Capbepu, KaHa-

TomncoH, KaHa-

lNevyeHranukenb

Bindura Nickel

Waterval (Anglo Ameri-

Mortimer (Anglo

BOCCTAaHOBUTENNA

orapka)

aa, Vale Poccusa, Hopunb- ) American Plati-
aa, Glencore Corp., 3umbabee | can Platinum), FOAP
(no 2018r.) ckui Hukenb num), FOAP

Meun:
Tun 1 NnpAMOyronb- | 2 NPAMOYronb- | 2 NPAMOYroflb- | 1 NPSAMOYrofb- | 2 NPSIMOYroJSibHbIE 1 npaAmMoyrosb-

Has Hble Hble Has Has

(1 npamoyronb-
Has)
BHelwHne pasmepbi: 30x9x27 [31,7%x10,7%x6,4|27,5%x11,1x%6,6 H. g 26 x 8 (BHYTp.) o5 x 7
X

OxWxB,m (BHYTP.) (17,2 x 7,9 x7,5)
Paboune xapakrepuctuku:
CpenHsist pabovas 24 H.n

40 16 34 20
MOLLHOCTb, MBT (18)
OHepronoTpebneHwne,
kBT-yac/t cyx. TBep- 440 470 600-720 853 700 820-850
aoro
MpownssoguTens- 50 H. o

80 65 36 20
HOCTb, T/4ac/neyb (25-30)
Cblpbe:
Twun pobaBneHHoro Kokc (~0,04 1/1 H. o YronbHbIN WTHIO H. o H. o H. g
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Capbepwu, KaHa-

TomncoH, KaHa-

lNevyeHranvkenb

Bindura Nickel

Waterval (Anglo Ameri-

Mortimer (Anglo

aa, Vale Poccus, Hopunb- ) American Plati-
aa, Glencore Corp., 3umbabee | can Platinum), FOAP
(mno 2018 r.) Cckui Hukenb num), FOAP
dntoc H. o. H. o. H. o. N3BecTHAK N3BecTHSK N3BecTHSK
MpumepHbIn coctaBs | Ni— 12; Cu— | Ni— 14; Cu — Ni — 5-10; Ni — 10,5; Ni—3,6;Cu—2,1; | Ni—2.2; Cu—
cblpb4, % 45;Co—0,5; | 0,3;Co—0,3;, |[Cu—25;Co— |[Cu—2,1;Co— | Co—0,08; Fe — 16; | 1.1; Co — 0,04,
Fe—31;,S— | Fe—37; S — 0,2; Fe — 40; 0,3; Fe — 22; S—9;,MgO—20 |Fe—12;S—5;
28 29 S —20-25 S— 17, MgO — MgO — 20
17
KoHBepTepHbI Wnak Het [a (pacnnas- Ha (pacnnas- [a (pacnnas- | [a (rpaHynupoBaH- H. o.
NEHHbIN) NEHHbIN) NEHHbIN) HbIN)
OneKkTpoabl:
KonnyecTtso 6 6 6 (3) 6 H. a. H. g
HnameTp, m 1,1 H. o
1,4 1,2 1,1 1,25
(1.2)
Pacxopn macchl, Kr/T H. o H. g
3,5 1,1 2
CyX. TBEPA. Cbipbs
MpoaykTbl NnaBku:
LWTenH, T/vyac ~30 Mo ~30 c neun H. o. H. o. 7-8 3
t wreika oG 1250-1275 1190 1250 1300 H.o 1550
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Capbepwu, KaHa-

TomncoH, KaHa-

lNevyeHranvkenb

Bindura Nickel

Waterval (Anglo Ameri-

Mortimer (Anglo

na, Glencore Aa, Vale Poccus, Hopune- Corp., 3umbabee | can Platinum), FOAP American Plat-
(mno 2018 r.) Cckui Hukenb num), FOAP
Cocras, % Ni — 36; Cu— | Ni— 30; Cu— | NiCuCo — 18- Ni — 26,5; Ni— 17; Cu—9; Ni— 12; Cu —
11; Co — 1, 1;,Co—1,; 26; Fe — 0-50; |Cu—5,0; Co—| Co —0,5; Fe — 41, 7, Co—0,3;
Fe —33;S— | Fe —37; S — S—233 1,2; Fe — 34,5; S—27 Fe —37;S —
17 27 S—27,2 25
MepepaboTka wWren- KoHBepTep KoHBepTep KoHBepTep KoHBepTep HenpepbIBHOE KOH- HenpepsbiBHOE
Ha Mupc — CmuTa | NMupc — Cmunta | NMupc — Cmunta | Nupc — Cmuta BepTUpoBaHue KOHBEpPTMpPOBa-
Hue
LLnak, T/4ac ~50 ~35 (c kaxgon He onpepnens- H. a. 36 y
ne4n) eTcs
tunaka e 1300-1320 1310 1350 1500 1550 1650
Cnocob nepepaboTku OTtBan MpaHynaums n MpaHynaums n MpaHynaums n "panynsums, ns- "panynaums,
oTBan oTBan oTBan mMenbveHue, noTta- | U3MernbyeHue,
uns dnoTauma
Cocras, % Fe — 35; SiO2- | Ni—0,4; Co— | Ni— 0,2; Cu — Ni — 0,23; Ni — 0,19; Cu — SiO2-41; Fe —
35; MgO —4-6| 0,2, Fe — 37; 0,12; Fe — 35; Cu—0,11; 0,11; SiO2-46; Fe — | 16, MgO — 13
Fes04-10; SiO2- |  Si02-38-40; Co—0,23; 24, MgO — 15
35; MgO — 2,7 MgO — 12,5 Fe — 24; SiO2-
42; MgO — 22
SO2 B oTX0a4LIEM <0,3 H. o.
1 3,3 0,5-1,3 0,5-1,0

rase, 006. %
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Capbepwu, KaHa-

TomncoH, KaHa-

lNevyeHranvkenb

Bindura Nickel

Waterval (Anglo Ameri-

Mortimer (Anglo

aa, Vale Poccus, Hopunb- ) American Plati-
aa, Glencore Corp., 3umbabee | can Platinum), FOAP
(mno 2018 r.) Cckui Hukenb num), FOAP
Cnocob6 ytunmusaumm Obim. TpyGa Obim. TpyGa Obim. Tpyba H. a. CepHokucnoTHoe H.o
rasos npon3BoaCTBO
Meun:
Tun, KonmMyecTBo 1 npamoyronb- | 4 NPAMOYronb- 1 kpyrnas 1 npamoyrornb- 1 kpyrnas 1 npamoyronb-
3MeKTpoaoB Hasq Hble (13 HUX 2 Has Has
aKcnnyaTupy-
0TCS)

BHewHne pasmepsl,

29 x 10 26 x 8 d1llm 26 x9 @ 12 M (HapyXHblin) 9x5
OxLWxB,m
Paboune xapakrepuctuku:
CpeaHss paboyas

68 35138 28 15 12,5 5
MOLLHOCTb, MBT
OHepronoTpebneHwne,
KBT-yac/T cyx. TBep- 750-850 721 850 1000 900 900
Aoro
MpounssoguTens-
46 30 10 10 1

HOCTb, T/4ac/neyb
Coblpbe:
Twvn pob6aBneHHoro H.o H.o H. o H.o H.a H.a

BOCCTAHOBUTENA
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Capbepwu, KaHa-

TomncoH, KaHa-

lNevyeHranvkenb

Bindura Nickel

Waterval (Anglo Ameri-

Mortimer (Anglo

aa, Vale Poccus, Hopunb- ) American Plati-
Aa, Glencore (10 2018 1) ekt Hukens Corp., 3umbabee | can Platinum), FOAP num), IOAP
dnroc N3BeCTHAK He pnobas- H. o. H. a. N3BeCTHAK M3BeCTHSK, OT-
nsetca paboTaHHbIe Ka-
TanuMsaTtopbl
MpumepHbii coctaB | Ni—2.1;Cu— |Ni—1.7;Cu— | Ni—2,5,Cu— | Ni—25;Cu— | Ni—2,0;Cu—1,5; | Ni—5,3; Cu—
cbipbs, % 1,2;,Co—0,04;|1,1,Co—0,05;| 1,5;Co—0,13; | 1,3; Co—0,05; | Co—0,07; Fe — 13; | 3,2; Co — 0,01,
Fe —12,S— | Fe—12;S— |Fe—17;,S—6; |Fe—13;S—5;| S—6;MgO —24 Fe —15;S —
5; MgO — 18 5; MgO — 18 MgO — 17 MgO — 18 13; MgO — 12
KoHBepTepHbIn Wwnak H. o. H. o. H. a. H. o. H. a. Aa (rpanynupo-
BaHHbIN)

OneKTpoabl:
Konun4yecTtBo H. o H. o 3 6 3 3
AunameTtp, m 0,3 (npeaBapu-

1,6 1,4 1,4 1,0 1,2 TEINbHO CneYyeH-

Hble)

Pacxopn maccel, Kr/T

3 2 2,6 2,6 3,1 3,5
CyX. TBEpA. Cblpbs
[MpoayKTbl NNaBKu:
LWTenH, T/vac H. 4 5-6 4 1,8 1,2 0,14-0,25
turenna oG 1550 1300 1550 1400 1400 1200

9T0Z—T 21U



0§

Capbepwu, KaHa-

TomncoH, KaHa-

lNevyeHranvkenb

Bindura Nickel

Waterval (Anglo Ameri-

Mortimer (Anglo

na, Glencore Aa, Vale Poccus, Hopune- Corp., 3umbabee | can Platinum), FOAP American Plat-
(mno 2018 r.) Cckui Hukenb num), FOAP
Cocras, % Ni—14; Cu— | Ni—14; Cu— | Ni—15;Cu— | Ni— 16; Cu— | Ni— 15; Cu— 10; Ni-17; Cu-11;
8, Co—0,3; 9; Co—0,3; 9; Co—0,5; 8, Co — 0,4, Co—0,7, Fe —43; | Co-0,02; Fe-43,;
Fe — 40; Fe — 45; Fe —43; Fe —41; S — S—28 S-27
S—30 S—30 S—28 27
MepepaboTka wTen- | HenpepbiBHOE KoHBepTep KoHBepTep KoHBepTep KoHsepTep Nupc — TBRC
Ha KoHBepTuposa- | Nupc — Cmuta | lNupc — Cmuta | MNupc — Cmuta CmuTa
Hue
LWnak, T/vac 41
tunaka e G 1600 1460 1650 1500 1600 1500
Cnocob nepepaboTku | [paHynaums m "panynsums, H. a. H. a. "paHynsuma n otsan MeponeHHoe
oTBan n3mernb4eHue, oxnaxgenwue,
dnoTauma n3mesibdeHue,
dnoTauma
Cocras, % Si02-52; Fe — Ni— 0,11; SiO2-45; Fe — | Ni— 0,2, Cu— | SiO2-54; Fe — 14, SiO2-45; Fe —
8, MgO — 23 Cu—0,11; 22, MgO — 20 0,1; SiO2-44; MgO — 22 10, MgO — 14
Si02-47; Fe — Fe — 16,
9, MgO — 20
MgO — 21
SO2 B oTX0a4LIEM H. o H. o.
0,5-1,5 0,9 0,1 4

rase, 006. %
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Capbepwu, KaHa-

TomncoH, KaHa-

lNevyeHranvkenb

Bindura Nickel

Waterval (Anglo Ameri-

Mortimer (Anglo

aa, Vale Poccus, Hopunb- ) American Plati-
aa, Glencore 5 Corp., 3umbabee | can Platinum), FOAP
(mno 2018 r.) Cckui Hukenb num), FOAP
Cnocob6 ytunmusaumm H. ao. CepHokucnoTt- | CepHOKUCIIOTHOE H. a. H. o. H. o.
rasos HOe Npoun3Boa- | MPOM3BOACTBO

CTBO
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UTC 12-2016

OcHOBHOWN TeHOEHUMEN COBPEMEHHOM MeTannyprim B obnactn nepepaboTkmn BbICOKO-
CEPHUCTbIX KOHLEHTPATOB ABMSETCHA NPUMEHEHNE aBTOreHHbIx npoueccoB. K Hanbonee pac-
NPOCTPAHEHHBIM OTHOCATCHA TEXHOMOMMSA M NeYb B3BELUEHHOW MnaBku, paspaboTaHHble U
BHeJpeHHbIE B NPOU3BOACTBO B KOoHLUEe 1940-x rogoB hmupmon Outokumpu ang nnaskn meg-
HbIX KOHUEeHTpaToB. HaunHasa ¢ 1960-x rogoB 37O npoLecc Havan cBoe nobeaoHoCcHoe Lwe-
CTBME NO MUPY M HA CErofHsAWHUN OeHb peanu3oBaH Ha MHOIMMX NpeanpuaTuax MeaHom u
HUKeneBowW NogoTpacnen.

B HacTosiLee Bpemsi Mo 3TON TEXHOMOrMN B Mupe paboTtaeTt 6 3aBogoB, nepepabaThbl-
BalOLNX HUKeNbCcoAepXallme cynbduaHbie KoHUeHTpaTthl 8, oguH s Hux — Fortaleza (Bpa-
3unus) 6bin octaHosneH B 2013 rogy 3aBog Copper Cliff komnaHun Vale ncnonb3yet cob-
CTBEHHYH TEXHOMOIMIO B3BELLEHHOWN NSaBKM B rOPU30OHTanbHoM neyvn (Tabnuua 1.21).

B aBTOreHHbIx npoueccax bonblasa Yyactb NOTPEBHOCTM B TENNE yAOBNETBOPSAETCS 3a
CYET OKUCNEHUS XKenesa U cepbl, COAEPXKALLMXCA B KOHLEHTpaTe, B peayrbTate Yero pacxo-
Abl TONNUBa UK anekTpuyectsa Marnbl. [1pon3BoguMTENbHOCTL NeYer B3BELUEHHOW MNnaBKu
no Cbipbto (B NepecyeTe Ha cyxoln Bec) o6bivHO cocTaBnseT 100-150 1/4. B neyax Outotec
cogep)xaHne Kucrnopoga B peakumoHHOM rase mensietcs ot 30-40 06. % go 70 06. %; neun
Inco (3aBopg Copper Cliff) paboTatoT Ha KUCNOPOAHOM AYTbeE.

OOHUM 13 yCOBEPLUEHCTBOBAHUM TEXHOMOMU (HO He rneyun) B3BELUeHHOW MNMaBKu SAB-
naetca DON-npouecc. lNpn ero peanusaumm B OQHOM arperate COBMeELLATCH MpoLuecchl
LUTENHOBOW MiaBKM U KOHBEPTMPOBAHUSA, TakmMm obBpa3oMm, Ha BbIXO4E M3 Meyn nosiydaeTtcs
Tpy npoaykta: boraTbl WTEenH, NN anHLWTENH; Wnak, 6rmM3knin No COCTaBy K KOHBEPTEp-
HOMY; M NOTOK BoraTbiX NO CEPHUCTOMY aHrnapuay rasos. [Ana obegHeHNs LWakoB UCMOSb-
3yeTca anekTponeyb, obecnednBatolas nonydeHne OTBasnbHbIX LUNAKOB M MasioCEPHUCTOro
LTerHa, KOTopbIA 3aTeM BMECTe C PaNHLUTENHOM MOXET ObITb HanpaBneH Ha rmapomMmeTan-
nypruyeckyto nepepaboTtky (paHee Ha TakoMm cbipbe pabotan paduHMPOBOYHLIN 3aBog Har-
javalta) nnv nocne rpaHynAunn, CyLLKN N namernbvyeHmsa so3spatleH B 1BI1.

[pyrvm BapuaHTOM YCOBEPLUEHCTBOBaHUS MeYn W, COOTBETCTBEHHO, TEXHOSOrMu
B3BELUEHHOW MNaBKW, ABNSETCA MHTerpauus anekrponeyn ans obegHeHua wnakos B [NBI1.

MogobHas koHuenuna peanu3oBaHa Ha 3aBogax Kalgoorlie (Asctpanusa) u Jinchuan (Kutan).

® Ha meaHbIx 3aBoAax akcnnyatupyetcs 44 neyu.
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Tabnuua 1.22 — XapakTepuUCTUKK neyen Ans B3BELLEHHOW NaBKu HUKeNeBbIX KOHLEeHTpaToB no cnocoby Outotec u Inco ([24])

OTCTOWHMKA

3aBof, cTpaHa, Copper Cliff Kana- | Kalgoorlie Asctpa- Selebi Phikwe Jinchang Kutan, HMS3 Poccus, Harjavalta ®uH-
KOMMaHus na, Vale nna, BHP Billiton BotcBaHa, BCL Jinchuan HopHukenb nanaus, Boliden
BBeoa B cTpon 1993 1972 1973 1992 1981 1959
Mpouecc Bl Inco Bl Outotec Bl Outotec Bl Outotec Bl Outotec DON Outotec
CO BCTPOEHHOM CO BCTPOEHHOM (c 1995 roga)
3S1IeKTponeYybo 3reKTponeybio
Ni B WTENHe, 140-170(2 ne4n)
133 100 27 65 38
ThIC. T/rog
Paamepbl (BHYTpEHHME), M:
Mop, W x [ xB 2 neym *
8 x37 %35 8x22x4 7%x32x%x3,5 10x31x6 7%x19x%x26
8x30x9
Peaku. waxra:
OnameTp 7 8 6 8 4,6
BbicoTa Hag kpbiwen
. 6 11 6 9 7,6
OTCTOMHMKA
Yncno KoHUEHTP. 4 ropusoHTarnb-
4 4 4 1 1
ropenok Hble
AnTenk: KBagpaTtHbin Kpyrnbin
OnameTp 4 x4 3,5%x8 5 3
BbicoTa Hag Kpblwen
15 7 17 7
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3aBop, cTpaHa, Copper Cliff Kana- | Kalgoorlie Asctpa- Selebi Phikwe Jinchang Kutan, HM3 Poccus, Harjavalta ®uH-
KOMMaHus na, Vale nna, BHP Billiton BotcBaHa, BCL Jinchuan HopHukenb nanausa, Boliden
Kamnanus, net 2-3 10 9 8 5 10
Cbipbe:
CBeXxum Cyxom KOH-
125 140 120 50 150 45
ueHTpart, T/4ac
CocraB, % Ni—10;Cu— | Ni—15;Cu— | Ni—5;Cu—4; | Ni—9;Cu—4; | Ni—9;Cu—4; | Ni—15;Cu—
12; Co—0,3; 0,3; Co — Co—0,2,Fe— | Co—0,2;Fe— | Co—0,5;Fe— | 0,8; Co— 0,4,
Fe —39;S—34|0,4,Fe — 34;S — 43; S — 31 38; S — 27 44; S — 33 Fe —30;S— 29
32
OyTbe:
Temnepartypa, °C t oKpyxatoLemn 500 260 H.o t oKpyxatoLen t oKpyxatoLen
cpeabl cpeabl cpeabl
02, 06. % 96 35 31 42 70 75
CkopocTb NnoTokKa,
14000 85000 150000 33000 60000 7000
HMm3/4yac
lMuTaHne kncnopo-
11 25 40 12 40-50 4
aowm, T/vac
Mpoaykums:
LLtenH, t/vac 65 25 25 25-35 5
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3aBof, cTpaHa, Copper Cliff Kana- | Kalgoorlie Asctpa- Selebi Phikwe Jinchang Kutan, HM3 Poccus, Harjavalta ®uH-
KOMMaHus na, Vale nna, BHP Billiton BotcBaHa, BCL Jinchuan HopHukenb nanausa, Boliden
CoctaB wtenHa, % | Ni—23;Cu— | Ni—47;Cu— | Ni—17; Cu— Ni — 29; Cu — Ni — 33; Cu— |Ni— 65; Cu—5;
25; Co — 0,6; 1,5, Co — 15; Co — 0,4, 15; Co — 0,6; 14, Co—0,5; | Co—0,7; Fe —
Fe —24;S—26|0,8,Fe —20;S—|Fe—33;S—25| Fe — 29; S — 23 |Fe — 23; S — 27 5 S—22
27
LWnak, T/vac 120 70 110 50 160 20
CoctaB wnaka, % | Ni—0,5;Cu— | Ni—0,7;Cu— | Ni—15;Cu— | Ni—0,2;Cu— | Ni—0,6; Cu— Ni—4; Cu—
0,5; Co—0,2; 0,1; Co—0,2; 1,3; Co—0,1; 0,2; Co— 0,1, 0,3; Co—0,2; 0,3; Co—0,5;
Fe — 43; SiO2- | Fe —40; SiO2- | Fe — 40; SiO2- | Fe — 41; SiO2-36 | Fe — 40; SiO2- | Fe — 38; SiO2-
36 33 28 34 29
OTxogsawmnm ras:
CKopocTb noToka, 60000 (Ha nbine-
lac 26000 100000 yrosuTene) 60 000 16000
SOz2, 06. % Ha BblI- 8 (Ha cepHokMC.
55 (cyx.) 7,2 35 30
Xo[4e 13 ne4u 3aBoge)
HanpasneHue SO:2 CepHokuc. 3aBog| B atmocdepy | CepHokuc. 3aBog | B atmocdepy | CepHokuc. 3aBof
Temnepatypa
1210/1280/1350 | 1170/1300/1400 | 1160/1240/1400 | 1320/1380/1380 | 1150/1250/1150 | 1360/1400/1400

wTtenH/wnak/ras,°C

Nopaya Tonnuea:
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3aBog, cTpaHa, Copper CIliff KaHa- | Kalgoorlie AscTpa- Selebi Phikwe Jinchang Kutan, HMS3 Poccus, Harjavalta ®uH-
KOMMaHus na, Vale nna, BHP Billiton BotcBaHa, BCL Jinchuan HopHukenb nanausa, Boliden
KonuuectBoBo yrne- | 340 Hm® npupoa- | 1,5 M3 HedpTH 6 T yrns 1,3 wm3 o 6000 Hm3 rasa | 1 T cbipoii HEQTH
BOAOpOOHOro Ton- | Hororasa+ 14T HepTM + 0,8 T B 4ac
nmMBa, croparoLero B| Kokca (Ha no- yrns (18 ropenok B
yac BEPXH. LUaKa) OTCTOWHUKE)
OneKTpoaHeprmna 6,25 MBT, 0 5 MBT, HeTt H. g

6 anekTponoB

6 anekTpoaos

* B anBape 2013 r. Vale npuHsana pelleHne 0 nepexoe Ha nnasky B O4HOW Neyu.
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[(MaBHbIM NPEeUMyLLIECTBOM TEXHOSOMMWN B3BELUEHHOW NIaBKn SABMAIOTCH HU3KNE JHEpP-
rosatpartbl, BO3MOXHOCTb MOfy4YeHnUss CTabunbHOro noToka GoraTbix NO cepe ras3os, copep-
Xawmx 20 % — 25 % 06. SO2. K HegocTtaTtkam cnegyeT OTHECTM Heo6XoOMMOCTb CTPOroro
cobntogeHnsa TpeboBaHMn K NOArOTOBKE Cbipbsi (rPaHyfIOMETPUYECKMIA COCTaB, BNAXXHOCTb) U

HEBO3MOXHOCTb NPSAMOro NOfly4YeHMs OTBaNbHbIX LUMAKOB.
MpousBoacTBO (hanHWwTEeNHa

[Mony4eHHbIN Npu NnNaBke CyNb(UAHOrO Cbipbs WTEWH COAEPXUT BonbLuoe Konuye-
CTBO >Kenes3a, KOTopoe MOXEeT OblTb yaaneHO U3 Hero B CUUKATHbBIA LWNaK B XO4Ee OKUCAN-
TeNbHOM NPOAYBKN — KOHBEPTUPOBAHUS.

TpaovUMOHHO KOHBEPTUPOBAHWE B HUKENEBOW OTpaACnv OCYLLECTBNAIOT B KOHBepTe-
pax Nupca — CmuTa — arperatax Nnepnoamyeckoro AencTeus, npeacraBnaroWwmx cobon ro-
PU3OHTAmNbHY0 LUMINHAPUYECKYIO NeYb C PacrnofIOXXEHHbIMU Ha BOKOBOW MOBEPXHOCTU hyp-
Mamu Ong nogayun B pacnnasB BO3dyxa M Kucrnopofa. 3anveBka pacnnasa v yaaneHue oTxo-
AALWNX ra3oB OCYLLECTBIIAITCA Yepes roprioBMHY, PacnosioXXeHHY B CpedHen 4acTu Kopry-
ca. K HepgocTtaTkam koHBepTepoB [lupca — CMUTa OTHOCATCA NEPUOANYHOCTbL npouecca U,
Kak cnencteme, HecTabunbHbIM NOTOK OTXOAALLMX ra3oB, 3aTPYAHAOLWNN YTUNN3ALUNIO U3 HUX
cepbl, ManbIn Cpok crnyxbbl KOHBepTepa (pyTepoBKa paspyLuaeTcs U3-3a konedbaHun Temne-
paTypbl U Mpyv BO3OEUCTBUN BbLICOKUX TemnepaTyp B OKONOMYPMEHHOW 30HE), HEBO3MOX-
HOCTb MPUMEHEHNs OyTbsl, 0boraleHHOro KMCnopoaoM, n3-3a CHMXKEHUS CTOMKOCTU dyTe-
POBKM, BbIBPOCHI CEPHUCTOrO rasa B atMmocdepy Lexa, manoe spemsi paboTbl Nnog 4yTbEM.

B HacTosLee BpeMA NponUCXoauT NOCTENEHHbIA yXo4 OT nonyyeHus danHwTenHa B
KoHBepTepax Mupca — Cmuta ¢ BHeapeHnem TBRC-koHBepTepoB, npouecca Ausmelt nnu
ACP — Anglo Platinum Converting System (Cuctema koHBepTupoBaHus Anglo Platinum)
(tabnuua 1.22). Takke nogobHas 3agjadya MoOXeT OblTb pelleHa nyTeM BHeApeHUus

DON-npouecca (cMm. Bbille).
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Mpouecc TBRC — nnaBka BO BpaljalOLLEMCH HaAKNOHHOM KOHBepTepe C BepxHeun
npoayekoun (nedb Kango) — npuvMeHsieTcsl B YepHOW U LIBETHOW MeTannypruum, B YaCcTHOCTH,
AN KOHBEPTUPOBAHUSA YyryHa U LUTEMHOB, a Takke gparMeTanbHOM Npou3BOACTBE AN Bbl-
nnasku JJope-meTtanna. lNpoayeka BegeTcs ¢ NOMOLLbI0O BBOAUMOW Yepes roprioBuHy pypmbl,
He NorpyXeHHom B pacnnas. IHTEHCUBHOE NepemelurBaHue pacnnasa B KOHBepTepe LOCTU-
raetcs kak 3a c4et 6apboTupoBaHMs ero AyTbeM, Tak 1 3a CYET BpaLLEHNa KOHBepTepa, YTo
obycnoBnuBaeT BeCbMa BbICOKYIO MPOM3BOAUTENBHOCTb NMocnegHero (o YepHOBOMY HUKe-
no — 275 T/cyT). JocTonHCcTBa KOHBEPTUPOBaHUA TBRC:

- Xopoluas Tennonepeaaya v BblCOKas CKOPOCTb MPOTEKaHNA PUBNKO-XUMUYECKNX pe-
aKkuum 3a cdeT BpallleHna arperaTa;

- TOYHasA CMCTEMa HaKroHa KOHBepTepa ynpoLiaeT ero 3arpys3ky U cnocobCcTByeT Xo-
poLueMy pasfeneHuio wnaka n cynbuaHoro um Metann4yeckoro pacnnasa;

- OTCYTCTBUE MOrPYXHOW (PpypMbl yBENMUYMBAET CPOK CNyxObl arperata un ynpoliaet
TEXHOJSI0rMyeckme npoueccsl.

K HegocTaTkam crieqyeT OTHECTU CIOXHOCTb KOHCTPYKLMU arperata U ero BbICOKYH
CTOMMOCTb, @ TaKKe NepnoandecKknii pexmm nnasBku.

Mpouecc Ausmelt — nnaBka B BEpTUKANbHOM arperaTte C XXWOKOW BaHHOW C nogaden
AyTbsl Yepes3 MOrpyXeHHy B pacnnaB CBepxy ypMy CO CMEHHbIMW Hacagkamu — Obin
n3obpeteH B Havane 1970-x. B ne4n Ausmelt MOXeT OCyLLEeCTBNATLCS Kak NnaBka Ha LUTEVH,
Tak U KOHBEPTMPOBaHWE MOCIEeAHEro; TaKkke BO3MOXHO O0bbeaMHEeHne NpoLeccoB MiaBku U
KOHBEPTUPOBAHWS B OAHOM arperate. TexHOMNorms MoXeT MPUMEHATLCA Kak B nepuogunye-
CKOM, TaK U B HENPEPLIBHOM peXnme.

Pacnnae B neun Ausmelt nepemelumBaeTcs ¢ 04eHb H6ONbLLUON MHTEHCUMBHOCTBIO, YTO
o0ycnoBnNnBaeT BbICOKYIO YAENbHY NPOU3BOAUTENBHOCTL arperaTta. [1poctas n NonHOCTbIO
repmeTu4Has cuctema 3arpyskm obecneuvmsaeT BbICOKYI CTeneHb ynasnuaHua SO2 n yTu-
nmn3aumio 6onee 99 % cepbl. [lyTbe B AaHHOM arperate MOXeT ObiTb oborawieHo go 60 %
Kncrnopopga, 4to AOCTaTO4YHO NPU UCMOMNb30BaHMM OTXOOALWMX ra3oB Ans NPOM3BOACTBa cep-
HOW KMCNOTbl, HO MOXET OKa3aTbCA He4OCTaTOYHbIM ANS NONyYEeHUS U3 HUX ANEMEHTHOW ce-
pbl. Cpok cnyx6bl hyTepoBku nedn Ausmelt 3HauMTeNbHO BbILLE, YEM B KOHBepTepax [lup-
ca — CmuTa.

[MaBHbIMM HegocTaTkaMy npouecca ABMSEeTCH HEBO3MOXHOCTb MPSIMOro MoslyvyeHus
OTBanbHOro wraka (Npy WTENHOBOW NMaBKe) MU3-3a BbICOKOW MHTEHCMBHOCTU MepemMeLunBa-
HUSA pacnnaea B Nevu U, COOTBETCTBEHHO, HEOBXOOMMOCTb 3KcnnyaTaumum oborpeBaemoro

OTCTOMHMKA Unn anekTponeyun obedHeHus1, a Takke BO3MOXHOCTb YCTaHOBKM arperaTta B Le-
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Xax 00onbLUOM BbICOTbI U3-32 HEOOXOAMMOCTU OBCNyXMBaHMSA BEPTMKANIbHO PacnofioKeHHOM

dypMmbI.
Bnuskumn nNo KOHCTPYKUMU U IKCMyaTauMOHHBIM XapakTepucTukam SIBRSTCA neyu

ACP (Anglo Platinum Converting System) toxxHoadpukaHckon komnadmm Anglo Platinum.
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Tabnuua 1.23 — KoHepTtuposaHue Ni — (Cu, Co, MIIN) wtenHoB B KoHBepTepax Nupca — Cmuta

«lNeyveHranu-

Sudbury Kalgoorlie _ _
Thompson | kenb», «Hop- | HM3 HopHu- Jinchuan, BCL, botcsa- | Cop.Cliff Vale,
Glencore, BHPB, As-
Vale, KaHapga HUKEeNb», kenb, Poccusa Kntan Ha Kanapa
KaHapa cTpanus
Poccus
Tun wrenHa ar arl ar Bl Outotec | BIM Outotec | Bl Outotec | Bl Outotec Bl Inco
MponssoguTenb- 65 (2004 r.)
. 63 50 35 140 100 27,5 134
HOCTb, TbiC. T Ni/rog, 115 (2015)
Yncno KoHBeEpPTEPOB 2+
3 5 6 3 3 5*
(1-peseps.)
BHyTpeHHWe pas- 1:4x15 3:3,96 x 13,7
4 x 10,7 4x12 4x9 3,6 x7,3 3,6 x 8,2 3,96 x 9,14
mMepbl: [ x [1, m 2:4x9 2:3,96 x 10,7
Yucno n gnameTp 1: 6,032, 3:H. 4., 051
30-42, 051 52, 050 52, 050 28, 163,5 34,148 44,138
dypm, MM 2:42, 050 2:H. 4., 042
Pacxog oyTb1, 1: 6450 18000—-
36000 36000 19000 32000 ~35000
HM3/Y 2: 30000 22000
O2 B oyTbE, 06. % 33 % —
21 21 21 21 21 21 24-27
43 % 1n 21 %
[o6askn obopoToB
neps. WTENHA, BEC, - 10 25-30 25 -
%
®nioc (Si02), % 76 98,7 95,4 82,8 96
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«lNeyvyeHranu-

Sudbury Kalgoorlie _ )
Thompson kenb», «Hop- | HM3 HopHu- Jinchuan, BCL, botcsa- | Cop.Cliff Vale,
Glencore, BHPB, AB-
Vale, KaHaga HUKEeNb», kenb, Poccusa Kntan Ha Kanapa
KaHapa cTpanus
Poccus
DQanHLWTENH:
>Ni, Cu, Co, % Ni40-52,
75,5 80 72,6 Cul8-30, 69 73 80,82 77,3
Co0,2-0,3
Ni/Cu (Ni/Co) 3,1 (30) 26 (109) 1,6 (55) 1,9 (180) 37 (74) 1,93 (56) 1,12 (95) 0,82 (79)
Fe, % 2-25 0,6 3 3,4 4,2 4,2 1,49 0,52
S, % 21 18,7 24,3 22-23 24 22,4 16,7 21-22
LLnak:
SiO2 %/Fe%/Fe304 24—
21/48 26/50 20/45 20/52/25 21/55/32 26/44/17,6 26/51/23
28/48/14-18
MepepaboTka wna- | Ha obegHe- | BosspaTt B BosspaT B | Ha o6eagHe- | Bo3spat Ha | Ha o6egHe- | Ha obegHe- | Bo3Bpart Ha
Ka HMe an all Hune MnBrM HMne Hune BI1
KO3d. pa3ybox. ra- 1:1Ha
30B 4Yepes noacocsl H2SOa-
B HaMbINbHUK 3-4 3aBoa,2:.1s. 2,5-3 2,5 ~3—4
ObIMOBYIO
TpyOy
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«[leyeHraHu-
Sudbury Kalgoorlie _ ,
Thompson kenb», «Hop- | HM3 HopHu- Jinchuan, BCL, botcsa- | Cop.Cliff Vale,
Glencore, BHPB, As-
Vale, KaHaga HUKEeNb», kenb, Poccusa Kntan Ha Kanapa
KaHapa cTpanus
Poccus
pasybox. 06bem 41 000 Ha
OTXO[. KOHB. rasos, H2S0s-3a-
HM3/Y BOJ, 50 000— 80 000 Ha 1
- 75 000 180 000 140 000 140 000
=60000 — B 60 000 KOHBEPT.
ObIMOBY1O
TpyOy
SOz (cyx.), 06. % =4 % Ha
H2S0Os-
- 3,6 2,5 2,5 3aBog 2,5-3,5 5,2 3-5
2,7% —8B
Tpyoy
Oxnaxg. n cuctema Koten- dopcyHou- Koten- H. 4 Koten-
OYMCTKN rasoB yTUNM3aTop, | HbIW XONo- | yTunuaaTop, yTunmsaTop,
a/dunbTp ANNBbHUK n 3/dpunbTp n 3/dpunbTp
(Bo3ayx n
BOAA)
YTtunusaums rasos | B atmocde- | B atmocde- H2S0Os- B atmocpe- | Ha H2SOs- | Ha H2SOs- | B atmocdpe- | B atmocde-
py py 3aBo[ py 3aBog Unun B 3aBo[ py py

aTtmocdepy
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«[leyeHraHu- .
Sudbury Kalgoorlie _ ,
Thompson kenb», «Hop- | HM3 HopHu- Jinchuan, BCL, botcsa- | Cop.Cliff Vale,
Glencore, BHPB, As- 5
Vale, KaHaga HUKEeNb», kenb, Poccusa Kntan Ha Kanapa
KaHapa cTpanus
Poccus
YTunusaums nbinm BosspaT B | Bo3Bpart Ha | Bosspat Ha | BosBpaT Ha | Bo3BpaTt Ha | Bo3Bpart cy-
KOHBepTepsI Bl Bl XOW NbINN Ha
Bl

* [No cocTosiHMIO Ha KoHel, 2015 . B paMKax peanuniaunn npoeKkTta no CokpawleHuto Bbl6pOCOB B aTMOC(bepy OnoKcunaa cepsobl, Nblyin N T. . KOM-

naHusa Vale Ha 3aBoge Copper CIiff yxxe yctaHoBuna gea HoBbIx KoHBepTepa TBRC 13 nnaHMpyembiX Tpex KOHBEPTEPOB B3aMeH 5 KOHBEPTEPOB

Mupc — CmuTta. KoHBepTepbl AnameTpoM 3 M, AfMHOM 6 M MMEKT CKOPOCTb BpaleHms =10 06./mMuH; paboyvast Temnepatypa — 1450 °C — 1650 °C.

Paamep naptum — 40-70 T, NpOAOIMKMUTENBHOCTb «OT BbiMycka A0 Bbinycka» 3—4 ya. [Juokcua cepbl, 06pa3oBbIBAOLNNCS NPU KOHBEPTMPOBAHUN,

paHee noctynan B AbIMOBYH pr6y, a Tenepb 6y/:|,eT ynaslinBaTbCA HOBOW CUCTEMOW MOKpOI7I ra3ooynCTKK, a 3aTteM NocTynaTb Ha CepHOKI/ICJ'IOTHbII7I

3aBof.
Selous Zim-
Waterval AngloPlat, Springs , Impala, Maricana Lonmin, Northam, ats. 3 Columbus
plats, 3um-
tOAP OAP tOAP tOAP Stillwater, CLUA
6abee
MpousBogutennb- | 22, Bkntoyast Union
) 12,7 3,7 1,5 1,6 0,1
HocTb, Tbic. T Ni/rog n Polokwane
Tun n Yncno Kox-
2 ACP 6 MNC 3T1C 2T1C 2TC 2 TBRC
BEpPTEPOB
BHyTpeHHMe pas- 4,5 (BHYTpPEHHUI 2:36x73
mMepbl: [ x [n, m | anameTp) X 4 BbICO- 4:3x45 3x4,6 3x6,1 3x4,6 8x1,5
Ta
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Selous Zim-
Waterval AngloPlat, Springs , Impala, Maricana Lonmin, Northam, lats. 3 Columbus
plats, 3um-
FOAP FOAP FOAP KOAP Stillwater, CLLUA
0abee
Yncno n gnameTp 26 (manble) 32
— 20; 65 Mm 22 18; 50 mm —
dypm, MM (6onbnme); 51 mm
CpeaHssa ckopocCTb
25000 makc. 11000-22000 11000 8500 2600
AyTbs, HM3/Y
O2 B oyTbe, 06. % Bosgyx 6e3 obora- 92-94
o 40 % Bosgyx Bosagyx Bosayx
LeHmnsa (Tex. kncnopogn)
danHWTENH:
NiCuCo, % 73,5 78,0 77,6 78,5 79,1 75
Ni/Cu 1,81 1,6 1,7 1,9 1,4 =~1,3
Ni/Co 94 160 80 102 114 -
Fe, % 2,9 0,6 1,4 1,0 0,6 =2
S, % 21,7 20,3 20 19 17,5 20
SiO2 %/Fe%/Fe304 5-7 SiO2, 20 % —
B KOHB. LUNake 24-28/42-48 27/64,5 (FeO) 29/62 (FeO) 27/49,8 27,5/51,3 25 % CaO, 45-50
Fe
SOz (cyx.), 06. % B 3-8
oTXoasiLem pasy- 12-16 (6e3 pasyboxus.) 0,4 65

OoX. rase
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Selous Zim-

Waterval AngloPlat, Springs , Impala, Maricana Lonmin, Northam, Columbus
IOAP IOAP IOAP IOAP Plats, S-S ilwater, CLUA
b6abse

PasmelueHne oT- Ha H2S04-3aBog Ha H2S0us-3aBog | 3/counbTp, ABonHasA | B gobimoByto | B gbiMoByto | TkaHeBbIN punbTp,
Xo[4.rasos LLienoYHas o4ncTka Tpyby Tpyby ckpy66ep SOz, abl-

mMoBas Tpyba
PasmeLlueHune kKoH- | ['paHynup. n obegH. 'paHynup., us- 'paHynup., dnota- | Bosspat Ha | Boaspat Ha | [paHynup., Bo3BpaT

BEPT. LLNaKoB arneKkTponeyb MenbYe- ums arl orll Ha Ol
Hue/pnoTtauus
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1.4.3 Nony4yeHune pacpMHUPOBAHHOIO HUKENS

Kak 6b1510 nokasaHo Bbilwe, Npu nepepaboTke cynbUAHbIX N OKUCIIEHHBIX HUKENEBbIX
py4 HUKenb 1 KobanbT 0ObIYHO (3a UCKNIOYEHMEM TMAPOMETANypPruyeckux TEXHONOrMM, uc-
NONb3YLWMX MeTo XUOKOCTHOW 3KCTpakumw, MO3BONSAIOWMA NPOU3BOAUTL TOBapHbIE Ka-
ToAHble MeTanmbl 6e3 NPOMEXYTOYHOIro OCaXKAEHUSA KOHLLEHTPATOB) KOHUEHTpUpYyTCca B 60-
ratblX NPOMMAPOAYKTax, NPUroaHbIX Ans AanbHenwero paduHUPOBaHUS C MOMyYEHMEM TO-
BapHbIX HUKeNns n kobanbta, — hanvHwTenHe (CynbduaHble pyabl), LUTENHE, CMELUaHHbIX
HUKeNb-ko6anbToOBbIX rMapokcuaax (kapboHaTax), CMeLllaHHbIX HUKenb-KkobanbToBbIX Cyrlb-
duaax (OKMCneHHble HUKeNeBble pyabl).

Cnocobbl nepepaboTkm CynbUAHbLIX HUKENEBbLIX NPOAYKTOB Ype3BbiYaHO pPasHOOb-
pasHbl (Tabnuua 1.23) 1 onpeaensalTCa COCTaBOM U 3KOHOMUYECKMMU COOBpaXeHusaMu C
y4yeToM reorpacmyeckoro nonoXeHnss 1 UICTOPUYECKUX OCOBEHHOCTEN Pa3BUTUS KOHKPETHbIX
npegnpusatuii. OgHako 0630p MUPOBOW MPAaKTUKK NOSTyYeHUA pacoMHMPOBAHHOIO HUKENS Mo-
KasblBaeT NPaKTMYECKNM NOBCEMECTHOE pPacnpOCTpaHEeHME MPOLIECCOB rmapomMeTanypruye-
CKOro paduHupoBaHus (hanHwTenHa. Hapsgy ¢ nonyyYyeHneM HUKernsi 3neKTpo3KCTpakumnen B
MMUPOBOWN MpaKkTUKe AOCTATOYHO LUMPOKO MPUMEHSIETCH KapbOHWN-npoLecc, no3BONSHLNI
nony4yaTtb HUKENEeBY NPOAYKUUIO C BbICOKOM Jo0BaBneHHon cTtommocTbio. OH peanv3oBaH Ha
npennpusatusx Vale: Copper Cliff (KaHaga) n Clydach (CoeguHeHHoe KoponeBcTBo (Yanbc)),
a Takke 3aBoge Jinchuan (Nonferrous Metals, Kutan) n Ha kombuHate CesepoHukens (AO
KIMK, MNMAO «I'MK «Hopunbckun Hukenb», Poccus). Ha 3aBogax Copper Cliff 1 Nonferrous
Metals Takke OoCyLLeCTBASIOT 3NEKTPONUTUYEecKoe pacnHNpoBaHme CynbguaHbIX aHOO0B.

[ns ynpoLweHns TEXHOIOrMY4eCcKon CxeMbl Ha psae npeanpuaTnini oamHIITENHbI C Bbl-
COKMM COoAepXaHnem Meau npeaBapuTenbHO pasgensalT Ha HUKENEBbIN U MeOHbIN KOHLEH-
Tpatbl metogom cnotaumm (Copper Cliff (Vale, KaHaga), Jinchuan (Nonferrous Metals, Kn-
Tan), komobumHat CesepoHukenb (MAO «I"MK «Hopunbckuin HUKenb», Poccus), B page cnyda-
€eB Takke OCYLLEeCTBMSEeTCH BblAeneHne meTannmampoBaHHOW dpakumm, oboraweHHon apa-
roueHHbIMn MeTannamm (Copper Cliff (Vale, Kanaga), Jinchuan (Nonferrous Metals, Kutan),
Ha paduHupoBovHom 3aBoge Anglo American Platinum B PycteHOypre, FOAP), meTogom
MarHutHom cenapauuun. ObocobneHHas nepepaboTka MarHUTHOM (ppakLmMKn CyLLEeCTBEHHO CO-
KpalwaeT AnNUTEenbHOCTb TEXHOMOMMYECKOro UMKna Nony4YeHnss KOHUEeHTpaToB AparMeTansios

n nx 6e3Bo3BpaTHbIE NOTEPMW.
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Tabnuua 1.24 — Cnocobbl nonyyYeHnss padMHUPOBAHHOTO HUKENSI HA HEKOTOPbIX NPEANPUATUAX

3aBopf, KoMnaHus,

WcxoaHbli maTepuan Cocras, % MpuHUKMN nepepaboTkm Mpoaykums
cTpaHa
Nikkelwerk (Hop- danHLWTENH Ni — 52,0; Cu— | XnopHoe BblllenavneaHue, astoknas- | Ni-katogpbl, Cu-kaToasbl,
Berunsl), Glencore 19,0+20,0; Co — HOE BblLLeNaymMBaHne, AN1IEKTPOIKC- KOHueHTpaT M
2,5, Fe — 2,5, Tpakums
ocTanbHoe — cepa
Niihama (AnoHus), danHwTenH, Ni- Ni — 73 ; Cu— XnopHoe BblWenayYnBaHme, aneKkTpo- Ni-kaTogbl, Co-kaToabl,
Sumitomo Metal Co-ocaxgeHHble Ccynb- 45;,Co—25 9KCTpaKuusa Ans nonyvyeHnsa KatogHoro Ni-conu
Mining d1aHbIE KOHUEHTpaThI HUKens; aBTOKMNaBHOE BblLlenaynsa-
HWe, XNOKOCTHas IKCTpaKums — ans
conen
Sandouville danHWTEenH, NnonyyYeHHbIn | Ni— 78; Cu — XnopHoe BbllLenaymBaHue, 3reKTpo- Ni-kaToabl
(PpaHuus), Eramet| cynbduanpoBaHuem 0,2, Co—2; Fe — 3KCTpaKuus
deppoHuKens 3; , ocTanbHoe —
cepa
Matsuzaka, Vale danHWwTEenH H. o. OkucnntenbHbIN 0GXKr, BOCCTaHOBU- Tonimet-6pukeThl,

(AnoHus)

TenbHbIN 06XMr, BpMKeTUpOBaHME

Tonimet, Tonimet 97,

cuHtep, Compact 97
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3aBoj, KoMnaHus,

NcxogHein maTepman CocTtas, % MpyHUMn nepepaboTku Mpoaykunsa
cTpaHa
KombuHaTt CeBe- danHWTEeNH Ni— 40 % — MeaneHHO oxnaxgeHHbl hanHLLITENH Ni-kaToabl,
POHUKEND, 52 %, Cu — ApobAT, n3amenbyatoT, PrIOTUPYIOT C Ni-kapB6oHUNbHbIN (NO-
NMAO «IMK «Ho- 18 % — 30 %, NoSTly4EHMEM HUKENEBOIO U MEQHOro POLLKN, ApoOb),
pUNbLCKNN Hin- Co—0,2% — KOHLEHTPaTOB. 3aTeM HUKENEBbIN KOH- Cu-kaTogHas,
Kenb», MoHue- 0,3 % LUeHTpaT obxuratoT HamepTBo, BoccTa- | Co-KaTOAHbIN, KOHLEH-
ropck, Poccus HaBMNMBAlOT U NMaBAT C NonyyeHnem Tpat MIl, koHUeHTpaT
MeTanIM4ecknx HUKenNeBbIX aHOO0B, Ag
HanpaBisieMbIX Ha ANEKTPONNTUYECKOE
pacmHnpoBaHue. B Gnvxanwen nep-
cnekTuee 060XCKEHHbIV 1 BOCCTaAHOB-
NEHHbIN HUKENEBbIN KOHLEHTpAT (HUKe-
NeBbIV NOPOLLOK Tpyb4aTbIx neven) Gy-
AeT HanpaensaTbCs Ha onepauumn xnop-
HOro pacTBOPEHNA 1 NocneayoLLen
3NEeKTPO3KCTpaKLmm
Thompson (Kana- danHwTenH Ni — 73,0+75,0; | QnekTponutnyeckoe paduHMpoBaHue Ni-kaToabl
na), Vale Cu—2,5+4; Co— CynbdUOHbIX aHOOO0B, OTNNTLIX U3
1,0; Fe —<1,0; danHwTenHa

S—20,0
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3aBoj, KoMnaHus,

cTpaHa

NcxogHein maTepman

CoctaB, %

MpyHUMn nepepaboTku

MNpoaykumns

Copper CIiff, Vale,
KaHapa

danHwTenH

Ni — 45,0; Cu —
35,0

N3 panHwTerHa BbigenseTca obora-
weHHaa M marHnTHas dopakuus, a
HeMarHuTHasa dpakumnsa pasgendeTcs
donoTaumen Ha HUKeNeBbIM N MeHbIN
KOHLEeHTpaTbl. HMKeneBbIN KOHUEHTpaT
obXuraeTcsi, BOCCTaHaBNMBaETCA 40
MeTanna, ganee, kak U MarHMTHas
dpakums, pacdmHnpyeTcsa kapboHUK-

poOBaHMEM

Kap6oHunbHas Hukene-

Basi NPOAYyKUUS

Jinchuan,
Nonferrous Metals,

Kutan

danHwTenH

Ni 47,0; Cu
23,0+26,0; Co
0,6+0,7; Fe 2,4; S
22,0

N3 panHwTenHa oboratutenbHbIMK
MeTodamMu BblaenaTcsa oboralleHHbIn
OM-KOHUEHTpAT, MeaHbIN U HUKENEBLIN
KOHLUEHTpaTbl. 13 HUKENeBoro KOHLUEH-

TpaTta OoTnMBaloTCA CynbMuaHble aHo-
AObl, KOTOpble padUHUPYOTCS ANEKTPO-

JIN30M

KaTtogHbIn HUKenb, Kap-
OoHUNbHaa HUKenesas

npoAayKums

Kwinana, BHP

Billiton, ABcTpanus

danHwTenH

Ni 73,5; Cu 4,0; Fe
0,8:Co0,7; S 20,0

AMMMaYHoe BblWenadYnBaHue, BOL4O-

poaHoe BoCCTaHOBIEHNE

Ni-6pukeTbl, Ni-nOpoLLOK,
Cu-cynbuaHbIN KOHUEH-
TpaTt, Ni-Co-cynbdungHbin

KOHLIeHTpaT

9T0Z—T 21U



0L

3aBoj, KoMnaHus,

NcxogHein maTepman CocTtas, % MpyHUMn nepepaboTku Mpoaykunsa
cTpaHa
Fort Ni-Co ocaxaeHHbIN H.o. AmMMMayHoe BbiwenaymBaHme, Bogo- | Ni-6pukeTtbl, Co-6pukeTbl
Saskatchewan, |cynbungHbIn KOHULEHTPAT poAHOEe BOCCTaHOBIEHNE
KaHaga

Bindura, Bindura
Nickel, 3nmbabdbee

danHWTEenH

Ni 38,0; Cu 54,0;
Fe 0,1; S5,5; As

CepHOKVICJ'IOTHOG adBTOKIMaBHOE BblLLE-

lavynBaHne, SNeKTpoIKCTPaKUUA

Ni-kaToabl, MEOHbIN

CyInbMUAHbIA KOHLEH-

0,1 TpaT, rmgpokcug kobanb-
Ta
Harjavalta, HemarnutHas dppakumsa | Ni 65,0; Cu 5,0; Fe | KombuHauus npoueccoB atmocdepHo- | Ni-katoabl, Ni-OpukeTsbl,
MAO «MK «Ho- | HMKeneBOro KoHueHTpaTa 4,0;S21,0 ro U aBTOKIIAaBHOIO CEPHOKUCITIOTHOIO Co-6pukeThl,
PUNbCKUA HUKENb», | dorioTauun panHwTenHa BblLLleNnavYnBaHngd, anekTpoakcTpakumna | Cu-cynbuaHbIn KOHUEH-
duHNaHans n/vinn BocctaHoBneHne Ho Tpar
Yabulu Refinery, CwmewaHHble Ni- H. o YKnaokocTHasa aKCTpakums, peakcTpak- «QNI Highgrade» —

ABcTpanusa

Co-rvapokenasl®

Uus, OTFOHKA aMMmnaka ¢ Nony4yeHmem
OCHOBHOrO KapboHaTta HUKens, npokan-
Ka, BOCCTaHOBIEHNEe BOOOPOAOM, KO-
GanbT ocaxagaeTcsa B Buae cynbduaa,
3aTem goBoauTcsa o kobanbTa meTtan-

JIN4eCKoro, meab ocaxgaetTcda B Buage

cynbnga

99,5 % Ni, poHgenu —
98,5 % Ni, QN
ChemGrade Cobalt,
Me[HbIN CyNnbpUAHLIN

KOHLEeHTpaT

9 CmellaHHble rMmapokcnabl NOCTynakwT B TEXHOMOMMYECKUIA LINKN nepepa60TKM OKUCIIEeHHbIX HUKEeleBbIX pyad METOAOM KapOHa.
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3aBoj, KoMnaHus,

NcxogHein maTepman CocTtas, % MpyHUMn nepepaboTku Mpoaykunsa
cTpaHa
Waterval, Amplats, danHwTEenH Ni 47,0+48,0; Cu | CepHOKMCIIOTHOE aBTOKMNaBHOE BbliLLe-
FOAP 28,0 nayvsaHue
Impala Platinum, danHwTenH N 45,0; Cu 28,0 | CepHOKMCNOTHOE aBTOKNABHOE BbllLie- Ni-nopoLuku, 6GpukeTsbl
Springs HOAP navvBaHve, BOCCTaHoOBMNeHue Hz
Stillwater, danHwTenH H. o. KombuHaums npoueccoB atmocepHo- | CynbdaT HUKens, katoa-
MarathonPGM ro U aBTOKJTAaBHOIo CEPHOKUCNOTHOIO Has MeOb, KOHLUEeHTpaT
Corp., CWLA BblLLIENTa4YMBaHNSA 3aKanéHHoro danH- MIr
lWTenHa
Anglo American danHWTEeNH H. o MeaneHHO oxnaxgeHHbl panHwTenH | Ni-katogbl, Cu-katogbl,
Platinum Rusten- M3MenbYatoT, BblAEenanT MeTannuan- KOoHueHTpaT M
burg (FOAP) pOBaHHYO (bpakumMio MarHUTHOM cena-
pauuen, pasgenbHoe BblllernadymBaHue
NPOAYKTOB, 3NEKTPOIKCTPaKLNA
Northam Platinum danHLWTENH H. g KombuHaums npoueccoB atmocepHo- | CynbdaT HMKenNsd, kKatoa-
(FOAP) ro U aBTOKITAaBHOIO CEPHOKUCITIOTHOIO Hasi Medb, KOHUEHTpaT
BblLLieNIa4YMBaHNS 3aKanéHHoro gamH- MIr
lWTenHa
Clydach, OB60XKEHHBIN HUKENEBDIN H. o KapboHun-npouecc Kap6oHunbHasa npoayk-
CoeanHEHHOE | KOHUEHTpaT HEMarHUTHON ums
KoponeBcTBo dpakumm notaumm
(Yanbc) (rarHwTENHA
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MepepaboTka cynbdUOHBLIX HUKENb-KOOANbTOBLIX KOHLEHTPATOB, OCaXOEHHbIX U3
pacTBOPOB BbICOKOTEMMEPATYPHOro aBTOKITABHOIO CEPHOKUCIIOTHOrO BblllenavymBaHuUs OKUC-
NEHHbIX HUKEeneBblX pyd, aHanorMyHa TakoBOW ANA (PanHLWTENHOB; CMELUaHHble HUKEnNb-
KobanbToBblEe rMapokcuabl (kapboHaTbl) MOryT ObiTb JIErKO MHTENPUPOBAaHbLI B TEXHOMOMMYe-
CKMM uukn noboro pacdMHMPOBOYHOIO 3aBoda, XOTs Boriee NorMYHbIM NpeacTaBnsaeTcs ux
NCronb3oBaHWe B Cynb@aTHbIX CXeMax.

CnegyeTt OTMeTUTb, YTO rmagpomeTannypruyeckoe padvHUpoBaHWE (anHLWITENHA U
NPOMN3BOACTBO HUKENS METO4OM KapOOHUNMpOBaHUA LienecoobpasHo paccMmaTpuBaTb Kak

OCHOBY COBPEMEHHbIX 1 MPOrPECCUBHBLIX TEXHOMOIMMI NONy4YeHUsA padPUHNPOBAHHOIO HUKESS.
FmapomeTannypruyeckoe pacpmHupoBaHme pamHWTENHOB

Bo Bcex cnyyasx rugpomeTansnyprmyeckoro paduHupoBaHust GoraTtbiX HUKENeBbIX
NPOMMPOAYKTOB (3@ MCKMIOYEHNEM CMELLAHHbIX MAPOKCUAOB) FONOBHOW onepauuen padu-
HUPOBaHUSA SABMSIETCA OKUCIUTENbHOE BbllenavyvMBaHue, KOTOpoe OCYLLEeCTBMASETCH B XI1O-
pUaHbIX, CyrbdaTHbIX UM aMMUavHO-CyrnbdaTHbIX cpedax. [danbHeunwas koHdurypauus
TEXHOJIOrMYECKOM CXeMbl NpegycMmaTpuBaeT OYUCTKY pacTBopa OT NpUMecen u pasgeneHuve
NPUCYTCTBYIOLLMX B pacTBope Meaun, HuKkensa u kobansta. Huxe paccMoTpeHbl npumepsb! pe-

anuMsauum npolecca Ha HEKOTOpbIX NpeanpusaTusx (Tabnuua 1.24).
PacmHupoBaHue ¢hpanHwTENHA B XNTOPUAHBbIX cpefax

B HacTodwee Bpems TexHoONorns padouHMpoBaHUSA (PanHLITENHa B XJTIOPUAHbLIX Cpe-
Aax NpUMeHseTCa Ha Tpex NpeanpuaTUAX, TEXHONOrMYyeckne Cxembl KOTOPbIX CYLLEeCTBEHHO
pasnuyaroTca Mexay cobon, kak no ycrioBusiM pacTBOpeHUs oarHLTenHa, Tak n no cnocoby
OYUCTKM PacTBOPOB OT NpUMeCeNn.

Ha 3aBoge Kristiansand (Glencore, HopBerns) namens4yeHHbl (panHLWITENH BblLLeNa-
YnBaeTCs Npu TemnepaType KUNeHUst B Kackage peakropoB B 0OOPOTHOM HUKENEBOM aHOMu-
Te Npu nogade xrnopa v nogaepxaHun 3agaHHOro OKUCIIUTENbHO-BOCCTAHOBUTENbHOMO MNo-
TeHumnana ansi KONrmekTMpoBaHUs B HEpPaCTBOPUMOM OCTaTKe Meau U AparoueHHbIX meTarn-
noB. 3aTeM BbiLEeNoYeHHas Nynbna nogaeTcsa B Kackaz aBTOKAaBoOB, paboTatolwmx npu Tem-
nepartype 140 °C — 145 °C wn pgasnexHun 0,3-0,4 Mlla. lynbna n3 xBOCTOBOro aBTOKNaBa
HenpepbIBHO Yepe3 XONOAWUMbHUK pasrpyXaetca B peakTopbl MeOeodYUCTKWU, KoTopasi Ocy-

LLECTBIISIETCS YaCTbio CBEXEro (panHLUTENHA.
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Ta6n|/|ua 1.25 — Ycnosusa nony4YeHna KatoaHoro HMKenyd Ha HEKOTOPbIX NpeanpuAaATndax

Rustenburg KombuHat «CeBepoHuMKeNb»,
Harjavalta, .
Thompson, (HoOBbLIN Anek- | | Kristiansand, | «Hopunbckui Hukenb», Poccus
Hopunbckuii | Rustenburg, Niihama, Sumi-
Vale, KaHa- TPOSIN3HbIN Glencore, PacuHupoBa-
Hukenb, ®uH- | KOAP (2009) tomo, AnoHusa PaduHupoBa-
na uex), OAP Hopserus Hve HITM
naHams HWe aHodoB
(2011) (npoexT)
lNponssogutenb-
) 60000 15000/20000 21500 33000 30000 90000 120000 145000
HOCTb, T/rog Ni
KonnyectBo
684 128 H. o. 208 200 430 476 476
BaHH, LUT.
Pasvep BaHH, |[58x16x |6x12x1,2|6,6%1,2xX H. o. 6x09%x11 [7x08x16|85%x14x18|85x%x1,4x1,8
OxWxB,m x 0,9 x 1,2
MaTtepuvan BeToHHble, | ApmupoBaH- | BnoyHbin | Monnvep6e- 168- ApmuposaH- | MNonumepbe- | MNMonumepbe-
NOKPbITbIE | HbIA MOHO- GeToH TOH OETOHHbIE, NO- | HbIl BETOH C TOH TOH
NNacTUKOM | NUTHbIN Be- KpbITble Mna- | nnacTnkoBoun
TOH, BCTaBKka CTUKOM, BCTaBKOW
MnBx 32-nonumep-
beToH
OneKTPonuT: Cynbgpat- |CynbdatHbii | CynbdaTt- | Cynbdar- XnopuaHbeii | XnopuaHbin Cynbgat- Cynbgat-
XJSTOPUAHbIN HbIN HbIN XJSTOPUAHbIN XJSTOPUAHbIN
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Rustenburg KombuHaT «CeBepOoHuKenb»,
Harjavalta, _ -
Thompson, (HOBbIVA anek- Kristiansand, | «Hopunbckuii HuKenb», Poccust
Hopunecknin | Rustenburg, Niihama, Sumi-
Vale, KaHa- TPOMN3HbIN Glencore, PachuHupoBa-
Hukenb, ®uH- | KOAP (2009) tomo, AnoHns PaduHupoBa-
ha uex), FOAP Hopeerus Hue HOTN
naHams HWe aHoOoB
(2011) a (poexT)
Cocras, r/igm® Ni — 75— Ni 100 Ha Ni 80 Ha |80 Ha Bxoge,| Ni— 70-75, |60 Ha Bxoae, | Ni— 70-75, Ni — 70,
85/75-85 | Bxoge, 65 Ha | Bxoae, 50 | 50 Ha BbIxo- Cl—85 54 Ha BbIXO- | Cl — 50-55, Cl— 63,
Cl—50-60| Bbixoge, Na- | Ha BbIxoae ae, ae, H3BOs— 3-6 | H3BOs3— 4-6
HsBOs— 7— | ypuncynb- | HsBOs 6— | H3BO3 6-10 Cl— 60
8 dat 10
HaTpna —
20 mr/n
pH 1,5/3,0 3,5-3,8 3,5 3,5 2 1,4-2,0 1,5/3,0 1,4/1,6
CKOpOCTb LMPKY-
NALMN INEKTPO-
0,7 0,025-0,030 0,009 H.no 0,035 0,07 0,025 0,03
nmTa,
M3/MUH/BaHHY
AHoAb!:
KonunyecTtBo 27 50 41 49 53 52 51 61
Paswmep, 1,1 x0,7 x H. a. H. a. H. a. 1x0,8x0,002| 1x0,8x 0,92 x0,83 x| 1,24 x 0,835
OxLWxB,m x 0,045 x 0,002 x 0,095
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Rustenburg KombuHaT «CeBepOoHuKenb»,
Harjavalta, _ -
Thompson, (HOBbIVA anek- Kristiansand, | «Hopunbckuii HuKenb», Poccust
Hopunecknin | Rustenburg, Niihama, Sumi-
Vale, KaHa- TPOMN3HbIN Glencore, PachuHupoBa-
Hukenb, ®uH- | KOAP (2009) tomo, AnoHusa PaduHupoBa-
ha uex), FOAP Hopeerus Hue HOTN
naHanA HMe aHOo40B
(2011) (npoexT)
CocraB Ni -76 %, CsuHel, CBuHuUoO- | CBuHUOBLIN | [okpbiTad ok- | [lokpbiTas Ni 87 % — | [NokpbiTas ok-
Cu— BbI cnnas | cnna. (0,6 % | cugom pyTte- | okengom py- | 90 %, Cu 4,5 | cugom pyte-
25%,S — (0,6 % Sn, | Sn, 0,05 % |HMA TUTAHOBAs | TEHUA TUTa- Fe 3,5 HUSA TUTAHO-
19 % 0,05 % Sr) Sr) ceTka HOBas ceTka Bas ceTka
AHOAHaga kamna-
16-17 - - - - - 27 -
HWS, CyT.
KaTtoabl:
Konnyectso 26 49 40 48 52 51 50 60
PaccTtosHue
Mexay Katogamu, 0,2 0,133 0,16 H. o 0,11 0,13 0,165 0,13
M
Paswmep, [ x LU,
970 x 890 1300 x 700 1085 x935 1340%935
MM
KaTogHas kamna- 7+2 (ana oc- | 6+2 (ana | 10-14 (6es-
HWUSA, CyT. 10 HOBbI Ha OCHOBbI HA | OCHOBHbIN) 7 7 3-5 5-7)+1
Ti-matpuue) | Ti-matpuue)
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Rustenburg KombuHaT «CeBepOoHuKenb»,
Harjavalta, _ -
Thompson, (HOBbIVA anek- Kristiansand, | «Hopunbckuii HuKenb», Poccust
Hopunecknin | Rustenburg, Niihama, Sumi-
Vale, KaHa- TPOMN3HbIN Glencore, PachuHupoBa-
Hukenb, ®uH- | KOAP (2009) tomo, AnoHusa PaduHupoBa-
ha uex), FOAP Hopeerus Hue HOTN
naHaous HVMe aHO4OoB
(2011) (npoexT)
HanpsxeHne Ha | 3 c noBbI-
BaHHe, B LWweHvem o
6 no mepe
pocTa Ton- 3,8-4,0 3,6-3,9 3,6-3,9 3,0-3,1 H. o 2,4-2.5 3,6-4,0
LMHbBI
LLUIaMOBOM
KOpPKM
KaTtogHas nnot-
250 220-230 220 220-260 233-273 260 250-270 227

HOCTb ToKa, A/M?
Bbixog no Toky, % 93 97 >95 99,5 98-99 96,5 95,5
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OunLeHHbIN OT Meau unbTpaT NOCTyNnaeT Ha MMAPONUTUYECKYHO XKENEe3004UCTKY, KO-
TOpas OCYLLEeCTBNAETCA B peakTopax nyTem nogadu kapboHarta HUKENs u xrnopa, 3aTem Ha
BblAEMNEHNe Trunca W JKUAKOCTHYK  3KCTpakumio kobanbta 15 %-HbiM  pacTBOpPOM
TPU-U30-OKTUITaMUHA B KEPOCUHE.

Hwukenesbin padmHat nocne pasbaBneHns 0OOPOTHBLIM 3MEKTPONINTOM U TMOPONNTK-
YeCKOM OYMCTKM OT CBUHLA M MapraHua nogaeTtcda Ha nepenen 9rneKTpo3KCTPaKUUN HUKENS.
3 k06anbTOBOro peakcTpakTa nocrne AONOSHUTENbHOW MMOPONIUTUYECKON OYUCTKMU Nosyya-
0T KaToAHbIN KOoDanbT.

Ha 3aBoge Niihama (AAnoHus) komnaHum Sumitomo Metal Mining (SMM) danHwTenH
noaseprarT XNOPHOMY pacTBOPEHUIO B OBe CTaguu Mo NpOTOBOTOKY. Ha nepsown ctaguu
(uemeHTauun) megucTelin pacteop (40 r/am® Cu) pearvpyeT ¢ UCXOAHbIM (halHLLITEWHOM C
nepesofoM B pacTBop 4vactu Hukens (~20 %) n ocaxgeHnem megu B Buae cynbduga ao
ocTaTtoyHoro cogepxaHus ~0,01 r/gm3.

Ha BTOpON CTagnn npy NCnonb3oBaHUM XIiopa B KA4eCTBE OKUCNUTENS M3 keka rny6o-
KO BblLLEeNavYnMBaeTCcs HUKENb U Medb, Taknm 06pa3oM, YTO CyMMapHoOe MU3BIieYeHNe HUKENS B
pacTBOp Ha ABYX CTaausX BbilenadmBaHua okasbiBaeTcs 6onee 95 %, a okucneHue cepsol
00 cynbaTHOoM He npesBbiwaeT 3 %.

BoraTbln HUKENem pacTBOp CO CTaauM LieMeHTauuMm noctynaeT Ha rmaporiuTUYECKYHo
OYUCTKY OT KobanbTa 1 xenesa OKACIIEHNEM MX XSTOPOM B NPUCYTCTBUM KapboHaTa Hukens, a
3aTeM Ha 3reKTPOIKCTPaKUMIO C MOMy4YEHMEM KaTOQHOMO HUKENsS 1 BO3BPaTOM razoobpasHo-
ro Xfiopa Ha CTaguio BbllernadnBaHns U O4UCTKU pacTBopoB. KobanbT nssnekaeTcs 13 xe-
ne30-ko6anbTOBOro Keka pacTBOPEHMEM B CEPHOW KUCOTe C nogaden cynbduta HaTpus.
[MonyyeHHbLIN pacTBOp MOCEe OYMCTKM OT Kernesa U Meau HanpasBrsoT Ha XUOKOCTHYHO 3KC-
TPaKUmIo C MNOMy4YEHMEM YUCTLIX XNTOPULHbLIX PACTBOPOB HUKENA 1 kobanbTa, N3 KOTOpbIX No-
ny4yaloT HUKeneBble CONU U KaToAHbIM KoBanbT 1 kK06anbToBbIE COMKU, COOTBETCTBEHHO.

YpaneHve mean u3 UMKNa BblleNaydnBaHUA OCYLLECTBASETCA 3NEeKTPO3KCTpaKuuen,
KoTopasi npegycMOTpeHa TEeXHONOMMYeCKOW CXeMOW MexXxay CTaausiMy BbllerayvymBaHus U
ueMeHTauuu, C nonyyeHneMm npomMnpoaykToBOro MeaHOoro nopotLlka, nepenaBaemoro 3aTtem
Ha MeaHbIn 3aBoa.

Ha 3aBoge Sandouville komnaHun Eramet (®paHums) Huskomeguctbii (0,2 % meam)
(parHLWTENH BbilLenavYMBaeTcs B ABe CTaAun pacTBOPOM XIIOPHOro Xerie3a B COSNITHOKUCION
cpefe ¢ nogayen xnopa. B pesynbTarte BbiwenadyMBaHUsa NonyyaroT pacTBoOp XNOPUAOB HU-
Kens, kobanbTa u xenesa. Cepa B anemMeHTapHOM hopmMe oTAenseTca oT pacTBopa BMecTe

C HepacTBOPUMbIM OCTaTKOM.
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M3 pacteBopa TpmbyTtundocgaTtom IKCTparnpyroT xeneso (KOTopoe nocrie peakcTpak-
UMM YaCTUYHO BO3BpaLLaeTCH Ha BbillenadmBaHue, a YaCcTUYHO BbINyCKaeTCs B Ka4yecTBe To-
BapHOro xropuaa enesa), a 3atem C NOMOLLbI TPU-U30-OKTUNAMUHA — KOBanbT, KOTOPbLIN
peakcTparupyetca B hopme xrnopuaa, sBNSAwoLWerocs ToBapHon npoaykumen. OcrasLuminica
nocrie BblAeneHus xenesa v kobanbTa pacTBOp XIOpvAa HUKENsa ouvMLLaeTcs OT CBUHUA
9NEKTPOIKCTPaKUMEN, OT APYrnx npumecer — NOHOOOMEHOM, OT OpPraHnKM — aKTUBMPOBAH-
HbIM yrrnem. M3 ounweHHOro pacteopa 3ekTPO3KCTpakuuen nonyyarT KaTOAHbIA HUKerb;
obpasylowmnncs B npouecce aNeKkTponunsa Xrnop noctynaeT Ha BblllenavymBaHne UCXOLHOro

dranHLWTENHA.
PadmHnpoBaHue chanHwTenHa B cynbdaTHbIX cpepax

TexHonornyeckne cxembl pamHMpoOBaHUA anHWTENHa B CynbgaTHbiX cpeaax 6o-
nee pacnpocTpaHeHbl B MUpe 1 Bnvxke Apyr K Apyry No naeosiornun, Hexernu XnopuaHble.
O6bI4HO OHKM NpeacTaBnAlT cobon KOMOMHaLMIO NPOLEeCCOB aTMOCHEPHOro N aBTOKNABHOIO
BblLLleNnavYnBaHnd, opraHM3oBaHHYO B NMPOTUBOTOYHOM pexume. B kayecTBe npumepoB pac-
CMOTPUM TexHosiorum paduvHMpoBaHna parHwTenHa Ha 3aBoge Harjavalta (PuHnaHans) u
npeanpuatTmnax KOxHon Adpurkn.

Ha rmgpomeTannypruyeckom 3aBoge Harjavalta (Hopunbckuin Hukenb, PuHnsHanS) B
HacTosillee Bpems nepepabaTbiBaeTCcss HEMarHuTHas pakuus HUKENEBOro KOHLUEeHTpaTa
dnotauun anHwTenHa poccuncknx npeanpuatnn NMAO «I'MK «HopunbCKnn HUKenb».

CornacHo TexHOnorMyeckon cxeme matepuan noasepraeTcs ABYXCTaAUMHOMY aTMO-
chepHOMY OKMUCNUTENBHOMY BbilenaynBaHuio. Llenbto nepson ctagunm — megeouncTkm —
aBnseTca rnybokas oumMcTka 06OpOTHOrO pactBopa OT Meau U Kenesa, BTOPOM — MNOBbILLe-
HWe MU3BIieYeHnsi B paCTBOP HUKENSA 3a CYET YaCTUYHOIo PasnoXeHus Cyrbuaos.

Bonee rnyboko pasnoxeHue cynbuaoB NpoTekaeT Ha CTaaun aBTOKMAaBHOIO BbllLe-
nayvBaHus, peanudyemMon noa gasneHnem kucnopoga. lNMonydyeHHas nynena, cogepallias B
XMOKOW YacTuM [OCTaTOYMHOE KONMMYECTBO Meau ONns pacTBOPEHWUs HUKeNs, nogaetca 6es
pasgeneHus XuUakoro u TBepaoro Ha aBTOKNaBHOe paduHUpPOBaHME, KOTOpoe NPOBOAMTCA B
aTtmocdepe napoB Boabl 6e3 nogayun okncnutensa. Ha aton ctagun NnpoucxoauT B3aMMoaemn-
CcTBME CyINbOMOHOM COCTaBIIAOLLEN C NMPUCYTCTBYIOLLMM B pacTBope cyrnbdaTtoMm mMean C no-
nyyYeHneM MefHOro Keka, KONSeKTUMPYLWero AparoueHHble MeTannbl. ATOT KeK Ans ganb-
Hewnwen nepepaboTkn HanpaBnaeTca Ha MegepadUHNPOBOYHbIE NpeanpusaTua. PacTBop aB-
TOKNaBHOIro paduMHMPOBAHUSA MOCIIe aBTOKITAaBHOW XXeNe3004YMCTKU, OCYLLEeCTBASEMON C UC-
nonb3oBaHNEM B Ka4eCTBEe HenTpanusaTopa HaTPMEBOW LLENoYK, HanpasniseTcs Ha Nepeyto

aTMocdepHyto ctaguio (MeaeovncTky).
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M3 pacTBopa MeaeoUvnCTKN XUOKOCTHOM SKCTPaKUMen BbligensetTcs kobanbT, a Takke
Marnble NpuMecu mMeam, Xenesa, UMHKa, MapraHua v ap. CepHon KMCAOTOW M3 NPOMbITOro
9KCTpaKTa peakcTparmpytot kobanbT ¢ nonyyeHmem pactBopa cynbgaTa kobanbTa, U3 KoTo-
poro nocrne AONOSTHUTENBHOM OYMCTKM OT MarbiX NPUMECEN NONyyatoT ToOBapHble KobanbTo-
Bble COMu.

ToBapHy0 HUKENEBYIO NPOAYKLUMIO — KaTOAHbIN HUKENb U HUKeneBble BpuKeTbl, NOny-
YaeMble W3 MOpOLLKA aBTOKMABHOINO BOAOPOLHOrO OCaXAeHUs B aMMUa4vyHO-CylibdaTHbIX
cpefax, — NPOM3BOASAT U3 HUKENEBOro padumHaTta B ABYX Liexax: 3fIeKTPOSIM3HOM U LieXe BO-
AOPOAHOro BOCCTaHOBMEHUSA. VI3 OTHOCUTENBHO HEBOMBLUON YacTuU HUKENEBOro paduHaTa B
UUKNE >XMAOKOCTHOM 3KCTPaKUMM HUKeNs nony4vatoT 6onee YnCTbii HUKENEBLIN PEIKCTPaKT,
KOTOpPbIN HanpaBfsieTCs Ha NPOU3BOACTBO HUKENeBbIX conen. [loGoYHoM npoaykumen npea-
npuATUA SBRseTcAa cynbdaT aMmMOHUS, NoSTyYaeMblin U3 pacTBOPOB NMOCIe BOAOPOAHOMO BOC-
CTaHOBMNEHUS HUKENS.

MmopomeTannypruyeckasi TeXHONOrMa paduHUPOBaHUS anHWTEeNHa Ha 3aBojax
tOAP n 3umbabee npeacraenseT cobon MHOrOCTaAUMHYO NPOTUBOTOYHYO CXEMY CEPHOKMC-
NOTHOrO aBTOKIIABHOIO BbllenadnsBaHus hanHwTenHa.

Ha 3aBoge Springs (Impala Platinum, KOAP) namenbYeHHbI hanHWTENH NpOXoauT
yepe3 TPU MNPOTUBOTOYHBIX CTaAMW aBTOKMABHOIO OKUCIIUTENBbHOrO BblleriavynBaHus.
Ha nepBon 1 BTOpon cTagusix B pactBop nepexoaut go 85 % Hukend. Ha TpeTben ctagum
aBTOKITAaBHOIMO OKUCAUTENBHOMO BhilenavyvMBaHUs B PacTBOP WM3BMNEKalT OCTaTKU LBETHbIX
MeTannoB U cepbl U nonyyaroT KoHueHTpaT M, koTopbin NnepegatoT Ha adpdpmHax. boraTbin
pacTBOp MepBOM CTaguu BblllenavyvBaHUS O4YMLLAOT OT MeAn ocaxgeHuem ruapocynbdu-
AOM HaTpusa, 4yTto obecneymBaeT MNOMNHOTY ocaxpeHusa [OM. Kek nocne ocaxpeHus meau
HanpaBfsieTCA Ha BTOPYK CTaauMio aBTOKMABHOIO OKUCAUTESNBLHOMO BbllenavnBaHus, ounb-
TpaT KOTOPOW MOCMEe >Kene3004YUCTKM HanpasnsieTCs Ha 9NeKTPOIKCTPAKUMIO  MeaMu.
3 oumLeHHOro ot Meau pacteopa NepBon CTaAnmM aBTOKITAaBHOIO OKUCIIUTENBHOIO Bblllena-
YMBaHMA TaKkKe rMAPONUTUYECKMM CNOCOOOM OcaxaatoT Kenes3o. 3aTem M3 Hero aBTOKNaB-
HbIM BOAOPOAHBbIM BOCCTAHOBMEHMEM MOMYYarT YUCTbIM HUKENEBLIN MOPOLLOK, KOTOPLIN
HenocpeacTBEHHO OTNPABMAT Ha NPOAaXy MU npeaBapuUTenbHO BpukeTupytoT. Bogopoa-
HOe BOCCTaHOBIEHNEe OCYLLEeCTBNAT B aMMMaYyHO-CybdaTHbIX cpeaax, a U3 pacTBOpOB Mo-
crne oCaxeHus HAKeNs pereHepupyloT aMmMmnak nogadvyen n3BecTtu, YTo NO3BOSISET BbIBOAUTb
cynbdaT-noH B oopme oTBanbHoro rmnca. Octatok HMKensa u kobanbTa ocaxgaloT n3 pac-
TBOpa rMapocynbMUOOM HaTpUs B BUAE CMELLUAHHbIX HUKENb-KOBanbTOBLIX CynbdUA0B, KO-
TOopble nepepabaTbiBalOT MO TEXHOMNOMMKU, NpeaycMaTpuBatoWen NPUMEHEHNE XUAKOCTHOM

QKCTpaKkuun angd pasgeneHna HUKend m kKobanbTa.
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B otnnume ot 3aBoga Springs Ha 3aBoge Rustenburg (Anglo American Platinum,
FOAP) chanHwTenH nepes padoMHMpOBaHMEM MPOXOAUT Yepe3 MarHUTHYK cenapawmio, KoTo-
pas otaensieT MarHUTHYH dopakumio, cogepxallyto OCHOBHOE KONMYeCTBO MeTasnoB nnatu-
HOBOW rpynnbl, OT HEMarHUTHoW, o6eagHeHHon no AM-cpakumn.

MarHuTHaa dpakums BbllLenavymBaeTcs B OTAENIbHOM TPeXCTaaumMHOM LMKIe C Mony-
YyeHnem GoraToro KoHueHTpaTta M, KoTopbi HanpaBnaeTca Ha adpuHakHOe NpeanpusTue.
PacTBopbl BbilWenayMBaHUs MarHUTHOM ppakuMm nepenarvTcs Ha CTaguilo aBTOKABHOMO
paduHMPOBaHMS LMKNa nepepaboTkm HEMarHUTHON dopaKLmW.

HemarHutHaa dpakuma ganHwTenHa pacTBOPHAETCA B OTAENbHOM MNPOTUBOTOYHOM
UUKIe BbllenavymBaHuns, BKOYaoLWeM aTMOCepHYO CTaanio Mege0UYNCTKU (PanHLLITENHOM,
aTMOCEpPHYI0 CTaguio OKUCIIUTENBHOTNO BbILLENAYMBAHUSA, aBTOKaBHOE paduHupoBaHue 1
aBTOKMABHOE OKUCINUTENbHOE BbllenaynBaHMe MegHoro cynbUOHOro Keka cragumn aBTo-
KnaBHOro paduHupoBaHus. dunbTpaT aBTOKIIABHOMO BbillenadnBaHMs MEeQHOro Kkeka nocne
OYUCTKM OT CemneHa 1 Tensiypa HanpasrseTca Ha NPOM3BOACTBO TOBAPHOW MeaN SNEeKTPOIKC-
Tpakumen. >Keneso M3 pacteopa LMKNa BblllenavymBaHus BbIBOOUTCHA aBTOKMNABHbIM OKUCHe-
HMEM C MCMonb3oBaHMEM pacTBopa Kayctuka. OuncTke OT xenesa nogsepraetcsa punbTpaT
BTOPOW CTaguMn aTMOC(EPHOro BblllenadyMBaHnA nepen ero nogaden Ha nepByld CTaauio,
roe oCyLecTBNAeTCs OMMCTKa OT Meaun.

HvkeneBbIn pacTBOp NOCNe CTaaMyM OYUCTKU OT MeAM OYULLLaeTCs OT CBMHLUA Ao6aBKoM
rmgpokcuga 6apus. Janee dunbTpat ovmaeTcs OoT kobanbTa MoslyYeHHbIM 3NEeKTPOXUMMU-
YECKNUM OKUCIIEHMEM YEPHbIM rMapaToOM HUKENS.

OuMnLeHHbIN OT NpPUMeCcen HUKErNeBblI PacTBOP MOCTYNaeT Ha 3NeKTPOIKCTPAKLUIO
HUKens. AHOMUT N3 Lexa SNeKTPO3KCTpaKuun HUKensa Bo3BpallaeTcsl Ha aTMocdepHoe Bbl-
LenaymBaHue HUKENa N 4aCTUYHO OTCEeKaeTCa Ha nepepern ocaxaeHusa kapboHaTta Hukens,
NPOM3BOAMMOrO 4115 onepauui rmaponuTu4ecknx odncTok. M3 ounbtpaTa kapboHaTHOro ne-

penena npou3BoaMTCA TOBAPHbIN CynbdaTt HaTpus.
PacmHupoBaHume panmHwTEMHA B aMMMaYvHbIX cpegax

PadguHupoBaHue hanHwTenHa no metoay Sherrit B aMmumayHbIX cpefax peann3oBaHo
Ha 3aBogax Fort Saskatchewan (Sherrit, KaHaga) n Kwinana (BHP Billiton, Asctpanus).
B aTom cnyyae TexHonormyeckas cxema BKMo4yaeT B cebs cTaaum aBTOKMABHOMO OKWUCIU-
TENbHOrO BbILLEeNaymBaHNa B aMMmnayvHbIX cpefax u nepepaboTky pacTBOPOB C BOAOPOLHbIM
ocaxgeHnem Hukensa n kobanbta. C Apyron CTOPOHBI, LLUMPOKOE pacnpocTpaHeHue UMeLoT
TEXHOMOrM4Yeckne CXemMbl, UCMOMb3yoLMe B Ka4eCTBE rOfOBHbIX onepaunii CEpPHOKUCNOTHOE

aBTOKINaBHOE BblllellavynBaHuMe, a 3aBepLllalwnx — BOAOPOAHOE oCaxaeHne n3 aMmmMmmadHbIX
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cpeq (Harjavalta, ®uHgsHama, Impala Platinum, KOAP). B nocnegHem cnyyae pasgeneHuve
HUKensa n kobanbTa, a Takke OYMCTKa OT MpUMeCen peanusyrTcs Ha cTagumn paboTbl C KUC-
NbiMKU cynbdaTHbLIMW pacTBOpaMu, a ocaxaeHue Npon3BoauUTCA U3 YACTbIX MHOMBUAYATbHbIX
pacTBOPOB HUKeNsA u kobanbTa.

Ha 3aBoge «Popt CackadeBaH» (palHLLUTENH BbillenavymBaloT B aBTOKNaBax B aMMu-
ayHbIX pacTBopax nofd gasrneHnem kucriopoga. [pu atom nopsagka 90 % Hukens, 80 % meau
n 45 % kobanbTa NepexoasaT B pacTBOp B (hopMe KOMMIEKCHbIX CONen — aMmMmakaToB, cepa
n3BniekaeTcd B pactBop Ha 75 %. XKene3o obpasyeT rugpokcua v BbinagaeT B 0cagok.

[Mony4eHHbIN pacTBOp nepepabaTtbiBaeTcA rekcaMMHOBbBIM METOAOM, CyTb KOTOPOro
3aKr4aeTca B OCaX4eHUN CMeLlaHHOM conm — rekcamuHa kobanbTta (1) — Hukena (11), Ko-
TOPbIN ABASETCA UCXOLHbIM CbipbeM AN NOoNy4YeHns padHNpoBaHHOIo KobanbTa.

Mocne cunbTpauumn pacTtBop MNOCTynaeT Ha ABYXCTAOUMHYKD OYUCTKY OT Meau (Ha
nepBoKr CTagun Medb OCaXAaeTCH 3a cYeT OTTOHKM amMuaka, Ha BTOpon — nyTemM BBeAeHUS
cepoBogopoaa), a 3aTeM rocre OKCUrnaponu3a Ha BOCCTaAHOBIIEHME HUKENS BOAOPOLOM B
aBToOkKnase. [lony4yeHHbI MeaHbIM CynbdUa HanpaBnseTcs Ha NPOM3BOACTBO TOBApPHOW Me-
AN Ha Me[Hble 3aBOAbl.

lMepepaboTka rekcamuHa kobanbta (lll) — Hukensa (1) BknoyaeT B cebsa Bbllenayn-
BaHWe BOAOW U cnabbiM 060pPOTHLIM PacTBOPOM ANs yOANEHUA HUKENs, a 3aTeM nepekpu-
cTannMsaumio B aMMmnavHo-cyrb@aTHOM pacTteope. [lonyvyeHHasa cosib XxapakrepusyeTcsi Co-
oTHoweHnem Co : Ni =2000 : 1 n HanpaBnsieTcHa Ha NosilyYeHme ToBapHOro kobanbTa.

[na atoro ee pacTBOPSAIOT, KOBanbT BOCCTAHABMMBAKOT A0 CTEMEHU OKUCNEHUA 2+
06OpPOTHBbIM KOBANbLTOBLIM MOPOLUKOM U CEPHON KUCMOTOMW, @ 3aTeM MNOSflydYeHHbIN PacTBOpP
o6pabaTbiBaloT BOAOPOAOM A8 NONyYEHNS TOBApHOro MeTanna.

[MpoaykTamn ammMumayHon TexHonorum nepepaboTkm cynb@UaHbIX HUKENEBbLIX KOHLEH-
TpaToB aBnsatTca cynbdpug meam (~70 % Cu), HMKENEBbIN NOPOLLOK, KOOANbTOBLINA NMOPOLLIOK

(99,8 % Co) 1 cynbdaT aMMOHUS.
AnekTponuTuyeckoe pacpuHMpoBaHme parHWTENHA

OnekTponutuyeckoe paduHupoBaHue anHWTENHA peann3oBaHO Ha [BYX 3aBO-
Aax — Thompson komnaHum Vale (KaHaga) u Jinchuan komnaHum Nonferrous Metals (Ku-
Tan).

Ha 3aBoge Thompson mManomMeamncTbi (hanHIWITENH pas3nuBaeTcs B rOpU3OHTasnbHble
M3NOXHUUbI Ong nosiydyeHna aHogos pasmepom 1,1 x 0,7 x 0,045 m, KoTOpble 3aTeM nome-

LakT B nonunponuneHoBsbie MELLKN U 3aBeLllnBaOT B 3J1€KTPOJIM3HblE BAHHbI. AHoONnT, 06-
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pasyloLnnca B NnpoLecce pacTBOPEHUS YEPHOBbLIX aHOAOB, O4YMLLAeTCa OT NnpumMecen B rna-
pomMeTannyprumieckomMm oTaeneHnn, a 3aaTeM nogaeTcs B KaTOAHOeE.

Ha kombuHaTte Jinchuan namenbyYyeHHbI GanHLLITENH NPOXOAUT Yepes3 MarHUTHY ce-
napauuio ans BblgeneHnsa oboraweHHoro M meTtannuyeckoro cnnasa (MarHMTHoOM ppak-
LUMK), KOTOPbIA HanNpaBnAlT B LUMAMOBLIM LEX ANS U3BNEYEHUA AparoueHHbIX MeTasnsios.
HemarHntHas dpakuma darHwTenHa notaunen pasgensercs Ha HUKeNeBbI U MeaHbIN
KOHUEeHTpaTbl. HukeneBbI KOHUEHTPAT OT (PrioTauMOHHOro pasgeneHus anHwrenHa nna-
BUTCA B OTpaxaTesfbHbIX Meyax Ha aHofdbl, KOTOpble MOABEPratTCs 3MEKTPONUTUYECKOMY

padoHNPOBaHWIO.
Kap6oHunbHbIM npouecc

Okono yeTBepTM Bcero obvema havHWTEeNHa NpeBpaLlaeTcs B HUKENb BbICOKON Yn-
CTOTbl C NOMOLLBIO ra3oasHoro npolecca kKapboHNNUMPoBaHWS. ITOT NPOLLECC NPUMEHSETCS
B KaHage (3aBog Copper Cliff), Poccun (Konbckas MMK), Kutae (Jinchuan) n Benukobputa-
Huu (3aBop Clydach).

Mpouecc kapboHUNMPOBaHWUS MOXET NPOXOAMTb Npu atMmocdepHom aasneHun (Cly-
dach), npu Bbicokom gasneHun (Konbckas MK), a Takke npu cpegHem aasneHun (Copper
CIiff).

Vale npon3BoguT no KapboHUNBbHOM TEXHONOMMN NOPOLLKM U Ap0obb HA padUHMPOBOY-
HbIX 3aBogax B Benukobputanun (Clydach) n Kanage (Copper Cliff) cymmapHOn MOLLHOCTbIO
oonee 100 TbiC. T/rog, U3 KOTOPbIX OKOSO 25 ThIC. T/rog NPUXOAUTCS Ha NOPOLLIKM.

B HacToswee Bpems Vale npom3BoauT 2 TMna HUKENEeBbIX MOPOLLKOB: Tvn 123 — Auc-
KpeTHble KBasucepuyeckne 4actuubl CO cpedHumMm pasmepoMm yvactuy (no duwepy) 8-
10 MKkM 1 TMN 255 — YacTuubl C TPEXMEPHOW LIENOYEeYHOM CTPYKTYPOW CO CpedHuM pa3sme-
pom uernoyek 15—-20 MKM.

OCHOBHbIM CbIpbeM AN HUKeneBoro paduHupoBodHoro 3aeoga Clydach komnaHum
Vale cnyxnt okcug Hukens (cuHTep 75), noctaBndembl C KaHagackoro komnnekca Copper
Cliff, Takvke npuHagnexawiero Vale. CymmapHas MOLWHOCTb 3aBoa OLEHMBAETCHA NPUMEPHO
B 40 TbIC. T/roa. B 2015 rogy Bbinyck 3aBoga Clydach coctaBun ~9-10 TbIC. T KApBOHUMABHO-
ro NopoLukKa, octanbHoe — KapOoHunbHasa opobb.

Komnanug Jilin Jien Nickel (Kutain) npon3BoauT HUKENEBbIA NOPOLLOK MO TEXHOMOMMN,
npenocTaBneHHOM KaHagckon komnaHnmen CVMR (kapOoHunupoBaHuMe npu aTMOCcqEepHOM
AasneHun). OCHOBHbIM CbipbeM CIYXUT NPOMMNPOAYKT — MMAPOKCUA HUKENHA, U3 KOTOPOro
nony4yaeTcsa OKCUA HUKENsa 1 aanee BOCCTAHOBMEHWEM BOAOPOAOM HUKESb MeTanmyeckui.

Hukenb 3aTem B3ammogencTsyeT npu atmocdepHom aasneHmm ¢ CO ¢ obpasoBaHuem raso-
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obpa3Horo kapboHuna HuKens, B pesynbTaTte TePMUYECKOrO PasfnoXeHUs KOTOporo nomny4a-
0T KaK OQUCKPETHbIE, TaK N HUTeobpasHble NOPOLLKM B peakTopax, aHanorMyHbIX YCTaHOBIEH-
HbIM Y KOMnaHun Vale. MoLWHOCTbL MO HUKerneBbIM nopoLukam — okoro 2000 T/rog.

KaHaackun padmHupoBoyHbii HUKeneBbin 3aBog Copper Cliff Nickel Refinery (CCNR)
kKomnaHmm Vale pabotaeT ¢ 1972 roga no TexHonormm kapboHUnMpoBaHWA Mo4 CpenHUM
AaBlNeHMEM, 3anaTteHToBaHHOM KoMnaHmen Inco. CuHTe3 TeTpakapboHuna HUKens npu cpea-
HeM AdaBreHumn peakumMoHHoro rasa (70 6ap) un NnoBbIWEHHbBIX TEMNEpPaTypax OCyLeCTBNAETCA
n3-3a HeobXOAMMOCTM M3BMeKaTb HUKENb B NPUCYTCTBMM MeON B CPABHUTENbHO BOMbLUMX
KOHLIEHTpauusX, a TakKe CyLLeCTBEHHOro YCKOPEHUS peakumm 1, COOTBETCTBEHHO, yBeNnuye-
HWSA NPOM3BOAUTENBHOCTN 06OPYAOBaAHUS.

Ha 3aBoge CCNR nepepabatbiBatoT NpoOMMpOAYyKTbl OT pa3geneHuns anHwTenHa ¢
nnaeunbHo-padunHMpoBoyHoro komnnekca Copper Cliff B8 Canbepu, a Takke Ni-cogepxalume
(v copepxalme gparoueHHble MeTanmbl) OCTaTkn APYrux NpeanpuaTUii KOMNaHumM, KoTopble
ANA NonyvYeHust O4HOPOAHOro MO COCTaBy HepadUHUMPOBAHHOIO pacnnaBa HWKeNns nepe-
nnasnaT B TBRC koHBEpTEpPE U rpaHynNupyroT ¢ obpa3oBaHMEM ManeHbKUX NOpUCTbIX rpa-
HyI.

BbligeneHHble npu cnotaumMm HeEMarHUTHOM ppakuumn cynbduabl HUKENsS (C HU3KUM
copepxaHnem meam) obxuratot B kungawem crnoe go NiO u otnpasnaoT Ha 3asog Clydach
ANSA N3BNeYEeHN HUKENs no KapboHUTbHOM TEXHONOMMN NpU aTMOCEPHOM LaBiEHUN.

B 3aBrvcuMOCTM OT cocTaBsa Cbipbs U annapaTtypHOro oopmrieHns B npouecce kapbo-
HUNIMPOBaHNA napannenbHo ¢ obpasoBaHnem kapboHuna Hukens, Ni(CO)s, npoTekatT pe-
akunn cuHTesa kapboHUIOB Xenesa, kobanbTa, cepbl. ATOT NPOAYKT — KapboHuUN-coipel —
noaBeprarT pekTudukaumm ansa nony4eHust YNCToro kKapboHmna H1Kens.

PasnoxeHne unctoro kapboHuna Hukens ¢ nonydeHvem pobu ocyuiecTenseTcs B
pPasnNoOXMTENAX C UMPKYNMPYOLWMMN B HEM YacTMUuaMn Hukeneson Apobu, npeasapuTenbHO
nogorpetbiMn go 240 °C — 270 °C. Hactb Ni(CO)4 nocne neperoHkn KOHAEHCUPYIOT U 3aTeMm
NMOBTOPHO NepeBOAAT B rasoByto a3y, HO ¢ 6onee BbICOKOM KOHUEHTpauuen. OToT ras no-
CTynaeT B pasnoXutenb A5 NOPOLLKOB C HapyXHbIM anekTpooborpeBoM CTEHOK. TeTpakap-
OoHUN noaBepraeTcs TENoBOMY yaapy, B pesynbTaTe Hykrneaumm obpasyeTcsi MHOXECTBO
HWKENEeBbIX YacTul, KOTOpble BMNOCMEACTBMM NULWb HEMHOrO YBENUYMBAKOTCS B pas3Mepax.
Pasamep n mopdonoruio (Hanpumep, cepnyeckyto opMy UNNU HUTEBUAOHYHO) MOXHO KOH-
TponMpoBaTb U3MEHEHMEM CKOPOCTU MOAaYU CbIpbs, KOHLEHTpaumMmM n TemnepaTypbl BHYTpU
pasnoxuTens, a Takke nytem o6aBoK HeGONbLUMX KONMUYECTB XMMWYECKUX areHToB, 3a-

TPYAHAKLWUX UIn CI'IOCO6CTBYI-OLIJ,VIX pPa3noXxxeHuno Kap6OHVIJ'Ia Ha pa3JinyHbIX y4acCTKax.
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HekoTopoe Bpemsi Hasag kuTanckas komnaHua Jinchuan BBena B CTpoW 3aBof Mo
«CTaHOAPTHOM» KapOOHUITbHOM TEXHONOMMM MOLWHOCTBIO ~5000 T/rog HMKENeBOro MOpOLLKa.
M3BeCTHO nuwb, YTO MNPOLECC BKIOYaAeT CUHTE3 npu cpegHeMm gasrieHun. B HacTosdwee
Bpemsi Jinchuan BbinyckaeT ABa Tuna nopoLLKOB: ¢ HUTeobpasHbiMu YacTuuamm — tmn NO6,
aHanor T255 (Vale), n ¢ guckpeTHbiMM Yactuuamum N24 — ananormn T123 (Vale). Opyrne Hu-
TeobpasHble nopowwkn Jinchuan NO4 n NO9, rpy6o roBops, aHanornyHbl nopoikam T210 u

T287, npon3BoacTBO KOTOpbIX Vale 6b1510 npekpalLeHo.
KomOGUHMpoBaHHbIe NUpO-rnapomMeTannypruieckme cnocoobl

OnekTpopamHNpoBaHNE YEPHOBLIX METAaNIMYECKUX HUKENEBbLIX aHOOOB, MOJSTyYeH-
HbIX MMpOMETanyprmyeckuMmm cnocobom mn3 cynbnaHOro HUKENEeBOro NpoaykTa OT pasge-
neHvs panHLWTenHa, 40 YMCTbIX HUKENEBbIX KAaTOAOB paHee Oblfo pacnpoCTPaHEHHbIM Cro-
cobomM nonyvyeHnsa TOBaApHOro Hukensi. Ha cerogHAWHWA AeHb OHO COXPaHUMOCb Ha OAHOM
npeanpusTMn, pacnosiokeHHoM Ha Tepputopun Poccuinckon ®epepaumn, — kombuHate Ce-
BepoHukernb AO «Konbckas TMK». OgHako n Ha HeM NMPoUCXoaMT ero NnocTeneHHas 3aMmeHa
Ha MeTo[ SNEeKTPOIKCTPaKUUN U3 XNOPUAHbBIX PaCTBOPOB.

KoMbBuHMpoBaHHas TexHonornyeckasa cxema nosyydyeHus TosapHoro Hukensa B Poccun-

ckon defepaunmn ByaeT pacCMOTPEHA HUXKE.
1.4.4 NepepaboTka KOGANbLTOMbIWbLAKOBbLIX U MEAHO-KOOGanNbLTOBLIX pyA
MNMepepaboTka KOGaNbTO-MbIWbLAKOBLIX PYA

Kak ynomuHanocb Bblle, eQUHCTBEHHBIM PYOHUKOM, Fde B HacToswee BpeMs Oo6bl-
BalOT KOBANbTOBYK MbIWbLAKOBUCTYIO pyay, aBnsetca pyaHuk Bou-Azzer (Mapokko) komna-
Hu CTT Managem, ocTarnbHble NO 3KONOrMYeCKUM coobpakeHnam Obinu 3akpbiThl. V13 pyapl
¢ ~1 % Co nony4aloT rIOTaUNOHHBIN KOHUEHTpaT, cogepxawmn ~10 % — 11 % Co. Pyabl,
nogobHble MapoKKaHCKMM, TpaguLMOHHO nepepabaTbiBany No cxeme, BKovatowen ooxur n
BblLlenaynsaHe Kncroton. KoHueHTpaT obxurany B NeYn ¢ KUNSLWMUM CrioeM C Lenblo yaa-
neHna 60 % — 70 % mbiwbska B Buae As20s.

Orapok MoxHO obpabaTbiBaTb NMMBGO CONAHOWM KUCNOTOWM U XIOPOM, NMMBO CePHON KUC-
noton. Pacteop BbillenavymBaHUsa ouyunLlaeTcsa OT NpuMecen ruapomMeTansiyprmyeckumm me-
ToAaMu, a U3 OYMLLEHHOrO pacTBopa KobarnbT M3BMeKatT SNEKTPOIKCTPAKUMEN Unn ocaxae-
Huem B BMae kapboHaTta CoCOs.

B npoekTe Idaho Cobalt (CLUA) kaHagckon komnaHum Formation Metals npeagycmart-

puBaeTCcAa ncnonb3oBaHME aBTOKIMAaBHOIO KMUCITIOTHOIO BbllLeNnavynBaHnA B NPUCYTCTBUUN KUC-
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nopopa v katanuMsaTopa — asoTcoAepKalumx YacTtuu. pyn aToM Ha aTane BblllenavnBaHus
NMPOMCXOAUT NPaKTMYECKM NONHas cTabunmsauus Mblllbsika — COAEpPKaLLeecsl B Cbipbe Xe-

ne3o obpasyeT C MbiwbAKOM ckopoauT FeAsO4-2H20 ([29]).
NMepepaboTka MeaHO-KOGanNbLTOBLIX PyA

TexHonornyeckasa cxema nepepaboTkm MenHO-KOBanbTOBLIX pPyn BKNOYaeT B cebs
dnoTaumoHHoe oboralleHne ¢ BblAeNEeHNEM CynbUOHON U OKUCIIEHHOW COCTaBNAOLMX U
nMpomeTannypruyeckyto nepepaboTky.

Mockonbky npu dnotauum MegHo-Kob6anbTOBLIX pya M3BreyvyeHue kobanbta 0ObIYHO
coctaBnsaet 40 % — 80 %, xBocCTbl obOoralleHusi, HakonmneHHble 3a aecaTuneTuss Aobbi-
yn/oboralieHms, MOXXHO paccMaTpuBaTb Kak TEXHOrEHHbIA MCTOYHUK kobanbTa (Hanpumep,
npoekT nepepaboTtkn xBoctoB Kolwezi, cogepxawmx 1,3% — 1,6 % Cuun 0,3% — 0,4 %
Co). Takke B kKayecTBe TEXHOMEHHbIX MCTOYHMKOB KoDanbTa criegyeTt paccMmaTpmBaTth W LIna-
KOBble OTBasnbl CTapbiXx MedennaBumbHbIX NpeanpusaTuii. Tak, B LUNAKoBbIX OTBanax 3aBoja
Nkana (3ambus) cogepxutcsa nopsgka 0,65 % Co.

OaHum 13 BapuaHTOB nepepaboTku wnaka (3aBoge Chambishi) senseTtca nnaBka B
AYyroBOK neyun NoCTOAHHOro Toka ¢ fgobaBkamu BoccTaHoBuTens (yrnsl) ¢ nonydeHnem 6ora-
TOro no kobanbTy cnnasa, KOTOPbIN 3aTeEM Nocne AUCNeprMpoBaHus BblilenavymBaeTcsa nog
AaBneHueM, noslydYeHHbI pacTBOp Nocne COOTBETCTBYHOLLMX OYUCTOK HarnpasniseTcs Ha no-
ny4yeHue katogHoro kobanbta ([30]).

B 2008 rogy B 3ambuun komnaHna Konkola Copper Mines BBena B CTpOW HOBbI Mef-
HbIn 3aBog Nchanga Ha =300 Tbic. T/rog meam no TexHonornn Outotec B3BELLEHHOW MNIiaBKu
NpsiMO Ha YepHoBYylD Meab — ‘direct-to-blister’ ana nepepaboTkn oboralwleHHbIX Kob6anbTom
MeAHbIX KOHLEHTpaToB M3 panoHa MeaHoro nosica 3amoun.

Monyyaembin B pesynbTate Ooratbin (=17 % — 18 % Cu) wnak HanpaBnseTca Ha
AByXcTagunHoe obeaHeHne B ABYX NocrneaoBaTeNbHO COeQMHEHHbIX 3MeKTponeyax.

B nepsoi (ocHoBHOM) 0GegHMTENbHOW Meyn uaeT Npouecc BOCCTAHOBMEHUS C UC-
Nnosib30BaHNEM MeTasnyprmyeckoro Kokca C Lenbi U3BJieYeHUs Meau B YEpHOBYHO Me[b.
Bo BTOpON, «k0BanbTOBOW» 3MIEKTPOMNEYN NPOXOANT BOCCTAHOBMNEHME KOKCOM LUiaka 13 nep-
BON 06eOHUTENbHOM MeYn U B3aMMOLEWCTBME CO CBEXUM KOHUEHTpaToM. B pesynbTaTe
nnaskn obpasyetca manocynbduaHeii cnnae (63,3 % Cu, 23,8 % Fe, 6,3 % Co, 6,2 % S) u
CWIbHO BOCCTAHOBIIEHHbIW LUMNaK.

AnbTepHaTMBOW NniaBke MeAHO-kOOanbTOBbIX py4 sBRseTcd nepepaboTka nNo cxeme
00Xur-BblLLENaYMBaHne-aNeKkTPoaKCcTpakumns. Ha padpmHnposovHom 3asoge Luilu (OPK) kom-

naHnm Katanga Mining (75,2 % y Glencore), nepepabaTbiBatoLLEM OKUCIEHHbIE U Cynbduna-
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Hble KOHLeHTpaTbl, Nony4yeHHble nNpu oboraleHnm MegHo-kobanbToBOW pyabl, CynbMUOHbIN
KOHUeHTpaT obxuraetcs anga nepesoga mMean n kobanbTa B KMCIOTOPACTBOPUMbIE (HOPMBbI.
OKMCNEHHBbIM KOHUEHTpaT nocrne penynbnauun oTpaboTaHHbIM 3MEKTPONMTOM U Orapok
CyNb(UAHOro KOHUEHTpaTa B BUAE MyfbMbl C OTPaboTaHHbIM 3NEKTPONIMTOM 0OBbEANHAIOT U
BblLLleNnavmnBaoT Npy aTMocepHOM [aBneHUn CepHOM KMCNoTon ¢ gobaBkamn metabucynb-
duta Hatpms NazS:0s (ona ynydweHusa pactBopeHust kobanbta). [lonyyeHHbIi pacTtBop
HanpaBriSOT Ha 3MEKTPOIKCTPaAKLUMIO MeaN.

M3BneyeHne kobanbTa OCyLLECTBMASETCH N3 OTCEYHOro 3MeKTPomMTa Lexa 3neKkTponum-
3a meaw. lNocne o4nCTKM pacTBopa OT artoMUHUSA, Xenesa, U Mean, HUKENA U LIMHKa pacTBop
nocTynaeT Ha ANeKTPOIKCTpakumio kobanbTta ([31]).

B HacToslwee Bpemsa Ha 3aBoe peanuadyeTcd nporpaMmma co3jaHus HOBbIX rmapome-
Tannyprmyecknx MOLLHOCTEN NO BbilenavmBaHmio Bcen maccol pyabl (WOL’), 4To no3sonuT

n3baBuTbCs OT NpobnemMbl HEAHEKTUBHON GONIOTALMN OKUCIIEHHON pyabl.
1.5 PecypcHas 6a3a HMKens n KkobanbTa

Poccusa obnagaeTt 3HaunTenbHOW CbipbeBON 6a30M HUKErs, OCHOBY KOTOPOW COCTaB-
NAT MeCTOpOXAEeHUA CynbMUOHOrO MeAHO-HUKENEeBOro reosioro-npoMbILLIEHHOIO TUNa.
X pyabl XxapakTepusyoTCa KOMNEKCHOCTLIO U, MOMUMO HUKENS, B MPOMBILLIIEHHbIX KONnYe-
CTBax cogepxaTt Mmeab, NnaTnHounapl, Kob6anbT, 30/10TO U HEKOTOpbIE Apyrine meTannbl. VHbie
reosioro-nPOMbILLMIEHHbIE TUMbI MECTOPOXOEHUN, B TOM YUCIEe BaXHbIM OANS MWHeparbHO-
cbipbeBOM 6a3bl psga 3apybexHbiX CTpaH NaTepuTHbIN (CUNMKaTHBIN KOBanNbTO-HUKENEBDIN),
B POCCUINCKOM CbipbeBOM H6a3e HUKeNs MMelT nogunHeHHoe 3HadveHune ([32])—([33)).

B paspabaTbiBaeMbiX U OCBaMBaeMbIX MECTOPOXAEHUAX CTpaHbl 3akntoveHo Gonee
13 % MUPOBbIX NPOMBILLNIEHHbIX 3anacoB Hukens. 'ocygapcTBeHHbIM 6anaHcoM ydTeHo 56
MECTOPOXAEHUN HUKENS, B TOM Yucne YyeTblpHaguaTb TONMbKO ¢ 3abanaHcoBbiMK 3anacamu.
Kpome Toro, y4TeHbl 1 3KCNyaTUPYTCA TPU TEXHOTEHHbIX MECTOPOXAEHUSA HUKENSA: OOHO —
B MypmaHckon obnactn n apa — B KpacHosipckom Kkpae.

PacnpepeneHne 3anacoB M NPOrHO3HbIX PECYpCOB HUKenNst Ha Tepputopuu Poccuun
BeCbMa HepaBHOMEpPHO (pucyHOK 1.5). bonee Tpex yYeTBepTen 3anacoB 3aKIYEHO B CYflb-
PUAOHBLIX MeOHO-HUKENEBbIX pyAax MecTopoxaeHuin Hopunbckoro pyaHoro pamoHa B Kpac-
HoApcKOM Kpae (Tabnuua 1.25), Bxogswero B Hopunbcko-Xapaenaxckylo MeTtannoreHude-
CKYl0 30HY (MecTopoxaeHusi cnnowHblx pyn Oktabpbckoe, 3akntovatowiee 36 % poCCUNCKNX
3anacos kateropun A+B+C1, n TanHaxckoe (25 %), a Takke MecTopoXaeHne BKpanseHHbIX

pya Hopunbck 1 (7 % 3anacos)).
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Ha pa3sHbix CTagusix OCBOEHMSI U WU3YYEHUsI HaxXoOsaTCsl ele ABa MEeCTOPOXAEHUS

BKpanneHHbIx pya — YepHoropckoe n Macnosckoe.

Ha tore KpacHosipckoro kpasi, B npegenax KaHckoro pygHoro panoHa, Haxoasatca KnH-

rawickoe 1 BepxHekuHrawckoe cynb@uaHble MegHO-HUKENEBbIE MECTOPOXAEHMS BKpanieH-

HbIX py4 C COBOKYMNHbIMM 3anacamu kateropun A+B+C1+C2, coctasnswowmummn nodtn 8 %

POCCUNCKMX.

B lNeyeHrckom pyaHom paunoHe VimaHapa-Bapayrckon meTannoreHM4Yeckon 30Hbl B

MypmaHckomn obnactn cocpefotoyeHo okono 13 % 3anacoB Hukenst Poccunckon ®epepaumm

B COCTaBe BKparJieHHbIX pyd C HUSKMMKU coaepKaHNAMN NOJ1E3HbIX KOMIMOHEHTOB.

Pacn.
KapenuA

Haanosckoe
0,01

MypmaHckan
06n.

Pern. THiRA

BopoHemckan
obn. Ceepanoeckan
’7 obn.
! YenabuHckan |
0 obn.
m POBCKOS
0.6
OpeHbyprckas 01—5—0
obn. CaxapuHckoe
bypyktanbckoe
"-o.:s
3anacsl, % MecTopoxaeHua:
01 15 >§ 0.2 3anacsl, %
° .
I pa3pabatbiBaemble ) pecypesl Pr, Thic. T

Kamuarckuii . 0,2

Kpai

AMypcran
obn.

=[S

PucyHok 1.5 — OCHOBHble MECTOPOXAEHUSA HUKENA N pacnpegeneHme ero 3anacos, %

N NPOrHO3HbIX pecypcoB kateropum P1 (Tbic. T) No cybbekTam Poccuiickon degepaumm

([32])

B JlannaHgckon meTannoreHM4eckon 30HEe COCpedoTOYEHbl MOYTU BCE U3BECTHbIE B

Poccun  mecTtopoxaeHus

MarnocyrnbpuaHoro

COOCTBEHHO

nnaTnHonaHoro

reosioro-

NPOMBbILLNIEHHOro TUMa. 3anacbl HUKenNs, 3aKMOYEeHHbIE B CaMOM KPYynHOM 13 MeCTOopoOoXae-

HURN, BypyuyanseHy, gocturatot 0,9 % poccUnCKux, ogHako Bornblias ux YyacTb OTHOCUTCS K

kateropuu C2. B pygax BToporo no macwtaby manocynbpunaHoro mectopoxgeHus denopo-

Ba TyHApa 3akntoyeHo 0,7 % poccuMrUCcKMX 3anacoB, NpenmyLlecTBeHHo kaTeropui A+B+C1.
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OcTtanbHble mManocynbuaHble NNaTtMHOUAHbIE OObEKTbI HEBENUKM NO MacwTaby u
3akntoyatoT 6egHble Hukenem (0,07 % — 0,12 %) pyasbl.

B npegenax Hopunbcko-Xapaenaxckon MeTanioreHM4eCckon 30HbI f1oKanmM3oBaHo Mo-
YTU ABE NATbIX POCCUMCKUX MPOrHO3HbIX pecypcoB kateropun P1 (500 TbiC. T HMKENS), npe-
UMyLLLECTBEHHO Ha dnaHrax OkTtabpbckoro Mectopoxaenus. B npegenax Wmangpa-
Bapayrckon n JlannanHgckon meTannoreHU4Yecknx 30H fokKanuM3oBaHbl NPOrHO3HbIE PeCcypChl
HMKens 06omx reonoro-NPOMbILLNIEHHbIX TUMOB, B TOM Yncrne kateropmum P1 — 270 TbIC. T.

B npegenax OpTenbckon meTannoreHnyeckon 3oHbl (BopoHexckaa obnactb) NporHo-
31pyeTCs BbISIBNIEHWE MECTOPOXAEHU CynbMpuaHbIX MeaHOHUKeNeBbIX pya. Pecypcbl Huke-
na kateropum P1 3geck oueHuBatotcda B 200 ThIC. T, BCe OHM cBs3aHbl ¢ EnaHckum pygonpo-
ABIEHMEM.

He3HauntenbHoe KONMMYecTBO HUKENs BO BKparmeHHbIX pygax cynbduaHoro mea-
HO-HWKENEeBOro Tuna YCTaHOBMEHO B [DKyroKypckon meTtannoreHudeckon 3oHe (Xabapos-
ckun Kpan n Amypckas obnactb), rae passegaHo mectopoxaeHue KyH-Madbe, a Takke B
CpeavHHo-KamuaTckon 3oHe (LaHy4). Pecypchbl, flokann3oBaHHbIe B 9TUX permoHax, UMerT
HW3KYH0 JOCTOBEPHOCTb.

Moyt 10 % pOCCUMNCKMX 3anacoB HUKENS 3aKiYeHO B NAaTEpPUTHbIX KOBanbTo-
HUKeNeBbIX MEeCTOPOXAEHNSAX, pa3BeaHHbIX B npeaenax BocToyHo-Ypanbckon NpoBUHLNM,
Ha TeppuTtopum OpeHbyprckon, CBepanosckon n YenabuHckon obnacten. YpoBeHb Mpo-
rHO3HbIX pecypcoB kaTeropum Pl coctaensieT 260 Toic. T. CpegHee coaep)xaHue HUKensi B
naTepuTHbIX pydax coctasnsieT nopsgka 0,6 %, 3a MCKNKYEHMEM MENKOro no macwtaby
YepemwaHckoro B YensbuHckon obnactn, Ha HEeKOTOpbIX y4acTKax KOTOPOro coaepkaHue

Hukensa gocturaet 4,1 % (Tabnuua 1.26).

Tabnuua 1.26 — OcHOBHblE MeCcTOpOXaeHUs cynbnaHon pyasl Ha 31 gekabps 2014 r. ([18])

Pyoa, Teic. T | Ni, % | Cu,% |Pd, r/T| Pt, r/T | Au, r/T

TanHaxckun pygHbIn y3en

[lokasaHHble N BEPOSATHbIE 3anachl 713 920 093 | 1,71 | 421 | 1,12 | 0,24

OueHeHHble U BbISBMNEHHbIE pecypchl 1661679 0,72 | 1,36 | 3,61 | 1,01 | 0,22

lNMpepnonaraemsle pecypchl 453 239 0,88 | 1,83 | 4,36 | 1,11 | 0,26
Konbckui nonyocTpos

[lokasaHHble 1 BepOSTHbIE 3anachbl 147 883 0,59 | 0,28 | 0,03 | 0,02 | 0,01

OueHeHHble U BbISBMNEHHbIE pecypchl 354 489 0,68 | 0,33 | 0,05 | 0,03 | 0,02

lNMpenononaraemble pecypcsbl 144 880 0,63 | 0,31 | 0,04 | 0,03 | 0,01
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Tabnuua 1.27 — OCHOBHblE CUMMMKaTHblE MECTOpPOXAeHUs Hukens B PO ([32])

MecTopoxaeHue, obnactb Hdona A+B+C, P®, % Copepxanue Ni, %
BypykTtanbckoe, OpeHbyprckas obnactb 6,5 0,63
CepoBsckoe, CBepanoBckas o6nacTb 1,7 0,73
CaxapuHckoe, YenabuHckas obnactb 0,4 0,87

Bce 3Haunmble 06bekTbl C 3anacammn HUKeNsa pacnpegeneHsl. B rocygapctBeHHOM pe-
3epBe Mo COCTOSAHMIO Ha Hadarno 2015 roga HaxogAaTcs 22 MeCTOpPOXOEHUA PasfnYHbIX reo-
NOro-NPOMBbILUSIEHHbIX TUMOB, B TOM YMCIe AeCATb — TONbKO ¢ 3abanaHCcoBbIMU 3anacamu.

B 2014 rogy poccuinckue 3anackl HuKkenst kateropmn A+B+C1 B pesynbTaTe reonoro-
pa3BeaoYHbIX paboT yBenuuunucb Ha 427,5 TbiC. T. OTO MO3BOSMMMAO HE TOSbKO MOJSTHOCThIO
KOMNeHcupoBaTh yObiNb 3anacoB B pe3ynbTaTte Aobblun, HO U HapacTuTb ux Ha 0,5 % oTHO-
cutenbHo 2013 roga. 3anackl HUKens kateropumn C2 yBenuumnuck 3a aToT nepuog Ha 1,1 %.

B Poccun 6onee 97 % (2014 ron) ropHon JoObl4n HUKENSA 1 KobanbTa NpUXoanTCcs Ha
MAO «'MK Hopunbckuit HUKenb» — OAHY U3 KPYNMHEWLLIUX HUKENEBbLIX KOMMaHWA Mupa, Ko-
TOpOW NpuHagnexaT paspabaTbiBaemble MECTOPOXAEHMSA CYyrNb(UAHON MeAHO-HUKENEBOW
pyabl Hopunbckoro n NeveHrckoro panoHa. [Jobblvy OKMCREHHOW cunukaTHoW pyabl Ha Ce-
poBckoM pyaHuke BegeT komnaHmss OO0 «PycHukenb».

[Mpon3BoacTBOM padMHMPOBAHHOIO HUKENSA U3 PyLAHOro Cbipbs B Poccun B HacTos-
wee Bpemsa 3aHnmatroTca ase komnaHuu: NAO «MK «HopunbCkun HUKENb» — Nony4vaeT Hu-
Kenb n3 cynbuaHbiXx MegHo-Hukenesbix pya; OO0 «PycHukenb» — M3 CUNUKATHBLIX pya
Ypana. B 2014 rogy Ha NAO «"MK HopunbCkuii HUKenNb» Npuxoamnocb npaktndeckn 95 %
Npon3BOACTBa padhnHNpoBaHHOro HuMkenst B Poccun. CoBOKynHbIM 06bEM Npon3BoACTBa TO-
BapHoro Hukens MNAO «'MK Hopunbckun Hukenb» B 2014 rogy coctasun 274 TbIC. T, BKIO-
Yyasa 3apybexHble npeanpusaTus.

Hanbonee 3Haunmble HUKeneBble NpeanpuaTua Poccun npueBeaeHbl Ha pucyHke 1.6,

OCHOBHbIE TEXHONOMMYECKM npoueccbl — B Tabnuue 1.27.
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PucyHok 1.6 — TeppuTopmnansHoe pasmelleHne HuKkenesblx Npeanpuatnin Poccum
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Tabnuua 1.28 — lMpoueccol, Mcnonb3yemble B HUKENEBOW oTpacnun Poccun

KomnaHus

Mpennpuatue,

MeCTOnoJ10XKeHne

Mpouecc/TexHonornyeckas cxema

Cchbinka Ha pasgenbl/3apybexHblii

aHanor

MpumevaHune

PycHukenb

Pexcknn 3aBog, r. Pex

(P®)

[MnaBka OKMCNEHHOW HUKENEBOWN
pyabl B LUAXTHbIX NeYyax Ha
LUTEWH; LUTENH NnepepabaTbiBa-
eTcsa ganee Ha kombuHate Yda-

nenHnKkenb

3apy0bexHbIX aHanoroB No 4YacTu

LLaXTHOW NMraBKU HeT

PycHukenb

KombuHat YdanenHm-

Kenb, r. BepxHun Ydanen

(P®)

[MnaBka OKNCIEHHOW HUKeNeBOW
PyZAbl Ha WUTENH B LWAXTHbIX Ne-
Yyax, KOHBEPTMpPOBaHue, 06Xur B
nevax KC, xnopuposaHue, Bbl-
Lena4mBaHue oT Meau, NoBTOp-
HbI 0BXUT B TPyBYaTbIX Nevax —
¢ nonyyeHuem NiO, BoccTaHo-

BUTENbHas anektponnaska NiO

3apybexxHbIX aHanoros No 4yactu

LLaxXTHOM NNaBKW HET, JanbHen-

was cxema nepepaboTku oT4ya-
CTM aHanornyHa Soro-

wako/ Matsusaka

MAO «I'MK Ho-

PUIbCKUIA HUKENb>

Hukenesbin 3aBoA,

r. Hopunbck;

komMmoOuHaT lNeyvyeHraHm-

kenb, n. Hukenb

lMnaBka B anekTponeyn npensa-
puTenbHO 060X0KeHHOro cnoTa-
LIMOHHOIO PYAHOro KOHLEeHTpaTa

Ha WTEenH

3aBogbl Sudbury (Glencore);
Thompson (Vale), Bindura
Nickel, 3aBoabl nnaTnHoOBOW

nogotpacnu KOAP

HwukenesbIn 3aBoA,
OCTaHOBIEH B
noHe 2016 r.

MAO «I'MK Ho-

PUIbCKUIA HUKENb>

HapexxgmnHckuin 3aBog,

r. Hopunbck

B3BelweHHasa nnaska Ou-
tokumpu ¢onoTauMOHHbIX KOH-

LEHTpaTOB Ha LWITENH

3aBoabl Selebi Phikwe, Kalgoor-
lie, Jinchang

9T0Z—T 21U
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KomnaHus fpeanpusitve, Mpouecc/TexHonornyeckasa cxema Cobinka Ha pafientisapyoexHy MpumeyaHne
MecTomnonoxeHve aHanor

MAO «'MK Ho- [MeyeHraHvkenb KoHBepTupoBaHue wtenHa ao | Sudbury (Glencore); Thompson

puUnbCcKkun HUKenb» | (N. Hukens), HagexauH- danHwTenHa B kKoHBepTepax |(Vale) — oo 2018 roaa, Kalgoor-
ckun 3aBog (r. Hopunbck) Mupca — CmuTa lie, Gansu, BCL, Copper CIiff (go -
2013 roga) v gp.

MAO «I'MK Ho- Konbckas MK, [Mony4yeHne HUKeNsa BbICOKOM Yn-

PUNBCKNA HUKENb» r. MoHueropck CTOTbl METOAOM KapboHMMMpo- —
BaHUA
MAO «I'MK Ho- AO «Konbckas MTMK», AnekTponutuyeckoe paduHm- 3apybexHbIX aHanoroB HeT OcywectBnseTcs

PUIbCKUA HUKENb>

r. MoH4yeropck

poBaHne 4YepHOBbIX HUKEJIEBbLIX

aHogoB

nepexon Ha padwu-
HupoBaHue MHTT1

MAO «I'MK Ho-

PUNBLCKUNA HUKENb»

Konbckasa MK,

r. MoHueropck

FMapomMeTannypruyeckas Tex-

Honorma pagpuHmnposanus HITI

3apybexHbIX aHanoroB HeT

9T0Z—T J1M
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MpegnpuaTtusa MNMAO «'MK «Hopunbckuin Hukenb», Bbinyckatowme nopsgka 12 % mu-

POBOro HUKend, uMetT 4 3apernctpupoBaHHble Ha JIBM mapku Hukensa co ctatycom Good

Delivery n onepexatoT Nno 4aHHOMY nokasaTento Bce 3apybexxHble komnaHum (Tabnuua 1.28).

Tabnuua 1.29 — Bbinyckaemble MK «HOpunbCKM HUKENb» MapKnM HUKENS, 3aperncTpupoBaHHbIe

Ha JIBM

Ne Mapka

Komnanus/npegnpuatue

MpogykT

1 |Norilsk Nickel Harjaval- | Norilsk Nickel Harjavalta

ta Cathodes

Oy/ XapbsiBanta (PuHNaHaNSA)

PesaHble kaTtogbl

MonHopa3amepHble KaToabl

2 |Norilsk Nickel Harjaval- | Norilsk Nickel Harjavalta

ta Briquettes

Oy/ XapbsaBanta (PuHNaHANSA)

BpukeTbl

3 |Severonickel Combine |Konbckaa MK

H-1

PesaHble kaTtogbl

MonHopasmepHble KaToabl

4 | Severonickel Combine |Konbckaga TMK

H-1Y

PesaHble kaTtogbl

NMonHopaamepHble KaToabl

[Mpoune dopmbl TOBapHOM HuKenesow npoaykuuu, Bbinyckaemon [NMAO «MK «Ho-

punbcknin Hukenb», NnpeacTaBnexsl B Tabnvuax 1.29-1.30.

Tabnuua 1.30 — KayecTtBo kaTtogHoro Hukens, Bbinyckaemoro AO «Konbckasa NMK» (cpegHee 3a

2015 ropn)
H-1y H-1 H-3
NBM* | rOCT 849 -
o008 dakt FOCT 4 dakt | FTOCT | dakT rocT
Ni | 99,80min 99,97 2 99,96 2 99,937
Ni+Co 99,95 99,98 99,93 99,98 | 98,6 | 99,96 97,6
Co | 0,15max 0,10 0,012 0,10 0,017 0,7 0,021 0,70
Cu | 0,02max 0,015 0,0053 0,02 0,0066 —~ 0,0093 1
C 0,03max 0,01 0,005 0,01 0,005 0,1 0,009 0,15
Fe | 0,02max 0,01 0,0069 0,02 0,0069 0,022
0,01 max 0,001 0,0006 | 0,001 | 0,0007 | 0,03 | 0,0013 | 0,04
P <0,005 0,001 | <0,0003 | 0,001 | <0,0003 | - | <0,0003
Mn | <0,005 —~ <0,0002 —~ —~ —~ —
Si <0,005 0,002 0,0008 | 0,002 | 0,0009 | 0,6 | 0,0012
As | <0,005 0,001 | <0,0002 | 0,001 | <0,0003 | - 0,0003
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H-1y H-1 H-3
NIBM* | TOCT 849 o
5008 dakT roCT * ®akt | FOCT | ®akT roct

Pb <0,005 0,0005 0,00030 0,001 0,00057 - 0,00064
Sb <0,005 0,0005 <0,0001 0,001 <0,0001 - <0,0001
Bi <0,005 0,0003 |<0,00002| 0,0006 |<0,00002 - <0,00002
Sn <0,005 0,0005 <0,0001 0,001 <0,0001 - <0,0001
Zn <0,005 0,001 0,00057 0,001 0,00073 - 0,00077
Mg 0,001 <0,0002 0,001 <0,0002 - <0,0002
Cd 0,0005 <0,0001 0,001 <0,0001 - <0,0001

1 TpeboBaHus K HMUKeNO JIOHAOHCKON BUPXKKN MeTanoB..

2 PacyeTHbIn MeToa onpeaeneHus.

Pa3amepbl 4ns mapok nonHopasmMepHbix katogos H-1y n H-1: ¢ obpe3aHHON KpOMKOM
895-915 x 1145-1165 mm, TonwmHa 2-10 mm, Bec 30-80 kr. Pasamepbl aAnst Mapok nofHo-
pasmepHbix kaTogoB H-3 n H-4: Konbckass — Heobpes3aHHbin 935 x 1135, TonwuHa 2—6 M,
Bec 30-70 kr.

Kpome Toro, Konbckas 'MK BbinyckaeT pe3aHble katoaHble nuctbl: H-1ynH-12 x 2 u

4 x 4 grorima, ToMnwmMHa nNnacTuHbl 2—6 MM, a Takke 6pukeTbl H-3.

Tabnuua 1.31 — Kap6oHunbHble HUKENEBbIE NOPOLLKM U Apobb, BbinyckaeMble Konbckon MK,
MAO «I"MK Hopunbckun Hukenb», FOCT 9722, TY

CpefgHun
dopma Hacebin.
Tun pasmep O, % C,% Fe, % S, %
YyacTu MMoTH., r/cm®
YyacTuy
S20 1,85-2,2 |UenoyeyHaa| 0,51-0,64 — 0,09 | 0,0015 | 0,0007
S30 2,91-3,5 |Uenoye4yHasn 0,6-0,8 - 0,28 0,002 | 0,001
J15 (1L5) 2,1-2,4 LUenoyeyHasa| 1,01-1,4 - 0,28 0,002 | 0,001
J18 (1L8) 1,4-1,6 LlenoyeyHas| 0,45-0,6 — 0,28 0,002 | 0,001
YT1 (UT1) Bbicoko-
nnoTHasa
7-8,5 3,0-3,5 0,02 0,09 | 0,0015 | 0,0007
KBasunce-
pudeckad
YT3 (UT3) KBasuncoe- 1,91-2,5
3-6 0,02 0,09 | 0,0015 | 0,0007
pudeckasa
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CpengHui
dopma Hacebin.
Twn pasmep O, % C,% Fe, % S, %
YyacTuu MMoTH., r/cm®
YyacTu
DNK-0 Cdohepuye-
8—20 mm — 0,02 0,015 | 0,015 | 0,001
[Opobb(TY) ckas
UcTt: TMK HopunbCkuin HUKenb.

KombuHaT YdanenHukenb BbiNycKkaeT rpaHynMpoOBaHHbIA OFTHEBOW HUKEMb Mapok H3 n

H4, okena Hukens, okcuabl kobanbTa n kobanbT MmeTannuyecku mapok K1AY, K-1A, K1 n K2.

Pasgen 2. OcHOBHbIe TeXHONorM4yeckme npouecchkl U 06opynoBaHue,
NpUMeHsieMble B HacTosiLiee Bpems Npu Npon3BoACTBe HUKenNs n

kobanbTa B Poccumnckoun ®epepaummn. Tekywime ypoBHU 3MUCCUN

2.1 Mpou3BoAacTBO HUKENA U3 CYyNb(hUAHbLIX MeAHO-HMUKeNneBbIX

KOHLeHTpaToB ?

2.1.1 Fl'onoBHbIe nepeaenbl

2.1.1.1 T'mppomeTannyprmuyeckoe oboraweHme 6egHOro HUKenb-NMPPOTUHOBOIO

KOHLeHTpaTa

'mapomeTannyprnyeckoe oboralieHmne HUKeNb-NMPPOTUHOBOIO KOHLEHTpaTa sABNseT-
CH YHUKanbHbIM B CBOEM poAe MNpoLeccoM WU npecregyeT uenb MNOBbIWEHUS COAep)KaHUS
UBETHbIX MeTanmnoB 3a CYeT OKUCMEHUS OCHOBHOW YacTu nNUPPOTUHA W OTAerneHus
HEBCKPbIBLUMXCSA U BTOPUYHBIX CyIbUO0B LBETHBIX METannoB oT chopMmnpoBaBsLLEroCcs Npu
aBTOKITaBHOM OKUCINUTENbHOM BbiwernadnsaHun (AOB) xenesucTtoro rmgpaTtHOro ocagka u
afieMeHTapHOM cepbl.

lMpouecc peanusyeTcss B YCMOBUSIX BbICOKOTEMMEPATYPHOro asBToknaBHoro (130-
150 °C) sblwenaunBaHna (BTB) npun ucnonb3oBaHun KUCropogo-sosaywHon cmecun (80 %
O2) B Ka4ecTBe okucnuTena u nurHocyrnbgoHata TexHundeckoro (JICT) B kavyecTBe nosepx-
HOCTHO-akTuBHOro Bewectea ([MAB), npenaTcTeyoWwero naccuBaLmm NOBEPXHOCTU Cynbdu-
O0B MIIEHKOWN 3rieMeHTapHoOM cepbl. Peanusaums npouecca npu Temnepartype Bbllle TOYKU

nnasrieHna cepbl obecneymBaeT He TOMbKO BbICOKYIO CKOPOCTb OKUCI1€HUA, HO U CYLLECTBEH-

1 Cwm. [34], [35]
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HO CHWXaeT CKOpOCTb 06pa3oBaHUs cepocynbMUOHbLIX HACTbINEN Ha NOBEPXHOCTWN TEnnooo-
MEHHUKOB.

BTB ocywecTtBnserca ¢ obsasatenoHon gobaskow [AB, npensaTcTeytoWwmMx cMaymea-
HUIO pacniaBfeHHON cepon NoBepxHOCTU cynbduaoB. Hegoctatok MNMNAB npuBoanTt k obpa-
30BaHWM0 cepocynb@UAHbLIX rPaHyn — «NeckoB», HapyLlalLWwmx Xo4 TEXHONOMMYECKOro npo-
uecca, unm nnaBoB — «KO310B», MOMIHOCTbIO OCTaHaBMMBaOLWMX NpoLuecc, n3bbITOK — K Mo-
BbILLEHMWIO NOTEPb LIEHHBIX KOMMOHEHTOB C OTBASIbHbIMU XBOCTaMW.

XvMU3M npouecca OKUCNEeHUS NUPPOTUHA MpU BbllleriadynBaHuM ONUCLIBAETCH peak-
umMen, no kotopon nopsigka 80 % cepbl NUPPOTMHA MNEPexoauT B 3reMeHTapHyt dop-
my.lNepelweliee B pacTBop B rnpoLecce oKUCNeHnsa cyrnbuaos Xeneso ganee noasepraet-
CSl OKUCIIEHUIO N TMOPONN3y ¢ hopMmMpoBaHNEM TBEPLOW XKeNe300KNCHOW dhasbl.

YuntbiBas nocriefoBaTenbHO-NapannenbHoe npoTekaHne peakumi OKUCHEHUS Cyrb-
nOoB UBETHBIX METannoB U NUPPOTUHA, ANa obecneyeHnsa rnybokoro oKUCreHns nocrea-
Hero Heob6xoAMMO YaCTMYHO BCKPbITb TaKKe NEHTNAHAUT U XanbKonuput. B pesynbrate aTto-
ro B pactBop nepexoaut nopsgka 75 % Hukens, 50 % mean, 70 % kobanbTa.

YuntbiBas KOHEYHYH0 Lienb npouecca rmgpomMeTtannyprideckoro oboraileHms 6egHoro
HUKeNb-NMMPPOTUHOBOIO KOHUEHTpaTa — nofyyYeHue NpurogHoro Ans fanbHenwen nepepa-
BOTKN NMpomMeTannyprmyeckuMmm metogamm cynb@UOHOro KOHUEHTpaTa LBETHbIX MeTanmnos,
N3 pacTBOPOB aBTOKIIAaBHOMO BblIlLENaYMBaAHNA NPON3BOOUTCHA OCaXOEHUEe YaCTUYHO pPacTBO-
PUBLLNXCA LIBETHbLIX METasnos.

B kauecTBe ocaguTens MCNonb3ylTCA Xerle3Hble oKaTbIlM W MpUCYTCTBYOLWAA B
nynene anemeHTapHaa cepa. OcaxgeHHble Ha 9TOW onepaunn BTOPUYHbIE Cynbduabl Meau,
HUKensa n kobanbTa, a Takke He BCKPbITble Ha rOfIOBHOM BbiLLeNaynBaHum nepBuUYHbIE CYrb-
domabl LBETHbLIX MeTansioB BMECTE C 3fIEMEHTAapPHON CEPON U3BIEKAOTCA B CepocCynbUaHbIN
KOHLIeHTpaT MeToaoM dnoTauuu.

MoaaBneHne NoGOYHbLIX NMPOLIECCOB (pacTBOpEHMEe B KUCMOTe, BOCCTaHOBMeHne Fed*
ao Fe?*), no koTopbiM pacxoayeTcss Heobxoaumoe AN CyNbMUAMPOBAHUS MEeAN U HUKENs
MeTannmyeckoe Xeneso, BO3MOXHO 3a CYET NOCTENEHHOro BBEAEHUS B Nyrbny BOCCTAHOBU-
Tens u nogaep>xaHnsa TEXHOMNOMMYECKMX napaMeTpoB npouecca (B NepByto oyvepelb KUCMOT-
HOCTM NyrbMbl U TeMNepaTypbl) Ha 3a4aHHOM YPOBHE.

YuuTbiBaa orioTaynoHHbIe CBOMCTBA KOMMOHEHTOB MyJibhbl M 3a4ayun npouecca, no-
Tauuio BeOyT B KUCMOW cpefe Mnpu UCMonb3oBaHWM B KadecTBe cobupatens OyTunosoro
KcaHToreHata. MpomnpoaykTbl notauun aBnaTca 060POTHBIMM N BO3BPALLAKOTCHA Ha OC-

HOBHYIO (brioTaumio, KOHLEHTPAT HanpaBfsieTCsl Ha rofyyYyeHue 3NeMeHTapHOW cepbl U TO-
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BapHOro CyfibqpMAHOro KOHUeHTpaTa, XBOCThbl NOcne ABYXCTaAUNHOM HENTpanusauuu B npu-
CyTCTBMM BO3yxa — B OTBar.

lMpouecc nony4yeHna aneMeHTapHOW cepbl U TOBApHOro Cynb(UAHOIO KOHUEeHTpaTa n3
cepocyrnbMUOHOro KOHLEHTpaTa COCTOUT U3 HECKOSTbKMX OCHOBHbIX TEXHOMOMMYECKUX one-
paunn: gesvHTerpaumm, cepHoun notauum n aBToKNaBHOW BbINMaBKN Cepbl.

Llenbto gesmHTerpauumn — BbicOKoTEMNEpPATYpHOM 06paboTkm cepocynbUAHOrO KOH-
ueHTpaTta — SIBNAETCH paspyLlleHne CPOCTKOB Cynb(UAOB LIBETHbIX MEeTansioB 1 xenesa C
anemMeHTHou cepou. [pn aTOM NpomucxoauT BblgeneHue cepbl U CynbMUaoB U3 UX MenKo-
ANCNEPCHbIX KOHINOMEPAaToOB B CAMOCTOATENbHbIE YacTULbl U arperaunm — yKpyrnHeHue Ka-
nenb BblAEeMNeHHOW cepbl 4O pa3MepoB, obecnevmBatonx onTMMarnbHble nokasaTenu nocne-
aylwmx onepauui. BeegeHne TexHMYECKOM U3BECTU B Cepocoaepallyto nyrbny npuBoauT
K pa3BuTMIO NpoLieccoB 06pa3oBaHns pasnnyHbIX CEpPOCOAEPX)aLLMX COeAMHEHUN Karnbuus, B
TOM 4ucne cynbuaa n rugpocynbduaa, nogaBnAwLWMX NPoLEeCcC CMadmBaHusa Ccynbduaos
pacnnaBneHHon cepoun.

[MonyyeHHyo nynbny BMeCTe C XBOCTaMW CEPHOM MNIiaBKU HanpaBnAlT Ha CEepHYHo
dnoTaumio, KOHUEHTpaT KOTOPOM — Ha aBTOKMABHYIO BbIMMaBKy Cepbl, @ XBOCTbI, ABNAOLLM-
ecsl ToBapHbIM KOHLeHTpaToM UM — B nMpomeTannypruyeckoe npomM3BoaCcTBo.

XBOCTbI NMMaBKK NepefarTca Ha cepHyto dornoTauuio, pacnnasneHHas cepa — B anna-
paTbl OTCTOMHUKW, rOe NPOUCXOAUT OKOHYaTesflbHoe OTAerieHMe 30J5IbHOW COCTaBnAloLLEen
(cynbcomaoB). 3ona BMECTe C 4YacTblo Cepbl paHynMpyeTcs U nepegaeTcs Ha CepHyo nnas-
Ky, Y4cTas cepa — Ha Cknagj rotoBoun NpoayKumu.

OcHoBHOe TexHonornyeckoe obopyaoBaHue, UCMONb3yeMoe B TEXHONOMMYECKON CXe-

Me nepepaboTKy HUKENb-NMPPOTMHOBOIO KOHLEHTpaTa npeacTasneHo B Tabnuue 2.1.

Tabnuua 2.1 — OcHoBHOe 06opyaoBaHMe

HanmeHoBaHve | HasHauyeHue obopyno-
Ne TexHonornyeckne xapakrepucTukn
obopyaoBaHuns BaHMsA

1 |Cryctutens 1-50| CryweHue nuppotn- | Cryctutens ¢ nepudepuyecknm (LeHTpanb-
(L4-50) HOBOIO KOHLEHTpaTa | HbIM) NPUBOLOM B KUCITOTOCTOMKOM MCMNOSI-
HeHuwn, gnameTtp — 50 M, rybuHa YyaHa —

4,5 M, nnowaap cryweHms — 1800 m?
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HanmeHoBaHue

obopynoBaHus

HasHauyeHue obopyno-

BaHWUA

TexHomnornyeckme xapakTepucTmkm

2 Peaktop

MpuroToBnexve
Nyrnbnbl aBTOKNAaBHO-
ro BbllLenavvmBaHus,

ocaxgeHue UM uns
pacTBOpa aBTOKMaB-
HOro BblLLleNayYnBa-

HUA

W3 aByxcrionHom ctanu (Tutaxa),

eMKocTb — 80 m3

3 ABTOKNaB

ABTOKITaBHOE OKUC-
nuTenbHoOE BbiLLEeNna-

YynBaHne

reoMeTpuyeckas eMKocTb 6e3 yTepoBkM —
125 m®, pabouyee naBsneHne — 15 kr/cm? , ¢

nepemMeLlinBaroLinMn yCTpOVICTBaMl/I

4 | Cryctutens -25

CryweHue nynbnbl
cepocynbduaHoro
KOHLleHTparTa, cryuie-

HuUe nynbnbl CEPHOro

Cryctutens ¢ nepudepunyeckum NnpuBogom B
KMCITOTOCTOMKOM UCMNOMHEHUWN, AMaMeTp —
25 M, nnowiaap cryueHmss — 500 m?, rny6u-

Ha yaHa — 3,6 M,

KOHLeHTpaTa
5 | MexaHn4yeckas CepocynbdugHas | O6bem kamepbl — 6,3 M3, nponsBoanTENb-
dnoTomamnHa dnoTtauus HOCTb MO NOTOKY Nysnbnbl — A0 12 M3 /MUH
®dMP — 63K,
8-kamepHad

6 | MexaHn4yeckas
drioTomalunHa
SMP — 63K,

12-kamepHad

CepHas donoTtauma

O6bem kamepbl — 6,3 M3, nponsBoanTENb-

HOCTb MO NOTOKY NyInbnbl — A0 12 M3 /MUH

7 Mauyk ans HenTtpanusauus xBo- O6beMm — 225 M3, u3 ctann X18H10T
HenTpanusaumm | CToB cepocynbdua-
HOM donoTauum
8 Cwmecutensb- Harpes nynbnbl ce- | EMkocTb — 40 M3, n3 ctanu X18H10T, ¢ ne-
nogorpeBaTtens | pocynbUaHOro KOH- pemMeLmBaoLw MM yCTponcTBamMm

LieHTpaTa
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HaumeHoBaHne | HasHaueHue o6opyno-

Ne TexHonornyeckne xapakTepucTukn
obopynoBaHus BaHNSA
9 | ABTOKNaB Oes- [es3nHTerpauns EmkocTb — 50 m3, n3 tutaHa BT1-0, pa6o-
WMHTerpaumm Nynbhbl CEPOCYNb- | 4Yee AaBneHue — 5 Kkr/cM? , ¢ nepemeLunBa-
JoMOHOro KOHUEeHTpa- HOLLMM YCTPONCTBOM
Ta
10 PeakTtop- OTtcTtamBaHue pac- | Emkocts — 80 m3, n3 Tutana BT1-0, ¢ nepe-
oxnagutenb nraBrieHHOM cepbl MeLUMBaOLWLMM YCTPONCTBOM
11 PeakTop- Harpes nynbnbl cep- | Emkocts — 50 m3, n3 tutana BT1-0, pa6o-

nogorpeBaTtenb | HOro KOHUEHTpaTa yee OaBneHne — 5 Kr/cM?, ¢ nepemelLnBa-

OLLUM YCTPOMCTBOM

12 | ABTOKNaB cepo- Bbinnaeka cepsbl Emkoctb — 32 M3, 13 Tutana BT1-0, pa6o-
nNaBubHbIN yee AaBreHne — 5 kr/cm?, ¢ nepemMelunBa-

OLLUM YCTPOMCTBOM

Mpn rmgpomeTannyprmyeckom oboralleHUn HUKenb-NMMPPOTUHOBOIO KOHLIEHTpaTa B
Ka4yeCTBe OCHOBHbIX TEXHOMOIMYECKNX MaTepuarnoB U peareHTOB MCMNOSb3YKTCA: ocaanTernb
MeTanM3npoBaHHbINA, NIUTHOCYNbMOHAT TEXHUYECKUM, KMCNOpOoOO-BO3AyLLUHAs CMeCb, Tex-
HUYECKUN a30T, CcXKaTbl BO34yX, Myfbna U3BECTHSKa, N3BECTKOBOE MOJSIOKO, MOTOPHOE TOrl-
NNBO pereHepupoBaHHoe, OYTUNOBbLIN KCAHTOreHaT Kanus, HaTp enkun, HedennHoBbIn
wnam.

OCHOBHbIMM UCTOYHMKaMK BbIOPOCOB 3arpsA3HAIOLLINX BELECTB B aTMOoCcdepy SABMSHOT-
CH OTXOAsdLMe rasbl aBTOKMABOB OKUCIIUTENbHOINO BbilLenadnMBaHUA U annapaTtoB yyacTka

BbINSaBKN anemMeHTapHou cepbl (Tabnuua 2.2).

Tabnuua 2.2 — BbIbpochl 3arpsasHAOLWLMX BELLECTB B aTMocdepy

Banoskin BbIGpoC,
BbibpacbiBaemble

MeTo4 O4YNCTKKM, MOBTOPHOIO r/T
McTOYHMKM BLIOPOCOB BpeaHble ]
MCNOonNb30BaHNSA Ni-cynbduaHoro
BellecTBa
KOHLeHTpaTa

AsToknasbl okucnutenb- | Ni, Cu, Co, Fe n YnasnuBaHue 6pbI3r B
HOrO BblLLEeNaymBaHn4, NX coeauHeHns, KanneoTOoMHMKax 4.4

navyku HeVITpaJ'IVISaLl,I/IVI CepHada KMcnoTa

99




UTC 12-2016

BribpackiBaeMble

Banoshil BbIGpOC,

MeToa 04nCTKK, MOBTOPHOIO r/T
McTouHmKM BbIBPOCOB BpeaHble _
MCMoSib30BaHUsA Ni-cynbduaHoro
BellecTBa
KOHLeHTpaTa
Cmecutenu, nogorpesa- H2S OuucTka B rasonpombiBa-
Tenu, camoucnapuTenu, Tene Tuna «Tpyba BeHTy-
4280

Ae3VHTerpaTopsbl, aBTo-

KnaBbl

pu», ynasnueaHue 6pbIar

B KanneoTOoMHMKax

Flynbna Hel7ITpaJ'IVI3OBaHHbIX OoTBaJibHbIX XBOCTOB, ABANKOLLAACA OTXOO4O0OM MNpon3Boa-

CTBa, OTKa4MBaeTCA Ha CKnagumpoBaHWE B XBOCTOXpaHWUIIULLE MO nynbnonpoBsoay. Ocsert-

neHHas Boga (CrnvMB XBOCTOXpaHUNULLIA) BO3BpaLLaeTCs B LieX As MOBTOPHOro UCMosb3oBa-

HWA B TexHonoruum (Tabnuua 2.3).

Tabnuua 2.3 — OTxo4bl NPon3BoACTBa U NOTpebreHns

O6bem unm macca

MeToa O4YnNCTKK, MOBTOPHOIO

Ob6bem vnu macca

HanmeHoBaHve obpasyoLmxcs pa3MeLLeHHbIX OT-
_ NCMNonNb30BaHus ,
oTtxoaos., T/T Ni xogoB, T/T Ni
HenTpanusoBaHHbIE XBO-
CTbl cepocynbungHomn
70-75 - 70-75

dnotauuu (TBEpAAN YacTb

nynbnbl)

2.1.1.2 NMpou3BoacTBO WITEMHA

Mony4yeHune wTenHa B pyaHoTepMmuyeckon neum PTI

B HacTosilee Bpems CynbMpuaHbI MeAHO-HUKENEBbLIM KOHLEHTpaT noasepratoT 6pu-

KETUPOBAHUIO U HAMPaBMSOT Ha anekTponnaeky 6e3 obxura.

Cxema nepepaboTku nynbhbl KOHUEHTpaTa Ha cTaguuM NpurotoBneHust GpukeTos

BKIoYaeT B cebs cneagywuine OCHOBHbIE aTanbl.

- NnepBUYHOE 06e3BOXMBaHME MYribbl HA Npecc-pUNbTpax;

- CMeLlUMBaHNE KOHLUEHTpaTa CO CBA3YLWMM (KUAKUMA NUTHOCYNbgOoHAT);

- CyLLKa CMecu B cylumnbHoOM BapabaHe;

- NOBTOPHOE BBEAEHWNE B MOACYLUEHHYIO LUNXTY FIMTHOCYNbGOHATA;

- BpuKeTMpOBaHMNE LLUMXTbI HA BanNKoBOM BpukeT-npecce.
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[MepeyeHb OCHOBHOroO TeEXHONorM4eckoro obopyaoBaHWs y4vacTka OpuKkeTMpOoBaHMUS
npueeneH Tabnuue 2.4.

Tabnuua 2.4 — OcHoBHOe o6opyaoBaHue nepeaena 6pukeTMpoBaHns KOHLEHTpaTa

HavnmeHoBaHwue HasHauyeHue
Ne TexHonornyeckne xapakrepucTukn
obopyaoBaHuns obopyaoBaHuns
1 KoHTakTHble Mprnemka koHLEeHTpa- EmkocTb — 50 m3
YaHbl Ta
2 | JleHTouYHbIE CUTA | YOaneHue NHopoa- Mnowaab punbTpaumm — 0,825 M2, nonu-
HbIX Ten MepHbIV MaTepuan
3 | dunbTp-npecc | lNMepBnyHOe 06€3BO- Mnowaab dounbTpaumm — 96 M2, Konuye-
XUBaHME KOHLUEHTpa- | CTBO PUAbTPYIOLWNX NMT — 16 wT., pune-
Ta TpoBasnbHas TKaHb — NOJSIUMPONUIEH, No-
Tpebnsaemasa mowHoctb — 90 kBT, naene-
Hue: nogaya nynensl — 0,2-1,0 Mla, npec-
coBaHue — 0,5-1,6 Mlla, cywka — 0,4—
1,2 Mla, Boga Ans npombIBKM TKaHn — 1,0—
1,4 MlMNa
4 | MNMpuemHble 6yH- | lNMpnemka nepBuUYHO Emkoctb — 50 T
Kepa 00e3BOXXEHHOIO KOH-
LUeHTpaTa
5 | [BownHoWn neH- TpaHcnopTupoBka

TOYHbIN KOHBEW-

nepBu4yHO 06e3BO-

LLUnNJIKa

ep YXEHHOro KOHUEeHTpa-
Ta
6 | Cmecutenb nH- | dopmmpoBaHue wmnx- | MNMonesHbin 06bem — 1,5 M3, anvHa — 3 M,
TEHCUBHOIO Oen- Tbl 3 Cu- anameTtp — 1,1 M, ymucno obopoToB MeLuarn-
CcTBUS Ni-KOHUEeHTpaTa n kn — 107, yncno obopoToB 3aBUXpUTENS —
JICT 3apgaHHON KOH- 1500
CUCTEHLMN
7 | bapabaHHas cy- | [NpeaBaputenbHas

CyllKa KOHUEeHTpaTa

Ouametp — 3 M, anuHa — 25 M, Temnepary-
pa: maTtepuana npwu 3arpyske — 10 °C —

20 °C, npoaykTa Ha Bbixoge — 70 °C —

90 °C, oTxoadawmx razos — 190 °C
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HavnmeHoBaHwue HasHaueHue
Ne TexHonornyeckne xapakTepucTukm
obopynoBaHus obopynoBaHus
8 PykaBHbIN Ouucrtka rasos cy- Mnowaab dunbTpauum 1642 M2, pabounii
dpunbTp lWnnbHoro 6apabaHa | o6beMHbIN pacxog raza — 100 000 m3/vac,

MakcumarnbHasi Temneparypa rasos — 250 °C,
pacxof BO3ayxa Ha pereHepaumio —

100 m3/yac, matepuan pykaBsos PTFE

9 | MNMpuemHbI ByH- | Mpremka cyxoro ma-
Kep cyxoro ma- Tepuana

Tepvana

10 | KoBwoBbin ane- | Nogbem matepuana

BaTop B CMecuTernb
11 | lWWUHekoBbLIW cMe- | YcpeaoHeHne maTtepu- YUncno obopoToB wHeka — 15-40 MuH ™
cuTenb ana n cMelleHue C
JICT
12 | BankoBbint 6pu- | BpukeTuposaHne ma-
KeT-npecc Tepnana
13 | Cuctema Koh- TpaHcnopTupoBka
BeNepos OpuKeTOB Ha cknag

roTOBOW NPOAYKLMN

Co cknaga rotoBow NpoAyKUUM roToBble BpPUKETbI KEene3HOLOPOXHbIM UM aBTOMO-
OUNbHBIM TPAHCMOPTOM TPaHCMOPTUPYIOTCA Ha CKNag NPMBO3HOMO Cbipbs y4acTka NoaroToBs-
Kn cbipba 1 wunxtbl (YIMNCull), roe wuxrtyeTtca co pnocomM U BOCCTaHOBUTENEM U TpaHCMop-
TEpOM MO TPaKTy NoAayun LWMXTbl NOSAKTCA B pacxogHble byHkepa PTI.

OCHOBHbIM CbipbeM 1151 9NEKTPONaBKu SABMSETCHA WKMXTa, cocTosilwasn u3: cynbgpua-
HOW MeAHO-HUKeNeBow pyabl, 6pnkeToB, COBCTBEHHbLIX N NPUBO3HBLIX 0B6OPOTHBLIX HUKEMBbCO-
aepxawmx obopoTos, cntoca (necka), yrnepoamctoro BOCCTaHOBUTENS.

DU3NKO-XMMMYECKME NMpPEBPALLEHNS LUMXTOBLIX MaTepuanoB n obpasoBaHne npoayk-
TOB MNNaBKM NMPOUCXOAUT B OCHOBHOM B BaHHE Meyu Ha MOBEPXHOCTU LUNXTbl, NOrPYXXEHHOW B
LUSaK.

Mpu HarpeBe wuxTbl Ao 1000 °C B Hen npoTekarT NpoLecCbl TEPMUYECKOro pasro-
XXEHUS CrOXHbIX CynbduMAoB, cynbdaTos, kapboHaToB U rMapaToB, a TakkKe NpoueccChl B3au-

MOOENCTBUS Mexay pas3nmm4yHbIMU XUMUYECKMMU COeOUHEHNAMMN, Hanbonee BaXXHbIMU U3 KO-
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TOPbIX ABMAITCA peakumm mexay cynbuaamu n okmcnamu. Npu noBbIWEHUN TeMmnepaTypbl
wnxTtbl 4o 1000 °C-1300 °C aT1 npouecchl Nony4arT akTUBHOE pa3BuUTHE.

Cynbtuapbl HuKens, megu, kobanbTta, Xenesa pacnnasnslTCs, YaCTUYHO pasnaraoT-
ca (obwasa gecynbgypursaumsa npu anekTponnaske coctaesnseT okoso 20 % — 35 %) u, B3a-
WMHO pacTBOPSAACb, 06pa3ytoT OCHOBHOM MPOAYKT SNEKTPONMaBku — LUTENH, B KOTOPOM TakK-
e pacTBOPSATCA AparoueHHble MeTansibl U MarHeTuT.

Mony4eHHbIn wTenH (% macc.: Hukenb — 7-17, megb — 3-12, kobanbt — 0,6-0,8,
xeneso — 38-50, cepa — 25-27; n3neyeHne HUKenNs B LWITENH cocTaBnseT 97 % — 98 %,
Mean — 95 % — 97 %, kobanbta — 77 % — 85 %) B XXMAKOM BUAE HaNpaBnsAeTCs Ha KOH-
BEPTMPOBaHME.

OkucrneHHoe xenes3o M ApyrMe OCHOBHble OKCMAbI, BCTynas BO B3auMOOEWCTBUE C
SiO2, obpasytT cunukatel TMna mMeO x nSiO2, KOTOpble, CMELLUMBASACb B pacniaBieHHOM
COCTOSIHUM, 0BpasyloT ApYyron NPOAYKT 3MeKTponnaBkM — Lwnak. Beixod wnakoB npu anek-
Tponnaeke coctaBnsieT 85 % — 110 % ot obwen maccol 3arpy>keHHoun WwnxTel. OCHOBY LUna-
KoB anekTtponnaekn (97 % — 98 %) coctaBnalT kKpemHeszeM (SiO2), 3akuch xenesa (FeO),
okncb marHus (MgO), rmmnHosem (AL203) n okuck kanbumsa (CaO). CogepxaHue SiO2 B wna-
ke — 37 % — 42 %, Ni — He 6onee 0,25 %, Co — He 6onee 0,1 %.

[a3bl, oTXo4dWmMEe N3 NEeYHOro npocTpaHcTeBa npu Temnepatype 500 °C—600 °C, co-
ctoqat 13 asota (N2), kucrnopoga (O2), cepHuctoro rasa (SOz2), yrnekucrnoro rasa (CO2) u na-
poB Boabl (H20), aBakyupyoTcs Yepes cucTtemy rasoxofoB M NOLAKOTCH B NbINEBYIO KaMepy,
a 3atem — B TpyOy. YnaBnuBaemas B NbINIEeBOW kKaMepe 1 rasoxofax MeTtannocogepxatlas
MNbiflb BbIFPY>XaeTCHa Yepe3 BOPOHKM B aBTOMOOUNb U NepeBo3nTca Ha nepepaboTky B 3aKpbl-
Toi cknag Cl1C.

OcHoBHoe obopyaoBaHue npouecca NnaBku CyNb(UAHOroO Cbipbs Ha LUTENH NoKasaHo

B Tabnuue 2.5.
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Tabnuua 2.5 — OcHoBHOe o6opyaoBaHMe npolecca nepepaboTku cynbOUaHOro MegHO-HUKENEBOro

CbIpbsl Ha LUTEWH B PyOHOTEPMUYECKON NeYn

HavmeHoBaHune HasHayeHune

TexHonornyeckme xapakTepucTmkm
obopynoBaHus obopyaoBaHuns

PyoHoTepmnyeckaa | 3nektponnaBka |YcTaHOBMNeHHas MowHocTb — 45 MBT, uncno
neyb pyabl, 6pukeToB |anekTpogos — 6 wWT., nnowaab noga — 150—
160 M2, KONNYECTBO LUTENHOBBIX LLMYPOB —

3 LWT., KONWYECTBO LWIAKOBbIX LWNYypoB — 4 LWT.,
ABa TOpLUEBbIX 1 YeTbipe BOKOBbIX (PyTEPOBAHHbIX

rasoxona

PyoHoTepmunyeckaa |3nekTtponniaBka |YcTaHoBneHHas mowHocTb — 30 MBT, uncno
neyb pyabl, OpUKETOB |anekTpoaos — 3 WT., nrowaab noga — 80 M2,
KONMUYeCTBO LUTENHOBLIX LWWNYpOB — 3 LWT., KOSU-
4YeCTBO LUMAaKOBbIX LLNYPOB — 2 LWIT., ABa BOAO-
oxnaxgaemblx naTpybka, coeanHsoLmMe CBOA

neyn c BepTUKanbHbIMU yTEPOBaAHHLIMU ra30X0-

AamMun (LUTeMHOBbLIM U LUMAKOBbIM)

NMony4yeHne wWTenHa B Ne4Yn B3BELLEHHOMN NilaBKU

TexHonornyeckas cxema nosyYeHuns LWTenHa B NeyYn B3BELUEHHOW MiaBKM BKOYAET B
cebs (pucyHok 2.3):

- hunbTpaLMo KOHLEHTPATOB HA KEpaMUYECKUX PunbTpax;

- CYLLKY KOHLIEHTPaTOB U OSIt0COB B pacnbiUTENbHbIX U BapabaHHbIX CyLunnkax;

- B3BELLEHHYIO NMaBKYy LWNXTbl KOHLEHTPATOB B ABYX NeYyax B3BELLUEHHOW NNaBKu;

- MHEBMATMYECKYH TPAHCNOPTUPOBKY BbICYLLUEHHbIX KOHLIEHTPATOB,

- OXNaXXAeHMe OTXOAALWMX ra3oB B KOTME-yTunuvsatope C OOHOBPEMEHHOW rpybon
OYMCTKOW OT Mbinu;

- TOHKYH OMUCTKY OT MNbININ B 9NEKTpodUnbTpax;

- obegHeHME LINaKoB NeYven B3BELUEHHOW MNaBKM U KOHBEPTEPOB B 3reKTpoobenHu-
TenbHbIX Nevax;

- FpaHyNsaUMIo Waka obeaHUTENbHbIX NeYen U ero TPaHCNOPTUPOBAHWE Ha cKnapg
BPEMEHHOI0 XpaHeHus.

[Meyb B3BELLEHHOW MNNaBKU SABMSAETCA FOMOBHLIM arperatoMm B uUenu nepepaboTkm

CyNbMUaHbIX KOHLEHTPAaTOB.
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CrteneHb oboralleHnsa oyTbsa KMCITIOPOAOM Ha nevax B3BELUEHHOW NIaBKM MOXET A0-
cturatb 70 %, 4TO NO3BONSET BECTM NPOLECC NIABKM B aBTOrEeHHOM pexume, 6e3 npumeHe-
HUA OONONMHUTENbLHOrO Tonnuea. [yTee npeaBapuUTenbHO He nogorpeBatoT. [bineBbIHOC U3
neyven B3BELLEHHOW NMaBKM cocTaBndaeT He bonee 5 % — 7 % OT Beca 3arpykaeMom LUMXTbI.

MepgHo-Hukenesbin wtenH ua MBI (Ni— 25,2 % — 28,5 %, Cu — 11,5 % — 13,6 %,
Co— 0,65 %, Fe — 29,5 % — 31,8 %, S — 26,3 % — 27,0 %), kak 1 nobon wTenH, npea-
cTaBnseT cobon cnnas cynbdnaoB HUKENS, Meaun, Xenesa, kobanbta ¢ HebonbwnM coaep-
XaHnem marHeTuTa, KOTOpoe 3aBUCUT OT COAEpP)KaHUA LBETHbIX MeTannoB. Beinyck wTenHa
OCYLLECTBMNHAETCHA B KOBLUM Yepes LUNypbl, PACNONOXeHHbIE B OTCTOMHOW 30HE Meyu; LTenH

nepenatT Ha HMKeNeBoe KOHBEPTUPOBaHME ANnga nepepaboTku 0o hanHLwWTenHa.

TexHonozsuyeckaa cxema [1L—1

neAumeRsHaR
' ' l oywumma Crpyttiep Iiieobian
| Kepamusscku a . Bubpospoom . - Liuxson mpyta
i ' Inewmpoguomp

- 1 |
Pyxobvud — = l
fusemp I 1 Cuecumess

7 r Bopabasnan cywunka . \ £
s ' }
i Boagy—s Bapabowman cywuswo
Lpobuswa | . = NpupogHEa 2ca— }
- npupogHel 2a- .
| Basgyr

Cywka koHueHmpama [

! ] npupogHu0 eas

Cywka necka

Komes—
ymunusamop
o, Inekmpogunbmp

Oxpy6ibep
| = PyxaBuu0 gusomp

'
KBC  wucnopog wiwemo

APUPOGHUD Ba

Meub B3beweHHold nnabku OBegHumenbHas anekmponeyb | | l

na moubepmupobariua rpq HY NIsiUUA

B3beweHHas nnabka wuxmbl ObegHeHue wnakob T

PucyHok 2.1 — AnnapaTypHO-TexHonornyeckas cxema nnasunbHoro uexa Ne 1

Wnak MBI npeacraeBnsiet cobon MHOTOKOMMOHEHTHbIA CMnfiaB OKCUMAOB UM B 3HA4uM-
TenbHOW cTeneHn oboralleH LUBeTHbIMM MeTannamm (Tabnuua 2.6), B CBA3M C YeM nogaeTca
(B pacnnaBneHHOM COCTOsIHMM) B 00eAHUTESNbHbIE NeYn (BMeCTe C KOHBEPTEPHbIMM LUMaKa-

Mn).

105



UTC 12-2016

Tabnuuya 2.6 — Xumudeckuin coctas winakos MBI, %

Hukenb Megpb KobanbT XKeneso Cepa Ouokeung kpeMHus

0,46-0,6 0,31-0,35 |0,175-0,178| 42,0-44,5 | 1,12-1,40 32,0-34,0

OCHOBHbIMM peakumMsMKn, NPoTEKaKLWMUMN B PEaKLUMOHHON LWaxTe neyvn, aBnawTcs pe-
aKkuMm guccoumaumm n OKUCNeHns cynbuaoB. TN peakumm 9K30TEPMUYECKUE, X TENSTOBOM
adppekt obecneumBaeT CaMOMNpPOU3BOSbHBLIN XO04 npouecca 6e3 3aTpar Tenna MW3BHE.
Heokncnuelmneca cynbuabl GOpMUPYIOT LUTENH.

B otctonHuke [MBI1 NpoxoaaT OCHOBHbIE peakuuu LWwnakoobpas3oBaHusi, OOMEHHblEe
peakunun n npouecc om3n4ecKoro pasgeneHuns pacnnasa Ha LUTEMHOBYIO W LLMakoByo dasbl,
CBSAI3aHHbIA C Pa3HOCTbIO UX yaenbHbiXx BecoB. C y4eTOM BbLICOKOrO COAEPXaHWSA LiEHHbIX
KOMMOHEHTOB B LUMAaKax UX HanpaensawT Ha obegHeHne.

Mpn obegHeHUN B NeYn Nepnuognyeckn 3annuBatoT XXULOKUIA LWNaK, NpOM3BOAAT 3arpy3ky
TBEPAOW LUNXTbI: pyaAy, NecYaHuK, KOKCOBbIN opeluek, apobneHble 06opoThl. Pyaa pyaHukos
«Komcomonbckmins n «OKTABPbCKUN» UCMONb3YeTCs B KayecTBe M3Bnekatowen dasbl (Cynb-
dungusaTtopa) aona npouecca wTenHoobpaszoBaHus, ApOOMeHbIM NecYaHUK — B KayecTBe
dnrocytolero matepmana, KOKCOBbI OpeLlek — B KayeCTBe BOCCTAHOBMUTENS, ApobneHble
B6eaHble 060poThl — AN perynupoBaHus coctaBa wtenHa O3I no cogep)XaHUo LBETHbIX
MEeTansoB, a Takke B Ka4yecTBe MeTannocoaepXallero cbipbsi.

[MepeyeHb OCHOBHOrO TEXHONOMMYECKOro obopyaoBaHUSA yyacTka O6Ee3BOXMBAHUA U
CYLLKN KOHLIEHTPATOB M KOMMJSIEKCa Neyn B3BELLUEHHOW MNnaBku npvBegeH Tabnuue 2.7. lMa-
paMeTpbl anekTponeyen, ncnonb3yembix ana obegHeHns wnakos MBI 1 wnakoB KOHBEPTU-

poBaHus, npuBedeHbl B Tabnuue 2.8.

Tabnuua 2.7 — XapakTepuCTUKM OCHOBHOIO TEXHONOMMYECKOro 06opyaoBaHus 06e3BOXKMBAHUA U

CYLUKM KOHLUEHTpaToOM U KOMMNJ1eKca neyun B3BELLUEHHOWN NnraBKu

HanmeHoBaHune HasHauyeHue TexHn4yeckne XapakTepucTukn
1 |Cryctutenb CryweHue KoHueH- C ueHTpanbHbIM NPUBOAOM B KUCITOTOCTON-
TpaToB KOM ucCnonHeHuun, gnametp — 12 m, rnybunHa
YyaHa — 3 M

2 |Kepamunyeckmn | dunbTpaums nynonbl | Mnowags punstpaumm (1 domnetpa) —
punbtp CC-60 |KOHUEHTpaTOB 60 M2, BNaXXHOCTb nocrne punbTpauum — Ao
12 %
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HanmeHoBaHmne HasnaueHue TexHuyeckmne XapakTepucTtukn
3 |bapabaHHas cy- |Cylwwka KoHueHTpaToB |[OQuameTtp — 3,2 M, gnnHa — 27000 mm, ¢ ra-
LLUNITKA KOHLEH- 30BbIM BO3JyxonogorpesaTenem u CUCTeMomn
TpaTta ra3oounCTKM
4 |Cmecutenb B KMCNOTOCTOMKOM UCMONHEHUN, C Nepeme-
«[leHBep» LWMBAKOLLNM YCTPOMUCTBOM, AnameTp — 7,2 M,
BblcOTa — 7,2 M
5 | Cywwunku pac- Cywka KoHueHTpaTtoB |[QuameTp — 14 M, BbicOTa — 18 M, C LieH-
NbINUTENbHbIE TPOBEXHBLIM pacnbIIMTENEM M ra30BbIM BO3-
«Hwupo- ayxonogorpesarenem «Mnbognlronbmc» ¢
Atomansep» roperikon KornbLeBoro tuna
6 |Onektpodunb- | OuncTka rasoBoro [ByxnonbHble, NPON3BOAUTENBHOCTbL MO ra-
Tpbl «3QNeKc» NnoToKa pacnbinin- 3y — 375000 HMm3 /yac, KN4 — 99,8 %
TenbHbIX CYLUWIIOK
7 | Cywwunku 6apa- OuameTtp — 2,5 m, anuHa — 19500 mm, ¢ ra-
BGaHHble 30BbIM BO3yxonogorpeBaTenem u CUcTeMomn
ra3ooynCTKM
8 |Meun B3BelleH- |lMnaBka koHUeHTpa- |[nowaab 3epkana BaHHbl — 245 M? |, ¢
HoW nnaBku «Qy- | ToB YCTPOMCTBaAMM pacnbIfiEHNs LUNXTbl U Nogayn
TOKYMMy>» KMCnopono-Bo3ayLLHOM cMecu ¢ oboraleHu-
eM kucnopoga o 70 %. Neyb obopygosaHa
raszoropenoyvHbIM1 YCTPONCTBAMUN U BbIMyCK-
HbIMM LUNYpaMK LUTENHa 1 LWnaka
9 |Koten- OxnaxpeHue rasos [MpounsBoanTEeNbHOCTL MO rasdy — a0
ytunusartop ans | Bl 125 000 Hm3 /yac, no yTunmaaumMoHHoMy na-
neyu B3BeLUEH- py — go 100 T/yac
HOW NNaBKu
10 |OnekTpodunb- | OuyncTKa rasoBoro MaTunonbHble, NPON3BOAUTENBHOCTbL MO ra-
Tpbl «PnekT» notoka neyu MBI 3y — 65000 HM? /yac kaxabin, KMNO —
99,8 %
11 |O6epHuTenbHble | ObegHeHme Wnakos
anekTponeyu neun MBI
«Kpynn»
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HanmeHoBaHne HasHaudeHune TexHudeckne XapakTepucTtukn

ObepHuTenbHble | ObegHeHMe WnakoB

anekTponeyu neun MBI
Outokumpu
Technology
Ou — 0O3Jr1-1,3

12 |YctaHoBkU rpa- |[paHynauusa wnaka | lpoussogntensHocTb — A0 250 1/4. Tun —
HynAumMm oT- obGegHuUTEnNbHbIX Ne- | BoaHasa rpaHynsumsa. ObopyagoBaHbl cucTe-
BanbHOrO LWaka |4en MOW 3aMKHYTOro 060poTHOro BogOCHabXxe-

HUS

Tabnuua 2.8 — OCHOBHblE XapaKTepUCTUKN 0begHUTENbHbIX anekTponeyen HM3

3HaueHune napameTpa

Ne HanmeHoBaHWe napameTpa

0Jarn-1,3 0oarn-2,4
1 |MowHocTb TpaHcdopmaTopa, MBT-A 35 30
2 |Mnowanpk 3epkana BaHHbI, M? 175 176
3 |dunameTtp anekTpoaa, Mm 1272 1272
4 |Pacnapg anektpogos, MM 4850 4850
5 | Tvin anekTpoaoB Camocnekawwmecss | Camocnekarowmecst
6 |OxnaxneHue kopnyca KeccoHnpoBaHHoOe KeccoHnpoBaHHoOEe

B tabnuue 2.9 npuBeneHbl BbIGPOCHI 3arpsi3HAOLLMX BELLECTB MpU MPOU3BOACTBE

wrerHa B nevax PTI1 n Ha komnnekce MNMBIM-06egHUTENbHbBIE 3NEKTPONeYyn.

Tabnuua 2.9 — BbIbpockl 3arpsasHAOLWLMX BeLecTB B atmocdepy npu nnaske B PTI Ha meaHo-

HWKerneBbIV WTENH (Ha TOHHY HUKENS B LUTENHE)

Macca BbIGpocoB
MeTog ouncTKn, NOBTOPHOIO
M cTouHMKM BbIBPOCOB HanmeHoBaHue 3B nocne ounctkm
NCMonb30BaHUA _

r/T Ni

YyacTok cywku un 6puke- | MNbinb HeopraHu- | PykaBHbI unbTp, unb-

TnpoBaHua nepen PTI | veckas — <20 % TPpbl acrnmpaumoHHbIX <20 Mr/Hm®
SiO2 cucTem
PygoHoTtepmundeckme nevn | Nbinb HeopraHu- lNbineBasi kamepa
(apimoBas Tpy6a) yeckass — <20 % 62441
SiO2
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MeToA4 O4YnNCTKK, MOBTOPHOIO

Macca BbIGpocoB

NcTo4uHuKM Bbl6pOCOB HanmeHoBaHune 3B nocrne o4ncTKK
MCNOJNMb30BaHUA t/r Ni
Hukenb 3602
KobanbT 187
Meab 2758
MblIWwbsK 457
CeBuHey, 96
Idnokcnp asota 1379
Oxkcup asota 224
Aunokecuna cepbl 632324
Y4acToK noAroToBku LWmnx- | MNbinb HeopraHu- | BeixnonHble rasbl OT pas-
Tbl, 06€3BOXMNBaHMA U | Yeckas — <20 % | nu4Horo o6opynoBaHus 5
CYLLUKW KOHLIEHTpAaToB ne- SiO2 OYMLLAKTCA pa3HbIMU Me-
pea MBIl Mbinb Heopranu- | Togamu. B TexHonorum
yeckass — >70 % | OYMCTKM UCMNONb3YITCA: 937
SiO2 pykaBHble PUNbTPbI,
Okeung HUKens | 9NeKTpoUnbTpPbI, LIMKIO- 307
Okecna mean Hbl, CKpPYOGepbI 57,9
Okcung kobanbTa 5
CeuHey, 95399
[nokcng cepsbl 2002
[vokecna asoTa
Komnnekc neyen MBI u | MNbinb HeopraHu- | BeixnonHble rasbl OT pas-
obeaHUTENbHbIX Neven yeckaa <20 % nn4yHoro obopyaoBaHus 5065
SiO2 OYMLLATCA pasHbIMU Me-
Okecua Hukens Togamun. B TexHonornm 52
Okena megm OYUCTKMN NCNONb3YIOTCSA: 37
Okecup kobanbTta | KOTEn-yTunua3aTtop, anekK- 12
CBuHeL, TpounbTp, Kamepa ao- 10
[nokcug cepbl | Xura, ckpybbep, pykas- 5855762
[Ouokeuna asoTa HbIW pUnbTP 797
CepHag kucnota 45058
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Mpn nepepaboTke cynbOUAHOrO MeOHO-HUKENEBOro CbipbA B PyOHOTEPMUYECKUX
anekTponeyax n Ha komnnekce [Bl1-o6egHuTenbHble neun obpasyeTcs OTBaNbHbIA LUNaK,
KOTOpbIN noaBepraeTcsa rpaHynsumm. Kpome toro, TBépable oTxoabl 06pasytoTca B pesynb-
TaTe obCny>XMBaHNA 1 peMoHTa 060pygoBaHNSA — BbINTIOMKU PyTEPOBKM neYven, 6on kmpnuya,
BeToH, Tennousondauusa, metannonom (tabnuua 2.10). NpaHyNMpPOBaHHbLIAN OTBaSbHbIN LUNaK
HMS3 ucnonb3yeTcs Ana NpuUrotToBneHUs 3aknagoyHbiX CMecen 1 Kak Matepuan gns 4opox-

HOro ctpoutenbCcTBa, Ond OTCbINKAU Aamb, Hackinem u T. A.

Tabnuua 2.10 — LLnakn wTenHOBOW NNaek1, HanpaensieMble B OTBarn

Cnocob ytn- | Konuyectso, T/T7 Ni

HanmeHoBaHue oTxoga CpenHuii cocTag, % .
nm3auuu B LUTEVHe
LWnak PTM Ni — 0,198; Cu — 0,123; Co — B otBan
0,091; Fe — 27,71; Si02-37,4; 12

CaO —2,3; MgO — 12,5; S — 1,15
Wnak o6egnHntens- | Ni — 0,13; Cu — 0,24; Co — 0,14; B otBan

HbIX Neyen Fe — 40,3; Si02-36,0; CaO — 2,7; 15
MgO—14;S—1,0

2.1.1.3 NMpomsBoacTBO (hanHWTENHA

[Mpy KOHBEPTUPOBAHUN LUTEMHOB B KOHBEPTEP MOTYT ObITb 3arpyeHbl LUTEWH, NECOK,
MeAHbIN Wnak n gpyrne obopoTHble XonoaHble Mmatepuansl (Tabnuua 2.11). OCHOBHbIMK pe-
aKUMsMN, NPOTEKAKOLWMMN NPU KOHBEPTMPOBAHMM LUTENHOB, SABNSAIOTCSA peakuun OKUCIEHUS,

06MeHHOro B3aMMOAENCTBUSI, BOCCTAHOBIEHMS U LUNakoobpasoBaHus.

2.2 XapaKkTepucTuKa npouecca KOHBepTUpoBaHUA

Mpeanpuatune Tun wTenHa Tun okmucnurtens

KombuHaT «lNeyeHranu- Lrenn PTT Boagyx

Kenb»

30 MNAO «I'MK «Hopunb- |LWTtenH MBI, wrenH obegHntens- | Bosayx, npu HegocTaTke

ckun Hukenb» HbIX fiIeKTponeyen Tenna — Kiuenoposg

Mpy KOHBEPTMPOBAHUN LITENHOB BbIAENSAIOT CNEeAyoLLIMe TEXHONOrMYeckne onepauum:
- 3apsAaKka KoHBepTepa;

- nepuop Bbibopa macchl,
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- «Bapka» (panHLWITEenHa,;

- pasnuBeka u oxnaxgeHue ganHwTenHa.

B nepmnog Habopa macchl NpyM KOHBEPTUPOBAHUN B LUMAK MHTEHCMBHO yOansieTcs Xe-
neso, B pesynbTaTe 4ero Konuyectso oboralleHHOW Macchbl cokpawiaeTcs. B atoT nepuopg
noeT akTUBHas 3arpy3ka B KOHBEpPTEpP KBapLEBOro necka v XonoAHblXx Matepuanos Ans noa-
AepxaHna Tennosoro 6anaHca npouecca. Nocne npekpalieHma Habopa wrerHa HaYMHaeTca
nepuoa Bapku panHwTenHa. B 3agadvy aTtoro nepvoga BXoguT NOYTU MNONHOE yaarneHue xe-
nesa n3 oboralleHHON KOHBEPTEPHOM Macchl. [onyyeHHbIn hanHWTEnH coaepxumTt 23 % —
24 % S v po 3,5 % xeneasa.

[MonyyeHHbIN MeOHO-HUKeNneBbIN ParHLWITENH NEePeBO3UTCH B PasfnMBOYHbLIA NponeT
uexa v pasnuBaeTcs B CTalbHble (POPMbl — U3MOXHULbI, 3adyTepoBaHHbIE NnUTamMu U3
rpacputa, ona MeaneHHoro oxrnaxaeHus U packpuctannusaumm pacnrnasa, obecrneymnsato-
LLMX XOpoLumne nokasaTenu pasfeneHns Ha HUKeneBbl U MeAHbIA KOHUEHTpaThbl.

OTxogswume OT ropnoBuHbI KOHBEpTepa rasbl cogepxat 7 % — 11 % SO2, ogHako 3a
CYeT NOACOCOB BO3dyxa Yepes3 HamnblIbHUK M HEMmoOTHOCTM rasoxoda KoHueHTpauusa SO:2
cHuxaeTcd. Ha kombuHaTte NeveHraHnkenb oYMLLEHHbIE OT MblfY rasbl YaCTUYHO NepeaaroT-
Cs B CEPHOKUCMOTHOE MPOM3BOACTBO, YacTUYHO — BblbpackiBaoTcs B Tpyody; B 3P — BblI-
BpacbiBatoTcs B TPYOY.

XvMuU4eckni coctaB NpPOOYKTOB KOHBEPTUPOBaHUA npuBegeH B Tabnuue 2.12, nepe-

YeHb OCHOBHOro 06opyaoBaHMs nepeaena KOHBEPTUPOBaHUS LUITEMHOB — B Tabnuue 2.13.

Tabnuua 2.12 — XMUYecKknin cocTaB NpoayKTOB KOHBEPTUPOBAHUS

MaccoBas gons, %

Mpennpuatune | NpoaykT
Ni Cu Co Fe S SiO; | MgO | ALOs; | CaO | Fes04

KombuHat | LUnak 0,88 | 0,62 |0,249| 49,1 | 3,15 | 26 11 14 | 14,7

«lMNeveHra- |danu-

43 28 09 | 28 | 23,6

HUKEenb» WTEenH
39 MAO LWnak 20-1|15-|0,8- (50,0-| 1,2— |18,0-

0,3 2,2 0,6 29
«MK «Ho- 2,5 2,0 1,0 | 520| 1,6 | 20,0

PUINbCKUIA danH-
46 25 14 | 35 23 10,095
Hukenb» LUTEeNH
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Tabnuua 2.13 — XapakTtepucTrka OCHOBHOro o6opynoBaHus

KOHBepTepHOro nepeaena

KOHBEPTEPOB

XOeHune rasoB

I‘Ipeqnpmmme HanmeHoBaHune HasHauyeHue TexHn4yeckne XapakKTepUCTukn
3P NAO «'MK | KoHBepTepTtuna | KoHBepTupoBa- |EmkocTb — 80 T, Ha BO34YyLIHOM
«Hopunbcknn Mupca — Cmuta HWe WwTenHa |AayTbe, Yyncno pypm — 48
Hukenb» KoTten- YTunnusauusa [MpounsBoanTENbHOCTL MO rasdy — a0
yTunusaTop ansa |Tenna, oxna- 65000 HM? /yac, No YTUNN3aLMOH-

Homy napy — go 13 T/yac

nekTpodunb-

TPbl «PriekT»

OuyuncTtka rasos

OT TOHKOW MbINn

[ByxnonbHble, NPOM3BOANTENb-
HOCTb Mo rasy — 65000 HM3 /uyac
kaxxabin, KMNQg — 99,8 %

OT TOHKOW MbINn

KombuHat «[lle- | Konseptep MNup- | KoHBepTnposa- EmkocTb — 100 M3, AnuHa Ko-
YeHraHuKenb» ca — Cmuta HWe WTenHa |Xyxa — 12 M, BHyTPEHHU anameTp
Koxyxa — 3,96 M, umcrno pypm —
44, nnameTtp pypm — 0,05 m, pac-
xop4 Bo3gyxa — 10-12,5 Hm3/c
1. MbineBas kame- | Ounctka koHBep-| O x W xB —7,2x 4,0 x 15,6 m,
pa TEpPHbIX ra3os NponyckHasi CnoCoOBHOCTb — 27—
KPYMHOW MNbInu 42 Hvd/c, KNO — 30 %
1. AnektpopunbTp | Ouunctka rasoB | lnowagb cevyeHus anekTpodunb-

Tpa Mo ocaauTenbHbIM 3MeKTPo-
aam — 60 M2, KN — 92 %

BbIGpocbl OCHOBHbIX 3arpsi3HSIOLIMX BeLecTB B atmMocdepy npu KOHBEPTUMPOBAHMM

LiTerHa nokasaHbl B Tabnuvue 2.14.

Tabnuua 2.14 — BbIGpochl 3arpsA3HSOLLIMX BELLEeCTB B aTMOCHeEpPY Npu KOHBEPTUPOBaAHUM MEAHO-

HUKENEeBOro WTenHa (Ha TOHHY HUKens B haiHLWTenHe) (3a UCKITIOYEHMEM ra3oB, nepegaBaeMbiX Ha

CEPHOKNCITOTHOE NpPpon3BoACTBO Ha KomMOuMHaTe «rle‘-IeHFaHI/IKeJ'Ib»)

Macca BbIGpocoB

3B nocne o4ncTkn

Mpeanpuatune MeToa o4ncTkm HanmeHoBaHue
r/T Ni dhanHwTen-
Ha
KombuHaT «[leyeHra- | MNbinesas kame- MbiNb HeopraHnyeckas —
HUKEb» pa, aneKkTpo- <20 % SiO2 14320
PuUnbTp Hdwnokecnp asota 851
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Macca BbIGpocoB
Mpeonpunatune MeTona o4ncTkm HanveHoBaHune 3B n?cne oumeTin
r/T Ni dhanHwTen-
Ha
KobanbT 117
Hukenb 1703
Meab 2112
MbILwbaK 95
CsuHel, 24,5
[vokcna cepsbl 870593
CepHag kucnota 681
Okcupa asoTa 138
30 NAO «I'MK «Ho- Koten- Mbinb HeopraHnyeckaa — 1830
punbcku Hukenb» yTunmsaTop, <20 % SiO2
ANEeKTPOUNbTP Hukenb 129
Meab 635
KobanbT 6
CsuHey, 8
[vokcna cepsbl 970317
[nokcna asota 337
CepHaga kucnota 7391
Okenpg yrnepoga 501

2.2.1 PacdhmHupoBOYHbIE Nepeaenbl

2.2.1.1 PaspeneHne megHoO-HUKeNneBoOro ¢pavHwWTEMHA C NONy4eHUeM

HUKeneBoOro cynb(uUaHOro KOHUeHTpaTa

dnoTtaunoHHoe pasgeneHne danHWTeNHa Ha MeOHbIA U HUKENEBbIA KOHUEHTpaTbl
ObIno npeanoxeHo B KoHue 1940-x — Havane 1950-xrogoeB WM. H. MacneHunukmnm
(AC Ne 113715). CornacHo npepgnoXeHHOMYy cnocoby, MeaHO-HUKENEBbIM (PaMHLLTENH W3-
Menbyanu, a 3atemMm pnoTMpoBann B «0bbIYHOM» peXxnme ¢ NepeBoaoM MeHbIX Cynbdnaos
B NEHHbIN NPOAYKT, a HUKENEBbIX — B KaMepHbIn. OgHUM 13 onucanHblx N. H. MacneHuukmum
BaApUaHTOB peanu3aumm gaHHOro crnocoba ABNAnochb NpMMeEHeHue nepen dnotauuen mar-

HUTHOW cenapauun, YTo obecneymBano He TONbKO nonyvyeHve 6onee GegHOro NoO Mean Hu-
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KeneBoro KOHLEeHTpaTa, HO U M3BfeYeHne B OTAESNbHbIN, oboralleHHbI NPOaYKT OCHOBHOMO
KonnyecTBa cogepalumxcsa B panHIWITENHE NNaTUHOBbLIX METarnsos.

Bnepsble npouecc 6b1n1 BHEAPEH HA HOpUNbCKOM ropHO-MeTannyprmyeckoM KoMbuHa-
Te B 1957 roay, n 6e3 ocobbix nameHeHnn cnocob agowlen A0 CeroaHsLWHMUX AHEN, OAHAKO 3a
CYeT ONTUMM3ALUN PeareHTHOro pexunma, napameTpoB onepauui U opraHmsauum TEXHOMO-
rMYeCcKon CXeMbl yaanocb JoCTMYb 6onee HM3KNMX, Yem 3asereHo B AC, coaepxaHuin BTOPbIX
MeTannoB B KOHLEHTpaTax.

XUMNYECKMMU OCHOBaMK (PIOTALMOHHOIO pasfernieHns panHwTenHa ABNATCA pas-
NNYHbIE YCNOBUA (DOPMUPOBAHUS N YCTONYMBOCTU NIIEHOK KCAHTOreHaToB MeAN U HUKENS Ha
NOBEPXHOCTU COOTBETCTBYIOLLNX MUHEpanoB. PerynyupoBaHneM KOHUEHTpauun rmapokcuna-
MOHOB B BOAHOW YacTu Nynbnbl 06ecneymBaloTcs yCrnoBusa Ansi NogasneHns npouecca obpa-
30BaHUA KCaHTOoreHaTa HUKens u obpasoBaHns Ha NOBEPXHOCTU NIEHKM rMMApoKcMaa.

TexHonornyecknin npoLecc pasgeneHns avHWTenHa Ha HUKeneBbIN U MeHbIN KOH-
LUeHTpaThbl BKNtoYaeT B ceba cnenyowme TeXHONormyeckne onepaumm: KpynHoe apobnexHue,
LUMXTOBKA, ApobneHne n namenbyeHne n cobcteeHHo dnotaumto. NepeyeHb OCHOBHOIO TeX-

Horlornyeckoro obopyaoBaHusa npegcrasneH B Tabnuue 2.15.

Tabnuua 2.15 — OcHoBHOe 06opyaoBaHue

:z HanmeHoBaHne obopynoBaHus HasHayeHune obopygoBaHus

1 |Arperat nepBuyHoro gapobeHmns Rammer G 90 MepBuyHOE apobneHne

2 | WekoBble gpobunku WAM-9 x 12 1 CMA-118 KpynHoe gpobneHue

3 KoHycHble gpobunku KCO-2200T n Menkoe gpobneHve
KMAO-2200T

4 MLLP-3200 x 3100 N3menbyeHne

Knaccudumkatop Tun | KCH-20
5 MpapouuknoH Kpebca 'mapaBnuyeckas knaccudunkaums
NPOMMNPOOYKTOB

7 dnoTtaumoHHblie MmawmnHbl PMP-10 dnoTtaums

8 dnoTtaumoHHble mawmHbl WEMCO dnoTtaums

9 Cryctutenu tvn L-6MI, Tvn L|-9MI, CryuwieHne KOHEYHbIX N MPOMEXYTOYHbIX
vn L-12MI NpPOAYKTOB

CeeueBble punbTpbl NMAP-80-248M u
10 MTXX-80-3T-41
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PaspeneHue danHWTenHa, npeaBapuTenbHO N3MeSIbYeHHOro 40 KpynHocTtn 85 % —
95 % — 45 mkmMm, nponcxoauT BO (prnoToMallumMHax OCHOBHOW dorioTauuu ¢ noryyYeHnem neH-
HOrO M KamMepHOro MpoAyKTOB, MPeACTaBnSALWMX COOON YEepHOBbIE MEAHbI U HUKENEBbLIN
KOHLIEHTpaT COOTBETCTBEHHO, KOTOPbIE 3aTeM NOABEPraloTCs AOMOMHUTENBHON OYUCTKE.

Hukenesbin ounwaeTca oT Meau 3a cyeT J0DaBKM CBEXEro KCaHToreHaTa, KOTopblIn
noBbILLaeT PnoTUpyemMocTb MefHbiX cynbuaos. MeagHblh — OT HUKeNd, Ha 1-4 nepeyncr-
HbIX (prnoTaumsx 3a cHeT NOBbLIWEHNSA LWENOYHOCTU NYMblbl U CHUXKEHUS MIOTHOCTU Kamep-
HbIX MPOAYKTOB OT NepBOW A0 NocregHen nepeymncTku.

Ons obecneyeHnss adpdEKTUBHOIO pasgenieHnsi MegHblX U HUKENeBbIX CynbduaoB
4YacTb MEHHbIX U KaMepHbIX NPOMMPOAYKTOB 00BLeAMHSAIT U HanpaBnsoT Ha Knaccuduka-
LU0, NECKM KOTOPOW LOM3MENbYATCA. TOYKM peumnkna npoMnpoayKToB n ob6beanHeHus no-
TOKOB MEHHbIX U KaMepHbIX MPOAYKTOB BbIBUpatoT, MCXOASA N3 NX COCTaBa, B NepBYI0 o4epeb
N3 cofepxaHusa B HUX BTOPbIX MeTansos.

CyuecTByloLas TexHonormyeckas cxema (pnoTaumMoHHOro pasgeneHns anHwrenHa
Nno3BoNsieT JOCTUYb U3BMNEYEHNA HUKENS B HUKENeBbI KOHUeHTpaT Ao 92 %, mean B men-
Hbih — go 91 %.

Mony4yaembln MegHbIA KOHUEHTpaT coaepxut 67 % — 68 % mean n 3,2 % — 4,2 %
HUKens, HuKkenesbin — 68 % — 69 % Hukena n 2,3 % — 2,9 % meguw.

Mpn pasgeneHnn megHoO-HUKENeBOro oarHwTenHa B Ka4eCTBE OCHOBHbIX TEXHOMOM-
YeCKMX MaTepuarnoB MCMNONb3yTcAa OYyTUMNOBBLIM KCaHTOreHaT Kanud, cofa KaycTudeckas,
Lapbl CTanbHble 1 Boga 000pOTHOro BOAOCHAbXeHMs.

O6pasyowme npu pasgeneHmn anHwTenHa coeamHeHns Meaun, HuKens u kobanbta
nonagarT B aTMocepy B COCTaBe Mbifv, BblAENAIOWENCA Yepe3 HEeNnsIOTHOCTU TEXHOSOr-
Yyeckoro obopygoBaHus. BpegoHocT yaansawTcs ¢ BEHTBbIOpOCaMM eCTECTBEHHbIM MNyTem

yepes gednekTopbl 1 BEHTWAaxTbl (Tabnuua 2.16).

Tabnuua 2.16 — Bbibpochl 3arps3HsoLmMX BeWwecTB B aTMocdepy

Macca BLIGpocoB MeTtog ounctkn, | Macca Beibpocos
NcTouHmKkm
HanmeHoBaHve 3B #o ounctku, NOBTOPHOIO 3B nocne o4ncTky,
_ BbIOpocoB ,
r/T Ni NCNonb30BaHWs r/T Ni
KobGanbT un ero Opobunkn,
coenHeHus (B TpaHcnopTepsl,
5,7 - 5,7
nepecyeTe Ha MeSTbHULbI,
kobanbT) KnaccudukaTo-
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HavmeHoBaHne

Hwukenb u ero
coeguHeHus (B
nepecyete Ha

HWKEnNb)

Megb n ee co-
eanHeHnsa (B ne-
pecyeTe Ha

Meab)

MbinNb HeopraHm-

yeckad

Macca BbibpocoB MeTopg ounctkm, | Macca BbiGpocoB
NCTOYHMKM
3B #o ounctkm, NOBTOPHOIoO 3B nocne o4ncTku,
_ BbliGpocoB ,
r/T Ni MCMOSb30BaHUSA r/T Ni
pbl, CrycTuTenu,
orioTOMaLUUHBI
192,8 — 192,8
447 — 447
406,1 - 406,1

Kugkaa casa, obpasyrowanca npu o6e3BoXnBaHUM NPOayKTOB dorioTaumm (Hukene-

BOMO M MEQHOro KOHLEHTpaToB), Hanmnaensietcs B cuctemMy oB0OpoTHOro BOAOCHaGXeHMs

y4qacTKa. N36bITOYHOE KONMYECTBO BOAbI nepegaeTtcAa B Npon3BOACTBEHHYHO KaHallM3auuUio;

cbpoc Boabl B NpupoaHble 06bekTbl OTCyTCTBYET (Tabnuua 2.17).

Tabnwuua 2.17 — CocTtaB 1 cnocob yTunmnsauum CTOUHbIX BOg,

Macca
Macca
HanpasneHuve cbpocos
cbpocoB . | MeToa ouncTkum,
cbpoca (BoaHbIN 3B no-
HanmeHoBaHue 3B oo | UctouHmkm cbpoca NOBTOPHOIO
0ObEeKT, KaHanu- cne
OYMCTKM, NCnonb30BaHus
, 3auus) O4UCTKY,
r/T Ni _
r/T Ni
Hwukenb B/p <4,1 BepxHun cnne | O6opoTtHoe Bo- | O6opoTHoe BO- | <4,1
Megb B/p <0,08 OTCTOWHMUKOB, JocHabxeHune JocHabxeHune <0,08
B3BelwleHHble <123 dounbTpaT cBe- | y4yacTka, Npouns- y4acTtka <123
BellecTBa YeBblX PUNBTPOB | BOACTBEHHAS Ka-
KcaHtoreHat | <0,008 Hanu3auua <0,008

TBepable 0TxoA4bl NpoLecca 0bpasyroTcs B X04e PEMOHTHbIX U CTPOUTENbHbIX paboT.
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2.2.1.2 Nony4yeHne 4YaCTUYHO BOCCTAHOBIIEHHOIroO HUKENEeBOro orapka

TexHonorns nosiy4eHuss YaCTUYHO BOCCTAHOBMEHHOro Hukeriesoro orapka (MHTM —
nopoLLKa HUKeneBoro TpybyaTbix neyen) BknovaeT B cebs onepaumm o6e3BOXNBAHNSA HUKE-
NEeBOro KoHUeHTpaTa driotaunn panHwTenHa, ero OKUCNUTENbHOro obxura B neyax Kung-
LLIero cnosi 1 BOCCTaHOBUTENBbHOIO obxura B Tpyb4aThix BpaLlaloLWmnXcs nevax.

OkucnuTenbHbIN 0BXUr, LEenbio KOTOPOro SABMSETCS MakCcMManbHoe yaaneHme cepbl U
noaroToBKa mMaTepuarna K BOCCTaHOBMNEHUO, Bedetcda npu temnepartype 1050 °C-1250 °C.
3arpysKky LUMXTbl perynupyloT no Temnepatype B Croe, No KOHUeHTpauuu guokcuaa cepbl
(SO2) B oTxogsawmMx rasax, No 3agaHHOMy pacxogy Bo3gyxa (Mnu Bosgyxa, oboralleHHOoro
KMcrnopoaom).

OcHOBHas 4acTb NOSTYYEHHOrO Orapka nepegaeTcs Ha BOCCTaHOBMEHME B Tpyb4yaTtbie
BpaLLatowmecs nedm, yactb — B OyHKep «ropsidero» orapka Afis ucnorb3oBaHus ero 6es
BOCCTaHOBMNEHNA Npu AOBOAKE aHOLHOro MeTarnna no yrnepoay.

[[a3bl NOcne NpPoxoXaeHnsa 4Yepes CUCTEMY ra300uUCTKM, BKMoYatowen B cebsa oxna-
AuTernb rasoB, UMKIMOHbI UCNAPUTENBbHOrO OXMNaXAEHUA U 3NekTpodunbTp, nepeaarTcs B
CEpPHOKUCMNOTHOE NPOU3BOACTBO. [a3bl acnupaunoHHbIX CUCTEM NepefaroTcs B obLwnin raso-
X0 1 BblbpacbkiBaloTcs B TPyOy.

B npouecce (1050 °C-1150 °C) npoucxoauT ganbHenlee yKpynHeHue orapka n BocC-
CTaHOBIIEHMEe A0 MeTanna NpuUCcyTCTBYIOLWMX B orapke Hukena n kobanbTa (85 % — 90 %), a
TaKke 4Yactu xernesa n megun. B kayectBe BOCCTaHOBUTESNSA UCMNONb3YOT AOMEHHbLIA KOKC U
yronb B konuyectee 12 % — 14 %.

[MepeyeHb OCHOBHOrO TexHonorndeckoro obopyanoBaHua npuBedeH B Tabnuue 2.18,
BbIOPOCHI OCHOBHbIX 3arps3HAOLLMX BeLeCcTB B atMocdepy npu nonydeHun NMHTM — B Tab-

nuue 2.19, xapaktepuctuka CTouHbIX Bog — B Tabnuvue 2.20.

Tabnuua 2.18 — NepeyeHb OCHOBHOIO TEXHOMOMMYECKOro 060opyaoBaHNs

HaunmeHoBaHue

Ne HasHauyeHune obopynoBaHus Xapaktepuctmka obopyaoBaHus
obopynoBaHus

1 | Cryctutenu LI9 CrywieHve nynbnbl HUKENEBOro Mnowaab noBepxHOCTH 60 M

KOHLIeHTpaTa

2 | Cryctutenun 12 CryuwieHve nynbnbl HUKENEBOro Mnowanb noBepxHocTn 110 m

KOHLIeHTpaTa
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HanmeHoBaHne
Ne
obopynoBaHus

HasHauyeHue obopynoBaHus

Xapaktepuctunka obopygoBaHus

BapabaHHbIl Ba-

3 | KYYMHbIA UnbTp

(DVIJ'IpraLl,I/Iﬂ CryweHHOoro Hukene-

BOro KOHUEHTpaTa

Mnowagb puneTpaumm —
40 m?, cofepkaHue Brarv B

keke — 6 % — 9 %

MNeyb knnawero

cnosd

O6xur KoHueHTpaTa

Mnowaab noga — 24 m2

TpybuaTasa Bpa-
5 | warowanacsa neyb
(TBIT)

BoccTaHoBneHve orapka okucnum-

TernbHoro ooxwura

[OnnHa neun — 20 m, gnameTp
ne4yn — 2,2 M, juameTp B CBe-
Ty — 1,688 m

Tabnuua 2.19 — Bbibpochl 3arpsisHsoLmMX BewecTs B aTMocdepy npu nonydeHun MHTT

NcTouHMKM Macca Bbibpocos 3B nocne
HanveHoBaHune MeTona o4ncTkn _
Bbl6pOCOB oumncTku r/t Ni B aHoadax
TpybuaTtble ne- | Ouokema azota | Oxnagutenu rasos, LMK- 20,7
4yu, Neyun Knuns- KobanbT NOHbI, ANEKTPOPUNbTPHLI, 140
Lero cnos Hukenb CTPYMHO-MNEHHbIE annapa- 7 124
Menob Thl 367
MbiLbsAK 35
NblNb HeopraHm-
21 284
yeckasi
CsuHey, 395
[nokcng cepebl 6718

Tabnuua 2.20 — CTo4Hble BoAbl, 0bpasytowmecs npu nonydeHun MHTI

HanmeHoBaHue cToy-

HbIX BOA Mo nepegenam

Hopmunpyemoe konnde-

CTBO B cyTkK, M3/T Ni

CopepxxaHne BpegHbIX

npumecem

MecTto cbpoca

Ob6opoTHas Boaa

KoOMOuHaTa

0,005

He 6onee ypoBHs B

00OOpOTHOW CUCTEMBI

CamoTeyHble Konnek-
TOpbl 060POTHON CU-

CTeMbl

B xone peMOHTHbIX U CTpoUTENbHbIX paboT obpa3sytoTcs TBepable OTXOAbl Npolecca

nonydeHus MHTI: Bbinomkn gyTepoBkn nedven, 6on kupnuya, 6eToH, Tennonsonauus, me-

Tanronom.
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2.2.1.3 NMNponsBoacTBO YepHOBbLIX HUKENEeBbIX aHOA40B

Ha cerogHAWHUN AeHb OCHOBHAas 4YaCTb HWKENEBOro MopoLllka TpybyaTbix neven no-
CTynaeT Ha aHOOHYIO MMaBKy B OYyroBble 3MeKTponeyn, YaCcTb — Ha XIIOpHOe pacTBOpeHue
ANa BOCMONHeHUs geduuuTa Hukens. LLuxta nedven BknwoyaeT B cebsd, NOMMMO MOPOLLKA,
BOCCTaHOBUTENb M aHOAHbIN cKpan.

Mpn pacnnaBneHnn WnxTbl cBOOGOOHON yrnepoa U 3aKkMCb HWKENst pacTBOPSIOTCS B
pacnnaBfieHHOM MeTanne, NpyM 3TOM NPOUCXOOUT «HayrfnepoXmnBaHue» BaHHbI MeTanna no
peakunn ¢ obpasoBaHnem kapbuaa Hukensa (NisC), KOTopbIi NpU pacTBOPEHUU B MeTanne
B3aMMOOENCTBYET C 3aKUCbIO HUKENS.

PacTtBopuMOCTb yrrepoga B MeTasnsie BbiCOKa, U Ha HayarbHbIX aTanax nnaBku C yye-
TOM MOSOXUTENBHOIO BIIMSHUS HaAyrnepoXuBaHUS pacrniaBa Ha TemnepaTtypy nnasrieHus
MeTanna npouecc BedyT C M3ObITKOM BOCCTaHOBUTENS, KOTOPbIN Ha (OUHANbHbIX 3Tanax
yOoansawT npucagkon orapka B Xuakun metann. [loBoaka meTtasna no CoAepXXaHuio yrrepoaa
MOXeT TaKXe OCyLLeCTBNATbCA KUCITOPOOHOW NPOAYBKOW.

K MOMEHTY nonHoro pacnnasfeHust WKXTbl B neyn obpasyloTcs wnakoBas u metarn-
nunyeckne ¢asbl. B OCHOBHOM LUMak COCTOUT U3 OKUCIOB, COAEpPXXaHWe KOTOPbIX MOXET O0-
cTUrHyTb 95 %. CHWXeHve noTepb LBETHbIX MeTansnoB CO LWakaMn U yBerMYeHne nUx ns-
BNEeYeHNs B aHOLAHOW HUKerNb NPOUCXOOUT TeM MoSfiHee, YeM fyulle BOCCTaHOBUTEIbHbIEe
YCIOBMS B M€Y 1 YeM BbllLe aKTUBHOCTb OKUCIIOB B LUSAaKe, KoTopas 3aBUCUT OT KOSfiMyecTsa
dnrocyowmx 4obaBoK, TaKUX Kak U3BECTHAK, OKUCb KPEMHUS.

lMocne obeagHeHusa wnaka n3bbITOK €ro NOPLUMOHHO CAMBAKOT MYTEM HaKMOHa neyu.
Mpu aTom Boratas YyacTb LWNaka BO3BpallaeTca Ha nnaBky, a 6eaHass — oTnpaBndeTca Ha
nepepabotky B PTI1. [0TOBLIN MeTann pasnuBaeTcst N0 U3NOXHULAM KapyCernbHON MallvHbI
N HanpasrseTcs Ha anekTponmMTuyeckoe paduHUpoBaHMe ¢ Nofny4YeHUeM KaToaHoro Metarn-
na. 3anblfeHHble OTXOAsWMe rasbl OYMLLAOTCA B 3neKTpodunbTpax M BblbpackiBalOTCA B
aTMmocdepy.

[MepeyeHb OCHOBHOrO TexHonornveckoro obopyanoBaHua npuBedeH B Tabnuue 2.21,

BbIOPOCHI 3arpA3HAILLMX BEWeCcTB — B Tabnuue 2.22.

Tabnuua 2.21 — lNepeyeHb OCHOBHOIO TEXHOMOMMYECKOro 060pyaoBaHNs

Ne HanmeHoBaHne obopynoBaHms OCHOBHbIEe XapaKkTepuCTUKN
1 |BbyHKep BOCCTaHOBMEHHOM 3aKUcu Emkocte — 40 T
1 Emkoctb — 60 T
2 |ByHKkep HeBOCCTaHOBNEHHOW 3aKNUCU Emkoctb — 10T
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Ne HanmeHoBaHune O60pYﬂ,OBaHVI9-I OcHoBHble XapakTepucTtmkn

1 Emkoctb — 5T

3 | BbyHkep BoccTaHOBUTENS O6bem — 25 w3

4 |lMuTtaTtens TapensyaTbin HOvameTp Tapenkn — 1000 mm

1 AunameTp Tapernku — 800 mm

5 |luTaTenb WHeKoBbIN AunameTp wHeka — 450 mm

6 |Onektponeyb PK3 Ne 1 MowHocTb TpaHcdopmaTopa — 12500 kKBA
7 |Onektponeyb OKB Ne 2 MowwHocTb TpaHchopmaTopa — 9000 kBA
8 |9nektponeyb PK3 Ne 3 MowwHocTb TpaHcdopmaTopa — 15000 kBA
9 |WHgykunoHHbIn mukcep NYTM-16 MowHocTb TpaHchopmaTopa — 1300 kKBA
10 | MHayKUMOHHBbIN Mukcep NYTM-16 MoLwwHocTb TpaHcdopmaTopa — 1600 kKBA
11 |Pa3nuBo4yHas mallmMHa Ouametp — 10 ™m

Tabnuua 2.22 — BbIGpochl 3arpsA3HSOLLIMX BeLlecTB B aTMOCdhepY Npu aHOAHOW nnaeke

Macca Bbibpocos 3B nocne
NcTouHMKM Bbl6pOCOB HanmeHoBaHne MeTOD, O4YUCTKN .
ouncTtku, r/t Ni B aHogax
Meun, kapycernbHo- Hukenb LIMKNOHbI, anek- 1985
pasfnnBOYHbIE MaLLN- KobanbT TpohunbTp 38,8
Hbl, 3arpy304Hble Meaob 228
ByHkepa MbIWbAK 4,8
MbiNb HeopraHm-
4105
yeckas
CsuHel 25,7
[vokcna cepebl 402

Lnak aHOQHOM nNnaBKku, BbIFIOMKM (DYTEPOBKMW, yrnaBnuBaemMasa B dneKkTpoduribTpax

Nblfib HE ABJIAIOTCA OTBalibHbIMWU NMPOAYKTAMWU N HanpaBiiAKTCA Ha nepepa60TKy Ha apyrue

nepeaneribl TeXHoJT0rm4ecKkoro uukna. I'Ipoqme TBepAable OTXO0Abl nepegena ceA3aHbl C NpoBe-

AeHMeM peMoHTa 0bopyaoBaHMsA U 3aaHWIA.

2.2.1.4 Nony4yeHne KaToAHOro HUKenNA

AnekTponuTnyeckoe paduHUMPOBaHME YEePHOBbLIX HUKENEBbIX aHOO4OB — AO0CTATOYHO

CTapad TexHonoruma, obecneunBaowas nony4vyeHne ToBapHOro HUKENA B TOM 4Yucne mn3 gpar-

MeTanncoaepallero cbipbs. B HacTosiLee Bpems NpoM3BOACTBO COXPaAHWUIOCh TONbKO Ha

Konbckon 'MK. Cnegyet otmeTuTb, 4TO 1 Ha KI'MK Takke npegycmaTpuBaeTcs nocTeneHHas
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3aMeHa TexHoMnormm paMHMPOBaHNSA YEPHOBbIX aHOAOB padUHUPOBAHUEM HUKENEBOro Mo-
poLuka TpybyaTbix neyven (MHTIT).

Hapsagy ¢ metannMyeckum HUKenem YepHoBble aHOAbl coaepXaTt nepsble MPOLEHTbI
OCHOBHbIX NpUMecen: Xenesa n mean, kobanbta U OoNU npoueHTa cepbl. Kpome Toro, B
YepHOBbIX aHOA4AX COAEPXKUTCA LUMPOKUIA CNEKTP PasnnyYHbIX MUKPOMPUMECEN, BKNoYas apa-
roueHHble MeTannbl. PajguHMpoBaHMe 4epHOBbIX HUMKENEBbIX aHOOOB OCYLLECTBNAEeTCS B
AMEKTPONN3HbIX BaHHaXx (3MekTponusepax SWMYHOro Tuna) C pasfeneHneM KaTtogHoro u
aHOOHOro NPOCTPaHCTB MPOTOYHOW TKaHeBOW AuadparMon. Npu aToM MCnonb3yeTcsa Cyfb-
draT-xnopnaHbIn HUKENEBbIN 3NEKTPonUT. Katoabl BHYTPU BaHH NoMelleHbl B anadparmen-
Hble S’M4EeNKW, a aHOAbl HAXOAATCHA B 00OweM aHOAHOM MpPOCTpaHCTBE. 3a CYET MPOXOXAEeHUN
NOCTOSIHHOrO TOKa Ha aHoJax MPOUCXOOUT pacTBOPEHME HUKENSA U NpuMecen ¢ NonyyYyeHnem
3arpsA3HEHHOr0 HUKEeneBOro pacTBopa — aHonuTta. Ha katogax B 9KBMBAneHTHOM npony-
LWEeHHOMY TOKY KONMMYecTBe OoCaxJaeTCa YMCTbIM KaTOAHbIA HUKeNb. B kaxayto KaToaHyHo
AYEeNKy HenpepbiBHO MOAAeTCH OYULLEHHbLIN OT NMpUMecen HUKemneBbl PacTBOP — KaTOSuT.
3a cyeT ero nogayn ypoBeHb pacTBopa B KaTOAHbLIX sYenkax NpeBblllaeT ypoBEeHb B aHOA-
HOM npocTpaHcTBe. Katonut npocadnBaeTcs Yyepes nopbl AvadparMbl B aHOAHOE NPOCTPaH-
CTBO BaHHbl, MPENATCTBYS NonagaHuio B KaToQHOE MPOCTPaHCTBO NMpUMecen u3 aHonuTa.
Mocne npoxoxaeHust yepes anadparmy KaTtonuT 06beguMHAeTCs C aHONIMTOM U CaMOTEKOM
yaansieTca U3 BaHHbl Ha OYUCTKY. HacTb aHOAHbIX NMPUMECcCen He pacTBOPSETCH U, Npenmy-
LLLeCTBEHHO OCaXadasiCb B JOHHOW YacTWU aHOAHOro NPOCTPaHCTBa BaHHbI, (hopMupyeT Ha no-
BEPXHOCTU aHOJa HepacTBOPUMBIN LUMaM, B KOTOPOM, B YaCTHOCTU, KOHLEHTPUPYIOTCS Apa-
roueHHble MeTansbl.

OcaxgeHne TOBapHOro HUKensi OCYLLeCTBNAETCH Ha HUKeneBble OCHOBbI, KOTOpble
NPOUN3BOAATCH B OTAEMbHbIX 3MEKTPOSIM3HbIX BaHHaX NyTeM KaTOOHOrO OCaXOeHWsA HuKens
Ha TUTaHOBble MaTpuubl. Takne BaHHbI, B OTNINYME OT BaHH MPOM3BOACTBA TOBApHOIO HUKe-
N4, HasblBalOTCA MaTpudHbiMU. CpOK HapalimMBaHUS OCHOB cocTasnseT 12—-24 4. Katoabl ¢
OCaXAeHHbIMW Ha HUX OCHOBAaMW BbIFPYXaKTCS, MPOMbIBAOTCH, OCHOBbI CAMPAOTCA U npa-
BATCA. K HAM KOHTaKTHOM CBapKOW NpuUBapmnBalOTCA Bblpe3aHHble U3 OCHOB YLLIKW. Hukenesble
OCHOBbI C MPMBAPEHHBIMW YLLIKaMU 3arpyxarTCs B TOBapHble BaHHbl AN HapallMBaHUs Ha
HUX TOBapPHbIX HUKeNeBbIX KaToAoB. CpoK HapaluBaHUA TOBapHbIX KaToAoB (KaTogHast KOM-
naHus) coctaenset 3—4 cyT. [1o 3aBepLUeHUn KaTOLHOM KOMMaHUN TOBapHbIe KaToAbl BbIrpy-
XarTcs, NpoMbIBalOTCA M nepefarTca B AanbHenwyo obpaboTky, BKMYaKLWY B3BELUU-
BaHune, NpobooTbop, pesKy, COPTUPOBKY (pa3bpakoBKy), dacoBKy (ynakoBKy) NEPBUYHOMO HU-
Kensa ans otnpasBky NapTUSMK Ha CKraj rotoBou npogykumn. o 3aBepLuieHumn aHO4HOW KOM-

NnaHUn OCyLLEeCTBIIAETCA YACTKa BaHH. I'Iepe,u, YMCTKOW BaHHbI LUYHTUPYIOTCA. 3 BaHH BbIrpy-
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XarTca aHOOHbIN cKpan U KaTOAHble SYENKU, BaHHbl OMOPOXHATCA N OYMLLAOTCA OT uUay-
Lero Ha NpPou3BOACTBO AparoLeHHbIX MeTanmnoB wnama. PacTBopuBLLasca 4YacTb aHOO0B U3
BaHH — CKparn rnocrie npoMbIBKM OT LWflaMa HanpaBnaeTcs Ha aHoOHyK nnasky. AHOOHas
OCbINb HaNPaBMsEeTCHA Ha XNIOPHOE BblllenaymBaHne nmbo Ha aHOAHy nnaeky. Nocne ynct-
K/ B BaHHbl yCTaHaBNNBAOTCA HOBblE aHOAbl U KaTOAHbIE SS4ENKW, BaHHa 3anOfHAETCH KaTo-
NNTOM Y LMKN paddMHMPOBaHMUS NOBTOPSETCS.

3arpsA3HeHHbI NPUMeCcAMM aHONMUT M3 BaHH O4yMLLa@eTCcs OT npuMmecen rmgpometarn-
nyprnyeckumn crnocobamu, BKMYawWmMMM B ceba nocnegoBaTenbHOe yaaneHue >xenesa
nyTemM ero OKUCreHUs BO34yXOM B NMPUCYTCTBUW OCHOBHOrO KapboHaTa HUKens B KayecTBe
HenTpanusaTtopa, Mean — LeMeHTaunoHHbIM ocaxaeHnem Ha MHTI n kobanbTa npu okuc-
NEHUN XNOPOM B NPUCYTCTBUN HENTpanu3aTopa — OCHOBHOIo kapboHaTa HuKens.

[Mocne KOPPEKTUPOBKN KUCITOTHOCTM OYULLIEHHBIN OT KoBanbTa pacTBOp B KayecTBe Ka-
TONuTa nogaeTcs B BaHHbl padoHUPOBaHUA. [1epBUYHbIN Xene3ncTbln Kek penysbnupyeTca
ANa yaaneHus N3 Hero HUKers 1 nonyyYeHns oTBasibHOro rmapaTHOro Kene3ncToro Keka.

KoGanbToBbIN KeK Takke penynbnupyeTcs Ans yaaneHus npucyTCTBYIOLWErO B HEM
HUKeNs 1 HanpasnseTca Ha NPOM3BOACTBO KaToAHOro kobanbTa.

Copgepxallaa HUKeNb U UHble NPUMECKU LUeMeHTHas Medb nepedaeTcsd B NPOu3BOA-
cTBO Meau. HeduuuTt BOOOPaCTBOPUMOrO HUKENs BOCMONHAeTcsa xnopupoBaHvem [MHTTI.
OcHoBHOM kapboHaT HMKENa ANA OYUCTKM OT NpUMecen nosyyatroT Ha kapboHaTHOM nepege-
ne ¢ ncnonb3oBaHWeM OeaHbIX HUKENEeBbIX PacTBOPOB OT penyribnauum NepBUYHbBIX KEKOB
npumecen. OcaxgeHne kapboHaTa OCyLLEeCTBMSETCS pacTBOPOM KalibLUMHUPOBAHHOW COApbl.
B npon3BoaCTBO BOBMEKAKTCA HUKENbCOAepaLlmMe pacTBOpbl U MHbIe NOSYNPOaYKTbl CMEX-
HbIX MeOHOro 1 K06anbTOBOro NPOU3BOACTB, @ TaKkKe NPOAYKTbl y4acTka nepepaboTku wna-
MOB. Ha penynbnaumsax n ana perynmpoBaHus KUCNOTHOCTU NO onepauusmM O4YMCTOK UCMOfb-
3yeTCH CepHas KMCNoTa CMEXHOro CEPHOKUCITIOTHOrO NPOU3BOACTBA, NPOU3BOANMASN KaK Mo-
NyTHLIN NPOAYKT U3 ra3oB NUPOMETannNypruyecknx nponsBoacTs. B kayecTBe OCHOBHbIX OT-
X040B Npou3BoAcTBa 06pasyoTCs OYMLLEHHbIE OT LIBETHbLIX METansoB CynbaT-xnopuaHble
cnuBbl kKapboHaTHOro nepefena v oTBasbHbIN XeNe3nCTbIN Kek.

OpraHu3aunoHHO NPOU3BOLCTBO 3MNEKTPONIUTHOrO HUKENS BKIYaeT B ceba Tpu oc-
HOBHbIX OTAENEeHNA: aNeKkTponuaHoe, rmapometannyprmuyeckoe (FMO) n otaeneHne rotoBon
npoaykuun. OcHoBHOE TexHonornyeckoe obopynoBaHue (Tabnuua 2.23), TpybonpoBoabl U
3anopHasa apmaTypa npeuMyLieCTBEHHO BbINOMHEHbl B TUTAHOBOM WCMOSIHEHUM nMBO K3

cTanu C KUCNOTOYNOPHOM (pyTepOBKOW.
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Tabnuua 2.23 — OCHOBHOe TexHOMornyeckoe obopydoBaHmne Lexa anekTponuaa HUKens

HanmeHoBaHne O60pyﬂ,OBaHVI9-|

HasHauyeHune

XapakTepuctuka

OneKTponuaHoe otaeneHne

BaHHbI anekTponusHble

lMonyyeHue kaToaHOroO

HUKen4a

MonumepbeTOHHbIE BaHHbI, 51—
51 aHopoBs, 49-50 kaTogoB, C
paboyen NoOBEPXHOCTLIO
935 x 1085

MocToBble KpaHbI

Q=10T,H=13m,L=21m

CneukpaHsbl

O6cnyxmBaHue BaHH

Q=32/30T,L=105m

MMNbOTUHHBIE M OUCKOBbIE

HOXHMULIbI

Pe3ka ocHoB Ha yLun,

pe3Ka 3arotoBok OCHOB

MalunHbI TO4EYHOW CBapKu

MpuBapka ywen

MT-1222 (MT-2202)

M'apomeTannypruyeckoe otae

JieHne

Bakosoe obopynosaHue

C6opHMKKM KaTONUTa 1

aHosnnTa

Emkoctb — go 400 m3

AI'II'IapaTbI C NHEBMATUYECKUM

nepemMeLLmMBaHmeM (Nadvyku)

PeakumoHHoe obopyno-

BaHne

Emkoctb — go 170 m3

AI'II'IapaTbI C MeXaHn4YeCKnM
nepemMmewimBaHmMeM, C KOHN4e-

CKMM 1 NNOCKUM OHULLEM

Penynbnauns ocagkos,
npoBeaeHne TEXHOMOorM-

YeCKuMX npoueccos

EmMkocTb — go 20 m3

AnnapaTbl C nepemeLlunBaHn-
€M B MNCeBOOOXMKEHHOM Crioe

(uemeHTaToOpbI)

OdyucTtka aHonuTa ot

npumecen

EmMkoctb — go 90 m3

[MaTpoHHbIE PUNLTPLI

PaspgeneHune »xunakoro n

TBEPAOro

[nckoBble BakyyMHble OUSb-

TPbI

Paspgenenue xungkoro un

TBEPOOoro

PunbTpP-NpPecchl paMmHble

PaspneneHue xunakoro u

TBEPAOro

JIeHTOYHbIN BaKyyMHbI

dunbTp

Paspgenenue xungkoro n

TBEPOOoro

MOpouMKnoH

PaspgeneHue xungkoro u

TBEPOOoro
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HanmeHoBaHne O60pyﬂ,OBaHVIF-| HasHaudeHune XapaKTepVICTI/IKa

Cryctutenb ogHosapycHbIn, ¢ | PasgeneHue Xnakoro u

LUeHTpalribHbiM NpnBOAOM TBEPOOro

[ByxcnnpanbHble kKnaccngu- | PasgeneHune xmngkoro m HOvameTp cnvpanen — 280 mm,

KaTopbl TBEpAoro war cnnpanen — 300 mm

OTtpeneHve rotoBon NpoayKumm

MocToBble KpaHbl TpaHcnopTnpoBka roto- Q=5/20T

BOW NpOayKunn

AKKYMYNATOPHbIE NOrpy3ymnku, | TpaHCNOpTUPOBKA roTo- Q=10T
3MeKTpUYeckme MOTOpPHbIE BOW NpoayKumm

TEeNnexKu

[MMNbOTUHHBIE HOXHULBI KpK- Pe3ka katogos

BOLWLWUMNHbIE, JIMHN aBTOMATU-

4YeCcKoun pesku

MpucnocobneHuns ansa da- YnakoBka KatogoB
COBKM 1 YyNaKOBKM TOBApPHOIo

HUKeNA

B npouecce MHoroneTHen akcnnyaTaumMm TEXHONOrMs pauHNPOBaHNA YEPHOBBIX HU-
KeneBbIX aHOOOB HENpepbiBHO COBEPLUEHCTBOBANacb, U K HACTOSILLEMY BPEMEHWU NYyTU ee
AanbHENLWero ynyylweHnsa npakTU4Yeckn ucyepnaHbl U 3KOHOMUYECKM BecnepCnekTUBHBI.
MMeHHO no3ToMy 3Ta TEXHOMNOrns, MMEBLUAs paHee LUMPOKOEe pacnpocTpaHeHue, nosce-
MECTHO 3amelleHa bonee coBpeMeHHbIMN cnocobamu. OCHOBHbIE HEOQOCTATKM TEXHOMOMK
padMHNPOBaHNA YEPHOBbLIX HUKENEBbIX aHOAOB onpedenstTcs cobCcTBEHHO HeobxoaMmo-
CTbIO MX MPOM3BOACTBA. AnbTepHaTUBHbIE rTMApPOMeTannyprudeckne cnocobel paguHUpoBa-
HUA PanHWTEHa UM NPoayKToB ero nepepaboTku npegnonaratT B Ka4yecTBe TOBApPHOroO
nepegena 3aneKkTPOIKCTPAKUMIO HUKENSA M3 XMNOPUAHbIX MU CynbgaTHbIX pacTtBopos. [pu
3TOM nepeaen npon3BoACTBa YEPHOBbLIX HUKENEBbLIX aHOAOB 3aMeEHsIeTCa nepeagenom pac-
TBOPEHNA barHLWTENHA UM NPOAYKTOB ero nepepabotkn. OueBnaHbl criegyowime obume
npenmyLecTsa Nog06HbIX peLleHU:

- NMUKBMOAUMS 3atpaTt Ha NPOU3BOACTBO NMPOMEXYTOYHbLIX NMPOAYKTOB, @ UMEHHO Yep-
HOBbIX aHOAOB;

- NMVKBNOAUMS ONpeaensowmMxcs Hannmymem aHoAHoro ckpana ob6opoTos.;

- CYLLEeCTBEHHOE YNnpoLleHne obCnyXMBaHUs ANEKTPOSM3HbIX BaHH (0BpaboTka aHo-

[AOB U1 cKpana, Y4CTka BaHH C BblaeneHnem n nepepaboTkon wnama);
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- BO3MOXHOCTN Bonee nonHon mMexaHusauuu v BHeApPeHUs OOMNONHUTENbHbIX, bonee
COBEpLUEHHbIX CUCTEM KOHTPOMSA NpOoLeccoB paddUHUPOBaHUS;

- BO3MOXXHOCTW UCNONb30BaHMsA 6onee COBPEMEHHOIO OCHOBHOMO 060pya0BaHNS;

- CYLLEeCTBEHHOEe COKpalleHne Hes3aBepLUeHHOro npou3BOACTBa (CPOK pacTBOPEHUS
YepHOBbIX aHOAOB cocTaBnseT npubnusntensHo 30 CyT, KPOMe TOro, OH yBenuyMBaeTcs 3a
cyeT Hanuumnsa obopoTHOro ckpana).

Kpome TOro, B 3aBMCMMOCTM OT cOocTaBa nepepabatbiBaeMoro Cbipbsi, OCHOBbI padu-
HUPOBOYHOIO pacTBopa, KOHUrypaumm pagpuHUPOBOYHbBIX MOLLHOCTEW W MPUHLMNA KOH-
KPeTHbIX padMHUPOBOYHBIX Onepauuin UCNoNb3yTCA pasfnnyHblie peareHTbl U SHEProHoCu-
Tenn n PopMNPYHOTCA pasfiMyHble 0TXOAbI.

McxoaHbIM CbipbeM MPOLIECCOB MAPOMETanypruieckoro paouHUPOBaHNA MOXET
ObITb Kak COBCTBEHHO halHLUTENH, TaK U NPOAYKTbl ero nepepaboTku, B YHaCTHOCTU HUKene-
BbI KOHLEHTPAT u/unn metannumampoBaHHas opakums oT pasgeneHnsa panHwTenHa.

B HacTosdwee Bpemsa Ha Konbckon MK — eguMHCTBEHHOM OTEYeCTBEHHOM npeanpus-
TWW, BblMyCKaloLeM TOBAPHbIN HUKESb BbICOKOW YNCTOThI, HAaYancs nocteneHHbI nepexon ot
TEXHOMNOorMnM pacnHNPOBaAHMS YEPHOBbLIX HUKENEBLIX aHOAOB K rMApOMeTanslypruyeckon Tex-
HONormn paduHNPoOBaHUSA. JTa TEXHONOMMA NpegycMaTpmBaeT MnonyvyeHne TOBapHOrO HUKe-
NS 9NEKTPOIKCTPaKLUMEN U3 XITOPUOHBIX PacTBOPOB. Ha nepBoM aTane B kKa4yecTBe MCXOQHOro
cbipbs NpegycmatpuBaeTcs ucnons3osaHne HITI. B ganeHenwen nepcnektiee npeacras-
naeTca uenecoobpasHbiM UCNONb30BaHME B KayecTBe 060COONEHHOro Cbipba METanIM3npo-
BaHHOW dopakumMn OT pasgeneHuns anHwTenHa WU ganee HUKeNeBOoro KoHueHTpaTa OT pas-
aenenus anHwTenHa. 3ameHa HIITI HuKeneBbIM KOHUEHTPATOM MO3BOSIUT MOSIHOCTLIO
NMKBNMOVPOBaTb Nepeaesnbl OKUCIUTENBHOMO M BOCCTAaHOBUTENBHOrO obXura, Yto No3BONUT
CYLLIECTBEHHO COKpPaTUTb B TOM YUCIIE NOTEPUN LIEHHbIX KOMMNOHEHTOB, TpyAo3aTpaThbl, SHepro-
3aTpaTbl 1 SMUCCUIO BPEOHbIX BELLECTB.

Ha cerogHawHW aeHb xnopHoe pacteopenune MNHTI urpaet BcnomoratesibHy0 ponb
B NPOU3BOACTBE TOBAPHOIO HUKENsS WU npecriegyeT uerb BOCMONHEeHUs AeduuuTta HUKeNs m
CoKpaLlleHns obopoTOB LEexa 3MeKTponmsa, ogHako B Onwxanwewn nepcrnektuBe AaHHbIn
npouecc OOMKEH NOSTHOCTbIO BbITECHUTbL MOpanbHO U U3NYECKM yCTapeBLUlee aneKkTpopa-
(PUHMpPOBaHME YEePHOBbLIX aHOJ0B.

Mo xummnyeckomy coctaBy MNHTI 6nn3ok YepHOBLIM HUKENEBbLIM aHOA4aM, O4HAKO CO-
OEPXKUT 3HAYUTENBHOE KOSNMYECTBO KPEMHUS, KanbUns, MarHus U antoMuUHUS, NOCTynaroLwmnx

B npouecc C 30JIbHOW COCTaBnNsALLEN yrn4, ncnosfib3yemoro Ha onepaunm BOCCTaHOBIIEHUA.
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TexHonorna nepepabotkn MHTI BknoyaeT B cebst Tpu OCHOBHbIX Grioka: XrnopHoe
pacTBopeHne B 06e4HEHHOM HWKENEBOM pacTBOPE, OYUCTKY OT MPUMMECEN U SNEeKTPOIKC-
TPaKUMIO HUKENS.

B npouecce xfiopHOro pacTBOPEHUS B XUAKYK YacTb Myfibhbl U3BNEKAKTCHA HUKENb U
OCHOBHbIE NPUMECK, NMPU 3TOM Cepa U AparoLeHHble MeTansbl KONNEKTUPYIOTCHA B HEPacTBO-
pPUMOM OcTaTKe. XropHoe BbllLieNnaynBaHne OCYLLECTBISETCA B annaparax C nceBaooXuxKe-
HMeM — LemMeHTaTopax.

O6oralleHHbIn HUKENeM pacTBOP XJSIOPHOIO BbILENavMBaHUsa o4vuLLaeTCcs OT npume-
CeN COBMECTHO C aHOMIMTOM OT paddMHUPOBAHUS YEPHOBbLIX aHOAOB, MPWU 3TOM JaHHbIN PaKT
crnegyeT paccMmaTtpuBaTb Kak BpeMeHHy0 Mepy. OuulleHHbIM OT npumecen, GoraTbli HUKe-
nem npoAayKUMOHHbIA PacTBOP B KAYECTBE KaTonuTa NocTynaeT B BaHHbI 3M1EKTPOIKCTPaAKLMN.

ONEKTPOIKCTPaKLUMS HUKENS OCYLLECTBNSETCA B NONMMMEPOETOHHbIX 3NIEKTPONMN3HbIX
BaHHAX C pasgefieHMeM KaTo4HOro M aHO4HOro MPOCTPaHCTB MPOTOYHOW TKAHEBOW Aua-
dparmon. MNpun aTom ncnonbdyeTtcsa obwmin ¢ pacpMHMPOBOYHBIMM BaHHAMW HUKENEBLIN 3NeK-
TponuT. HepacTBopuMblE TUTAHOBbLIE aHOAbI C aKTUBHBLIM NOKPbITUEM Tuna OPTA nomelueHb!
B 0bopyaoBaHHbIe Komnnakamn u paboTatowme nog paspsbkeHmem anadparMeHHble SSYenku,
a KatoAbl HaxoaaTcs B obwemM KaTogHOM MPOCTPAHCTBE BaHHbl. 3a CHET NPOXOXAEHMS MO-
CTOSIHHOrO TOKa Ha aHodax BblaenseTrca xrop. Ha katogax B 3kBUBaNeHTHOM NponyLeHHOMY
TOKY KONMUYeCTBE OCaXJaeTCH YUCTbI KaTOAHbIM HUKenNb. KaTonuT HenpepbiBHO nofjaeTcy B
obLiee KaToAHOE MPOCTPAHCTBO BaHHbI. M3 Kaxxaon aHOOHOW SYEMKM aHONUT COBMECTHO C
aHOAHbIM XJTOPOM 3BaKyMpyeTCcsl 3a CYHeT paspskeHus B 6opToBoun Konnektop. Katonut npo-
caymBaeTcsa Yyepe3s nopbl gMadparmbl B aHOLHbIE AYENKU, NPEenATCTBYS nonagaHuio B KaToa-
HOE MPOCTPaHCTBO xJlopa. AHOOHbIN XMOp-ra3 OTAENAeTCca OT aHoNMTa BHE BaHHbI, B 6opTo-
BOM KOJJEKTOPE, U HanpasnsieTca Ha xnopHoe BbiwenadnsaHue MNMHTIM. AHonnT HanpaBns-
€TCHA Ha COBMECTHYIO C aHONMMTOM PaPUHNUPOBOYHBIX BaHH OYUCTKY OT MPUMECEN.

O6cnyxMBaHMe 3nNeKTPONIM3HbIX BaHH He TpebyeT MX OCTaHOBKW, YNCTKM U 3aMeEHbI
aHopoB. OcaxaeHue KaTo4HOro HUKens OCYLLeCTBNAEeTCS Ha HuKerneBbliX ocHoBax. Onepa-
UMM M3rOoTOBMEHNSA HUKENEBBIX OCHOB N 06paboTkM TOBAPHbIX KAaTOO4OB NPWU 3NEKTPOIKCTPAK-
UMM HUKENSA N padUHUPOBAHUM YEPHOBbLIX HUKENEBbBIX aHOLOB COBMaAaloT.

C yyeTOM OHOBpPEMEHHOW 3KCnryaTauuu 3nekTpopaduHUPOBAHUA YEPHOBbLIX HUKE-
neBbIX aHOA0B U paduHupoBaHus MNMHTI B TexHONOrM4Yeckon Lenoyke Ucnosib3yeTca OCHOB-
HOoe TexHonornyeckoe obopyaoBaHME INEKTPOSNIM3HOIO OTAENEHUS paPUHNUPOBAHUSA YEPHO-
BbIX HUKeNEeBbIX aHOAOB. MNMpUHUMNNANBHO OTAMYAETCS NULWb KOHCTPYKLUMS U PacrnosioXXeHune
3NEKTPOAO0B BHYTPWU 3MEKTPONM3HbLIX BaHH, a Takke 06BA3ka BaHH No pactBopam. B kaxgon

BaHHe 61 cTauuMoHapHbIA HEPACTBOPUMbIA TUTAHOBLIN aHOA C aKTUBHbLIM MOKPbITUEM TWMNa
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OPTA n 60 kaTogoB, paboyen nosepxHocTblo 935 x 1340 mm. Boonb 6opTa BaHHbI NPOXO-
ONT KONMEeKTop ANns COBMECTHOW 3Bakyauuu aHonuta m xnopa. CoxpaHseTcs nonapHas
rpynnMpoBka BaHH B 6NOKM C nocrnegoBaTefibHbIM MOAKMYEHNEM BaHH MO TOKY B CEpUM.
MakcnmanbHas TokoBas Harpyska — o 35 KA.

OcHoBHOe TexHomnormyeckoe obopyaoBaHue rmapomMeTanilyprmyeckoro oTAeneHus u
OoTAeneHns roToBOM NPOAYKUUKN ABASIETCS OOLUM C TEXHOSOrMen Npon3BoacTBa HUKENs Ye-
pe3 padMHMpOBaHWE YEPHOBLIX HUKENEeBbIX aHOAOB.

Mpu padmHUpoBaHN YepHOBLIX HUKeNeBbIx aHogoB M MMHTI ncnonb3yTca crneny-
tOLLIEe OCHOBHblE MaTepuarbl U peareHTbl: KUCoTa cepHas, Xnop, coaa KanbunMHUpOBaHHas,
6opHas kucnota (6yaeT UCKMYEHa MO 3aBepLUEHNN NepexogHoro atana), TKaHu guadppar-
MeHHas (XrornkonaecaHoBas) U uUnbTpoBarbHbIE (NaBcaHOBasi, NONMMPONUIIEHOBas N CMe-
coBbl€).

Mpn npousBoAcTBE KAaTOOHOIO HUKENs OCHOBHbIMW BpedHbIMU BeLLlecTBaMu, Bbibpa-
CblBaeMbIiMK B aTMocdepy, SBMSeTCA HUKenb (B TOM 4Yucrne B BOAOPAcTBOpPUMOWN dopme),
cepHas KucroTta B BMAE aspo30fien, a Takke xrop. YaaneHne aspo3onen ocyLecTBnaeTcs
Yyepes aspaunoHHble (POHapU U CUCTEMY BbITSIXXKHOW BEHTUNALUN SNEKTPONN3HOIO OTAENEHUS
(Tabnuua 2.24).

YpaneHve napoBo3gyLLIHOW Xropcoaepallen cMecu Npou3BoaUTCA C NOMOLLBbIO ac-
NMMPALMOHHBIX CUCTEM M3 E€MKOCTHOrO 0BGOpYyAOBaHUSA C NOCNEenyLWEn OYUCTKOM B MEHHbIX

annaparax.

Tabnuua 2.24 — BbIGpochkl 3arpsA3HSOLLIMX BELLEeCTB B aTMOCHEpPY Npu Npou3BOACTBE HUKENEBbIX

KaToOoB
MeTtog ounctkn, | Macca Beibpocos
HanmeHoBaHne NcTouHmKkM BoIBpOCOB NOBTOPHOro 3B nocne ounctkn
NCMOosb30BaHUs r/T Ni
Hwukenb 1 ero coeanHenusi | OnNeKTPONu3Hbie BaHHbI,
(B nepec4yeTe Ha HUKENb) | EMKOCTHOE 0bopyanoBaHue - 20
CepHas kucnota EmkocTHoe obopyanoBaHue - 10,6
Xnop Ouunctka aHonuTa oT Ko- | O4mucTka coago-
6anbTa, BOCNOSIHEHME BbIMW pacTBopa-
aedmunTa Huke- MW B NMEHHLIX ra- 77,6
ns/pacdnHnpoBaHmne 3004UCTUTENAX
MHTM
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CTo4Hble BOAbl 06pa3yoTca B pesynbraTte nosnyvyeHus kapboHaTta HUKenNns v Bcneg-
CTBME MCMNOJSIb30BaHUSA Ha OYMUCTHBLIX Onepauusix OCHOBHbIX peareHTOB — CEpPHOW KUCIIOThl,
coAbl KayCcTU4eCcKon 1 xropa.

TBepable oTxodbl nepegena nosly4eHns TOBApHOro 3NEKTPONIMTHOrO Hukens obpasy-
I0TCA B npouecce aKcnnyataumm SNeKTPONM3HbIX BaHH M OYUCTKU HUKENEBOro aHomnuTta oT
xenesa. XKenesncTbIn Kek, 0TxoAbl AnaddparMeHHbIX TKaHEN U KEK OTCTOMHUKOB CKNaaupyoT

COBMECTHO KaK OWH OTBasIbHbIN NPOLYKT.
2.2.1.5 NpousBoacTBO KAPOOHMUNBLHOIO HUKens

Cblpbem anst KapboHUMBHOro NPOU3BOLCTBA CNYXAT HUKENEBbIE rPaHyfbl, BbINaBns-
eMble U3 NpoaykToB 06Xurosoro otgeneHns n cobectseHHbix obopoTos IO PL, a Takke
pasnuyHbIX BUOOB MPUBO3HbBIX METaniocogepxallnx MmatepuanoB Apyrnx Lexos B padouHu-
POBOYHOM LiEXE.

DUBNKO-XMMMYECKME  MOKa3aTenn rpaHysl  HUKENeBbIX B  COOTBETCTBMM C
TY 9-052-48200234—2010: Hukenb — He meHee 85,0 %, meab — He 6onee 5,0 %, xene-
30 — He 6onee 4,0 %; cepa— 1,5% — 3,0 %; yrnepog — He 6onee 0,1 %; coagepxaHue
Bnarm — He 6onee 0,5 %; HacbiNHasi MNMNOTHOCTb — He MeHee 3,6 T/M3, KpYNHOCTb —
He Bonee 75 MMm.

OcHoBHbIMM Mepegenamun npolecca sSBnAgaTCa nepeaen rasmgukaumm nekoBoro KOK-
ca, CUHTe3a, pekTUUKaLmMm 1 pasnoxeHus TeTpakapboHmnna Hukens.

Mepenen rasndukaumm NEKOBOro KOKca npeaHasHadeH ns NonyyYyeHus okemaa yrne-
poaa rasuukaumen NeKoBoro KOKca B rasoreHepartope. [lonyyeHHbIn OKcug yrnepoga o4u-
LialT OT NbIX BOAOW B NEHHOM annapaTte u B ckpybbepax, npy 3TOM KOKCOBasi MNbiflb CMbl-
BaeTCHA BOAOW B BOASAHbIE Baku.

lMepenen cuHTE3a npegHasHadeH aAnsa nonydeHna TeTpakapbonuna Hukena (TKH)
cnocobom KapboHMNMPOBaAHNA TBEPAbIX HUKEMNbCOAEPXKALLMX MaTepuanoB OKCUOOM Yrrepo-
Aa nop BbICOKMM [aBreHneM.

Mepepnen cuHTesa TKH cocTouT U3 TEXHOMNOrMYECKUX CEKUWUW, rae pacrnosioXeHbl
YCTaHOBKW CMHTE3a, KOpMAOP pa3BoOaKM TpybonpoBOAOB, MOMELLEHUS naponeperpesaTens,
Kamep MPUTOYHOM, BbITSXKHOWN U aBapuUMHOM BEHTUNAUMMK, y3na NpouM3BOLCTBEHHOrO BOLO-
cHabXeHus, NynbTa ynpaBneHus, agMUHUCTPATUBHBLIX N ObITOBbIX NOMELLEHUI, MOHU3NTENb-
HOW NOACTaHLUMK C NynbTOM ynpasneHnd, nomewieHui Pl n peMOHTHbIX MaCcTepCKUX.

B coctaB yCcTaHOBKM CUHTE3a BXOAST PeaKUMOHHbIE KOSOHHbLI, MoAorpeBaTeny peak-
LMOHHOrO rasa, nbineBon unbTp, XONOAUITbHUK-KOHAEHCATOP, COOPHMK-OTAENUTENb U KOH-

TPOnbHbI COOPHUK — oTaenuTenb cbiporo TKH, cbopHuk — paspsagHuk ceiporo TKH un

128



UTC 12-2016

unbTpbl 4Na oTAeNneHMss macna u Bnarm (MacnonosyLkn). Linpkynauua peakumoHHoOro rasa
B npouecce cuHTe3a TKH ocyuwecTBnseTca LMpKynsaUMOHHBIM KOMMPECCOPOM, PacrofoXeH-
HbIM Ha nepepgere ra3oBblX KOMNPECCOPOB.

[Mocne oKoHYaHMS 3arpy3kn Cbipbsi B KONTOHHbI U 3aKPbITUS BEPXHUX 3aTBOPOB cUCTEMA
TpybonpoBOAOB 1 annapaTtoB ycTaHOBKM cuHTe3a TKH onpeccoBbiBaeTcst a30ToM, 3aTeM Mo-
crne nomnHoro cbpoca AaBneHusi MPOMbIBOYHOMO rasa BKMYAKTCs B paboTy UMPKYNAUMOH-
HbI KOMMNpeccop M nogorpeBartesnib rasa. [logorpeTbll peakUMOHHbBIA ra3 nogaeTcs B HUX-
HIOK YaCTb KOJSIOHHbI, MPOXOAUT Yepes CIoKn Cbipba U U3BMEKAET U3 HEFO HUKENb B BUAE Kap-
B6oHuna Hukensa. Kpome kapboHuna HUKens, B NpoLiecce CMHTE3a Npoucxoant obpasoBaHue
kapboHMMNOB Xenes3a n kobanbTa.

[na BocnonHeHnsa ybbinu okcuaa yrnepoaa, KOTopbin pacxogyeTtcs Ha obpasoBaHue
KapbOHMMOB M YaCTUYHO PACTBOPSIETCH B XUAKOM KapOoHune, cuctema HenpepbiBHO Wn
nepuoanyeckn NoaNUTLIBAETCS «CBEXUM>» ra3oM U3 PECUMBEPOB BbICOKOIO AaBfEHUS.

BbIxoasaLwwmin 3 KONMOHH pPeakUMOHHbIN ra3, cogepalium napbl KApOoOHUOB, NPOXOANT
Yepes BbIHOCHOM MNbINIEBON PUIbTP U HanpaBnaeTcs B XONoAuIibHUK-KOHAeHcaTop (annapat
Tvna «Tpyba B Tpybe»), rae 3a c4eT CHMXKEeHUs Temnepatypbl rasa go 10 °C-40 °C npoucxo-
ANT KOHAEeHcauma napoB kapboHunoB. KoHaeHcaT oTaoensieTcs OT ra3a B cucteme COOopHu-
KOB-OTAENUTENEn, KOTopble NPeacTaBnsaoT cobon ropnsoHTanbHble LUMHAPUYECKME anna-
paTbl BbICOKOrO AaBMNEHUS.

PeakuMoHHbIN ra3 n3 cOopHUKa-oTAENUTENS Yepe3 MacrofIoBYLLKY HanpasnseTcs B
LUMPKYNALNOHHBIN KOMNPECCop, U3 KOTOPOro nogaeTcs B nogorpeeaTeny U noctynaeT BHOBb
B KOMOHHbI CMHTE3a.

B cbipon kapboHun naenekaetcsa go 96 % + 97 % Hukensa, oo 15 % kobanbTa, Ao 70 %
xenesa. [pakTuyeckn Bcs Meapb, cepa n 6naropogHble MeTannbl OCTAlTCA B OCTaTKax CUH-
Tes3a, KOTopble 3aTeM HanpaensalTCA Ha 0OXUr B Tpyb4yaTon neyn nsi NonHOW Aerasaumm um
cynbaTtumampytoiero obxmra octaTkoB CMHTE3a, obecnedvnBatoLero NoAroToBKy Matepuana
K nepepaboTke B LMKNe OCHOBHOIO NPOM3BOACTBA.

Mepenen pektudurkaumm npegHasHadeH ans npon3sBoacTBa AucTunndara teTpakapbo-
HUNa HUKENs, Nony4yaemMoro nyTem OTrOHKM €ro U3 CMeCWu HarpeTtbix KapbOHMMOB HUKEnNS,
Xenesa n kobanbTa, C nocneaywLlen Tepmuieckorn obpaboTtkon KyboBbix OCTaTkoB ¢ 06pa-
30BaHMEM OCTaTKOB A0XUraHUS.

Mpn HarpeBaHMM UCXOOHOro nNpoAaykTa B Kybe kapOOoHMN HMKeNs MONHOCTbIO ncnaps-
eTcs, kapboHun xenesa ncnapsieTca YacTM4HO M B OCHOBHOM OcTaeTcd B Kybe. B npouecce
pekTudmKkauumn NOAHMMAILWMECS B KOMIOHHE napbl NOCTENEHHO oboralarTCa HU3KOKUMS-

LUIMM KOMMNOHEHTOM CMECH, a CTeKarlad BHN3 XNOKOCTb — BbICOKOKMNALLMM KOMMOHEHTOM.
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Map, BbIXOAALLMIA U3 BEPXHEN YACTWN PEKTUGUKALMOHHON KOSTOHHLI, NpeacTaBnsaeT cobon yn-
CTbI/ JerkoneTy4ynn KOMMOHEHT CMeCHU, KOHOeHCauusi KOTOpOro AaeT roToBbiM MPOLYKT —
ANCTUNNAT, OCHOBHas YacTb KOTOPOro HanpaBnsieTCs B COOTBETCTBYKOLUME COOPHUKM ANS
NPOun3BOACTBa rOTOBOM NPOAYKUMK, a Apyras YyacTb B Buae dnerMbl OCTaeTcs B pekTuguka-
LMOHHOWM KOJTIOHHE. M3 HMWXHEN YacTn Kyba oTOMpaeTcs nNpoaykT, 6oraTbii BbICOKOKUMSLLMM
KOMMOHEHTOM, KOTOpPbIN ABNAETCA KyO6OBbIM OCTATKOM, U LOMOSTHUTENbHO MEeperoHseTcs B
KonoHHax Il pektudpmkayuu.

YCTaHOBKMN peKkTUdMKauun pasMelleHbl B MOMELLEHUSX YeTblpeX TEXHOMOrMYecKmx
CeKLMN, B TOM YMCIe YeTbipe YyCTaHOBKM | pekTudurkaumm, aBe yctaHoBku |l pekTudpurkaumm,
NPOMEXYTOYHbIE annapaTbl, COOPHMKM M eMKOCTU. Bce annapaTbl coeanHeHbl ¢ rasronbae-
pamu okcuaa yrnepoga ypaBHUTENbHbIMK TpybonpoBogamu.

OunweHHble napbl kKapboHMNa HUKens KOHAEHCUPYIOTCS M oxnaxpawTca B gedner-
mMatope (Tpyb4yaTbin TeNOOOMEHHMK, OXNnaxgaeMbli NPOTOYHOM XOrioaHON Bogown). [Mapbl,
He ycneBLUMe CKOHAEHCMPOoBaTbCH B Aedrermarope, nonagatT B KOHAEHCATOP OCTAaTOYHOrO
rasa, rge NpoucxoguT Ux oKoHYaTerlbHas KoHAeHcaumsa. HacTb KoHOeHcaTa HanpasnseTcs B
KOJTOHHY Ha opoLleHne Hacagku (drerma), octanbHas YyacTb (QUCTUNNAT) BbIBOAUTCSA U3 KO-
NOHHbI B COOPHMKM, U3 KOTOPbIX AaBfieHWeM OKcuaa yrnepoga nepefasnvBaeTcs B Hanop-
Hble 6aku oTaeneHus pasnoxeHus, OlNY apobu 1 cneynopoLLKOB.

KyboBble ocTaTkm nepBov pekTudmnkaumm HanpasnaoTca B COOPHMK, 3 KOTOPOro no-
[AlTCA Ha OOMONHUTENbLHY NMEepPeroHKy B KOSMOHHBI | pekTtudukauyun. ductnnnart |l pektu-
duKaumn HanpaenaT B COOPHUKM | pekTudnkaumm Ha NOBTOPHYIO OYMCTKY.

Kybosble octatku |l pektudukauumn HanpaenaoT B COOPHMK, U3 KOTOPOro UX nepenas-
NMBalOT B MPOMEXYTOYHBIA annapart 1 ganee, CaMOTEKOM, NPOAYKT NOCTynaeT Ha TepMuye-
CKYI0 Aerasaumio B nevb goxuraHmsa Ne 1.

Mepepen pasnoxeHusa TeTpakapboHUNa HWKeNnsa npegHasHadeH And npov3BOACTBa
KapOOHUNBbHbIX HUKEMNEBbLIX MOPOLUKOB U KapOOHUIbHOW HUKENEeBOW Apobu nyTem Tepmuye-
CKOro pasfnoxeHus TeTpakapboHuna HUKens.

BbligenusLlumica okeug yrnepoga HanpasnseTcs M3 pasnoXutens Ha OYUCTKY OT HU-
KenesBoro nopoLuka, a 3aTemM HanpaBnaeTcd B rasrofibaepbl 060pOTHOro rasa.

[Mepenen pasnoXxeHuUst COCTOUT U3 NATU TEXHOMOMMYECKUX CEKUUA, pasgeneHHbIX Mo
ropu3oHTann NepekpbITUSIMU Ha TP YPOBHSA. B Kaxaonm cekuumn pacrnonoxeHbl YeTblpe ycTa-
HOBKM pasfioXeHus, CBs3aHHble Yepe3 obwmn konnektop napoobpasHoro TKH ¢ 6awHen,
roe yctaHoBreHbl Ba HanopHblx 6aka, ABa ucnaputens, bydepHas eMKOCTb, [iBe ra3ofyBKu

n cuctema oborpeBa ncnapurens.
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[MonyyeHne HUKeneBbIX NOPOLLKOB Pas3HOM HaCbIMHOM NAOTHOCTM obecneymBaeTcs Be-
AeHueM rnpouecca pasnoxeHna napoB TKH npu pasnuuHbiX TemMnepaTypHbIX pexumax u
pasnuyHbIX KonuyecTeax nogaym napos TKH B peTopTy pasnoxurens.

HapawmBaHne gpobu ocyLecTBASAIT TEPMUYECKMM pasfnoXeHnemM napos kapboHuna
HUKENA Ha HarpeTon MNOBEPXHOCTU HENPEPbLIBHO LMPKYIMPYIOLLEN UCXOLHOW 3arpysku, Co-
CcTaBreHHon n3 gpobu pasHbix dpakuun pasmepamm ot —1 go +10 mm. NocTosHHO paboTa-
OLLMIA BEPTUKANbHBIM KOBLUOBLIM arneBaTop 3abupaet Apobb BHU3Y Ha BbIxo4e U3 annapaTta
N NOOHUMAaET ee HaBepx, r4e OHa pasrpyxaeTca U3 KOBLUEW M BHOBb MOCTynaeT B annapaTt

Ha YKpynHeHue.
2.3 NMpou3BoAacTBO HMUKENS U3 OKUCIIEHHbIX pyA

[MnaBKkOM OKMUCNEHHbIX HUKENEBbIX pyd B Poccuu 3aHuMMaloTcst Tpu ypanbCKux npea-
npuaTnNA: KomobmHaTtbl «KOXypanHukenb» n «YddanenHukenb», a Takke Pexcknin HUKenesbIn
3aBoA (CM. HMXe).

Bce Tpu npegnpuatua HaxogdaTca Ha 3HaduTenbHOM yaaneHun (200-500 km) oT gen-
CTBYIOLMX PYOHUKOB: KOMBUHaT «HOxypanHukenb» — B r. Opck (OpeHbByprckas obn.), Pex-
CKUI HMKeneBbI 3aBoa — B I. Pex (CBepanosckas 06n.), kKoMbuHaT «YdanenHmkens» — B
r. Bepxnun Yopanen (YenabuHckas o611.).

Ha Bcex Tpex npeanpuaTuax BCe elle NPUMEHSETCS LaxTHasa nnaBka arfiomepupo-
BaHHOM pyabl Ha LUTENH.

MponsBoacTBEHHbIE MOLHOCTU KOMBUMHaTa «HOxypanHukens» (¢ 2001 rorga kombu-
HaT BxoauT B OAO «Meuen») 6binin 3akoHcepBMpoBaHbl B Aekabpe 2012 r. u BbIiCTaBMEHbI
Ha npoAaxy, HO NoKynaTtensa noka He Hawmocb. MowHocTM MoryT 6bITb nepesanylieHbl B
crnyvyae KapAvHanbHOrO N3MEHEHNSA CUTyaL MM Ha PbIHKE HUKENSA U pocTa LeH Ha MeTann.

Cblpbem ana kombuHaTa aBndanack okucrneHHas pyaa bypykranbckoro n CaxapuHcko-
ro MecTopoxaeHun. bypyktanbCknin pyaHuK pacnonoxeH psgom ¢ r. Ceetnoin B OpeHbypr-
ckon obnactu, psaom c rpaHuuen ¢ KaszaxcraHom u B 230 km Kk BOoCcTOKy oT Opcka. CaxapuH-
CKUI pyoHUK pacnonoxeH B YenabuHckon obnactm — B 10-15 km ot noc. CyByTtak u npu-
mepHo B 375 km oT Opcka. Pyay ¢ oboux pyaHUKOB No xenesHon gopore nepeso3at B Opck.

MpumepHbIM cocTaB pya npuBeneH B Tabnuue 2.25.
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Tabnuua 2.25 — lNMpumMepHbI Xnmmudeckuin coctaBs bypykTanbckon n CaxapuHCKon pyg

Ni Co Feosw MgO CaO SiO» Al;O3 Cr.03
BypykTans-
1,02 0,115 23,1 11,8 0,8 41,5 3,5 1,7
ckas
Caxapuh-
1,09 0,055 20,6 10,5 0,7 41,4 50 1,9
ckast

Ha nepepaboTky nocTtynana cmMecb pyn ABYX MECTOPOXAEHUN (NPUMEPHO B COOTHO-
weHun 1 :1-2 : 1. Pygy cywmnu n arnomepuposanu. Arniomepart uMeeT NpuMepHbI COCTas,
%: Ni— 1,15-1,20; Co— 0,08-0,1; Feosw — 22,5-24,5; SiO2-45-48; MgO — 12-13;
CaO — 0,7-1,2; Al203-4-5; C-0,5-2,0. 3TOT arnomepar B CMeCu C KOKCOM, Cynbunaunsaro-
poOM (KenesHbIiM KonyegaHoM) 1 oritocoM (M3BECTHAKOM) MMABAT B LUAXTHOM NeYn Ha LITENH.
WTenH waxTHbIX neyen npoayBaeTCAa B KOHBepTepax [0 (pavHLWITENHa, CoAepKallero
78 % — 79,5 % Hukens, 0,3 % — 0,5 % kobanbTa, 0,2 % — 0,3 % >xenesa, 0,8 % — 2,5%
mean n 17 % — 19 % cepbl. PaHWTENH Apobutca, namenbyaeTcs n obxuraetca B ABe cra-
ann.

MepBaga ctagmsa ocyuwiectensietcs B nevax KC npu temnepartype 900 °C-950 °C, npu
3TOM obecneymnBaeTcs CHUxXeHe cogepxaHusa cepbl 4o 1,0 % — 1,5 %. MNony4yeHHbIn orapok
MOMHOCTBIO MMM YacTUYHO MNOABEPraltT xnopupyrowemy oOXury Ons O4YuMcTku OT Meaw.
C atou uenbto orapok neden KC B ropayem coctossHumn cmewmsaroT ¢ 10 % — 15 % cunbsu-
HUTa n obxuraoT npu Temnepatype 700 °C-750 °C. Obpasyowmecs Npn 3ToM Xropuapl U
cynbdaTbl Megu Xopowo BbiwenadnsatTes ropaumm (70 °C—-80 °C) cnabbim pacTBOpOM
CepHOW KUCNOTbl. BbllenoyYeHHbIn orapok BMECTE C ra3oxo4HOW Mbifbio, MblIbl0 3NEKTPO-
uUnNbTPOB M ApyrMMn OBOPOTHLIMM MaTtepuanamm nocTynaeT Ha BTOPYK CTagui OKUCIU-
TenbHOro obxura B Tpybyaton Bpawatoiernica neum (750 °C—800 °C B XBOCTOBOW YacTH, Ky-
Aa nget 3arpyska, n 1250 °C-1300 °C — B rofioBHOW, B MECTE BbIFPY3KMN) C Lenblo nosny4ye-
HUS 3aKNCK HUKeNs, cogepkawlen He bonee 0,02 % cepsbl.

[Mony4yeHHas B pe3ynbTaTe ABOMHOMO 06Xura 3akncb HUKENSA MOXeT ObiTb BOCCTAHOB-
neHa Ao MeTanna B OYyroBblX 3fieKTporneyax ¢ BoCcCTaHoBUTENEeM (HeEPTAHOM UIM NeKoBbIv
KOKC). B nocnegHee BpemMsi B 9neKTponeyb 3arpyxanu XenesHble 0TXo4bl, MO3TOMy nosyya-
NN HE OTHEBOM HUKENb, KaK paHblle, a TaK HasblBAEMbI ManoXene3ucTbln peppoHMKESb,
copepxawmn 6onee 85 % Hukens n 4 % — 12 % xenesa, 4To, 3aMeTUM, CHUXaeT Tpebosa-
HWA NO coaepXaHuio KobanbTa (MakcumarnbHoe cofepkaHme kobanbTta B OrHEBOM HUKESNE No

FOCT — 0,7 %, a B manoxenesnctom eppoHunkene — go 3 %).
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C 2015 r. gByma ypanbCKkumn npeanpusatusammn YdanenHukens n Pexckuin 3aBoj
ynpaenseT OO0 «PycHukenb». CepoBCKUA PYOHUK SBRSETCA CTPYKTYPHbIM NOApa3aeneHun-
eM YdanenHukernb

[obblva okucneHHon pyabl ocyulecternsieTca Ha CepoBckoM pyaHuke. B nocnegHue
rogbl PyaHVK CTankMBaeTCs C MacCoWn HepeLleHHbIX Npobnem, B peadynbTaTte Yero Ha Havarno
2016 roga 3anacbl NPOMBbILLNIEHHOIO cknaga 6binm NONHOCTLIO BbiOpaHbl, a 3anackl pyabl Ha
«YanenHukene» n «PexHukene» coctaBnsanm ot 1 o 3 gH. B aHBape 2016 r. 6bina paspa-
BoTaHa KOMMMeKCHasa nporpamMmmMa BbIXO4a M3 CNOXMBLUENCHA CUTyauMuM U HayaTa ee peanu-
3aumd. C mapta 2016 r. CepoBCKMI PYAHUK OCYLLECTBNSET CYyTOYHYH A06ObIMy pyabl CBEPX
NMaHOBbLIX NoKa3aTenen, Ha NPOMBbILLSIEHHOM CKnage Havanocb opMMpoBaHNE HOBLIX 00b-
€MOB pyabl.

Pyna ¢ CepoBCKOro pygHuka nocTaBfisieTCa Ha NPOMbILLSIEHHbIE NPEaNPUATUS KOMNa-
HUM — 3aBoAbl «YdanenHukenb» n «PexHukenb», rge nyteM MUCnorb30BaHUS TEXHOOrmm
LWAaxXTHOM NfaBKN MNPOU3BOAUTCH KOHEYHbIN NPOAYKT — BbICOKOKAYECTBEHHbIN rPaHyrmpo-
BaHHbIN HUKeNb Mapok H-3 n H-4.

Pexcknin HMkeneBbI 3aBog Obin noctpoeH B 1936 rogy Ans nepepaboTku coceaHux
MECTOPOXAEHUN OKUCMEHHbIX pPyA, PECYpCbl KOTOPbIX OblnNn MNOMHOCTbIO UcYepnaHbl K
1994 rogy.

OcHOBHOE NPON3BOACTBO 3aBOAa B HACTOsILLEE BPEMS — 3TO MNfiaBka B TPEX LWaXTHbIX
nevax Hukenesown pyabl CepoBCKOro pyaHuka ¢ nosyyYeHnemM HUKENEBOro LUTENHA, KOTOPbIN
oTnpaBnseTcs Ha «YdanenHukeno». MowHoCcTn PeXcKkoro HMKeneBoro 3aBoga Mo3BOSSOT
nepepabartbiBate A0 700 ThiC. T pyabl B roa. 3a cyeT psgga TEXHUYECKUX MEepOnpuUATUA u
HanaxmBaHMA CHabXeHus 3aBoda PyAOW BbINYCK LUTEMHA MOXET COCTaBMATb NPUMEPHO A0
7 TbIC. T HAKENS B LUTENHE B roa.

Kpome Toro, 3aBoa pacnonaraeTt 351eKTPOTEPMMYECKMM LiIEXOM, B KOTOPOM nepepaba-
TbiBaNnCb OTPAbOTaHHbIE XENEe30HUKENEBbIE aKKyMymNATOPbl U APYyrne HUKenbcoaepXalime
NOMbl U OTXOAbl C BbINYCKOM IrpaHynMpOBaHHOINO peppoHUKens U Apyrux CrniaBoB Ha Xerne-
30HMKeneBon ocHoBe. B 2005 rogy anekTpoTepMmMyecknin uex ocBoun Bbinyck HMkens H-3 n3
3aKnCKU HMKena «YganenHnkensa».

MoLwHocT kKoMBUHaTa «YdanenHmkenb» — oKoso 15 TeIC. T/r HUKens.

Mpon3BoaCcTBO HMKENA OCHOBAHO Ha LLWAXTHOW MiaBKe npeaBapuTesibHO NOACYLIEeHHOM
OKMCITEHHOW HUKeneBoW pyabl. B kadecTBe cepocoepallero areHTa Ucrnonb3yeTcs Kondye-
AaH.

[MonyyeHHbIN OTBanbHbIV LWNAK rpaHynMpyeTcsa U BbIBOAUTCA B OTBarl, radbl OMULLAKOT-

cs1 OT NbinKn 1 BblbpacbiBatoTcs B aTMocdepy. LUTelnH noctynaet Ha kOHBepTMpOBaHMe, Kyaa
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Takke fobaBnseTcsa B KayecTBe XOSIOAHbIX MPUCafoK -MeTannooTxodbl, WTenH Pexckoro
3aBoda, B KadecTBe (pntoca — kBapy. [lonyvyeHHble rasbl OT KOHBEPTEPOB OYULLAIOTCHA OT
NbINn B dneKkTpodunbTpe.

danHwTenH (78 % HuKensl) pasnuBaeTcs B NecyaHble U3NOoXHUUbl. 3ateM danH-
LWITEernH apobutcsa, menetcsa u noctynaeTt BMecTe ¢ 060POTHOM Mblfbio B NeYb KUMNALLEro Crios
(KC) onsa BbbkuraHus cepbl. Orapok ganee noaBepraeTcsl XAOpPUPOBAHUID CUNTbBUHUTOM
(cmecb HaTpveBOM U KanmneBOW CONen), XSTOPMPOBaHHBIA Orapok BbllleriaymMBaeTca Ha nep-
KonaTtope Ans MakcuMarnbHOro nepesoga Mmeaun n kobanbta B pacTBop C Nosiy4eHnemM maro-
mMeamncToro TBepgoro ocratka (He 6onee 0,05 % kucnoTHopacTBopuMon megun). dunbtpaT
HanpaBnsieTCs Ha rMapoMeTannypruieckoe n3BneyYeHne H1kens, kobanbta n meaw.

TBepAabl OCTATOK Aanee nogBepraeTca BTOPOMy oOxury B TpybyaTbix neyax 4o nosn-
Horo yganeHus cepbl. [Nony4yeHHasa 3akncb Hukens (76 % Hukens) ABNSETCH TOBapHOW Npo-
AyKunen unu uaeTt Ha anekTponnaeky (Ha Pexckom 3aBofe) ¢ nonyyYyeHnem rpaHynmpoBaH-
Horo Hukens. [Npu anekTponnaske B Ka4eCTBe BOCCTAHOBUTESS UCMNONb3yeTCA HE(PTEKOKCHUK.

ToBapHon npogykumen asnaetca Hukernb mapku H-3 (Ni+Co — He meHee 98,6 %) u
3akucb Hukend (Ni+Co — He MeHee 76 %).

[MepeyeHb OCHOBHOro TexHomornyeckoro obopymoBaHua npueegeH B Tabnuue 2.26,

BbIOpPOCHI BpeHbIX BELLECTB B aTMOcepy — B Tabnuvue 2.27.

Tabnuua 2.26 — OcHoBHOe obopyaoBaHue

HanmeHoBaHue HasHaueHue
TexHomnornyeckme xapakTepucTmkm
obopynoBaHus o6opynoBaHus
CywunbHbin 6a- |Cylwka pyabl [MpAMOTOYHBLIN, TONNIMBO — ra3 unu MasyT, pery-
pabaH nupyemasi CKOpocTb BpalleHus
LLlaxTHasa neyb [NMnaBka Ha WTEeNH Mnowaab ceveHns B obnactu pypm — 20 m?,

yucno pypm — 28, anametp dypm — 273 MM,
NPON3BOAUTENBHOCTE — 25-35 T/M2-CyT, TONNK-
BO — KOKC MeTanmnyprmyeckmi, Bo3gyLuHoe ay-
Tbe — 55000-75000 HM3/4, YMcno ra3ooTBOAS-
Wwmx Tpy6 — 4, guameTp razooTBOAALMX TPYO —
1812 mm
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HanmeHoBaHue HasHaueHue
TexHonornyeckne xapakrepucTukn
obopynoBaHus obopynoBaHus
"opu3oHTanbHbIN | KOHBEpPTMPOBaHWE BmectumocTb no ganHwTtenHy — 3,6 m3 (30 1),
KOHBEpPTOp WTenHa konuyectso oypm — 16-18 wT., gnameTp

dypm — 50 MM, nnowagb cedveHus pypm —
294,37 cm?, pacxoq Bosayxa — 120 M3/MuH, gaBs-
nexnve gytesa — 0,7-0,9 atm, pacxopq aneKkTpo-

9Heprun — 50 kBT Ha 1 T (panHwTenHa

MNeyb knnawero

cno4d

OkncnutenbHbIA 00-

XUT panHWTENHA

Tvn neun — umnuHgpudeckas ¢ pactpybom
BBEpXY, BblcoTa neyn — 9900 mm, pacxopq Bo3ay-
xa — 3500-5000 m3/y, yaenbHasa npovsBoau-
TenbHOCTb — 5-7,3 T/M?-CyTKW, AaBNEHNe BO3AY-
xa nog cnoem — 0,25-0,4 at™m, npon3sBoauTeESb-

HOCTb — 65 T/CyTKK

TpybuaTtbivi pe-

CynbgpaTtoxnopupy-

Tun — Bpawatowmiica, Tpybyatbin, gnmHa —

aKkTop towmnn obxur panH- | 12500-14000 mm, guameTtp — 2000—2200 mm,
wTenHa ANnHa peakuMoHHOW 30HbI — 10,5 M

Hyty-counbetpel | O6e3amexuBaHne — | Tun — MexaHU4eckui, BaKyyMHbIN, ONPOK1abI-
CEPHOKUCIIOTHOE BalOLWWMINCHA, HOMUHaNbHass BMECTUMOCTb — 1950—

BbllLleNaYymMBaHue
XMOPUPOBAHHOIO

orapka

2600 kr, punbTpytoLas NoBEPXHOCTb — 4 M?,
pa3spexeHne — o 80 lNa, o6bem 3annBaemoro

pactBopa — 1,5-2,0 m®

TpybuaTasa neyb

2 -9 cTagmsa obxura
(o6xur TBEPAOIO
ocTaTka M 06OPOTHbIX

MaTtepuaros)

Tun — TpybyaTasn, BpawarLasncs, Yactora Bpa-
weHna — 1,2-1,5 06./MuH, Tonka — oTkaTHas,
TpybyaToro Tuna, TONfMBO — raa, pacxog npu-
poaHoro raza — 250-350 M3, pacxoq Bo3ayxa —
1600-1950 m3/y, anektpoasuraTtens AO 2-52-6,
7,5 kBT, 1000 06./MVH
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HanmeHoBaHue HasHaueHue
TexHonornyeckmne xapakTepucTUKm
obopynoBaHus obopynoBaHus
QneKkTponeyb OnekTponnaeka 3a- | MowHocTb TpaHcdopmaTopoB — 3000 kBA, Ho-

KNCU HUKeNA

MUHarbHbIA NIMHENHBIN TOK C BbICOKOW CTOPO-

Hbl — 288 A, HOMUHarbHOE JIMHENHOE HanpshKe-

HWEe C HU3KOM CTOPOHbI — 135 B, HOMWHamNbHbIN

NNHENHbIN TOK C HN3KOW CTOPOHbI — 12773 A,

dyTepoBka XxpoMOMarHe3auToBasi Unun nepuknaso-

BaA

Tabnuua 2.27 — BbIbpockl 3arpsasHAOLWLMX BELLECTB B aTMocdepy

MeToa o4ncTkn,

Macca BbIGPOCOB 3arpA3HSOLLNX

McToyHnkm Beibpocos NOBTOPHOrO HanmeHoBaHue BELLECTB NOCHE OuMCTI, 1/T Ni
MCNnoJsib3oBaHUA
LaxTHas nnaBka Ckpy066ep, 6aT. |duokcmg asoTa 5660
LMKNOH Okcung asora 919,7
KobanbT 193,0
Hukenb 4825,1
Meaob 97,1
MbILWbsK 40,3
HeopraHn4yeckas
664200
nbinb
Aunokeuna cepbl 4633000
KoHBepTupoBaHue | Onektpodunbtp |[duokcma asoTta 49,9
LWTENHa Okeunpg asota 8,1
KobanbT 28,2
Hukenb 457,4
Meaob 14,1
MbILWbsK 8,1
HeopraHn4yeckas
6100
nbinb
Aunokeuna cepbl 594900
OkncnutenbHbin 1 | AnekTpodunbTp | dnokeng asoTa 119,1
cynbgar- Okeunp asoTta 19,4
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MeTton ouncTtku,

Macca BbIGpPOCOB 3arpsi3HSAOLLMX

NcTo4uHuKM Bbl6pOCOB NOBTOPHOIo HanmeHoBaHue .
BELLIECTB MNocrie O4UCTKU, /T Ni
MCMNoJib30BaHUA
XNOPUPYHOLLNIA 0BXMr KobanbT 6,4
Hukenb 564,3
Megab 60,8
MbILWbsK 30,9
HeopraHun4yeckas
3500 *
Nbinb
Aunokecuna cepbl 400000 *
O6xwr B TpybyaTom LUBY-6T-2 KobanbT 0,5
BpaLLaroLemncs neyum Hukenb 21,1
Meaob 130,7
MbILWbsK 0,1
MbiNb HeopraHu-
3500 *
Yyeckas
Aunokecuna cepbl 400000 *
OnekTponnaeka LInknoHsbl KobanbT 11,8
Hukenb 1942.,8
Meaob 23,5
HeopraHn4yeckas
1300
Nbinb
Aunokecua cepbl 2000

* O6wmn BbIbpoc anga neyven KC n TBI.

2.4 NMpousBoacTBoO KobanbTa

B CoBeTckom Cotose cyliectBoBan eANHCTBEHHbIN KOBanbToBbIN KOMOMHAT — «TyBa-

KobanbT», nepepabaTbiBaBLMIA TMAPOMETANNYPrnyecknmMm cnocobom o 6oratoro KOHUEHTpP-

aTa MecCTHble 6eaHble KOBGaNbTOBbLIE MbILLBbSAKOBUCTLIE pyOHble KOHUEHTpaThI. B HacTosLwee

BpeMA OH 3aKpbIT. Ha ocTtanbHbIX 0T€YEeCTBEHHbIX npeanpnaTnax B xoge KOMMSEKCHOW ne-

pepaboTKN HUKENBbCOAEPXALUMX pyad, B KOTOPbIX KOBGanbT NpUCYyTCTBYET B NMOAYMHEHHOM KO-

nnyecTBe, NPOU3BOANUNCS OrHeBown kobanbT, NMOO okcua kobanbTa. TexHonorust NPou3Boa-

CTBa OrHeBoro kobanbTta yCtapena un He nMmena ﬂ,eVICTByI-OLIJ,VIX MUPOBbLIX aHaJloros.
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C sakpbiTnem Hukenesoro 3aBoga 39 NAO «'MK «HopunbCKknin HUKeNb» NpPon3BoLCTBO Or-
HeBoro kobanbTa B Poccum npekpalieHo.

Mpn npousBoacTBe HUKeNs u3 kobanbTcoaepXallmx HAKENEBbIX PYA Cbipbe ANs Npo-
n3BoacTBa kobarnbTa BblgenseTca B KavyecTBe Mnonynpoaykra Ha paduMHUPOBOYHbLIX onepa-
umnax. B yactHocTu, npu TpaguuMOHHOM paddUHUPOBAHUM YEPHOBBIX HUKENEBbIX aHOOO0B KO-
GanbT BblgenseTca B ruapaTHblA OCA4OK B XO4€ OYMCTKM HUKENEeBOro aHonuTa.
B HacTosdwwee Bpemsa B Poccun Tonbko Ha Konbckon MK genctByeT TexHonorns nponssos-
cTBa MeTannuyeckoro kobanbTta. CbippeM ANs 9TOro Npou3BoACTBa ABNSETCA Nynbna nep-
BMYHOIO KOGanbTOBOrO Keka rmaponIMTUYECKOM OYUCTKN HUKENEBLIX pacTBOPOB. TexHororns
npegycmaTpuBaeT NpOM3BOACTBO KAaTOAHOIO KobanbTa 3NEKTPOIKCTpaKUMen 13 XnopuaHbix
pacTBOPOB N HAaXOAUTCH Ha CTaauKU NMPOMBbILLFIEHHONO OCBOEHUA. KayecTBO 3MneKTpONUTHOro
kKobanbTa pernameHTupyetcsa aokymeHToM Konbckon TMK — TY 1731-231-48200234—2014.
OpraHusaumoHHo KobanbToBOE NPOU3BOACTBO SABMSETCHA OTAENEHWEM Lexa 3nekTpornivaa
HUKenNs.

"oTOBOM NpoAyKuMen KObBanbTOBOro NPOM3BOACTBA ABMSETCH AMNEKTPONUTHBIN (KaTtoa-
HbIn) KOBanbT, KOTOPLIN JOMKEH cooTBeTCcTBOBaTL TY 1731-231-48200234—2014 «KobanbT
ANEeKTPONUTHbIA. ONbITHbIE NAPTUM».

MpepycmaTtpmBaeTcs BbINyCK Tpex COpTOB kobarnbTa, pasnuyalrolmnxcs no BHELWHEMY

BMAY Y XMMUYECKOMY COCTaBy, cornacHo Tabnuvue 2.28.

Tabnuua 2.28 — XnMu4eckuin coctaB aNeKTPONMTHOro kobanbTa cornacHo
TY 1731-231-48200234—2014 «KobanbT anekTponuTHbln. ONbITHbIE NAPTUN»

MaccoBas gons, %*
KomnoHeHT

| copTt Il copT Il copT
Co, He meHee 99,8 99,8 99,25
Mpumecn, He Bonee
Ni 0,02 0,05 0,3
Fe 0,003 0,05 0,4
Cu 0,003 0,02 0,03
Mn 0,0005 — -
Si 0,001 - —
Al 0,001 — -
As 0,0005 0,001 0,002
Bi 0,0003 0,0004 —
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Maccosasi gons, %*
KomnoHeHT

| copT Il copt [l copT
Sb 0,0003 0,0006 —
Sn 0,0003 0,0004 —
Pb 0,0003 0,0005 —
Zn 0,0003 0,002 —
Cd 0,0001 0,001 —
P 0,0003 0,003 —
Mg 0,0005 - —
S 0,001 0,004 0,004
C 0,005 0,02 0,03

KobGanbT BbinyckaloT B BUAe NMacTvH UM NOMOC NPOU3BOSIbHOMO pa3mepa, HapesaH-
HbIX M3 KaTOAHbIX NIMCTOB TonwuHon ot 1,5 go 10,0 mm. Pasamepbl nnactvH 1 Nonoc npuse-
AeHbl B Tabnuue 2.29. OCHOBHYKO Maccy rotoBon npoaykumm (copt ) coctaBnsieT kobanbT B

BuAae nnactuH pasmepom 100 x 100 mm.

Tabnuua 2.29 — Pasmepbl NnacTyH 1 NOfIoC TOBapHOro kobanbTa cornacHo
TY 1731-231-48200234—2014 «KobanbT anekTponuTHbin. ONbITHbIE NAPTUN»

Copt dopma nsrotoBuTENS Pasmep, um

[, 11, 1 MnactuHebl 25410 x 2510
50+10 x 5010
100+10 x 100£10
550+10 x 550+10

[, 11, 1l Monockbl nponsBonbHoro pas- |OnnHa — He 6onee 200,

Mepa wnpuHa — He meHee 20

Mynbna nepBu4HOro kKO6aNbLTOBOrO Keka nocrie BOAHOM OTMbIBKM penyrbnauuen pac-
TBOPSIETCHA B COMNAHOKUCIIOM XJSTOPUOHOM HUKerbcoAepallem pacTBope B NPUCYTCTBUU BOC-
CTaHOBUTENS, B KavyeCTBE KOTOPOro WUCMOMb3YHTCH HaxoOswMecs B pacTBOpe B HU3LIEN
opMe OKMUCNEHHOCTW NOSIMBArIEHTbIE MOHbI XXenes3a n megu. [ins pacTBopeHust UCNonb3yeT-
Csl NPUBO3Has consiHas kucnota. Nocneayrowas pereHepaumst OKUCINTENS OCYLLEeCTBNAETCS
3a cYyeT BOCCTaAHOBIIEHUS MOHOB Xere3a U Mean Ha COMPSXXeHHOW C orepaunen pacTteope-
Hna kobanbTa onepauun pactsopeHus MHTI. OgHOBpeMEHHO 3a CYeT LEeMEHTaUMOHHOro
ocaxpgeHunsa Ha [MHTI obecneunBaeTcs rpybasi ouncTka pacTtBopoB OT Meau. [lanee akc-
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Tpakumen obecneuymsaeTca rnybokasi OMMCTKa MOSyYeHHOro ounbTpata OT Meau M LMHKA.
[Mpymecn 13 Nosy4eHHOro SKCTpakTa BblAENATCA NPU UX PEIKCTPaKLMUN PEIKCTPaAKTOM npu-
Mecewn 13 UMKna aKcTpakumm kobanbTa.

Hukenb-kobanbToOBLIM padmHaT CMeLLUMBaETCA ¢ padoMHaTOM JKCTpakuum kobanbTta u
ynapuBaeTcs. M3 ynapeHHOro pactsopa OCYLLECTBSIETCA OCHOBHas, rpybast aKCTpaKkLums Ko-
GanbTa, 1 Gonblias 4YacTb pacdmHaTa BO3BpaALLAETCA Ha ynapvBaHWe, a MeHbluasi 4acTb
noasepraetca rnybokon aKcTpakumm kobanbTa v ganee nepefaeTcs Ha rmapoNIMTUYECKYHO
OYUCTKY OT XKenesa u manbix npumecen. MNMonyyeHHbIn Npy rybokon akcTpakumm kobanbTa
9KCTPaKT cMelmnBaeTcsl ¢ 060POTHBIM AKCTPAreHTOM M NoAAaeTCs Ha OCHOBHYIO 3KCTPaKuuIo
kobanbTa. N3 akcTpakTa OCHOBHOW KOBanbTOBOW 3KCTPaKLUKN NOCIE NPOMbIBKM KOGanbTOBbLIM
pPacTBOPOM OT JAMEKTPOIKCTPAKUUN (KaTONUTOM) peaKCTparnpyroT kobanbT ¢ nonydeHnem 6o-
ratToro k06anbLToBOro peakctpakta. OCHOBHOE KOMIMYECTBO IJKCTpareHTa nocrie 3Toro BO3-
BpallaeTCcs B LMK 3KCTPAKUMKN, @ U3 MEHbLUEN YacTu, Nocne AONOSTHUTENbHON OTMbIBKM OT
kobanbTa, peakcTpakumen BoAOW BbIAENAOT NpUMECcH Meaun, Xenesa u uuHka. MNony4yeHHbIn
PEeaKCTpaKT NpumMecen ganee Ucnonb3yeTcs AN peakcTpakumm Mmeau.

Ha Bcex 3KCTpaKUMOHHbBIX onepaumsax MCNosib3yeTCa SKCTpareHT Ha OCHOBE TpeTuu-
HbIX anknnammHoB dpakumm C7—Co B pa3baBuTtene n3 TEXHNYECKON CMECH apoMaTUYECKUX U
HacbIWEeHHbIX anugaTnyeckmx yrnesogopoaoB ¢ MOANGUKATOPOM M3 anndaTnyeckux cnmp-
ToB dopakumm Cs—Cio.

B pesynbtate pactBopenus MHTI n ounctok ot npumecen obpasyetca psg Hanpas-
naembiX Ha nepepaboTky B ruapomeTansiyprmyeckoe oTaeneHme npomssoactea pauHmnpo-
BaHHOIO HUKersl KEKOB U pacTBOpPOB. B yacTHOCTU, U3 NepegaBaeMoro B HMKeneBoe Mnpous-
BOACTBO HUKENeBOro paduHaTta npenBapuTeribHO OKUCNEHUEM XINIOPOM UMW TUMOXIOPUTOM
HaTpUs B NPUCYTCTBUN OCHOBHOMO KapboHaTa HUKENS OcCaKaatoT Xenes3o, CBUHeL, U Mapra-
Hel. HukeneBbIn pacTBOp nepegaeTcs Ha XnopHoe Bbiwenaymsanue NHTI, a kek o4ncTkn
HanpaBnsieTCs Ha rMapaTHbIN Nepeaen HUKENEeBOro NpPousBoAacTBa. Takum obpasom, obec-
nevynmBaeTCsa KaHan BblBOAA M3 COMPSXKEHHOr0 HUKEereBOro Npou3BoACTBa B OTBASIbHbLIN Xe-
NEe3NCTbIN KeK NPOBIEMHbLIX MUKPONPUMECEN CBUHLA U MapraHua.

BoraTtbin k06anbTOBLIM PE3KCTPAKT NOCNE KOHTPOSbHOW MAPONIUTUYECKON OYUCTKN OT
Xernesa u MUKpONpUMECEN, rae B KayeCcTBe HenTpanmsaTtopa MUCMNoNb3yeTcad OCHOBHOW Kap-
B6oHaT kobanbTa cO6CTBEHHOIrO NPON3BOACTBA, CMELLUMBAETCS C YaCTb OTXOAALLEro N3 BaHH
ANEKTPOIKCTPaKLMM KOBanNbLTOBOrO aHoONMTa M B Ka4yecTBe KaTonmuTa MOCTynaeT B BaHHbI
ANEKTPOIKCTPAKLMM.

OneKkTpoaKCcTpakumna kobanbTa OCyLLEeCTBASETCA B aHANOMM4YHbIX HUKENEBOMY MPOU3-

BOACTBY I'IOJ'II/IMep6eTOHHbIX ONEKTPOJsIM3HbIX BaHHaAX C pa3geneHnemM KatogHoro n aHogHoro
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NPOCTPaHCTB NPOTOYHOM TKaHeBOW Anadparmon. [pn 3TOM UCNonb3yeTca XIOPUAHbIA 3MeK-
TponuT. HepacTBopuMble TUTAHOBbLIE aHOAbI C aKTUBHBLIM NOKPbITUEM Tuna OPTA nomelueHb!
B 06opyaoBaHHbIe Konnakamu u paboTarowmne nog paspskeHnem avagparMeHHble S4enku,
a KaTogbl HaxoAsaTcs B O6LUEeM KaTOAHOM MPOCTPaHCTBE BaHHbl. 3a CYeT NPOXOXAEHUs Mo-
CTOSIHHOrO TOKa Ha aHofax BblgenseTcs xnop. Ha katogax B 3KBMBaNEHTHOM NPONyLLEHHOMY
TOKY KONMYEeCTBe C Y4eTOM MOHMXEHHOIO BbIXOA4a MO TOKy KobanbTa ocaxaaeTcs YNCTbIN Ka-
ToAHbIN kK0BGanbT. OcaxaeHne ToBapHOro kobanbTa ocyLecTBnseTcs Ha KobanbTOBbIE OCHO-
Bbl, KOTOpblE HapaLLMBalOTCA OTAESIbHO Ha TUTAHOBbLIX MaTtpuuax. Katonut HenpepbiBHO Mo-
AaeTcs B obLlee KaTogHOe NPOCTPAHCTBO BaHHbI. M3 KaXXaon aHOOHOW SiMEeNKU aHOMUT COB-
MECTHO C aHOOHbIM XJTOPOM 3BaKyMpyeTCs 3a cyeT paspsbkeHus B 6opToBon KonnekTop. Ka-
TONUT NpocaynBaeTcs Yepes nopbl Anadparmbl B aHOOHbIE A4Yelrku, NPenaTcTBys nonaga-
HWIO B KATOOQHOE NPOCTPaHCTBO xflopa. AHOAHBIN XIOp-ra3 oTaenseTcs OoT aHoNuTa BHe BaH-
Hbl, B KONSIEKTOPE U cenapartopax, U HanpaenaeTca B HUKENeBOe NPOn3BOACTBO, HA OYUCTKY
OT KobanbTa HMKENEeBOro aHonuta. AHONUT YaCcTMYHO HanpaBnseTCa Ha BbiNapKy M pacTBo-
peHne NCXOAHOrO Cbipbs, @ YaCTUYHO — Ha PE3KCTPaKUMIO xnopuga kobanbTa.

Mo 3aBepLUeHWM KaTOAHOM KOMMaHUM TOBapHbIe KaToAdbl BbIrPYXatTCH, NPOMbIBAKOTCH
N nepeparTcs B AanbHenwyo o6paboTky, BKOYaOLLYyO B3BeLnMBaHue, npobooTbop, pesky,
COpPTMPOBKY (pa3bpakoBKy), pacoBKy (ynakoBKy) ToBapHOro kobanbta Ans oTnpaBku naptu-
MW Ha CKnaj roToBOW NpoayKuuu.

OcHoBHOe obopyaoBaHne NpomM3BOACTBa KatogHoro kobanbTa BkAovaeT B cebs pe-
aKUMOHHOe, (bunbTpoBanbHOE, IKCTPAKUMOHHOE 0B0opyaoBaHME, ANEKTPONN3HbIE BaHHbI.

OcHoBHOe peakumMoHHoe obopyaoBaHue: annapaTtbl C MHEBMAaTUYECKUM NepeMeLLmBa-
HMem (nayvykm) emkocTbio 170 M3, annapaTtbl C MEXaHUYECKUM NEpPEeMELLMBAaHNEM U NIOCKUM
UM KOHUYECKUM OHMLLEM pasnnyHoro obbema (oo 20 m3), annapatbl C NCEBOOOKUKEHNEM
(uemeHTaTOpbl) emkocTbio 11 M3, OcHoBHOE eMKoCcTHOoe obopyaoBaHne — Gaku (annapaTbl)
eMKocTbio oT 0,23 go 200 m2.

dunbTpoBanbHoe obopyaoBaHue: punbTpbl NaTtpoHHble NK®-40, anckoBble Bakyym-
GunbTpbl T68-2,5 n AT34-2,5, unbTp-npecchl pamHble PPI1-50-21.

OKCTpakunoHHoe o0bopyaoBaHWe: IKCTPaKTOPbl AWNYHbIE TUNA CMECUTENb-OTCTONHUK
C nnowaabio kKamep oTcTamBaHusa 2,6 M3 U aHanorM4Hble SKCTPaKTOPbl C BLIHOCHOW KamepoW
CMeLLEHMS 1 NoLLaablo Kamep oTcTanBaHus 17,5 m3.

BbinapHas cTaHumMa BakyyMHasi, OBYXKOPMYCHast C BbIHOCHbIMW TennoobMeHHMKamm
F = 37,6 n 48,5 M?, KOXXyXOTPYGHbIM NMOBEPXHOCTHBLIM KOHAeHcaTopom F = 37,9 M? 1 npeaea-

pUTENbHLIM MNacTUHYaTLIM HarpeBaTenemM-TennoooMeHHnkom F = 10 m?2,
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TpaHcnopTupytowee obopyanosaHue. LleHTpobexHble Hacocbkl (ctaHuuu) Tuna AXH
Q/H.21, XM-8/40.

Cuctema KOMMNpMMMUPOBaHUA Xxropa un xnopHon 6e3onacHocTn komnaHum EGR (AH-
rmua) Ha Gase BOJOKONbLEBOro komnpeccopa xmnopa Q =180 HM3/M, Pus = 0,15 MMa,
N = 22 kBT.

Bnokn caBoeHHble BaHH 3MEKTPOSM3HbIX NONMMEPOBETOHHbIX HA 61 TUTAHOBbLIN aHof, C
nokpbliTnem Tvna OPTA B anadparmeHHbix ssiyenkax ¢ konnakamm n 60 katon, pabodewn no-
BepxHoCTbo 935 x 1340 mm. Bgonb 6opTa BaHHbI NPOXOAUT KOMSEKTOP AMS COBMECTHOWM
9BaKyaumu aHonuta u xropa. 1o TOKy BaHHbI NocneoBaTenNbHO BKMIOYEHbI B CEPUIO C MaK-
CYManbHOM TOKOBOW Harpyskoun o 35 KA.

MogbemMHoO-TpaHCNOpTHOE 0bOopygoBaHMe BKOYaeT MocToBon kpaH (Q=10T,
H=13m, L=21m) wn cneukpaH (Q =3,2/30 1, L = 10,5 m) ana obcnyxmaHusa BaHH. Obpa-
BoTKa roToBOM NpOAYKLUMN OCYLLLECTBNAETCA Ha yYacTke, BblefIEHHOM B COCTaBe OTAEeNeHus
roTOBOM NPOAYKLMM HUKENEBOrO NPOM3BOACTBA C MCMNOSb30BaHNEM ero 060pyaoBaHUS.

Ona cHwkeHns BbIOPOCOB 3arpA3HAOLLMX BELWECTB B aTMOCKEpPHbIN BO3AyX npeny-
CMOTPEHO:

- yCTaHOBKa repMeTUYHOro, OCHALLEHHOro acnupauuoHHbIMKM oTcocamun obopynosa-
HUS;

- 06LeobMeHHaA NPUTOYHO-BLITSXXHAS BEHTUNALMA NOMeLeHnn B Tpebyembix ob6be-
Max;

- obopygoBaHMe acnmpauMOHHbIX CUCTEM ra3004YUCTHBIMW YCTaHOBKaMM, MO3BOSISHO-
LMK coKpaTuTb Bbibpockl Ha 98,0 % — 99,97 %);

- aBapUnHasa BEHTUNALMA HACOCHbIX NOMELLEHUI CKnaga CoNsiHOM KMCMOTbl C aBToOMa-
TMYECKUM BKINOYEHMEM B paboTy npu NpeBblEeHNN KOHLEHTpaLMI XIOpPUCTOro BOAOPOAa;

- aBapurHaa BEHTUNAUMA Y4acTu NPOU3BOLACTBEHHbLIX MOMELLEHUN 3NEKTPOSIM3HOIo
yyacTka C aBTOMaTUYECKUM BKITHOYEHNEM B paboTy Npu NpeBbILLEHNN KOHLIEHTpaLmMm xnopa ¢
OYUCTKOM XJlopcoaepKaLlmnx rasos.

[na o4ncTKn acnMpaumMoHHbLIX OTCOCOB OT EMKOCTHOrO ob6opyaoBaHua (C XNopuaHsIMu
pacTBopamMu MeTasnsioB; C pacTBopamMu COSISIHOW KUCMOTbl) YCTaHaBNMBAETCH MEHHbIN ra3o-
OYUCTUTENDb, OpPOLLAEeMbI COOOBLIM pacTBOpoM (cTeneHb ouncTkn — 98,5 %). MNpowewive
OYUCTKY rasbl cOpacbiBaloTCa B aTMOcepy yYepe3 BeHTCMCTEMY. ACNUPALMOHHbIE ra3bl OT
obopyaoBaHus, B KOTOPOM BO3MOXHO BblAeneHne xnopa, HanpaBnsanTCa Ha OYMCTKY AN Uc-
KIMOYEHMS BO3MOXHbIX MPOCKOKOB Xfopa B CYyLLECTBYHOLIME MEHHble ra3oouucTutenn (cre-
neHb o4nmcTkn — 98 %), roe npoucxoauT UX HeuTpanuaaumsa cofoBbiM pacTBopoM. [1po-

LWeALIne OYUCTKY rasbl copacbkiBaloTCsl B aTMOCepy Yepes CyLLEeCTBYIOLLYIO CBEYY.
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[na acnupauum SKCTPaKTOpoB, HacafO4HbIX KOMMOHH, EMKOCTEN C opraHudeckon da-
301 NpefyCMOTPEHbl CUCTEMbI C ECTECTBEHHOW TAron ¢ BbiIOpOCOM Ha HOBble cBeun. Beunay
OTCYTCTBUSI 9KOHOMUYHbIX U 3(P(PEKTUBHBIX CUCTEM yNaBnMBaHWA NapoB NpefenbHbIX yrie-
BOOOPOAOB (KOMMOHEHTOB 3KCTpareHTa) Ansi CHWXKeHUst BbIBpocoB B aTMocdepy M noTepb
AOPOroCTOALLMX peareHTOB NpeayCMOTPEHO BOASAHOE OXNaXAeHue CeKuMi acnmpaunoHHbIX
rasoxoos.

TexHonorn4yeckon CXemMon 3NEeKTPONN3HOro yyacTka npegycMoTpeHa yCTaHOBKa ABYX
CKpyb6epoB Onsi OYMCTKM (HEMTpanmMsauumn) Xrnopcoaepalimx rasoB: acnupaumMoOHHOro u
aBapuIMHOro, OpoLaeMbIX LWenoYHbiM pactBopoMm (15-20%-HbiM pactBopoM NaOH). Ckpy6-
Gepbl BKMOYEHbl B KOMMMEKTHYD MOCTaBKYy CUCTEMbI XIOpPOYyAaneHus, AeXNopupoBaHuS
aHoNMTa, OYMCTKM XIopcoepKalmx ra3oB. PacyeTHas cteneHb OYUCTKM ra3oB Ha ckpybbe-
pax (99,97 %) onpegeneHa mMcxoas M3 HEMELKKMX HOPMaTMBOB MO COAEPXaHUIO Xfiopa B
OYMLLIEHHBIX COPOCHbIX rasax — He 6onee 3 mr/m3. Ha nocTtosiHHO paGoTarwmii acnupaum-
OHHbI CKpyb6ep nocTynatT acnupaunoHHble OTCOCHbI OT YKPbITUA 3NEKTPOSIN3HBIX BaHH,
BaHH pereHepaumm, EMKOCTHOro 1 unnbTpoBanbHOro 060pyaoBaHNSA SNEKTPONM3HOIO y4acT-
Ka, NpoayBoOYHblE rasbl, a Takke «bedHble» Xropcoaepallune rasbl aBapunHON BEHTUNALNN
13 NOMELLEHUN.

Abrasbl eMKOCTEN CONSAHOM KUCMOTbl HAanNpaBnslTCA B annapaTt-ra3ooumcTuTens ans
HenTpanusauum cogoBbiM pacTtBopoM. OuuuleHHble ra3bl cOpacbiBaloTcs B aTmocdepy ye-
pes cBevy.

CamocTosTernbHble CTOKM KOBanbLTOBOro Mpou3BoACTBa He 00pasytoTcsl, MOCKOMNbKY
BCe nonynpoaykTtbl nepepabartbiBatotca B MO Hukenesoro npounssoactea (LIOH).

lMponssoacTBeHHbIE (coneBble) cTokM LIOH oTBOAATCA Ha OYUCTHbIE COOPYKEHUS 06-
Lero cTtoka KombuHaTa, rae noaseprarTcs U3BECTKOBOW OYMCTKE U cOpachiBalOTCA B 03epo
Hioa.

Beog B paboty kobanbTOBOro Npom3BoacTBa ymeHbluaeT cbpoc B 03epo Hiog cynb-
daT-noHa Ha 6807 T/rog n yBenuumeaeT cbpoc xnopua-moHa Ha 1004 1/roga.

Pazpgen 3. OnpegeneHne HaMnyywux AOCTYNHbIX TEXHONOMMM

TepMyH «Haunyylwmne OOCTYMHble TexHonornm» onpegeneH B degepanbHOM 3aKoHe
«0O6 oxpaHe okpyxatoLen cpeabi» Ne 7-03 ([36]).

[Moa TexHonorven NOHMMaeTCs Kak UCNonb3yemas TEXHOMNOrus, Tak u cnocob, ¢ no-
MOLLIbHO KOTOPOro O6BHEKT CNPOEKTMPOBAH, MOCTPOEH, AKCNITyaTUPYeTC U BbIBOOUTCS M3 3KC-

nnyatauun; 3To HE TOJNIbKO N HE CTOJIbKO TEXHOJIONMA nNnpon3eoacTea, HO U pa3JyintyHble TEXHU-
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YecKne n HeTexHU4eckne metobl (AKONOrMYECKUA MEHEDKMEHT, ynNpaBreHYeckme peLleHns)
NOBbILLEHWS KOSTOrMYECKOM pe3yribTaTUBHOCTN.

[Moa [OCTYNHOM NOHUMAETCsl SKOHOMMYECKU uernecoobpasHasi U HeyHuKanbHasi Tex-
HONOrMA, KoTopas 4OCTUrNa ypoBHS, MO3BOMAIOLWEro obecneynTb ee BHeAPEHWE B HUKENb-
K06anbTOBOW MPOMBILLIIEHHOCTU C YY4ETOM 3KOHOMUYECKOM U TEXHNYECKOM 0BOCHOBAHHOCTH,
nNpyHMMas BO BHUMaHWE 3aTpaTbl U NPEUMYLLECTBA; NPU 3TOM TEXHONOMMNSA AOSMKHa ObITh pe-
anusoBaHa xoTsa 6bl Ha ABYX NpeanpuUsaTUAX OTpacnu.

Mo «Hauny4lwen» noHMMaeTCs TEXHONOorns, B MakcMmarnbHon mepe obecnedmnsato-
LLLasa oxpaHy oKpyxatoLlen cpebl u cbepexeHme pecypcoB (Cbipbs, BOAbI, SHEPTUN).

Mopsagok onpefeneHna TEXHOMNOMMW B KayecTBe Haunydwen LOCTYNHOM TEXHOSoruu
onpegenéH noctaHoBneHnem [lpaButenbctBa Poccuiickon ®epepaunm ot 23 aekabps
2014 r. Ne 1458 «O nopsgke onpeaeneHns TEXHOMOMMM B Ka4eCTBe Hauny4llen JOCTYNHON
TeXHoMnormM, a Takke paspaboTky, akTyanusauum u onybnukoBaHuMs WH(OPMaLNOHHO-
TEXHUYECKUX CMPaBOYHUKOB MO HaUMy4YLLMM OOCTYMNHbIM TEXHOMOMNAM», HA OCHOBAHUM KOTO-
poro MMHMCTEPCTBO NMPOMbILLNIEHHOCTN U Toproenu Poccunckon ®epepaumm paspaboTano
MeToanyeckme pekoMeHaaumm no onpefeneHnto TeXHONOrMM B KayecTBe Haunydlwen Oo-
CTYMHOW TEXHOIOMNN.

CornacHo aTumM JOKyMeHTaM, Npu OTHECEHMM TEXHOMOMMYECKMX npoLeccos, 0bopyao-
BaHWs, TeXHMYeCKnx cnocoboB n metogos kK HOT HeobxooMMo yunTbiBaTh CreayroLmne Kpu-
Tepuu:

a) HaMeHbLUUIN YPOBEHb HEraTMBHOMO BO3OENCTBUA Ha OKPYXatoLLyto cpefy B pacye-
Te Ha eauHULY BpeMeHu nnu obbem NpomsBogMMon Npoaykuumn (ToBapa), BbINOHAEMON pa-
60Tbl, OKa3blBaeMow ycnyru nmbo COOTBETCTBME APYrMM MOKa3aTensMm BO3OENCTBUA Ha
OKpY)XaloLyo cpeay, NpeayCcMOTpPeHHbIM MexayHapogHbiMu gorosopamu Poccuinckon de-
Aepaunn; nNpUopmuTETHLIM, OKasblBalOWWMM HauMMeHbllee oTpuuaTenbHOe BO3AEWCTBME Ha
OKpY>KaloLLyo cpeay, PEKOMEHO0BAHO cYMTaTb BO3O4ENCTBME OT OTXOA0B, 3aTeM BblOPOCHI B
BOAY W 3arpsi3HEHME No4Bbl; BO3OENCTBME OT BbIOPOCOB B BO34QyX PEKOMEHAOBAHO paccMar-
puBaTb Kak bakTop, MMeKLLnin HanbonbLlLmin oTpruaTenbHbIn 3PdeKT;

6) sKoHOMMYecKkasa aPPEKTUBHOCTbL BHEAPEHUS U SKCMyaTauuun; aHanu3 SKoHoOMuYe-
CKOM 9(P(PEKTMBHOCTU 3aKIT04aEeTCA B OLIEHKe 3aTpaT Ha BHeApeHue U 3KCnryaTaumo TeXHO-
Nornn 1 BbIrOObl OT ee BHeApeHUd nyTeM NpUMEeHeHUss MeToda aHanuaa 3aTtparT M Bbirog; B
npouecce OLUEHKN pekomeHayeTca pasgensatb o6bekTbl (NMpeanpusiTus) Ha HOBble U Aew-
cTBylOLME;

B) NPUMEHEHNE PECYpPCO- U 3HeprocbeperaroLLmx MeToa0B;

r) nepuog BHeAPEHWUS;
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[) NPOMbILWIIEHHOE BHEAPEHME TEeXHONOrM4yecknx npoueccos, 060pyaoBaHUA, TEXHU-
Yyeckmnx crnocoboB, MeTooB Ha ABYX U Bbonee obbekTax B Poccuiickon denepaumm, okasbl-
BalOLLUMX HEraTMBHOE BO3ENCTBME Ha OKPYKatoLLYyo cpeay.

B kayecTBe MCTOYHMKOB MH(POPMaLUKN O MPUMEHAEMbIX HA NPaKTUKE TEXHOMOrmsxX, oT-
Hocswmxca K HOT, Obinn ncnonb3oBaHbl OKOHYATENbHbLIM NPOEKT BTOPOW peaakuumn crnpa-
BoyHuka EC no HOT ansa npegnpuatmi uBeTHow metannyprumn (oktabpb-2014), cBegeHus,
nosiydYeHHble B pes3ynbTaTe aHKeTUPOBAHWA NPeanpusaTUiA oTpacnu, pesynbTaTbl Hay4yHo-
nccneposartenbckux pabot, nybnukaumn, a Takke UHgopmauus, nonyvyeHHas B Xo4e KOH-
cynbTauum ¢ NpouIibHbIMKU 3KCnepTamu.

Havny4ywmne gocTynHble TEXHONOrMM U METOAbl, a Takke, B HEOOXOAMMBIX CryyasX,
COOTBETCTBYKOLLME UM TEXHOMOrM4yeckne nokasaTenu (3HavyeHUs KOHLUEHTpauuuM 3MUCCUi)
onpegenanucb TeXHUYecKon paboyen rpynnor NPUMEHUTENBHO K BCMOMOraTesnbHbIM U OC-
HOBHbIM MpoLieccamM NPou3BOACTBa HUKENS U KobarnbTa, NpUBEeAEHHbIM HUXE.

Mpouecchbl NoAroTOBKU Chipbs:

a) cyllKa, okyckoBaHue (bpukeTupoBaHue);

6) rmgpomeTannyprmyeckoe oboralieHme HUKENb-NMPPOTMHOBOIO KOHLIEHTpAaTa.

[Mpouecchbl NNaBkM NEPBUYHONO CbIpbS U KOHBEPTUPOBAHUSA C UCMONb30BaHUEM Crle-
AyoLLMX arperaTos:

a) PygHoTepmuyeckas nevb

6) MNeyb B3BELLEHHON NIIABKU

B) OnekTponeyb obeaHeHns

r) LWaxTHasa neyb

n) Konseptep lNupca — Cmuta

Mpouecchbl NonyyYeHns ToBapHbIX POPM HUKENA 1 kobanbTa:

a) noTaunoHHoe pasgeneHne anHLWTeNHa;

6) okMcnNUTENbHbBIA OBXNUI HAKENEBOrO KOHLUEHTpaTa dioTauumn dhanHLTENHa,;

B) NosflydeHne nopoLuka HMkenesoro TpybyaTbix neven (MHTIM);

r) pacpmHuposanune MNMHTI B xnopuaHbix cpeaax 4o KaTtogHOro HUKENs;

) NonyyYeHne anekTPonnTHOro kobanbTa.
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Paspen 4. Hauny4wune goctynHble TEXHONOMrMun

HacToswmi pasgen cogepXuT nepeyeHsb KpaTkmx onucannn HOT, npumeHaemMbix npu

npon3BoaCcTBE HUKEITA U kobanbTa Ha pa3nnMyHbIX 3Tanax TeXHOJIOrM4YeCKOoro npouecca.

HOT B pamkax pasgena crpynnupoBaHbl B nogpasiesibl B COOTBETCTBUN C LIENSAMU NX

npumMmeHeHuna, Hanpumep HAT ana nosbiweHNa 3 PEKTUBHOCTUN UCMONb30BaHUS SHEPTUU,

HOT ons ynpaeneHns oTxogamu, NPOMeEXYTOYHbIMU M NOBOYHBIMI NpoayKTamMun 1 ap.

Mpwn BbIGOpe HOT Heobxoaumo obpaliaTte BHUMaHWE Ha yka3aHue B onvcaHun HOT

Ha KOHKpeTHOoe NpOou3BOACTBO (nepenen/ycTaHoBKy), ANA KOTOPOro JOMMKHA NPUMEHATLCA

cooTBeTCTBYyHLWasa TexHonorus. Takke gns kaxgon HOT, rae Heob6xoamMmo, ykasaHbl orpa-

HUYEHMA MPUMEHMMOCTW BKITHOYEHHbIX B onncanne HAT meTtonos.

4.1

Cuctembl akonornyeckoro meHegxmeHrta (COM)

HAOT 1. lNoBbiweHne obuen pe3ynbTaTUBHOCTU NPUPOSOOXPaHHON AeATENbHOCTMU.

BHeopeHvne n nogaoepxaHne cuctemMbl aKonorndeckoro MmeHegpxkmeHta (COM), cooTBeTCTBY-
towen TpebosaHuam FOCT P MCO 14001Y vnmn 1ISO 1400170,

4.2 JHepromMeHemXMEHT U aHeprus

HAOT 2. MNosbiweHne aPEeKTUBHOCTN UCMONBb30BaHUS 3HEPTUU: UCMONb30BaHNE KOM-

GuHaumm aByx unu 6onee mMeToaoB, NpMBESEHHbIX B Tabnuue 4.1,

Tabnuuya 4.1.

MeTtoa/o6opygoBaHue

[MpymMeHnMocTb

Cuctema ynpaBneHus aHeproadpeKTms-
HOCTbIO (Hanpumep, B COOTBETCTBUM C
TpebosaHuamn FTOCT P NCO 50001 * unun
ISO 50001 1)

O6wenpumeHum

6)

OnTumanbHoe pasMeLleHne B3anMoCBsi-
3aHHbIX NPOVN3BOACTB, Nepeaenos U OT-
aenbHoro obopyaoBaHus, obecneynsato-
Lee MMHMMU3aUmMIo MaTepuanbHbIX NOTO-
KOB

O6LLeNnpMMEHNMO NPU HOBOM CTPOUTESb-
CTBE, U3BMEHEHUM KOHpUrypaumm cyle-
CTBYHOLLUMX NPOU3BOACTB UM PEKOHCTPYK-
Lmm
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MeTtopg/o6opynosaHue [MpMeHMMOCTb
B) | Micnonb3oBaHue n3bbITOYHOro Tenna MpMMeHnM ons nupomeTannypruyeckmx
(Hanpumep, napa, ropsiyen Boabl UK ro- | NPOLLECCOB
payero Bosayxa), obpasyroLerocs npm
peanu3aunmn OCHOBHbIX MPOLECCOoB
r) | PereHepaTuBHble JoXurarowme ycTpon- MpumeHnm, korga TpebyeTcst 0OMMCTKA Bbl-
cTBa BGpPOCOB OT roproYMX 3arpsa3HAILLNX BE-
LecTB
A) | Nogaya Ha ropenku Bo3gyxa, oboraiwieH- | MNpumeHum ana nupomeTanypruyeckmnx
HOrO KMCOpPOLOM, UIM YUCTOrO KMCIOPO- | NpOLIeccoB
Aa Ans yMeHblUeHnst noTpebneHns aHep-
rmm
e) | HuskoTemnepaTypHas cylwka KoHueHTpa- | ObwenpumMeHnm
TOB W BNAXXHOMO Cblpbs Nepes niaBKoOK
X) | Tennounsonsaumsa o6bEKTOB, PYHKLNOHK- Ob6wenpuMeHnm
PYIOLLMX NPU BbICOKMX TEMNepaTypax,
Hanpumep TpybonpoBOAOB Napa u rops-
Yyen Boabl
3) | icnonb3oBaHue BbICOKOI(EKTUBHBIX ObwenpnmeHnm
anekTpoasuratenemn, 06opyaoBaHHbIX Ya-
CTOTHbIMM NpeobpasoBaTenamu, ons Ta-
KMX YCTPOMWCTB Kak, Hanpumep, BEHTUNS-
TOpbI
n) | cnonb3oBaHue ropaunx TexHomnormye- MpMMeHnM ona nupomeTannypruyeckmx
CKMX ra3oB OT NPOLECCOB NraBfeHna ans | Npoueccos
HarpeBaHus NogaBaeMblX KOMNOHEHTOB
K) | [pMMeHeHne aBTOreHHbIX NPOLIECCOB MpumeHnm onsa nMpomMeTannyprmiyeckmnx
NNaBKN Cblpbs npoL,EeccoB
n) | icnonb3oBaHue Tenna XuMmn4ecknx pe- MpymeHMm Npu peanusaunmn OKUCNUTENb-

akuuii ans nogaepxaHvus Tennosoro 6a-
naHca rmgpomeTannyprmyeckux npouec-
COB

HbIX NMPOLIECCOB, CONMPOBOXAAMLLIMXCS Bbl-
JeneHvem Tenna

1) CooTBETCTBME CUCTEM MEHEL)KMEHTA YKa3aHHbIM CTaHapTaM He o3HavaeT ee 06s3a-
TeNbHYI0 cepTUduKaumio.

4.3

KOHTpOﬂb TexXHOJNTorm4eCcKux npoueccoB 1 MOHUTOPUHT aMmuccum

HOT 3. O6ecneveHne cTabunbHOCTM NPON3BOACTBEHHOMO npouecca. BHeapeHne cu-

CTeéMbl aBTOMAaTU3NPOBAHHOIO KOHTPOIIA U NCnofib3oBaHne KOoMOUHaumn AOByX ninun bonee

MeTOoA0B, NpUBEAEHHLIX B Tabnuue 4.2.
Tabnuuya 4.2.

MeTtoa/o6opygoBaHue

[MpymeHnMoCTb

a)

lMpoBepka 1 COpPTMPOBKA UCXOAHbIX MaTepuanos B
COOTBETCTBUU C TpeboBaHUsAMU, onpeaenseMbiMu
Mcrnosnb3yemMblM TEXHOMOrMYeckMMm obopyaoBaHneM
N NPUMEHSAEMbIMM METO4aMM COKPaLLEeHUS 3arpss-

HEeHWNA

ObwenpnmeHnm
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MeTtopg/o6opynoBaHue

[MpUMeHMOCTb

6)

TwaTenbHoe nepemelunBaHne pasrmyHbIX MaTepu-
anos, BXOOALMX B COCTaB LUNXTbI, 415 JOCTUXEHUS
onTUManbHON 3P PEKTUBHOCTM NepepaboTkn 1 co-
KpaLleHns BblI6pOCOB 1 OTX040B

B)

Cuctembl B3BeLLMBaHUSA N 0031npOBaHNA LLUNXThI

Mcnonb3oBaHMe MUKPOMNPOLIECCOPHbIX YCTPOUCTB
OS5 KOHTPONA CKOPOCTU NoJayn matepuana, K-
YeBbIX TEXHOMOMMYECKMX NnapameTpoB, BKNoYas
CUrHanu3aumio, yCrnoBumn CXuraHus U nogadm go-
NONHUTENBLHOrO rasa

HenpepbIBHbIN MHCTPYMEHTarbHbIA KOHTPOSb TEM-
nepaTypbl, AaBNeHUs, pacxoda peareHToB

KOHTponb KpUTUYeCKUx napaMeTpoB NPOLECCOB,
peann3yeMbix Ha YCTaHOBKaX OYMCTKN BO34yxa, Ta-
KMX KaKk TeMnepaTtypa rasa, Konm4yecTBo nogaBae-
MbIX peareHToB, NageHne AaBneHusl, TOK 1 Hanps-
)XeHWe Ha anekTpodunbTpe, 06bem nogayun n pH
XMOKOCTN B MOKPOM CKpybbepe

KoHTponb coaepxaHust nbinv B OTXOASALLMX ra3ax
nepepn Ux nogaden Ha CEPHOKUCIIOTHYIO YCTaHOBKY

MpumeHnm onsa 3aBoAoB NO Npo-
N3BOACTBY LBETHbIX METANMOB,
BKMNtOYaOLLNX NPON3BOACTBO
CEPHOWN KMCMOTbI NN XNOKOTO
SO2

HenpepbIBHbIV MIHCTPYMEHTanbHbIW KOHTPOSb CUSbI
TOKa, HaNpshXeHWsi, CKOPOCTU LMPKYNsLUmMuK, cocTaBa
pacTBOPOB M KayecTBa 3N1EKTPUYECKUX KOHTAKTOB U

Aap.

MpymeHm ons npoueccoB anek-
Tponusa

HenpepbIBHbIM MHCTPYMEHTamNbHbIW KOHTPOIb CO-
AepXaHnsa BpeaHbIX BeLecTB B BO3ayxe paboyen
30Hbl C CUCTEMaMM ONOBELLEHUA U aBapUNHOM
OCTaHOBKM (NPU HANUYUU TEXHNYECKON BO3MOXHO-
cTn) paboTbl OCHOBHOro 060pyaoBaHMs B criyvae
NPEBbILIEHUS UX MOPOroBbIX 3HAYEHUN

O6wenpumeHum

KoHTponb n perynupoBaHve Temnepatypbl Ans
npeagoTBpaLleHns obpasoBaHuAa BbIDPOCOB MeTar-
NOB 1 OKCMAOB METanNsoB 13-3a Nneperpesa

MpuMeHuM ona cnekarowmx u
NraBUNbHbIX NeYen

Mcnonb3oBaHne nokarnbHbIX U rnobanbHbIX CUCTEM
KOHTpONs 1 ynpasneHusa paboton obopyanoBaHus,
BKIOYas HENPEPbIBHbIA MHCTPYMEHTAamNbHbIN KOH-
TPOSfb OCHOBHbIX MAapamMeTpoB: TeMnepaTypbl, MyT-
HocTu, OBI1, pH, anekTponpoBO4HOCTU, AaBMEHNS,
YPOBHS, MOTOKOB, COCTaBa W ap.

ObwenpnmeHnm gnga rmapome-
Tannypru4yeckmx NnpoLeccoB

4.4 CokpalweHue pacxoaa peareHTOB U maTtepuarnoB

HTA 4 CokpalieHne pacxoda peareHToB 3a CHET BHEAPEHUS HOBbLIX NpoLieccos, (Tab-

nmua 4.3).

Tabnuua 4.3
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MeTopn/o6opynoBaHue MpumeHnmocTb
a) | Ncnonb3oBaHue cynbdarta HaTpusa unum MpumeHnm onga nnpomMeTanypruiyeckmnx
cynbaTa kanbuus B kayecTse ortocyro- | NpoLeccos
LWmx obaBok Ansa yny4vweHunsa pmsmko-
XUMUYECKNX CBONCTB LUMAKOB U CHUXKEHUS
noTepb LUBETHLIX METAsSI0B
0) | 3ameHa rmgponutTnyeckoro crnocoba Bbl- | [MpMeHMMO ons XNopuaHbIX cpen padu-
aeneHunsa kobanbTa U3 HUKENEeBOro pac- HupoBaHus MHTI nnn nHeBIX NoNynpoayk-
TBOpa Ge3peareHTHbIM 3KCTPAKUMOHHLIM | TOB, Nocne pa3paboTkn He rmaponmTmye-
ckoro cnocoba O4YNCTKN OT CBMHLA U Map-
raHua
B) | YTunusaumsa coneBoro ctoka gpobHon MpuMeHMM ans yCTaHOBOK OYUCTKU CTOY-
BbIMApKOW C BblAerieHMeM ToBapHOro HbIX BOA, OT XJIOPUAHOro padoMHUpPOBaHNSA
cynbdaTa Hatpua n obopoTHoro xnopuaa | NMHTI unm nHeix NonynpoaykTos
HaTpPUSA U NPOM3BOACTBA Xrlopa 3NeKTpo-
nM30M nocrieHero B3ameH Ucnosb3oBa-
HWSA NPUBO3HOIO Xropa
r) | Ncnonb3oBaHne N3BecTkOBO-CEPHOro OT- | [NpuMeHuM B rugpomMeTaniypriryeckmx
Bapa B Ka4yeCTBe OCaanTeNs TKenbIX NPOM3BOACTBAXx, CONPOBOXAALLMXCA 06-
LUBETHbIX MeTansnos pa3oBaHMEM U1 BblaereHneM anemMeHTap-
HOW cepbl
A) | NpumeHeHne punbTpaumm pacnnaesneH- | MNpuMmeHnm ona rmgpomMmeTannyprryeckmx

HOW 3NeMeHTapHOW cepbl B3aMeH aBTo-
KNaBHOW BbIMNS1aBKu

NPOLECCOB, COMPOBOXAaLLMNXCA 06pa3o-
BaHWEM 3NIeMeHTapHON cepbl NPy HeobXo-
OVMOCTU ee BblaeneHus

4.5 HeopraHusoBaHHble 3MUCCUUN

HAT 5. MNMpeaoTepalleHne nnm ymeHbLlLIEHWE HEOPraHN30BaHHbIX BbIGPOCOB Mbifnu:

paspaboTka n peanusaums B kayectse coctaBHon Yyactn COM (cm. HOT 1) nnaHa meponpu-

ATUX NO HeopraHnM3oBaHHbIM Bbl6p008M, npegycmartpuBatrowiero, B TOM 4nucne, ncnosib3oBa-

HMe MeToaoB, NPUBEAEHHbIX B Tabnuue 4.4.

Tabnuua 4.4.
MeTton/obopynoBaHue
a) | NHBeHTapm3aumnsa Hanbonee xapakTepHbIX UCTOMHUKOB HEOPraHM30BaHHbIX BbIOPOCOB
0) | OnpegenexHune n peanusauuio COOTBETCTBYIOLLMX MEPONPUATUIN U METOLOB MO NPeaoT-

BpaLLEHMIO M COKPaLLEHNI0 HEeOpraHM3oBaHHbIX BbIODPOCOB B TEYEHWE OnpeaeneHHoro

nepvoaa BPEMEHMW.

HAOT 6. lNpenoTBpalleHne nnu yMmeHblLIEeHNne HeopraHM30BaHHbIX AMUCCUIA B BO3AYX U

BOAHblEe OOBEKTHI: opraHm3aunda MecTHbIX CUCTEeM acnunpaunmn, 3amMmeHa peareHToB n maTepu-

anoB MeHee NneTy4nMmmn n TOKCUYHbIMU, NMKBMAaUnA CKNnagoB XpaHeHUA TOKCUYHbIX peareH-
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TOB U MaTepuarnoB UM CoKpalleHne o6beMa Ux XxpaHeHus 1 NoTpebneHns 3a cyeT yrnydlle-

HNA NTOTMCTUKN NMpon3BoacTBa UMM MUSMEHEHUA TEXHONOINMM npomn3BoacTBa.

HOT 7. YMeHbLLUEHME HEOPraHN30BaHHbIX BbIBPOCOB, 06pa3yoLmnXCa Npyu XpaHeHnn

cbipbs (Tabnuua 4.5).

Tabnuua 4.5.
MeTtoa/o6opygoBaHue [MpYMEHNMOCTb
a) | PerynspHas ybopka u, npy Heob6xoanmMocTu, ObwenpumeHnm
yBraXXHeHMe Nnowankn XxpaHeHns n obpalleHms
CbINyYnMM MaTepranamm
6) | NMpymeHeHne 3alMTHBIX NOCAAOK, OrPaXKAEHNN MpumeHsieTca npu cknagupo-
ANA 3aWmThl OT BeTpa unmn obeanoBaHum C BaHMM Ha OTKPbITOM BO3yxe
HaBETPEHHOWN CTOPOHbI OS5 CHUKEHUS CKOPOCTU
BeTpa
B) | XpaHeHne maTepunanoB Tam, rge aTo BO3MOXHO, | ObenpmeHnm
B OAHOWM Ky4e BMECTO HECKOJTbKUX
r) | FlepmeTnyHasa ynakoBka MpumeHsieTca ons XxpaHeHus u
TPaHCMOPTUPOBKM MbINIALLNX
MaTepuanos, a Takxe Cblpbs,
cofepxallero pactBopuMble B
BOJe opraHuyeckue coeauHe-
HUS
n) | Pa3bpbisrmBaHne Boabl C NnpuMeHeHneM unm 6e3 | He npumeHsaeTca gnga npouec-
NPUMEHeHNs Takux 4o6aBOK Kak naTekc COB, B KOTOPbIX UCMOMb3YTCA
cyxue martepvanbl Unu py-
Obl/KOHUEHTpaTbl, coaepxa-
LMe AocTaTo4HOE KONIMYEeCTBO
€CTEeCTBEHHOM BNnarun, 4toobl
npeaoTBpaTUTh Nbineobpaso-
BaHue. [pumeHeHne Takxe
OrpaHU4YeHO B pernoHax c He-
XBaTKOW BOAbI NN C OMEHb
HU3KUMW 3UMHUMK Temnepa-
Typamu
e) | PaamelueHne ycTponCTB And ynaBnuBaHua nol- | NpumeHseTca B mecTax ckna-

NV B TOYKax 3arpy3kun 1 neperpysku

OnpoBaHUA NbiNAWLNX MaTepu-
arnoB

HOT 8. YMeHbLLeHMEe HeOpPraHN30BaHHbIX AMUCCUIA, obpasytomxcs npm obpaboTke un

TpaHCNopTUPOBKE Cbipbs (Tabnuua 4.6).

Tabnuua 4.6.

MeTopg/o6opynoBaHue

[MpMEHUMOCTb

Mcnonb3oBaHme 3aKkpbITbiX KOHBEMEPOB UM
NHEBMATUYECKNX TPAHCMOPTHLIX CUCTEM

CoopyxeHune KoHBeepoB ANns HenbINSALWMX
TBEpPAbIX MaTtepuanos nog HaBecamu

ObwenpmeHnm

OpraHusauus cuctem acnmpaumm npu
TPAHCMOPTMPOBKE M Neperpyske NblnsLwmx

Ob6wenpumeHnm
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MeTtopg/o6opynosaHue

[MpMeHMMOCTb

mMaTepumanoB B codeTaHnn C CUCTEMOW Nbl-
neynaBimBaHuna 1 O4YNCTKU OTXOOALLUX ra-
30B

YcTaHoBKa yCTPONCTB And cbopa nbinu B
NyHKTaxX AOCTaBKW, BEHTUNSALNOHHbLIX OT-
BEPCTUSAX, MHEBMATUYECKUX TPAHCMOPTHbIX
cucTtemax U Toukax neperpysku Ha KoHBen-
epax nepegayu, u ux NOAKIYEHNE K Cn-
cTeme unbTpauun

anMeHﬂeTCﬂ npn ncnoJjib3oBaHu Mbl-
NAWmnx Mmatepumanons

n)

Mcnonb3oBaHue ans obpalleHns ¢ uamerb-
YeHHbIMU UNN BOAOPACTBOPUMbLIMU MaTe-
pranamm 3aKpbiTbIX MELLKOB U 6o4vek

ObwenpmeHnm

Mcnonb3oBaHue cneynanbHbIX KOHTENHE-
poB Ansa 06paboTkM YNOXKEeHHbIX Ha NoAa0-
Hax maTepuanos

ObwenpmeHnm

O6paboTka nbiNAWwmMx maTepuanos, Hanpu-
Mep MX CMeLUMBaHWe, B 3aKpbITOM MomelLe-
HUM

O6wenpumeHnm. [insa cywecTByOLWmMX
3aBO/I0B NPUMEHEHNE MOXET ObITb 3a-
TPYAHEHO B CBA3N C HEOOXOANMOCTbIO
OONbLUNX NPOCTPAHCTB

Pasbpbl3rnBaHne Boabl 415 yBlaXXHEHUS
MaTepuanoB B Mectax nx oopaboTku

He npumeHsieTca ons npoueccos, Tpe-
ByoLLMX CyXnX Matepuanos

Mcnonb3oBaHne MakcMarnbHO KOPOTKUX
MapLUPYTOB TPAHCNOPTUPOBKM

ObwenpumeHum

PerynmpoBka CKOPOCTU OTKPbITbIX JIEHTOY-
HbIX KOHBenepoB (< 3,5 M/c)

MpumeHsieTcs Npy UCNonb30BaHMK OT-
KPbITbIX IEHTOYHbIX KOHBEEPOB

PasmeLlleHne nepegaroLmx KOHBENEPOB U
TpybonpoBoaoB Ha 6e3onacHbIX OTKPbITbIX
nnoLiagkax Bbille yPOBHS 3€MHOM NOBEPX-
HOCTW C Lieflblo onepaTUBHOIO 0GHapYXeHUs
yTeyek 1 npeaynpexneHns NnoBpexaeHumn
TPaHCMOPTHbLIMK CPEACTBAMU U OPYTMM
obopynoBaHmeM. Ecnu anga nepemelleHms
HeonacHbIX MaTepuanoB UCMNONb3YyTCA
noa3emHble TpybonpoBoabl, MECTOMNOMNOXE-
HMe NX Tpacc A0JMKHO ObITb AOKYMEHTaNbHO
3ahnKCUPOBAHO M OTMEYEHO HAa MECTHOCTU
COOTBETCTBYHLMMM NpeaynpexaaroLmnmm
3HaKaMu; OOMMKHbI MPUMEHSTLCS CUCTEMBbI
Ge3onacHoro BegeHus 3eMnsiHbIX padorT.

ObwenpumeHum

Mownka Konec v waccu TpaHCnopPTHbIX
CPeACTB, UCNONb3yeMbIX 115 4OCTaBKU UNn
06paboTkun NbINAWMX MaTepnanos

He npumeHsieTcs B yCroBusix, KOTopble
MOryT NPMBECTU K 00neaeHeHuto

lMpoBeneHne nnaHoBbIX KamnaHum No ybop-
Ke gopor

ObwenpmeHnm

Wcnonb3oBaHne cucteM MbinienogasreHus,
TaKMX Kak BOAOMETbI UNn AoXAeBarbHble
YCTaHOBKM

lMprmeHsaeTca npu nepemeLInBaHum Ma-
TepuanoB BHE NomelleHun. He npume-
HseTCsa Ansa npoueccos, TpebyoLmx cy-
Xnx maTepuanos. lNpumeHeHne Takxke
OrpaHU4YeHO B PermoHax ¢ HexBaTKoW BO-
Abl UMK C OYEHb HU3KMMWU 3UMHUMMW TEM-
nepatypamm
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MeTtopg/o6opynosaHue

[MpMeHMMOCTb

n) | icnonb3oBaHune 3akpbiToro 06opynoBaHms,
OCHALLEHHOro CMCTEMOW yriaBnnMBaHNS OT-
X0OSALWMUX ra3os, CBA3aHHOW C CUCTEMOW ra-
3004UCTKM

MpumeHsieTca npy nogayvye cMmecen, no-
Ny4YeHHbIX C MOMOLLbIO OyHKEpOB-
[03aTOPOB U CUCTEMbI NOTEPU BECA,
npwv CcyLlKe, CMeLnBaH1Mm, noMmone, pas-

AeNeHnn n rpaHynnpoBaHnmn

HAOT 9. MNpeaynpexaeHne nnm ymeHbLLeHNE HEOPraHN30BaHHbIX BbIBPOCOB: ONTUMMU-

3aumst napameTpoB 3(PEKTUBHOCTM YNaBNMBaAHUS U OYMCTKM OTXOASILLMX ra3oB (Tabnuua

4.7).
Tabnuua 4.7.
MeTtog/o6opygoBaHue [MpMMEHNMOCTb
a) | Ncnonb3oBaHue 3akpbITbIX NeYen, OCHaLLEHHbIX | [TpuMeHeHne MoxeT ObiTb orpaHu-
cucTemMamMu nbineynasnMBaHus, Unn ocHalle- 4YeHo coobpakeHnsamMM 6esonacHoCTH
HWe neYen n gpyroro TexHonorndeckoro obopy- | (Hanpumep, TMNOM/KOHCTPYKLUMEN
[OBaHUS BbITSXXHbIMW CUCTEMaMM neyu, HanMynem yrposbl B3pbiBa)
6) | OcHaweHne neven BTOPUYHLIMN CUCTEMAMMU O6LwenpuMeHnm
OTBEAEHNA ra3oB B TOYMKaX 3arpy3kn 1 BbIFPY3KK
B) | OnTmMmn3aumsa KOHCTPYKLUN M TEXHONOMMKN 3KC- | [Ng CyLecTByOWMX 3aBOL4OB Npu-
nnyatauumn BbITSXKHbIX YCTPOMUCTB M ra30X040B C | MEHEHME MOXET BbITb OrpaHNYeHO
Lenbto ynaBnmMBaHNA ra3oB, BO3HMKAKOLWMNX NPU | UMEIOLLMMCS NPOCTPAHCTBOM UM CO-
3arpyske LUMXTbl N OTXOAALNX OT pPas3orpeToro XUBLLIENCA NIIaHMPOBKOKW pasmeLLe-
MeTanna; Bblgaya u nepemelleHme pacnyiaBoB | HUS OGBHEKTOB B Liexax
CynbdUAOB UK LWNAKOB MO 3aKpbITbIM >Xero-
G6am
r) | CoopyxeHue yKpbITU Nevyen/peakTopos, Ans MpuMmeHeHne MoxeT BbITb OrpaHu-
ynaBnvMBaHus BbIOPOCOB MNPy 3arpy304HbIX One- | YeHO coobpaxeHnammn 6e3onacHoCTu
pauusx 1 Bblgave pacnniasoB (Hanpumep, TUNOM/KOHCTPYKLMEN
neyu, HanM4Ynem yrposbl B3pbiBa)
A) | icnonb3oBaHue cuctem, No3BonsoLWmMX noga- ObwenpnmeHnm
BaTb Cbipbe HEOOMNbLLUMMM NOPLNAMM
e) | Ncnonb3oBaHne HenpepbIBHbIX NPOLIECCOB U MpmMeHM Npu HOBOM CTpOUTESb-
arperaToB, HanpUMep 3aMeHa NepuoanMyYecKoro | CTBE U PEKOHCTPYKLNN
npouecca KOHBEPTUPOBAHUS B rOPU3OHTasbHbIX
koHBepTepax [Mupca-Cmuta Ha ABYX30HHYIO
neyb BaHiokoBa Anst KOHBEPTUPOBAHUSA MEOHO-
HUKeneBbIX WTENHOB, npouecc Ausmelt, ACP-
npouecc
X) | OnTMMKM3aumnsa NOTOKa OTXO4ALWMX U3 NeYn ra- O6wenpuMeHnm
30B Ha OCHOBE KOMMbIOTEPU3MPOBAHHLIX UCCHe-
OOBaHUM M MHONKATOPOB rMAPOANHAMUKA
3) | OkyckoBaHue cbipbs (bpukeTnpoBaHue, okatbl- | NMpMMeHMM TOMbKO AMs1 NPOLECCOB U
BaHue) neyeun, NnpegHasHa4YeHHbIX Ana Uc-
NoJSIb30BaHUS OKYCKOBaHHOIO CbIpbs
n) | BKcnnyaTaums neyun n ra3ooTBoAadLmMX KaHanos | O6LenpuMeHnm
Npw paspexxeHnn n CKOPOCTU ra3o0TBEAEHNS,
[0CTaToOYHOM ANs NpeaoTBpaLLeHns NoBbiLle-
HUSA OABNEHUS
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K) | PasamelueHne neyum B BbITSHKHOM YKPbITUM MpuMeHum Npy Marnbix pas3mepax
neyu
n) | NMopaepxaHne TemnepaTtypbl B neun Ha camom | OBenpMmeHnum
HW3KOM JONYCTMMOM YPOBHE
M) | 3akpbITble MOMELLEHNSI B cOMeTaHUK € apyrumn | NpumeHeHne MOXeT ObiTb OrpaHu-
MeTo4aMu ynaBnuBaHUst HEOPraHNM30BaHHbIX 4YeHO coobpaxeHnsmm 6e3onacHoCTU
Bbl6pocoB (Hanpumep, TUNOM/KOHCTPYKLMEN
neyu, HanM4Ynem yrposbl B3pbiBa)
H) | Cuctema BTOPUYHbLIX BbITSXKHbIX 30HTOB, [0- [Ang cyuwecTByoLWMX 3aBOL4OB Npu-

MOJSTHAKOLLMX OCHOBHOM npu 3arpyske ne4vn n
BbIlMyCKEe U3 HEE MEeTalla

MEHEHNE MOXeT BbITb OrpaHNYeHo
UMEIOLLIMMCS NPOCTPaHCTBOM M CIlO-
XUBLLENCA NIIaHUPOBKOKW pasmeLle-
HMA 0OBEKTOB B Liexax

HOT 10. YMeHbLUEHE HEOPraHN30BaHHbIX BLIOPOCOB Npu peanu3aunun rmgpomeTarn-

nypruyeckmx npoueccos (Tabnuua 4.8)

Tabnuuya 4.8
MeTtoa/o6opygoBaHue [MpMEHNMOCTb
a) | OpraHusauma ykpbITUSA 3epkana ornoTomMaLlmnH [ns cywecTByloWMX 3aBOOB
npUMeHeHNe MOXeT BbITb orpa-
HUYEHO UMEIOLLIMMCH NPOCTPaH-
CTBOM U CITIOXMBLUEWNCA NNaHK-
POBKOW pa3mMeLLeHns 06 bEKTOB B
Lexax
6) | Vicnonb3oBaHuWe 3aKpbITOro peakTtopHoro n 6akosoro | O6wenpuMeHM Npu OCyTCTBUN
obopynoBaHus, TpybonpoBOAOB BMECTO Xerobos HeobX0aUMOCTM BM3YyanbHOMo
A5 TPAHCNOPTUPOBKN PACTBOPOB U MynbI KOHTPOJIS 3a NPOLIECCOM
B) | [JdobaBneHne NOBEPXHOCTHO-aKTUBHbIX BELWECTB Npn | [IpMMEeHUM, ecnn He HapyLlaeT
aneKTponmse BEJEHMEe OCHOBHbIX NPOLLECCOB
r) Mcnonb3oBaHne obueobmeHHOM BEHTMNALMK 1 no- | OBLenprumeHm
KanbHOW acnupauumn n3 obnacTtu 3epkana BaHH C
nocneyroLlen o4ncTkon abrasos
A) | icnonb3oBaHme yKpbITUS 3NEKTPONM3HBIX BaHH U MpuMeHM OnSa 3NeKTPONU3HbIX
oTBeaeHne abra3oB B CUCTEMY ra3004NCTKM BaHH 3a UCKIMIOYEHNEM CINyYaEeB,
Korga OHM OOJMKHbI OCTaBaTbCA
HE YKPbITbIMU
e) | YnasnueaHue asp3onen OT CKPpanoMbIBOYHbIX Ma- MpumeHnmo anga paduHupoBsa-

LNH

HNA YepHOBbLIX aHOO0B

4.6 OpraHM3oBaHHbIe 3IMUCCUMN

HAOT 11. CokpalieHne BbIGPOCOB Nbinv 1 meTannos. lNogaepxaHue B Ka4ecTse Co-

ctasnsawowen COM (cm. HAT 1) noacuctemel, obecneynsatoLient ahpekTMBHOCTb IKCNya-

Taunnm CUCTEM MNbinienogaBrieHnd 1 nbineynasrnmMBaHnA.

HAOT 12. CokpawieHne BbIGPOCOB MNbinn (B3BELLEHHbIX BELWECTB) U MeTansoB OT NMpo-

MeTannyprmieckmx npoueccoB npon3soacTtea HUKENA U kobanbTa. Micnonb3oBaHue raso-

OYMCTHOro 060opyaoBaHNE, B T.4. KCYXMX» U «MOKPbIX» 3neKTpodmnbTpoB (Tabnuua 4.9).
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Tabnuua 4.9 — TexHonorn4eckui nokasarenb: BbIBPOCHI Nbifv U METanNoB

MapameTp EovHnua CpeaHuin ypoBeHb Bbibpocos ans HOTY
“3MepeHnn [ns pencreyowmx [1nst BHOBb BBOOUMBIX
npeanpusaTum npegnpuaTuin/
NPV PEKOHCTPYKLUMU
AencTByoLWNX npea-
NpUATUIN
B3BelleHHble BelllecTBa Mr/Hm3 <500 <70
Hukenb, okcna HMKens Mr/HM3 <180,0 < 25,0
(B nepecyeTe Ha HK-
Kenb)
CBuHeL 1 ero coeguHe- Mr/HMm3 <70 <20
HUS, KpOMEe TeTpasaTum-
CBMHUA, B NepecyeTe Ha
CBMHeL,
MbILLbSAK 1 ero coegu- Mr/HM3 <25 <11
HEeHns?), Kpome Boao-
poAa MbILLbSKOBUCTOrO

1) CpepgHecyTouHoe 3HauyeH1e U cpegHee 3HadeHue 3a nepuog npo6oot6opa
2 Mpun HaM4mm B Cbipbe

HOT 13. CHmxkeHne BbibpocoB SOz 3a CHET HanpaBneHns oTxXoasaLWmx rasos (C npea-
BapUTENbHOM OYUCTKOM OT MbIfiKN) Ha YCTAHOBKM MO MPOU3BOACTBY CEPHOM KUCNOTbI, XXUAKOro
Anokcmaa cepbl, afleMeHTapHOM cepbl, BucynbduTa HaTpUa UNU Apyrnx aHanormyYHbIX Npo-
AYKTOB, a TaKke HenTpanusauusa nynbnon n3BecTHska (Tabnuua 4.10).

Tabnuua 4.10 — TexHonornyeckMn nokasaTerb: CTENEHb yTUNM3aumMm QUoKcmaa cepbl

MNapameTp EaonHnuya O DEKTUBHOCTL YTUNN3aL MK
n3MepeHnin
CteneHb yTunmnsauyum guokcuaa % 90 - 95
cepbl

MpuMeHUMocCTb: ToNbKo AN HOBbIX/PEKOHCTPYMPYEMbIX NPeanpUsSTUIA B 3aBUCUMOCTH
OT CoAepXaHus AMoKcuaa cepbl B rasax, OT HanMyms pbiHKa NpoOM3BOAUMOrO NpoaykKTa Unm

yCroBWUIA 4N 4ONTOBPEMEHHOIo XpaHeHus:.

HOT 14. CHmxeHne BbIbpoca B BO3AYX KUCIIbIX ra30B OT rmMapoMeTannypriryeckmx

onepauun (Tabnuua 4.11).
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Tabnuuya 4.11.

MeTtoa/o6opygoBaHue [MpMEHNMOCTb

a) | JlokanbHble cuctembl acnmpauum ocHoBHoro | OBwenpMMeHnmMo
obopyaoBaHusa ¢ nocneyrowen nepepabot-
KOv abrasoB B cucTeMax KanneoTOOMHMKOB U
MOKpPBbIX CKpy66epoB

0) | Mokpbin ckpybbep [ns cywecTByloLWMX 3aBOOB

B) | Kanneot6onHuk NPUMEHEHNE MOXET ObITb Oorpa-
HMYEHO MMELNMCS NPOCTPaH-
CTBOM U CITOXMBLLEWCA MNMaHun-
POBKOM pa3MeLlLeHnst OObEKTOB B
Lexax

HAOT 15. CHmxkeHune Bblbpoca B Bo3ayx NOx OT nMpomeTannyprmiecknx npoueccos:
Ncnonb3oBaHMe OQHOro U3 METOLOB, NpMBeAEHHbIX B Tabnvue 4.12.
Tabnuua 4.12.

MeTopg/o6opynoBaHue MprMeHMMOoCTb

a) | Fopenkun c aBToMmaTudeckum nogaepxannem | ObwenpumeHnm
Heob6XxoaMMoro coyeTaHnsa ToNMBa U OKUC-
nutens

6) | KucnopogHo-TonnmBeHbIE rOpEnku ObwenpumeHum

Tabnuua 4.12 — TexHonorn4yeckui nokasaTtenb: BbIOPOCHI OKCUAOB a3oTa

MapameTp EanHunua CpeaHuin ypoBeHb BbIbpocoB
N3MepeHui ana HOTY
A3oTa okcua 1 asoTa guokeua Mr/Hm3 < 250
(cymmapHo)

4.7 OxpaHa No4YBbI U NOA3EMHbIX BOJ,
HAOT 16. YMeHbLUeHME HeOpraHM30BaHHbIX COPOCOB B BOAHbIE 06beKTbI (Tabnuua 4.13).
Tabnuua 4.13

MeTtoa/o6opygoBaHue [MpMEHNMOCTb
a) | NpumeHeHne coBpeMEHHbIX KOPPO3NOHHOCTOM- | [pMeHuM Npu HOBOM CTpOU-
KMX KOHCTPYKUMOHHBIX U (DYyTEPOBOYHbIX MaTe- TEeNbCTBE U PEKOHCTPYKLUNN

pnanoB Ans n3rotoerneHns 6akoBOro N peakTop-
HOro obopygoBaHus, TpybonpoBooB

6) | XpaHeHune KNCIOT n OpYrMx arpeCcCcuBHbIX pea- MprmeHnm npu HeGONbLLNX
reHToB 1 pabo4ymx pacTBOPOB B EMKOCTSIX C obbemax emkocTen
OBOWHBLIMM CTEHKaAMM UNN B EMKOCTSX, pasme-
LLIEHHbIX BHYTPW YCTOMYNBOIO K BO3AENCTBUIO
arpeccuBHbIX cpen ob6BanoBaHUs M30bITOYHON
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BMECTUMOCTU

lMpoekTnpoBaHne NMoWaaokK Ans XxpaHeHns Ta-
Knm 06pasom, 4ToObI Mobble YTEYKN U3 EMKO-
CTeN 1 CUCTEM AOCTaBKN YAEPXKNBANUCL BHYTPU
obBanoBaHus, cnocobHOro BMECTUTbL 06BHEM
XMOKOCTW, paBHbIN, NO KpanHen mepe, oobemy
HanbornbLlen EMKOCTU, pa3MeLLeHHON BHYTPH
obeanoBanus. MNnowaaka ans xpaHeHUsa Oomx-
Ha ObITb 06BanoBaHa U UMETb NOKPbLITUE, HE
noaBepP>XXEHHOE BO3AENCTBUIO XPaHSALLErocs
arpeccyMBHOro maTtepuana

MpumeHM Npu HOBOM CTpOU-
TEeNbCTBE UM PEKOHCTPYKLMM

Mcnonb3oBaHne HeddTenoByLLEK N NECKOSTOBY-
LIEK B ApeHake NNoLiaaoK XxpaHeHust n obpa-
LLIEHWS C CbINy4YMMN MaTepuanamu.

O6LwenpumMmeHnm

Mcnonb3oBaHue ansa XxpaHeHna matepuanos,
KOTOpble MOryT coaepXaTb HedTeNPOaYKTbI
(Hanpumep, 3aMacneHHoOn CTPYXKKn), 6eToHMpPO-
BaHHbIX Nowagok ¢ boptamu nnm MHeIMM
yaepXuBaLLMMM YCTpOCTBaMu

ObwenpumeHum

lMpumeHeHne HageXHbIX cMCTEM OBHapYyXeHns
yTeyeKk U nHaukauum ypoBHS 3anosIHEHUS] EMKO-
CTen c nogaden curHanos Ans npegoTepalle-
HUS UX NepenosIHEHNA

ObwenpumeHnm

HAOT 17. NpepoTBpalleHne 3arpsa3HeHus noys

XBOCTOXpaHunuw, (tabnuua 4.14).

Tabnuuya 4.14

bl 1 NOA3EMHbIX BOA NpWU 3KCnJ1yaTauum

MeTop/o6opynoBaHue MprMeHMMOoCTb
a) | Komnnekc npotuBogpeHaxHbIX meponpuatua | ObwenpumeHnm
6) | OpraHusauus rugpounsonauumn Mpwu cTponTenbCTBE HOBLIX XBO-

CTOXpaHWUNnLL

HAOT 18. MNpegoTtBpalleHne 3arpsa3HEHUS NoYB

bl U NOA3E€MHbIX BOA 3JIEKTPOJIUTOM Mpn

npon3BoaCTBE HUKENA U kobanbTa: ncnonb3oBaHne KOMOMHaLUUK OBYX UK 6onee meToOoB,

npuBeneHHbIX B Tabnuue 4.15.

Tabnuuya 4.15.

MeTtog/o6opygoBaHue
a) | Micnonb3oBaHne 060POTHOWM OPEHAXHON CUCTEMBI O6LwenpuMeHNMm
6) | icnonb3oBaHMe BriaroHenpoHMLaeMbIx NogBanoB ¢ MprMeHNM Npn HOBOM

3yMndoM 1 KNCIIOTOCTOMKUX MOSIOB

CTPOUTENBCTBE U PEKOH-
CTPYKLMN

Mcnonb3oBaHne EMKOCTEN C ABOWMHBIMU CTEHKaAMU UMK

pa3MeLleHne Nx BHyTpu NpoYHoro obsanoBaHms
HULIaeMbIMM Nonamm

C Henpo-
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HAOT 19. NpepoTBpalleHne obpaszoBaHmst CTOYHbBIX BOA: MCMONb30BaHWE O4HOMO U3
nnm kKoMGrMHauMmnm MeToA0B, NpUBEAEHHLIX B Tabnuue 4.16.
Tabnuua 4.16.

MeTtoa/o6opygoBaHue [MpMEHNMOCTb
a) | NoBTOpHOE Ncnonb3oBaHWe cnabdbixX KNCIOT U3 MpumeHsieTca B 3aBUCUMO-
CTOKOB, 06pa3syloLNXCS B MOKPbIX 3fIEKTPOCTATU- | CTU OT COAEP)KaHUSA B CTOY-
Yyecknx punbTpax n MoKpbIX ckpybbepax HbIX BO4AX METasnsoB U
TBepAblX BELLECTB
0) | cnonb3oBaHne NOBEPXHOCTHbLIX CTOKOB O6LwenpuMeHnm

B) | Micnonb3oBaHMst CUCTEM NOSTHOrO UNu YyactnyHoro | OBwenpmeHm
000pOTHOro BOgOCHAGXEHUS

r) | YTunusauusa conesBbiX CTOKOB paomHNpoBaHna HU- | MpumMeHnm ang npoueccos
Kens BbiNapkon 1 ApobHOM Kpuctannmsaumemn To- padUHMPOBAHUS YEPHOBbIX
BapHbIX U1 060pOTHLIX cynbdaTta n xnopuga aHopos, MHTI nnu nHeIx
HaTpUsa U BO3BpPaTOM KOHAEHCAaTa BbiNapku B OC- nonynpoayKkToB

HOBHOE NPON3BOACTBO

HAT 20. O4ncTka CTOYHbIX BOA, 06pasyroLmnxca npy npomM3BoACcTBE HUKENS U kobanb-
Ta, C uenblo yaaneHns Metansos 1 CynbdaToB Ha OCHOBE NPUMEHEeHNA MeToa0B, NpuBe-

JEHHbIX B Tabnuue 4.17.

Tabnuuya 4.17.

MeTop/o6opynoBaHue MprMeHMMOoCTb
a) | XumMmyeckoe ocaxgeHue ObwenpnmeHnm
6) | CegumeHTaums ObwenpumeHum
B) | dunbTpaums ObwenpnmeHnm
r) | ®notauma O6LwenpuMeHnm
) | ObpaTtHbI ocMocC ObwenpnmeHnm
e) | Beinapka n Kpuctannusaums conemn ObwenpnmeHnm

Tabnuua 4.18 — TexHonornyeckme nokasaTtenu: CpeaHnin ypoBeHb KOHLEHTpaLUnn 3a-
rPA3HAIOLLNX BELLECTB B NPsiMbIX cOpocax, 0OpasyroLmxcs npu NpoM3BOACTBE HUKENS U KO-
OanbTa, B NpUHMMaroLmMe BoaHble 0ObEKTbI

MapameTp EaovHvua namepenun KoHueHTpauus 3arpssHs-
lowlero sewecreal)

As Mmr/n <£0,2

Pb mr/n <1,0

Zn Mr/n <1,0

Ni Mr/n <25

Co mr/n <0,5

B3BELLEHHbLIE BELLECTBA Mr/n <50

pH en. 6-10

1 CpenHecyTquoe 3Ha4vyeHne
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HOT 21. YMeHblleHne KonmyecTBa OTX0A40B, HanpaBnsaeMbiX Ha yTUIM3auuo npu
NpPOM3BOACTBE HUKENSA N KobanbTa: opraHu3aunsa obpalleHnsi ¢ 0TXogamu, NPOMEXYTOYHbI-

MU 1 NOB6OYHBIMK npoaykramu, CI'IOCO6CTByI-OLIJ,aF| MX NOBTOPHOMY MCMOJib30BaHUIO, a B CIy-

Yae HEBO3MOXXHOCTU — BTOPUYHOM X nepepaboTtke (Tabnuua 4.19).

Tabnuuya 4.19.

MeTopn/obopynoBaHue [MpmMeHnMocTb

a) | N3BneyeHne meTannos 13 Nbian NOCTynato- O6LwenpumMmeHnm
LLMX N3 CUCTEMbI MblNIeyNaBnMBaHUA

0) | PereHepauus nnn nepepaboTtka otpaboTtaH- | O6wenpumeHnm
HbIX KaTanM3aTopoB

B) | M3BneyeHne metanna ns ocagka, obpasyto- MpumMeHnM B 3aBUCMMOCTU OT CO-
LLIErocsi NP1 OYMCTKE CTOYHbIX BOL AepXXaHnsa MeTannoB u OT Hanu-

4Ynsa pblHKa/nNpouecca

r) | icnonb3oBaHue oTBanbHbIX WIAKOB B Kave- | [pMMeHMM B 3aBUCMMOCTU OT CO-
cTBe abpasnBHbIX MU CTPOUTENbHbIX (A1 AepXxaHnsa MeTannoB U OT Hanu-
OTCbIMKM AOPOr) MaTtepmanos 4YMSA pblHKa

) | icnonb3oBaHue yTepoBKn nevemn ans ms- ObwenpumeHnm
BNeYEHNs MeTansioB UM NOBTOPHOE €€ UC-
NoSfib30BaHMe B KA4eCTBE OrHEYNOpHbIX Ma-
Tepunanos

e) | Ncnonb3oBaHue rmnca ¢ yCTaHOBOK MO MpuMeHM B 3aBUCMMOCTM OT Ka-
O4YMCTKE CTOYHBIX BOA B NMpoOMeETannyprmye- | Yectea nosy4aemoro runca u
CKMX npoLeccax unm B Ka4ecTBe 3aknagodHo- | 0COBEHHOCTEN TEXHONOMMYECKOro
ro Mmarepmana anst otpaboTaHHbIX FOPHbIX npouecca
BbIpabOTOK

Pa3pen 5. 9KOHOMUYeCKMe acnekTbl nPpUMeHeHNnA Hanny4wunx

AOCTYNHbIX TEXHONOIMIA Npu NPOU3BOACTBE HUKENA U KobanbTa

Pecypchbl, KoTopble NpeanpusaTMs OTpacnn MOryT HanpaBUTb HA MOAEPHM3aUMo Npo-
N3BOACTB M peanunsaumnto NpupoaooXpaHHbIX MEPONPUSTUA, HAaNPsIMYHO 3aBUCAT OT KOHbHOHK-

TYypbl
I'Ipe,El,I'IpVIFITVIf/'I. Ha takom PblHKE KOMNaHNN — npoun3BoanTesin HUKENA He UMEKT BO3MOXHO-

PblHKa HWKENs — OCHOBHOrO MeTanmna, onpefensitowero LOXO4HOCTb HUKeNeBbIX
CTM MO OTAENbHOCTM BO3AENCTBOBATb HA LIEHY KOHEYHOM MPOAyKUUKW, Y4TO no3Bonuso Obl B
TOW UM MHOW CTEMNEHU NEPENOXKUTL MOHECEHHbIE B CBA3U C peanu3aunen NpupoaooxpaHHbIX
MepPONPUATUMA U BHEOPEHNEM IKOSOMMYEeCKM 3PAEKTUBHBIX TEXHOMOIMMIA 3aTpaTbl HA NoTpe-
ourtens.

OT0 03HA4aeT, YTO BO3MOXHOCTM MO KOMMEHcaunn nobbix CyLLEeCTBEHHbIX 3aTpaT, no-
HECEHHbIX B CBA3WN C peanu3aunen npmpogooXpaHHbIX MEPONPUATUIN KOMAAHUSIMU — NPOU3-
BOOUTENSAMU HUKENSA, OrpaHnyeHbl N NPeuMyLecTBEHHO MOryT ObiTb peanu3oBaHbl 3a cYeT

BHeApPEeHNs HOBbIX CNOCOOOB MPOM3BOACTBA M paclUMPeHUsl npexae BCero HOMeHKNnaTypbl
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BbIMyCKaeMoOWn NpoayKuMUC BbICOKOW AobasrneHHoM ctoumocTbio. Oba BapuaHTa CBsi3aHbl C
TEXHOMOrMYECKUMM N SKOHOMUYECKUMU pUCKaMU U TPeByOT 3HAYUTENBbHbIX KanuTanbHbIX 3a-
TpaT, CPOK OKYyNnaemMoCTU KOTOPbIX BECbMa BbICOK.

YcoBepLIEHCTBOBAHUSA «Ha KOHUE TpyObl» B BOMbLIMHCTBE Criy4yaeB NpUBOASAT K yBe-
NUYEHUIO 3KCNITyaTauMOHHbIX PacxodoB M He JaloT Takoro MoBbIWEHUS 3PdEKTUBHOCTU
NPOM3BOACTBEHHOIO Mpouecca, KOTopoe MOXeT ObITb NONy4yeHO B pesyrnbTate BHEAPEHMUS
Mep, UHTEerpupoBaHHbIX B TEXHOMOMMYECKNUN NpoLecc Npon3BoACTBa NpoayKuMu. JTO TakKke
CBUAETENbCTBYET B NOSb3y BblbOpa NPOEKTOB KOPEHHOM MOAepHU3aUnmn Npon3BoACTBEHHOMO
npouecca npu onpeneneHum Mep, HanpasrieHHbIX Ha COKpalleHne 3MUCCUN 3arpsa3HALLIMX
BELLECTB B OKpyxatoLlyto cpeqy. [Npryem npu paHxmpoBaHUM MOTUBAUMK NOcneaHne Haxo-
AATCA B NOAYMHEHHOM MonoXxeHun. Bmecte ¢ TeM Takon noaxofd CBsi3aH CO 3HAYUTENbHbIMU
KanuTanbHbIMU BAOXEHUSMU U MHBIMU NOTEPSIMU BBUAY HEOOXOOUMOCTU BPEMEHHOW ocTa-
HOBKM NPOWN3BOACTBA W NEPECTPONKMN NPOU3BOACTBEHHOrO npouecca B LenoMm, 4To obycnos-
NMBAET CHWXEHWE MpuBeKaTenbHOCTU NofHoMacwTabHoOM MogepHu3auun npov3BOACTBaA
npv He6NaronpmUsITHON PbIHOYHON KOHBIOHKTYPE.

CobCTBEHHbBIN 3KOHOMWYECKUI MOTeHUMan npupoaOOXPaHHbIX MEPONpUATUNA, Takux
KaK, Hanpumep, BHeApeHWE ManooTXOOHbIX TEXHOSOMMW, NPOU3BOACTBO NOBOYHOM NPOAYK-
unMn n (M) NonesHoe MCnonb3oBaHWe 0O6pasylomMXca B OCHOBHOM MPOU3BOACTBEHHOM
npouecce OTXOOOB, B POCCUMCKUX YCMOBUSX crnefyeT npu3HaTb CKOpee He3HaYUTENbHbIM.
C ogHOM CTOPOHbI, NPUPOOOOXPaHHbIE TEXHOMOMMU BO MHOMMX CIlydasiX XapakTepusyrTcs
BbICOKOM 3HEpProeMKoCTbio, a nogaepXxaHne obopyaoBaHus B PYHKLMOHANbHOM COCTOSIHUK
TpebyeT perynsapHbixX 3aTpaT Ha pacxoAHble MaTtepuanbl U KOMMAMEKTYIOLWME N UHbIX JKCnnya-
TaLMOHHbIX 3aTpaT; B HEKOTOPbIX Cly4asx npwv Npou3BOACTBE MNOBOYHOWM NPOAYKLUKN, TaKOW,
HanpuMmep, Kak cepHas KUCMoTa, 3HaYuTerbHble W3OEpPXKM MOryT BO3HMKaTb U B CBA3U C
HeobX04MMOCTbIO XpaHEHUSI U TPaHCMNOPTUPOBKM arpeccnBHoro selectsa. C gpyrom ctopo-
Hbl, HU3Kad eMKOCTb POCCUNCKUX PbIHKOB U TepputopuarnbHas yaaneHHOCTb OT HUX HUukere-
BbIX MpeanpusaTMin He obecneynmBaloT BbIBOA «MNOOOYHBLIX» MPOU3BOACTB HA 3KOHOMUYECKM
3(PPEKTUBHBIA YPOBEHb M HE CMOTYT rapaHTUpoBaTb YCTOMYMBOE NOTpebneHne npoaykumm
BHOBb BBOAMMBbIX NPOU3BOACTBEHHbLIX MOLLHOCTEMN, @ NOTEHUMan BbIXxo4a Ha BHELUHWE PbIHKU
OrpaHuyeH 1 MarnonepcnekTMBeH ¢ 3KOHOMUYECKOM TOYKN 3PEHUS.

Takum obpas3om, HambOMbLWKMM NOTEHUMANOM C TOYKM 3PEHUA BO3MELLEHMS 3aTpar,
NMOHECEHHbIX B CBA3W C BHEAPEHWEM Ha NnpeanpuaTUn HOBbIX NPUPOOOOXPaHHbLIX METOAOB U
TexHomnorum, obnagarT KOMMNEKCHbIE Mepbl, YBA3bIBAKOLLME IKONOrMYECKyr0 MOAEPHM3aLMI0

Npon3BOACTBa C NepeHacTPOWKOW NPOM3BOACTBEHHOrO npouecca B LEenoM, ontumMusaumen

159



UTC 12-2016

OTAENbHbIX €ro 3BEHbEB W pacLUMpeHMeM HOMEHKMaTypbl BbiMyCKaeMoln MpoayKuMu, B TOM

yucne ¢ BbICOKOW J00aBNEHHOW CTOMMOCTbIO.

Pasgen 6. MepcnekTUBHbIE TEXHONIOrMY NPY NPOU3BOACTBE HUKenNs U

KobanbTa

6.1 TexHonorua AByx30HHOW Ne4yn BaHiokoBa

«[lpouecc nnaBku B XUOKOW BaHHE» (NepeuMeHOBaHHbIN Nocne cMepTu ero cosgare-
na, npodeccopa AHgpes Bnagmmuposuya BaHiokoBa, B «[lpouecc BaHiwokoBa») siBnsieTcs
KOHKYPEHTHOCMOCOHOHOM pasHOBMAHOCTbIO CYLLECTBYHOLUMX B MUPE aBTOrEHHbIX MPOLECCOoB
nnaBkun Cynb@UOHOro Chipbd, TaKMX KaK B3BelLleHHas nnaska Outokumpu, npoueccol Ausmelt
n Isasmelt, kncnopogHo-B3BeLweHHas nnaeka Inco, Mitsubishi, Noranda, Teniente v ap.

CxemaTunyeckoe nsobpaxxeHne ogHO30HHOW neydn BaHiokoBa NpeacTaBneHo Ha PUCYH-
Ke 6.1.

PucyHok 6.1 — CxemaTtnyeckoe nsobpaxeHne ogHoO30HHON nevn BaHokoBa

OAHO30HHasA neyb COCTOUT U3 NIIaBUIbHOM Kamepsbl, anTenka, LUTEMHOBOMO M LUaKo-
BOro CU(POoHOB. B nnaBunbHyO kKamepy Yyepes OTBEPCTUSA B CBOAE Neyu nogaeTcy wuxra, co-
cToswasa n3 KoHueHTpata (pyabl) n dntoca. MNpn HeobxoauMocTn B WINXTY MOXeT aobas-
NATLCA Yrofb C Lenbio yrny4ylweHnsa TennoBoro 6anaHca neyn n BOCCTAHOBMEHUS MarHeTuTa.

Yepe3 dypMbl HUXKHErO psiga, HaxoAsiWMeCs B LUNAKOBOM Croe neyu, nodaeTcs KMcrnopoa-
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HO-BO3AyLIHas cMmecb. [Mpu HeobxoanmocTu, Ans nogaepxaHusa TennoBoro 6anaHca neuwm,
yepes PypMbl HUXKHEro psga MOXeT AO0MNONMHUTENBHO NoJaBaTbCsa YrneBogopoaAHOE TOMNSMBO.
B HacTosLee Bpema B OenCTBYOLWMNX Nevax BaHokoBa B kayecTBe Takoro Tonsimea MCnosib-
3yeTca npupoaHbiM ras. B npouecce B3anmogencTBus LWKMXTbl U OyTbA B HagypMeHHOM
30He obpasyeTcs wnako-wrenHoBasa amynbceus. OHa pasgensietca B nogdypMeHHOW 30He
Ha WnaKk u LWTenH, KOTopble ABWMXYTCA B Me4Yu B MNPOTUBOMOJSIOXKHbLIX HanpaBIieHUSsIX.
N3 cudoHOoB Wwnak 1 WTerH nocTynatoT B MUKCEPBI, OTKYa OHU CNIUBAKOTCA B KOBLUX NO Mepe
TpeboBaHun ganbHenwero npounssoactea. OTxoadwme KOHUEHTpMpoBaHHble No SO2 rasbl
AOXMUralTCcs B NNaBUIIbHON Kamepe C MOMOLLbI0 BO3AYLUHO-KUCIIOPOAHON CMecu, nogaBae-
MOW Yyepes3 BEPXHUN pad oypM, pacnorioXXeHHbIX HaZ pacrnniaBoM Lunaka.

[oxuraHne rasoB npou3BOgAT B crydyae HeobxoammocTtu. Llenb poxuraHuvs —
He JONyCTUTb NnonagaHnsa B ra3oxXOAHYH CUCTEMY ra3oB C BbICOKOW KOHUeHTpaumen Sa. Cu-
OHbI crnyxaT Ans oTcTanBaHWA pacnnaBoB, NOCMe Yero LWak v WTerH no xenobam nepe-
TekalT B MUKcepbl. [Ina nogaepxaHua Temnepatypbl NPOAYKTOB MiaBkM B CUAPOHAX U MUK-
cepax UCNonb3ylT ropenku, paboTtarowme Ha ra3oobpasHOM UMK XXUAKOM YrneBoa0pPOaHOM
Tonnmee (NPUPOAHbLIV ra3, nponaH-bytaH, MasyT 1 np.). B KOHCTPyKUMM MUKCEPOB ne4ven Ba-
HIOKOBa Banxaluckoro ropHo-MeTannyprmieckoro KomobmHaTta BMECTO FOpesiok UCNoNb3yeTcs
3EeKTPONOAOrpeB C NOMOLLLIO rPadUTUPOBAHHBIX 3NEKTPOoA0oB (nnowanb noga o4HOro MuK-
cepa — 50,5 M?, MoLHOCTb TpaHcdopmaTopa — 9 MBT).

TexHonornsa nnaeku CynbUOHbIX KOHLEHTPATOB B neyax BaHiokoBa vmeeT cneayto-
LLne JOCTOMHCTBA:

- BbICOKas yaenbHasa Npon3BoauUTeNbHOCTb Neyu;

- BO3MOXHOCTb WCMNOJSIb30BaHUA OyTbS C BbICOKOM KOHLUEHTpauuen kucriopoga (go
95 %);

- DOCTMXKEHME COCTOSIHUSA, BNIM3KOro K paBHOBECUIO MEXAY LUNAaKoM U LUTENHOM, YTO
obecneynBaeT BbICOKOE N3BMEYEHNE LEHHbIX KOMMNOHEHTOB;

- HENPEPLIBHOCTb Npouecca M nogaep)kaHue MOCTOSAHHOINO YPOBHA B Meyu LWaka u
LUTENHA 3a CYET NCMNOSIb30BaHNA CUGOOHOB.

lMeub BaHiokoBa MOXeT ObITb pa3MelLeHa B 4ENCTBYHOLWMX NPON3BOACTBEHHbIX NOMe-
LLEHUSIX, TaK Kak 3aHMMaeT HebonbLlyo nnowaab u He TpebyeT 3Ha4YMTENbHON BbICOTLI 34a-
HUS.

lMpouecc BaHokoBa NOCTOSIHHO ynyyllaeTcs, Kak B HanpaBneHUM NOBbILWEHNSA TEXHU-
KO-3KOHOMMYECKMX MOKasaTenen, Tak U B MiaHe COBEPLUEHCTBOBAHUSA KOHCTPYKUMW MeTar-
nyprnyeckmx arperatoB. Hanbonee Ba)kHbIM LLAroMm B COBEPLUEHCTBOBAHUN NMnaBkn BaHtoko-

Ba B rnocnegHmne rogbl ABNAeTCA pa3pa60TKa OBYX30HHbIX nedyen BaHiokoBa, KOHCTPYKTUBHbIE
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pa3HOBUAHOCTU KOTOpOoKM paspaboTaHbl B MHCTUTYTax MUCKUC ([37], [38]) n «I'mMnpoHukenb»
([39])- ([41]).

B 2004—-2008 rr Ha kombuHaTe «HOxypanHukenb» OAO «CtanbHas rpynna Meyen»
Gblna onpoboBaHa NpoMbILLNIEHHAsA ABYX30HHas neyb BaHokoBa (nnowane noga 26 m?) ans
NMaBKN OKUCNEHHbIX HUKENEBbLIX pyA € nonydyeHuvem wrtenHa ([37], [38]). MNonoxuTenbHbIN
NTOr OCBOEHMSI HOBOW TEXHOMNOMW, NMPOBOAMBLUErOCSA NOA Hay4YHbIM PYKOBOLCTBOM npodoec-
copa MUNCuC B. . beicTpoBa, 6bIn OKOHYaTENBLHO NOATBEPXKAEH TECTOBBLIMU UCMbITAHNAMMU
B 2008 roay ([38]), nokasaBwWMMM NpenMyLLECTBA JAHHOW TEXHOMOMMN NO CPaBHEHUIO C Cy-
LLEeCTBYIOLLEN HA KOMOUHATE LUAXTHOW NriaBkon. BaKHbIM MONOXUTENbHBIM MOMEHTOM 3TUX
UCNbITaHU SBNSIETCA TakKe TO, YTO B MPOMbILLNIEHHOM MacwTabe Gbina nokasaHa BO3MOX-
HOCTb YCMELLUHOro MCMNONb30BaHUA neyn BaHokoBa AN NnaBKM OKMCIIEHHOMO CbIpbsl, YTO OT-
KpblBaeT nepes 3TUM NpoLEecCoM HOBbIE MEPCNEKTUBBI.

Ha kombuHaTte «CeBepoHukenb» OAO «['MK «Hopunbckun Hukenb» B 2005 roagy 6bl-
na noctpoeHa U B TeyeHue 2005-2006 rr akcnnyatMpoBanacb OMbITHO-NPOMbILWIIEHHAdA
[IByX30HHas neyb BaHiokoBa nnowanbio noga 11,4 mM? 1 npon3BoanTENBHOCTLIO A0 15 T/yac
no nepepabaTtbiBaemMoMy cbipbto. [lpoekT BbinofHeH OO0 «UHCTUTYT [MNpOHUKENb».
B npouecce vcnbiTaHuin 6binun yenewHo oTpaboTaHbl cnegyowme TeXHOMNOMMK:

- nepepaboTtka Goraton cynbuaHOM MegHOM pyabl pygoHuka «OKTabpbckuin» Ho-
punbckoro kombuHata OAO «'MK «Hopunbckun Hukenb» (% macc.: Cu— 17,1; Ni — 3,1;
Co — 0,079; Fe — 34,0; S — 26,5; SiO2-8,5) c nony4yeHnem boraTbiX LWITEAHOB M OTBabHbIX
wnakos ([39]);

- nepepaboTka Hukenesoro cynbguaHoro pygHoro kKoHueHTpata OAO «Konbckas
'MK» (% macc.: Ni — 8,3; Cu— 4,6; Co — 0,25; Fe — 30,3; S — 20,5; SiO2-15,4; CaO —
1,6; Al203-1,3; MgO — 10,0) ¢ nony4eHnem boraTbIX LWITEMHOB U OTBasnbHbIX Wnakos ([41]);

- nepepaboTka MeOHOro HUKenbCoAepXallero KOHUeHTpata OT pasgeneHvs daunk-
wrenHa kombuHata «CeBepoHukenb» OAO «Konbckaa MMK» (% macc.: Cu— 67,5; Ni —
3,8, Co— 0,24; Fe — 4,5; S — 21,2) c nony4eHneM YepHOBOW Meau U XUOKOTEKYHYUX HUKe-
nesbix wnakos ([40]).

Ha ocHoBaHMM BbINOMIHEHHbIX OMbITHO-NPOMbILUMEHHbBIX UCNbITAHUA NS NPOMBbILLIEH-
HOW peanu3auuu npouecca nepepaboTkn CynbUAHBIX KOHLEHTPAToB C nofnyyeHnem Gora-
TbIX LUTEAHOB W OTBasibHbIX LUSAKOB NpeasioXeHa ABYX30HHAs neyb, CXxemaTnyeckm nsobpa-

YX€HHas Ha PUCYHOK 6.2.
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PucyHok 6.2 — CxemaTtnyeckoe nsobpaxeHue gBYyX30HHOW NPOMBbILLIIEHHONM Meyn

BaHtokoBa

KOHCTPYKTUBHO ABYX30HHAdA MNedb AN NfaBkM MeAHbIX U MeOHO-HUKENEBbIX pya M
KOHLEHTPaTOB COCTOUT N3 OKUCIIUTESNBHOW 30Hbl, BOCCTAHOBUTESTbHOW 30HbI N COBMELLEHHO-
ro cudgoHa, NnpegHasHa4YeHHOro Ans BbiMycKa Kak LTenHa, Tak U OTBanbHOro wnaka. Pabo-
Yme NPOCTPaHCTBa 30H Neyn pasgerneHbl BogooXaXxaaeMbliMy neperopogkamMmm; CUCTEMbI ra-
3oyganeHna — pasgenbHble. KoHUeHTpupoBaHHble Mo SO2 rasbl OKUCNUTENbHOM 30HbI MOryT
OblTb MCNOMb30BaHbI ANA NPOM3BOACTBA CEPHOW KUCIOTbl, 3IEMEHTHOM Cepbl UMK XUAKOro
anokcuaa cepsbl. [asbl BOCCTAHOBUTESNBbHOM 30HbI, cogepxaiwume CO v Hz, goxurarTcs Kuc-
nopoaHO-BO34YLLIHOM CMECHLIO Yepes crneunarnbHO YCTaHOBEHHbIE B BEPXHEM psy KECCOHOB
dypMbl, 04MLLaOTCA OT NbINK U BblbpackiBatoTca B atmocdepy. CUPOH neyn opurmHanbHON
KOHCTPYKUMKN npegycMaTpuBaeT BO3MOXHOCTb HENPEPbLIBHOMO BbIMyCKa LUaka 1 LWTenHa.

Mpouecc nepepaboTkn CynbMAHOrO Chipbsi B ABYX30HHOW neudn BaHiokoBa MOXeET
OblTb NpeacTaBneH creayowmm obpasoM. B okucnuTenbHylo 30HY neYn nogarTcs COB-
MECTHO cCynb(uaHoe cbipbe, ¢noc U yrosnb. Yepes Qypmbl nogjaeTcsa KUCIIOPOLHO-
BO3AyLLHasi CMeCb U razoobpasHoe (NpMpoaHbIn ras, nponaH-byTaH, reHepaTopHbIV ras) unm
Xngkoe (masyT, consipka) TonnmeBo. KMcnonb3oBaHue raszoobpasHoro (Kugkoro) Tonnvsa
n/wnun yrna Heobxoammo B criyvae aedmumta Tenna, obpasyrowerocs B pesynbtaTte okucre-

HMA cynbcunaoB. LLUnak okMcnuTenbHOM 30HbI NOCTyNaeT B BOCCTAHOBUTESNBHYIO 30HY Neuu,
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roe BedeTcsi ero BOCCTaHOBSIEHME ra30BOW CMEChHo, 0bpa3yolencs B pesynbtaTte CKUraHus
razoobpasHoOro Mnu XWAKoro Tonnmuea B ycrnoBusx geduumrta kucnopoga, un yrnem. O6paasy-
IOLLMACA B Npouecce BOCCTAHOBMEHUS MEeTanfiM4yeckui CrnmaB CMeLMBaeTCs CO LITENHOM,
Nnosrly4eHHbIM B 30HE OKUCIIEHWUS, U BblMycKkaeTcsa vyepe3 cudoH u3 neyu. LLinak BocctaHOBU-
TENbHOM 30HbI TakXke MocTynaeT B CU(OH, OTKyaa NPOUCXOOUT ero HenpepbiBHbIA CINB Ye-
pe3 nopor, pacrnonoXeHHbl Ha ypoBHe [2200 mm oT noga neun. C obenx cTOpoH cudoHa
pacnonoXeHbl MUKCEpPbI, FAe HakannmBalTCA KOHeYHble NPOAYKThI MMaBKU: WTENH U OTBarb-
HbI/ LUNaK.

OcHoBHble NpenMyLLiECTBa ABYX30HHbIX Neyven BaHiokosa:

- BO3BMOXHOCTb YBEIIMYEHUSA KayecTBa LUTENHA MO COOEpPXXaHUK0 LIBETHbIX MeTassios
6e3 pocTa 1Mx NoTepb CO WakoM (kak cnencreme obegHeHNs NOCNeaHEro BO BTOPOW 30HE);

- nepeBog OoOnbLUEro KONMYecTBa Cepbl B KOHLEHTPUPOBaHHbIE N0 SO2 rasbl, CHUXE-
HWe 3aTpaT Ha ee yTunmnsaumio,

- pactBopeHne obpasyowenca npu obegHeHMM MeTannmMyeckon dasbl B LUTEWHE
OKUCINUTENbHOMW 30Hbl, C COXPaHEHNEM CPaBHUTENbHO HEBbLICOKOW TemnepaTypbl NnaBneHus
nocnegHero. MNpu npoBegeHnn obegHeHMs B OTAENbHOW Nevn C NoslydeHneM TYronnaBKoro
MeTannmMyeckoro cnnasa HeobxogmMmo nmMbo noaaepXmBaTb B HEW BbICOKYHD TemnepaTypy,
nnbo nogaeaTth B Hee cynbduamMsaTop U B ganbHenwem ytunmnsosatb 6egHble no SOz rasbl;

- BbICOKas NPOM3BOAMNTENBHOCTbL NpoLecca 06eaHEHNs LWaka, YTO B COMETaHMM C Bbl-
COKOW NPOU3BOAUTENBHOCTBIO OKUCIUTENBHOW NMaBKN CyNb(UOHOro Chbipbs MNO3BONAET pas-
MeLlaTb ABa NMpoMeTanypruyeckmx nepegena Ha orpaHM4eHHOM nnowaau.

[MepcnekTMBHOCTb Nepexoaa OT TeXHONormm obegHeHus LakoB B drieKTponeyvax ne-
PEMEHHOr0 TOKa UMM ANEeKTPOOTCTONHUKAX (HeQOCTaTKM Takoro obegHeHUss XOpoLlo U3BECT-
Hbl) K TeXHOonormm 6apboTaxxHoro o6eAHEHNS LLMNAKOB NOATBEPXKAAETCA MUPOBLIMU TEHOEH-
UMMM B COBEPLUEHCTBOBaHMM npouecca obegHEHMs LWNAKOBLIX pacnnaBoB. B HacToswee
BpeEMSI OOHMM M3 OCHOBHbIX HaMpaBneHUn B TEXHONOMMN obeHEeHUs LWNaKkoB SBMSETCA CO-
3aH1e NpoLeccoB, OCHOBAHHbLIX Ha MPOAYBKe LUIaKOBbIX pacnfiaBOB BOCCTAHOBUTENbHbLIMU
rasoBbiMM CMeCsAMM, 0Opa3yoLLMMUCS NPU Pa3NOXEHUN XNOKOrO unun razoobpasHoro Tonnu-
Ba, UM NPOAYKTaMM UX CKXUraHUSA Npu HeJocTaTke Kucnopoaa.

B Tabnuue 6.1 npeacrtaBneHo  cpaBHeEHME  pe3ynbTatoB  paboTbl  OMbITHO-
NPOMbILLIIEHHON ABYX30HHOW [1B C TexHonormen nnaBku 0BOXOKEHHBIX HUKENEBbIX KOHLEH-

TPaTOB C NOBbILLEHHbIM coaepxkaHnem MgO B pyAHO-TEPMUYECKMX NeYax.
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Tabnuua 6.1 — PacnpegeneHne LBETHbLIX MeTansoB B pyaHO-TEPMUYECKON NeYn B CPaBHEHUN C

OBYX30HHOM NeYbto BaHiokoBa

Cymma
TexHonormyeckumin Tun CopepxaHue B TenHe/wnake, % LM B
npouecc neun wrenHe, %
Cu Ni Co 2 (Cu+Ni+Co)

MNepepaboTka PyaHo- 10,5/0,10 18,9/0,18 0,74/0,09 30,0
HUKENEeBbIX KOH- | TepMUYeckas
LeHTpaToB nnaseka

[Byx3oHHasAlB 25,5/0,28 42,3/0,20 0,87/0,07 69,0

BugHo, 4yTo npu nepepaboTke HNUKENEBOrO Cbipbs KAYECTBO LUTENHA YBENUYNNOCH 60-
nee 4yem B 2 pasa; nNpu 3TOM 3aMETHOE yBENMYEHME KOHLUEHTpauuW B OTBASIbHOM LUMAKe
HabnogaeTcs Tonbko Ans Mean. [na Hukensa cogep)kaHue OCTanocb Ha TOM XXe YpOoBHE, a
ansa kobanbTa HabnogaeTcs gaxe CHUKEHUE NoTepb.

Takum o6pa3om, ABY30HHAsA neyb BaHiokoBa ABMNSETCA HE MEXaHUYECKMM COYEeTaHu-
eM ABYX MeTanfypruyecknx arperaToB, a €4uMHbIM TEXHOMOrM4YeCcKMM KOMIMIIEKCOM, UMEI-
WM obLLYO LUITEMHOBYO (MeTannuyeckyto BaHHYy). OpurmHanbHas KOHCTPYKUUS Nedun, co-
3garwas KpavHe orpaHMYyeHHoe B3aMMOAENCTBME MeXAY KOHEYHbIM NPOAYKTOM MSiaBKu U
06eHEHHbIM LIIakoM, NO3BONAET A0OUTLCA BbICOKOIrO M3BMEYEHUS LIBETHBIX U AparoLeHHbIX

MeTanrnos.

6.2 YcoBepLleHCTBOBaHUEe TEXHONIOrMK rmapoMeTansiypruuyeckoro

oboralleHnsa 6e4HOro HMKenNb-NMPPOTUHOBOIO KOHLIEHTpaTa

B MnpoBon npakTuke BCe MeAHO-HUKENEBble pyaHble KOHLUEHTpaThbl, coaepxaiume
nnaTMHOBbLIE MeTansbl, 3a UCKNIYEHNEM rmapomMeTansyprmieckoro npoussoactsa Hapex-
AnHckoro Mmetannyprudeckoro 3asoga (FMIMHM3) 3® MNAO «TMK «Hopunbckuin HUKenb»,
nepepabaTtbiBalOTCA MO KMAaCCUYECKOW MMpoMeTannyprmyeckon texHonormn. epepaboTka
PYAHbIX NEHTNAHAUT-MMPPOTUHOBLIX KOHLIEHTPATOB B HOpMnbCcke No aBTOKMABHOM TEXHOSIO-
rMmn cBA3aHa C BblaeneHnem Ha ctaguu oboralweHus oTHocuTenbHo 6eaHOro npoaykra, ne-
pepaboTka KOTOPOro N0 NMPOMETaNypPruryecKkon TEXHONOMMN He onpaBaaHa.

Mcnonbdyemasa B HacTtosiwee Bpemsa B MITHMS3 TexHonorus rmgpomeTtannypruye-

CKOro oboralleHns UMeeT NoTeHUman aAns passuTus.
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lMpumeHsiemble 4N OKUCNEHUS NMyNbMbl MIMPPOTUHOBOIO KOHLEHTpaTa ycrnoBus, ¢ o4-
HOW CTOPOHbI, 0becneymBaloT peLleHne NOCTaBMEHHOW 3a4ayn — MNoslyYeHne NPUrogHoro
ANa nupomeTannyprmyeckon nepepaboTkn CcynbPUAHOrO MeagHO-HMKENEBOro KOHLUEHTpaTa, C
APYron — He no3BOMAT CHU3UTb BbICOKME MOTEPU C OTBaSIbHbIMW XBOCTaMM LIBETHbLIX U B
0COBEHHOCTN AparoueHHbIX MeTannoB, YTO HEraTUBHO CKa3blBaeTCs Ha ee peHTabenbHOCTH.
OTOT (haKT, a Takke OTCYTCTBME B MUPE APYrnX NOAOOHbLIX NPOU3BOACTB CBA3aHbI C TEM, YTO
A0 HaCTOSALEro MOMeHTa He BbIfIo FOTOBbIX K MPOMBILLIIEHHON peanu3aumm rugpoMmeTtannyp-
rMYecKUX TexXHOMormn, obecneymBaroLLMX HU3KME MOTEPU MNMATMHOBLIX METasnsoB, Coname-
pUMble C JOCTUraeMbIMU Ha AENCTBYIOLLMX NMPOMETANYypPrudeckmx NnpeanpusaTumsx.

Bbicokne notepu LeHHbIX KOMNOHEHTOB B AENCTBYIOLLEN TEXHONOrMK rmapomeTannyp-
rmyeckoro oboraweHns Bo MHOrom obycrnoBreHbl CBOMCTBaMN hOPMUPYIOLLMXCA NpU aBToO-
KNaBHOM BblLLenayMBaHMM rmapaTtHblX opM Xernesa, obnagarowmx passBuTon NOBEPXHO-
CTblO W, COOTBETCTBEHHO, BbICOKOW COPOLMOHHON CNOCOBGHOCTLIO MO OTHOLLEHUIO K Aparo-
UeHHbIM MeTannam. Kpome Toro, okcuabl xenesa (popMUPYHOT MNAEHKM Ha MNOBEPXHOCTU
HegopasnoxeHHbIx Ha AOB cynbduaoB, 4TO NPensaTCTBYyeT NOMHOTE X U3BNEYEHNa Ha cTa-
auun cepo-cynbcungHon drotaumn. Eue ogHon NpuynHOM nNoTepb LEeHHbIX KOMNOHEHTOB £iB-
naeTcsa ucnonb3oBaHne B Aencteytowen TexHonormm MNMAB — JICT, 4To Hens3bexHo npu Be-
AeHun npouecca B pexume BTB. OTkas oT ucnonb3osanus NMNAB npu AOB BO3MOXEH TONbKO
B CNnyyae nepexofa Ha pexXuMMm OKUCIEHUS Npu TeMnepaTypax HWXKe TOYKW NiaBneHust cepbl
(HTB), HO Npn 3TOM HEO6XOAMMO M3MEHUTb U Apyrne napameTpbl Takum o06pas3om, 4YTOObI
He NPOUCXOANNO CHMXKEHNE NPOM3BOANTESNBLHOCTM 060PYAOBaHNS.

C yyetom Bcex atux obcroatenscte B OO0 «HCTUTYT MnpoHnkenb» paspabaTtbiBa-
IOTCS TEXHOJOrMYECKME MPUEMBI, MO3BONSAIOLLNE MHOIOKPATHO CHU3UTb MOTEPU LIEHHBIX KOM-
NMOHEHTOB, B TOM YMCIiE€ N NAATUHOBbLIX METansoB, Npu rmgpomeTannypruieckon nepepabdor-
Ke HWKEeNb-NMUPPOTUHOBOIO Cbipbsi. B OCHOBE NpeanoXeHHbIX PeLUeHU NEXUT co3gaHue
ycrnosun, obecnednBatowmx (opMmMpoBaHMe Ha CTaaum aBTOKITABHOMO OKUCIIUTENBbHOIO Bbl-
LienavymBaHna KpynHOKPUCTANIIMYECKMX YaCTUL, OKUCIIEHHbIX XeNe3ncTblX a3 C MOHWKEH-
HOM MO OTHOLLUEHUIO K LBETHbIM W AparoueHHbIM MeTannam copObumoHHOM CNOCOBHOCTLIO,
Hanpumep HaTposipoauTa (nat. RU Ne 2573306).

PesynbTaTbl NpOBeAEHHbIX IKCMNEPMMEHTOB, 0630pP HAYYHO-TEXHUYECKON NuTepaTypbl
N aHanu3 OencTBylOWENn TEXHONMOrMn rmgpomMeTtannyprudeckoro oborawieHns nokasan, 4To
paspabotaHHble OO0 «MHCTUTYT MNPOHMKENb» TEXHUYECKNE peLleHUs BECbMa KOHKypeH-
TOCNOCOGHbI MO CPpaBHEHMUIO KaK C 4EUCTBYHOLLMM NPOU3BOACTBOM, TaK U C Bnmxanwmm aHa-

norom — Activox-npoueccom (Tabnuua 6.2). bonee TOro, oHN nokasanu CBOK 3PPEKTUB-
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HOCTb Ansi NepepaboTkM KOHUEHTPaTOB LUMPOKOro AuanasoHa cOocTaBoB — OT GedHbix no

LUBETHbIM 1 BraropogHbiM MeTannam go Becbma boratbix (Tabnuua 6.3).

Tabnuua 6.2 — CpaBHeHWe nokasaTenen eNCTBYIOLLEN TEXHONOMMYECKON cXxembl, Activox-npouecca

n I'IepCI'IeKTVIBHOVI TEXHOJ10TnN

M3BneyeHune B KOHUEHTpaT onotauuun, %
TexHornorns
Ni Cu 2MIr
Hencreylowan 94 91 52
Activox 94 87 72
[MepcnekTnBHas 98 93 93

Tabnvua 6.3 — NokasaTenu n3BneyYeHns LBETHLIX U AparoLeHHbIX MeTansioB MO NEPCNEKTUBHON

TEXHOMornm
CoctaB cbipbst N3BneyeHve B KOHLUEHTpAT drnoTaumu, %
Ni, Cu, MM, Pt+Pd+Rh,
% % Hr o Ni Cu >MAr Pt+Pd+Rh
0,7 0,05 2,1 1,8 98,2 68,3 82,3 86,3
11 0,20 4,0 3,8 98,2 94,2 88,5 92,5
1,3 0,20 4,3 4,1 98,2 93,2 93,2 95,7
8,7 0,40 26,5 26,2 99,2 93,0 94,2 94,5
3,4 7,40 33,7 33,3 97,7 98,8 95,3 96,1
3,9 2,80 38,2 37,8 94,9 96,9 96,9 97,2

[Mpn aTOM B 3aBMCMMOCTM OT COCTaBa NocTynarLwero B nepepaboTky Cbipbs BO3MOX-
Ha pasnuyHas opraHu3auns cxembl nepepaboTkn pacTBOPOB aBTOKMABHOIO BbilleriavyvBaHuns
(pycyHok 6.3). B obounx cnydasx obecneymBaloTCA BbICOKME MOKa3aTenun U3BMEYEHUs BCeX

L€HHbIX KOMNOHEHTOB.
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Borathiz FYAHbIC KOHUCHTEATbI

G2HBIC IYAHDIC KO HUEHTPATbI

| npuroToBneHne nynbnbl l

AICHTLI KMCNopo A K KBC | NPUIOTORNARHUA NYNLNKI |
1 I prarc4Tbl kuonopog unu KBC

HuzKoTemneparvpHoe AOB

| HHM3KoTemnepatvoHoe AOB ‘

OKHCNCHRAA NYNbLNG ‘

OKUCACHHAA NYABRND
NPOTHBOTOYHAA NPOMbIBKA |

‘ | ocamaeHue UM |

Eﬂ@ LIYLLLL HH BIF 1LY KT l
| | dnoTauma |

‘ ocaxaenve UM | | bnotauwua 2
KO HUCHTDAT Fe - x50cTbl
KoHuexTpar UM FC - XBOCTEI KOHUCHTRGT
roTEan
I I Bbinnaeka cepbl
gotean | BbINN3BKA CePbl 1 |
‘ koHuyzHrpar LM w MNT cepa ToBapHad
KOHUeHTpaT MIT cepa ToBapHaAa

Pl/lcyHOK 6.3 — Bapl/IaHTbI opraHnsaumn TeXHOJNMOrMYECKNX CXeM

ans 6orartoro (a) n 6eaHoro (6) cbipbs

[MpoBegeHMe NPOMBILWSIEHHBIX WCMbITAHUW HOBOW TEXHOMOMMW MMaHupyeTca Ha
2017 rop.

6.3 NMpon3BoAcTBO HUKENSA INEKTPOIKCTPaAKLUEN U

pacdmnHnposaHuem NMHTI

Ha cerogHAWHMA AeHb B MMPOBOW NMpaKTMKe MONyYeHnsi TOBApPHOIo KaTO4HOMO HUKENs
NMOBCEMECTHO MCMOMb3yeTCHa MPOLECC 3MNEKTPOIKCTPAKLMM U3 CyNbaTHbIX UNN XNOPUAHbIX
pacTBOPOB.

Mo cpaBHEHMIO C ANEKTPOpPaUHNUPOBAHMEM YEPHOBLIX METanfIMYECKUX WU Cylb-
dmaHbIX aHOOO0B NPOLIECC MOMYYEHUsT HUKENS METOAOM 3NIEKTPOIKCTPAKUMM UMEET creayto-
LiMe npenmyLLecTBa:

- NNKBMAAUMS 3aTpaT Ha NPOM3BOACTBO MPOMEXYTOYHbIX NPOAYKTOB, @ UMEHHO 4ep-
HOBbIX aHOAOB;

- NMMKBMAAUMS ONpeaensitoLLnXca Hanmunmem aHogHoro ckpana o6opoToB;

- CyLLLeCTBEHHOE YynpoLleHne o0b6CnyXMBaHUS 3NEKTPONU3HbIX BaHH (0BbpaboTka aHo-
AOB 1 CKpana, YACTKa BaHH C BblAeneHneM 1 nepepaboTkon wnama);

- BO3MOXHOCTN ©0fee nonHon MexaHusauun v BHeAPEHUs OOMNOMHUTENbHbIX, Gonee
COBEpLUEHHbIX CUCTEM KOHTPOMSI NPOLIECCOB padhMHMPOBaHUS;

- BO3MOXHOCTU MUcnonb3oBaHna bonee COBpEeEMEHHOIro OCHOBHOIO OGOpyﬂ,OBaHVIFI;
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- CYLLEeCTBEHHOEe COKpalleHne Hes3aBepLUeHHOro npou3BOACTBa (CPOK pacTBOPEHUS
YepHOBbIX aHOAOB cocTaBngaeT npubnuantensHo 30 CyTOK, KPOME TOro OHO yBEeNnu4MBaeTCs
3a cyeT Hanu4mnsa o6opoTHOro ckpana).

B oTeuecTBEHHON MpakTUKe MNOSTyYEeHUS KaTOOHOrO HUKENs MO COCTOSHUIO Ha Cero-
OHALWHUA OEeHb 9MNEeKTPO3KCTPaAKUMA MMeeT OrpaHMYeHHOe NpUMEHeEHWEe, a XJSTOpHoe pacTBoO-
peHue BbICTyNaeT Kak BCrOMoraTernbHbIW Npouecc ANs BOCMOMHEHNA geduumta HUKena m
nepepaboTkm 060OpOTHLIX nonynpoayktoB. OaHako B Gnvkaniiee Bpems nraHupyeTcs non-
HbI NepeBo CXeMbl NMPOM3BOACTBA KATOAHOMO HUKENS Ha SMNEKTPOIKCTPAKLMIO.

lMepcnekTuBHaAsA TEXHOMNOIrMYeckas cxema BKYyaeT B cebs:

- nocnefoBaTeNbHbIA OKUCNNTESNbHbBIA U BOCCTAHOBUTENBbHbIN OBXUI HUKENEBOrO KOH-
ueHTpaTa ¢notaumMm anHWTenHa C NonyyYeHnem NopoLlKa HUKENEeBOro TpybuyaTbiXx neyen
(MHTT);

- XNopHoe Bblwenaymsanune MNMHTIT,

- rpybyto MegeouncTKy pacTeopa;

- OKCTPAKLMNOHHYHO LIMHKOOYUCTKY;

- TMAPONUTUYECKYHO KENEe300UNCTKY;

- TOHKYIO MeJeouNCTKY;

- ABYXCTaamanbHyo rmaposimTu4eckyto Ko6anbToOUNCTKY.

OunwieHHbI GoraTbli HUKENEBbIN pacTBOp pasbaBnaeTca O060pPOTHLIM LEXNOPUPO-
BaHHbIM @HOMUTOM BaHH 3JNEKTPOIKCTPaKuUUKM, obbeauHAeTCa C neperimBoM KaTonuTta u3
BaHH 9MNEKTPOIKCTPAKLUMM M B KAYeCTBE KaTonuTa NUTaHMA HanpasrseTcs B HanopHble 6aku
3MEKTPONN3HOro oTAeNneHna Ansg AanbHenwen nogaym B BaHHbI 9N1EKTPOIKCTPaKLN.

[MepBuYHbIE XENe3ncTbin 1 KOHGanbTOBbLIN KEKM NOABEPralTCca ganbHEenwWen nepepa-
BOoTKe C noriy4eHneM OTBasIbHOrO Xene3ncToro Keka 1 katogHoro kobanbTa COOTBETCTBEHHO.
OcTaToK XNOpHOro pacTBOPEHUS HaNpPaBnseTcs Ha u3BnevyeHre aparoLeHHbIX MeTansos.

MpuHataa ona pas3sutna pagouHMpPoBOYHbIX MowHocTen MAO «'MK Hopunbckuin Hu-
Kenb» KOHLEenuusa nocTeneHHoro nepexoaa ot cnocoba pacuHNPOBaHMSA YEPHOBbLIX aHOAOB K
cnocoby paduHupoBanus MHTI ¢ ncnonb3oBaHneM XNopuaHbIX cpea pelleHne obecneyn-
BaeT MOCTEMNEHHbIX Nepexoq K HOBOW TEXHOMOMMN C MUHUMAarbHbIMU KanutanbHbIMK 3aTpa-
TaMmyn n 6e3 OCTaHOBKM OCHOBHOrO Npomu3BoAcCTBa. OTO 0O6bsCHSAETCS 6nNM30CTbO CyLEecTBY-
oWwmx n TpebyemMbix onepaumm OYUCTKM HUKENEBbLIX PaCTBOPOB U BO3MOXHOCTbIO MCMNONb30-
BaHWUS OeWCTByOLLero obopyaoBaHus, BKoYas OCHOBHOe 06opyaoBaHWE OYMCTHbIX OTAe-
NEHWN 1 CYLLECTBYHOLLNX ANEKTPOSN3HbBIX BaHH.

JdononHutenbHbIn 6OHYC MOXeT BbITb NMOMyYeH Npu opraHn3aumMm o60cobneHHon ne-

pepaboTKM XNOPHbLIM BbllLienavyMBaHNeEM MarHUTHOW opakuumn oT pasgeneHvs anHwTenHa.
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Toraa ata konnekTupylowas B cebsl OCHOBHYIO Maccy AparoueHHbIX MeTannoB dpakums ne-
pepabaTbiBaeTCs XMOPHbIM BbiLEeNavYMBaHNEM, MUHYS ONepaumm OKUCIUTENBHOIO U BOCCTa-
HoBUTENbHOro 0bxura. Kpome Toro, 6oraTbii AparoleHHbIMU MeTannamMm ocTaTok ee Bbllle-
nauyMBaHus MoxeT BbiTb NepepaboTaH A0 KOHLUEHTPaTOB AparoueHHbIX MeTanmnoB no KopoT-
KoM Lienoyke. TeM cambiM CoKpallatoTcs nepeaenbHble 3aTpaTbl 1 0bume noTepu AparoueH-
HbIX MeTanmnos.

[ononHNTENbHOE MCMNONb30BaHME 3K30TEPMUYECKMX peakuuin XNMOpUPOBaHUSA UCXOA-
HOro Cbipbsi ANsi NoAynapKku pacTBOPOB HEMOCPEACTBEHHO Ha onepauuu XropupoBaHUs OT-
KpblBAaeT NPUHUMNUANbHYID BO3MOXHOCTb Oe3peareHTHOM 3KCTPaKLUMOHHOM OYUCTKM OT KO-
OanbTa, KOTOpas CTaHOBWUTCS LUenecoobpasHon nocne paspaboTkn addekTBHOro
He rMaponUTUYEecKoro crnocoba O4YUCTKM HUKENEBOro pacTBopa OT CBMHLUA WM MapraHua.
BHeapeHue aKCTpPaKUMOHHOM OYUCTKM OT kKobanbTa No3BOSNUT CYLLECTBEHHO COKPaTUTb pac-
XO[l OCHOBHOFO peareHTa — cofAbl, OAHOBPEMEHHO 3HAYUTENbHO YNPOCTUTL HOBOE Kobarb-
TOBOE MPOU3BOACTBO, JIMKBMAMPYS B HEM OCHOBHbIE TONOBHbLIE Nepeaenbl, U NpPonopLmo-
HarnbHO COKpALLEHUIO pacxoda coabl COKPaTUTb KOMMYECTBO HanpaBfseMbIX Ha YTUIM3aLMIO
COnEeBbIX CTOKOB.

MepeyncneHHble MeponpusaTUS M NoTeHuuanbHble NyTU OanbHenLero ycoBepLueH-
CTBOBAHUSA TEXHONMOMMN UNIIOCTPUPYIOT NPeMMyLLecTBa npeanaraeMoro cnocoba paduHu-

poOBaHNA HUKeNA.

6.4 Mpon3BOACTBO HMKENSA 3NeKTPO3KCTPaKLuen pacTBopoB
Bblllena4yMBaHNA HUKeJNIeBOro KOHLUEeHTpaTa oT pa3aerieHus

chanHwWTEeNHA

[anbHenwmm pasButneM TEXHOSOMMN NPOU3BOACTBA HUKENS 3NEKTPOIKCTPaKUMEN U3
pacTBOPOB OT BbllLeNayMBaHNa NPOMMNPOAYKTOB nepepaboTkm MeaHO-HUKENeBOro dawiH-
LWUTENHA POCCUNCKMX NpeanpuaTnin asnaetca nepexod ot padpuHmpoBanus MNMHTIT (em. 6.3) k
padoHNPOBAHNIO HUKESEBOro KoHUeHTpaTa gpnoTtaunn anHwtenHa. B aTom cnyyvyae gonon-
HUTENbHO JUKBUOMPYKOTCA CBA3aHHble C NOTepsAMWU  3aTpaTHble U SKONMOrmyecku
He COBEpLLEHHbIE Nepeaesibl OKUCIMTENBbHOIO U BOCCTaHOBUTENbHOro obxwura. MpucyTtcrey-
oLas B HUKENIEBOM KOHLEHTpAaTe cepa He OTFOHSETCS B ra3oBylo pasy, a NpakTUYeCcKn norsi-
HOCTbIO COXPaHSIETCA B OCTaTKE BblLLENlaynmBaHusl, nepexoas B arieMeHTapHyHo.

YnpoLleHHO npouecc nepepaboTKMm HUKENEBOro KOHUEHTpaTa MEeTOL4OM XITOPHOro

BbllLeNnavynBaHnAa MOXHO NpeactaBuTb COCTOALLMM U3 TpeX GnokoB: 6noka BbillenavYnBaHna
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N MegeoumncTkm, 6rioka NonyyYyeHns NPoAyKLMOHHOIO HUKENEBOro pacTBopa 1 6roka anekTpo-
AKCTpaKUmn.

B cBoo ouepenb, 6ok BbiwenavyMBaHna U MeOEOYUCTKM COCTOMT U3 TPeEX CTaaun.
Ha nepBown ctaguu npoBoAAT xrnopHoe BoiwenaymsaHme HK n obopoTHOro MeaHoro keka, Ha
BTOPOW CTaaun — OYUCTKY HMKENEBOro pactBopa OT MeAWn HUKENEBbIM KOHLIEHTPATOM C Mo-
nyyeHmem oBOPOTHOrO MEAHOro Keka, Ha TpeTben CTaguuM — BbiBEAEeHVMEe Meau B Buae
CyNnb(MAHOrO0 MeaHOro NPoAyKTa U3 TEXHONOMMYECKON CXeMbl AN coXxpaHeHus GanaHca no
Meau.

B pesynbTaTe npouecca XfopHOro BbllLeNaynBaHnsa LUBETHbIE MeTansbl 1 Xeneso ne-
pexoasit B pacTtBop, a B TBepaon dase, cogepxawen oo 85 % — 90 % anemMeHTHOW cepbl,
KOHUEHTPUPYIOTCA nnaTtuHoBble MeTannbl. [lynbny nocne XrmopHOro BbillenavymBaHnsa ounb-
TPYIOT, HUKENEBBIA PacTBOP HaMNpPaBnsAT Ha BblAeneHne MeaHOro nNpoaykra M3 TEXHOMOMn-
YeCKOM CXeMbl U Ha CTaauMlo MedeOuYMCTKU. BnaxHbid Kek nocre OTMbIBKM OT XJIOp-MOHa
HanpasnaT Ha NOMNyyYeHne KoHUeHTpaTa NnaTUHOBLIX MeTaroB.

Ha ctagun meneovnctkm pactBopa NpoucxoauT rmapoTepmarnibHOe ocaxaeHue meaum
HUKeneBbIMU CynbduaaMmn U NPUCYTCTBYIOWNM B HUKENEBOM KOHLIEHTpATe MeTanfiMyeckum
HUKenem.

Mynbny mMegeounctkn UIbTPYOT, HUKENEBbIM PacTBOP NOAAKT Ha KOHTPOJSIbHYHO
ounbTpaumto, Nocre Yero ero HanpPaBsSAT Ha Xene3oouNCcTKy. BnaxHbln Kek — Ha cTaguio
npuroTossieHNa nynbnbl XB.

BbloeneHne megn M3 TEXHONMOMMYECKOW CXeMbl MOXET ObiTb OpraHM3oBaHO pasnivy-
HbIMK cnocobamu ¢ nonyYyeHneMm MeTanm3MpoBaHHOro nMbo cynbuUAHOro MegucToro no-
nynpoaykra.

OumncTKka HUKENEeBOro pacTeBopa OT NpUMecen MOXeT ObITb Takke opraHM3oBaHa pas-
nn4yHo. Kpome ouncTkn OT Meam, OHa BKNYaeT B cebs cTagum rmaposiMTUYEeCcKOn Xeneso-
OYUCTKN, IKCTPAKLMOHHYIO NMBO rmaponmTMyeckyto kobanbTooumcTky. B BapmaHTe coxpaHe-
HUSA TMOPONNTUYECKON KOBANbTOOUNCTKM OYUCTKA OT CBMHLIA M MapraHua COXpaHsAeTcs B KO-
OanbTOBOM NPOM3BOACTBE. YCrnoBus 6e3peareHTHOW 3KCTPaKLMOHHOM KOOaNbTOOUNCTKM N ee
npenmyLecTsa onucaHbl B 6.2.

OuuuleHHbIM pacTBOp MNOCTYNaeT B 3M1EeKTPONM3epbl B KaYyecTBe KaTonuta Ass npous-
BOLCTBA TOBAPHOIoO HUKESS.

Mo cpaBHeHMO ¢ npoueccomMm paduHupoBanus MNMHTIT nepepaboTka HUKENEBOrO KOH-
LeHTpaTa dnoTaumm panHLTENHA ConpsiXXeHa C paaoM TPYAHOCTEN, rMaBHbIMU U3 KOTOPbIX

ABIAKOTCA OpraHun3auuns paLl,I/IOHaJ'IbHOI7I MHOroCTagMmHON OYUCTKM U HEOBXOANUMOCTb nepe-
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paboTKn ocTaTKa XMOPHOro BbilenayMBaHNUsA Ha OCHOBE 31IEMEHTApPHOM Cepbl C NONy4YeHneMm
KOHUEeHTpaTa gparMeTarnsos.

OpraHusauusa npon3BoACTBa, aHaNOrMYHOrO NOSTyYEeHU0 cepbl Npy nepepaboTke Hm-
Kenb-nMppoOTUHOBOIO KOHLUEHTpaTa, B JAaHHOM Ccriydyae npeacTaBnseTcs He cambiM Ny4yLvMm
pelleHMeM BBMAY rPOMO3AKOCTU, co3fatowen npeanochbifiku K MOBbIWEHHbIM NoTepsam nna-
TMHOBbIX MeTannoB. B To BpeMsa Kak punbTpauusa pacnnasfieHHOW cepbl NpeacTaBriseTca
BeCbMa NnepcrnekTMBHON N MHTepecHOW. B HacTosLee BpemMs NpoBOAATCS UCCregoBaHUS Mno
BbIOOpY Hanbonee adpPeKTUBHOINO BapmaHTa yaaneHnsa cepbl N3 OCTaTKOB XMOPHOro BblLLe-
naynBaHns CyrnbMUOHbIX NONYNPOaYKTOB.

B BapuaHTe padmHMpPOBaHUA HUKENEBOro KOHLEHTpaTa, Takke Kak B BapuaHTe padu-
HupoBaHusa MHTT, coxpaHseTcs akTyanbHOCTb 060CcOBneHHON nepepaboTkn MeTannmanpo-
BaHHOM opakuum dpanHwTenHa. B aTom criyyae OOMOSTHUTESbHbLIA SKOHOMUYECKUA adhdeKT
BO3HMKaeT 3a CYET COKpalleHUs KonmyecTBa onepaunin n notepb B xode nepepaboTku
ocTaTKa BbllLeNnayYnBaHna MeTannm3npoBaHHON opakumMn OO KOHUEHTpaTa gparoueHHbIX Me-
TannoB. Kpome TOro, B 9TOM BapuaHTe OCTaTOK BblllenavmBaHusa 6eaHOro aparoueHHbIMU

MeTannamMmmn HMKeneBoro KOHUeHTpaTa MOoXeT ObITb nepepa60TaH B MeaHOM NMpon3BoacCTBe.

6.5 TexHonorns NponsBoAcCTBa KAPOOHUITLHOIO HUKENA C

ncnosfib3oBaHMeM CuHTe3a cpegHero naBrieHuns

3a pybexom cuHTe3 TKH peanusyloT npu atmocepHOM M cpeaHeM [LaBreHuwn.
B oTeuecTBeHHON MeTannyprm kapboHUNMPOBAHME OCYLLECTBISIOT B KOJIOHHAX BbICOKOrO
AaBneHusi, kapboHunbHoe npom3soacTeo Poccun He npesbiwaeT 5600 T/rog,.

B Tabnuue 6.4 npoBegeHo cpaBHeHne 3(OdEKTUBHOCTN pabOoOTbl MPOMbILLMEHHbIX pe-
aKTOpPOB CUHTE3a. Ha MMPOBOM pbIHKE KapOOHUITbHOIMO HUKENSA LOMUHMPYIOLLEE MOMoXeHne
3aHumaeT komnaHma VALE, Bbinyckatowas go 104 000 1/rog  npoaykuuu, W3 HUX
54 400 T/rog — no TexHonormm cuHTesa cpegHero aaeneHus (Konnep-Knudd, Kanaga).
CuHTes TKH ocywecTBnaeTcs Ha Tpex ropusoHTanbHO-BpaLlaloLWmMxcs peaktopax. PeakTopbl
paccunTaHbl Ha pabovee gasneHue 70,2 atn u Temnepatypy 175 °C. [uameTp peaktopa —
3,65 M, anuHa — 20,4 M. PeakTopbl paboTaloT B NEPUOANYECKOM peXMme: 28 4 cuHTes, 14 4
nepesarpyska. Obuee Bpema ogHon onepauunm — 42 4. BeibpaHHbIn pexum obecnevmsaeT
paBHOMEpPHOE noTpebneHne okcuaa yrnepona, Tak kak B pabote NoCTOAHHO HaXOAATCS ABa
peaktopa, a TpeTun nepesarpyxaeTtcs. PeakTopbl MU3roToBfieHbl U3 YrinepoaucTon cranu,
TOMNWMHA CTEHKM — 127 MM. BHyTpeHHUN obBbem peakTopoB pa3gefieH Ha OBe Kamepbl.

B nepson kamepe annHon 13,4 M nponcxoanT HeNocpeacTBEHHO KapboOHNNNMPOBaHME CbIpbS.
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Kamepa oxnaxpgaetcs sogoun. Bropasa kamepa gnvHon 7 M, no-BuOMMOMY, ABMSETCS Mblne-
ynasfvBaloLMM YCTPOUCTBOM C YCTAHOBMNEHHbIMU (PUNbTPaMMU.

McxoaHbiM cbipbeM Ans kapboHUNMpoBaHUsS ABNAETCS MaTtepuar, B OCHOBE KOTOPOro
HaxoguMTCA MarHUTHasa opakumsa anHwTenHa, WuxTyemMasa wnaMmamMmn anekTponusa v nna-
TUHOCOAEepXaLlen BTopuykon. MaTepuan noasepraetcs nnaske B BepTUKanbHbIX KOHBEPTO-
pax c nocnegywoLwen rpaHynsumen pacnnasa. [ paHynMpoBaHHbIN MaTepuan UMeeT CoCTaB
%, mac.: Ni — 72,0; Cu — 18,0; Fe — 3,0; Co — 1,0; S — 5,0; C — <0,1; octanbHoe npume-
cu. HacbinHasi NNOTHOCTb McxoaHoro cbipbs — 4,0 T/M3. Ha ogHy onepaumio B Kaxablil 13
peakTopoB 3arpyxaetca npumepHo 136 T cbipba. ObWuMM BeCc peaktopa C 3arpy3kon —
500 T.

TBepable ocTaTkm CUMHTE3a 00e3BpeXxmnBalroTCs CMecblo asota u kucrnopoga. Coaoep-
)XaHme Kucrnopoaa B rasoBon cmecu coctaensieT 8-10 %, 06. XMmMnyeckum coctaB OCTaTKOB
cuHTesa %, mac.: Ni— 7,0; Cu — 59,0; Fe — 8,0; Co — 4,0; S — 17,0. /3Bne4eHne Hukens
cocTaBnsieT He meHee 95 %, xxene3a — He 6onee 30 %, Co — He cBbiwe 1 %. OcTaTkm CuH-

Te3a NoCTynarT Ha JanbHenwy nepepaboTky.
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Tabnuua 6.4 — CpaBHeHne 3 PeKTUBHOCTU paboTbl NPOMbILLIIEHHbLIX PeakTOPOB CMHTE3a B MUPOBOM NPOU3BOACTBE KapboHUNa HUKENS U xxenesa

MNpou3so- MapameTpbl cuHTE3a Cocras VIE))XOJJ,HOFO CKopoCTb Lmp- M3BnedeHmne,% MpoRormku-
ONTENbHOCTb cblpbg, % mac. TeNbHOCTL | KonnyecTtso u Tun pe-
Crpara cuHTtesa |[dasneHue | Temnepa- |, ,. Ky”ﬂé"'”” o, , CUHTEe3a aKTopoB
(t/ron) (atn) Typa (°C) Ni|Fe|Co|Cu| S HM>/T-4yac Ni | Fe | Co (uac)
CuHTes TKH aTmocdepHoro gasneHus
05 2 LWT. TOPU3OHTarIbHO-
AHrnna 50 000 1 50 95/0,6/1,2{3,1| ' 16 92 | - - 96 BpaLLlaroLLNXCH peak-
(+2) TOpPOB
) 02 KONIMYecTBO — HeT
Kutan 1 500 1 50 93|1,22,0|3,5 (+2’ 5) HeT JaHHbIX 120 OaHHbIX TOPU3OHTanNb-
' HO-BpaLlaoLwmmncs
CuHtes TKH cpegHero gasneHunsa
3 WT. ropusoHTanbLHo-
KaHapa 54 400 70 180 72/3|1|18] 5 77 96 |30 | 1 28 BpaLLlaroLLNXCH peak-
Topa
CwuHte3 TKH BbICOKOro gaBneHmsa
Poccnst | 5500 200 200 [853,712,25,1] 2.5 250 96| 75| 1 72 12 wr. igi%ﬁ“ap“"'x
CwuHtes INKXX cpegHero naBneHus
KONIMYecTBO — HeT
lepmanuns 25 000 75 190 - 193 HeT AAaHHbIX 58 [aHHbIX TOPU3oHTanb-
HO-BpaLLaloLLNnCs
CuHTtes NKX Bbicokoro gaBneHus
Poccusi | 3000 150 200 |-|95|-|-| - 450 - |70 - g | “4WT. CTauMoHapHble
KOJTOHHbI

9T0Z—T J1M
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Bbicokas npousBoauTenbHOCTbL npouecca cuHtesa TKH gocturaetcs npu Mcnonb3o-
BaHWM TOPU3OHTaNbHO-BpaLlaloWwmnxca peaktopoB. [lpunumHa, obycnaenuBarowas peskun
POCT CKOPOCTW peakuun CUHTE3a BO BpaLLaKLWMXCA peakTopax Nno CpaBHEHMIO C kKapboHunu-
poBaHMEM B CTaLMOHapPHbIX KOSIOHHAX, 3aKniyaeTcs B opraHnsaumm aeKTMBHOro oTBoaa
Tenna peakuum U3 ABMXKYLLErocs crnosa KapboHUIMPYEeMOro Chipbsi.

[Mpn 3TOM M3BLITOK TENna B ropu3oHTanNbHO-BPaLLaOLWMXCA peakTopax yTunmanpyeTcs
BCTPOEHHbIMU XOSTIOAUSTbHUKAMU, YTO HaMHOro 3dEKTUBHEE CHATUA Tenna LUupKynmpyto-
LWKMM NMOTOKOM MOHOKCMAA yrnepona, Kak aTO OCyLLeCTBMASAETCH B KONIOHHAxX BbICOKOro Aasrie-
HUS. YBEenuyeHne CKOpoCTU LMPKYISaUMKM OKCuaa yrnepoga B CMHTE3e BbICOKOro AaBneHnsa 0o
250 HM3/T-4 MO CpPaBHEHMIO CO CKOPOCTbI LMPKYNSAUMW B CUHTE3e CpedHero AaBrieHust
77 HM3/T-4 HE NPUBOOUT K COKpaLLIEHNIO BPEMEHN KapOoHUNMPOBaHUS.

MpooomknTenbHOCTL npouecca Mpyv BbICOKOM [aBfieHUM COCTaBfseT 724, 4TO B
2,5 pasa 6onblue, 4em npu cpegHem. NMpun aTom ycnosus kapboHunmpoBaHusa npu 250 atu
bonee «wkecTkme», yem npu 70 atn. Takum obpasom, ANs opraHM3aLmm BbICOKONPOU3BOAM-
TenbHoro cnHtesda TKH Heobxoammo obecneuntb MHTEHCUBHBLIA OTBOA TEMna M3 30Hbl peak-
umn. lpn OBMKEHUN N UHTEHCUBHOM MepeMeLLlnBaHUM 3arpy>XeHHOro Cbipbs BO Bpallato-
LWKMXCA peakTopax KoadduUMeHT Tennonepenaym OT BCTPOEHHbIX XONOAWSTbHUKOB 3Hayu-
TeNbHO Bbille TenmnochbemMa UUPKYNUMPYIOLLMM ra3oMm Yyepes HernoABWXKHbIN Con Matepuana.
Cbem Tenna obecneunBaeT BbIMIPbILL B CKOPOCTU CMHTE3a B ABUXYLLEMCH Croe maTepuana.
B HenogsmxHOM crnoe kapboHunupyemoro maTtepuana Tpebyembiin 0TBOA Tenna LOoCTuraeT-
CS NpU 3Ha4YUTENbHO BOoMee BbLICOKMX CKOPOCTSX LMPKYNSUMU MOHOKCMAA yrrepoaa, ¢ Yem
CBsi3aHbl AOMNOSTHUTENbHbIE dHEpreTU4eckne 3atpaTtbl U 3HAYUTENbHbIE TEXHUYECKME TPYLHO-
CTM B NpoayBKe 60NbLUMX ra30BbIX MOTOKOB.

B cywecTyowem B Poccumn kapboHun-npouecce BbICOKOro AasreHusi Hanbonee no-
POroCTOALLMM N IHEPTOEMKMM NMEPEEsioM SABSETCA CUHTE3 KapboHuna Hukens. AHanus pe-
3yNnbTaTOB MPOMBbILLSIEHHON 3KCNnyaTauumn kapboHun-npouecca nokasbiBaeT, YTO NPOU3BOA-
CTBO C MUCMNOJSIb30BaHMEM CUHTE3a BbICOKOro AaBrieHus He adpdekTnBHO. OCHOBHbIMU NpUYn-
HaMK, OrpaHNYMBaOLLMMN NPOU3BOOUTESNILHOCTL CUHTE3a BbICOKOIO AaBfieHNSA, ABMSAOTCS:

- HU3KME CKOpPOCTM KapboHUnMpoBaHuda, O0OYCrOBMEHHble HeAOCTaTOYHbIM OTBOLAOM
Ternna peakuumn B KOJIOHHax CUHTE3a;

- HECOBEPLUEHCTBO onepauuun no 3arpyske 1 pasrpyske peakLMOHHbIX KONOHH;

- BbICOKasi CTOMMOCTb 060pyaoBaHusa Ha aaBneHune 150 krc/cm?;

- bonbLune aHepreTUYEeCcKne 3aTpaTtbl HA KOMNPUMUPOBAHME PEAKLMOHHOIO ra3a;

- 3HaUYUTESNbHbIE KanuUTanoBIIOXEHUS, B TOM 4Yucne Ha cobniogeHne 3KONorm4eckom

©e3onacHoCTMW.
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OaHVMM 13 NepcrnekTUBHbIX HanpaBrieHUn YBENUYEHUS NPOou3BOAUTENBHOCTU Kapbo-
HUN-NpoLecca ABNAETCHA Nepexoq Ha CUHTEe3 KapboHwuna HUKeNns npu cpegHux AaBreHunsx
peakumMoHHoro rasa Ao 70 krc/cM? c MCNoNb30BaHWEM FOPU3OHTanNbHO-BpaLLAOLLMXCS peak-
TOpoB. Takon nepexod MO3BOSIUT MOBbLICUTL MPOU3BOAUTENBHOCTL OTAENEHUA CUHTEe3a Ha
CYLLECTBYIOLLMX MPOMBbILUNEHHbIX Mowanax B pesynbraTe:

- ICNONb30BaHUA NPUHLMNMANbHO HOBOW KOHCTPYKUMW peakTopa cuHTesa, obecneyu-
BalOLLEro BbICOKYD CKOPOCTb M3BMNEYEHUA HUKeNna 3a CcYeT yTunu3aumu Tenmna peakuuu,
ObICTPYIO 3arpy3Ky MCXOAHOIO CbipbA U BbIrPY3Ky TBEpAbIX OCTAaTKOB CUHTE3a;

- yBenu4yeHusa nsbmpartenbHOCTM npouecca kapboHMIMPOBaHUA NPWU CHUXEHUW OaBre-
HUA N COXpaHEeHWs Xernesa B TBepAblX ocTaTkax cuHTe3a Ha 50 % — 70 %, kobanbta —
98 % — 99 %.

3aknuuTesibHbIe NOJIOXEHUA U pekoMmeHgaunun

O630p Hay4YHO-TEXHUYECKOMW NUTEpaTypbl N aHann3 paboTbl AENCTBYIOLWNX Npeanpus-
TMI nokasan MHoroobpasve cnocoboB NPOM3BOACTBA TOBAPHbIX HUKENEBbIX NPOOYKTOB, B
TOM 4YUCne 1 pasnuyHbiXx opm padrHMpoBaHHOrO HUKens. Kaxabin n3 cnocobos BknovaeT
B cebsi MHOXXECTBO B3aMMOCBS3aHHbIX MPON3BOACTB, COCTOSALMX U3 OTAENbHbLIX Nepeaesnos,
B CBOK oyepeab 06beanHALWNX NOCNeAoBaTeNbHOCTbL OTAENbHbBIX OnepaLmu.

Oco6eHHOCTH CbipbsA pas3NUYHbIX MECTOPOXAEHNN, SKOHOMUYECKNE U NHPPACTPYKTYp-
Hble 0COBEHHOCTM pernmoHa oBycrnoBnMBalOT NMPUMEHEHME pasnU4YHbIX cnocoboB Ana nepe-
paboTKM OOHOTUMHOIO CbipbA. [1pakTUYeckn He CyLiecTByeT MOSIHOCTbIO COBMagarowmnx no
crnocofy n annapaTypHOMY ero opopMNeHnto pacoMHUPOBOYHLIX NPEaNPUATUNA.

CnenyeTt oTMETUTb, YTO HacToAwmn cnpaBodHuk HOT BkntoyaeT B ceba TONbLKO TUNO-
Bble MHOrFOTOHHa)Hble CNOCcObbl MPOM3BOACTBA U HE YNOMWHAET OTAESbHblE YHUKarnbHblE
U NUNOTHbIE NPOEKTbI, KOTOPbIE HEMPEPLIBHO CO34AIOTCA U IKCNyaTUPYHTCH, Kak npaBu-
10, OrpaHNYeHHoe BpeMSI.

[encreyoine nNpovsBOACTBA HUKENS TakKkKe HernpepbiBHO COBEPLLUEHCTBYKOTCH, YTO
006BbACHAETCA HE CTONbKO pasHoobpasmeM BoBeEKaeMblX B NPON3BOACTBO PYA M KOHLEHTpa-
TOB, HO M NpeXAe BCEro KOHKypeHLumMen nponssoanTtenen Ha MMpPOBOM HUKESNTIEBOM PbIHKE.

CoBepLUeHCTBOBaHWE OENCTBYHOLMX U CO34aHME HOBbIX CNOCOB0B NPpOM3BOACTBA HU-
Kensa onpegensercs CyweCcTBYOLWMM YPOBHEM TEXHUKN U TpebyeT 3HaunTenbHbIX NHBECTU-
UMK, 4aCcTO CONPSKEHHbIX C BbICOKUMU puckamu. Mpyn npoynx paBHbIX YCNOBUAX OCHOBHbIE
KpUTepum ycnewHon Nnpon3BoaCTBEHHON AEATENbHOCTU UMEKOT UCKIIOYNTESNIbHO 3KOHOMUYE-
CKYI0 OCHOBY. JOTU KpUTEPUN, B CBOKD O4vepenb, SBMASAOTCA UHTErpanbHbIMU XapakTepucTuka-

MW COBOKYMHOCTU pas3finyHbIX 00bl4HO pa3HoHarnpaBJ1€HHbIX TEXHONOI’MYeCKnNX d)aKTOpOB, B
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TOM 4ucre n PakTopoB PECYpPCo- N IHEProadEKTUBHOCTU, a TakKkKe 3Kosiormyeckon 6es-
ONacHOCTM NPOu3BOACTBA.

MwupoBas npakTuka nokasblBaeT, YTO JI0O0M COOTBETCTBYIOLMA LOCTUTHYTOMY YPOB-
HIO HAyKNU M TEXHWKM Cnocob Mpou3BOACTBA HUKENS MOXET ObiTb AOCTYNEeH, HO Haunyywue
crnocobbl NPON3BOACTBA OKa3blBAlOTCH COBEPLUEHHO PasfiMyHbl U MOryT ObiTb onpeneneHsbl
TOMNbKO C NMOMOLLBIO YYUTbIBAKOLLMX BO3MOXHbIE PUCKM SKOHOMUYECKMX pacyeToB B NPUBA3KE
K KOHKPETHbIM YCNOBUAM npeanosiaraemoro npou3BoacTBa.

CnpaBoyHnk HOT «[lMpon3Boacteo HMKeNA 1 kobanbTa» NOAroTOBEH B COOTBETCTBUM
c loatanHbiM rpadukom co3gaHus B 2015-2017 rr. cnpaBOYHMKOB HaWUSyyLLUX OOCTYMHbIX
TEXHOJSIOrMN, YyTBEPXAEHHbIM pacnopsxeHuem [lpasutensctea Poccuinckon degepaumm ot
31 okTs6ps 2014 r. Ne 2178-p, n npaBunamm onpegeneHns TEXHONOMN B Ka4yecTBe Haunyuy-
Len OOCTYMHOM TEXHOMOrMKM, a Takke pas3paboTku, akTyanusaumm n onybnukosaHus MHOP-
MaLMNOHHO-TEXHUYECKMX CMNPAaBOYHMKOB MO HauyylwnM AOCTYMHbIM TEXHOMOrnsAM, yTBep-
XOeHHbIMU nocTaHoBneHnem [lpaButenbctBa Poccunckon dPegepaumm ot 23 gekabps
2014 r. Ne 1458.

lNpn nogrotoBke HacTosLero cnpaBsodHuka HOT B MakcumManbHO BO3MOXHOW CTENEHU
ObINN y4TEHbl MOMOXEHNS OKOHYaTEeNbHOro NpoeKkTa BTOPOM pefakumm cnpasoydHuka EBpo-
Nenckoro cotsa no Haunyywmm AOCTYMHbIM TEXHOMNOMMAM ONA npeanpuaTun LBEeTHOW Me-
Tannyprun (Best Available Techniques (BAT) Reference Document for the Non-Ferrous
Metals Industries, final draft, October 2014), Bkntoyasa kpaTkme onucaHus (3aknioYeHuns) no
HAOT.

CoctaB TPI' 12 «[1pon3BoacTBO HUKENS 1 KobanbTa» yTBepXAeH npukasom PoccTtan-
AapTta ot 4 mapTta 2016 r. Ne 240

BbakaHoBa VpwuHa MasnmoBHa
BynbirnH AHaTonun Hukonaesny
ByTtosckuin Pycnan Onerosuy
BentoxuHey MannHa AHaTonbeBHaA
NoHyap Hatanusa BanepbeBHa
NopaeeB Anekcen ViBaHoBWY
Mpunwaes Cepren ViBaHOBMY
[aH4eHko Oayapa Bukroposuy
Ho6poxoToBa Mapus BuktopoBHa
HOpwxepykoBa TaTbsiHa AnekcaHgpoBHa
Ay6posckun Bagmm JlbBoBNY
Epmunos Buktop Unbuy

Epuesa Jltob6oBb HnkonaesHa
3aBapuH AnekcaHgp CtaHucnaBoBuY
3atnukun bopuc Bayapaosud
3uHranesa Hapgexna BsyecnaBoBHa
NkpsiHHukos Oner BaneHTUHOBUY
WntoxmH Uropb Buktoposuy

30 MNAO "MK "Hopunbckuit Hukens"
3A0 «Pycckaa megHas KomnaHus»
oIy "BHUN 3konorus"

3® MAO "TMK "HopunbCKknin HMKenb"
3A0 «Pycckaa megHas KoMmnaHus»
3A0 «Pycckaa megHas KomnaHus»
MuHnpomTtopr Poccum

39 MAO "TMK "HopunbCknin HMKenb"
oryn "BHAMU CMT"

AO "HUW Atmocdepa”

AO «Konbckas 'MK»

3A0 «Kapabawwmegb»

OO0 "MHcTtutyT NMnpoHukenb"

3A0 "Kapabawmeap"

OO0 "MHcTtutyT NMnpoHukernb"

3A0 «HoBropoackui meTannyprumieckmii 3aBoa»
MwuHnpomTtopr Poccum

MAO "MK "Hopunbckun Hukernb"
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Khnce Bnagumup AnsbeptoBuy
Koponb KOpuin AnekcaHgpoBud
KoTyxoB Cepren bopucosuy
KpynHos JleoHna Bnagnmmposuy
Kypowes Unbsa Cepreesuy
MakapoB AnekcaHap AnekcaHgpoBud
Makapos KOpun AnekcaHgposuy
MawkoBuy KoHcTaHTUH Nropesuy
Monos Bnagnmup AHatonbesun4
CanTblkoB NaBen Muxannosuy
CupopeHko Anekcangp KOpbesuy
Ctapbix PomaH BanepbeBuy
TrokuH AnekcaHap Nasnosuy
XaH Cepren Anekceesu4

Llanax Cepren JleoHngosuy
LieimBynos JleoHng bopucosuy

3A0 «Kapabawmegb»

3A0 «Pycckaa megHas KomnaHus»
MAO "T'MK "Hopunbckun Hukernb"
30 MNMAO "TMK "Hopunbckuii H1ukenb"
oryn "BHAM CMT"

3A0 OKAT

3A0 «Pycckaa megHas KoMmnaHus»
MAO "MK "HopunbCKkuin Hukenb"
OO0 "MHcTtutyT NnpoHukernb"

OO0 "HcTuTyT 'MnpoHMKenb"

3A0 «KbIWTbIMCKMI MeLeaneKTPONnTHbIN 3aBOg»

OO0 "HcTuTyT 'MnpoHMKenb"
AO «Konbckasa 'MK»
MuHnpomTopr Poccum

OO0 "MHcTtutyT NMnpoHukenb"
OO0 "UHcTuTyT 'MNnpoHMKenb"

WabanuH AHTOH BanepbeBuy
KOauH AnekcaHap bopucosuny

3A0 «KbIWTbIMCKMI MeLeanekTPOnnTHbIN 3aBOg»
3A0 «HoBropoackui meTannyprmieckmii 3aBoa»

Hanbonee aktmBHOe y4acTtune B pabote Hag cnpasodHnkoMm HOT npuHsanu cnegyowime

cneunanmncTbl.

bakamoBa WpwuHa Nas3nmoBHa
BukeTtoBa Jlrogmmnna BacunbeBHa
BentoxuHey, MannmHa AHaTonbeBHA
[y6posckun Bagum JibBoBUY

EsrpadoBa AnekcaHgpa KoHCTaHTUHOBHA

Epwos Cepren mutpuesuy
3atnukun bopuc Bayapaosuy
WntoxmH Uropb Buktoposuy
KanawHukoBa Mapus ropeBHa
KoTtyxoB Cepren bopncosuy
KpynHos JleoHna Bnagumumposud
KysHeuoB PomaH AHgpeeBuy
JlTactoyknHa MapuHa AHgpeeBHa
Jlncakos KOpuin Hukonaesny
MawkoBuy KoHcTaHTUH Uropesuny
Mak AnekcaHgp 'epmaHoBMY
lNonos Bnagumup AHaTonbesny
PymsHues [leHnc Bnagnmmposuy
TowesB OMutpnn AHaToNMbLEBNY

3% OAO «I'MK «Hopunbcknin Hukenb»
00O «MHCTUTYT MMNPOHMKEN b

3% OAO «I'MK «Hopunbcknin Hukenb»
AO «Konbckas MMK»

OO0 «MHCTUTYT M'MNpoHUKernb»

OO0 «MHCTUTYT M'MNpoHUKernb»

OO0 «MHCTUTYT M'MNpoHKKernb»

OAO «I'MK «HopunbCkuin HUKeNb»
00O «MHCTUTYT M'MNPOHMKENb>»

OAO «I'MK «HopunbCknin HUKenNb»

3% OAO «I'MK «Hopunbcknin Hukenb»
00O «MHCTUTYT MMNPOHMKEN b

OO0 «MHCTUTYT M'MNpoHUKernb»

OO0 «MHCTUTYT M'MNpoHKKernb»

OAO «I'MK «HopunbCkuin HUKeNb»
OAO «YanenHukernb»

00O «MHCTUTYT M'MNPOHMKEN b

00O «MHCTUTYT MMNPOHMKEN b

oryn «BHAM CMT», PykoBogutenb
cekpeTtapuata TPl 12

B ny6nmyHom obcyxaeHnn npoekta HacToswero cnpaBoyHuka HOT npuHumann yya-
CTue criegyloLne opraHnsaumm:

- OO0 «NHCTUTYT 'MNpoHKKENb»;

- 30 MNMAO «I'MK «Hopunbcknin Hukenb»;
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- AO «Konbckas TMK»;

- MHHOBaumoHHbIN hoHa Camapckon obnacTu.

Bcero 6bino nonyvyeHo 6onee 90 3aMeyaHUn U KOMMEHTapueB, KOTopble Bbinn pac-
cmoTpeHbl TPIM 12. o KaXkgomy U3 HUX BbIHECEHO peLleHne O NPUHATUM UM 060CHOBAHHOM
OTKITOHEHUN.

OkcnepTmsa npoekTa cnpaBoyvHuka HOT Gbina npoBegeHa NpouibHbIM TEXHUYECKUM
KomuTeToM no ctaHgapTtusaumm TK 113 «Hauny4iwime goCTynHbIe TEXHONOTNN».

Mpn oLeHke NCNOMb3yeMbIX Ha POCCUNCKMX NPESNPUATMSX MO NPOU3BOACTBY HUKENS U
KobanbTa MeTOAOB/TEXHONMOMMA U COOTBETCTBYIOLLUMX MM TEXHOMOMMYECKMX MOKasaTenen
HeobxogmMmo Gbino cobpaTb MHpopmauno 06 ncnonb3yembix MeTodax, a Takke OaHHble O
TEeKyLLUMX MoKasaTenax 3KONorm4eckonm pesynbTaTMBHOCTU, Pecypco- U 3HeproaddekTnBHoO-
ctn. Ansa cbopa nHgopmaumm o NpUMEHSIEMbIX Ha MPOMBbILLSIEHHbIX NPEaNPUATUSX TEXHOMO-
rmyeckux npoueccax, obopyaoBaHun, 06 UCTOYHMKaxX 3arpsi3HEHUSI OKpYXKalollen cpenpbl,
TEXHOSNOMMYECKNX, TEXHUYECKMX W OPraHn3auMOHHbIX MEPONPUATUSX, HanpaBfeHHbIX Ha
CHXKEHUe 3arpA3HeHnsa okpyxatwlen cpefbl U NoBblleHne 3HeprodaddPEeKTUBHOCTU U pe-
cypcochepexeHusi, a Takke COOTBETCTBYHLLMX TEXHOMOMMYECKNX NokasaTensax 6uim noaro-
TOBMEHbI N HanpaBneHbl A4S 3anOfIHEHUS NPOM3BOAUTENAM Mean crneumanbHble aHKeTbl Ans
npeanpusaTui. B kayecTBe OCHOBbI AN popmMupoBaHna aHkeT mcnosnb3osBarnca NMHCT 23—
2014 «Hauny4wwme goctynHble TexHonornn. dopmat onnucaHusa TEXHOMOrM» N KpaTkue onu-
canus HAT, BkntoyeHHble B npoekT CnpaBoyHuka EC no HAT.

TexHonorndeckue nokasatenu HOT onpegenanucbk Ha OCHoBe pe3ynbTaToB 06paboT-
KW OaHHbIX, NpeacTaBfeHHbIX NpeanpuaTUAMmn npn aHKeTMpPoOBaHUN U NO cneumarnbHbIM 4O-
NOSIHUTENbHBIM 3anpocaM. YuyuTbiBanacb Takke WH(opmaumd, cogepxallasacs B OKOHYa-
TenbHOM npoekTe BTopoun pegakumm CnpasovHnka EC no HOT gna npeanpuatum uBeTHOM
MeTannyprum, B OTAENbHbIX Hay4YHO-UCCnenoBaTenbCcknx pabotax, a Takke B ApPYrMx poc-
CUICKMX 1 3apybexHbIX MaTepuanax, paccmatpmaswmxca TPIM 12.

[MpoBeneHHbIN aHanu3 npeacTaBneHHbIX AaHHbIX U MHGOPMaUMUM MO3BOMNUIT Takxe
chopmynupoBaTb pekoMeHAauun OTHOCUTENbHO HanpaBneHun panbHenwen paboTbl Hag
HacTodAwmm cnpasodHukom HOT v Hag npoueccom BHegpenusa HOT. K HMM npexae Bcero
OTHOCATCA cnegyowme:

1) MpegnpuaTnaM — nNpou3BOAMTENAM HUKENA PEKOMEeHOyeTCs LerieHarnpaBreHHo
HakannmeaTb UHGOPMaLUUNIO 06 YPOBHAX SMUCCUN MapPKEPHbIX BELLECTB, NOTPeBNeHnn Chipbs
N 3HepropecypcoB, NPOBEAEHUMN MOLEPHMU3ALUN OCHOBHOMO U MPUPOOOOXPAaHHOro obopyno-

BaHWSA, a TaKKe 9KOHOMUYECKUX acrnektax BHegpeHus HAOT.
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2) [Ins OUEHKN 3KONOTMYECKUX XapaKTEPUCTUK METOAOB, UHTEIPUPOBAHHbLIX B NMPOMU3-
BOACTBEHHbIE MPOLECCHI, MOXET 0ka3aTbCsl MONe3HbIM COOP KOHKPETHbLIX AAaHHbLIX U MHAOP-
mMaumm 06 ncnonb3yeMoM Cbipbe, 06beMax Npon3BoACTBa U yAErbHbIX XapakTepUCTUKaxX

3) [Ins yTOYHEHMS1 TEXHONOIMYECKMX MoKasaTenen no BbibpocaM MeTanmnoB U UX CO-
eanHeHnn HeobxoaMma MOAroTOBKAa OnMcaHui u cbop AeTanbHbIX AaHHbIX MO KOHKPETHBLIM
MeTodaM npeaynpexaeHust U CHUXKEHUS BbIGPOCOB 3TUX BELLECTB U MO COOTBETCTBYHOLLIMM
1M MoKasaTensm.

4) Mpn npoBefeHUM MOAEPHU3ALUN TEXHONOMMYECKOTO U NPUPOLOOXPaHHOrO 0bopy-
[0OBaHUS Ha MNpeanpusaTUaX NPUOPUTETHOE BHWMaHWe crepyeT YOAensTb MOBbILEHUIO 3g)-
(hEKTUBHOCTM METOAOB M TEXHOMOIrMIN ynaBnMBaHUS AMOKCUAA Cepbl, BTOPUYHBLIM U TPETWY-

HbIM MeTO4aM ynaBrimBaHUA HEOPraHM30BaHHbIX Bbl6pOCOB HeOpFaHVI‘-IeCKOVI MblJn.
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MpunoxeHue A

(obsizaTenbHoe)

Cdhepa pacnpocTpaHeHUs HacToswero cnpasovyHuka HOT

HanmeHoBaHue npoaykunm | HavmeHoBaHue Buaa oes-
oKnpa 2 OKB3[ 2
no OK 034—2014 (OKI1fa) TenbHocTn no OKB3[] 2

[MpoussoacTeo meTannyp- |24

rmyeckoe

[Mpon3BoacTBO OCHOBHLIX |24.4
AparoueHHbIX MeTannos 1
NPOYMX LBETHbIX MeTar-

noB., NPOMN3BOACTBO S4ep-

HOro Tonfinea

MponssoacTBO NPoUnxX 24.45

LIBETHbIX METArioB

MponssoacTBoO HUKeNA 24.45.1

24.45.1 Hukenb HeobpaboTaHHbIN;
NMPOMEXYTOYHbIE NPOAYK-

Tbl METannyprun HUKenNA

24.45.11 Hukenb HeobpaboTaHHbIN

24.45.11.000 Hukenb HeobpaboTaHHbIN

24.45.12 LLITenH HMKeneBbIn, arno-
MepaTbl OKCUAOB HUKENS U
npo4vne NPOMEXyTOYHbIE
NpoaYyKTbl MeTannyprum

HUKenA

24.45.12.110 LLITenH HMKkeneBbIn

24.45.12.120 ArnomepaTtbl OKCMO0B HK-

Kens

24.45.12.130 [MpoaykTbl MeTannypruu
HUKeNsa NPOMEXYTOYHbIE

npouve

MponsBoacTeo kobanbta |24.45.6
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HanmeHoBaHue npoaykumn

HanmeHoBaHve Buaa nes-

OKna 2 no OK 034—2014 (OKr1a) TenbHocTn no OKB3[] 2 OKBIA 2
24.45.30.150 KobanbT n nsgenusa us He-
ro, cnnasbl HA OCHOBE KO-
BGanbTa, NOpPOLLKM
24.45.30.151 KobanbT HeobpaboTaH-
HbIN
24.45.30.152 LLTtenH kobanbToBbLIN
24.45.30.153 MopoLkn kobanbToBbIE
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lNMepeyHn MapKepHbIX BeLlecTB

M TeXHONOrm4yeckKux nokasareneu

B.1 MapkepHble BewecTBa. Bbibpocbl B aTMoccepHbIn BO3AyX

[na atmocdepHoro Bosayxa

J1na BOAHbIX 0OBbEKTOB

A3oTa okcua n asoTa gmokeng (CymmapHo) As
B3BelleHHble BellecTBa Pb
Hukenb, okcug HUKena (B nepecyeTe Ha HUKENb) Zn
CBuHeL 1 ero coegmMHeHust, Kpome TeTpasaTUNCBuHUA, B Ni
nepecyeTe Ha CBMHeEL,

MbILWbSAK 1 ero coeguHeHus, KpoMe BOOOPOAA MblLUbSAKO- Co

BUCTOIO

B3BELUEHHbIE BelleCTBa

B.2 lNepeyeHb TeXHOMOrM4YeCKMX NoKasartenen

TexHonornyecknm nokasaTtenb

EpnHuua Jnana3soH/

n3mMmepeHuns 3Ha4YeHne

Bbl6pOCbI NblsIN 1 MeTanJ1IoB OT NMpomMeTannyprm4ecCkmx npoueccoB npounBoacTtBa HUKens

n kobanbta (HAOT 12)

Hukenb, okcua HUKena (B nepecyeTe Ha HUKENb) Mr/Hm3 <180,0
CBuHeL 1 ero coegnHeHusi, KpoMme TeTpaaTUnCcBMHUa, B Mr/Hm3 <70
rnepecyeTe Ha CBUHeL,

MbILWbSAK 1 ero coeguHeHus, KpoMe BOAOPOAA MbILUbSIKO- Mr/Hm3 <25
BUCTOrO

CteneHb yTunusauumm guokcuaa cepol (HOT 13)

CTeneHb yTuUnuMsauumn guokcuga cepsbl % 90 - 95
BbiGpochkl okcnaoB a3oTta OoT nMpomMeTannyprudeckux npoueccos (HAT 15)
A3oTa okcua n asoTa amokeung (CymmapHo) Mr/Hm3 <250
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CpeaHun ypoBeHb KOHLIEHTPaLMi 3arpsaA3HAOLWMX BelwecTB B NPsAMbIX copocax, 06-

pasyrowmnxca npu npon3BoacTtee HUKenda n kob6anbTa, B npuHuUMmaruine BogHblie

o6bekTbl (HAT 19)

As Mr/n <£0,2
Pb Mmr/n <1,0
Zn Mmr/n <1,0
Ni Mmr/n <25
Co Mmr/n <0,5
B3BELUEHHble BELLECTBA mr/n <50

pH en. 6-10
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MpunoxeHune B

(obsizaTenbHoe)

Mepeyenb HAOT

Homep

HanmeHoBaHne HOT
HOT

HAOT 1 |MoBbiweHne obuien pe3ynbTaTUBHOCTN NPUPOAOOXPAHHON AEATENBHOCTH

HOT 2 |lMoBbiweHne adhPHeKTUBHOCTU UCMNOSb30BAHUA SHEPInn

HOT 3 |Obecne4veHne ctabunbHOCTM NPON3BOACTBEHHOIO npoLecca

HOT 4 | CokpaweHne pacxoa peareHToB 3a CYET BHEAPEHNSA HOBbIX NPOLIECCOB

HOT 5 |MpegoTBpalieHne nnm yMmeHbLleHNEe HEOPraHM30BaHHbIX BbIGPOCOB NbInn

HOT 6 |[MpegoTBpalleHme nnm yMeHblleHne HeopraHn3oBaHHbIX SMUCCUN B BO3YX U

BOAHble 0ObEeKThI

HOT 7 | YMeHblueHne HeopraHn3oBaHHbIX BbIOpOCOB, 06pasyoLmMxca Npy XpaHeHnn

CbIpbsi

HOT 8 |YMeHbleHne HeopraHM3oBaHHbIX AMUCCUI, oBpa3ylowmxca npu odpaboTke n

TPaHCMNOPTMPOBKE Cbipbs

HAOT 9 |MpegynpexaeHne nnv ymeHbLLEeHNEe HeEOpPraHM30BaHHbIX BbIGPOCOB

HOT 10 | YMeHbLueHne HeopraHM3oBaHHbIX BbIOPOCOB Npu peanusauum rugpomeTarn-

Nyprmyeckmx npoLeccos

HAOT 11 | CokpaweHune BbIBpOCOB NbINN U METanNoB

HOT 12 | CokpalueHne BbI6GpoCcoB MNbifiv (B3BELLEHHbIX BELLECTB) U METansoB OT NUpPo-

mMeTannyprm4eckmx npoueccoB

HOT 13 | CHmkeHune BbiGpocoB SO:2

HOT 14 | CHmkeHne BbIGpOCa B BO34YX KACHbIX ra3oB OT rMApoOMeETanyprmyeckmnx

onepauumn

HAOT 15 | CHnxeHne BbiGpoca B Bo3ayx NOx OT nupomeTannyprmyeckmx npoLeccos

HAOT 16 | YMeHblueHne HeopraHn3oBaHHbIX COPOCOB B BOAHbIE OO bEKTbI

HOT 17 |MNpepoTBpalwieHne 3arpsssHeHns noYBbl U No43eMHbIX BOA NpWU aKcnnyatauum

XBOCTOXpaHUNnLL,

HOT 18 |MpepoTBpalyeHne 3arpsi3HeHUs MOYBbI U NOA3EMHbIX BOL 3SIEKTPONUTOM Mpu

npon3BoACTBE HUKENTA U KobanbTa

HOT 19 |MpenoTBpawieHne obpa3oBaHMs CTOUHbIX BO4
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Homep

HanmeHoBaHne HOT
HOT

HAOT 20 | Ouncrka cTouHbIX BOA, 06pasyoLwmxcsa npy NnpomM3BoACTBE HUKeNA 1 kobanb-

Ta

HOT 21 | YMeHbLUeHWe KonnyectBa 0TX040B, HanpasBrseMblX Ha YyTUNn3aumo npu npo-

N3BOACTBE HUKeNa n kobanbTta
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MpunoxeHue I'

(obsizaTenbHoe)

AHeproacppekTMBHOCTb

.1 KpaTkasa xapakTepucTuKa OTpPaciu C TOYKN 3PEeHUsi pecypco- U

3HepronoTpeodneHus

OCHOBHOWN TEHAEHLUMEN COBPEMEHHON MeTannyprum B obnactn nepepaboTku BbICOKO-
CEPHUCTbIX KOHLEHTPaTOB ABMSETCHA NPUMEHEHNe aBToreHHblx npoueccoB. K Hanbonee pac-
NPOCTPAHEHHbIM OTHOCUTCA TEXHOMOMMS U MNeyb B3BELUEHHOW nnaBku, paspaboTaHHas u
BHeJpeHHasi B NPOM3BOACTBO B KoHUe 1940-x rogoB dompmon Outokumpu ans nnasku men-
HbIX KOHLUEeHTpaToB. HaunHas ¢ 1960-x rogoB aTOT Npouecc Havan cesoe nobegoHOCHOoE Lwe-
CTBME NO MUPY M Ha CErofHAWHUN OeHb peanu3oBaH Ha MHOIMMX NpPeanpuaTUAxX MeaHonm u

HUKENeBOW NogoTpacneun.

.2 OCHOBHbIe TeXHONOrn4Yeckue npouecchbl, CBA3aHHbIE C

ncnonb3oBaHneM sHeprumn

B aBTOreHHbIx npoueccax 6onbLuas Yyactb NOTpebHOCTN B Tenne yaoBneTBopseTcs 3a
CYEeT OKMCINEHNS Xene3a 1 cepbl, COAEPXaLLMXCA B KOHLEHTpaTe, B pe3ynbTaTe 4Yero pacxo-
Abl TONNMBa UNKU anekTpudecTse Manbl. [1poOnM3BOANTENBHOCTL NeYen B3BELUEHHOW MaBKu
no cbipblo (B nepecyeTe Ha cyxon Bec) 0bbl4HO cocTtaBndeT 100—-150 1/yac. B neyax Outotec
cogepxaHne Kucnopoga B peakunoHHom rasze meHsietca ot 30—40 06. % o 70 06. %; neun

Inco (3aBog Copper Cliff) paboTatoT Ha KMCNOPOOHOM AyThE.
.3 YpoBHU noTpebneHus

MHdopmaums 06 ypoBHSX MOTPebneHus aHeprum Ofisi OCHOBHbLIX TEXHOMOTMYEeCKnX

npoueccos npueegeHa B pasgene 1 (tabnuubl 1.20 n 1.21) v pasgene 2 (tabnuua 2.34).
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.4 Hauny4wmne focTynHble TEXHONOMNMU, HarpaBJieHHbIe Ha
noBblilWeHue 3HeproapPeKTMBHOCTU U ONTUMU3ALIMIO U COKpaLLieHne

pecypconoTpebneHus

HAOT 2. MNMoBbiweHne adhdHeKTUBHOCTU UCMONb30BaHUS 3HEPTUU: UCMONb30BaHWE KOM-

OuHaumm aByx nnun 6onee MeToaoB, NPUBEOEHHbIX B Tabnuue Huxe.

Ne MeTton/obopynoBaHue [MpymeHumMocTb

1 |Cuctema ynpaBneHus sHeproadpdektus- | ObLenpumMmeHnmo
HOCTbIO (HAanpuMep, B COOTBETCTBMMU C Tpe-
6osaHuamu FTOCT P MCO 50001 Y nnu

ISO 50001 V)
2 | OnTumanbHOe pasmMelleHe B3anMOoCBs- O6LwenpMMeHMO Npu HOBOM CTpPOUTESb-
3aHHbIX NPOU3BOACTB, Nepeaenos 1 OT- CTBE, MU3BMEHEHUMN KOHUrypaumm cylie-

AenbHoro obopyaoBaHusi, obecrneynBalo- | CTBYHOLLMX NPOU3BOACTB UM PEKOHCTPYK-

wee MMHNMN3aunko MmaTtepumaribHblX NOTO- | LUK

KOB
3 |[Ucnonb3oBaHue M3bbLITOYHOro Tenna MpumeHnMo anga nnpomMeTanypruiyeckmnx
(Hanpumep, napa, ropsyen Boabl UNN ro- | NPoLEeccoB

psaYvero Bosayxa), obpasytoLierocs npu pe-

ann3auumm OCHOBHbIX NMpoueccoB

4 |PereHepaTuBHble JOXuraloLme ycTpou- MprmeHnmo, koraa TpebyeTca odncTka
cTBa BbIGPOCOB OT roproYMX 3arpA3HAOLLNX
BELLeCTB

5 |lMopava Ha ropenku Bo3ayxa, oboraieHHo- | [prMeHMo Ans nMpoMeTannypruyeckux
o KUCIIOPOAOM, UM YUCTOTO KUCIIOPOA4a | MPOLIEeCCoB

anda ymeHblleHnA I'IOTpe6J'IeHVI9I SHEeprmn

6 |HuakoTemnepaTtypHas cywka KoHUeHTpa- | ObwenpMmeHnmo

TOB M BMaXXHOI0 CbIpbsi Nepep, nraBkon

7 | Tennonsonauuns o6beKToB, PYHKLMOHMPY- | OBLenpMMmeHnmMo
OLLIX MPU BbICOKMX TEMNepaTtypax,
Hanpumep TpybonpoBOAOB Napa u ropayen

BOAbI
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Ne MeToa/obopynoBaHue MpyMeHUMoCTb

8 |Wcnonb3oBaHne BbICOKOIIEKTUBHBIX O6wenpumeHmo
anekTpoasuratenemn, 06opyaoBaHHbIX Ya-
CTOTHbIMU NMpeobpasoBaTensamu, A8 Taknx
YCTPOWCTB, KaK, Hanpumep, BEHTUNATOPbI

9 |Wcnonb3oBaHWe ropsvmx TexHonorndeckux |MpumeHnmo ons nupomeTtannypruyeckmx
rasoB OT MNPOLIECCOB NriaBneHus ans npoLeccos
HarpeBaHWsa nogaBaeMblX KOMMOHEHTOB

10 |lMNpumeHeHne aBTOreHHbIX NPOLLECCOB lMpumeHnmo Ana nnpomeTannypruyecknx
NnnaBKn Cblpbs npoLieccos

11 [Wcnonb3oBaHue Tenna XMMmn4eckux peak- | lNpuMmeHnmMo npu peanusaumm okMcnm-

LM Ans nogaepkaHus Tennosoro 6anatx-

ca ruapomeTaniypruyeckux npoLeccoB

TenbHbIX NPOLIECCOB, COMPOBOXAAOLLNX-

CA BblaeneHnem tenna

D CooTBeTCTBME CUCTEMBI MeHeP)KMEeHTa YyKa3aHHbIM CTaHOapTaM He O3Ha4YaeT ee obsizaTenb-

HYIO cepTudmkaumio.

HTLO 4 CokpalleHne pacxoga peareHToB 3a CYeT BHEAPEHUsT HOBbIX npoueccoB (Tab-

nnua 4.3).
Ne MeTopn/o6opynoBaHue MpumMeHnMocCTb
1 |Wcnonb3oBaHue cynbgarta HaTpua unu | NpMmMeHnMo ans nupomeTaniypruyeckmx

cynbaTa KanbLus B kKa4ecTse (ntocy-
toLLMX 400aBOK ANs ynyylleHus rsunko-
XUMUYECKNX CBOMCTB LUMAKOB U CHUXe-

HNA NOTepb LUBETHbLIX METAI1NI0B

MpoLIeCccoB

2 |3ameHa rugponuTtuyeckoro cnocoba MpumeHnmo Onga xXnopuaHbIX cpen pauHm-
BblAeneHns kobanbTa U3 HUKEeNeBOro posaHua MNHTTT nnn nHeLIX NONYNPOAYKTOB,
pacTBopa 6e3peareHTHbIM 3KCTPaKLu- nocne paspaboTkn HermaponUTUYECKOro
OHHbIM cnocoba OYMCTKM OT CBMHLA 1 MapraHua

3 | YTnnusaums coneBoro ctoka ApobHom MpymMeHnMo Onga yCTaHOBOK OYMUCTKN CTOM-

BbINAPKOW C BblAeNeHNeM TOBapHOro

cynbgarta HaTpus 1 060POTHOrO XITopPU-
[Aa HaTpus U NPOM3BOACTBO Xfopa 3Nek-
TPONM30OM MOCreAHEro B3aMeH MUCMosb-

30BaHMA NPVBO3HOIO Xrnopa

HbIX BOA OT XJNIOPUAHOIo pacMHMPOBaHUS

MHTTT nnm nHBIX NONYNPOAYKTOB

189




UTC 12-2016

Ne MeTopn/o6opynoBaHue MpumMeHnMocCTb

4 |Wcnonb3oBaHne U3BECTKOBO-CEPHOr0 MNpuMeHMMO B rmapomMeTaniypruyecknx npo-
oTBapa B ka4yecTBe ocaauTens TsKenbiX | M3BOACTBaX, CONpoBOXKaatoLwmxcs obpaso-

LUBEeTHbIX MeTasJjioB BaHnem " BblaeneHnem SﬂeMeHTapHOVI cepbl

5 |lMpumeHeHne punbTpaumm pacnnas- [MpuMeHuMo ansa rugpomeTansiypruyeckmnx
NEeHHON 3NeMeHTapHON cepbl B3aMeH npoLeccoB, conpoBoxaatLumxca obpasosa-
aBTOKITaBHOW BbIMNMaBKu HMEeM anemMeHTapHOW cepbl Npu Heobxoan-

MOCTU ee BblaereHnA

.5 QkoHOMUMYeckume acnektbl peanusaumm HOT, HanpaBneHHbIe Ha
noBblilWeHue 3HeproapdPeKTMBHOCTU U ONTUMU3ALIMIO N COKpaLLeHne

pecypconoTpebrneHus

CoBepLUeHCTBOBaHNE AENCTBYIOLMX U CO34aHNe HOBbIX CNOCO60B NMPOM3BOACTBA HU-
Kensi onpeaenseTcs CyLeCcTBYHOLWMM YPOBHEM TEXHUKN U TpebyeT 3HaAYUTENbHbIX MHBECTU-
LW, YacTO COMPSKEHHbIX C BbICOKMMM pUckamu. [1pn Npoumx paBHbIX YCNOBUAX OCHOBHbIE
KpUTEpMM YCNELLIHON NPOM3BOLACTBEHHON AEATENBHOCTU UMEKOT UCKOYMTENbHO 3KOHOMUYE-
CKYyHO OCHOBY. OTW KpUTEPUK, B CBOIO oYvepenb, ABMSITCA UHTErpanbHbIMU XapakTepucTmka-
MW COBOKYMHOCTW pasfnyHbiX, OObIY4HO pa3HOHaNpaBneHHbIX TEXHOMOrMYecknx GakTopos, B
TOM 4ymcne n akTopoB Pecypco- N 3HEeProdaddEKTUBHOCTM, a TaKkKe 3Konormyeckon Ges-
OMNacHOCTM NPOmN3BOACTBA.

COOBCTBEHHbIN 3KOHOMWYECKUIA MOTEeHUMan npupoaoOXpaHHbIX MEPOMNPUATUNA, Takux
KaK, Hanpumep, BHeApPEHME ManooTXOAHbIX TEXHOMOMMM, NPOM3BOACTBO NMOBOYHOW NPOAYK-
uMn n (M) NonesHoe MCMnonb3oBaHWe 06pasylomMXca B OCHOBHOM MPOU3BOACTBEHHOM
npouecce OTX0A0B, B POCCUNCKUX YCNOBUAX CrieayeT Npu3HaTb CKOpee He3HauuMTerlbHbIM.
C 04HOM CTOPOHbI, NPUPOAOOXPaHHbIE TEXHOMOrMM BO MHOIMMX Cry4YasiX XapakTepu3yloTcs
BbICOKOW 3HEProeMKOCTblO, a noaaepxaHme obopynoBaHus B OyHKUMOHANBHOM COCTOSIHUM
TpebyeT perynsapHbixX 3aTpaT Ha pacxoAHble MaTtepuanbl U KOMMAMEKTYIOLWME N UHbIX SKChnya-
TaLMOHHbIX 3aTpaT; B HEKOTOPbLIX Cly4asx npwv Npou3BOACTBE MNOBOYHOW NPOAYKUUKN, TaKOW,
Hanpumep, Kak cepHasi KMCroTa, 3HauuTerbHble U3AEPXKKM MOryT BO3HMKATb M B CBA3U C
HeOoBOX0AMMOCTbIO XpaHEHMS U TPaHCNOPTMPOBKM arpeccuBHOro Beuwlectea. C apyrom cTtopo-
Hbl, HN3Kas €MKOCTb POCCUMCKMX PbIHKOB W TeppuTopuanbHasi yaaneHHOCTb OT HUX HUKene-
BbIX MpeanpusaTMin He obecneynmBaloT BbIBOA «MOOOYHBLIX» MPOU3BOACTB HA 3KOHOMMUYECKM

3(pPeKTUBHBIN YPOBEHb U HE CMOrYT rapaHTMpoOBaTb YCTONYMBOE MOTpebneHne npoayKuum
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BHOBb BBOAMMbIX NPON3BOLCTBEHHbLIX MOLLHOCTEN, @ NOTEHLMarn BbIX04a Ha BHELUHNE PbIHKK
OrpaHn4YyeH 1 ManonepcnekTMBEH C AKOHOMUYECKON TOYKM 3PEHUSI.

Takum obpasom, HaMbOMbLWNUM MOTEHUMANIOM C TOYKM 3PEHUS BO3MELLEHUSA 3aTpar,
NMOHECEHHbIX B CBSA3M C BHEOPEHMEM Ha NPeanpuUsTUM HOBbIX MPUPOSOOXPAHHBIX METOO0B U
TEeXHosormm, obnagatT KOMMMEKCHbIE MepPbI, YBA3bIBAOLLME IKOSTOMMYECKYI0 MOLEPHU3ALNIO
npou3BoACTBa C NepeHacTPOMKOW MPOU3BOACTBEHHOMO npouecca B UeroM, onTuMmusaumnen
OTAENbHbIX €ro 3BeHbEB W pacLUMpPeHMEM HOMEHKIaTypbl BblycKaeMon MpoayKuuu, B TOM
yucne ¢ BbICOKOW J06aBMEHHONW CTOMMOCTbIO.

MoXHO BbIAENUTL crnefyowme nNepcnekTMBHbIE TEXHOMOMMN, HanpaBfieHHbIE Ha Mno-
BblLLIEHNE 3HEProddPPEKTUBHOCTM M ONTUMM3ALMIO U COKpaLLeHne pecypconoTpebnenns:

- TEXHONOrNA ABYX30HHOM neyn BaHoKoBa;

- YCOBEPLLEHCTBOBAHNE TEXHOMOMMN rMapoMeTannyprumieckoro oboraweHmss 6eaHoro
HUKENb-MMPPOTUHOBOIO KOHLEHTPATa;

- NPON3BOACTBO HUKENSA 3NEeKTPOIKCTpakumnen paduHmuposaHmem MHTI,

- NPOM3BOACTBO HUKENA 3NEKTPOIKCTPAKUMEN PacTBOPOB BbllLenavynBaHUS HUKENEBO-
ro KOHUEHTpaTa OT pasfeneHuns panHLWTenHa,

- TEXHOMOMMA MPOM3BOACTBA KapOOHUITbHOMO HUKENS C MCNOSNb30BaHMEM CUHTE3a

cpeaHero AaBreHus.
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