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BBEOEHUE

HacTtosawmn  MHOOPMAaLMOHHO-TEXHUYECKUA  CMPaBOYHUK MO HaUmyylwnMm
JOCTYMHbIM  TexHororusmMm  «lpoM3BOACTBO PEefdKMX W PEAKO3EMEnNbHbIX METannoBy
(nanee — cnpasoynuk HOT) paspaboraH Ha OCHOBaHWMWM aHanmsa PacrnpoCTPaHEHHbIX B
Poccuiickoli ®egepaumn M NepcrnekTUBHbIX TEXHOMOTMIA, oBopy[oBaHNA, Cbipbs, APYrMX
PecypcoB C Y4ETOM KNMMaTUYECKMX, 3KOHOMMYECKUX W COLManbHbIX OCOBEHHOCTEN
Poccuiickon ®epepaummn.

B cooTtBeTCTBUM ¢ nonoxeHuamn depepansHoro 3akoHa oT 10 aHBaps 2002 r.
Ne 7-d3 «O6 oxpaHe okpyxatoLLeln cpeably ([1]) 0ObekTbl, OkasbiBaOLWMe BO3AEUCTBUE
Ha OKpYXXatoLLyto Cpesy, NOAPAasLensitoTCs Ha YeTblpe kateropmu. MNponssoacTBoO Usgenun
JanbHeMWwero nepefena YepHbIX METannoB BKIOYEHO B | KaTeropuo U OTHECEHO K
obnacTsM NPUMEHEHUST HaunyywmMx LOCTynHbiXx TexHonorun (HAT). MpodunbHble
NPEAnPUATUS  paccMaTpuBatoTcsl kak OObekTbl, AESATENbHOCTb KOTOPbIX OKa3biBaeT
3HauMTENbHOE HEraTMBHOE BO3AEWCTBUE Ha OKPYKaIOLLYHO Cpeay, NO3TOMY OHWM 06A3aHbI
nonyyaTb KOMMIEKCHbIE SKOMOrMYeckMe paspelleHMs Ha  OCylecTBneHue CBOen
pesitenbHocTi. OBLas Lenb KOMIIIEKCHOro noaxoda K 3KONorM4eckoMy HOPMMPOBaHUIO
XO3AWCTBEHHOW AEATENbHOCTM 3aKMoYaeTCsl B COBEPLUEHCTBOBAHUM PErynmpoBaHna w
KOHTPONSA MPOM3BOACTBEHHBIX MPOLECCOB C LEenbio 0becneyeHns BbICOKOrO YPOBHS
3alUMTbl OKpyXKarollerh cpeabl. XOo3sncTBylowme cybbekTbl AOMKHbI MpUHMMaThL BCe
HeobxoAuMble nNpefynpeauTeribHble Mepbl, HanpaBneHHble Ha npejoTBpalleHue
3arpaAsHEHVs OKpyXalolen cpefibl U pauvoHanbHOe WCMomnb30BaHWe pecypcoB, B
YacTtHOCTM, nocpeactBoM  BHegpenus  HAT, obecneuvBalowux  BbINOMHEHWE
3KONorm4ecknx TpeboBaHui.

TepMyH  «Haunyywme [OCTyMHble TexHomorum» onpeaeneH B  crartee 1
depepanbHoro 3akoHa Ne 7-d3 «O6 oxpaHe okpyxatowen cpeabl» ([1]), cormacHo
kotopoMmy HAOT — 3TO TexHONOrns nNpov3BoACTBa MPOAYKUMM (TOBapOB), BbINOMHEHUS
paboT, okasaHusa ycrnyr, onpeaensemas Ha OCHOBE COBPEMEHHbIX AOCTWKEHUA Hayku U
TEeXHUKM U HaunyyLlero COMeTaHUs KpUTEPUEB AOCTUXKEHUS OXPaHbl OKPYXalLlen cpefbl
NpY YCNOBUWN HANMUUUS TEXHUYECKO BO3MOXHOCTU €€ NPUMEHEHNS.

Ctpykrypa Hactoswero cnpasodvhmka HOT cooteetcrByeT NOCT P 56828.14-2016
([2]), dbopmaT onucaHus TexHonorni — FOCT P 56828.13.2016 ([3]), TepMUHBLI NpUBEAEHbI
B cooteeTcTBum ¢ FOCT P 56828.15-2016 ([4]).

KPATKOE COAEP>XAHUE CMPABOYHUKA

BeepneHue. [NpeacraBneHo kpaTkoe cogepaHue HacTosLWero cnpasovHnka HAT.

MpepucnoBue. YkasaHa uenb pa3paboTku HacTtoswero cnpasodHuka HAT, ero
cTaTyc, 3aKoHOoAAaTenbHbIA KOHTEKCT, Kparkoe OnucaHne npoueaypsl CO3[aHns B
COOTBETCTBMU C YCT@HOBMEHHbIM MOPSAKOM, @ Takke B3aUMOCBA3b C aHanorM4HbIMU
MEXAYHapPOAHbLIMM JOKYMEHTaMMW.

O6nactb npumeHeHusA. OnvcaHbl OCHOBHbIE BMAbI AEATENbHOCTWU, Ha KOTopble
pacnpocTpaHsieTcs AeNCTBME HacTosALWero cnpaeoyHmka HAT.

B paspene 1 npeacraeneHa MHPOpMaumsi O COCTOSHUM U YPOBHE PassuUTUS B
Poccuiickori depepauym NPOU3BOACTBA PEAKMX W PEeAKO3EMEnbHbIX MEeTannoe Mo
OCHOBHbIM Nepepenam. Takke B pasgene 1 npueegeH KpaTkuin 0630p 3KOMorm4eckux
acrneKkToB NPOM3BOACTBA.

Vv
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B paspene2 npeacraBneHol CBEAEHUS O TEXHOMNOMMYECKMX npoLeccax,
NPYMEHSeMbIX NPU NPOU3BOACTBE:

- NETKNX PEAKNX METANIOB;

- paccesHHbIX pefKuX MeTansos,;

- TYronnaekux pefKkvx MeTanros,

- peako3eMernbHbIX METarOoB;

- BCMIOMOraTesbHbIX NPOM3BOACTBEHHbBIX MPOLIECCOB.

B paspene 3 gaHa ouieHka NoTpebneHus aHEpropecypcoB U ypOBHEN BLIOPOCOB B
OKpY)XaloLLyH0 Cpeany, XapaKTepHbIX Ansi MPOU3BOACTBA PeAKUX W peaKo3eMerbHbIX
meTannos B Poccuickon ®epepaumm.

Pasgen noarotoBneH Ha OCHOBE AaHHbIX, MPEACTaBMEHHbIX MNPeanpuUATUAMU
Poccuickon deaepaummn B pamkax paspaboTkm HacToswero cnpasovHvka HAT, a Takke
pasnu4HbIX NUTEPaTypPHbLIX NCTOYHUKOB.

B paspene 4 onucaHbl 0COBEHHOCTU MOAXOAOB, MPUMEHEHHbIX NpY paspaboTke
HacTodwero cnpasoyHuka HOT v B uenom cooteeTcTByloWmMX [paBunamM onpeaeneHns
TEXHOMOTMM B KayecTBE Haunyullen AOCTYNMHOW TeXHOomnoruM, a Takke paspaboTku,
aktyanmsaumm 1 onybnmkoBaHMs  MHAOPMALMOHHO-TEXHUYECKUX  CMPaBOYHUKOB MO
Hauny4qWwmM JOCTYMHbIM TeXHONornsaM (yTBepkaeHbl nocraHoeneHvem [paButenscrea
Poccuiickon depepaummn ot 23 gekabpss 2014r. Ne 1458) [5] u Metoguueckum
pekoMeHaaumMamM Mo OMpefeneHuto TEXHOMOTMM B KayecTBe Hawmyudllen AOCTYMHOW
TexHonormm (yTBepXAeHbl npuka3oM MuHMCTEpCTBA NPOMBILINEHHOCTU U TOProBMu
Poccuiickon Pepepaupm ot 31 mapta 2015 r. Ne 665) [6].

B paspene 5 npusegeHo kpaTtkoe onucaHune HAT aAns npoussoactBa pepkux
MeTannoB BKNoYas:

- CUCTEMbl 3KOMOrMYECKOro W  3HepPreTUHecKoro MeHeMKMEeHTa, KOHTponsa wu
MOHUTOPWHIra TEXHOMNOrMYeCKUX NPoLECCOoB;

- TEXHUYeckue 7 TexXHoMornyeckme peleHns ansa NOBbILUEHNSI
3HeproabEKTUBHOCTY, PECYpPCOCOEpPEXEHUS, CHWKEHUS SMUCCUN  3arpsi3HSIFOLLUX
BELLEeCTB, METOAbI 06paLleHns ¢ 0TX0AamMM 4 NOGOYHBIMKU NPOAYKTaMN NPON3BOACTBA.

B paspene 6 npvBeneHbl AOCTYMHblE CBEAEHUA 00 3KOHOMMYECKUX acnekTax
peanusaumn HAOT Ha npeanpusTusx Poccuiickon deagepaumn.

B paspene 7 npuBefeH nepeveHb MNEepCnekTUBHBLIX TEXHOMOMMA U TEXHONOTUNA,
HaxoAAWMXCA Ha CTaAuM Hay4YHO-UCCNEeaoBaTeNbCKMX U OMNbITHO-KOHCTPYKTOPCKUX paboT
UMW OMbITHO-NMPOMBILLNEHHOrO BHEAPEHUs, MNO3BOMSAIOWMX MNOBLICUTL 3(PDEKTUBHOCTD
NMPOU3BOACTBA M COKpPaTUTb IMUCCUMU B OKPYXKAalOWyO cpefy, C YKasaHMeM CpPOKOB, B
TEYEHNE KOTOPbIX NEPCNEKTUBHBIE TEXHOMOMMN MOTYT CTaTb 3KOHOMUYECKA U TEXHUYECKU
JAOCTYNHBLIMW.

3akniounTenbHble MOSIOKEHUA U pekomeHpauun. [pvBeaeHbl cBefeHus o
yreHax TexHn4Yeckon paboyen rpynnbl, NPUHUMABLUKX y4acTue B paspaboTke HacTosLLero
cnpaBoyHnka HOT »n pekomeHpaauun NpepnpusTUAM MO AanbHEWWIUM WCCReAoBaHUAM
3KOMNOMMYECKMX aCrneKTOB UX AEATENBHOCTY.

Bubnuorpadwms. MpueeneH nepedeHb NCTOYHUKOB nHdopmaumu,
MCnonb30BaHHbLIX Npu paspaboTke HacToswero cnpasovHuka HAT.

Vi
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NPEOUCINOBUE

Llenn, OCHOBHble npuHUMNBLI M nopsaok paspaboTkm cnpaBovHuka HAOT
YyCTaHOBNEHbI NMOCTaHOBMNEHVEM lMpaButenscTBa Poccuiickoi denepauyun
oT 23 pekabps 2014 r. Ne 1458 «O nopsigke onpepeneHust TEXHONMOMUN B KadvecTee
HavnyJwen [OCTYMHOW TEexXHOMorMW, a Tawkke pas3paboTku, akTyanusaumm U
onybnunkoBaHnst NHPOPMaLIMOHHO-TEXHUYECKUX CNPaBOYHMKOB MO HAMMYYLLMM AO0CTYNHbIM
TexHonornamy [5].

1 Cratyc DOKyMeHTa

Hactoawmin cnpasoynvk HAT saBnsetca [AOKYMEHTOM MO CTaHaapTusauuu,
paspaboTaHHbIM B pesynbTaTe aHanmM3a  TEXHOMOTMYECKUX, TEXHUYECKUX U
YNpaBMneHYECKMX PEeLLEeHNA ANA NPOU3BOACTBA PEAKMX U PEAKO3EMENbHBIX METannos 1
copepXalymM OfMuCaHne MNPUMEHSIEMbIX B HAacTOsILLUEE BPEMS U NEPCNEKTUBHbIX
TEXHOMNOMMYECKMX MPOLECCOB, TEXHUYECKUX CrocoboB, METOAOB NpPeAoTBpalLeHUs ©
COKpalLLEeHNsi HEeraTMBHOrO BO3[EWNCTBMSA Ha OKPYKaloLylo Cpeay, M3 4ucna KoTopbiX
BblAEneHbl pewweHns, npusHanHsle HAT ana npousBoacTBa peaknx U peakosemMenbHbIX
METansoB, BKIOYasd COOTBETCTBYHOLUME MapameTpbl SKONMOTMYECKON pesynbTaTUBHOCTY,
pecypco- 1 3HeproaddEKTUBHOCTH, a TakkKe 3KOHOMUYECKUE MoKasaTenu.

2 Undopmaumn o paspaboTumnke

Hacroswmi cnpasouHnk HAOT paspaboraH TexHuueckon pabouden rpynnon
«Mpoun3BoacTBO peaknx U peakosemMenbHbix MeTannoe» (TPl 24), cosgaHHOM NpuUKasom
Poccranpapta ot 30 gekabpsa 2016 r. Ne 2060.

lMepeyeHb oOpraHMsauu, MNPUHMMABLLMX Yy4dacTve B pa3paboTke ChnpaBOYHMKA,
npuBeLeH B pasgene «3akmoumTenbHbIe NOMOXKEHWUS U PEKOMEHAALIMUNY.

Cnpaeoynvk HAT npeacraBneH Ha yTBepkAeHve Bropo Hanmyuylwmx AOCTYMHbIX
TexHonorun (fanee — bropo HAT) (www.burondt.ru).

3 Kpatkas xapaktepuctuka

Hactoawmn cnpaeodynnk HOT  copgepXut  onuMcaHue  MNpUMEHSEMbIX  MpuU
NPON3BOACTBE PEAKMX W PEAKO3EMEIbHbIX METANNIOB TEXHOMOrMYECKUX MPOLECCOoB,
obopyLoBaHWs, TEXHUYECKMX CMOCOB0B, METOLOB, B TOM YMCIE MO3BOMAMOLWMX CHUSUTL
HeraTMBHOE BO3AEWCTBME Ha OKPYXawLyl cpefy, notpebneHne BOAblI U CbIPbS,
NOBbICUTE  SHEProadekTMBHOCTE. M3  OnMCaHHBbIX  TEXHOMOFMYECKMX MPOLECCOB,
obopyoBaHWs, TEXHUYECKMX CMOCOBOB, METOAOB ONpefdeneHbl PeLUeHUs, SBMNSoWmMecs
HAOT. Ona HAOT B HacTosiwem cnpaBodHuke HOT ycTaHoBneHsl COOTBETCTBYHOLLME
TexHonornyeckme nokasatenu HAT.

4 C60p AaHHbIX

NHpopMaLms 0 TEXHOMNOMMYECKUX MpoLeccax, TEXHUYEeckux crnocobax, MeToaax,
NPYMEHSIEMbIX MPU NPOW3BOACTBE PEfKUX U PEAKO3EeMENbHbIX METannoB B Poccuickon
depepauyun, Obina cobpaHa B Mpouecce paspaboTkM HacToswero cnpasodHvka HAOT
B cootBetctBMM C [lopsakom cbBopa paHHbIX, Heobxoaumbix Ans  paspaboTku
WH(OPMAaLMOHHO-TEXHUYECKOrO CMPaBOYHMKa MO HaWMy4WmnM AOCTYMHLIM TEXHOMOMMAM W
aHanusa npuopuUTETHLIX Npobnem oTpacnn, yTBEPXAeHHbIM npukasom PoccraHpapTa
oT 23 monsa 2015 . Ne 863.

5 BsaumocBA3b ¢ ApyruMmu cnpasovyHukamu HOT

B3aumocBeasb HacToswero cnpasodyHvka HOT ¢ gpyrumm cnpasodvnunkamy HAOT,
paspabaTbiBaemMbIMM B COOTBETCTBMM C pacrnopsbkeHnem [MpaButenbctBa Poccuinckomn
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depepauun ot 31 oktaAbps 20141 Ne2178-p ([7]), npveedeHa B pasgene «0O6nactb
NPUMEHEHNSA».
6 UHdopmaumsa 06 yTBepxaeHUN onyGrnMKoBaHMMN U BBe4eHUUN B AeNCTBUE

Hacrosawwmin cnpasouHvk HAOT yTBepxzaeH npukasom PocctangapTa oT 15 aekabpsi
2017 r. Ne 2849.

Hacroswwmn cnpasoynmk HOT BBeaeH B aenctene ¢ 1 uona 2018 r., oduymansHo
onybnmkoBaH B MHMOPMaLMOHHON cucTeme obLlero nonb3oBaHus — Ha oduumansHoOM
canTe dGefeparnsHOro areHTCTBa Mo TEXHUYECKOMY PErynMpoBaHUI0 M METPOMOMMN B CETU

WHTepHeT (www.gost.ru).

Vil
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MHOPOPMALUMOHHO-TEXHUYECKUNA CNPABOYHUK
nNO HANAYYWUM AOCTYNHBIM TEXHONOITNAM
NMPOU3BOACTBO PEAKUX U PEAKO3EMEJIbHbIX METANNOB

Manufacture of rare and rare-earth metals

Nara BBeaeHna — 2018-07-01
O6nactb npyuMeHeHus

HacToswwmn cnpasounuk HOT pacnpocTtpanseTcs Ha creyroLmne OCHOBHbIE BUIbI
LeATeNbHOCTY:

- MPOLECChI NPON3BOACTBA NETKUX PEAKNX METAaIIOB;

- MPOLECChI NPON3BOACTBA pPacCesHHbIX PeAKNX MEeTannos,

- MPOLECChI NPOW3BOLCTBA TYrONaBKnx PEAKMX METAMIOB;

- MPOLLECChI NPOU3BOACTBAE PEAKO3EMENBbHBIX 31EMEHTOB.

Hactoswumin cnpaeoyHvk HOT pacnpocTpaHseTcs Ha MeTofbl Npov3BOACTBA
PEAKMX W peako3emerbHbIX MeTannoB. Hu oamH pepkuin metann He nomyyaroT
HenocpencTBeHHbIM BOCCTAHOBMNEHWEM U3 CbipbsA, NEpBOHAYansHoOe Cbipbe oboraliaroTt
WA BCKPbIBAKOT (BbiLLeNnaymBaHune, CriekaHue), a NoSly4YeHHbIE YEPHOBBIE KOHLEHTpaThI U1
NPOMNPOAYKTLI NepepabaTbiBaloT B XMMUYECKME COeAMHEHUS. [TOMUMO PYAHOro Chipbs
WNCTOYHMKOM MOMyYEHUS PEAKUX METanmoB SBNAKTCA NPOMbILLNEHHbLIE OTXOAbLI LIBETHOW U
YEepHOWN METaNMYPrm, XMMMYECKNX NPON3BOACTB.

CnpasouyHnk HAT Tawke pacnpocTpaHsieTca Ha npouecchl, CBA3aHHble C
OCHOBHbIMW BMAAMW AESTENBHOCTW, KOTOPble MOIYT OKasaTb BMUSHWE Ha O6bembl
aMmccuii n (Mnun) MacliTabbl 3arpA3HEHNA OKpyXKaloLLen cpebl:

- XpaHeHve 1 NOAroToBKa Cbipbs;

- XpaHeHWe 1 NoAroToBKa TONNMUBa,

- MPON3BOACTBEHHbIE npoveccol (nupomeTannypruyeckue,
rMAPOMETAanNypruieckme n 3neKTponNmUTUIECKME);

- METOAbI NPeAOTBPALLIEHNS N COKpaLLieHWs1 BbIOPOCOB 1 06pa3oBaHUa OTXOA0B;

- XpaHeHue 1 NoAroToBKa NPOAYKLIVN.

Cnpasoynmk HOT He pacnpocTpaHsieTcs Ha:

- AoGbiuy n oboralleHne pyn v NpoayKToB, CoAepXalLMX peakme MeTannbl;

- Npouecchl MPOM3BOACTBA PaAUOaKTUBHBIX METArIOB;

- BOMpPOCHI, KOTOpble KacaloTCsl WCKMIOUUTENBHO O6ecneyeHns MNpOMbILLNEHHON
6e30nacHOCTM UMK OXpaHbl Tpyaa.

Bonpockl 06ecneyeHnss NPOMbILLIIEHHON Be30MacHOCTN U OXpaHbl Tpyaa YacTUYHO
paccMaTpuBalOTCA TOMBKO B TEX Cryyasix, KOrja oKasblBaloT BIWSHUE Ha BuUAbl
[eATenbHOCTH, BKMHOYEHHbIe B 06nacTb NpUMEHEHNst HacTosLero cnpasoyHuka HAT.

JlononHuTeneHble BUAbI LEATENBLHOCTU MPU MPOM3BOACTBE PEfKMX METansoB u
cooTBeTCTBYIOWME UM cnpaBodHnkn HAT (Hasesanusa cnpasodHukoB HAT paHbl B
penakumm pacnopsKeHns MpasutenscTea Poccuiickon degepavriym
oT 31 okts6ps 2014 r. Ne 2178-p) npuBepeHsb! B Tabnumue Hxe.
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Bua pearensHocTM

CooTeetcTByHOWMIA cnpasoyHuk HAT

MeToabl OYMCTKM CTOMHbIX BOA,
HanpaBreHHble Ha cokpalleHue
cbpocoB MeTannos B BOAHbIE
00bEKTDI

Cnpasoynvk HOT UTC 8-2015 «Ounctka CTOYHbIX
BOA MpW TNPOWU3BOACTBE MpOAYyKUMWM (TOBapoB),
BbIMOSIHEHUM PaboT W OKasaHuM YCryr Ha KpYrnHbIX
NpeanpusITUsIX»

MpoMbILLneHHbIe cuctembl | CnpaBounnk HOAT UTC 20-2016 «[MpombiuineHHbe

OXNaDKAEHUS, Hanpumep, | CUCTEMbI OXNaXAEHUA»

rpagvpHu, nnactTuH4aTble

TennoobmMeHHNKN

XpaHenue " obpaboTka | CnpaBouHnk HOT WTC 46-2017 «CokpalieHue

mMaTtepuaros BbIBPOCOB  3arpsi3HAOWMX  Belwects, cOpocos
3arpsSHSIOLNX  BELWECTB  MNpU  XpPaHeHuM 1n

CKNnaanpoBaHUM TOBapOB (rpy3oB)»

Cnpasounnk HOAT WUTC 15-2016 «YTunusauma u
obesBpexuBaHue oTxofoB (kpoMe obesBpexmBaHns
TEPMUYECKUM CrIOCOBOM (CXuUraHne oTXO0A0B)»

O6paueHune ¢ oTxogammn

Bripabotka napa u | Cnpasounvk HOT UTC 38-2017 «Cxwranne Tonnuea

3NEKTPOSHEPrMn Ha TEnnoBbIX | HA KPYMHbIX YCTaAHOBKax B LEnsX MpOou3BoAcTBa

CTaHUMAX 3Heprumy

MoebiweHne aHepretuyeckon | Cnpasounuk HAT WUTC 48-2017 «[loBbiweHne

3P HEKTMBHOCTH 3HepreTuyeckomn adppekTMBHOCTU npn
OCYLLECTBMEHNN  XO3SIACTBEHHOW W (MNK)  WMHOW
AesATenbHOCTU»

B Hactoswem cnpasovHuke HAT wmcrnonb3oBaHb! TEPMUHLI U ONpeaeneHns B
cootBetcTBum ¢ FTOCT P 56828.15-2016 [4]

Paszpgen 1. O6waa uHcgopmauma o peakomMeTanbHON
NPOMbILLIIEHHOCTH

1.1 O6wasn nHdopmauus

Pegkve meTannbl — WCTOPUYECKM CIOXMBLUEECS Ha3BaHve Oonblion rpynnsl
anNemMeHToB nepuogundeckon cuctemsl .M. Mengeneesa, KOTOpble pacnonaratTcs oYty
BO BCEX rpynnax W nepuogax 1, COOTBETCTBEHHO, 0OnajaroT pasHeiMy cBoicTeamu. o
3TOW MPWUYMHE, HU MO MX PAaCMONIOKEHUID, HU MO (PU3UKO-XMMUYECKMM CBOWCTBAM 3TU
3MNEeMEHTbI B 8AWHYIO rpynny 00beAVHNUTE HEMNb3S.

CopepxaHve OonblUMHCTBA SNIEMEHTOB B 36MHOM KOpe He MpeBbluaeT
0,01 % — 0,0001 %. TakMe SnNemMeHTbl B reOXMMUN MPUHATO Ha3biBaTb pedkumu. Ecrnuv
pefkue anemeHTbl obnagatoT cnabom CnoCoOHOCTBIO K KOHLEHTPAaLMK, TO OHU MMEHYIOTCH
PELKMMU pacCesiHHbIMU

BaxHenwwme obobLyarolime XxapakTepUCTUKA MPOSIBMAIOTCA TOMbKO B Ha3BaHUsX-
MOArPYNn B MPOMbILLIIEHHOW KnaccudukaLmn.

ObLienpuaHaHHbIi B HacTosiee BpeMs TEPMUH «PefKMe MeTamnnbl» BO3HWK B
Hayane XX B., KOrga JAaHHble MeTannbl TOMbKO Havanu WCnonb3oBaThes, T.€.
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npuMmeHsnucs peako. U 1o HasTosLLero BpeMeHn aTOT TEPMUH B OMNpPeAENeHHON CTeneHu
oTpaKaeT psa Ux 0COBEHHOCTEN:

- CcpaBHUTENBHO Hebonblume macwTabbl nponssoacTea n noTpebnexHus (0avH 13
Hambornee W3BECTHbIX PEAKAX METannoB pyouaun, NPOV3BOAUTCA B KONMMYECTBAX,
npumepHo B 130 pa3 MeHbLUMX MO CPaBHEHMIO C antoMUHUEM);

- Manas pacrnpoCTpPaHEHHOCTb B MPUPOAS, UX KNapku He npesbiwatoT 1-10%;
(Hanbonee pacnpocTpaHeHHbIN PeaKM MeTann pyouani CoaepXmTCcs B 3eMHOM KOpe B
kormyectse 0,015%);

- BONbLWWHCTBO peaKMX MeTarnmnoB He obpasyloT B NPUPOAEe CaMOCTOSTENbHbIX
MWHEparoB N HaxOAATCH B PACCEAHHOM COCTOSIHMM B KPUCTaNIMYECKMX peLleTkax apyrmx
MWHEparnoB, MHOMME M3 HUX SBMSIOTCA NPUPOAHLIMA CNYTHUKAMW TSKENbIX U NEerkux
LiBETHbIX METArIOB;

- 0YeHb HU3KOE copepXaHue B pyAax U KparHe CNoXHbIN COCTaB Takoro Cbipbs;

- MOMMMO PYAHOIO CbIPbSi, UCTOYHUKOM MOSMYYEHUSA PEAKUX LBETHBLIX METarnoB
ABMSIOTCS MPOMbILUMEHHBIE OTXOAbl LBETHOA W YEPHOW METaNnmyprun, XUMUHECKMX
NMPOWN3BOACTE.

Pepkue metannbl (PM) cormacHO nNpOMbILLNEHHOW Knaccudvkauum noapasaensor
Ha nNATb MOAFPYNN B 3aBACMMOCTU OT  (DU3UKO-XMMUYECKUX CBOWCTB, COBMECTHOMO
HaxoXAeHWs B PYAHOM CbIpbE€ M CXOACTBA METOAO0B U3BMEYEHUS U3 Cbipbs. BaxHenwne
ofbobLyarolme XapakTePUCTUKA 3TUX METASNIOB 3aKIOYEHbI B HA3BaHWUAX BblAENEHHbIX
NOArpynn: Nerkue, paccesiHHble, TYronnaBkue, peKo3eMernbHbIE U PaJNOaKTUBHBIE.

B paHHOM cnpaBoYHMKE paccMaTpuBaeTCs YeTbIPe rpynnbl.

Ilerkne pepkue metannbl — Gepunnun, nuTMR, pyouani n uesun. B paHHyto
MOArpynny BxoAsT peakne Metannsl | m 1l rpynn  nepuvogvM4eckon  CUCTEMBI
O.W. MeHpgeneeBa. Mx oTnuyaroT manad MfAoTHOCTb (MeHble 2 F/CM3) 1 BbICOKasd
XMMUYEeckas akTUBHOCTb. Jlerkme peakve mMeTanmbl, Kak U OCHOBHbIE NErkue, ronyyaror
3MEKTPONN3OM PacriaBoB COMNen UM METaNNMoOTEPMUYECKUM CNOCOBOM.

PaccesHHble pepkve MeTannbl — PEeHWW, rannuviA, WHAWA, Tannui, repMaHvin,
racoHUA, ceneH n Tennyp. 3T MeTanmbl OTNNYAKTCA BbICOKOW PACCEAHHOCTLIO B 3€MHON
Kope, Oonblleri 4acTbld OHM HaxoasTcsas B (OpMe U3OMOP(HOM CMECcU B MarbiX
KOHUEHTpaUMsX B peLueTKax APYrMx MUHEpanoB M U3BIEKaOTCA MOMYTHO W3 OTXOAOB
METanypruyeckux U1  XMMUYECKMX MPOU3BOACTB. Tak, rannuMin  Coaepxutca B
antoMUHWEBLIX MUHEpanax; WHAWK, Tannvi u repmaHui BcTpedaroTca B cdanepure 1
APpYrx cynbUAHbLIX MUHEpanax; repMaHni - B KaMEHHbIX YITaX; PEHWUI, CENeH N Tennyp
— B MEHOM CyInbOUAHOM ChIpbE.

Tyronnaekue peakme metannsl. K HAM oTHocATCA nepexogHble anemeHTs! [V, V n VI
rpynn nepuoguydeckon cuctembl O.U. MeHaeneesa, y kOTOPbIX NPOVCXOAUT AJOCTPOMKa
SNEKTPOHHOrO d-ypoBHSl. OTW OCODEHHOCTU OMNPEeAensitoT uUsndecke U XuMu4Yeckme
CBOWCTBa paccMaTprvBaeMon NOArpynnbl METANIOB: BbICOKYK TemnepaTtypy nnaBneHus,
MPOYHOCTb, KOPPO3MOHHYHO CTOMKOCTb, @ Takke NepemMeHHYHo BaneHTHOCTb, MHoroobpaave
XUMUYECKUX coeluHeHUn. Bce Tyronnaekve peakve MeTannbl 0bpasytoT Tyronnaskue w
TBEpAble Kapbuabl, Gopuabl U cunMumabl. Tyronnaekue pepkve MeTannel 0ObeAnHSIoT
obnactu NpUMeHeHMs.

PenkosemeneHble anemeHtbl (P33). JNaHTaHougbl o6beavHEHbl CXOACTBOM
PM3BNKO-XMMUYECKNX CBONCTB (OT Lieprsa 40 NIOTELMA) BCNEACTBME OANHAKOBOrO CTPOSHWS
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BHELUHUX SMNEKTPOHHbIX Obornouvek (Mpu nepexoae OT OJHOro 3dneMeHTa K Apyromy
npouvcxoauT 3anonHeHne rnybokonexalyero 4f-yposHs). K peakosemenbHbIM 3neMeHTam
Takke oTHocATca anemeHTbl |l rpynnbl nepuoamuyeckon cuctembl O.U. MeHgeneesa:
nNaHTaH, ckaHauA, UTTpM. U3 pyAHOro Cbipbsl MONyYalT peako3eMenbHbIN KOHLEHTPAT,
KOTOPbLIN MOCTyrMaeT Ha pasfeneHne Ans MNONyYeHUs WHAVBUAYanbHbBIX 3MEMEHTOB.
TexHoNnorn4yeckn AOMNycTUMO 4acTMYHO pasfenutb Ha nepsov cragun. lNocneaymowee
pasgeneHve TpeOyeT CMOXHOro AOMONMHUTENBHOMO TEXHONOrMYECKoro obopyaoBaHUs w
MHOrOCTYNEeHYaTon CTaguun pasfeneHus.

K rpynne TyronnaBkux MeTanmnoB OTHOCAT BaHaguW, HNOOWW, TaHTan, LWMPKOHWUN,
TUTaH, BoINbdppam 1 MonubaeH.

Pegkumn metannamm B COBPEMEHHOM TEXHUKE YCMOBHO HAa3bIBAOT HEKOTOPble
XUMUYECKNE dMemMeHTbl, B OOmnbLUMHCTBE MO CBOWM CBOWCTBaAM MeTannbl, obnactu
BO3MOXHOrO MCMONb30BaHWS, NPUPOAHBLIE PECYPChI U TEXHONOMNA NPON3BOACTBA KOTOPbIX
Y)X& [OCTaTOMHO OrnpefernieHbl, HO KOTOpble €lle peako U B OTHOCUTENBbHO ManbixX
KOMM4YecTBax MPUMEHSIIOTCS B MPOMbILLNEHHOCTU, MOCKOSMbLKY MpU AOCTUTHYTOM paHee
YPOBHE TEXHWKM elle MOXHO Obino obontuch 6e3 ux LIMPOKOro WCNOMb30BaHUA.
Wcnonb3oBaHue peakvx meTannoB Hadanocb B koHue XIXeeka. lepsbiM 13 ux uncna
nonyynn npusHaHve BonbdpaM, 3a HuUM MormbaeH (B HacTosiee Bpemsa B psage
LOKYMEHTOB, BbiBeeHHbIE U3 knaccudmkauum PM), Huobui, TaHTan, a 3ateM nocTeneHHo
W ocTanbHble.

PasButve npuvMeHeHUss WM NPOU3BOACTBA peakux Metannos ob6ycrnoBneHo
BO3HWKHOBEHMEM MOTPEOHOCTM MPOMBILMEHHOCTM B  HOBbIX  BbICOKO3(PEKTUBHBIX
martepuanax. [pynna pegkMx MeTanroB He OCTaeTCsl HEU3MEHHOW, U3 AaHHOW Fpynnbl
BbiObIBAOT  XUMWYECKWE  SMEMEHTbI,  MOMNYYMBLUME  LUMPOKOE  MPUMEHEHUE B
MPOMBILLNIEHHOCTW, KakoBbIMW SBNAOTCA BOnbdpam, MonvbaeH U TUTaH, ewe HeaaBHO
oTHocuBlMecs Kk peakmMm. OpHako, y4uTbiBas UX BbICOKYKD BaXHOCTb  ANS
MPOMBILLIIEHHOCTM M TO, YTO OHM HE HAalWnW CBOEro MecTa B BbIMYLUEHHbIX paHee
CNpaBOYHMKAX, OHW MpPEeACTaBreHbl B JaHHOM CMpaBOYHUKE YCIOBHO Kak peakue
MeTansbl.

1.2 MwuHepanbHoO-CbipbeBasa ©0a3a M cdepa pacnpocTpaHeHUsA
peakux metanmnoB

MuHepanbHo-chipbeBas 6asa peakux metannoe B Poccum no senuumHe 3anacos
3aHUMaeT Begyuwlee Mecto B mMupe. OfHakO OTEeYeCTBEHHble MECTOPOXAEHUS
CYWECTBEHHO YCTynalT 3apybexHbiM aHanoram no KadecrtBy pyd, @ WMEHHO, no
COAEpPXXaHUo NONEe3HbIX KOMMOHEHTOB, a TaKKe MO TEXHOMNOMMYHOCTU, FOPHOTEXHUHYECKUM
ycrnoeusiM oTpaboTkM U AOCTYMHOCTW.

PaspabaTbiBaeMbIx NMPUPOAHBIX MCTOYHUKOB peHucofepxalyero ceipbs Poccua
npakTudeckn He umeeT. CbipbeBoi 6a3on HMOBMA M TaHTana SBNAETCA KOMMMEKCHOe
Jloeosepckoe nonaputoBoe MectopoxaeHne (MypmaHckass obnacte). 310  Takke
€AVHCTBEHHbIA  AEUCTBYIOLIMIA HA CErofHsWHWA A€Hb WCTOYHUK NPOU3BOACTBA
KOnnexKTuBHbIX kapboHatos P3M.

3anackl monnbaeHa Poccnu cogepxarcsa B 36 mectopoxaeHusx. K 2017 r. ropHo-
MeTannyprmyeckas komnaHusa «HopunbCkuiA HUKENb» MNaHMpyeT 3anyck byraanHckoro
FOK. Moutn BCce Tekyulee ropHoe MoONMOAEHOBOE MPOM3BOACTBO Ha AAHHLIN MOMEHT
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cocpepoTtoyeHo Ha 000 «Copckuin MOK», aericteytowem Ha COpcKkOM MECTOPOXKAEHNMN B
Pecnybnuke Xakacum n OAO «KupekeHckun FOK», paspabartbiBatowem ofHOMMEHHOe
MecTopoxaeHue B YntuHckorn obnacTu.

UctouHukom Gepunnuesoro cbipbss B Poccum sasnstotca  3aBUTUMHCKOE 1
EpmakoBckoe (Pecnybnuka BypaTvsa) MecTopoxaeHusi, KoTopble paspabaTtbiBanucb
3abankansckmm TTOKom. OpHako ceivac 3aBUTUHCKOE  MECTOPOXAEHWE  He
akcnnyatupyetcs, a EpmakoBckoe MecTopoxaeHmne 3akoHCepBUpoBaHo.

Mo o6beMy 3anacoB nuTusS Poccua 3aHMMaeT OfHO U3 Beaywux MecT B Mupe.
MporHoaHble pecypcbl oueHuBaroTCs B 260 ThbIC.T. NUTUS, a 3anacbl onpeaeneHbl B
KONMYECTBE COTEH TbiCAY TOHH. OCHOBHBIM NPOM3BOAUTENEM NIUTUEBON NPOAYKUMM Ha
poccuickoM pbiHKe siBnsieTcs H3XK, KOTOpbIi NOCTaBMSET MUTUN OTEYECTBEHHbLIM
notpeburensm u 3a pybex.

[na npousBoAcTBA UMPKOHWEBON W radHWeBOW NPOAYKUMW eAWHCTBEHHbIM
CbIPbEBbIM  MCTOYHUKOM  fABnsieTcs  GappeneutoBbli  KOHUeHTpaT  KoBaopckoro
KEene3opyaHOro MECTOPOXEHMS.

Fepmanni - oavH u©3 Haubonee UEHHbIX MaTepuanoB B COBPEMEHHON
nonyrnpoBoAHMKOBOM TexHuke. CbipbeBon 6a3on AnNS NpomMsBOACTBA repMaHneBOr
NpoAyKUMU SIBMSIETCST Psifi MECTOPOXAEHWA TepMaHUEHOCHbIX Yrnew, npexae BCero
Hoswukosckoro Ha CaxanuHe, Maenosckoro - B MpumopckoM kpae un Tapbararainckoro - B
YutuHckon obnactu.

CeeneHus 06 Ucnornb3oBaHUM peakMx MeTanmnos npueeaeHsl B Tabnuuax 1.1-1.4.
Tabnwuya 1.1

Nerkve peakve | Chepa pacnpoctpaHeHusi, 4YTO M3 HWX MPOWU3BOAAT, Kak OHW
meTansbl UCMONb3YIOTCS

Bepunnui JlerMposaH/e cnnaeoB, PEHTreHOTEXHWKA, NasepHble MaTepuarnbl,

Be aspOKOCMMYECKas TEexHWKa, paKkeTHoe TOMMMBO, OrHeynopHble
marepuarnbl, akycTuka,

Nutun ATOMHasi TexHUKa W SMEeKTPOHWKA, MeTannyprus, peakTMBHas

Li aBMauMa U pakeTHas TexHWKa, XMMUYecKasi MPOMBILLNEHHOCTb,

mMeavmumHa, 0OOpPOHHAas  MPOMbILNEHHOCTb,  AeEeKTOCKOMUS,
CUNMUKaTHas  MPOMBILMEHHOCTb,  TEKCTUMbHas, nuWeBas W
KOCMETMYECKasi MPOMBbILLMEHHOCTH.

PyGuauii Katanua, aneKkTpoHHasi MpOMBILNEHHOCTb, CreunansHas OnTuKa,
Rb aToMHas NMPOMbILLNEHHOCTL, MeanUMHa, Ansa nepepaboTkn HedTu.
Lieann OneKTpoHWKa, pajuo-, 3MNeKTPO-, PEHTITEHOTEXHMKE, XMMUYECKOW
Cs NPOMBILLNIEHHOCTW, ONTUKE, MEAULMHE, SAEPHON 3HEpreTuke.

MpumeHsieTca cTabunbHbIN NPUPOAHBIN Le3nii-133 1 orpaHn4eHHo
€ro pagnoakTUBHbLIA M30ToN LUeani -137, BbigenseMbIi B peakTopax
aTOMHbIX CTaHLMI.

Tabnwuya 1.2

PaccesiHHble Cdpepa pacnpocTpaHeHusi, YTO U3 HUX MPOU3BOAAT, Kak OHM
peakue meTannbl | UCMIOMb3YIOTCS

PeHun lMnaTMHOPeHWEBLIE KaTanMaaTopbl, XaponpodHsle cnnasbl. Crnnasbl
Re MCMOMb3YIOTCA MpW  CO34aHuM  feTaneli  pakeTHOW TEeXHUKU U

CBEPX3BYKOBOW aBmaLn.
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[annun FannuiA 1 ero 3SBTEKTMYECKWMA CnnaB C WHAMEM WCMONb3YIOT Kak

Ga TENNOHOCUTENE B KOHTypax peakTopoB. [annuvi MPUMEHSIIOT  Kak
CMa3ouHblA  MaTepuan, Kak roKpblTUe 3epkan  cneuyanbHoro
HasHayeHus.

NHaui LLInpoko nNpUMEHSIETCS B  MNPOU3BOACTBE  XUAKOKPUCTaNMYECKMX

In 3KpaHOB, B MMWKPOSNEKTPOHMKE. KOMMOHEHT ANnA  ferkonnasKux
NpUNoEB 1 CrnasoB

Tannui Amanerama Tanns npUMeHsaeTcA ans 3anonHeHns

T HU3KOTEMMEPATYPHLIX TEPMOMETPOB U B KavyecTBe TEMnOHOCUTENS.
CoefVHEHNs Tannus NPUMEHSAIOTCS ANS perncTpauym MOHN3NPYOLWMX
N3MYYEHWN.

epmaHui BonokoHHas  onTMKa,  TEMnOBM3OpHas  OMTMKA,  XUMUYECKUe

Ge KaTanusaTopsl, 3MEeKTPOHWKa, MeTannyprus.

atHuin MeTannuyeckuii rapHUin  NpUMeHsaeTcs ANa NPou3BOACTBA CMMaBoB

Hf OIS a3POKOCMUYECKOW  TEXHWKW, aTOMHOW  MPOMbILLNIEHHOCTY,
cneunanbHOW OnTHKU.

CeneH OcHoBa noTpebneHns NonynpoBOAHMKOBLIE CBOWCTBA CeneHa W ero

Se COeNHEHMN.

Tennyp Tennyp npUMeEHsSETCS npuv Mpov3BoACcTBE Kabeneil, CBWMHLOBO-

Te KUCMOTHBIX aKKyMyNsiTOpOB, AETEKTOPOB PEHTIEHOBCKOrO W ramma-
N3Ny4YeHus, MonNynpPOBOAHMKOBLIX MaTeprarnos.

Tabnwunya 1.3

PepkosemenbHbie Cdepa pacnpocTpaHeHnsi, 4YTO W3 HUX T[POU3BOJAT, KaK OHU

meTannsbl NCcnonb3yTCa

CkaHgun [naBHOE MpUMEHeHne — aniMUHWEBO-CKaHAWEBbIE ChnaBbl (

Cs MOTOUVKNbI, Benocuneabl, 6encbonbHble 6utbl U T.N.) — 3TO
BbICOKas NPOYHOCTb. [lpuMeHeHne ckaHaueBbIX CnnasoB B
aBMaummM U rpaxaaHcKoOM pakeToCTpOoeHuW, ANS NpPOu3BOACTBA
aBTOMOBMNBLHLIX ABUraTenein.

UrTpun MpumeHeHne CrnaBsoB UTTpUS- aBnakocMmyeckas

Y NMPOMBLILWSIEHHOCTb, aTOMHas TexHWKa, aBTOMOOGUNEeCTpoeHue,
NpUMEeHeHne B rasoasHoM pakeTHOM aBuratene.

JlaHTaHomngb! O6beM UCNONb30BaHUS NaHTaHOWLOB OFPOMEH, HauuMHas ot

Ln CTEKOMNBHON 7 3akaH4vBas MeTansypruyeckomn
NPOMBILLNIEHHOCTbLIO. B KavecTee KaTanM3aTopoB Ha
HedTenepepabartbiBatoLLmx 3aBojax, JIFOMUHECLIEHTHBIX
aKTMBaTopOB., 3MNEeKTPOKEPAMUUECKNX COeANHEHMSX, B
BbICOKOTEMMNEepaTypHbIX CBEpPXNPOBOAHUKAX, WU3roTOBMSAOT
NOCTOSIHHBIE MarHUTLI, BXOASIT B COCTaB KPUCTaNnoB ANs nasepos,
B aTOMHOW TEXHUKE.

Ta6bnuya 1.4

Tyronnaskue Cdepa pacnpocTpaHeHusi, UTO U3 HUX NPOU3BOANAT, Kak OHMW

peakue meTannbl UCNONb3YIOTCA

Banaaun 80% Bcero Npou3BOAMMOro BaHagus MCMONb3yeTCs B Cnnasax,

\' HepXaBerLWmX U UHCTPYMEHTANbHbIX CTanewn.
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Hnobunin Hnobuin nprvMeHsieTcl B pakeTOCTPOEHWM, aBUALMOHHOW W

Nb KOCMUWYECKOW TEXHUKE, PaAUNOTEXHUKE, 3MEKTPOHUKE, XUMUYECKOM
annapaTtocTPOeHWUU, aTOMHOW SHEPreTUKE.

TaHTan TaHTanoeass NPOBONOKA MPUMEHSIETCA ANSA M3rOTOBNEHUS CETOK

Ta AMNEKTPOHHbIX nammn. XaponpouHble W KOPPO3MOHHOCTOMKME

cnnaebl Anda XUMUYECKON NPOMBbILLITIEHHOCTH, TenNOOOMEHHNKN
Anda aaepHo-aHepreTu4eCKnx CUCTeMm.

Linpkoruia MeTannuyeckuii  LMPKOHWA W €ro Ccrinaebl NPUMEHAITCA B

Zr aTOMHOW 3HEpreTMKe ANS W3rOTOBMEHWSI KOHCTPYKUUA aTOMHbIX
peakTopoB..

TwtaH ABuna-, pakeTo-, KopabnecTtpoeHue, XuMUYEeCKas, BOEHHas,

Ti aBToMobunbHas, CEnbCKOX03ANCTBEHHAS, nuwiesas,
NMPOMBILLINIEHHOCTb, METANIYPrus, MeanLmMHa 1 TEXHUKa.

Bonbdpam Hutn HakanuBaHua B OCBETUTENbHbLIX Mpubopax, KMHeckonax u

w ApYrMx BakyyMHbIX TPyOKax, OCHOBa TSXKeErbIX CMNaBoB B BOEHHON
TexHuke,

MonnbaeH MonubaeH ucnonb3ayloT ANs1 NErMpoBaHust ctanen (XkaponpoyHbIX

Mo W KOPPO3NOHHOCTOMKMX).

1.3. AHanu3 oTpacnu no oTAenbHbIM MeTannam

YckopeHHOe BO3POXAEHUE MPOM3BOACTB PEAKUX METarnmoB SIBNAETCH 3apaqen
Srnwxarwmx net. C pacnagom CCCP 3a npeagenamu 1oxHbIX rpaHvy, Poccnm octanuce kak
3KCMMyaTUpyeMble MECTOPOXAEHUS] COBCTBEHHO PEAKOMETASNBHOMO ChbIPbS, Tak N XMMUKO-
MeTannyprumieckue npeanpusiTusi, Kotopble nepepadartbiBany pasnuyHble MUHepasnbHble
KOHUEHTpaTbl C u3BneYeHWeMm pepkomMeTanbHon npogykumm — Li, Be, Na, Nb,
WHAMBUAYAIbHBIX PEAKMX 3EMENb, a TakkKe PEHWUs, UHAUS U OPYTUX PAcCesiHHbIX PEAKNX
metannos (PPM). C Humm B OCHOBHOM CBSi3aHbl MEPCMEKTUBbI PEeOKOMETarbHOro
peHeccaHca, Heobxonumoro ans passutusa OMNK 1 rpaxpaHCcKMX BbICOKOTEXHOMOMMYHBLIX
oTpacrnen NPoMbILLNEHHOrO Npon3BoacTBa Poccuu.

C XX B. ypoBHM MpOM3BOACTBA W MOTPEONEHUA PEAKMX SNEMEHTOB cTanmu
paccMaTpmMBaThCs B KaueCcTBE  WHAMKATOPOB  3KOHOMMYECKOW W HaLMOHanbHON
©e30MacHOCTM NMPOMBILLINIEHHO PasBUTLIX U pasBuBatoLLMxcst cTpaH. 3a nocnegHue 10 net
MupoBoe notpebnenue Li, Ta, Nb, V 1 HekoTOpbIX APYrMX peaKMX METaNMoB YBENIMYMIOCh
B 1,5-3 pasa, a Hanbonee ePULNTHBIX, CTPATEMMYECKN BEXKHBIX PACCESAHHbIX METasfos —
Re 1 In — B 7-12 pa3. 310 06ycrnoBneHO pOCTOM MX MUCMOSb30BaHNSA Kak B TPagULMOHHBIX
oTpacnsx MPOMbILMEHHOTO MPOM3BOACTBA (METannyprusi, CosfaHve Kepamu4eckmx W
KOMMO3MLMOHHbLIX MarepuanoB, 3MEKTPOTEXHWKa M 3NEKTPOHWKA, SAEPHAast SHEpreTuka),
Tak M B MNPUHLMNMANBHO HOBBLIX BbICOKOTEXHOMOMMYHBIX OTpacnsax (MHdpakpacHas,
MUKkpoBonHoBass U CBY-TexHwka, TEnekOMMYyHUKAUMOHHAs U BOMNOKOHHO-OMTUYecKasi
CB$i3b, HOBbIE CMJaBbl, TOMMUBHbIE SMEMEHTBI M UCTOYHUKA 3HEPTUM, CBEPXMPOBOLMMOCTb
nT. 4.).

B cpaBHeHUM C BeAyLLMMM MPOMbILLIIEHHO-PA3BUTEIMA CTPaHaAMU MUpa U, Npexae
Bcero CLWIA wn Anonver, He obecneyeHHbIMW MHOMMMK BUAaAMU COBCTBEHHOro
peakomeTansHoro cbipbs, Poccus, Takke npespaTuBLLASACA B UX MMNopTepa, notpebnsaet
B HacToswee BpeMs B 5-10 pas meHbLUe, YeM kaxgas u3 Hux Li, Zr, B 10-25 pa3 meHbLUe

7



UTC 24-2017

Ta, B cotTHn pa3 — Re u In, n 1.a. MNpn mupoBom nugepcrtee Poccun B 0BLien
MPOTSHKEHHOCTU  HedbTerazonpoBogoB  notpebneHne e deppoHnobus  ans
MUWKponermposaHus ctanm n tpybonposogos B Havane 2000-x rr. coctasnano 8 r/T, B T0
Bpems kak B ctpaHax EC n AnoHun — no 40 r/t, 8 CLUA — 70 r/1. Bpaaunusa kak M1poBoi
MOHOMOSUCT B NPOWU3BOACTBE PeppoHMobns u HMobusa npesocxoamt Poccunio B fecATkun
pa3 no obbeMam Mx NPOM3BOACTBA W JKCTOPTA.

Heobxogmmo 3amMeTutb, 4TO Aake B coBetckuin nepuog CCCP wmnoptupoBan
TpyObl Gonbluoro anaMeTpa Ana HedTerasonpoBOAOB, NErMpoBaHHbIX deppoHmobrem,
LUMPKOHOBbIE KOHLIEHTPaTbl ANSA MPOU3BOACTBA LIMPKOHWUS W COMYTCTBYHOLWEro radHus,
UINbMEHWUTOBLIE KOHLEHTPaTbl — Kak WCTOYHWK TWTaHa W COMyTCTBYHOLLErO CKaHAaus,
MOMNYLMTOBBIE — KaK UCTOMHUK LIepnsa 1 pyBUANS 1 HEKOTOPbIE ApYrue.

B Poccum cnoxunack ycToymeas 3aBUCMMOCTb OT UMrnopTa 6onee LWMpoKoro kpyra
peakomeTarnbHOW NPOAYKLUMM U3 CTpaH BrvKHEro 1 aansHero 3apybexss, BKIIOYas Takue
CTpaTernyeckn BaxHble W LedUUWTHbIE BWUAbl PEAKOMETanbHOrO ChbiPbH W XUMUKO-
METanmypriyeckon MpogyKUMU Kak nutuiA, Gepunnuid, LupkoHui, racdHuin, P3M u ap.
CobcTBEeHHOE MPOM3BOACTBO W3 OTEYECTBEHHOrO Chipbs COXPAHAETCS TOMbKO AN
repMaHus 1 BaHagma B obbemax, obecneymBaroLmx BO3IMOXHOCTU X SKCMOPTa, a Takke
ANs TaHTana 1 HNMOBWs, NPOM3BOACTBO KOTOPLIX B CPABHEHUW C COBETCKUM MNEPUOAOM
cokpatunock bonee Yem B fBa pasa.

1.3.1 Ilerkne peakue metansbl.

1.3.1.1  Bepunnuii cambli NErkMA U3  KOHCTPYKUMOHHBLIX  Marepuanos.
MeTtannuyeckuin 6epunnmn 6ein NonyYyeH BOCCTAHOBIIEHMEM ero xnopuaa. pon3soacTBo
coeanHeHunn Bepunnust metanna n ero cnnaeos Bo3HWkno B 20-30 ropax npoLunoro
CTONeTus.

CpenHee copepxaHue bepunnua B 3eMHon kope (no A.lMN. BuHorpaposy) paeHO
3,810%, MsBectHO okono 40  mMuHepanoB  Gepunnus, npeacTasnsaowmx
NPEeNMYLLECTBEHHO pPa3fnnyHble CIOXHblE cenvkaTbl. MNPOMbILLNEHHOE 3HAYEeHUe UMEKT
Bepunn, xpnsobepunn, renbeuH, 6epTpaHanT 1 gaHanur.

MpoussoactBOo Oepunius B HAWeEW CTpaHe noka He COooTBETCTBYeT ee
noTpebHOCTAM U MNOTEHUMarnbHbIM  BO3MOXHOCTAM. EAuMHCTBEHHOE  TpaguuMOHHO
aKCnnyaTupyemoe MectopoxaeHve 6GepunnueBoro cbipba  «U3ympyaHble  konu»
npeacraeneHo  dnoronuT-mapraput-6epunnueBssiMn  pygamm  nnarmoknasutos.  Ux
akennyatauma ocywectenaeTcs Manbiwesckvum PY, cneunannsnpoBaHHbIM Ha BbINyck
AparoueHHOro  KpucTannocbipbsi - M3yMPYAOB C COMyTCTBYIOLMM  anekcaHApUTOM.
MonyTHO B COBETCKOE BPEMS BbliMyckarcsi NpeobnagaroLmin KONMYECTBEHHO GepunoBbIv
KOHLIEHTpaT npu cogepxaHun B mncxopHou pyae 0,14% BeO. Kpome Toro, Gepunn (c
TaHTanokonymbutom) wu3Bnekanca u3 nermMaTtmMTtoB COCeAHUX  MECTOPOXAEHUN
(KeaptanbHoe, Jlunoeeit Jlor), xapakTtepuaytowmxca Ta-Nb-Be-n cneumnanusaumeii.
MonyTHble GepunnoBble KOHUEHTpaTbl Bbinyckanucb Tawke 3abankansckum [OKom,
cneunanuanMpoBaHHbiM  Ha NPOM3BOACTBE NPOMUIMPYIOWEN NUTUEBON (CNOAYMEH)
npoaykumn, u benoropckum FOKom (KasaxcraH), cneuvannsmpoBaHHbIM Ha BbINycKe
TaHTarnoBbIX KOHLEHTPAaTOB.

CnoxHee 6OygeT pewarbcqd 3agava rnybokon  XUMWUKO-METannypruyeckon
nepepaboTtku paznuyHoro Gepunnmesoro ceipbs, kotopas B CCCP ocywecrBnanacs Ha
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YnbBMHCKOM XMMMKO-MeTannypruieckom 3aeoge B r. Yctb-KameHoropcke. Tem Gonee 4Tto
€e pelleHve npepycMmarpueanocb HepeanusoBaHHoW deaeparnbHoi MporpaMmMon
"IINBTOH" Pocatoma (1996 r.). MpeanpuHMMaemble B HacTosiee BpPeMs MOMbITKN ee
peaHumupoBaTe Ha ©ase MPUOCTaHOBMNEHHbIX, AE3VHTEIPUPOBAHHLIX W YacTUYHO
yTpadeHHbix MolyHocTen ObiBwero 3abarikansckoro TOKa B noc. Mepsomalickom c
NCMOSb30BAHNEM OCTaTOYHBIX PYA WM TEXHOMEHHBIX PECYpPCOB C HEAOMYCTMMO HU3KMMU
COAEPXaHNAMM PEAKNX METAansoB, HEPEeLEeHHbIMA TEXHOMOMMYeCcKMMM 3agadamm KX
n3BrneYeHns n NoTpebrTensCKOro cnpoca no-nNpPeXHeMy NpefCcTaBnsatoTCA HepeansHbIMU.

MoTtpebHoct Poccum B Gepunnmum  YacTudHo (B npegenax 1,52 71)
YOOBMETBOPAIOTCA 3a cyeT mmnopTta u3 Kasaxcrana npogykuun YnebuHckoro XM3. B
nepcnektnee Ha 2020 r. exeroaHble NOTPeBbHOCTH B Lenom ouenmBaroTes B 70 T (B8 CCCP
nopsaaka 100 T) npu ycrnoBMM poCTa €ro WCMonb30BaHUS BbICOKOTEXHONOMMYHBIMU
npomnsBoACTBaMN  (23POPaKeTHOKOCMMYECKas  TeXHMKa, O0BO0POHHO-MPOMbILLNEHHbBIN
KOMMMEKC, aTOMHbIMK, TEeNeKOMMYHUKaUMOHHbIMM 1 ap.). [loatomy Heobxoaumo
rocyfapcTBeHHoe pelleHne 6epunnmeBon npobnembl Kak 3a c4yeT mobunusaumm
COBCTBEHHBIX PECYPCOB, Tak M 3a CYeT MpuBrEeYeHUs ux ua ctpaH EepAs3dC, eknioyas
opraHmsaunio coBmMecTHbIX npom3sogctB Ha OAO «YnbAHOBCKUA MOTOPHLIM 3aBOA» U
yBEeNnMYeHne nmnopTta m3 3apybexHbiX CTPaH Kak CbIpbs, Tak U KOHEYHOW BepunnuesBomn
METanonpoayKLmMu.

BepvnnuiA, Gnarofaps ONTMMAanNbHOMY COYETaAHMIO (PUBNYECKMX, XUMUHECKUX W
MEXaHMYECKMX CBOWCTB, OLIEHMBAETCA B COBPEMEHHOM MUPE Kak KOCMWYECKWN meTasn:
OOVH W3 CaMblX §Eerknx, MPOYHbIX, TYrOMNaBKUX, KOPPO3UOHHO YCTONYMBbLIX "
COXPaHSIIOLWMNX pa3MepHOCTb Npu TemnepaTtypHbix konebaHusax. B APKT uncnonb3aytotcs
obneryeHHble KOHCTPYKLMU U3 6epunnmesbix matepuanos («LWatTn»). Hanbonee 3ameTHO
pacLUMpsieTCsa UCMonb3oBaHne 6epunnneBbIX CrnNaBoB - OT TPaAULMOHHOIO NPOU3BOACTBA
Hambonee nsBecTHbIx 6epunnmesbix 6poH3 - Cu-Be (01 0,2 % — 0,7 % a0 2 % Be) n Al-Be-
X (oo 68 % Be) Ao coapaHus dupmoit BWI yHukansHoro cnnasa Alloy 390™ gns
MOBUNBHBLIX TENEeOHOB.

1.3.1.2 flumuii 66N otkpbIT B 1817 r. B MMHepane netanuTe (anomocunvkare
NINTUS), N3 KOTOPOro ero BelAenunu B Buae cynbdara. B snemeHTapHom Buae nutuin 6bin
nosily4yeH pasriokeHNMEM ero okcuaa srnekTpuyeckum TokoM. B 1855 r. Obin paspabortaH
NPOMBbILLNEHHBIN CNOco6 NoMNyYeHUs1 MUTUA 3NEKTPONN3OM ero xnopuaa.

Nutnii — anemeHT | rpynnbl nepuoanyeckon cuctembl .U, MeHpeneeBa, cambin
nerkui 3 meTannos. MNpUPOAHbIA UTUI CONEPKUT CMEChb ABYX M30TomnoB °Li (7,52%) u
“Li (92,48%). WN3oTOMbl NUTUA PE3KO OTNMYAIOTCA MO 3HAYEHMIO MOMEPEYHOro cevyeHud
3axBara TennoBbIX HEUTPOHOB.

MopsakoBbIn Homep — 3.

MnoTHocTb, rem® — 0,531.

Temnepatypa, nnaeneHns — 180,5 °C.

BmecTe C TeEM NUTUI — CaMbli SNEKTPOOTPULIATENBHBIA 3NIEMEHT B BOAHOW Cpeje.
OTta aHomanus oObsACHAETCH CUMbHOW ruapaTauuen uoHa nutus. B pacnnaBneHHbIx
cpepax, rae OTCYTCTBYET rmpparauus, NoTeHumMan nuTnus Bbille, YeM APYruxX LLENOYHbIX
METarnoB, YTO COrnacyeTcs C BENMUYMHaMN MOHU3ALMOHHBIX MOTEHLMANOB.

B cyxom Bo3gyxe npv OObIMHOW TemnepaTtype nUTUI MEANEeHHO pearvpyet ¢
KACMOPOAOM W a30TOM, MOKPbIBAsiCh MIEHKOW, COAEPXaLLEW OKCUA W HUTPWUA NUTUS.
PearvpoBaHue yckopsieTcs B npucyTctBum Bnarn. B kucnopoge (-200 °C) nutmia roput
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ronybbiM nnameHem, obpasysa okcua. JIUTUIA SHEPrMYHO pasnaraeT BoAy C BblAeneHnem
Bofiopoga n obpasoBaHnem pactsopa rugpokcuga. C sogopoaom npu temnepatype 500-
600°C nutuin obpasyeT ruapug LiH, c asotom Bbiwe 250°C — HuTpug LisN. dTOp, Xmnop n
OpoM pearvpyroT ¢ NMTMEM Ha Xomnoge, hoh — npu HarpesaHun. Cepa, yrnepos 1 KpeMHU
npu HarpesaHWM B3aWMOAEWCTBYOT C nuTMEM C 00pa3oBaHWeM COOTBETCTBEHHO
cynbduaa Li;S, kapbuga LioCo u cunnumpa LisSip. Yrnekncneivi ra3 akTMBHO pearnmpyer ¢
nitnem, obpasys kapboHat nuTms.

BONbLMHCTBO METANMOB U CriaBoB KOOPAUHUPYET B XWUAKOM NUTMKW. Hukens n
CnnaBbl HUKENS C XPOMOM Y[ OBMNETBOPUTENBHO CTOMKU B KUAKOM NAUTUM 40 TEeMMeparTypbl
225°C. Hanbonee ycTon4MBbI NPOTMB AECTBUS NUTUA f0 TemnepaTtypbl 1000°C Hrobun,
TaHTan n monubaeH. Keapy, crtekno u dapdop ObICTpO pacTBOPSIOTCS B AUTUKM Mpu
Temnepatype 200°C.

JInTnii 3aHMMaeT ocoboe nonoXxeHne cpeau LENoYHbIX MeTannoB, conmkasce no
psAy CBOWCTB CO  LLUENOYHO-3eMenbHbIMKM, OCOBEHHO C MarHueM. 3JTo CXOACTBO
NposIBNAETCA B OTHOCUTENBLHO Maron pacTBOpUMOCTU kapBoHata, docdarta u dpropuaa
nuTus, a Takke B 6onee pesko BbIP@KEHHOW, YeM Y OCTalbHbIX LUENOYHbIX METansos,
CNocobHOCTN kK 0BPa3oBaHMIO ABOVHBIX CONEN C OCTaNbHBIMW MPEACTaBNTENAMU rPYMMbl.

Okeng nutns LioO - BecupeTHoe kpucTannnyeckoe Bewectso, obpasyioweecsa npu
OKWCIMEHUN TNUTUSE KUCINOPOAOM, a TawkKe TEPMUYECKOM pPAasfioXEHUM TUAPOKCUMAQ,
kapGoHaTa unn Hutpata nutus. OKCUA pacTBOpSETCS B BOAE C CUJbHBIM Pa3OrpeBoM C
obpasopaHmem pacteopa rugpokcmaa LiOH.

PactBopMMOCTE rMppokcuaa nutus B BOAE MPUMEPHO B NSATb pas  Hwke
pacTBOPUMOCTY MMAPOKCUAOB HAaTPUS U Kanus:

Temnepatypa, °C 0 20 50 80- 100

PacteopumocTs LiOH B Boge, %

1064 10,99 122 1421 16,05
(no macce)

Mpy BbiNapke K3 pacTBOpa KPUCTaNnIU3yeTca MOHOTMApaT NUTUA — CUnbHas
wenoys. B TBEpAOM COCTOSIHUM N B KOHLEHTPUPOBAHHBIX pacTBopax yxe npu obblMHOM
TemnepaTtype OH paspylaer cTekno wn dapdop, NoO3TOMy ero XxpaHsT B Tape U3
nnacrTMaccsil.

KapboHat nutus LiCOs;, oTnMYaeTca CpaBHUTENBbHO Marioll pacTBOPUMOCTbIO B
Boge: 1,26% (npn 25 °C) n 0,83% (npwn 75 °C).

Cynbdar nutua LiSO4 — xopowo pacteopumMas conb: 25,7% npu 20 °C n 23,1 %
npm 80 °C. B oTtnuume ot cynbdatoB HATPUA U Kanus cynbdaT nutus He obpasyer
ABOVHbIX COMNEN TUNa KBacLoB.

Xnopua nutua LiCl - 6ecuseTHoe BewecTBo (thn = 614°C, tun = 1380 °C). Conb
xopoLo pacTeopuma B Boge (80,6% npu 20 °C). B otnnume ot xnopuaoe HaTpusi n kanus
XNopua NUTUA PacTBOPSIETCS B OPraHUYECKUX PacTBOPUTENSX (CNUPTax, KeToHax,
xnopodgopme 1 Ap.) ¢ 06pasoBaHNEM NIUTUNOPTaHUYECKUX COEUHEHUIA.

dTopucTbin NUTUIA — Benoe kpucTannuyeckoe BewecTso (ty, = 848°, tyn= 1680 °C).
Conb ManopacTteopuma B Boge (0,133% npu 25 °C, He pacTBOpAETCS B CONMAHON KUCTOTE,
HO Nerko pacTBOPSETCA B a30THOW U CEPHON KUCNOTAX.
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M'vapva nutua LiH — 1Bepaoe Bewecteo Genoro ugeta (t = 690°C). MNony4yaetca
B3aVMOAENCTBMEM pacnnaBneHHOro NMTUSA ¢ BOAOPOAOM Npu Temnepatype 680-700°C. B
OTCYTCTBME BOAOPOAA TEPMUYECKM pasnaraeTtcsa npu Temnepatype 800-850°C. Bopown
3HEPr1YHO pasrnaraeTca C BbieNneHMeM BOAOPOaa:

LiH + H,0 = LiOH + H;

B cBs3n ¢ sTUM rmapua NUTUA UCMONB3YIOT Kak UCTOMHWK Boaopoaa. B TexHuke,
Kpome rugpvaa, ncrnoneayrot amnomoruapug LiAlH4, n 6opruapuna NaBH4. Bopaevtepua n
BOpPTPUTUA NUTUSA CRYXKAT NCTOYHMKaMMW NOSyYEHUS AENTEPUSA U TPUTUA.

Jlutnin 3a nocnefHNe fecaTMneTMs Npuodpen UCKNIYUTENBHO BaXXKHOE 3HaYeHue B
COBPEMEHHOWN TEXHMKE W sBNseTcs, 0e3ycnoBHO, HeOOXoAWMbIM ANSA €e AanbHEeWLero
pa3sutna. HecmoTpa Ha HekoTopble konebaHus B passuTM NPOM3BOACTBA JTUTUEBOW
npoayKumu, B NOCNeAHVE roabl HAMETUNMOCH YCTOMYMBOE MOBbLILLEHWE CMPOCca Ha NIUTUA U
€ro coeiHeHns, coctasnaloLme 3a nocnegHee gecatunetue 9,4%.

YpOBHM MpPOU3BOACTBA U MPOMBILLNIEHHOrO WUCMONB30BaHWA NUTUS B HacTosiLee
BPEMS CrnyxaT MHAMKaTOpaMu pa3BUTUA MHHOBALMOHHOMO 3HEPreTUYECKOro noTeHumana
nepeposbix 3apybexHbix ctpaH (CLUA, finoHun, Mepmanun). Kak 3a pybexom, Tak u B
Poccun  sincboprss no  nosBogy  OXMAEEMOro  WUCMONMb3OBaHWA  NUTUSA,  MOMUMO
TEPMOSIAEPHOrO OPYXUS, B YNPaBAseMbIX NPOLEccax NNasMeHHON 3HEPreTUKN CMEeHMNAach
NnaHoMepHbIM PasBUTUEM MPOU3BOACTB NIUTUN-MOHHBIX BaTapein ¢ hopMmnpoBaHNEM Tpex
SHEpPreTMYeckUX pbIHKOB: ObITOBOW  3NEKTPOHUKM, XPaHEHWs 3HEepruM B CETSX,
anekTpomobunen.

OpHako B Hactosiee Bpemsa B Poccum oTcyTcTBYHOT ropHas aobblda nuTueBoro
CbIpbS 1 MPOU3BOACTBO KOHEYHOW NUTMEBOM NPOAYKLMM U3 COBCTBEHHBIX PECYpCOB,
koTopble co BpemeH CCCP ocraroTrca HeocBoeHHbIMW. B 1997 r. B 3abavikanbe 6bin
33KPbIT  €AWHCTBEHHbIA  PYOHMK — MPOM3BOAUTENb  NIUTUEBLIX  KOHLIEHTPAToOB.
AnNbTEPHATUBOM €ro 3aKpbITUO cnycta nout 20 neT MOXeT SBUTLCA MPOMbILLIIEHHOe
OCBOEHME 3HauMTeNbHO Bonee KPyrnHbIX U KAYeCTBEHHbIX MO COAEPXKaHWSM IUTUS U
COMyTCTBYIOLMX pPedKMX MeTannoB pasBefaHHbIX NerMaTuToBbIX MECTOPOXAEHUN
Konbckoro pernonHa, cocpenoTodeHHbix B BopoHba-Konmosepckon 3oHe, MecTopoxaeHUst
Tacteir B Pecnybnuvke TbiBa M HECKONbKMX MecTopoxaeHun B WUpkytckon obrnactm -
[onbuoBo-TarHuHCkoro, Ypukckoro u ap. Bce 3T MecTopoxaeHus COOTBETCTBYIOT
MUPOBbLIM CTaHAAPTaM Kak No COAEPKaHUIO NMUTUA, Tak 1 NO ero 3anacam, HO OTNMYaloTCs
ApYr OT Apyra CTeneHbio TPAHCNOPTHON AOCTYMHOCTU U NEPCNEKTMBaMM MPOMBILLNIEHHOrO
OCBOEHMUS.

C oammx nosvumn Hauboree nNEpCnekTUBHLIM MNpPeAcTaBnsieTcs  TacTbirckoe
MecTopoxaeHue Havbonee Goratbix nutueM (1,43% LiO2) cnogymeHOBLIX NerMaTvTos,
3anerarowmx B kapboHaTHbIX NOPoAaX, U CBA3AHHOE aBTOAOPOromn ¢ torom KpacHosipckoro
kpas. TeM cambiM 06ecneunBaroTCsl BOSMOXXHOCTU HE TONbKO CO3JaHusA Ha MeCcTe ropHO-
oforaTuTensHOro NpeanpuUsaTUs, HO U NPOM3BOACTBA kapboHaTa NUTUS AN NOCneayoLLen
ero TpaHcnopTMpoBkn B KpacHoApckuin kpan Ha aansHenwyro rinybokyto nepepaboTtky Ha
OAHOM U3 He3arpy>XeHHbIX u3-3a oTcyTcTBusa NUTNesoro cbipba NAO «XM3». Tem Gonee,
YTO B AanbHeWWeM OTKPbIBAETCH NEpCrneKkTMBa  WCMONb30BaHWS  CTPOsiLLEnCs
xenesHopopoxHon marnctpany Keiabin - KyparuHo.

MectopoxxaeHne [Monmoc-TyHapa B npeaenax BopoHbsa-KonmMosepckon 30HbI
pacnpoCTpaHEeHUs] pPeAKOMETarbHbIX IPaHUTHbIX nermatutoB B Komnbckom pervioHe
NPeacCTaBnsaeTca € reosioro-3KOHOMMYECKUX MO3NLMA KOHKYPEHTOCNOCOOHBIM 06BLEKTOM
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PEKOMEHAYEMOrO MPOMbILLNEHHOr0 OCBOEHWA cpaBHuTensHo ¢ Tacteirom B Thige. Mo
copepxannto nutua (1,25% LiO,) cnogymMeHoBble pyAbl STOr0O MECTOPOXAEHWUS U LLb
HEMHOro  YCTYnawT  TacTbIrCkMM. JJOCTYMHOCTb  OMPEAEnseTca  BO3MOXHOCTAMMU
TPaHCMOPTUPOBKM Fpy3oB oT MypmaHcka Kk BOCTOKY MO aBTOA0pore yepes p. BopoHbs no
nnotuHe CepebpsiHckon M'3C 1 B obpaTHOM HanpaBrneHWn Co CTPOUTENIbCTBOM B 3TOM
paioHe nnmM noc. TymaHHbIn oboratutenbHoW abpukm, OT koTopon Ao 6Gyayuwiero
pyAHVMKa Ha MECTOpOXAEeHUM MOXeT ObiTb npornoxeHa MectHasa astogopora. K MAO
«XM3» B KpacHospckoMm kpae no xenesHow gopore byayT AOCTaBNATLCA Ha nepepaboTky
CnofyMEeHOBbIE KOHLEHTPATbI.

Crnepyet 3aMeTuTb, 4TO B 000MX BapuaHTax Bbibopa pekoMeHayeMbIX UCTOYHWUKOB
JINTUEBOIrO Cbipbsl €ro oborawjeHue, OBXUr KOHUEHTpara u rmapoMeTannypruieckin
nepegen Cc MOnNyYeHWEM NUTMEBOM XUMWUYECKON MPOAYKUMM No cxeme ObiBliero
3abarikansckoro NOKa npegcraBnstoTca TpagMUMOHHBIMA W BOCMPOU3BOAUMBIMK Ha
cTaHaapTHoMm o6opyaoBaHuu.

B TO e Bpems nonbiTkn peaHnmmpoBaHus deaepansHon nporpammel "NIMBTOH"
(nvTuin, Gepunnuin, TaHTan, onoBo, HUOOWI), 3aKPLITOM MO COBOKYNHOCTU NpUYnH B 1996
r., NpeanpuHUMaeMble HEKOTOPbIMU MarnbiMU NPEANPUSTUSIMU NOA, 3rNAON rockoprnopaumum
«Pocatom» B uUenax opraHusauum npov3BOACTBa NUTUS HA Ga3e OCTaBLUMXCA 3anacos
ObiBwero NOKa (0,03% — 0,4% LiO2) n cknagnpoBaHHbIX oTxoaoB oborawenma (0,2%
LiO2) npu LOCTUrHYTOM MW3BIEYEHWU NUTUMA W3 NEPBUMYHOTO CbipbsA nopsigka 70%,
npeacTaensoTcs HepeanbHeiMU. Tem Gonee, 4To 060raTMMOCTb PasfUyYHbIX UCTOYHUKOB
peskoMeTanbHOro  Chipbfi W 3pdeKTMBHOCTE  nepepaboTkn  COOTBETCTBYHOLLMX
KOHLEHTPaToB He OblM U3yYeHbl JOMmMKHBIM 0Bpasom HU B 1990-€ IT., HM B HacTosee
BpPEMSI.

1.3.1.3 Py6uduili B 3eMHON KOpEe COLEPKUTCA B KONMU4YECTBe 1,5107%%, uto
NMPUMEPHO PaBHO CYMMapHOMY COLEPXaHWMIO HUKens, wmean wu  uuHka. [lo
pacnpoCTpaHeHHOCTU B 3EMHOM KOpe pybuanii Haxoautcs npumepHo Ha 20-m mecTe,
OHaKoO B MPUPOLE OH HaxoAWTCS B PacCesHHOM COCTOSIHUW, pyouauiAi — TUMUYHBIA
paccesHHbI anemeHT. CobcTBeHHble MuHepanbl pybuans HeussecTHbl. Pybuaun
BCTPEYaETCs BMECTE C [APYrMMU LUEMOYHbIMKM 3MEeMEHTaMu, OH Bcerga ConyTcTByeT
kanmmio. OBHapyXeH B OYeHb MHOMMX TOPHbIX MOPOAaxX WM MUHepanax, HauAeHHbIX, B
yacTtHocTu, B CeepHon Amepuke, KOxHon Adpurke 1 Poccuun, HO ero KoOHUeHTpauma Tam
KpaiHe Hu3ka. Tonbko NEenuAoNWUTbI CoaepXKaT HecKkonbko Gornble pybuans, uHoraa
0,2 %, a uspegka n 8o 1%-3 % (B nepecuete Ha Rb,0). Conun pybnaus pacteopeHsl B
BOZE MOpEN, okeaHoB M o3ep. KOoHLEeHTpaumsl Ux U 34ecb OYeHb HEBENWKa, B CPEAHEM
nopsigka 100 Mmkr/n. B oTaenbHbIX criyyasix copepxaHve pybuams B BOAe Bbiwe: B
Opecckmx nMMaHax oHO okasanocb pasHbiM 670 Mkr/n, a B Kacnuickom mope — 5700
MKr/n. lMoBbiWeHHOE cogepxaHue pybuans O0BHapyXEHO M B HEKOTOPbIX MUHEpanbHbIX
UCTOYHMKax Bpasvmmm. U3 mopckol Bogbl pyduaui nepellen B KanuiHble CONsHbIE
OTNOXEHWA, TMaBHbIM 00pa3oM, B KapHanmuTbl. B cTpaccdypTCkMx M CONMKaMCKMX
KapHannuTax cogepxaHue pyouauns konebnetcs B npegenax ot 0,037 % po 0,15 %.
MuHepan kapHanmuMT — CrMoXHOEe XMMWYECKOEe COoeAuHEHWE, oBpas3oBaHHOE XNopuaaMu
kanmst u marHust ¢ Bogou; ero ¢opmyna — KClsMgCl*6H,0. Pybuann paet conb
aHanornyHoro coctasa RbCIsMgCl+6H,0, npuyem obe conu — kanuesas v pybuauesas —
WUMEIOT OJMHaKOBOE CTPOEHWE W 00pasyloT HenpepbiBHbIN PS4 TBEPAbIX PacTBOPOB,
KpUCTanmmaysicb COBMECTHO. KapHannuT XOpoLlo pacTBOpUM B BOAE, NO3STOMY BCKpbITUE
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MUHepana He cocTaBnser Oonbworo Tpyaa. Cenuac paspaboTaHbl M onucaHbl B
nuMTepatype pauuoHasribHble W 3KOHOMMUYHbIE METOAbl u3BnedeHus pybuana 13
KapHannuta nonyTtHo ¢ ApyrMMun anemeHtamu. Munepanel, cogepxawme pybuani
(nennaonuT, UMHHBaNBLAWT, NOMNYLMWT, aMa30HUT), HAXOAN[TCA Ha TeppuTopum MepmaHun,
Yexun, Cnoeakum, Hammnbum, 3umbabee, TypkmeHum n apyrx ctpaH [8].

1.3.1.4 Lesul B npupoae HaxoanTcs B MuHepane nonnyumre. CogepxaHve ero B
3eMHO kope cocraenseT 3,7-10%%. B Buge npumecent uesmi BxoauT B psg
anioMoCUnUKaToB: NenugonuT, dnoronut, OuoTUT, amasoHuT, neTtanut, Gepunn,
LUMHHBaNLANUT, NenumnT, kapHannut. Takke CoaepXUTCA B peAKOM MUHepane aeoragpure.
B kayecTBe NPOMBILLNEHHOTO CbIPbS UCMONbL3YHTCA nonnyumTt u nenvaonut. Mo pobbiue
LeaveBou pyabl (nonnyuuta) nuaupyeT KaHaga — B MecTopoxxaeHun TaHko (aHrn.) pycck.
(toro-BoctouHaa  Manutoba, ceeepo-zanagHeim  Geper  o3epa  bepHuk-Jlenk)
cocpeaoToyeHo okono 70 % MupoBbIX 3anacoB Lesus. Monnyuut Takke AoObiBaeTcs B
Hamnbun n 3umbabese. B Poccun mectopoxaeHua nonnyuuta ectb Ha Konbckom
nonyoctpose, B BoctouHom CasHe n 3abavkanbe. MectopoxaeHus nonnyuuTa Taicke
umetotca B KasaxcraHe, MoHronun n Utanuum (0. 9nbba), HO oHM obnagatoT ManbiMu
3anacaMM M He WMEKT BaXKHOr0 3KOHOMMYECKOrO 3HadeHus. Mwuposas pobblua
oboralleHHon pyabl Lesns cocraenaeT okono 20 T B rog. MupoBoin o6bemM npomsBoacTsa
MeTannmM4yeckoro (4MCToro) uesms — okorno 9 T B rod. Hekotopble UCTOYHUKM [9]
yTBEpPXKAAT, YTo noTpebHocTn B uesum Gonee yem B 8,5 pa3s npesbiwatotr ero gobbivy,
4YTO MOSOXEHWEe B MeTannyprum uesusi elwe 6Gonee TpeBOXHOe, 4YeM, Hampumep, B
MeTannyprium TaHTana UM peHus 1 NpousBoAUTENN He MOryT obecneqnTb MOCTOSIHHO
pacTyluii Crnpoc Ha MeTannmMyeckun uesni. Habniopgaetcs HekoTopoe yBenuyeHue
cofepXaHusa Leans oT ynbTpaocHOBHbIX nopof (0,1 r/t) k kueneim (5 rft). OcHoBHas ero
Macca B MpUPOAE HaxoauTcA B pacCesHHOW dopMe M NMub HesHauuTenbHas 4acTb
3aKnoYeHa B COOCTBEHHbIX MuHepanax. MOCTOsiHHO MOBbILLEHHbIE KONMUYECTBa LIe3unst
HabntogatoTess B MopraHute (1 % — 4 %), poavunte (okono 5 %), asoragpute K
nenugonute (0,85 %). Mo kpucTannoXUMMYECKUM CBOUCTBaM Lie3uid Hambonee 6nmnsok Kk
pyGuamto, Kanuo U Tannuio. B NoBbILWEHHBLIX KONMUMYECTBaX LIe3UIA HAXOAMUTCS B KarveBbixX
MuHepanax. Llesuin, kak u pybuaun, nMeeT TEeHAEHUMIO HakannuBaTbCsl Ha MO3AHMX
CTagusAX MarMaTtu4yeckmx MpoLecCoB, W B MerMatutax ero KOHLEeHTpauuuM [OCTUratoT
HamBbICLUMX 3HaYeHWn. CpefHee copepXaHue Le3ns B MPaHWUTHbIX MermaTtutax OKOoJio
0,01 %, a B oTAENbHbIX NErMaTUTOBLIX XWNax, coaepKalux NonnyuuT, aaxe AOCTUraeT
0,4 %, yto npumepHo B 40 pas BbiLLe, YeM B rpaHuTax. Hambonee BbICOKME KOHLUEHTpaumm
uesuss HabnwopalwTcs B PEAKOMETanbHO — 3aMELEHHbIX  MWKPOKMIUH-ansbuToBbix
nermatutax co crnogymeHom. [lpu nHeBMatonuTo-rMApOTEPMAnbHOM  MpoLecce
NOBbILLEHHbIE KONMNYECTBA LIe3ns CBA3AHLI C MaccuBaMu rpen3eHesnpoBaHHbIX ansiCKUToB
W rPaHUTOB C KBapL-6epunnn-Bonb(paMmmMTOBLIMM XXUNaMW, T4e OH NPUCYTCTBYET rNiaBHbIM
obpa3om B MyckoBWTax W MoneBbIX wnartax. B 3oHe runepreHesa (B MOBEPXHOCTHbIX
ycnosusix) Ue3vi B HEeOOmMbLUOM KOSIMYECTBE HaKannmMBaeTcsl B [MMHaX, TMMHUCTbIX
nopojgax W noysax, CoaepXaliux TMHUCTbIE MMWHeparnbl, WHOrAa B TUAPOOKUCHAX
MapraHua. Ponb FAMHUCTLIX MUHEPAarioB CBOAUTCA K copOuuu, LEe3nii BOBMEKaeTcsl B
MeXnakeTHOe NPOCTPaHCTBO B KA4ECTBE MOMMOLLEHHOTO OCHOBAHUS. AKTUBHas MUrpauusi
3TOr0 3fieMeHTa B BOAAX OYeHb orpaHndeHa. OCHOBHOE KONMUYECTBO LIE3VUst MUFpUpyeT
«MaCCUBHO», B MMHUCTBIX YacTU4YKax pedHbix Bog. B Mopckoln Bosie KOHLEHTpaums Lesus
coctasnsaet okono 0,5 mkr/n. [10] U3 yncna cobcTBeHHO Lie3aneBbiX MUHepanoB Hambonee
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pacnpoctpaHeHsl nonnyumt (Cs, Na)[AISi2Osl'nH0 (22 % — 36 % Cs20), uesnesbid
Gepunn (MopraHnT) Be,CsAlx(SigO1g) n asorapput (KCs)BF4. MocneaHne asa muHepana
coaepxar 8o 7,5 % okuen uesus.

1.3.2. PaccesiHHble peakue metannbl

Mpynna paccesiHHbIX pefkMx MeTasnnoB, W3BMeKaeMblX MONyTHO B Mpoueccax
XMMUKO-METANNYPruveckmx nepeaenos pasnmyHOro MUHepPansHOro Chipbsi, NPOAYKTOB U
0TX040B ero oforaijeHuns;, a Take rnyGokor nepepaboTkn OTXOA0B MEeTanmnypruieckmx
npousesoacTs, BknovaeT Re, Ga, In, Tl, Ge, Hf, Se, Te. YposHn nx notpebnexus u
MPOM3BOACTBA B HACTOsILLEe Bpems SABMAOTCH WHAUKATOPaMW 3KOHOMUYECKOW W
HaLmoHanbHOM 6e30NacHOCTU NPOMBILLNIEHHO Pa3BUTbIX CTPaH, KOTOPbIE B BO3paCTatoWmX
MaclwTabax UCnonb3yrT 3dEKTUBHBIE NHHOBALMOHHBIE CBOMCTBA PeKMX MEeTansnos, B
TOM YMCrie PacCesHHbIX Kak MpoaykToB MOMyTHbIX npoussoacts. C Havana 1990-x rr.
3apyGexHoe notpebneHne Ge ysennumnock Gonee yem Ha 30%, Te - B 1,5-2 pasa, Ga-B
4 pasa, Re - B 7 pa3 1 In - B 12 pa3. lNpn 3ToOM B CBA3N C BO3HUKLLUMM AePULIMTOM
MHOrokpaTHO Bo3pocra ctoumocTb Re, Ga, In, Tl, Ge, Hf, Se, Te. Hecmotpsa Ha
yKkasaHHble W ApyrMe  HeraTueHble TEHAeHUMM B passutum  notpebnenus
paccmaTprBaeMbix METannoB, B 3apybekHOM Mupe obecreumBaeTcsi yCTOMUMBLIA ero
pocT 3a cueT cBanaHcMpoBaHHOrO ofecneveHns BO3pacTalomux noTpebHocTen
cobCTBEHHBIMM  pecypcaMu U UX  MMIMOPTOM, 3aKyrnkamu BNPOK W CO3AaHUEM
rOCyfapCTBEHHbIX CTPaTernMyecknx 3anacoe, rMOKON re03KOHOMUYECKOW MOMUTUKON M
MEXAyHapOoAHbLIM pacnpeaeneHmem Tpyaa.

C 9TUX MO3MUMA NPEACTaBMSeTCs CBOEBPEMEHHbIM U LenecoobpasHbIM
npoaHanuavMpoBaTb cuTyauuio, croxuelytoca B Poccum nocne pacnaga CCCP, c
ofecneyeHHOCTE ee COBCTBEHHbIMM PEecypcamMm pPacCesHHbIX Pedkux MeTannos u
MepcrneKkT1BamM1 PasBUTUS MX NPOU3BOACTB B 0bo3pumoM Byayuiem. Poccus npoussogut
BaHaguiA W repMaHuiA, COOTBETCTBEHHO, W3Brekaemble Npu nepepaboTke TUTAHOBO-
KENesopyaHOro U YrofibHOro Chipbsi B KOMWMYECTBaX, MO3BOMSAOWMX OCYLLECTBMATb UX
YacTUYHbIA 3KCMOPT. 3HAUYNTENBHO MOXET YBENMYMTLCS BbINyck rannus Ha 6ase
LEeNCTBYIOLLMX rMYMHO3EMHO-aNiOMUHNEBBIX Npou3BOACTB, AobbiBaoLWmX "
nepepabatbiBaroLmx HedenmHoBoe u BokcuMToBoE chipbe. OBHaaEKUBaOT NEPCNEKTUBSI
CO30aHVA W pPasBUTUS MPOM3BOACTB PEHUS U3 PasfUYHbIX CbIPbEBbIX WCTOYHMKOB,
BKIOYasi HOBblE: 30HbI oboraiwjeHus ypaHom B Oypbix yrnax ¢ npumeHennem [1CB,
NPOAYKTbl COBPEMEHHOM BYIIKAHOrEHHOW AESTENBHOCTA, NPUPOAHBbIE BUTYMbI U NPOAYKTHI
nx nepepaboTkm 1 T.4.

1.3.2.1 PeHull — peakuii paccesiHHbIA N HAUMEHee PaCnpPOCTPaHEHHbIA 3NEMEHT.
CpenHee cofepxaHue ero B 3eMHOM KOpe OYeHb HU3Koe — 7-10® % no macce.

O6wme muposble 3anackl peHns coctaenaoT okono 13 000 T, B Tom yucne 3 500 T
B MOnmMbaeHoBoM cbipbe M 9 500 T — B MeaHoM. [lpy nNEpCnekTMBHOM YpOBHE
notpedbneHuna pexHusa B konmuectee 40-50 T B rog 4enoBe4veCcTBY 3TOrO MeTanna MoXeT
xBaTuThb ele Ha 250-300 nert.

B obwem GanaHce npov3BOACTBA PEHMS B MUPE Ha HUX NpuxoauTcsa Gonee 80 %.
OcranbHoe B OCHOBHOM MPUXOAUTCA Ha BTOpUYHOE cbipbe [20].

OCHOBHbIE CbIPLEBbIE UCTOYHUKA NMOMYYEHNS PEHUS - MONMMOAEHOBbBIE KOHLEHTpaThI
(0,01 % — 0,04 % Re), megHble koHUeHTpaTbl (0,002 % — 0,003 % Re). OTxoabl oT
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nepepaboTkn megunctbix cnaHues (0,04 % Re), otxoaswme rasbl obxura MonmbaeHoBbIX
KOHLIEHTPaTOB W KOHBEPTMPOBAHWA MEAHbIX LUTEMHOB, a Takke COpOCHble BOAbI
rmgpomeTannyprudeckon nepepabotkm 6eaHbIXx  MonmMbaeHoBbIX KOHLUeHTpaToB (10-
50 mr/n Re). Mpn nepepaboTke KOHLEHTPATOB AN NonyyYeHWs napamonubaara aMMOHUS
NONyTHO N3BMNEKaloT PEHUIA.

Mpy n3bbiTke BO3ayxa copepxawmincs B MonubaeHuTe cynbdug peHus (ReSy)
okncnsetcss ¢ obpasosaHvMeM BbiCLLero okcvaa — rentaokemaa (RexO7). [Nenraokeupg
peHust npu oBGXure BO3rOHAETCH, YHOCWUTCA OTXOASLMMW rasamv W ynaBnmuBaeTcs
cneunanbHOM CUCTEMOW rasonbineynasnnBaHuns.

PeHnin BCTpeyaeTcsa B BUAE pPeaKkoro MuHepana mkeskasraHuta (CuReSy),
HangeHHoro BOMM3M kasaxcraHckoro ropopa [bkeskasraH. Kpome Toro, B kadvectee
NpUMEcHU PeHUn BXOAMT B KONMymbuT, KonyeaaH, a Takke B LUWMPKOH U MUHepansl
peako3eMerbHbIX anemeHToB [21]. MecTtopoxaeHve B kanbiepe Ha BepluMHE ByrkaHa
npeacTasneHo chyMaporbHbIM nonem pasmepamm ~50%20 M ¢ NOCTOAHHO AEUCTBYHOLLIMMU
WCTOMHUKaMM  BbICOKOTEMMEPATYPHbIX MyOUHHBLIX rioMaoB — dymaponamu. ITo
03HayaeT, YTO MECTOPOXAEHUE aKTUBHO (POPMUPYETCA MO CErOAHAWHWA AeHb: Mo
pasHbIM OLUeHKaM, ¢ razamu B atmocdepy yxoaut ot 10 go 37 T peHus B rog.

1.3.22 Tlanud - TUNNMYHBIA paccesHHbIM 3neMeHT, obnajarwun [ABONHON
rEOXMMUYECKON Npupoaon. CpeaHee cCofepXaHue rannus B 3eMHOM kope—1,9-10°%.
Beuay 6n13ocTu ero kpUCTannoxMmMmyecknx CBOMCTB € rnmaBHbIMU Nopoaocobpasyrowmmm
anemeHtamu (Al, Fe n ap.) n LWIMPOKON BO3MOXHOCTU M30MOpU3Ma C HAMU ranimn He
obpasyeT OGoOnbLUMX CKOMMEHWN, HECMOTPA Ha 3HAYMTENbHYID BENMUYUHY Krapka.
Breigensorcs crnegyrowme MUHepans! € MoBbILEHHBIM COAepXKaHueM rannus: ccanepur
(0 % — 0,1 %), marHeTuT (0 % — 0,003 %), kaccuteput (0 % — 0,005 %), rpaHat (0 % —
0,003 %), Gepunn (0 % — 0,003 %), TypmanmH (0 % — 0,01 %), cnogymeH (0,001 % —
0,07 %), donoronut (0,001 % — 0,005 %), 6BuoTtnt (0 % — 0,1 %), myckoeuT (0 % — 0,01 %),
cepmumt (0 % — 0,005 %), nenmgonumt (0,001 % — 0,03 %), xnoput (0 % — 0,001 %),
noneeble wnatbl (0 % — 0,01 %), HedernuH (0 % — 0,1 %), rekmanuT (0,01 % — 0,07 %),
Hatpormt (0 % — 0,1 %). KOHUEHTpaLMs rannus B Mopckoi Boge 3-107° mr/n.
MecTopoxaeHusa rannusi nssectHsl B KOro-3anagHon Adppuke, Poccun, ctpanax CHI [11].

1.3.2.3 MHOul paccesHHbI pPefkun MeTans, cpegHee coaepXkaHne WHANS B
3eMHoM Kope—2,5-10'5% W ero COeAVHEHUs C YHWUKanbHbIMW CBOWCTBAMW MOMYyYnnm
NMPOMBILLNEHHOE MPU3HAHME B BbICOKOTEXHOMOMMYHbIX OTpacnsx npouasogacTtea B 1970-
1990 rr. npowwnoro croneTns. OH ABNAETCA eCTeCTBEHHbIM cryTHMKOM Zn, Cu, Pb u Sn,
T.€. 0C000 LIEHHBIM KOMMOHEHTOM PasfnyHbIX BUAOB CyNbMULHOTO ChiPpbsl C COAEPKAHMEM
20 r/T MHAMA 1 NonyYyaeMblX U3 HUX MUHEpanbHbIX KOHLEHTPATOB - LHKOBbLIX (2-800 r/T),
mMeaHbIX (80 100 r/T), cBrHUOBBIX (1-10 r/T) 1 onoaHHbIX (10-124 r/T).

OcHoBHble 3apybexHble NMPOM3BOACTBA MHAWUS NMPEMMYLLECTBEHHO 6a3mpyroTcs Ha
UMMopTe ero KoHueHTpaTtoB u3 Kutad. CobCTBEHHbIM MPOM3BOACTBOM MHAWSA CTPaHbI
notpebutenn obecnedeHel npumepHo Ha 30%. OpHako, B Onuvxanwme 20 net
NPOrHO3NPYeTCA UWCTOLWEHME 3apybexHbiX 3anacoB LWHKOBbIX PyA Kak OCHOBHOrO
NCTOYHVIKA NHANWS.

Poccra MMnopTupyeT Kak MHOMNCOAEpXallMe LIMHKOBbIE KOHLUEHTPaThl, Mpexae
Bcero, n3 KasaxcraHa (Awkan), Tak 1 B Hebonblunx obbemax MeTann BbICOKON YNCTOThI.
JkcnopTpyeTcs nopsgka 2 T MHAWMSA TexHUYeckoro copTa. [naBHbIM MpeanpusTUem-
npoussoguTenemM metannmyeckoro uHamsa aensetca OAO «YenabuHCKUA LIMHKOBLIV
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3aBog» (OAO «YLI3»), MOWHOCTM KOTOpPOro COCTaBRsOT 12 T/roa, a MpPOW3BOACTBO
CHM3UNOCL M3-3a HepocTatka cbipbA. LuHKoBEIE (CcdaneputoBble) KOHLEHTPATbI
nocraenatca OAO «YuanuHckni TOK» n «lanckun FTOK» xonguHra YIMK, koTopblii
npuobpen OAO «JOnekTpouuHK», nepeHanpaeun Tyaa HeobxoauMble KOHUEHTpaTbl U
nnaHupyeT BbIMyCK uHAMA Ao 5 T/rog. Bcero ¢ wusBneyeHuem uHaus Ha Ypane
paspabaTeiBalOTCA LIECTb MEAHOKONYeAaHHbIX MECTOPOXAEHUA C  KO3DDULMEHTOM
n3BnevYeHus B caneputoBbii KOHUEHTpaT Ha YuanuHckoh O 48,67 %, a Ha Cubanckon
- 3,7 %. Ecnn B pyaax YuanuHckoro NOKa copepxaHve vHams coctaenset 5,6-9,7 (ao
12)r/r, a B cKnagypyemblx MUPUTHbIX oOTxoaax oboraweHns 9,5 rfr, 10 B
XBOCTOXpaHunuLLe HakonneHo 6onee 184 T Hama. B wunakax meaennaBuibHbIX 3aBOA0B
Ypana cogepxwurtca 8,5-44 r/T n HakonneHo 153,4 T nHaus.

3anacel wHans B Poccum  yuntbiBatoTca B 59  mMecTtopoxaeHuax Cu-Zn-x
KOMYeAaHHbIX W NOMMMETannUYecKMX, CBUHLIOBO-LIMHKOBLIX WIbHbIX W CKapPHOBbIX,
ONOBAHHO-CYNbMUAHBLIX pya, U3 KOTopbIX 17 akcnryatupyeTtca 6e3 naBnevyeHns nHausa ¢
3anacamu B HUx A0 30% oT yuyTeHHbIX. B HepacnpeaeneHHoM ¢dhoHae 32 MecTopoXaeHNs
¢ 3anacamu uHana 6onee 50% oT yuTeHHbIX. C MeagHO-KOMYEAaHHBIMU MECTOPOXAEHNAMN
Ypana ceszaHo 60% 3anacoB uMHAWA, KOTOpbI accouumnpyeT ¢ Sb, Ge, Ga, Se, Te,
BO3MOXHO ¢ Re, GnaropogHeiMn metannamu, a Takke ¢ Cd, As, Tl n apyrummn ocobo
LEHHBLIMM Y 3KOMOTMYECKN MUMUTUPYEMBIMUA MUKPOKOMMOHEHTaMW.

Takvum obpasom, Poccus obnagaet AOCTAaTOUHLIMU MPUPOAHBIMU U TEXHOTEHHLIMM
pecypcamMmu, a Takke TEXHOMOMMHYECKUM NOTEHLUMAsioM pasBUTUS NPOU3BOACTE MHAMEBOM
W APYroi COnyTCTBYIOLLEN 0CoB0 LIEHHOW METannonpoaykuuv, B TOM u4McCne B LEensx
MoaTanHoro MMNOPTO3aMeLLEHNS U MHHOBALMOHHOMO PasBUTUS 3KOHOMMUKW.

1.3.2.4 Tannuii — pacceaHHbIi 3NEMEHT, ero cofepXxaHne B 3eMHoi kope 1-10™%.
Copepxutcs B obMaHKax M KonvefaHax LMHKa, Meau U Xenesa, B KanuWHbIX COMsX u
cnrogax. Tannun — Tsbkenbln MeTann. M3BecTHO nub CEMb MUHEPANoB Tanus (KpyKCUT
(Cu, TI, Ag).Se, nopaHaut TIAsS;, BpbanT Tl4HgzSboAssS2o, ryTumHconuT (Pb, TI)S -Ag.S
- 5As,Ss, aBnueHHUT TO3), BCe OHM KpalHe peakue. [MaBHas macca Tannusa ceasaHa ¢
cynsdraamm n npexae Bcero ¢ ancynsdugamm xxenesa. B nupurte oH ycraHoeneH B 25 %
npoaHanuanpoBaHHbIX 0bpasuos. Ero copgepxanve B aucynbduaax xenesa Hepepko
coctaenset 0,1 % — 0,2 %, a nHorpa gocturaet 0,5 %. B raneHute cogepxanue Tannma
konebnetca ot 0,003 % po 0,1 % n penko 6onee. Bbicokue KOHUEHTpaLumM Tannus B
avcyneugax v raneHuTax xapakrepHel Ans HU3KOTEMMEPaTYPHbIX CBUHLIOBO-UMHKOBbIX
MECTOpOXAEHU B n3BecTHsKax. CoaepxxaHne Tannus, gocturarowee 0,5 %, otMevaeTcs
B HEKOTOpbIX cynbdoconsix. HeGonblwoe KOnMYecTBo Tannusi BCTPEYAETCH BO MHOMMX
Apyrnx cynbduaax, Hanpumep, B cdaneputax U  XanbKonuMputax HEeKoTOpbIX
MeAHOKONYeAaHHbIX MEeCTOpPOXAEHUN, coaepxaHue konebnetca ot 25 pao 50 r/t.
Hanbonbwee reoxnmmnyeckoe cxoacteo tannun nmeet ¢ K, Rb, Cs, a Takke ¢ Pb, Ag, Cu,
Bi. Tannun nerko murpupyeT B Guocdepe. U3 npupoaHbIX Bog OH copOupyeTcs yrnamm,
rMMHaMK, r’MAPOKCUAaMU MapraHua, HakannMeaeTcs Nnpy ucnapeHun Boabl (Hanpumep, B
o3sepe Cueaw o 510-8 r/n). CogepxnTca B Kanuesbix MUHeEpanax (crnoge, norne.blX
wnatax), cynbduaHbix pyaax. raneHute, canepute, mapkasute (4o 0,5 %), kuHosapw.
Kak npMmech npucyTcTBYET B NPUPOAHBLIX OKCuAaax MapraHua v xenesa [9].

CpenHee coaepxaHue Tannua (no macce):

. B 3eMHoi kope 4,510 %

. B YNIbTPAOCHOBHbLIX NOpoAax 107 %
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. B OCHOBHbIX nopoaax 2-107° %

MpUpoAHBLIA TannmMiA COCTOUT U3 ABYX CTabUIbHbLIX M30TOMOB: 2057 (copepxaHue
70,5 % no macce) u BTl (29,5 %). B HMUTOXHBIX KOMMUECTBax BCTPEYaloTCs
paamnoakT1BHble n3oTtonbl Tanmust: 2T, 4TI Ty, = 3,56 roaa), 2%TI (Tyz = 4,19 MuH),
27T) (Tyre = 4,78 MuH), 28T1 (T2 = 3,1 MuH) n 2'°TI (Tyn = 1,32 muH), sBRsIOLMECS
NMPOMEXKYTOUHBIMW YNEHaMK PAAOB pacnaja ypaHa, Topusi U HEMTyHWS.

1.3.2.5 Nepmanust obuiee copepXaHne B 3EMHON Kope 1,410*% no macce, T. e.
Oonblue, 4YeMm, Harmpumep, cypbMmbl, cepebpa, BucMyta. [epmaHuh BcreacTBue
He3HaUMTeNbHOrO CoAepXaHMs B 3eMHOM KOpe M TreOXUMMYECKOro CpoAacCTBa C
HEKOTOPbIMU LUMPOKO PacrpoCTpaHEHHBIMU dNeMeHTaMu OBHapyXXVMBaeT OrpaHUYEHHYHo
cnocobHoCTb k 06pa3oBaHN0 COBCTBEHHBIX MUHEPAroB, BHEAPSAACH B KpUCTanimyeckme
peLleTkn apyrmx MuHepanos. MosToMy coBCTBEHHbIE MUHEpPATbl repMaHUS BCTpeYaroTcs
UCKNIoUUTENBHO peako. MoutM Bce oHM npeacTaBnsoT cobor cynbgoconu: repmaHuT
Cu(Cu, Fe, Ge, Zn), (S, As)s (6 % — 10 % Ge), aprvpoaut AgsGeSs (3,6 % — 7 % Ge),
KoHUNbAUT Ags(Sn, Ge) Se (o 2 % Ge) u gpyrve pegkue muHepans! (ynetpabasur,
paHeput, dpaHkenT). OCHOBHaA Macca repMaHnsa paccesHa B 3eMHON kope B GOMbLIOM
uicne TrOpHbIX MOpPoA W MUHepanoB. Tak, Hanpumep, B HEKOTOpPbIX cdanepurtax
coaepxaHne repMaHvsa 4ocTuraeT B SHaprutax Ao S kr/t, B nupaprupute go 10 kr/t, B
CynbBaHUTE U bpaHKkenTe 1 Kr/T, B APYrvX Cynbduaax u cunukarax — COTHU U JEeCATKU [/T.
F'epMaHniA KOHLEHTPUPYETCA B MECTOPOXAEHUAX MHOMMX METanmoB — B CynbMUAHBLIX
pydax UBETHbIX MeTannoB, B XenesHblX pyjax, B HEKOTOPbIX OKWUCHBIX MUHepanax
(XpomuTe, mMarHeTUTe, pyTMNE U Ap.), B rpaHuTax, auabasax n G6asanstax. Kpome Toro,
repMaHuii MpuUCyTCTBYET MOYTU BO BCEX CUMMKaTax, B HEKOTOPbIX MECTOPOXAEHWUSX
KaMEHHOrO yrns 1 HepT. KOHLIeHTpaLms repmaHus B Mopckoii Boge 6-107° mr/n [14).

FepMaHWin BCTpevaeTcss B BUAE MNPUMECH K MOSNIMMETANNYECKUM, HUKENEBbIM,
BONb(pamMoBbLIM pyfam, a Takke B cunukatax. B pesynbTare CnoXHbIX U TPYAOEMKUX
onepauuii No oboraleHno pyabl U ee KOHLEHTPUPOBaHWUIO rePMaHniA BbILENSOT B BULE
okenga GeOy,

1.3.2.6. Fagpnus oblyee coaepxaHne B 3emHoi kope 1,01107%. Kak cryTHuk
UMPKOHMS, B OCHOBHOM, W3BreKaeTcs U3 LUmMpkoHoBbIX (ZrSiO4) KOHLEHTpaToB,
f06bIBaeMbIX M3 NPUBPEXHO-MOPCKUX POCCHIMHBLIX MecTopoxaeHui (AscTpanus, HOAP, B
meHblwen cteneHn CLIA, Bpasunusa, WHausa, YkpavHa). OpHako, ero m3BneqeHve
ocywectensetcs U3 3 % — 5 % UMPKOHOBBLIX KOHLIEHTpaTOB, NepepabaTbiBaeMbIX B LieNsX
MOMyYEHUS LIMPKOHUSI ANS SAEPHBLIX PeakTopos; npeobrajarolee KONMMYECTBO LMPKOHa
UCMONb3YeTCA B MPOM3BOACTBAX OrHEYNOpOB, CTEKON U kepammki. COOTHOLIEHWE radpHns
C LIMPKOHMEM B LmpKoHax Bapbupyetcs oT 1:50 o 1:100.

Poccus obnapgaeTr pasnuyHbIMM TEXHONOTUAMWU MPOU3BOLCTBE METarMyeckoro
(anexTponus xnopuaos 1 GTopmaos) U 0cobo uMcToro radpHus (MOaMCTBIM cnocobom ¢
SMNEKTPOHHO-NyYeBON nnaekol). PaspaboTaHa kanbuvMeTepMUyeckas TexXHOMorus
BOCCTaHOBIEHUA TeTpadTopuaa radHWs C UCMOMb30BaHNEM WHAYKLMOHHBIX MeYer w
nonyyeHnem cnmtkoB o 400 kr, kOTOpasi, OgHaKo, He MO3BONSET nonyyatb radpHui,
COOTBETCTBYHOLWMIA TpeboBaHNAM aToMHOW aHepreTuku. MNMpumeneHne Ha AO «Yeneukuin
mMexaHundeckmia 3asogy (AO «UM3») B r. [nasose (YaMypTUsl) TEXHOMOMMU, OCHOBaHHOM Ha
pasnM4yHOM pacTBOPUMOCTM B BOAE (DTOPUAOB LIMPKOHUA W radHus, obycrnosurno
HakormneHne cknaacknx 3anacoe 6 % — 8 % radHmeBbIX KOHLEHTPaATOB npwn geduumte
peakTopHoro radpHus.
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CblpbeBble pecypcbl radHUsi B Hallel CTpaHe NpencTaBneHbl pasBefaHHbIMU
3anacaMm  LMPKOHWA B MECTOPOXAEHWAX Ti-Zr-x  POCChINHbIX  MECTOPOXAEHWA
eBponenckon vactu (UeHtpansHoe, JlykosiHoBckoe, bewnarmpckoe u gp.) v tora Cubupn
(TyraHckoe, Tapckoe). Bce OHW NErkoaoCTyMHbl, HO PasfiMyaloTCsi COAEPXKaHUEM TaKuUX
COMYTCTBYIOLLMX BbICOKONMMKBUAHBIX KOMMOHEHTOB Kak K.M.LU., FMayKoHWUT, MOHaUuUT 1 ap., a
TakKke N NMMMUTUPYEMbIX (XPOM, TOPUKA, YPaH), 1 MOLLIHOCTAMKW NOpog Bekpbiwn. Hamnbonee
LIEHHOE LMPKOH-PYTUIM-UNbMEHNTOBOE Chipbe COCPEAOTOYEHO B [BYX NMULEH3UPOBAHHBLIX
MecTopoxaeHnsax — JlykosHosckom (Hwkeropoackaa obn.) n TyraHckoM (Tomckas o6n.).
OTO Mo3BONsEeT paccuMTbiBaTh Ha pelleHMe B Brnvkalwen nepcnekTnse npobnembl
obecneYeHnss POCCUMACKOM MNPOMBILLNEHHOCTU W, MPexhe BCero, MNPON3BOACTB
rockopriopaumm «Pocatomy» Kak COBCTBEHHbIM LMPKOHEM, TaK W COMYyTCTBYHOLLMM My
rapHuem.

OgfHako noka eAVHCTBEHHBIM NCTOYHMKOM MMHEparbHOW LUPKOHUES8OU NPOoAYyKLUn
c conymcmeyrowum eaghHuem B Hawewn ctpaHe siensetcs OAO «Koegopckuii FTOKy. OTa
NPOAYKUMA NpepcTaBneHa yHuKkanbHbIM 6a0deneumossiM KOHLEHTPaTOM, KOTOPbIN HUrae
B Mupe, kpome Koepopa, He Beinyckaetcs. B pesynbTate M3y4eHUs KOPEHHbIX anaTtuT-
MarHeTUTOBbIX Pya, coaepxawmx 6agaenenT, n xBocToB nx oboraweHuns, ycraHoBneHa u
peanuaoBaHa BO3MOXHOCTb M3BMEYEHUS M3 3TMX OTXOLOB KOBAOPCKOrO MpPOU3BOACTBA
anatuta n 6agaeneunta. CornacHo nccenegosanmam OAQ «I'mHuBeTmeT» B GagaenenTax
KoBgoopa, KpOMe eCTeCTBEHHbIX pPafVMOHYKNLOB, BbISIBNEHO CTabWUNbHO BbICOKOE
copepxanns radHma (13-15 kr/T) kak M30OMOPEHOro CNyTHUKA LMPKOHUS, a Takke CkaHaus
(200 rfT), okengos Tantana (1-1,5 kr/t) n HMobua (1,8-4,7 kr/T), Cymmbl OKCUAOB PeaKMX
semenb (130-150 r/1). Takum oOpa3soM, copepXaHue ykasaHHbIX PeaKkMx MeTansmos
ornpefensieT MOBbILIEHHYIO W3BMEKaeMyld LEHHOCTb KoBfopckoro GapaenewTa, 4TO
OPUEHTUPYET Ha YBEINMYEHWE CTOMMOCTU TOBapHbIX ©affenenToBbIX KOHLEHTPAaTOB He
TONMbKO KaK MPUMPOAHOTO AMOKCMAA UMPKOHUS, HO W  KaKk BbICOKOKOMMSIEKCHOrO
penkoMeTarnbHOro MpoAyKTa, He WMeloWero aHanoroe 3a pybexom. CooTHoweHune
racHus ¢ LupkoHueM B 6aaaenenToBbix KOHUeHTpaTax Koegopa 1:6 3HauMTensHoO Bhille,
YeM B ULMPKOHaX, YTO OPWUEHTUPYET Ha WCMOSMb30BaHWE WX B KavecTBe MWCTOYHMKA
peaKTOpHOro KOMIMOHEHTA C opraHusaunen nasnedenma Ha AO «UM3y.

B cBSi3n ¢ opraHmMsauven NPOMBILLNEHHOTO OCBOEHUSA NONapUT-9BANANUTOBLIX Py4
JloBo3epa B KayecTBe KPYMHOTO W CTabunbHOTO WCTOMHUKA UTTPUEBO3EMENbHbIX
cpepgHeTskenbix P3M ¢ conyTCTBYHOWMM LIMPKOHMEM NpeaCTaBnseTcs LenecoobpasHbiM
OUEHUTL W MEPCreKTVMBbI WU3BMEYEHUS radHUA U3  3BAMANUTOBLIX KOHLEHTPAaTOB.
CoaepxxaHue B Hux 1,6-1,8 Kr/T racdoHUSA HUXKE, YeM B LIMPKOHOBOM Cbipbe NpuMepHo B 10
pas, B TO BpeMsl KaKk COOTHOLIEHWE radHUA C LIMPKOHMEM MNPUMEPHO COMOCTaBUMO.
OpHako, SBANANUTOBOE CbIPbE BBLIFOAHO OTNNYAETCH MPAKTUYECKN HEOrpaHUYeHHbIMU
3anacamMu, AOCTYMHOCTbIO, fokanu3aumen B npegenax MHpPacTpyKTypbl AEUCTBYHOLLErO
JloBosepckoro NOKa, KOMNNEKCHOCTLIO U BbICOKOW NIMKBUAHOCTLIO COAEPKALLMXCS B HEM
peaKkMx MeTannoB, OTCYTCTBUEM pPaWOaKTUBHOCTM, JErkoA pacTBOPUMOCTbIO U
TETKOMMaBKOCTLIO U HanMuMem paspaboTaHHbIX TEXHOMOIMYECKNX CXEM Kak oboralleHums,
TaK U nepeaenoe.

1.3.2.7 Cenena copepxaHve B 3eMHON Kope 5-10° %. OcHoBHble YepTbl FrEOXMUN
cerneHa B 3eMHOM kope onpefenstorcs GnmMsocTbio €ero MOHHOro paauyca K MOHHOMY
pagnycy cepbl. CeneH obpasyet 37 MuHepanoB, Cpean KOTOpbIX B MEPBYI Oyepenb
OOmKHbl ObiTb OTMeuveHbl awaBarmt FeSe, knaycranut PbSe, TumanHut HgSe,
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ryaHaxyatut Bix(Se, S)s, xactut CoSep, nnatuhut PbBix(S, Se)s, accouumpyrowme c
pasnuyHbIMA cynbdupamn, a vHorga Tawke € kaccuteputom. Uspepka BcTpevaetcs
CaMOpOfHbI ceneH. [NaBHoe NPOMbILLNEHHOE 3HAYEHWE Ha CeneH MMEKT CynbguaHble
mecTopoxaeHns. CopepxaHne ceneHa B cynbdupax konebnetca ot 7 go 110 r/t.
KoHueHTpauus ceneHa B Mopckoit Boae 4-107* mr/n [7]. Ha Tepputopumn Kakaackux
MuHepanbHbix  Bon  BCcTpevaroTes WUCTOYHWMKM € cogepxaHmem Se  oOT
50 mkr/am® 3HaunTenbHbIe  KOMM4YecTBa  ceneHa nony4yawT w3 wWrnaMa MegHo-
3MEKTPONUTHBLIX MPOM3BOACTB, B KOTOPOM CeNeH MpUCYTCTBYET B BUAe CeneHvaa
cepebpa. [MPUMEHSIOT Heckosbko CnocoboB MONy4YeHUs. OKUCIIUTENBHBIA OBXUr C
Bo3roHkon SeQy; HarpeBaHMe wWnamMa C KOHLEHTPUPOBAHHOW CEPHOM  KWUCMOTOW,
OKWCneHne coefmHeHun ceneHa go SeO; ¢ ero nocneayroLen Bo3roHKOW; OKUCIUTENBHOE
CnekaHne ¢ COAOWN, KOHBEPCUS MOJSTyYEHHOW CMECK COeAMHEHWUA ceneHa A0 COeAUHEHUI
Se (IV) n nx BoccTaHOBNEHNE 40 3neMeHTapHoro cenexa geicrevem SO,

1.3.2.8 Teninypa copepxaHve B 3eMHOM KOpe 1:107" % no macce. M3BecTHO oKkono
100 myHepanos Tennypa. Hanbonee 4YacTbl Tennypuabl Megu, ceuHLa, LuHka, cepebpa n
3onota. N3omopdHaa npumeck Tennypa HabnogaeTcs BO MHOMX Cynbguaax, ofHaKko
naoMopdmam Te — S BbIpaKEH Xyxe, YeM B psgy Se — S, n B cynbduabl BXOAUT
orpaHnyeHHas npumecs Tennypa. Cpean muHeparnos Tennypa ocoboe 3HavyeHne UMEHT
antaut (PbTe), cunbBannt (AgAuTes), Kanaeseput (AuTey), reccut (AgaTe), KpeHHepuT
[(Au, Ag)Te], neTumT (AgsAuTez), MyTMaHHUT [(Ag, Au)Te], MoHBpenT (Au,Tes), Harnarut
([PbsAu(Te, Sb)lsSs), TeTpaanmut (BixTesS). BerpevaroTcs KUMCNOPOAHbIE COSAVHEHWA
Tennypa, Hanpumep, TeO, — Tennyposas oxpa. BctpedaeTcs camopogHbin Tennyp u
BMECTE C CENEHOM W Cepou (sinoHckas Tennypuctas cepa cogepxut 0,17 % Te 1 0,06 %
Se). bonbluas YacTb yNoMsiHYTBIX MUHEPanoB pasBuTa B HU3KOTEMIepPaTypHbIX 30rM0To-
cepebpsiHbIX MECTOPOXAEHMSAX, TLEe OHU OObIMHO BbILENSAKTCS MOCNE OCHOBHOW MAacchl
CyNnb(UAOB COBMECTHO C CaMOPOAHbIM 30510TOM, Cynbdoconsammu cepebpa, cBuHUA, a
Tawke ¢ MuHepanamu BucMyTa. HecmoTpsi Ha paseuTve GONbLIOro YMcna TErnnypoBbIX
MWHepanoB, rnaBHas Macca Tennypa, W3BNeKaemMoro NPOMbILMEHHOCTbIO, BXOAWUT B
coctaB CynbuaoB ApPYrMx MeTannoB. B u4acTHOCTW, Tennyp B HECKONMbKO MEHbLUewn
CTEMeHW, Yem CeneH, BXOLWT B COCTaB XanbKonmpura MEAHO-HUKENEBbLIX MECTOPOXAEHNA
MarMaTM4eckoro - MPOUCXOXAEHUS, a Takke  Xanbkonuputa, pas3BuToro B
Me[HOKOMHYeAaHHbIX TMAPOTEPManbHbIX MeCTOpoXAeHUAX. Tennyp HaxopuTcs Takke B
cocTaBe NUpUTa, Xanbkonuputa, MonubaeHuTa 1 raneHnuTa MeCTopoXkaeHNn NopNPOBbIX
MeAHbIX pyA, NOMAUMETAaNNMYECKUX MECTOPOXAEHWUN anTamckoro Tuna, raneHuta
CBVMHLOBO-LIMHKOBLIX ~ MECTOPOXAEHWA, CBSA3AHHLIX CO  ckapHamu, CynbduaHo-
koBanbTOBbIX, CYPbMAHO-PTYTHBIX W HEKOTOpbIX Apyrvx. CopepxaHue Tennypa B
MonubaenuTe konebnetca B npeaenax 8-53 r/1, B xanekonupute 9-31 r/T, B nupuTe — A0
70 r/r. OCHOBHOM WCTOMHWK — LWINAMbl 3MEKTPONUTUYECKOrO pacvHUPOBaHNS Mean u
CBMHUA.

1.3.3. Pegko3semMernbHble MeTanMbl

K rpynne pepkosemensHbix metannos (P3M) ortHocutca cemenctso m3 14
9MEMEHTOB C MOpPsiAKOBLIMU HOMepamu OT 58 (uepwuid) fo 71 (noTeumia), pacnonoXeHHbIX
B VI nepvoge nepuogumueckon cuctembl O.U. MeHgeneesa. O6blMHO B 3Ty rpynmny
BKIHOMAIOT W NaHTaH, a aNeMeHTbl Ha3biBaoT naHTaHomaamu. Kpome Toro, k naHtaHonaam
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NPUMBIKAET XUMUYECKUIA aHanor naHTaHa — 3NeMeHT TPETbEN rpynnbl UTTPUIA 1 CKAHOWNA.
OH 6nm3ok No ceBoWCTBaM K naHTaHougam M 4acTo COMyTCTBYET UM B MWHEPAanbHOM
cbipbe. [0 PU3NKO-XMMUYECKMM CBOMCTBAM NaHTaHOUAL!I CXOAHbLI MeXay COBoN.

B otnunuve ot nutust n Gepunnua 3agadm BO3POXAEHMSA U Pa3BUTUS NPOUSBOLCTB
P3M B Poccun peluatotcs B pamkax rocyfapcrteeHHon nognporpammel Ne 15 «Passutne
NPOMBILLNIEHHOCTN PEAKUX U PEeAKOo3eMenbHbIX MeTannos', koTopas npeaycmaTpusaeT
peammsaumro  HAOKP B 2013-2016 1. Poccuss BbHyXAeHa akTU4eckn 3aHOBO
BOCCO34aBaTb  BCHO  TEXHONMOIMYECKYHO  MOCNEeAOBaTeNlbHOCTb  peAKO3eMEenbHbIX
npou3soacT8 — OT AobblyM M oboraweHMss UCXOQHOro  Chipbsi A0 XUMWKO-
MeTannypriuy4ecknx Nepeaernos, Bbinycka rpynoBbix kKoHUeHTpaTtos P3M, nHamemayansHbIx
PeAKO3EMEnbHBIX OKCULOB U APYIMX COSAMHEHWUIA N FOTOBbIX U3AENWIA, NMPUYEM B YCMOBUAX
BHELUHEW KOHKYPEHTHOWN cpefbl U OTCYTCTBUSI BHYTPEHHETO PbIHKA.

ColpbeBas 6a3a P3M Poccuiickoin Pepepaumm SBnsSeTca O4HOW U3 KPYNHEALWNX B
Mupe.

OcoBeHHoCTE MUHepanbHo-cbipbeBon 6asbl Poccun coctout B ToM, Yto P3M B
OCHOBHOM BbICTYNarOT B KayecTBe MOMYTHbIX KOMMOHEHTOB B KOMMIEKCHbIX pyaax. B
OOnNbLUMHCTBE POCCUMCKMX MeCTopOXaeHUn maccosas gona P3M Hwke, uyem B
3apybexHbix, 1 peako npesbiwaet 1 %. bonbwasa 4acte 3anacos P3M yuntbiBaeTcs B
anaTuT-HeEeNMHOBBLIX MECTOPOXAEHUSX, TAEe UX COAEPKaHWE HEBENMKO, a U3BMeYveHue,
Kak mpaBuno, HepeHTabenbHO Aaxe Npu ycroBun pa3paboTku 3TUX MECTOPOXAEHWA Ha
apyrve Buabl cbipbs. Umetowmecs B Poccun kpynHble o6bekTbl ¢ yHUKansHO Gorarbimm
pydamy 4acto pasMelleHbl B OTAasneHHbIX panoHax co cnabo  passBuTON
WHPaCTPYKTYPOr, a pyabl ux TpyaHooboratumbl. 3a pybexxom paspabartbiBaemble Ha
P3M MecTopoXXAeHUs CnoXeHbl B OCHOBHOM MOHOMWHepasibHbIMU nerkooboratmmeiMm
pyaamu co cpegHum copepkaHuem o 10 % > TR»03. 310 BacTtHesnToBbIE KapBGOHATUTBI
Kutas n CLUA, Goratble poccbinM C MOHaUMTOM N KCeHOTMMOM B WHauwn, AscTpanuu,
Bpasunun, Kkopbl BbIBETPMBAHWUS LUEMOYHBLIX TPAHUTOB W aniOMOCUNUKaTHbIX MOpoS B
Kutae v bpasunuu.

PacnpeseneHne 3amacoB W NPOrHO3HbIX PecypcoB MO TEPPUTOPUM CTPaHbl
HepaBHomepHo. bonee 90 % 3anacos P3M kareropui A+B+C1+C, cocpeaoToyeHo B AByX
pernoHax — MypmaHckon obnactm u Pecnybnuke Caxa (Akytus). B pesatn anatut-
HeEeNMHOBBIX MECTOPOXAEHNSAX XMBMHCKON rpynnbl B MypmaHcKo obnactu 3akrno4eHo
okono 11 mnH T P3M nnmn 55 % poccuickux 3anacos kateropun A+B+C1+C, . OcHoBHbIM
KOMIMOHEHTOM ux pya senseTca docdop, P3M mrpator ponb nOnyTHbIX NPU HU3KUX KX
KOHLieH- Tpaumsax: cpegHee coaepxanne coctapnsieT 0,34 % Y TR203 .

Ewe okono 16% 3anacoB peaKko3eMenbHbIX MeTanmnoB, MpenMyLLECTBEHHO
LepueBoN rpynnbl COCPEfOTOMEHO B JONapuUTOBLIX pyAax TWUTaH-HMOBWn-TaHTan-
penko3emensHOro JIoBo3epckoro MeCTOPOXAEHMA. ITO eANHCTBEHHbIN 06beKT B Poccun,
roe BegeTcs wusBrnedveHne nonyTHbix P3M B KOHUeHTpaTbl Ans WX AanbHenwen
nepepaboTkn B uUHAMBMAYanbHble okcuabl U coepgunHeHns P3M. Copepxanne B pyaax
oTpabartbiBaembix yyacTkoB KapHacypT u  Kepgbikebipraxk — 1,39 % Y TR20s.
MecTopoxaeHusa, nogobHble JloBosepckomy, Hurae 6Gonee B Mupe Ha P3M He
paspabaTbiBatoTCS.

MporHo3aHble pecypckl P3M B MypmaHckoi obnacti He nokanv3oBaHb..

B Pecnybnuke Caxa (Akytns) cocpepotodeHo 4,5 mnH T 3anacos P3M kareropui
A+B+C1+C2, wnm 16,8 % poccuicknx. 3pecb pacnonarartes TomTopckoe w
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Cenurpapckoe KOpPEHHble MECTOPOXAEHWS W TEeXHOreHHOE 30M0TO-peAKo3eMeribHoe
poccbinHoe Kynapckoe MeCTOpoXAEHMe.

TomTopckoe MeCTOpOXAeHNEe nmeeT Hebomblume passBefaHHble 3anacbl, HO Mo
MPOrHO3HLIM pecypcam SIBMSETCA OLHUM M3 KpyNHenwmx B mupe. MecTopoxaeHve Takke
XapakTepuayeTcs 3HauuTenbHbIMU 3anacamu gocdopa, xenesa, CkaHaus 1N HMobwus.
OCHOBHOE KOMMYECTBO 3anacoB PeaKMx U peako3emernbHbIX MeTannos TOMTOPCKOro
MECTOpOXAeHWs1 paseefaHo B npegenax bypaHHoro yyacTka; oHu coctasnaoT 119,3 Thbic.
T unn 0,4 % poccuiicknx. KoMmnnekcHele peakoMeTanbHble pyAbl, MPUypPOYEeHHbIE K Kopam
BbIBETPMBaHNA KapboHaTuToB, coaepxat 12,4 4% > TR203 , UMetoT CnoxHbIA CocTas, Mo
Habopy MMWHEpanoB He MMEKWWMA aHanoros B  MUPE,  XapaKTepusyrTes
TOHKOANCMEPCHBIMMN BbllENEHNAMMN pYyaHbIX MUWHepanos, nx TECHbIMU
B3aVMOMpPOpacTaHNsIMM U BECbMa CroXHbI A5t nepepaboTk. MecTopoXAEHNE HaxoanTes
B paroHe C CypOoBbIMM KIIMMaTUYECKUMU YCIIOBUSIMU Y HEPa3BUTON MHIPACTPYKTYPON.

Ha yuyactkax CeBepHbii 1 HOXHbBIM TOMTOPCKOrO PyAHOrO MONA NOKann3oBaHo
okono 214,5 Tbic. T NPOrHO3HbIX pecypcoB kateropun Py 1 3,8 MnH T kateropum Pa.

B pyaax kpynHoro Cenurgapckoro anaTuToBOrO MECTOPOXAEHWUS, CBSA3AHHOIO C
kapboHaTtuTamun, P3M LepueBor rpynnbl BEICTYNAKOT KaK NMOMYTHLIE KOMMOHEHTbI, C HU3KOM
KOHLeHTpaumen B pyaax (okono 0,35 %). MNpu atom nx 3anacel gocturarot 4,4 MrH T nnm
16,4 % POCCUICKNX.

B 3abarkanbckom kpae pasBefaHo KpynHoe KatyrmHckoe TaHTan-Huobuesoe
MECTOPOXAEHMe, CBA3AHHOE C peAKOMETAasbHbIMU LUENOYHBIMU FpaHUTamu, ¢ 3anacamu
P3M kateropum C, B kommyectBe 791,8 Tbic. T uin 2,9 % pocennckux. CpepHee
copgepxanne Y TR,O3 B ero pyaax — okorno 0,25 %, npy 3TOM OTHOCUTENbHAs MaccoBast
pons Tskenbix P3M coctaBnseT oT 30% A0 40 %, Ha OTAENbHBLIX yvacTKax coaepxaHue
aNeMeHToB MTTpueBon rpynnbl gocturaet 0,8 % — 1,2 %. lNpevmywectsom obbekTa
ABNAETCA €ro MNpUypOHMEHHOCTb K  FOPHOMPOMBILLNIEHHOMY  Y3ry,  BKIHOYaroLeMy
YanokaHckoe, YnHenckoe u apyrue MectopoxaeHUs.

MporHosHble pecypcel P3M B 3abalikanbCkom kpae He BbISBNEHb!.

C penkomeTanbHbIMU LENOYHBIMA TPaHUTaMU CBSI3AHO W CPeAHee No 3anacam
P3M VYnyr-TaHsekckoe TaHTan-HMobueeoe mecropoxaeHne B Pecnybnuke ToiBa.
KoHueHTpauum peakmx 3emens B ero pyaax yborue, ecero 0,06 % > TR0s.

MporHosHble pecypcsl P3M  pecnyGnukn nokanusoBaHbl B ApbICKAHCKOM
PYZAONpPOSIBNEHUN PELKO3EMENBHOLMPKOHMEBLIX Pyh B LUEnoYHbix rpaHutax (30 Teic. T
kateropun P4); B ero npeaenax BbIABMEHbI 30HbI C 6OraTbiM XWUMbHLIM U BKPanfieHHbIM
opyAeHeHveMm, npuyem B pyaax npeobnagatotr P3M utrtpueson rpynnel (Tynun).

OnpegeneHHble NepcrnekTyBbl HapallMBaHUs 3anacos CBA3bIBaroTcA ¢ Kapacyrckum
MecTopoXAeHMEM B BacTHe3WTOBbIX kapBoHaTuTax, aHanornyHbix kapboHaTuTam BankoHb-
060 n MayHTuH- Macc, nporHosHble pecypceel kateropum Py coctaensitor 115 ThiC. T.

B MWpkytckon obnactM  pacrnonoXeHo KpynHoe benoaummHckoe — anatuT-
peakoMeTarnbHoe MEeCTOPOXKAEHME, NMPUYPOUYEHHOE K KOpe BbIBETPUBAHUS KapGoHaTUTOB.
Ero 3anacbl, passegaHHble no kateropum Cp, HacuuTbiBaoT 1,6 MAH T. [pOrHo3Hbie
pecypchbl B VipkyTckon 00nacTu He BbISIBNEHbI.

B KpacHosipckom kpae passefaHo cpegHee no 3anacam P3M  YykrykoHckoe
HNOOWA-pefKo3eMENbHOE MECTOPOXAEHME pyd, CBSA3aHHOE C KOpamMu BbIBETPMBaHUS
kapboHaTuToB, Cx0oAHOe C TOMTOPCKMM MECTOpPOXAEHWEeM; ero 3anacbl kateropum Co
cocTaBnsaT 486 TbiC. T. TOHKOAMCNEPCHBIE NMMPOXTOP-MOHALMTOBbIE PyAbl O4eHb Borarsi
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P3M un copepxat 7,32 % 3>TR.0;. Ha dnaHrax YykTykoHCKOro MecTopOXaeHWs
nokanusosaHsl pecypcel P3M kateropun P B konndyectee 1200 MrH T.

Ha Tepputopun Pecnybnukm Komu pacnonaraetcsa Hebonbwoe no sanacam P3M
Aperckoe HedPTETUTAHOBOE MECTOPOXAEHUE, MpefcTaBnswoee Ccobon OPEBHIO
norpebeHHyto MUTUULIMPOBaHHYHO poCChinb, B YBOrMx pyaax KOTOPOW COAEPXMUTCA B
cpegHem 0,039 % >TR,03 , B OCHOBHOM B JIENKOKCEHE U LIPKOHE.

[ocypapcTBeHHbIM  BanaHcoM  3amacoB  MoOnesHblX  Mckonaemblx  Poccuiickon
degepauumn no CoCcToAHWIO Ha Hadano 2016 r. yuuTbiBaroTca 17 MECTOPOXAEHMA C
3anacammn peakoseMerbHbIx MeTannoB. B pacnpegeneHHOM hoHAe HEAp y4MTbIBaOTCSH
13 MecTopoXaeHui ¢ 3anacamy B konuyectse 12,2 MNH T, He NepeaaHbl B OCBOEHWE
yeTblpe obbekTa, 3akntovarowme 14,7 mMnH T YTR203, B TOM umcne YykTokyHCkoe
MeCTOpOXaeHMe Boratbix peAKOMETanbHO-PEAKO3EMENBHbLIX PYA,.

locynapcTBeHHbIM  GanaHcoM  3amacoB  MONE3HbIX  MCKOMaeMblX — BrepBble
yuutbiBatoTcs  3anacsl P3M  mMecTopoxaeHns anatut-HedenuHOBLIX pyh  YuyacTok
Wironutosbin oTpor B MypmaHckor obnact, nogcymTaHHble B KOnn4yecTse 6,16 Tohic. T
kateropum Ci B xome nepeoueHkn, nposegeHHo AO «AnatuTt». KomnaHusa Beper
MOArOTOBKY K SKCMIyaTaumm y4yacTka OTKPbITbIM Crnocobom.

B 2015 r. YT PC(A) «AkyTckreonornsi» Benvcb reonoropassefoyHble paboTbl
Ha ydactkax HOkHbi 1 CeBepHbIi TOMTOPCKOrO MECTOPOXAEHUS C LEMb OLEHKN
3anacoB pepkoMmeTanbHbix pyd. OxmpaeTcs, 4TO MO pesynbTaTtaMm OLEHOYHbIX paboT
3anacbl Y TR,03 kateropui C41+C; npeBbICAT 1 MIAH T.

3A0 VYIPK «YpaHuseT™MeT» Ha cpefctBa deaepanbHoro 6Olompketa Beaet
[Lopas3BefKy TEXHOreHHbIx oTBanoB Kynmapckoro poCChbiMHOrO MECTOPOXAEHUS B
Pecnybrvke Caxa (fkytus), pacrnonoxeHHoro B MO «YcTb-AHCKUA ynyc (panoH)».
MpepycmoTpeHa paspabotka TOO BpeMeHHbIX pasBeAOYHbIX KOHAWLMWA C MOACYETOM
3anacoe P3M ¥ nomyTHOro poOCCHINHOrO 30M0Ta, a Takke NoKanMsauus NPOrHO3HbIX
pecypcoB.

Mpupoct 3anacos P3M 3a cuer reonoropassefouHblx pabor B8 2015 r. Gbin
He3HauuTenbHbIM, BECb OH MOSMy4YeH 3a CYET MOCTaAHOBKM Ha roCyAapCTBEHHbIA y4eT
3anacos nonytHeix P3M mectopoxaeHna Yuyactok Unonutoein otpor. 3TO No3sonuno
KomneHcuposaTtb MeHee 10 % ybBbinu 3anacos kateropun A+B+C npu aobbive.

B pesynbTate nepeoueHKM MO HOBbLIM pasBefoYHbIM KOHAULMAM YMEHBLUMIUCH
3anacbkl P3M kateropuin A+B+Cq Ha KOkcnopckoM mectopoxaeHun Ha 202,9 TbiC. T, Ha
Kykunesymuoppckom — Ha 20,2 TbIC. T.

C y4eTom npupocTa nNo utoram reonoropassefoydHeix pabor, gobbiumn, notTepb Npu
Aobblye, MepeoueHKky, cnucaHus u apyrux npuumH 2015 r. sanacel P3M kateropui
A+B+C4 ymeHblumnuck Ha 311,2 Tbic. T unn Ha 1,7 %, 3anack! kateropum C2 — Ha 1,9 TbiC. T
mnm Ha 0,1 %.

[obbiMa pepkoseMeribHbIX METannoB B Poccun HesHauuTensHa, oHa COCTaBnsieT
8090 Thic. T B rog, NPUYeM M3 STOrMO KONMMYECTBa W3BMEKAeTCA B KOHUEHTpaTbl U
nocTynaeT Ha AanbHenwyo nepepabotky meHee 5 % pobeirbix P3M. B 2015 r. pobbimo
87,2 TbIC. T, YTO Ha 2,9 % GonblLue, YeM rofoM paHee.

Bcs poBeiqa P3M cocpepotoueHa B MypmaHckon ofnactn. Bonmbliyto 4acTb
(79,8 % B 2015 r.) n3snekaet n3 Heap obvepmHeHne AO «AnmaTuT», B COCTaB KOTOPOro
BxoaaT Knposckuin, PaceBymuyoppckuin 1 BoctouHsii pyaHvkn. [JoBblva Begetcs Ha WecTn
MECTOPOXAESHNAX anaTuT-HedenrHoBbix pys — HOKCcnopckom, ANaTtuTosbii LMpk, Mnato
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Paceymuopp, Hbopknaxkckom, KoawsuHckoM u Kykucsymuyoppckom. B 2015 r. gobbito
69,6 Tbic. T P3M, 4to Ha 4 % MeHblle, YeM rogoM paHee. M3 pobbiBaeMbix anaTtuT-
HedenvHoBbIX pya BblpabaTbiBaeTCA anatutoBbil U HE(PENUHOBLIA  KOHLIEHTPaTLI.
Copepxawmecs B anaTuToBbIX KOHLEHTPaTax peakMe 3eMin He U3BNEKATCS, OfHaKo Ha
psae poccuiickux npeanpustun  (MAO  «®ocArpo», . Benukuii  Hosropog,
OAO «l'mgpomeTannypruyecknii 3asoga» B I. JlepmoHToB CtaBpononbckoro kpasi, 'K
«Ckavrpag» B r. HO6unemHsin MockoBckon o6n., AO «docArpoYepenoseyy B T.
Yepenoseu) Benock onbiTHoe npoussoacteo P3M-npoaykumm ns anatuta n poccorunca.

3A0 «Cepepo-3anagHass docdopHas KOMMAaHMSA» Ha anaTuT-HedenMHOBOM
mecTtopoxaeHun Onenun Pyuyen B 2015 ropy aobbina 14,9 toic. T P3M. OTHocuTensHo
npeapiaywero roga gobbiba ysenuumnacb Ha 5 Teic. T unn 33,5 % u coctaeuna 17 % ot
BCEW POCCUMNCKOM AOObIYN.

000 «JloBozepcknn OK» BepgeT [oOblMy nONapuUTOBLIX PyA, CoAepXalmx
nonytHele P3M wuepueBon rpynnbl JloBodepckoro MectopoxaeHuss B MypMaHckol
obnactn. [dobblMa BepeTca Ha AByx yyacTkax — KapHacypT v Kepgbikbipnaxk. 3T0
€AVHCTBEHHOE B Poccum mecTtopoxzeHre, U3 pya KOTOPOro OCyLLECTBISETCS U3BNeYeHne
P3M nonyTHO € TUTAHOM, TaHTanom u HMobmem. B 2015 r. Ha pyaHuke KapHacypT Ao6bITo
159 TbIC. T pyAbl, cogepxawen 2,7 Toic. T P3M. Mo cpaBHeHWO ¢ NpeabiayLLM FOA0M
nobeiva P3M yeenuumnace Ha 0,5 Thic. T.

Mepepabotka AoOLITOM nNoONapMTOBOW pyabl MNpou3soauTcs Ha KapHacyTckoi
oboratutensHon abpuke. B 2015 r. Ha Hen nepepaboTtaHo 394,24 Tbic. T pyAbl C
cogepxaHvem nonapwvta 2,4 %, 13 koTopon nony4eHo 7816 T NonNapuUTOBOro KOHLEHTpaTa
C cogepxaHuem nonaputa 97,25 %.

Becb nonaputoBbI KOHUEHTPAT ANA AanbHenwen nepepaboTkn HanpasBnaeTcs Ha
Conukamckmii  marHveBbii 3aBog (CM3), Bbinyckarowmin 13 Hero pasHoobpasHyto
peako3eMenbHY0 Npoaykumio: kapboHatel u okenabl Sm, Eu, Gd, La, Nd, Pr,Ce, guouma
(cmeck okempoB Pr+Dy), asoTHokucnbie pacTeopbl P3M, a Takke okenabl v xnopuabl Nb 1
Ta n TuTaHosyto rybky. O6bem nepepabotanHoro Ha CM3 nonapuToBOro KoHLiEHTpara B
2015 r. cocraeun 8509 1, Ha 10,5 % Gonblwe, Yem B nNpeabiayliem rogy. MNpoussoacTso
P3M-npoaykumm yeenuumnocb Ha 178 T unn Ha 8 % otHocuTeneHo 2014 r. u coctasuno
2312 1. 970 He npeBbicuno 2 % BbiNycka coeanHeHui P3M B mupe; ponb Poccun B 3TOM
oTpacnv HeaHauMTernbHa U HECOMOCTaBUMa C BKnagamu BeayLmx npoayLeHTos — Kutas,
Asctpanuu, UHaun.

MpounseoacTBo UcxopHbix kapboHatoB B 2015 r. Ha CM3 cocraeuno 1553,6 T
Kap6onartsl P3M umetoT orpaHnyeHHyto cdbepy NpUMEHEHNA N B OCHOBHOM MCMONb3YHOTCA
Ansl NMPOM3BOACTBA YaCTUYHO pasfeneHHbiXx U uHamemayanbHeix P3M. B 2013 r. Ha
ConvkamckoM MarHMeBOM 3aBOJE OpraHuM3oBaHa NUHUS MO PasfeneHuUd KONMEKTUBHBIX
coeaguHeHni P3M n BepeTcsa pasgeneHne 4actu BbinyCkaemMoro CMeLLaHHoro npoaykra. B
2015 r. Ha 3aBoge BbinyLeHo 758,7 T pasfeneHHbIX NPOAYKTOB.

Hebonblas yacte (okono 10 % B 2015 r.) npoussegeHHbix Ha CM3 coeanHeHuiA
penko3eMerbHbIX METanmoB, Kak KOSMEKTUBHbIX, TaK W pasAeneHHbIX, OTNpaBnseTcs
oTeyecTBeHHbIM noTpebutenam. B 2015 r. Ha BHyTpeHHeM pbiHKE npogaHo 228,6 T, B TOM
uncrne 4,9 T B coctaBe UCXOAHbIX kapboHaToB M 2237 T B cocTaBe pasfeneHHbIX
NpOAYKTOB.

Obbem nocTaBOK pacTeT BTOPOM o4 noapsis, NpUYEM  3TO  NPOUCXOAUT
UCKITIOUMTENBHO 3a CYET paspeneHHbIx npoayktoB. 3a nepuop 2013-2015 rr. npopaxu
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KOMNMNEKTUBHBIX COEAMHEHNI POCCUNCKUM NOTPEOUTENAM CHU3UMUCL NOYTU Ha NOPSAOK, B
TO BPEMS Kak NMOCTaBKU pasfeneHHbIX NPOAYKTOB BbIPOCAW NOYTM B TPUALATL NATL pas.

Mpoaykuusa ConukamcKoro MarHMeBoro 3asofa OTNIMYAETCH BbICOKUM Ka4eCTBOM U
BocTpeboBaHa Ha MUPOBOM pbiHKe. OAHAKO MOLYHOCTEN MO pasAeneHuo peakux 3eMenb
B Poccum HepocTatouHo, noaTomy OCHOBHas macca kapboHatoB P3M npowvssopctBa
ConvkamMckoro MarHMeBoro 3aesoga nocrasnseTrca komnanHum AS Silmet B OctoHuo un
UpTblluckon  pepko3eMensHOM komnaHunm B KasaxcraH, rae 9Tm  CoeauHeHus
nepepabartbiBaloTCl B pasfeneHHble npoayktel u  Metannbl. CymmapHo  Obino
akcnopTupoBaHo 2083,7 T pasnuuHbix coeguHenni P3M, B Tom uncne 1548,7 T B BUae
ncxoaHbIx kapboHatos 1 535 T B cocTaBe NPOAYKTOB pasfeneHus.

[uHamMuky MMPOBbLIX LIEH Ha peaKo3eMenbHYI0 NPOAYKLMIO ONpeaensieT UX rMaBHbIN
nocraBwmk — Kutan. lo 2010 r. npoaykuus KUTaNCKOro MPOM3BOACTBA Mpojasanach Ha
MUWPOBOM PbIHKE MO AEMMMHIOBbIM LIEHaM, YTO MPUBENO K 3aKPbITUIO NPAKTUYECKN BCEX
P3M-npoussoacte 3a npegenamv Kutasi n3-aa HepeHtabenbHoOCTM U GecrnpeueaeHTHOM
MOHomnonusaumm otpacnu. B ator xe nepuwog B KHP 6bina HanaxeHa nonHas
Npo13BOACTBEHHas Lenoyka oT o6k P3M Ao Beinycka nHavBMAYyanbHbIX 3NEMEHTOB 1
CUHTE3NPOBaHHbIX COEANHEHUN MO 3PEHEKTMBHON TEXHOMOMMK, MO3BONSIOWEN Nony4yatb
MeTannbl Co cTeneHblo ouncTkn 99,9999 %.

B 2010 r. Kutalm pesko COKpatumn SKCMOPTHbIE KBOTbI, YTO MPMBENO K CKauKy
MUPOBbIX LieH k cepeauHe 2011 r. B 5—10 1 Gonee pas u, kak cneacTeve, K HapalMBaHuo
MoLyHocTern no npowasoactey P3M 3a npepenamu Kutas v nosiBNEHWIO TEXHOMOMMMN,
NO3BONALMX COKpaTUTL NoTpebHocTn B P3M. 310, B CBOKO 04epeab, okasano gaeneHue
Ha LieHbl, KOTopble CHKalTes, HaumMHas ¢ 2012 r. Tak, akcnopTHas LeHa Ha okeug Lepust
B Hauane 2012 r. gocturana 45 gonn./kr, a B Ha4ane 2016 r. — scero 1,8 gonn./kr, LueHa
Ha okemg eBponust cHuamnace ¢ 2000 gonn./kr go 83 ponn./kr.

MotpebneHue P3M B Poccuiickon degepaupm coctaBnseT MeHee 2 TbiC. T B roa. B
TO X€ BPEMS MOocTaBkM Npogykumm COnMmMKamCcKoro MarHMEeBOrO 3aBoja YAOBMNETBOPSAIOT
nvwb HebonblUyltd 4YacTb BHYTPEHHEro Crnpoca Ha HUX, YTO CBA3AHO C HEexXBaTKoW
MOLLIHOCTEN MO pasfeneHnto PeaKknx 3emerb.

bonblwas 4acte HeOBXOAMMBIX POCCUMIACKON MPOMBILLSIEHHOCTU pedKo3eMerbHbIX
NPoAyKToB 3akynaetcs 3a pybexom. UmnopT B 2015 rogy coctasun 4851 T, ua Hux 3181 1
(65,6 %) sakynneHbl B Kutae, 1399 T mnm 28,8 % — B KasaxcraHe, ocrtanbHoe
UMMOPTUPOBaHO N3 dcToHun, AscTpun, NHanm, Mepmarun, paHumn. B nocnegHne rogbl
YBENMYNBAIOTCS 3apyOexHble 3aKyrnKu UTTPUS U METaNIIOB UTTPMEBOW rPynnbI.

O6nactn npuvMeHeHWss pefKo3eMenbHbIX MeTannos B Poccum pasHoobpasHbi.
Mopsigka 70 % Bcex P3M noTtpebnseT anekTpoHuka. Heckonbko coTeH ToHH P3M
eXerogHo HeobxoAMMO MpW BbINycke KaTanusaTopoB ANns HedTenepepaboTku; ANs
npouasogcTea noctosiHHbix Nd-Fe-B-marHutos Tpebyetcs 6onee 100 T P3M B rog; ao
40 T eXerofHoO UCMONb3yeTCs B MPOU3BOACTBE OMTMYECKOro cTekna m ontvki. Cnpoc B
APYrux OTpacnsix CoOCTaBnsi€T OT HECKOMbKNX TOHH A0 HECKOMBbKUX 4ECATKOB TOHH.

Beaywmmn  notpebutensmm P3M B Poccum seBnsitotca  [ocygapcTBeHHas
kopropaumst «Poctex» B nuue ee npegnpustuin AO  «PocanekTponukay, AO
«Ob6beanHeHHas geuraTtenbHas koprnopauusa», xonauHr «Lesabe», n ocypapcreeHHas
kopnopaums «Pocatom». OTHOCUTENBHO KPYMHbIE 3akynku (Gonee coTHM ToHH P3M B rog)
OCYLLIECTBNAT He dTenepepabarbiBalolye KoMmnaHmn. B Lenom nuiib OKOMo 4YeTBepTu
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P3M ucronbayeTcsa 4N NPOU3BOACTBA NPOAYKLMUN PaXKAaHCKOro HasHavyeHns, ocTansHoe
— ANS BbINyCKa U348 BOEHHO-TEXHUYECKOrO Ha3Ha4eHus.

CbipbeBasi 6asa pepko3emenbHbIX MeTannoB Poccum O4YeHb BenmmMka m MOXeT
YLOOBNETBOPUTE MOTPEOHOCTE B HUX, A&XE B CNy4yae 3Ha4YvTeNbHbIX TEMMOB €€ pocTa.
OfHako OCBOEHWE OTEYECTBEHHbIX MECTOPOXAEHWUA CAEPKUBAETCS HU3KMM CMPOCOM Ha
P3M un3-3a cnaboro passuTtnsi B POCCUM BbICOKOTEXHOMNOMMYHBLIX MPON3BOACTB.

1.3.3.1. CkanOui

HecMmoTps Ha CBOE NpPenMyLLEeCTBEHHO PacCesHHOE COCTOSHWE B MPUPOAHBIX
CblpbeBbIX WUCTOYHMKax. WckniodeHnem sBnsetca TopTBedTMT — (Sc, Y)2Si07 —
cobcTBeHHbIN MUHepan ckaHams. Mo aanHeM YT « MMITP3O» TopTBENTUT 06HapYyXeH B
XBocTax oboraweHns dnroopuToBoro ceipesi B Poccnn (Kymup B AnTanckom kpae), rae
cogepxawme ero rpenseHbl oboraweHbl uttpuem (191 rit) u ckanamem (50-150 rfT).
OgfHako, B Ka4eCTBe OCHOBHbIX W NMOTEHUMabHBIX NPOMBILLNIEHHBIX UCTOYHUKOB CKaHAWS,
KaKk TUMUYHOrO 3reMeHTa MonyTHOW Ao6bluK, paccMaTpuBaloTCs  MECTOPOXAEHUS
YPaHOBbIX PYA, TUTAHOBOrO Chbipba (UNbMEHUTA, pyTUna, TUTaHoMarHetTuTa), docgartos,
BokenToB, BonbdpamuTa, kaccuteputa, P3M n umpkoHa.

PassefaHHOe B Halen cTpaHe CkaHAWNCOAEpXallee Cbipbe NPeAcTaBneHo
TUTaQHOBO-LMPKOHOBOW  POCCHINBbID  (C PYTUWIOM U WUNBbMEHUTOM)  TyraHckoro
mecTopoxaeHuss B Tomckor obnactm (108 r/t). Hanbonee peancHbiMM obbekTamMu ans
opraHv3aunM YCKOPEHHOTO MPOM3BOACTBA CKaHAWMEBOW NPOAYKUUWM MpPEeACTaBnATCS
OTXOAb! UMK BO30OHOBINAEMbIE TEXHOTEHHBIE PECYpPChl TPEX AeNCTBYHOLLMX NPOU3BOACTE:

1) KpacHble Wwnamel GOKCUTOB;

2) cynukaTHble (MMPOKCEHOBBIE) XBOCTbI 060raleHNs TUTAHOXENE30PYAHOTO Chipba
OAOQ «Kaukarapckuii FTOK» co cpeagHum cogepxarnmem 100-150 /it Sc, oBGHapyxeHHbIM
J1.®. Bopucerko (PIYM «MMIP3») elle B cepefmHe NpPOLUNOro BeKa;

3) GappeneuTcodepxkallme CUNMUKaTHbIE XBOCTbl OOOraleHus pegkoMeTaribHO-
ocdartHo-xenesopyaHoro ceippbss OAO «Kosgopckum TOK» xonawHra «EBpoxumy,
cogepxalime 690 r/T Sc03 B otxogax MMC 1 580 /T B Nbinsix 4OBOAKU NPU COAEP>KaHUA
B OagpenentoBblX KOHUeHTpatax oT 250 po 770 r/t. 3TM p[aHHble ABNAKOTCS
AOMONHUTENbHBIMA @pryMeHTamMn B MOMb3y PEKOMEHAyemon ¢ Hadvana 1990-x rr.
TEXHOreoxXxmmmuyeckorn pesmamn npounssoactea Koegopckoro NOKa Ha LWMPOKUA NepeyeHb
fedrumnTHeIX pepkux metannos (Ta, Hf, Sc n ap.), Bknoyas Boenekaemble B AobbIvy ©
oforalleHne HOBbIE BMAbLI Cbipbsl — anaTUTOBbIE U WTadENUTOBLIE Pyabl, a TaKkke BCe
XBOCTbI 060raleHMs U NPOMMPOAYKTbI.

B Poccum nponssofcTBoO ckaHAWEBOW NPOAYKLMM OCYLLECTBNAETCS JIEPMOHTOBCKMM
MO «Anma3s» B CTaBpononbCKoM Kpae, KoTopoe paHee npouasoguno nopsaka 0,5 T/roa.
9710 npeanpusaTve paHee nepepabaTtbiBano KOHLEHTPaT CKaHAWUS, BbiNyCKaBLUMACA W3
otxopos Cymckoro «Xumnpomay n KIMO «TwutaHy», KOTOpble NPOU3BOAWUNIN TUTaHOBbIE
nurmeHTbl. B HacTosiwee Bpemsi Ha MO «Anmas» BOCCO34aHO OMbITHOE MPOWU3BOACTEO
antomockangmeBbix nuratyp. NopoBHoe  oOnbITHOE  MPOW3BOACTBO  OpraHuayeTcs
NrxeHepHO-TexHonornyecknm LeHtTpom komnanum «PYCAI» Ha Ypanbckom 3aBoge 3a
cyeT nepepaboTky KpacHbIX LWnamMoB - oObemHoro oTxoga oboralleHust GOKCMTOB.
N3BneyeHne N3 HUX ckaHans B KoHUEHTpaT gocTurno 43 %.

B Hactosiee Bpems passute ONK 1 ApYrMX BbICOKOTEXHOMOMMYHbLIX OTPacnen
NMPOMbILLNIEHHOCTM Poccun, BKMoYasi KOCMUYECKME, OPUEHTUMPYET Ha YCKOpPEHHoe
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BOCCT@HOBIEHME NPOM3BOACTBA CKaHAMSA U3 OTEYECTBEHHOrO CbIPbS U COOTBETCTBYOLLEE
UMMopTo3amMeLLeHNE.

1.3.3.2 Ummpuid - xvmudeckni aHanor naHtaHa. Knapk utTpus 2,910° %,
coaepxaHne B Mopckonm Boge — 0,0003 mr/n [13]. UTTpuin noutn BCerga CopepxuTcs
BMECTe C faHTaHoMaamMu B MUHepanbHOM Chipbe. HecMoTps Ha HeorpaHuYeHHbIN
n3omopdnam, B rpynne pPefknx 3eMernb B OMPEAEeNEeHHbIX reOnormMHYecknX YCroBMAX
BO3MOXHa pasfensHas KOHLUEHTPaUmMsa pefknx 3eMenb UTTPUEBOM M LIEPUEBOI NOATpynm.
Hanpumep, ¢ LWenoyHbIMW MOPOAAMU WU CBSI3@HHBIMU C HUMMW MOCTMarMaTU4ecKMMm
npoaykTamv npevMyLLeCTBEHHOE pasBUTME MOMyYaeT Lepuesas MOArpynna, a ¢
NOCTMarmMaTu4eckKMMM MNpOAYKTaMM [PaHUTOUAOB C TMOBbILLEHHOW LLUENOYHOCTBIO —
urtpnesas. bonbwmHCTBO bTOpKapboHaToB oforaweHo SneMeHTamu  LepueBon
noarpynnel. MHorve TaHTano-HuobaTtbl cogepXaT UTTPUEBYIO MOArpynny, a TuTaHaTtbl U
TUTaHo-TaHTano-HMobatbl — uepueByto. MaBHeWIMe MuWHepasnbl UTTPUS — KCEHOTUM
YPOy4, ragonununt YoFeBesSioOqq.

1.3.3.3 JTaumanouds1 NOApa3fnenstoTcs Ha ase rpynnel Uepuesyto (La, Ce, Pr, Nd,
Pm, Sm, Eu) n uttpuesyto (Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Y). 310 geneHve cHa4ana
OCHOBbLIBaNOCbL Ha pasnnuMM B PacTBOPUMOCTU [LBOVHbIX CynbdatoB, obpasyemblx
naHTaHougamu ¢ cynedarammn Hatpua nnn kanusa. B nocnepytowem Bbina ycraHoBneHa
NEePUOANYHOCTE B M3MEHEHUM HEKOTOPbIX CBOWCTB BHYTPU CEMEWCTBA NaHTaHOWLOB,
COOTBETCTBYHOLLAS UX pa3feneHnto Ha ABe NOArpynnbi.

B nocnepHee pecatunetve naHtaHouabl pasgenstot Ha nerkyto (La, Ce, Pr, Nd) n
Tshkenyto rpynnel (octaneHsie). UHoraa BeigensioT cpeaHeTskenyto rpynny (Sm, Eu, Gd).

JNlaHTaHouael — meTtannel cepebpucto-6enoro ueeta. Hekotopble M3 HUX MMEKOT
cnerka xenrosatbil UBeT (Hanpumep, Pr n Nd). Touku nnaeneHns anemMeHToB NOArpynmbl
Lepusi HWKe, YeM 3MeMEHTOB MoAarpynnbl UTTpus. Y camapus, esponus u uttepbus,
NPOSIBRSAIOLNX BaneHTHOCTb 2+, TOUKU KUMEHUSI  3HAYUTENBbHO HWKE, YeM Yy Apyrux
NaHTaHoNA0B.

JlaHTaHOMABI BBLICOKOM YMCTOTBI MNACTUYHBI WU NErko noapartcs aedopmauum
(koBke, npokaTtke). Bce naHTaHoMAbI M NaHTaH napamarHUTHbl HekoTopble U3 HUx (Gd, Dy,
Ho) nposBnsitoT dheppoMarHuTHbIE CBOMCTBA.

JlaHTaHOMAbI OTNNYAKTCH BBLICOKOW  XUMWYECKOW aKTUBHOCTBIO. OHM obpasylor
NPOYHbIE OKCWAbI, ranoreHuAbl, CynbMWUAbl, pearvpyloT C BOAOPOAOM, YrNepoaoM,
yrneeofopoAamm, OKCUAOM U ANOKCUAOM yrriepoga, a3oToMm, hochopom.

Okcnabl NaHTaHOMAOB OTNNYAIOTCA XMMWYECKOW MPOYHOCTBIO W MAABATCH Mpw
BbICOKMX TeMnepaTtypax. Tak, CeO» nnaButca npu Temnepartype — 2500 °C, La>03 — Bbiwe
2000 °C.

Xnopuabl, cynbdarbl U HATPaTbl TPeXBaneHTHbIX NaHTaHOWAOB pPacTBOPVMbI B
BOAE W KpUCTannu3yloTcsl OOrnblIen 4acTbld B BUAE KPUCTaNmorMapaTtoB pasnvyHOro
cocraea.

dTOopUaLlI M oKkcanaTtel ManopacTBOpUMbl B BOAE W pasbaBneHHbIX MUHeparbHbIX
KucnoTax.

K TpyaHopactBopumbiM B Boae consm P3M oTHocaTes Takke docdarts,
KapboHaTbl U beppoumaHuabl.

CooTHoleHe Mexay OTAEeNbHbIMW - 3NEMEHTaMM B MUHEpanax CunbHO
konebnercs.
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OfVH 13 OCHOBHBIX MCTOYHMKOB MOMyYEHWUS SNEMEHTOB LIEPUEBON MoAarpynnbl —
MOHauUMT — OObIMHO BCTpeYaeTcs B MerMatutax, MHorga rpaHutax u rHeicax. [Mpu
Pas3pyLUEHNN KOPEHHbBIX MOPOA OH MEPEXOAUT B POCCHINU (PEYHbIE U MOPCKME) BMECTE C
UINbMEHUTOM, LIMPKOHOM, MarHETUTOM U APYrMMU MUHEpanamMu.

B Poccun npombIWneHHbIM  CbipbeBbIM - UCTOUHMKOM P3M  cnyxut nonapur,
MECTOPOXAEHNSA KOTOPOro pacnonoxeHbl Ha KonbCkom nonyocTpoBse.

JlonaputoBele pyabl nerko  oforawjaroTcA € MONYYEHWEM  KOHLIEHTPaToB,
cogepxawmx 80 % — 90 % muHepana. MNpu ux nepepaboTke NaHTaHOWAbI W3BIEKatoT
nonytHo ¢ Huobuem, TaHTanoM W TuTaHoM. B HacTosilee Bpems nonydyaembld Ha
JloBosepckom NOKe koHueHTpaT noctynaet Ha ConNMKamCKMi MarHMeBbIN 3aBOJ, KOTOPbIN
BbIMyCKaeT Ae3aKkTuBMpOBaHHble kapGoHatel P3M. O6vem Bbinycka B nepecuyeTe Ha
okeuabl coctaBnseT oT 2,0 o 2,8 teic. T. MNouTn BeCb 06bEM NPOM3BEAEHHbBIX KAapBoHaToB
P3M nocraBnseTcsi Ha akcrnopT, rnasHbIM obpasom B KHP 1 BeeTHam.

KpynHedwumn  noTeHumansHeiMv  mctouHukamu  P3M  aBndetca  pyaa
mectopoxgerHma TomTtop (cymma P3M — pno 20 %), a Tawke uctouHokm P3M moxet
asnaTca KpacHoy®drMCKMn MOHaUMTOBELIV KoHUeHTpaT (cymma P3M ~ 40 %). TexHonorum
nepepaboTkn STUX NPOAYKTOB pas3paboTaHbl B pamkax rocyaapCTBEHHON NOoanporpamMmmbl
«Pa3Buntne Npom3soacTBa pefknx U pefKko3eMerbHbIX METaNoBY.

Camasn sHaumTensHas gons 3anacos P3M OT CyMMbl yUYTEHHbIX FOCYAAPCTBEHHBIM
BanaHcom B P® cBdAsaHa ¢ anatutoBbiMU pyaamu XubuHckon rpynnbl. HecmoTps Ha
HesHaunTeneHoe cogepxaHue P3M (~ 1%), yunteiBas macwtabel nepepaboTku anaTtura,
€ro MOXHO paccmaTtpuBaTh Kak OAWH U3 NEPCMNEKTUBHBIX OCHOBHBIX UCTOYHMKOB P3M. U3
XMBWHCKOro anaTUTOBOro KOHUEHTpaTa HanaxeHo nonyyenve okenaos P3M B Hopeervm n
Ha aByx npeanpuaTusx Monbwn. ECTb cBefEeHWNA, YTO NO aHanorMYHOW Cxeme HayvyHeTCs
nepepaboTka POCCUCKOro anaTuToBOro KOHLUEHTpaTa Ha Tpex NpeanpusaTuax B bensrum v
lepmanun. Mo akcnepTtHoM oueHke OAO «3apybexreonorvs», 8 2010 rogy B Hopserun
Obino npouseeneHo 4,5 Toic. T, B [onbwe - He mMeHee 7 Thic. T okcupgoe P3M u3
POCCUIACKOTO ChIPbS.

OpraHusaumsa npouasoacTea no usenedveHnto P3M ns nonynpoayktos nepepaboTku
anaTMTOBOro KOHLIEHTpaTa Ha MUHeparbHble YA0OPEHNs BbIrMSAANUT TalkKe NEPCNEKTUBHOWN.
XUOVHCKUA  anaTUTOBLIN  KOHLUEHTPAT MNPaKTUYECKM HEe COAEPKUT  paanoakTUBHbLIX
3M1EMEHTOB; BbigeneHHble M3 Hero P3M Takke He pagvoakTuBHbl M He TpebyioT
[E3aKTUBaLMN — OYUCTKM OT pPafMoaKkTUBHBLIX NpuMmecel. BaxHO OTMEeTUTb, 4TO B
CpPaBHEHMN C MOMapUTOM, B anatute COAEPKUTCH 3HAYUTENBHOE KONMMYECTBO Hambonee
AeMULUMTHBIX N JOPOrMX 3NEMEHTOB cpegHen un Tskenon rpynn P3M. Useneuenne P3M
MOXXET OCYLLECTBMATLCSA MO TPEM HanpaBneHUsM:

1. N3eneyeHne P3M 13 HUTpaTHO-hoCchaTHOro pacTeopa Nnocne BCKPbITUS anaruta
MO a30THOKMUCMOTHOM cxeme. 3To peanmaosaHo Ha OAO «AkpoHy (r. Benukuin Hoeropop).

2. WUsBneyeHve P3M 13 SKCTPaKUMOHHOW (OCHOPHOM KUCNOTbI — NpPOAyKTa
nepepaboTkX anatuTa Mno CEepHOKUCIIOTHOM cxeme. OmMbITHO-NPOMBbILLNEHHas YCTaHOBKa
3anyuwleHa B skcnnyatauyuto B mae 2013 roga.

3. NseneueHne P3M un3 docdormnca — HensbexHOro KpynmHOTOHHaXHOrO OTXOAa
nepepaboTkn anaTuTa No CePHOKUCIOTHOM cxeme, coaepxanne P3M 0,35-0,50%.

Ha cerogHsiLIHWIM geHb, Mo pa3HbIM OLleHKaM, Ha TeppuTopu P® HakonneHo ot 300
40 500 MrH. TOHH docdormnca 1 exerogHo 3T Lumdpbl yeenuumsatotes Ha 10-15 M.
TOHH 0TX0A0B. B oTBanax docdorunca KpynHEeNLLIMX POCCUACKMX MPEANPUSTUIA HAXOAUTCH
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okono 1000 Tbic.ToHH P3M. Opranmsaums npov3BoAcCTBa MO UX M3BNEYEHWE MOXET
CYLLIECTBEHHO yNyylWTb CbipbeByld 6a3y peako3emMerbHbIX SNEMEHTOB He TOMbKO B
Poccum, Ho n B muposon akoHomumke. Kpome P3M B dhocdormnce cogepxutea ot 80% ao
98% runca. OTeyecTBEHHbIN U 3apyBexHbIi OMbIT MCMonb3oBaHusA docdorunca B
NpoM3BOACTBE  TUMNCOBOTO  BSXKYLLEro nokasan, uYTO [MaBHbIM  NPENSTCTBMEM,
CAEPXMBAOWMM  MPOMbILWNEHHYO nepepaboTky docdormnca, sBnseTcs TO, YTO
N3BECTHbIE TEXHOMOrMYEcKMe cxembl nepepaboTkm docdorunca B rmncoBble BSXKYLUME
umeroT Oonbluoe KOMMYECTBO OTXOAOB B BUAE 3arps3HEHHbIX MPOMbIBHbIX BOA, Ha
ofe3BpexuBaHne KoTopbix TPebyrTCs AOMOMHUTEmNbHbIE CPeacTBa WU 3HAYMTENbHbIE
3HepreTnyeckmne satpatsl [10].

BapuaHt BbigeneHns P3M wu3 doccormnca MoxeT OblTe peanusoBaH Ha
npeanpusTusix, nepepabaTtbiBalolMX anatuT Mo CepHOKUCMOTHOM cxeme. K HuMm
otHocsTes OAO «BockpeceHckune MuHepaneHsie ynobperus», OAO «Knposo-Yeneukui
xummdeckni - kombuHat», OOQO «banakoBckve MUWHeparnbHble yaobpenusy», OAO
«Docoput» 1 pag Apyrux npeanpustuin. OgHako NPEeACTOUT NPOUTU CNOXHbBIA U AONTUA
nyTb ANst MacwTabHon peanuaaummu nepepaboTku cpocdorunca.

Mpn nepepaboTke peaKO3eMenbHOro Cbipbs MOOOro TMNa nepBOHaYaribHO
BbigensotT cymmy P3M (B Buge OKCMAOB, FMAPOKCMAOB, kapboHAaTOB), KOTOPbIE 3aTeM
MocTynarT Ha pasgeneHue Ans nonyyeHnss MHAMBMAYarbHbIX 3NIEMEHTOB.

B npoMbIWNEHHOM npaKkTuke WCMonb3ylT ABa criocoba pasnoXeHus pya,
KOHLIEHTPaTOB 1 OTXOA0B. CEPHOKMUCINOTHBLIN U LLENOYHON.

CepHOKNCNOTHBIN cnocob nepepaboTki MOHAUMTOBOrO KOHLEHTpara COCTOWUT B
pasnoXeHUM KOHLeHTpaTa CepHOM KUCMOTOW C MOCMeayroWmUM BbilLenayBaHneM BOAOU
cynbdatos P3M v Topus. 13 pacteopa pasgenbHo BeIAENSAOT coegmHeHus Topus n P3M.

Ons BbigeneHnsa topus n P33 un3 cynbdartHbIX PacTBOPOB MPUMEHSOT Cnocob
CTyNMeH4YaTol HenTpanuMsaumMm pacTBOpPOB C ocaxiaeHueM d¢occdaTtor Topusa n P3M,
OCHOBaHHbIM Ha pasnuuum 3HadeHnn pH BbipeneHus doctata Topus u docdaros
NaHTaHOWAOB.

B ocHoBe wenoyHoro cnocoba nexuT peakums B3aUMOLENCTBUS MOHOUMTA C
pacTBOpOM ruapokenpa Hatpus. KoHueHTpaT pasnaratoT rMOpoKCUMAOM HaTpus npu
Temnepatype 200 °C npakTu4eckn nonHOCTL. M3 dunbTpata nocne oCaxaeHs Topus
rMAPOKCUAOM HaTpus ocaxaaroT cMeck rngpokengos P3M.

MpenmyLLEeCTBO LIENOYHOro MeToAa nepef METOAOM pPasnoXeHWsi MoHauuTa
CEpHON KWUCNOTOM — OTAENIEeHNEe YXe Ha MepBon cragum docdopa oT Topusa U
NaHTaHOMZOB C MOMyYeHMEM MOMe3HOro noboYHOro npopdykta — docdarta HaTpus.
OpfHako CepHOKMCNOTHBIA MEeTof SKOHOMWUYHEN U Bonee yHMBepcaneH — MPUMEHUM K
MOHALIMTOBbIM KOHLIEHTPaTaM pasnnyHOro NpoVCXOKAEHWUS.

CoBpeMeHHble CXeMbl pasfeneHnss NnaHTaHoMZoB OCHOBaHbl Ha WCMONb30BaHUM
3 PEKTMBHBIX METOAOB: XWAKOCTHOW 3KCTPakLMM W MOHHOro ofmeHa. B HekoTopbix
TEXHOJIOTMYECKMX CXEMax NMPUMEHSIOT MeToabl M3GUPaTEenNbHOrO OKUCIEHMS! KACIIOPOA0oM,
XIOpOM, MEpPOKCMAOM BOAOPOAa MO0 3MeKTPOOKUCNEHUs. 3TO KacaeTCs B MNEpByHO
oyepeib TeXHONMOrMM nonyyeHus LUepus. Esponuii  nonydyaoT unsbuparenbHbIM
BOCCT@HOBMEHMEM LMHKOM, amansramamy LMHKa U HaTpyus b0 3MeKTPOXMMUYECKM
BOCCT@HOBIEHMEM.

[na nonHoro pasgeneHus NaHTaHoOWAOB MPUMEHSAKT pasHble CXeMmbl C
NCMONb30BaAHMEM NEPEYNCIIEHHBIX METO0B.
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B HacTosilee Bpemsi SKCTPaKUMOHHbIE METOAbl ABMSOTCS OCHOBHLIMW B CXeMax
pasgenedns P3M. B npoMbilneHHOW npakTuke QANsi pasfeneHns  UCNonb3yoT
npenmyLLecTBeHHO docdopopraHmuyeckme akcTpareHTbl — Th®, docdoopraHnyeckne u
kapboHOBbIE KNCNOTLI. [epcnekTMBHbIE 3KCTPareHTbl — HeMTAHbIE CYyNbMOKCUADI.

[na pasgeneHns naHTaHOUAOB METOAOM MOHHOrO OBMeHa NPUMEHSIIOT PasnnYHLIe
TUMbI KATMOHOOBMEHHBIX cMon. OHKM NpeacTaBNAT COBON CUNBHOKUCTIOTHBIE KATUOHUTBI,
nonyYyaembie COBMECTHOW MONMMepusauven ctupona v AmBuHMNOeH3ona, n coaepxar
aktuBHble rpynnel  SOzH. PasgeneHve  ocyllecTBRAOT  METOAOM  SIOEHTHOW
Xpomartorpapum.

BBuay BbICOKOW XMMMYECKOW MPOYHOCTU COSAMHEHWA FaHTaHoMAoB (OKCUAOB,
ranoreHMAoB) YACTbIE METannbl UM MX CNnaBbl MOMYYarOT METOAaMU MEeTannoTepmMmmn
WNM SNeKTponvaa W3 pacnnasBneHHbIX CPej M3 OKCuAoB M BGe3BOAHBLIX XMOpUAoB U
dTopuaos P3M.

P3M nonyuyatoT npeMmyLLeCTBEHHO 13 6e3BOAHbIX XMOPUA0B UNv (O TOPUAOB.

PaspaboTaHel pas3nuuyHblie cnocobbl NOMy4YeHWS NaHTAHOMAOB SMEKTPONU3OM B
pacnnaeax conel. Cpeanm HuMXx Hambonee pacnpocTpaHeH anekTponus 6e3BoAHbIX
xnopugoe P3M B pacnnaeax xnopuaoB LEMOYHbIX UM LLENOYHO-3EMENbHbBIX METaIIOB.
Otum cnocobom B NPOM3BOACTBEHHbIX MacliTabax nonyyarT NPeuMyLLECTBEHHO MWLLI-
meTann (MUWMEeTann - eCTECTBEHHaA CMECh PEAKO3EMEIbHBIX 3IIEMEHTOB C aTOMHbLIMU
HoMepamu oT 57 go 71 B popme MeTanna.), a Takke Lepun, NHoraa naHTaH, Heoaum 1
npaseogum. MeTtannbl nogrpynnbl UTTPUS HE MONy4aroT ANEKTPONU3OM, TaK Kak OHW, 3a
WCKITIOYEHNEM UTTepOus, MMEIOT BbICOKMe Touku nnaenenus (ot 1350 °C go 1700 °C).

MeTannoTepmMmMyeckMm  BOCCTAHOBMEHWEM  TanoupHelX COnen  (Xropuaos,
PTOPWAOB), @ Takke OKUCIOB NaHTaHoMAoB nonyyatoT P3M 6onee BbICOKOW YNCTOThI, YEM
3MEKTPONN30M pacniiaBneHHbIX cpes.

Jlydwme pesynbTaTbl B OTHOLUEHMM BbIXOA4A, XOPOLUEN BbIMNABKW ChAUTKA U
YMCTOTBI METanmnoB MOSyYeHbl MPWM BOCCTAHOBMIEHWM TarioreHUAOB Kanbunem. ITuM
CrnocoboM MOXHO MONYYMTb BCE NaHTaHOWMAbIl, 3a WUCKIIOMEHUEM camapus, eBponus u
nTTepbnsa, BOCCTAHOBMEHME KOTOPbIX MPOTEKAEeT TOMbKO A0 HU3WWUX ranoreHnpos.
[MosTomy AN nonyYeHus 3TUX TPex naHTaHouAoB paspaboTaH cnocod BOCCTaHOBNEHWUS
MX OKWUCIOB NaHTaHOM C O4HOBPEMEHHOW BaKyyMHOWM NX BO3rOHKOW.

BoccraHoBneHune okcugoB P3M ¢ ogHOBpeMeHHOW AUCTUNNALUEN MeTannos

Camapwuii, eBponuin U UTTEPOUA He yAaeTca MOMyYuTb BOCCTAHOBMNEHUEM WX
XMOpUAOB  mnn  OTOPMAOB  karbumeM. BoccTtaHoBneHue npoTekaeTr TOoNbko Ao
obpasoBaHusi AuranoreHnaoB. Ana nonydeHuss STMX MeTannoB paspabotaH cnocob
BOCCTaHOBMEHUSI OKCMAOB NaHTaHOM MeTannMyeckuMm B BaKyyMe C OfHOBPEMEHHOM
AvcTmnnsaumen obpasyrolmMxca MeTansoB, KoTopble MMelT Gonee BbLICOKOE AaBneHWe
napa, 4em naHTaH.

PaduHmpoBaHne P3M MOXHO OCYyLLECTBUTL AUCTUNISALMEN B BaKyyme. ITOT METO],
ahdDEKTMBEH ANSA OYUCTKN TYTOMNMaBKUX METaNNOB UTTPUEBOM IPynMbl M CAMOTO UTTPUS.

Mpy nNpon3BOACTBE peaknx W  pPeaKo3eMesbHbIX MeTannoB  Heobxoammo
obecneyvBaTb 3KOMOrM4eckyto 0e30MacHOCTb W CaHUTAPHO-TUTMEHUYECKUE  YCMOBUS
paboTtbl. Kak 1 BO BCEX XMMMKO-METannypruyeckmx npoueccax, obpasyrotcs Xuakue,
TBEpAble U rasoobpasHbie OTXOAbl, B TOM YMCRE B OTAEMbHBLIX Cryvasx copepxalime
BpegHble xumMuyeckue BelectBa. Cnocobbl yTUNM3aumMM TEXHOMOrMYeckux OTXOA0B
pa3paboTaHbl 1 HENPEepLIBHO COBEPLUEHCTBYHOTCS.
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1.3.4 Tyronnaeskue MeTtarnnbl

1.3.4.1 BaHaluii 0THOCUTCSH K paccesiHHbIM 3NeMeHTaM 1 B npupoae B CBOGOAHOM
Buae He BcTpedaeTcs. CoaepxaHne BaHagMA B 3€MHOW Kope — 9,010 % no macce.
Hanbonee BbicOkOE cpeaHee coaepxaHWe BaHagvMA B MarmMaTnyeckux nopogax
oTMevaeTcs B rabbpo u GasanbTtax (230-290 r/T). B ocafoyHbIX Nopoaax 3HaunTEeNbLHOE
HakonneHve BaHagus npoucxoauT B Guonutax (acdanbTuTax, yrnsx, BUTYMUHO3HbLIX
docdarax), BUTYMUHO3HBIX craHuax, Gokcutax, a TawKke B OONMUTOBLIX N KPEMHUCTLIX
XenesHbix pyaax. brnms3ocTb MOHHBIX PagnuycoB BaHaAUS Y LLMPOKO PacnpOCTPaAHEHHDBIX B
MarMaTU4eckux ropoaax XXenesa u TutaHa NpUBOAUT K TOMY, YTO BaHaAUM B TMMOreHHbIX
npoueccax LIeNIMKOM HaxoguTCs B PacCesHHOM COCTOSIHAM U He obpasyeT coBCTBEHHbIX
MuHepanoB. Ero Hocutenamm SIBNSIIOTCS  MHOTOYMCHEHHbIE  MUHEpanbl  TUTaHa
(TUTaHOMarHeTUT, COEH, PYTUN, MNBMEHUT), CMOALI, MMPOKCEHBI U rpaHaTskl, obnagarowme
MOBbILLEHHOA M3OMOPEHOM EMKOCTbIO MO OTHOLIEHW K BaHaguilo. BakHelhwwe
MUHepanbl: natpoHnT V(S2), BaHaanHuT Pbs(VO4)3Cl n HekoTopblie apyrme. OcHOBHOM
WCTOMHVK MOMYyYEeHUs] BaHaAUs — XenesHble pyabl, COAepXKallmMe BaHaAMn Kak MpUMECh.
N3BecTHbl MecTopoxaeHus B Mepy, CLA, KOAP, OuHnaHauuw, AscTpanun, ApmeHuwm,
Poccuun, Typumum, AHrnnm [12].

1.3.4.2 Knapk Huobus — 2-10°% CopepxaHue HMOBUS yBENMuUMBAETCA OT
ynbTpaocHoBHbIX (0,2 r/r Nb) k kmcneim nopogam (24 r/r Nb). Huobuo Bcerpa
COMyTCTBYET TaHTan. bnnskme xummyeckme ceocTea HMobus n TaHTana obycrnoBnmMBatoT
COBMECTHOE WX HaxOXAeHMe B OAHMX W Tex Ke MuHepanax M yyacte B obyx
reonormdecknx  npoueccax. Hwobun  crnocofeH 3amewate TMTaH B psige
TUTAHCOAEPKALLMX MUHEPAroB (CPeH, OpTUT, NEPOBCKUT, BUOTUT). PopMa HaxOXKAEHUA
HNOOWA B MNPUPOAE MOXET ObiTb pas3HOW: paccesHHOM (B nopoaoobpasylowmx U
aKLIeCCOPHbIX MUHepanax MarMaTu4eckux nopoa) u MuHepansHon. B oblien cnoxHocTu
nasectHo Gonee 100 mwuHepanos, coaepxawmx HUOOWA. M3 HUX NPOMBILNEHHOE
3HaYeHVe MMEOT NLWb HeKoTopble: konymbuTt-TaHTanut (Fe, Mn) (Nb, Ta),0s, nupoxnop
(Na, Ca, TR, U)x(Nb, Ta, Ti),06(OH, F) (Nb2Os) 30% — 63 %), nonaput (Na, Ca, Ce) (Ti,
Nb)O3 ((Nb, Ta),0s5 8 — 10 %), uHoraa NCNONb3YOTCA SBKCEHUT, TOPOSIUT, UITbMEHOPYTWI,
a TakKe MuHepanbl, coaepxawme HUoOuM B BuAEe NpUMEcen (MNbMEHWUT, KacCUTEPWUT,
BonbpamMuT). B LWEnoYHbIX — yNbTPaoCHOBHLIX MopoAax HWOBUW paccemBaeTcs B
MUWHepanax Turna nepoBcKkuTa M B asavanure. B ak3oreHHbIX npoueccax MuHepansl
HMobna u TaHTana, ABMSAACE YCTOWYMBBLIMK, MOMYT HakannueBaTbCA B AefioBuasibHO-
annioBManbHbIX POCChINAX (KONMymGutoBble pocchinn), WHOrAa B BokcuTax Kopbl
BbIBETPUBaHUSA. KOHLIeHTpaLma H1oBus B Mopckoii Boae 1-107° mr/n [7]. MecTopoxaeHust
Hnobna pacnonoxexbl B CLUA, AnoHun, Poccumn (Konbckui nonyocTpos), Bpasunum,
Kanage [14].

1.3.4.3 Tanman. B 3eMHON KOpe Ha ero AOM NPUXoAUTCS 2,510 %. B npupoae
BCTpeyaeTcsa B BUAE ABYX M30TOMOB: CTabunbHOro 81T (99,9877 %) n paguoakTUBHOIO
(BeposTHO) ¢ nepuofomM nonypacnapa Gonee 10'° ner '®™Ta (0,0123 %). MocneaHuii
ABMNSETCA YPE3BbIHANHO CTAOUITBHBEIM M30MEPOM (BO3GYXAEHHBIM COCTOSIHMEM) U30TOomNa
'®0Ta, nepnop nonypacnaga KoToporo Bcero uyTb Gonee 8 4 [15]. MaBecTHO okono 20
COBCTBEHHO MWHEPanoB TaHTana — Cepusl KOMyMOUT-TAHTaNUT, BOMKMHWT, NOMAapWT,
MaHraHoTaHTanuT 1 ap., a tawkxke bonee 60 MMHeparnos, cogepXawmx TaHTan. Bce oHu
CBSi3aHbl C SHAOreHHbIM MuHepanoobpasoBaHueM. B MwvHepanax TaHTan Bceraa
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HaxoAMTCsl COBMECTHO C HMOOBMEM BCNEACTBUE CXOACTBA MX (PUNYECKNX U XUMUYECKUX
CBOMWCTB. TaHTan — TWUNWYHO PacCesHHbIA 3MEMEHT, Tak Kak M3oMopdeH CO MHOrMMn
XUMUYECKUMM  anieMeHTamn. MecTopoxaeHUs TaHTana npuypoyYeHbl K  TPaHUTHBLIM
nermatutamM, kapboHatutam U LWEenoYHbIM PacCnoeHHbIM UHTPY3uAM. Camble KpynHbie
MECTOPOXJEHUA TaHTanoBbIX pya Haxopatca Bo ®paHuun, Ervnte, Tamnange, Kutae.
MecTopoxaeHnst TaHTanoBbIX pya umetotca Takke B Mosambuke, Asctpanuu, Hurepun,
Kanapge, bpasunmn, CHI, OPK, Mananamu. KpynHemwee mMupoBoe MECTOpOXAeHue
TaHTanoBbix pya — [puHOywec — pacnonoxeHo B ABcTpanuum B wTtate 3anagHas
Asctpanus B 250 km K tory oT lNepTa [12].

1.3.4.4 LupkoHus coaepxaHue B 3eMHOi kope 1,7-102%. Poccus obnagaer
KPYNHOW MWHepanbHO-CbipbeBol 6a3oi auokcuaa LUMpkoHUs — ero H6anaHcoBble 3anachl
coctaenaT 12,05 MrH T; ewe 12,68 MnH T Haxoautca B 3abanaHcoBbix 3anacax. MNpu
3TOM TOMbKO MEHee TMONIOBMHbI 3anacoB AuokcMaa UMPKOHUA kateropun A+B+Cq
3akntoYeHo B paspabaTbiBaeMbixX, MOArOTaBNMBaEMbIX K 3KCNIyaTaumn 1 pa3BeabiBaeMbIxX
MECTOPOXAEHNSX, NO BEMUUMHE 3TUX aKTUBHBIX 3arMacoB CTpaHa 3aHWMaeT 4YeTBepToe
mMecTo B mupe. Ho gons Poccun B MMPOBOM NPOU3BOACTBE LIMPKOHUEBBIX KOHLIEHTPaToB
HesHaunTenbHa — Bcero 0,5 %; No gaHHOMY noKasaTeno CTpaHa HaxoAWUTCa nuwb Ha 14-
OM MecCTe B Mupe.

B oTnuume OT OCHOBHBIX CTPaH-MPOAYLEHTOB LIMPKOHWEBBLIX KOHLIEHTpAaToB, B
POCCUINCKOM MUHeparnbHO-CbipbeBo 6Gase npeobnafalT KOpeHHble MarmMaToreHHble
MECTOPOXAEHNA — B HUX HaxoguTca nouytm 70 % 3anacoB AvokcvMaa UMPKOHWS, B
pocchinHbix o6bekTax — Bcero 30 %. Poccus — eguHCTBEHHaa CTpaHa, Bbinyckarowas
UMPKOHMEBLIN ©affenenToBbId KOHUEHTPaT U3 pyh KOPEHHOrO MECTOpPOXAEHUA —
Koegopckoro  Gappeneuwt-anatut-marHetutosoro B MypmaHckon — obnactu. B
MECTOPOXAEHMN CKOHLEHTpUpoBaHo 2,29 MnH T, nnn okono 20 % 3anacoB puokenpa
umnpkoHus Pocenn. LinpkoHui, kak n docdop, ABnseTcs nomyTHbIM KOMMOHEHTOM B ero
pyaax; OCHOBHOM KOMMOHEHT — Xene3o. CopepxaHve AMOKCMAA LMPKOHWS B pyaax
Hesbicokoe — 0,15%, HO MWHepanoM UMpKoHWA sBnseTca Gapaenent — NPUPOAHBIN
avokens umpkoHus (ZrO.), 6onee pefknii WU LEHHBIW, YEM COAEepKalMNCa B POCCHINAX
cunMKaT uMpkoHus — umupkoH (ZrSiO4). KoBoopckoe TexHOreHHoe MeCTopoXaeHue,
npeacraeneHHoe oTxogamu oboralleHnss BapaeneuT-anatuT-MarHeTUTOBLIX  PyA,
copepxut 37,7 TbIC. T 3anacoB AUOKCMAA LIMPKOHWS kaTeropuin A+B+C;.

MonoBWHa POCCUMIACKMX 3amacoB AMOKCMAA LIMPKOHUSA 3akroveHa B ABYX KPYMHbIX
KOPEHHbIX MECTOPOXAEHUSX, MPUYPOYEHHbIX K MaccMBaMm peAKOMETarbHbIX MPaHUTOB —
LUMpKoH-nnpoxnopkpuonutoBoM KaryrmHckom (3,09 mnH T) B 3abarikanbckom kpae u
LIMPKOH-MMPOXIOp-KonyMomuToBoM Ynyr-TaHaekckoMm (2,9 mnH T) B Pecnybnuke TbiBa.
KomnnekcHble TpyaHoobGoratumble pyabl C TaHTanom, HUoGWeMm, peaKo3eMesbHbIMU
aneMeHTamMn K ypaHom coaepxat 1,58% ZrOz B noOAroTaBnMBaEeMOM K OCBOEHUIO
KatyrnHckom u 0,4% ZrO, — B He nepejaHHoOM B OCBOeHWE Ynyr-TaH3eKCKoM
MecTopoXaeHun. Hurae B Mnpe MecTopoXxaeHus nogoBHoro Tuna He paspabarbiBaloTcs.
B KaTyrmHckom pyAaHOM pavioHe NoKann3oBaHbl HE3HAYUTENbHLIE MPOrHO3HbIE PEeCcypChbl
avokenaa uvpkoHust kateropumn Py (11,5 ThiC. T) B LMPKOH-MUPOXIOP-KPUOMUTOBBIX
pocchinsx.

B MypmaHckoh obnactn [locygapcTBeHHbIM ©anaHcoM 3amnacoB  MONe3HbIX
MCKOMaeMbIX YYUTLIBAOTCA Takke TruUraHtckme 3abanaHcoBble 3anacbl  KOPEeHHbIX
3BAMANMTOBLIX pyA4 y4acTka Annyamns JIoBO3epCcKkoro peiKoMEeTansHOro MECTOPOXKAEHNS —
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7,275 MINH T guoKcuza UMpKoHUs. B pyaax LUMPKOHWI HaxoguTcsi B cOcTaBe MuHepana
3BAManMTa — CroXHOro cUnMKara LMPKOHUA U PEAKMX 3eMeflb UTTPUEBON rpynnbl; pyabl
copgepxat B cpegHem 1,83 % ZrO,, HO Ha OTAenbHbIX yyactkax cogepxanue ZrO»
pocturaeTr 5 % — 9 %.

B 3anagHo-CrnBupckon pocchinHOM NPoBUHLMK Ha Tepputopumn Tomckor, Omckon,
HoBocnbupckon obnacten n XaHTtbl-MaHCUACKOro aBTOHOMHOrO OKpyra COCpeaoTOveHO
15,5 % OTeYeCTBEHHbIX 3anacoB AMOKCMAA LIMPKOHNS B POCCINsX, H0MbLUen YacTeto — B
KpynHoM  TyraHckom U cpefHem  [€oprMeBcKOM  LMPKOH-PYTUM-UIIbMEHUTOBBLIX
MecTopoxaeHnsx Tomckon obnactu. Pyabl ocBavBaemoro TyraHCKoOro MeCTOpOXLeHUst
3anerator Ha rnybuHe 10-98 M, pyabl  HENUUEH3WPOBAHHOrO [ eoprueBcKoro
MecTopoXxaeHns Ha rnybuHe 120—180 m.

B Hwkeropoackon obnactu Haxogutcs camoe ©Goratoe u3 pPOCCUUCKMX MO
cogepxkannto  ZrOz  JIyKOAHOBCKOE  LIMPKOH-PYTUN-UNIbMEHWTOBOE  MECTOPOXAEHUE
cpepHero maclwTaba; B ero Hambonee kpynHon UTmMaHOBCKOM pocChinuy, 3anerarolien Ha
rnyouHe 40-80 M, 3akntoveHo 389 ThiC. T 3anacoB AMOKCUAA LIMPKOHUS.

Ha BHyTpeHHWIA pbiHOK Poccum B 2015 r. noctaBneHo 160 T 6GapaenentoBoro
KoHueHTpata 1 101 T UMPKOHOBOro KoHueHTpaTta. Kpome TOro, Ans HyXa POCCUIACKOM
NPOMBILLNIEHHOCTUN M3-3a pybexa Obinio BBe3eHO 6,5 ThbIC. T LUMPKOHOBOIrO KOHLUEHTpaTa, B
ToM uumcne 3,5 Teic. T 13 YkpauHbl, 2,1 TbiC. T 13 HugepnaHgos. B nocnegHue roabl
obbembl akcnopta 6apaenuToBoro M MMMOPTa  LIMPKOHOBOTNO KOHLEHTpaToB Obinn
COMoCcTaBMMbI, HO CTOMMOCTb 3KCMopTa B TpW pasa NpeBbllaeT CTOMMOCTb MMMopTa.
Poccuiickne npeanpuaTs BbINyCKakoT LUMPOKWI CNEKTP MPOAYKLUMU U3 LMPKOHOBOMO W
0afnenenToBoro KOHLEHTPATOB; CTpaHa ABNSETCA TPETbMM MUPOBBLIM MPOM3BOAMTENEM
W34ENUA U3 METanNNMUYECKoro LUMPKOHUS U ero cnnaeoB, 3aHuMasn 17 % MUpoBOro pbiHKa
umnpkoHueBoro npokata. B Pecnybnuke Yamyptusa AO «Yeneukmin MexaHn4eckun 3aBoga»
(BxoauT B coctas AO «TB3J1» MNockopnopaumu «PocaTtomy) BbinyckaeT okono 3 ThiC. T/rog,
METansIM4YECKOro LMPKOHMS M €ro CrNiaBoB, @ TakkKe LMPKOHWEBYHO NMPOAYKLMIO, B TOM
yMCnE U3 LIMPKOHWEBLIX CMNaBOB SIAEPHOW YUCTOTHI, MOPOLLUKM Ha OCHOBE AMOKCMAA
LMPKOHNA U KepaMKKy U3 [MOKCUAAE LUMPKOHUA. 3aBog paboT Ha MMNOPTHOM LIMPKOHOBOM
KOHLleHTpaTe, rnocTaBnsiemMom BonbHoropckum FOKom, paspabarbiBaroLLmm
ManbILeBCKOEe POCCHIMHOE UNMbMEHUT-PYTUN-LMPKOHOBOE MEeCTopoxaeHue Ha YkpauHe. B
Mockoeckor obnactu OO0 «lllepbuHckuiA 3aBoa  3NEKTpONnaBneHHbIX OrHEeyrnopoB»
BbiMyckaeT H6aaneneMToKopyHAOBLIE OrHEYNOpbI ANl CTEKNOBAPEHHbIX NEYer, UCMOoNb3ys
OapneneutoBbii  koHueHTpaT Koegopckoro MOKa. OO0 «Ynpaensiwowaa KomnaHus
"Ypanbckuii 3aBoa NHcTpymeHToB 1 Matepuanos"» B MNepmckon obnactu, a tarke 3A0
«ABpasvebl Ypana» B YensibuHcke nNpOUSBOAST LMPKOHWEBLIA 3NEKTPOKOPYHA AnS
N3roToBneHnst WnudosanbHbiX Kpyros. B JNeHuHrpagckon obnactm OAO «bopoBuuckuii
KOMOWHaT OrHeyrnopoB» M3roTaBMMBAET OFHEYMOPHbLIE WU3AENUS Ha OCHOBE AMOKCupa
LIMPKOHWSA, UCNONb3yeMbIe NpU HEMPEPbLIBHOW pa3nueke ctanu, B CeepanoBckon obnactu
OAO «KntoueBckuii doeppocnnaBHbI 3aBOA» BbINycKkaeT heppOCUNUKOLIMPKOHUIA, NpUMe-
HAeMbIA gna packucreHus ctanu. HecmoTpss Ha HanuMume B CTPaHe poCChiNHbIX
MECTOPOXAEHUIN LMPKOHMUS, OTKpbITas paspaboTka KOTOpbIX MOXET ObITb SKOHOMUYECKU
apcbekTmeHol (TyraHckoe, Bbelwnarmpckoe, KamBynartckuin ydactok, KoHCTaHTUHOBCKUIA
y4acToK), pOCCUICKasi MUHepanbHO-ChbipbeBasi 6asa LUMPKOHWUS He  BbiAEpPXVBaET
KOHKYPEHUMN C  CbipbeBOM 6a3ol  OCHOBHbIX CTPaH-NPOAYLEHTOB  LMPKOHOBLIX
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KOHLEHTpaToB, MO3TOMY  OCBOEHME COOCTBEHHbIX  MECTOPOXAEHUA  LIMPKOHWA
NPOABUraeTcs KparHe MeLNneHHo.

1.3.4.5 TumaH Haxogutcs Ha 10-M MecTe NO pacnpoCTPaHEHHOCTU B MPUPOAE.
CopepxaHue B 3emHoun kope — 0,45 % no macce, B mopckon Boge — 0,001 mr/n[7]. B
yNbTpaocHoBHbIX nopofax — 300 r/T, B OCHOBHbIX — 9 Kr/T, B KMCNbIX — 2,3 Kr/T, B rAVHaX v
cnaHuax — 4,5 «kr/T. B 3eMHOM Kkope TWTaH nNOYTW BCErga YeTblpexBaneHTeH U
MPUCYTCTBYET TOMBKO B KUCMOPOAHbIX coeanHeHmsx. B csobogHom Buae He BCTpevaeTcs.
TuTaH B YCrNOBUSIX BEIBETPUBAHNSA U OCaXKAEHNSA UMEET reoxmmumnyeckoe cpoacteo ¢ AlOs.
OH KOHUeHTpupyeTcst B BOKCMTaxX KOpbl BbIBETPMBAHMSA U B MOPCKUX FMUHUCTLIX OCaaKax.
[MepeHoc TUTaHa OCyLLECTBNSETCH B BUAE MEXaHWYECKNX 0ONOMKOB MUHEPanoB 1 B BUAE
konnoungos. o 30 % TiO2 no Becy HakannMBaeTCs B HEKOTOPbIX rnvHax. MuHepansl
TUTaHa YCTONYMBLI K BbIBETPUBAHMIO M 06pasytoT KpyMHbIE KOHLEHTpaLmmn B pocekinsix [8],
[10].

BanaHcosble 3anackl guokcnaa TutaHa Poccunm ~ 600,45 mnH T. 3anack! kateropui
A+B+C; cOCTaBnsAT HEMHOTMM MEHEee MOonoBuHbLI 6anaHCcoBbIX 3anacoB — 261,4 MIH T,
npy 3ToM nuwb 45 % OT 3TOro KONMMYecTBa HaxoauTCca B paspabaTtbiBaeMbix, OcCBau-
BaeMbIX W pas3BefbiBaeMblX MECTOPOXAEHWAX, MO BEMUYMHE OSTON aKTUBHOW 4acTu
3anacoe Poccus Haxoautcs Ha TpeTbem Mecte B Mupe ¢ gonen 13 %. lMporHosHble
pecypcbl guokcmaa TuTaHa Poccumn OrpomHbl, mpuyem Gonee Tpetu M3 HUX UMmeeT
BbICOKYH) CT€NeHb OCTOBEPHOCTM.

Poccuiickas MuHepaneHo-ceippeBas 6asa TutaHa xapakrtepusyetca 6Gonblumm
pasHoobpasveM C npeobnagaHneM KOPEHHbIX MECTOPOXAEHWWA, B KOTOPbIX 3aKMOYEeHO
97% 3anacoB AvokcMaa TuUTaHa cTpaHbl: 46 % 3anacoB HaxoguTcs B NOrpebeHHbIX
TIMTUAOULMPOBAHHBIX POCCHINSAX Aperckoro HedpTe-TutaHoBoro MmectopoxaeHus, 37 % — B
MarMaToreHHbIX MecTopoxaeHusix B rabbpoupax, 14 % — B MarMartoreHHbix
MECTOPOXAEHMAX B LENOYHbIX Nnopogax. B norpebeHHbIX nprbpeskHO-MOPCKUX POCCHIMNSIX
BocTtouHo-EBponelickoi 1 3anagHo-CuBMPCKON POCCHIMHLIX  MPOBMHLIMA - 3aKITOYEHO
Tonbko 3 % 3anacos guokcuaa TutaHa Po.

B mupe poccbinHble MecTopoxaeHua obecnedmsatoT okorno 70 % npousBoacTBa
AMOKCUAA TUTaHa B TUTAHOBbLIX KOHLeHTpaTax u wnakax. OcraneHble 30 % nomy4atoT 13
PYA KOPEHHbIX MarMaToreHHblX MEeCTOPOXAEHWA B rabbpowpax, pas3pabartbiBaembix B
KaHage — mectopoxgerue Jlak-Tuo ¢ pyaamu, cogepxawymm 34 % TiO,, B Hopsermumn —
mectopoxaeHue TennHec (18 % TiO2), B Kutae — mectopoxaeHus rpynnel MaHbwkmxya
(6-12 % TiO2) n B Poccum — Kypanaxckoe mectopoxaeHue (9,8 % TiOy).

Bonblias 4acTb 3aMacoB POCCUACKMX MarmMaToreHHbIX MECTOPOXAEHUA B
rabbponpax (18 % poccuMckUX) npeacTaBneHa WNbMEeHUT-TUTaHO-MarHeTUTOBbIMU
pyaamy, opHo MecTopoxaeHue (KpyumHMHCKOE)  CconepkuT  anatuT-UnbMEeHWT-
TUTaHomarHeTuToBble pyabl (8 %), octaneHble (11 %) — TUTaHOMarHeTUTOBLIE, BCE PyAbI
KOMMMEKCHbIE C JKEene3oM, BaHaauveM, uHorga ¢ocdopoM M ApYyruMU SreMeHTaMu.
HanbBonee nepcnekTMBHbI MECTOPOXKAEHWA C BbICOKOW [JOMen AuoKcuMAa TuTaHa,
cofjepXallerocs B UINbMEHWUTE, — WIbMEHUT-TUTAHOMAarHeTMTOBbIE, anaTuT-UNbMEHUT-
TUTAHOMarHeTUTOBbIE U MNbMEHUT-MarHeTUTOBbIE, MOCKOMbKY M3BMNEKaTh AMOKCU TUTaHa
N3 TUTaHOMarHeT1Ta rnoka He yaaeTcs

PaspaboTka Ha TWUTaH MarMaTOreHHbIX MECTOPOXAEHWA B LLIEMOYHLIX MOPOoAax
HUrge, kpome Poccun, He BepeTcs; AONSA AWOKCUAa TUTaHa B MONy4aeMOM W3 HUKX
1oMNapuTOBOM KOHLEHTpaTe cocTaBnsaeT Tonbko 0,05 % MUpoBoro nponsBoacTsa.
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Moyt nonoBuHa (46 %) OTEYECTBEHHbIX 3aMacoB TWUTaHa COCPEAOTOYeHa B
TumaHo-Mevopckon TutaHoBow npoBuHUMM B Pecnybrmke Komu B HAperckom
HedTeTUTAHOBOM MECTOPOXAEHNN. Ono npeacraBnaet cobon OPEBHIO0
MHOrONNacToByd NUTUPULNPOBAHHYIO POCChINb, 3aneratowyo Ha rnybuHe 150-280 m.
Pyabl MecTopoxaeHUss — HedTEeHOCHble KBapLeBble MEecYaHVKM C  NeNKOKCEHOM,
coaepxawme 10,4 % pvokcmaa TUTaHa, ABnATCA O4HUMK U3 cambix 6oraTebix B Poccun.
OpgHako u3BneYeHVe AuokcMaa TUTaHA U3 NeErKOKCeHa npepacTaBnseT GonbLuyto
CMNOXHOCTb U3-3a BbICOKOrO COAepXaHus B HEM KpeMHesema. 3a pybexxom u3 nogobHoro
Tuna BUTYMUHO3HBIX Nec4aHWkoB panoHa Atabacka B KaHape auvokcvp TuTaHa Takke Ao
cux nop He wussBnekaetcA. Ha dnaHrax HAperckoro mecropoxaeHus u B [wkemckoM
pyaonposieneHnn nogobHoro Tuna nokanuaoBaHo no 15 % pOCCUMCKUX MPOrHO3HbLIX
peCcypCcoB AMoOKCMAaa TUTaHa kateropun Py n Pa.

B Kapeno-Konbckoli TuTaHoBol nposuHUMM B MypmaHckon obnactu 3akmtoueHo
fonee nATOM 4YacTM POCCUMICKUX 3anacoB Auokcuaa TuTaHa. borblas ux vactb
Haxo4MTCS B MarMartoreHHsIX MECTOPOXAEHUSX C 6efHBIMU PYAAMMI B LLENOYHBIX NOpoAax
— okono 12% B cemu anatuT-HedEenMHOBBLIX MECTOPOXAEHUAX XUOUHCKOM rpynnbl
(0,3% - 3,5 % TiO2) n 1 % B Menkom pegkomeTansHoM JloBO3epCkOM MecTopOXKAEHUM
nonaputoBblx pya (1,29 % TiOz). TutaH aBnseTcs NONYTHbIM  KOMMOHEHTOM W
naerekaeTcs nuwb 13 pya JloBosepckoro mectopoxaeHus. Ewe 8 % poccuinckmx sanacos
AMOKCuaa TUTaHa HaxoAMTCs B KPYMHOM MarmMaTtoreHHOM MECTOPOXAEHUN B rabbponaHbIx
nopopax HOro-BocrouHas Mpemsxa. Ero pyabl MMEKOT AOCTaTOMHO BbICOKOE cCoaepKaHue
TiO2 — 8,6 %. B anatuT-TMTaHOMarHETUT-MNbMEHNTOBOM nposasneHun pemaxa-Beipmec ¢
HeBoratbIMK pyaamn, cogepxawmmm 6,8 % TiO, nokanusosaHo 12,2 MIH T, UNN OKONO
4 % POCCUNCKMX NPOrHO3HLIX pecypcoB kaTeropum Pq; ewwe 2,6 MIH T pecypcoB kaTeropum
Py n 3,1 mnH T kateropmm P, BbisBneHo B [lananaxTtMHCKOM pyaoOnposiBNEHMM C
LOCTaTo4HO GoratbiMn NNBMEHUT-MarHeTUTOBbLIMU pyaamu, cogepxawmmm 10 % TiOo.

B Onekmo-CtaHOBOW TUTaHOBOW MPOBUMHLUMM B 3abaiikanbCkom Kpae pasBeaHo
18 % poccunckux 3anacoB guokeupa TutaHa. OHM  3aKknioveHbl B JBYX  PYMHbIX
MECTOPOXAEHUAX: anatuT-unbMeHUT-TUTaHOMarHeTUTOBOM Kpy4mHUHCKOM "
TUTaHOMarHeTMToBOM YuHenckom. Pyabl KpyuvHMHCKOrO MEeCTopoXAaeHus copepxar
8,4 % TiO,, YUmHelckoro — Tonbko 6,5 % TiO,, HO OHM Boraue nNo cogepxaHuio xenesa
(33,5 %) n neHtokcupa BaHagna — 0,53 % (B KpyunHuHckom — 18 % u 0,1 %
cooTBeTCTBEHHO). OCBOEHUE MECTOPOXAEHUA CAEPXKMBAETCA NNOXON 060raTUMOCTLIO PyA
WU OTCYTCTBMEM TEXHONOMMWM MOSyYEHUS KOHAMUMOHHOW TWUTaHOBOW npoaykumm. Ha
naHrax YvHEemckoro MECTOPOXAEHUSI IOKanu3oBaHbl 3HAYUTENbHbIE NPOrHO3HbIE
pecypchbl AuoKcuaa TuTaHa B pygax ¢ cogepxanmem 6,8 % TiO2 — 34 mnH T kateropun Py
(9 % poccumnckux).

Taicke B OnekMo-CTaHOBOM MpOBUMHUMM Ha TeppuTopum Xabaposckoro kpas B
anaTUT-UNbMEHUT-TUTAHOMAarHETUTOBbIX pyAax (epaHCKU pyaHbIA panoH), coaepKallmx
55 % — 8,9 % TiO,, oueHeHbl NPOrHO3HbIE Pecypchbl ANoKcuaa TutaHa kareropum Py B
konmyectee 34 mnH T (9 % poccuinckux). B Pecnybnuke bypstus B ButumkoHckoM
pYAHOM rOrfie foKanM3oBaHa MovTU TPETb MPOrHO3HbIX pecypcoB kateropum P, B
TUTAHOMarHeTUT-UNBMEHUTOBLIX pyaax ¢ coaepxaHnem 7,6 % TiO,.

B VYpanbckol TuTaHoBOW nNpoBuHUMKM B YensbuHckon obnactM HaxoauTcst
MepnBeneBckoe  WMbMEHUT-TUTAHOMAarHETUTOBOE  MECTOPOXAEHME, B KOTOPOM
CKOHLIEHTpUpOBaHo 5 % poccunickux 3anacoB auokeuaa TutaHa. Ero pyapl, coaepxatime
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7 % TiO,, TpyaHooboraTMmbl K3-3a TOHKOIO MpopacTaHus cnararoLlmx Ux MuHepanos. Ha
braHrax MeCTOPOXAEHUSI U B POCChIMHBIX MPOSBIIEHWSAX NOKanNM3oBaHbl HE3HaYNTENbHbIE
pecypchl AMoKkcuaa TuTaHa kateropum Py — 4 MIH T 1 CTOMBKO Xe kateropum Pa.

Poccuss npomssogut TOnmeko 1 % Bbinyckaemoro B Mupe AWOKCMAA TUTaHa B
TUTaHOBbIX KOHLieHTpaTax. B MypmaHckon obnactu AnoKcua TuTaHa U3BnekaeTcst U3 Heap
anaTuT-HedpenmHOBLIX ~ MECTOPOXAEHWA  XubuHckoh  rpynnel U JloBosepckoro
peakomeTarnbHoro MectopoxgeHmsa. B Amypckon obnactu guokeng TutaHa aobeiBaeTtcs
Ha KypaHaxckom WIbMEHUT-TUTaHOMarHeTUTOBOM MECTOPOXAEHWW, pa3pabaTbiBaeMoMm
Ha )Xeneso 1 He yunTbiBaeMoM [ocyaapcTBeHHbIM 6anaHcoM 3anacoB TuTaHa. Ha wectu
anaTuT-HedEenMHOBBIX MECTOPOXAEHNAX XubuHckon rpynnbl — AnatmtoBbii  Linpk,
KoalusmHckoe, Hbopknaxkckoe, Mnato Pacsymuyopp, Kykncesymuoppekoe n KOkenopcekoe —
komnaHua AO «Anatmt» pobbina B 2015 r. OTKPbITbIM U MNOA3EMHbBIM CMOco6oM
24,45 MIH T pyabl, coaepxailen 344 TbiC. T AMOKCWAA TUTaHA, 3aKMOYEHHOro B cdeHe
(conepxut 40,8 % TiO2) n TutaHomarHetute (155 % TiO2). JIMwb HeaHauMTensHoe
KONMMYECTBO CHIEHOBOIO KOHLEHTpaTa M3BMEKanocb M3 XBOCTOB anatutoson drotaumm
LOObITbIX pyh; BECb TUTAHOMAarHETUT WM MOAABNAIOLWAS 4acTb CcheHa CKrnagupyeTcs B
XBOCTOXpaHunuuwax. W3 coheHoBOro KoHUeHTpara nomy{arT TUTaHO-KanbLWEBbINA
MUrMEHT, MUCMONb3yeMbIA B MPOW3BOACTBE NAKOKPaACOYHOW npoaykumn. Ha JNososepckom
penkomeTanbHoM mectopoxgeHun B 2015 1. komnanmen OOO «Jlososepckmn TOK»
L06bITO Nog3eMHbIM cnocobom 159 ThiC. T pyAbl, coaepallen 4 Teic. T AgMokcuaa TutaHa
B pefKko3emesbHo-peakomMeTanneHoM MuHepane nonapute (35 % — 44 % TiOy). U3 pyabl
Ha KapHacypTtckon oboratutensHon ¢abpuke unssneyeHo 7,816 ThiCc. T nonaputoBOro
KoHUeHTpata (3,04 Tbic. T TiO2). KoHueHTpaTr nepepabarbiBancad  XWMUKO-
MeTannyprmdecknm cnocobom Ha Convkamckom marHuMeBom 3aeoge B Mepmckom kpae ¢
MofyYeHNeM OKCUIOB PELKUX U PeAKO3EMENbHBIX SNTEMEHTOB U TeTpaxnopuaa TutaHa, us
KoToporo npoussegeHo 1,981 Teic. T rybyaTtoro TutaHa. OnbiTHO-NPOMBILNEHHAs A00bIlba
LMOKCuza TuTaHa nposogmnack B Tomckon obnactu Ha KOXXHO-ANEeKCaHAPOBCKOM y4acTke
TyraHcKoro pPOCCLIMHOMO LMPKOH-PYTUN-UNbMEHUTOBOrO MecTopoxgeHnsa. B 2015 r.
komnaHms OAO «TyraHckuii FTOK "UnbmenuT"» aobbina oTKpbITEIM cnocobom 17,9 Thic.
kKyG. M pyaHbix neckoB. Ha oboratutensHon abpuke 3 neckos norydeHo 383 T
UNbMEHUT-PYTUN-NENKOKCEHOBOrO  KOHLUEHTpaTa, cogepxawero 208 T TiO,. Ha He
yuutbiBaeMoM [ocynapcTeeHHbIM GanaHcoM 3anacoB TuUTaHa KypaHaxckoM WUIbMeEHUT-
TUTaHoMarHeTUToBOM MecTopoxaeHun komnaHna OO0 «OnekMuHCKMIA pyaHWk» B 2015 .
naenekna m3 Hegp 315 TbiC. T AMOKCMAa TUTaHa B pPyAe, U3 koTopol Ha OneKMUHCKON
oboraTtutensHoOM habpuke BeinyweHo 193,3 TbIC. T UIbMEHUTOBOrO KOHUEeHTpaTa (Ha 8 %
Oonble, yem B 2014 r.), cogepxallero 85,6 Thic. T anokeuaa TutaHa. Beero B Poccun B
2015 r. pobbiTo 663 ThbiC. T AMoOkcMAa TuUTaHa — 348 Thbic. T Ha MECTOPOXAEHMSAX,
yuutbiBaeMblx [OCyaapcTBeHHbIM GanaHcom 3anacoB TuTaHa, u 315 ThiC. T Avokcuaa
TUTaHa Ha KypaHaxckom mecTtopoxaeHun. B koHueHTpaTtbl unssneyeHo 88,85 Thic. T
avokcnaa TutaHa — 3,25 TbIC. T Ha MeCTOpPOXAEHUSX, YYnTbiBaeMbiX [OCyaapCTBEHHbIM
©anaHcom 3anacoB TuTaHa, W 85,6 Thic. T Ha KypaHaxckom mecTopoxpeHun. Poccus
ABMSeTCA BTOPbIM MWPOBbIM (nocne Kutas) npogyueHtom rybuyatoro TutaHa u
KpynHerwum B BocTouHon Eepone npoayueHTOM MUrMEeHTHOro Auokcupa TutaHa; oba
npou3soacTea 6a3npyroTCs Ha UMNOPTHOM TUTAHOBOM Cbipbe. B 2015 r. B cTpaHy BBe3eHO
312,22 TbIC. T MMBMEHUTOBLIX (B TOM uncne okono 10 ThIC. T pyTUNOBbLIX) KOHLIEHTPATOB,
rnaeHbiM 06pa3om, 13 YkpamHbel (279,04 Teic. T), a Takke n3 Asctpanum (32,31 TbiC. T),
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Tavnanga, CeHerana, FOAP, Coeppa-fleoHe, UHamm n BeetHama. Mo cpaBHeruto ¢ 2014
r. UMMOPT TUTAHOBLIX KOHLIEHTPATOB BbIPOC NoYTK B 2,5 pasa. MNnbMeHUTOBbIN KOHLEHTpaT
¢ KypaHaxckoro mectopoxaeHus Poccuns skcnopTtupyeT; B 2015 r. BoiBe3aeHo 223,7 ThiC. T
(B 1,5 pasa Bonble, Yem B 2014 r.) npaktuyecku nonHocteto B Kutan. KomnaHus MAO
«Kopnopauuss BCMIMO-ABUCMA» — OCHOBHOW POCCUWACKUWA NpoAyLEeHT rybuyatoro wu
KOMMakTHOrO TUTaHa M TUTaHOBLIX nonyhabpukToB — npou3sena Ha bepesHukoBckom
TUTaHO-MarHMeBom kombuHate B lNepmckom kpae 38 Tbic. T rybyaroro TutaHa (Ha 5 %
meHbLUe, Yem B 2014 r.). KomnaHus OAO «ConvkamcKkuin MarHMeBbIN 3aBO4» BbIMycTUMa
Ha Convkamckom mMarHueBom 3aBopfe B [lepmckom kpae 1,98 Thic. T ryGuaToro TuTaHa —
Ha 2 % 6onbwe, 4em B 2014 r. Bcero B 2015 r. B cTpaHe npousseneHo 40 Tbic. T
rybuatoro TutaHa, MM 18 % MUPOBOrO MPOM3BOACTBA. IKCMOPTUPOBAHO M3 CTPaHbl,
rnaeHeiM 0Bpasom, B HwugepnaHabl, 3ctoHnto n epmanmio 6,315 Teic. T rybuyaroro
TutaHa. OcTanbHoM ryByaTbin  TWTaH nocTtaenseTcd Ha  BepxHecanguHckoe
MeTanypruiyeckoe npoussoacTeeHHoe obbeanHeHne «Koprnopauwm BCMIMO-ABUCMA»
B CBepanoBckoi obnacT M UCMONb3yeTcsl NS M3rOTOBMEHUS TUTAHOBbLIX CIMTKOB U
nonyabprkaToB 13 TUTAHOBbIX CMaBoB. MenkMMu NpoayLEeHTaMm TUTAHOBbIX CIIUTKOB U
TutaHosoro npokara sensiotca OAO «Bcepoccuiickmn WHCTUTYT MErkvx CrnnasoBy,
OAO «Ypanbckaa kysnuua», OO0 «CrynuHCkas MeTannypryuyeckas  KOMMaHus,
AQ «MeTannypruyeckuin 3aeog "Onekrtpoctans'», AO «Yeneukuii MEXaHNYECKUA 3aBOAY,
000 «3ybuoscknii MalmMHoCcTpouTeNbHbIN 3aBog», OO0 «Merametann» u gpyrme. B
2015 r. B Poccum narotoBneHo 65 Tbic. T TUTAHOBBLIX CNUTKOB, Ha 5 % Gonblue, Yem B
npeabigyLlemM rogy; CTpaHa sBnsnacb WX KPynHeMwMM MWpOBbIM npoayLieHTom. [lo
BbIMYCKY TUTAHOBOrO mpokata Poccusa 3aHnmaeT TpeTee Mecto B Mupe nocne Kutas u
CWA. B 2015 r. MAO «Kopnopauus BCMIO-ABVCMA» Bbinyctuna 28,4 Tbic. T
TUTa@HOBOro npokata. KomnaHus SBnAeTCs OAHMM M3 KPYNMHEWULIMX MUPOBBIX SKCNOPTEpOB
TWUT@HOBOrO NMpoKaTa, NMOCTaemnss ero MMPOBbLIM aBMAaCTPOUTENbHBIM KOMMNaHusaM Boeing,
EADS/Airbus, Embraer S.A., Rolls-Royce plc, SNECMA, UTC Aerospace Systems,
MessierBugatti-Dowty, TECT, Uniti Titanium, Blades Technology Limited n apyrum. B
2015 r. n3 Poccum akcnoptuposaHo 12,83 Thic. T TUTaHOBOro npokarta, Ha 12,5 % GonbLe,
4YyeMm rogomMm paHee. M3 oTxopoB npovsBoacTBa rybyaroro u MeTannMyeckoro TutaHa, a
TaKe M3LENUA U3 HEro, HeCckoNbko poccurickux npeanpustui — MNAO «Kopnopauws
BCMMO-ABUCMA», OO0 «3ybuoBcknid  MalmMHOCTpouTenbHLIM  3aBog», OAO
«BonrossatckeTopusetmMeTy, OO0 «Kackan-ABC» u pgpyrve — BbinyckaloT deppoTutaH,
fonblwan 4actb koToporo akcnoptupyetcs; B 2015 1. BbiBeseHO 12,396 ThbiC. T.
3HaunTensHoe najeHve LuUeHbl Ha rybuyatbid TmutaH mapkm TG-tv B 2013 r. go
cpeaHerofoson 5,54 ponn./kr 3acTaBMIO KUTaNCKUX MPOAYLIEHTOB COKpPaTWUTb 3arpysky
MOLLHOCTEW, YTO npvBeno K pocTy ueHbl B 2014 r. Ha 18 % po 6,33 ponn./kr. B nepsom
ksapTtane 2015 r. nponsBoacTBo rybuatoro TutaHa B Kutae cokpatunoce NoYTM BABOE NO
cpaBHeHuIo ¢ Hauanom 2014 r.; B AnoHWK 3arpy3ka MOLLHOCTEN cocTaensna okono 60%,
Ha 10 % 6bino cokpawyeHo npoussoacTso NAO «Kopnopauven BCMIMNO-ABUCMA». Ho
notpebneHve TuTaHa B aspokocMmuyeckoM cektope B 2015 r. okasanocb Hwxe paHee
3annaHnpoBaHHOro n3-3a nepeHoca 3anycka npou3BoACTBa KUTaICKOrO
cpegHemarncTpansHoro asuanaiHepa C-919. Us-3a 3ameaneHns pasBuTUS MUPOBOW
3KOHOMMKM CHU3WIICA CRPOC Ha TUTaAH B XMMUYECKOW MPOMBILLIIEHHOCTU U 3HEPreTuke,
ynaewme HedTAHbIE KOTUPOBKM NPUBENN K 3aMOPaXMBAHUIO psaa WenNbMOBbIX NPOEKTOB
no pobblye HedTH, rae TUTaH UCNOSb3YETCA B YCTAHOBKAX CKWKEHWUS MOMYTHOro rasa u
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OnpecHeHWs BOAbl, U OOLee COCTOSHWE pblHKA TUTaHa B TEYEHWe roAa YXyALanochb C
nageHweM crnpoca W UeH Ha pblHke. [MOTPEOHOCTM POCCUACKMX MPeanpusaTUi
aBMaLMOHHOW, KOCMUYECKON, CyAOCTPOUTENBHON, 3HepreTnyeckon, HedrenobbisatoLien,
MEAMLMHCKON MPOMBILLNIEHHOCTU B METaSNIMYECKOM TUTaHE MOJIHOCTBLIO YAOBMNETBOPSAOTCS
npoaykumen MAO «Kopnopauus BCMINO-ABUCMA» n apyrmx menkux npoayueHtos. B
2015 r. «Kopnopauma BCMMO-ABUCMA» noctaBuna Ha BHYTPEHHWIA pbiHOK Poccum
12,19 TbiC. T TUTaAHOBOM NpoAykumKn, Ha 11,6 % meHbwe, Yem B 2014 r. MNMotpebHocTn
Poccnm B nuUrMeHTHOM Auokcuae TuTaHa YAOBMETBOPSIOTCA YacTUYHO NPOAyKUMen
koMmnanmm OOO «TwuTaHOBblE WHBECTULMW», BbINyCKalOWEA ee Ha 3asoge Mo
npou3BOACTBY Auokcuaa TuTaHa B . ApmsHceke (Pecnybnuka Kpbim). KpynHenwee B
BoctouHo EBpone npeanpusatve no npoussoactey 120 Thic. T/FOA NUIMEHTHOrO
Avokcnaa TutaHa paboTaeT no CynbMaTHON TEXHONOMMN N cHabXaeTca NNbMEHUTOBLIM
KOHLeHTpaToM ¢ ropHogobsisatowmx npeanpusaTun YrpanHel — FOKos MexaypeveHckui n
Banku-nemenut. B 2015 r. 3aBog BbInycTMn 77,8 ThIC. T MMIMEHTHOrO AMOKCMAA TUTaHa
(Ha 20 % MeHbLUe, YeM B 2014 T.) N NOCTaBUN Ha POCCUNCKUIA PbIHOK Okorno 15 TeiC. T; 3a
pybex akcnopTMpoBaHo 73,84 ThiC. T NUrMeHTa (4acTb M3 cknaackmx 3anacos). B 2015 .
Poccus nmnoptmuposana 66,29 TbiC. T MMIMEHTHOrO AgmMokcuaa tutaHa, Ha 15% meHbLue,
yem B 2014 r. B 2016 r. pOCCUNCKUI MMNOPT NMUFMEHTHOFO ANOKCUAA TUTaHa COKPaTUICH
ewe Ha 35%, no 43,4 TbIC. T, @ 3KCMOPT YMeHbWKUNCA novtn Baeoe, Ao 38,3 TbiC. T.
MUrMeHTHbIM  AMOKCUMA TUTaHa WUCMOMb3YeTCA B NPOM3BOACTBE TOBAPOB  LUMPOKOro
noTpebnenns, NOSTOMy MWPOBOW CNPOC Ha HEro YeTKO KOppenu- pyeTcs C pOCTOM
muposoro BBIN. Mocne cokpalyeHns noTpebneHns auokcuaa TutaHa BO BpEMS MUPOBOTO
(hNHAHCOBO-3KOHOMMUYeckoro kpuamnca 2008-2009 rr. BOCCTaHOBEHME MUPOBOW 3KOHO-
Mukmn B 2010-2012 rr. conpoBOXaanock poCTOM Cnpoca Ha AWNOKCUA TUTaHa N ero LieHbI.
OpHako co BTOpOW nonoBuHbl 2012 r. pocT NoTpebneHns aMokcmMaa TUTaHa 3ameanuncs.
BO3HMKLWMA M3OLITOK AMOKCUATATAHOBOrO NMUIMEHTA BbI3Ban NageHue LEeH Ha Hero B
2013 r. MonoxeHne He naMeHunocb 1 B 2014 r., LeHbl OCTanuUCb NPakTUYECKU Ha TOM Xe
ypoBHe. HecmMoTps Ha CoOKpaleHue nNPOW3BOACTBA  BEAYLUMMKU  KOMMNAHWAMU-
npoayueHTaMm AUoKCHaa TUTaHa, OCTaHOBUTL NajeHne UeH He yaanock u B 2015 r., Tak
kak notpebneHne nuMrMeHTa NpPOAONXanNo  cokpawartbca u3-3a Bce Honee
3aMe[NsABLIErocs pocTa M1POBOWM 3KOHOMUKYW, B NEPBYIO O4epefb — KUTanckon. B nepsom
kBaptane 2016 r. uUeHbl MPOAOIPKaNM CHWXATbCHA, HO COKpalleHuWe npou3BOACTBa, B
YyacTHocTH, B KuTae ns-3a MHOrOUMCNEHHBIX SKONOMMYECKUX NPOBEPOK, BbI3Bano aeduumut
AW- OKCMAA TUTaHa Ha pPbiHKE, YTO NPMBENO K MNOCTEMNeHHOMY POCTYy LeH BO BTOPOM
kBapTtane 2016 r. Tem He MeHee, cpegHerogoBble LeHbl 2016 r. okasanucb Ha 13-18%
Hwke uUeH 2015 r. LleHbl Ha WIbMEHUTOBLIA WU PYTUNOBLIN TUTAHOBLIE KOHLUEHTpaTbl
W3MEHSIIOTCA B COOTBETCTBMM C ABWKEHWEM LieH Ha NUIMEHTHbIA ANOKCUA TUTaHa, Ha
NPON3BOACTBO KOTOPOro B MMpe mcrnonbayetcst 95 % BbiNyckaeMoro TUTAHOBOIO CbiPbS.
Poccusi umeeT KpyrnHyto 1 pasHooOpasHyto MO COCTaBy MUWHEparnbHO-ChbipbeByrd Gasy
TUTaHa C npeobnagaHMeM KOMMNEKCHbIX HEeMTeTUTaHOBbIX W Kene3o-TUTaHOBbIX
MecTopoXeHW. PoccbinHble MECTOPOXAEHMSA XapakTepuayrTCs 4acto  rnybokum
3aneraHnem pyn, CIOXHbIMA TOPHO-TEONOTMYECKMMMN  YCIOBUAMW  UX  OTPaboTK,
onTMManbHbIM CNOCOBOM MX OCBOEHMS MOXET CTaTk Croco® CKBaXWHHOW raponobbium
(Cra). Poccuitickme MeCTOPOXKAEHMS  TUTaHa MeHee  MpuBMeKaTenbHbl, YeMm
paspabaTbiBaeMble 3a pybexxom 6oratble KOPEHHbIE MECTOPOXAEHWSA N NOBEPXHOCTHbIE U
MPWUNOBEPXHOCTHbIE POCCHINK, B TOM YUCME B CBA3WM C WX KOMMMEKCHbIM COCTaBOM W
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OTCYTCTBMEM CMPOCAa Ha APYrMe OCHOBHbIE U MOMNYTHbIE KOMMOHEHTBI. [M03TOMYy OCBOEHME
OTEYECTBEHHBIX MECTOPOXAEHNIN TUTaHA, 32 UCKMHOYEHNEM BrM3KOro K NPOMBILLNEHHOMY
OCBOEHUIO  TYraHcKoro  LIMPKOH-PYTUI-UIIBMEHUTOBOIO MECTOPOXAEHUS B TOMCKOM
obnacTu, oTknagbiBaeTCsi Ha HeonpeaeneHHbIA Nepuoa.

1.3.4.6 Bonbghpam.

CopepxaHne B 3eMHOM Kope 3TOro aremMeHTa 1,3-10%.

YuntbiBaembie [ocypapctBeHHbIM 6GanaHCOM 3anacoB MOMEesHbIX WCKOMaeMbIX
3anachkl Bofbgpama 3HauMTenbHbl M COCTaBMsAT okono 1,34 MAH T B nepecyeTe Ha
Tpuokcus Bonbgpama. MpakTnyeckn B MonHOM obbeme 3anachl 3aknoYeHbl B pyaax
pasHoMacLUTabHbIX KOPEHHbIX MECTOPOXAEHWUIN XMUMbHOIO, CKAPHOBOTO M LUTOKBEPKOBOTO
reonioro-NPOMBbILNIEHHBIX TUMOB; Ha AOM0 POCChinen npuxogutcs meHee 1 %. B
3aBMCMMOCTM OT rnaBHOro BonbdpamMcoaepKallero MmHepana OHU NoapasaensaoTca Ha
BonbtpamuToBble (Gonee 355 % 3anacoB cTpaHbl) M LieenuToBble (okono 64 %).
Bonbdpam B HUX NPUCYTCTBYET M Kak OCHOBHOW, U Kak MOMyTHbIA KOMMOHEHT; Camun pyabl,
Kak mpaBuno, KOMMMEeKCHbIe U MOMUMO Bonbdpama MOoryT coaepxaTte MonvbaeH, meap,
BMCMYT, 0r10BO, Gepunnuii, 3051070 1 gp. CywecTBeHHO Bonb@pamoBble pyabl, Ha A0S0
KOTOpPbIX MPUXOANTCH NPpUMEpPHO 67,5 % poccunckux 3anacos Bonbdpama, No cpeaHemy
copepxkaHmo WO3; B LUENOM He YyCTynawT CpefHEMUPOBOMY YPOBHIO — B
BOMbgPaMMTOBLIX 06beKkTax oHO BapbupyeT oT 0,12 % go 2,73 %, B cpeaHeM cocTaBnsas
0,1 9%, B weenuToBbiX — 0T 0,03 % 80 4,4 %, B cpenHem 0,34 %.

Ons otedyectBeHHo MCB Bonbpama xapaktepHa BbICOKas KOHUEHTpauusa —
Gonee 60 % 3anacoB cTpaHbl cocpenoToueHo B Pecnybnuke BypaTtus, Npumopckom kpae
n KabapauHo-bankapckon Pecnybnuke. Elle okono 29 % npuxoautcs Ha [0S0
Kypranckoi o6nactu, Pecny6nukm Caxa (Akytnsa) n Kapavaeso-Yepkecckon PecnyGnmku.

B Tpex wMmecTopoxaeHusx Pecnybnukn Bypatna, npuHaagnexawmx bavikano-
BuTUMCKOIA METannoreHM4eckon npPOBUMHLMK, CKOHLUEHTpPUpoBaHO 6Gonee 4eTBepTu
3anacoB Borbdpama cTpaHbl. [lBa n3 HUX CrokeHbl BONbPPaMUTOBLIMU pyaMu: KpynHoe
liTokBepkosoe WMHkypckoe, cpepgHee copepxaHne WOz B GepHbix pyAax KoToOporo
cocraBnser 0,149 %, ©n Hebonbloe XUNbHOE XONMTOCOHCKOE MECTOPOXASHME
cpaBhuTensHo Goratbix pya (0,748 % WO3 ), Ha KOTOPOM BO3MOXEH MPUPOCT 3anacos —
3/1eCb NoKanu3osaHbl MPOrHO3HbIE Pecypcbl TpUokcupa Bonbdpama kateropmm Pi B
konmuecTee 9,6 Tbic. T. TpeTbe MecTopoxkaeHue — MmonubaeHooe Mano-OnHoropckoe co
3HaYUTENbHBLIMKM 3aracamMu NonyTHOro LLeenuTa Npy HA3kon koHueHTpaumn WO3 (0,04 %).

Ha cesepe MpUMOpPCKOro Kpasi, TEpPUTOPUSI KOTOPOro BXOAWUT B cocTaB CuXOTs-
AMWHCKO METanMoreHN4Yeckon MpoBMHLUMK, cocpeaoTodeHo 6Gonee 18 % 3anacos
sonbdpama Poccun. MMaBHyto posib 3[eCk UrpatoT CKapHOBbIE 06bEKTbI C LUEENUTOBLIMU
pyaamu, B TOM 4YUCrie SKCMIyaTVpyeMble U B 3HAYWTENbHOW cTeneHu oTpaboTaHHble
BocTok-2 1 JIepMOHTOBCKOE, B pyAax KOTOPbIX COAEPXUTCA B cpeaHem Gonee 1 % WOs3,
nogrotaeBnMeaemMoe K 3KCnnyaraumm kpynHoe CKpbIToe MeCTOpOXAEeHWEe PSAOBbIX PYA
(0,36 % WO3) n He nepepaHHoe B ocBoeHue menkoe KoppoHHoe (0,57 % WOs).
MepcnekTvBbl  3HAUMMOTO MNPUPOCTa 3anacoB eCTb Nk Ha MocrneaHeM, rae
noKanu3oeaHbl NPOrHo3Hble pecypcebl kateropumn Py B konmuectse 16,8 ThiC. T.

3anackl Bonbtpama KabapaunHo-bankapckori Pecnybnuku (6onee 16 % 3anacos
CTpaHbl) MOYTW MOSHOCTBIO 3aKIFOYEHbI B KPYMHEMIIeM B CTpaHe W Of|HOM W3 CaMbIX
KPYnHbIX B Mype TbIpHbIay3CKOM CKapHOBOM MECTOPOXAEHWUM LLIEENUTOBLIX PYA PSAOBOMO
kauecTsa (0,436 % WOs3) ¢ nonyTHbIM MOMMGAEHNTOM.
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B KapauaeBo-Yepkecckon Pecnybnvke passefaHo KpynHoe LUTokBepkoBoe KTu-
TebepanHCKOE MECTOPOXAEHNE LLEETIUTOBLIX PYA, 3aknovarolee okono 8 % poCCUMCKMX
3anacos.

O6a aTrx obbekTa NpUypoYeHsbl k KaBkasckor MeTannoreHN4eckon NpoBUHLMK, F4e
MPOrHO3HbIE PECYpCbl BbLICOKWX KaTeropu He BbisBneHsl. B Kypranckon oBnactn B
LUTOKBEPKOBOM KOKNaHOBCKOM MECTOPOXAEHUM C MOMyTHBIM LLUEENUTOM B pyaax ybororo
kayectBa (0,04 % WOs3) cocpenoToyeHo Gonee 10 % poccunckmnx 3anacose Bonsdpama;
nepcrneKkTUBbLI NPMPOCTa 3anacoB OTCYTCTBYHOT.

B Heapax Pecnybnuku Caxa (Akytus) aakntoveHo noutn 10 % 3anacoe Bonbdpama
ctpaHbl. OCHOBHasi UX 4YacTb pasBefaHa B CKAPHOBOM ArbIIKMHCKOM MECTOPOXAEHUA
Goratbix (1,27 % WO3) weenutoBbIX pyd, OTHOCcsIWeMcs k BepxosHo-KonbiMckon
METasnIoreHNYECKON NpPOBUHLUMK. JlokamusoBaHHble Ha ee TeppuTopuM pecypchbl
kateropum Py He3HauUTEmNbHbI.

KpynHehwmMm  poCCUACKMM  MPOAYLEHTOM  BONbMPaMoBbIX  KOHLEHTpaToB
TpagnumoHHo sensgetca  OAO  «[Mpumopckmn  TOK», pencteyrowlee Ha 6ase
MecTopoxaeHns Boctok-2. B 2015 r. komnaHuen 6bino npousseseHo 21991 T
KOHUeHTpaTa, coaepxallero 1319,4 T Tpmokcuaa Bonbgpama, |4to coctaBmno okono 40 %
HaLUMoHanbHOro nokasatens (B oTAeNbHble rogbl 40ns KoMnanum npesbiwana 80 %, Ho ¢
2010 r. oHa ycTonumMBOo cHWxaeTcs). Mokasatenun Bcex OCTanbHbIX NPOAYLIEHTOB 3aMETHO
HKe. 3A0  «HoBoopnosckmn  T'OK», paspabatbiatoiee  CnokomHUHCKoe
mMecTopoxaeHune, nonyduno 1502,6 T koHueHTpaTa, cogepxawero 930,1 T Tpuokcuaa
Bonbdpamva (bonee 27% otedvecTBeHHoro npoussoacTea), 000 «JlepmoHToBCKUA TOKy,
3KCMNyaTupytolllee  OAHOMMEHHOe  MecTopoxaeHne — 14726 T  KOHUEHTpaTa,
cogepxallero 883,6 T Tpnokcmaa Bonbdpama (okono 27 %). KoHueHTpaT Bonbdpama us
npvpoaHbIX pya Tawke Bbinyckaetca 3A0 «3akameHcky n 000 «Alc «Keapu»»
(paspabatbiBatoT  pocchins  pyd.  WHkyp 1 Bom-TopxoHckoe — MecTopoxaeHue
COOTBETCTBEHHO), HO OBBEMBI UX MPOM3BOLCTBA Ha NOPSAAOK MeHbwe — B 2015 r. umn
nony4eHo no 154 T npogykra.

MonyyeHHble B Poccum BOnbgpamoBble KOHLUEHTpaThl HanpaensloTcA Kak Ha
BHYTPEHHUIN, Tak U Ha BHELHWN pbiHKA. B 2015 r. npoaaxu Bonb(hpamMoBOro cbipbsa 3a
pybex cokpatunuce no cpasHeHuto ¢ 2014 r. Ha 23,6 % — o 2678 1. Ero nokynatensmu
BbicTynunn KOxHasi Kopes, 3akynuBwas Gonee 63% npoaykuuu, a Takke BbeTHawm,
loHkoHr, HupepnaHael 1 CuHranyp. lNpu 3TOM Ha BHYTPEHHEM PbIHKE COXpaHseTcs
AedrumT BONbPamMoBOro Cbipbs, KOTOPbIA YaCTUYHO KOMMEHCMPYETCS 3a CHET MMMOPTA,
06bembl koToporo B 2015 1. BIPOCAN NO CPaBHEHMIO C MPEAbIAYLLMM rofioM Ha 25 % — Ao
1714 1. [NaBHbIMK MOCTaBLWWKamu sBnsanuce KaHaga (okono 51 %) v BbeTHam (okono
30 %). Mepenpon3BoaCTBO BONML(PAMOBOIO Chipbsi B KnTae oBycnoBuno CHKeHWe LieH
Ha Hero B nepwvog nocne 2011 r., kotopoe B 2015 r. nprobpeno obBarnbHbIN XxapakTep U
npogomxkunock B 2016 r. B pesynsTate M1poBble LieHbl Ha BOMbMPaMOoBY NPOaYKLMIO B
2015 r. okasanuck Gonee YeM BABOE HKE MUKOBbIX 3HAYEHWI.

OcHOBHbIMM MOTPEBUTENAMU BONMBMPAMOBLIX KOHLIEHTPaTOB B Poccun SBRSHOTCS
3aeog komnaHmt OAO «lmgpometannypr» B . Hanmbuuk u npegnpusatue OAO
«Kvposrpaackuin 3aBof TBepAbIX cnnaesoB» B Ceepanosckon obnact. C 2013 r. ux
Buavmoe notpebneHve pactet u B 2015 r. coctasuno 4,5 Tbic. T npotre 1,2 Thic. TB 2012 T.

Mpwn oBecneveHHocTH 3anacamu Bonbdpama, oLeHmsaemon Gonee, yem B 300 ner,
coxpaHenve Aobblun Ha yposHe 2015 r. yxe yepes Tpu rofa NpUBELET K WUCTOLLEHMHO
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3anacoB JIepMOHTOBCKOro, & elle 4epes LecTb NeT — MecTopoxaeHus Bocrok-2 B
MpvMopckoM kpae, copepalmx Hanbonee Ka4eCTBEHHbIE pyAbl. ITO MOXET O3HaYaTb
Oonee 4yem [ABykpaTHOE MafjeHve NPOV3BOACTBa BOMbdPaMOBOro chipbs B Poccuun. B
CBSI3W C 3TMM OCTPO BCTaeT BOMPOC KOM-eHcauuu BbibbiBatolmx MolyHocTelr. OpHako
cyllecTByloLME UHDPaCTPYKTYpHble MPOGNEMbI U HU3KME TEKyLUMEe LieHbl Ha TPWOKCUL
BONbhpaMa CHIDKAIOT NPUBNEKaTENIbHOCTb UHBECTULMIA B pa3paboTky HOBbIX OGBEKTOB, B
YacTHOCTM — Hauboree NOArOTOBMEHHOrO K paspabotke mectopoxaeHuss CkpbiToe.
CyluecTBeHHyIO porb B pa3sutum [obbiun BonbMpaMa MOXET CbirpaTb BO30GHOBREHWe
akcnnyataumMn  ThIpHbIAY3CKOTO  MECTOPOXAEHWUS, OfHAaKO CPOKM ee Hadvana noka
HEN3BECTHbI.

BaxHom 3agaven SBnsSeTCs Co3gaHue N BHEAPEHWe COBPEMEHHBIX U 3hPEeKTUBHBIX
TEXHOMNOMMYECKUX PeLLeH oboraleHns pya 1 paspaboTku NMMEIOLLMXCH MECTOPOXAEHNN,
a Taike NOUCKM NpUrodHbix Ana addeKkTBHON OoTpaboTkM OOBHLEKTOB B YK€ OCBOEHHbIX
panoHax.

1.3.4.7 Monu6deH.

CopepxaHne B 3eMHOWN Kope 1,1-10* %. Poccuiickast depgepauns pacnonaraet
3HAUMTENBLHOM CbipbeBOM Gason mommbaeHa — 3anackl MeTanna, yYuTbiBaembie
locypapcrBeHHbIM GanaHcom 3anacos, NpeBbILaroT 2,1 MIH T.

B uucno kpynHeix npoayueHToB mMetanna Poccmna He BxoauT, obecneunBas nulb
okoro 1 % mupoBoro npoussoacTea. Hanbonee passuta ero gobbiva B KHP, Yunun, CLLA
u lMNepy, Ha ponto koTopbIX NpuxoauTca 88 % npov3BoacTBa MeTanna B Mupe.

Poccuickas coipbeBan 6Gasa MonubaeHa OTNMYAEeTCA BbICOKOWM  CTEMEHbIo
KOHUeHTpaumm — Gonee 70 % 3anacoB MeTanna 3akfioyeHO B MECTOPOXAEHMSIX,
nokanusoBaHHbIX Ha tore Cubupw, npexae ecero, B 3abanikanbCKoM Kpae, a Takke B
pecnybnukax Xakacus n bypstus.

Ha tore 3abarkanbckoro kpasi, B rpegenax MoHrono-OxoTckon MeTansioreHU4eckom
MPOBUHLUMM  PacronoXeHo  yHukaneHoe Mo  Macwraby 3sanacoB  byraavHckoe
MECTOPOXAEHNE LUTOKBEPKOBOro (MOnMBAEH-MOPGUPOBOro) TWMa, 3akrovaroee nouTn
600 Teic. T MOormbaeHa unn 28 % 3anacos CTpaHbl. PyAbl ero xapakTepuayroTcs psaoBbIM
kayectsoM (0,08 % Mo) n, nommmo monmbaeHa, copaepkart 30moTo, cepebpo 1 CBUHEL,
MecTopoxaeHue MMeeT HeKOTOpble MepCrnekTMBbl MPUPOCTa 3amnacoB — MPOrHO3HbIE
pecypchl kateropun Py Ha 04HOM 13 ero y4acTkoB oLeHeHbl B 10 Tbic. T.

Ha cesepe kpas HaxoauTcsa cpeaHee no Mmacwtaby >KupekeHckoe MecTopoxaeHme
TOro xe Tuna, Ho ¢ Borateimu pygamum (0,105 % Mo). MecTopoxaeHne npuypoueHo K
Barikano-BUtumckoi MeTannoreHMYecko MpPOBUHLUMKM, Ha MPOLOSDKEHMM KOTOPOW, B
Heapax Pecnybnukn Bypatns pa3segaHbl ele Tpu oObekTa LUTOKBEPKOBOro COBCTBEHHO
monmbgeHosoro Tuna: kpynHele OpekutkaHckoe n Mano-OnHoropckoe, a Takke cpegHee
HapumxuHckoe. KavectBo pyn OpekutkaHckoro un KapumxmHCKOro MeCTOPOXAEHWUN
CpaBHUTEMbHO BbICOKOE, B cpeaHeM 0,099 % n 0,086 % Mo cooTtBeTcTBEHHO. Pyabl Mano-
OnHoropckoro mectopoxaeHus sHaumtensHo 6epHee (0,051% Mo), HO B kayecTse mMo-
MyTHOrO KOMMOHEHTa cofepxat Borbdpam. [MporHo3Hble pecypchl, Nokann3oBaHHble B
npeaenax pecnybnuky, OTHOCATCS K HauMeHee AOCTOBEPHON kaTteropum Ps .

B Pecnybnuke Xakacusi, B npegenax Antae-CasHCKOM MeTannoreHn4eckomn
NPOBVHLMK, PacnornoXeHbl LUTOKBEPKOBbIE MecTopoxaeHns Copckoe M Arackblpckoe,
CyMMapHo 3akntovarowme 12 % 3anacoB MonmbaeHa CTpaHbl, C pyLamu CpefHero
kayectBa (0,06 % n 0,05 % Mo cootBeTcTBEHHO). B pecnybnvke Tawkke passegaHo
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Unuynbckoe MeCTO pOXAEHME LUTOKBEPKOBbIX COBCTBEHHO MONMMOAEHOBLIX PYyA
conocraBmMoro kadectsa (0,061 % Mo), 3anacbl koToporo B konuuectse 1445 ToiC. T
OTHECeHbI K 3abanaHCcoBbIM.

Antae-CasiHckass  npoBuHUMS  obrajaeT  3HauuTenbHbIMKM - MepcrekTMBamm
HapalMBaHusi cbipbeBon 6a3bl MonubaeHa — Ha Tepputopun KpacHospckoro kpasi B ee
npegenax pacronoxeHo [bkeTckoe pynonposiBrieHMe € NPOrHO3HeIMM pecypcamn Py,
oueHeHHbIMK B 150,9 TbIC. T MONMOaeHa.

B KypraHcko obnactu passegaHo Hoeoe KoknaHOBCKOE — LUTOKBEpPKOBOE
cobcTBEHHO MONMUBAEHOBOE MECTOPOXKAEHME, 3anacbkl KOTOPOro npesbiwatoT 155 Tbic. T
npu cpegHeMm cogepxaHun mormvbaeHa B pyaax 0,082 %; nogcuvtaHbl Takke 3anachbl
nonytHoro Bornbgpama. B0O3MOXHOCTM MpupocTa 3anacoB MeTanfna B PernoHe He
onpegeneHsbi.

B Csepanoeckon obnactv, B npegenax YpansCKkoW MEeTannioreHNn4eckon
NPOBVHLUMM pacnonoXeHo cpeaHemacwTabHoe KOxHo-lamenckoe mecTopoxaeHue
LUTOKBEPKOBbIX pyA cpeaHero kayectea (0,07 % Mo). 3anacbl obbekta cocTaBnsioT
HemHorMM 6Gonee 60 Thic. T MonubaeHa, OAHAKO Ha ero dnaHrax nokanns3oBaHbl
NPOrHo3Hbie pecypcol Py B konunuectse 40 ThIC. T, @ B PacnonoOXeHHOM Henojaneky
pyaonposiBneHun MNMaprumaaHckoe — ewe 20 TbIC. T.

B Pecnybnuke Kapenusa (Kapeno-Konbckas meTannoreHuyeckas npoBUHLNSA)
passefaHo LUTOKBEPKOBOE MecTopokaeHue Jloball, sakntodatoliee okono 6 % sanacos
monunbaeHa cTpaHbl (128,6 Tbhic. T). MecTopoxaeHne XapakTepusyetcs cpeaHuM
kayectsom pyn (0,069 % Mo). B pecnyGnnke nokanmsoBaHbl MPOrHO3HbIE PECYPChbl TONBKO
kateropum Ps3.

Ha Tepputopum KabGapauHo-Bankapckon Pecnybnukm (Cesepo-KaBkasckas
METaINoreHNYecKkas NPOBMHLMA) HaXOANTCH CKapHOBbIE MECTOPOXAEHUSA BOnbdpama ¢
nonyTHbIM MonmbaeHom — ThipHblayackoe (0,077 % Mo) n Mutye-ToipHbiays (0,065 % Mo).
CyMmapHbie 3anackl MmonvbaeHa B pyaax AByx oOBbeKTOB pecrnybnukmM COCTaBnsoT BCEro
62,5 Tbic. T. [lporHoaHbIe pecypcbl MonmMbaeHa B pecnybnuke He OLEHEHbI.

MpupocT 3anacos monmbaeHa karteropun A+B+Cq 3a cuyeT reonoropassBegouHbIX
pabot (IPP) B 2015 r. coctaBun 25,5 Toic. T. [paKkTUYeckM MOMHOCTLIO OH MOMyYeH
Gnarofaps NOCTaHOBKE Ha rOCyAapCTBEHHBIN y4YeT 3anacoB Ans OTKPbITOW oTpaboTku
KoknaHoBckoro LUTOKBEPKOBOrO MecTopoxaeHns B KypraHckon obnactu B KonuyecTse
24,5 tbic. T kateropum Cq1 n 131,2 Toic. T — kateropum Co. Takke Ha yyeT Bnepsble
nocraeneHo MkaHCKoe MeAHO-MOPGMPOBOE MECTOPOXAEHME B AMypckoh obrnactu ¢
3anacamMu nonyTHoro MmonmbaeHa kareropun Cz — 9,8 TbiC. T 1 3abanaHcoBbIMK 3anacamm
— 3,67 TbiC. T, coaepxaHne monubaeHa B pyaax MectopoxaeHus Huskoe — 0,006 %. Ha
obbekTe yTBEPXKAEHbI BPEMEHHbIE Pa3BeA0YHbIE KOHANLIMW AN OTKPLITON OTPaboTKN.

HesHaunTenbHbIn npupocT 3anacos A+B+Cq nonyyeH Tawke Ha paspabaTbiBaeMbix
mMecTopoxaeHusix Muxeesckoe B YensbuHckon obnactu (584 1) n Copckoe B Pecnybnuke
Xakacusa (388 7).

B pesynbTate nepeoLEHKM 3HaAYMTENbHO COKPaTUNMCb OCTaBLUMECH B Heppax
nocrne oTpaboTkM 3anackl ThIpHbIAY3CKOro MecTopoxaeHus B KaBapavHo-Bankapckon
Pecnybnuke: 3anackl kateropuin A+B+C ymeHbwnnncb Ha 94,3 Teic. T (72,5 %), cocTasms
35,8 Tbic. T, kateropum Cp — Ha 12,8 Tbic. T (94 %), go 0,8 Thic. T, Npu 3TOM ero
3abanaHcoBble 3anacsl yeenunymnucs B 200 pas, go 101,6 ThiC. T.
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B wutore ¢ yd4etom pobblum, notepb npu aobbide, passeaky, NepeoLieHKUn U no
apyrum npudmHam B 2015 r. oTevecTBeHHble 3anackl MormbaeHa katero- puid A+B+Cy
cokpatunmce Ha 73,2 Tbic. T, unm Ha 5 % otHocuTenbHO 2014 1., a 3anackl kateropum C»
Bblpocnu Ha 127,6 TbiC. T (21 %).

B 2015 r. pobbiva monmbaeHa B Poccum coctasuna 4756 1, uto Ha 2 % Gonblue,
YyeM B npegbiaywem rogy. MNocne npuoctarHosku B 2013 1. paboTtbl FOKa Ha XKupekeHckom
MecTopoXaeHUM B 3abairikanbCkoM Kpae, OCHOBHBIM MPOAyLeHTOM monubaeHa CTpaHbl
ctano OO0 «Copckuii TOK», paspabaTtbiBatoliee OAHOUMEHHOE MECTOPOXAEHNE B
Pecnybnuvke Xakacus. B 2015 r. Ha o6bekTe nssneyeHo ns Heap 4082 T monubaeHa, yto
obecneunno 86 % pobblum MeTanna crpaHbl. B kauecTBe MNOMNYTHOrO KOMMOHEHTa
mMonmbaeH Takke AobblBancs Ha MeaHO-NMopUPoBOM MMXEEBCKOM MECTOPOXAEHUN B
YensbuHckor obnactu (576 T) u MonmbaeH-ypaHoBbix MecTopoxpeHusax CtpenbLoBckoe
(63 1) n Mano-TynykyeBckoe (35 T) B 3abalkanbCckom kpae; u3 pya 3TMx 06bekToB
MonunbaeH He nasnekancs.

Mpoun3eoacTBO MONMUBAEHOBLIX KOHLIEHTPATOB 1 dheppomonmbaeHa, cogepallero
Bonee 65% Mo, B Poccun Begetcs Ha oboratuternbHbix dabpukax u MeTannypris4eckmnx
npeanpusTUsiX, BXOAALWMX B CTPYKTYpY komnaHui OO0 «Copckuii heppomonmbaeHoBbIN
3aeog» n 000 «KnpekeHckuin peppomonubaeHoBbii 3asoay». B 2015 1., kak n 8 2014 r.,
npouseogcteo Ha MowjHocTax 000 «KupekeHckuii deppoMonubaeHoBbIN 3aBOA» HE
ocyujectenanoce. Ha oboratutensHon cdabpuke OO0 «Copckun deppoMonmbaeHoBbI
3aBog» BbinyweHo 7590,1 T monmbaeHOBOro KoHUeHTpaTta, copaepxawero 32536 T
MonunbaeHa — Ha 4,5 % Oonbwe, 4em B 2014 r. Ha ¢deppomonmbaeHoBom 3aBoge
KoMnaHuu npounsseaeHo 4659,7 T deppomonunbaeHa, uto Ha 3,5 % Gonblue pesynbTara
npeabigyLLero roaa.

Ewe ogHum KpynHbeIM nponssoautenem deppomonmbaeHa B ctpaHe aenserca 3A0
«KaMbIWnHcknA NUTErHO-theppocnnaBHbIi 3asoa» B Bonrorpaackor obnactu, rogoson
mMoLHocTbo 1500 T npogykTa. CobCcTBEHHON ChipbeBOM 6a3bl NpeanpuaTMe HE UMEET U
paboTaeT Ha UMMOPTHbIX KOHLUeHTpaTax. lNpeanpusite BbinyckaeT deppoMonmbaeH c
coaepxaHnem monmbaeHa 62 %.

Bcero B Poccun B 2015 r. nponsseaneHo 6548 1 dheppomonmbaeHa.

B pesynbtaTte cospgaHua B cepeamHe 2000-x IT. npeanpusTUi No nNpovsBoacTey
deppomonunbaeHa Ha 6ase Copckoro n KMpekeHCKOro MeCTOPOXAEHWUIA, CYLLECTBEHHO
CHU3MNUCb 06BbEMbI MOCTABOK MONMMBLEHOBLIX KOHLIEHTPATOB Ha SKCNOPT U NpeKpaTUnoch
WX NOCTYMNNEHNe Ha POCCUNCKUN PbIHOK. B 2015 r. 3kcnopT MonmbaeHoBbIX KOHLEHTPaToB
coctaeun 483 T 1 Obin ocyLecTBneH B HngepnaHabl.

B cBsis3n c otcytcTBMEM MOMMOLEHOBOrO ChblpbS HA BHYTPEHHEM  PbIHKE,
oTeYecTBeHHble npeanpuatus (B yactHocTy, B3AO  «KaMbIWMHCKWA  nUTENHO-
heppocnnaeHbIi 3aBOA») BbIHYKAEHBI 3akynate ero 3a pybexom. B 2015 r. mmnopt
MONMBAEHOBBIX KOHUeHTpaToB coctaBun 4538 T, BGonee nonosuHel (57 %) 6bino
3aKynneHo B Yunu, sHauuTensHoe KONMMYecTBO KOHLEHTpaTa Takke npuobpeteHo B CLUA
(17 %) n Hupepnanpax (12 %).

Bugumoe BHyTpeHHee noTpebnexHne monmbaeHoBbIX KOHLeHTpaTtoB B Poccun B
2015 r. oueHmBaeTca B 11645 1.

OcHoBHaa 4acTb npoussedeHHoro B Poccun deppomonubaeHa nocraensercs
3apybexHbiM notpebutensam; B 2015 r. ero skcrnopT coctaBun Gonee Tpex YeTBepTen
BbiMyLeHHoro obwvema — 5092 1. CBbiue 85 % aToro KonuyecTsa npojaHo B
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Hupepnanabl, ewe noutn 10 % B KaHapy. Poccuiickuin umnopT deppomonubaeHa
HesHauuTeneH (314 1 B 2015 r.) n ocylecTenseTcs B OCHOBHOM M3 YKpauvHbl. Buavmoe
notpebnenne deppomonmbaeHa B Poccum ouermnsaetca B 1770 7.

OtevecTBeHHan cbipbeBaa 6asa monmmbaeHa chopMupoBaHa MECTOPOXAEHUSIMM,
COMNOCTaBMMbIMK C 3apyBeskHbIMK MO KaYecTBy pyA U MaclitabaM opyfeHeHWs, KoTopble,
B GOMNbLLIMHCTBE CBOEM, HaXOAATCS B paioHax C pasBUTON MHMPaCTPYKTYpOM M B LIENIOM
ABNAIOTCA WHBECTULMOHHO npuenekatensHeiMu. OfHaKko NEepCneKkTMBbl MX OCBOEHWA
HanNpPAMY 3aBUCAT OT CUTyauMM Ha MUPOBOM pbiHke MonmbaeHa. [lageHwe ueH
CnpoBOLMPOBano cBopayvBaHve paboT M0 OCBOEHUO COBCTBEHHO MOMUGAEHOBbLIX
MECTOPOXAEHUI 1, YacTU4HO, No npouseoacTey MeTanna. OceHbto 2013 r. ocTaHoBneHa
pabota >KupekeHckoro NOKa, B nepuog ¢ koHua 2014 r. no 2016 r. npuoctaHoBreHsl 6o
npekpaLleHbl paboTbl MO NOAFOTOBKE K SKCNyaTaLum BCEX OCBaMBaAEMbIX OTEUECTBEHHbIX
cobCcTBEHHO  MoOnMOpeHoBbIX — MecTopoxaeHun:  ByraauHckoro,  OpekuTKkaHcKoro,
XKapumxuHckoro 1 Arackblpckoro. [lpu  3ToMm, cTpaHa OcCywecTBrnseT WUMMopT
MOMMBAEHOBLIX KOHLIEHTPaTOB, HEOBGXOAMMBIX Npou3BoauTensm deppomonnbaeHa, He
UMeroLLMM coBCTBEHHOW ChipbeBol Gasbl. B 3TOW cBA3M B KayecTBe MOTEHUManbHOro
UCTOYHMKa MonmbaeHa MOXHO — paccmaTpuBatb  MonmMbaeH-MenHO-NopUpOoBLIe
MECTOPOXAEHNS, UMEHHO Takme o6beKTbl ABNAOTCH BOKHEMLLMM MOCTaBLUYMKOM MeTanna
3a py6exom.

1.3.5 OcHOBHble npo6rieMbl MPOU3BOACTBA PeAKUX U peaKo3eMenbHbIX
MeTannoB

B nepuop TexHn4eckom moaepHM3auMn AencTBylLMX, U, Tem Oonee, B nepuog
co3faHuA HoBbIX MpomssoactB P3M, crnepyeT OLEHUTb BO3MOXHOCTW OpraHusauum
MarbIX-CPeAHUX  TOPHO-TEXHOSIOTUYECKMX  MPOM3BOACTB Ha  6ase  [OCTYNHbIX
MECTOpPOXAEHNA KOnbCKOro pervoHa, npencTaBfeHHbIX Hambonee BOCTpeOOBaHHBIMU
UTTPUEBO3EMESBHLIMU PYAaMM.

K coxaneHuno, B MOCnegHWe [AEeCATUNETUSS MECTOPOXAEHUS C BeayLlewn
WUTTPUEBO3EMENBHON  PyAHOM  cneuuanusauvMer He  MpUBMEKalOT  BHUMaHuWe
reonoropasBefoqHbIX opraHusaumi u Tem OGonee Kakux-nbo WHBECTOPOB, Kak
rocyaapcTBeHHbIX, Tak U YacTHbIX. OfHako, B CBOe BPEMSs, Hay4yHbIMK CrieymanMcraMmu
KHL, PAH 6binv npoBefeHsl MCCrNefoBaHWs, KOTOpble B pasHoe Bpemsi obycrnosunu
npoBefeHNe Ha HUX PeKOMEHLOBaHHbIX MPOM3BOACTBEHHbLIX paboT, peaynbTaTbl KOTOpbIX
no pasHbIM MpUyYMHaM OcCTanvcb HepeanusoBaHHbIMW. CrefyeT vMeTb B BWAY, YTO
nogobHble Hebonbwme, Ho Goratele P3M ob6bektbl MOryT ObiTb BblAeneHbl B LPYrax
panoHax Konbckoro n Kapenbckoro pervoHoB, a Takke Ha Ypane, Ha tore Cubupu n B
Mpumopckom kpae. 3a pybexoMm Takme MEeCTOPOXAEHWA cnyxaT obbekTamu [oObIHM
penKko3eMernbHbIX W COMYTCTBYIOWMX  PELKOMETanbHbIX  MWHEPanoB  Py4HON
pyaopasbopkor. Cpenn TexHoreHHbix pecypcos P3M cnepyet Bbigenute Kynapckoe
POCChINHOE MECTOPOXAEHWE, oTpaboTaHHOe Ha 30M0TO W MPencTaBeHHOE Neckamu C
HepaanoakTUBHBIM MOHaUMUTOM (KynapuToMm). 3TO MECTOPOXAEHME B HacTOSALLEe BPeMs
cnyxut obbektom pgousydeHus wun  oueHkm OAO  «YpaHuBetmetT» Ha P3M
UTTPUEBO3EMESIBHON rPYMMbl C OCTATOYHLIM 30MT0TOM.

EOWHCTBEHHBIM ~ UCTOMHWMKOM — MWHEpaneHOW  YUPKOHUESOU  MpOoAyKuum ¢
conymemeyouwuM 2aghHUeM B Hallel CTpaHe B HacTosilee BpeMs SBnseTcs
OAO «Koepopcknn TOK». OpHako 3Ta npoAyKUMS NpeacTaBneHa  YHWUKanbHbIM
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OannenenToBbiM  KOHLIEHTPATOM, KOTOpbIA HUrae B Mupe, kpome Koepopa, He
BbinyckaeTcs. B pesynbrate un3yyeHWss KOPEHHbIX anaTUT-MarHeTUTOBbIX  PYA,
cogepxalmx OGagpeneqT, U XBOCTOB MX OOOrawjeHusi, ycTaHOBNEHa W peanv3oBaHa
BO3MOXHOCTb W3BMNEYEHNST U3 3TUX «OTXOAO0B» KOBAOPCKOrO MPOW3BOACTBA anatuta u
BSapneneuta. CornacHo nccnepgoeannsam B 6agaenentax Koepopa, kpoMe eCTeCTBEHHbIX
PanuoHYKNMAOB, BbISBMEHO CTabunbHO BbICOKOE U NPAKTUYECKU UHTEPECHOE CoAEpKaHne
radoHma (13-15 kr/T) Kak M3OMOPCHOrO CryTHUKa LIMPKOHMA, a Tawke ckaHaua (200 r/t),
okcmpoB TaHTana (1-1,5 kr/t) u HMobua (1,8-4,7 Kr/T), CyMMbI OKCMAOB PEAKNX 3eMenb
(130-150 r/t). Takum obpasom, coaepXaHue ykasaHHbIX PeAKuxX MeTannoB onpeaenser
MOBbILLEHHYHO U3BMNEKAEMYIO LIEHHOCTb KoBAOpckoro Gapaeneuta, 4TO OPUEHTUPYET Ha
yBEIMYEHNE CTOMMOCTM TOBapHbIX 6aaaenenToBbIX KOHLEHTPaTtoB Kak KOMMMEKCHOro,
BbICOKONMMKBMAHOMO pefKoMEeTanbHOro NpoaykTa.

K coxaneHuto, akcnnyarauus TUTaHOBO-LMPKOHMEBbLIX POCCHIMHLIX MECTOPOXAEHUIA
C MPOMBILLINEHHBIMU 3anacaMu LMpKOHA 1 COAepXallerocs B HeM radpHusa noka B Halemn
CTpaHe He OpraHnM3oBaHa, XOTA 3TO CbiPbe KpamHe HeobxoavMmo ANSA yAOBNETBOPEeHUs
NoTPeBHOCTEN B LIMPKOHMN 1 radpHMM aTOMHON MPOMBILLNIEHHOCTY.

B HacTosillee Bpemsi oyeBngHa HEODOXOAUMOCTbL OMEpPaTMBHOMO W3MEHEeHUs
cnoxuBeLuencst B Poccun cutyauum, npexae Bcero B OTHoLeHun nutus, 6epunnna n P3M,
a Taike HMOBUS, UMPKOHUA (C radHMEM) W LUMPOKOrO Kpyra pacCesiHHbIX Peakunx
meTannos, 6e3 kotopbix passutne OMNK 1 BbICOKOTEXHOMOMMYHBIX MPaXAaHCKUX OTpacnen
NPOMBILLNEHHOCTU MPAaKTUYECKN HEBO3MOXHO.

Opranunsaums peakoMeTanbHOro MMMNOPTO3aMELLEHUS UMEET CBOKO Crieumndunky 1
NnosToMy JOMKHa NPOBOAWUTECA CUCMEMHO, C YYETOM MMPOBbIX  TEHAEHLMNA,
BO3MOXHOCTEM U MNEpPCneKkTUB co3faaHunsg, cBanaHcupoBaHHbIX U 3 EPEKTUBHBIX
NPOU3BOACTB PEeAKUX U PeAKO3EeMENbHbIX METANIOB 10/THO20 MEXHOM02UYECKO20 YUKNa
(ropHas gobeiva - oboralleHne - XMMUKO-METannypruieckme nepeaens - NPOMbILLNEHHOE
ncnone3oBaHue).

XOTb MeTannyprusi pefiknux U peakoseMernbHbIX MEeTannoB, B OCHOBHOM 6asunpyeTcs
Ha obLWMX MpWHLUMMNaX, HO B TOXE BPEMS, OTNNYAETCA NMPUMEHEHUEM WHAMBUAYaNbHbLIX
XUMUKO-METanypruieckmx TexHomnormn, obpaboTkor M obnactaMu  NPUMEHEHUN
MomnyYeHHbIX METanmnoB.

Pasgen 2. Mpoueccbl npou3sBoACTBa peaKUX MeTansoB

TexHonornyeckne MeTofbl MOMyYeHUs BCEX PEAKUX METAIOB BbICOKOW YUCTOTbI
BKMIOYAOT TPU  OCHOBHble MocnegoBaTerbHble CTaauu:  pasfnoXeHue  PyAHbIX
KOHUEHTPATOB, MONy4YeHME YUCTbIX XMMWUYECKUX COEAWHEHWUA (OKCMAOB WIA COnewn),
BblJENEHNe MeTanna M3 ero coeauHeHus. Bo Bcex crnyyasx MeTannypruyeckon
nepepaboTke PyAHOro Chipbs NPeALLECTBYET ero oboraleHue.

Ha nepsoi cTagmMm W3 KOMMEKTUBHOIO KOHLEHTpata OTAENsoT W3BreKaembin
MeTann OT COMyTCTBYIOLLUMX NPUMECEN, KOHLEHTPUPYS ero B pacTBOpPE, 0OCaaKe WIn nbinu
nMpomMeTannypruyeckum cnocobom (06XMrom, CrnnaeneHMEM, AUCTUNNSUMEn) wnu
BblLLenavnBaHnemM pacTBopamMm KIUCIoT, FMAPOKCUAOR LLENOYHbIX METANMOB UK COMNeEN.

Ha BTOpPOM CTaguvM BbLIGENSIOT W OYMLLAKT  XUMUYECKOE  COEAUHEHME
TMAPOMETanypPrmYeckumMn (OCaxaeHVEM U3 PacTBOPOB, KpucTannusauven, copbumen,
SKCTpaKUMen 1 Ap.) N NUPOMETaNNypPruiyeckuMn (QUCTUNNSLMENA UNKU pekTUdUKaLmMen)
crnocobamum.
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TpeTea CcTaguMs — LEMEHTaUUsi WNM SMeKTponv3 — 3aBepluiaeTcs MnosyyeHnem
UYACTLIX pPeaKux MeTannoB (M3 BOAHbIX PacTBOPOB), BOCCTAHOBMEHWEM OKCMAOB
BOZOPOAOM, OKCMAOM YrNepoja WnnM YriepofoM Mpu MOBbIWEHHbIX Temnepartypax, a
TaKkKe WX BOCCTAHOBMEHWEM METANOTEPMUYECKUM CMOCOGOM WNWU  3MEeKTPOSIM3oMm
pacnnaBneHHbIX Conen.

2.1 Bepunnun

TexHonozuu nonyyeHusi coeGuHeHull 6epunnusi

M3 uyepHOBLIX GepunmMeBbIX KOHLEHTPATOB MOMy4YaloT OKCuA W MMAPOKCUA,
Bepunnus, na KOTopbIx 3aTeM nony4aroT hTopua Nnu xrnopua 6epunnma - NCXoaHbIE CONu
LS NPOU3BOACTBA MEeTanm4yeckoro Gepunnms.

B NpOMbILNEHHOW NpakTUKe NMPEeUMYLLECTBEHHO MPUMEHSIIOT cynbdaTHeIn cnocod
nepepaboTKn KOHLEHTPAaTOB As MONyYeHNs oKcvuaa u ruapokeuga bepunnus.

CynbtaTHbii cnocob ocHOBaH Ha nepesoae Oepunnua BMECTe C anioMUHUEM U
JKENe3oM B CEPHOKUCIBIN PacTBOP C OCTaBIIEHNEM OCHOBHOW Macchl ANOKCUAA KPEMHUSA B
HepacTBOpPMMOM  OCTaTKe. Mockonbky  Gepunn  MeaneHHo  pearnpyeTr ¢
KOHLIEHTPMPOBaHHOW CEepHOW KUCMOTOM Jake npu Temneparype 200 °C — 250 °C,
NPOBOAAT MOATOTOBUTENMbHBIE OMEPaLyM CrNNaBreHnst KOHUEHTpata C WU3BECTbl0 WUIu
TepMUYeckoe aktmeuposaHue 6epunna.

C wu3BecTbIO KOHUEHTpaT NnaBsiT B 3MNEKTPOAYroBbIX Mevax npu Temneparype
1500 °C - 1600 °C. Op1EeHTMPOBOYHO NMPOTEKaOLWMIA NPOLIECC OMUCLIBAETCH PeaKLMAMM:

BeszAly(SisO1s) + 7Ca0 = 3CaBeSiO4 + CaOAlO3 + 3CaSiOs 2.1)
CaBeSiO4 — BeO + CaSiOs (2.2)

Pacnnas rpaHynvpytoT B BOAEe M IpaHynbl uaMenbyator. Obpasyiowmecs B
pesynbTaTe MNMaBKM COEMHEHWS XOpPOLLIO pasnaraloTCcA KOHLEHTPUMPOBaHHOW CepHOWN
KMCINOTOW.

Mpu TepMUYECKOM akTMBMPOBaHUM Gepunna KOHLEHTpaT NNaBsaT Npyu TeMneparype
1700 °C B AyroBoW Meyn C MocnemyolyM ObICTpbIM OXNaXAESHWEM MNnaBa (3akankow)
rpaHynsumMen B XONOAHOW  npoToyHom Boge. [lpeMMyLlecTBO  TEPMUYECKOro
aKTMBMPOBaHMWA Nepen NNaBkoy C N3BECTbIO - MEHBLLWI Pacxos CEPHOM KUCMOThI, KOTOPYIO
B 9TOM CJly4ae He MPUXOLMTCS PaCcXOAOBaTb Ha B3aWMOAENCTBME C COEAVHEHUAMMU
Kanbuus.

CynbdaTtusauus u BobilienaymBaHue

Ona nepesofa Gepvnnns M [JpYrMx KOMMOHEHTOB B CynbdaTbl M3MENbYEHHBIN
rpaHynMpoBaHHbIN MaTepunan obpabaTbiBatoT KOHLEHTPUPOBAHHON CEPHOM KUCNOTON Npu
Temnepatype 150 °C — 200°C B cTarnbHbiX peakTopax. 3areM nosycyxylo maccy
BblLLENaYnBaoT BOLOW MpWU HarpeBaHuW. B pacteop nepexogsaTt cynbdatel Gepunnus,
antoMUHUS, Xenesa, MarHus.

N3 oumweHHoro pacteopa BbigensoT rgpokeng OGepunnus Be(OH); asywmsi
cnocobamu:

1 MNpamoe ocaxaeHne ruapokcuaa bepunnus aobaeneHeM ruapokcuaa HaTpus
unn nponyckaHnem ammmaka. Mpu pH 7,5 n HarpeeaHum pacteopa 4o temnepartypsl 95 °C
— 98 °C BblgensTCs XOPOoLLO pUnbTpyeMble ocaaku rmapokeuaa 6epunnus (B-opma).

2 TvgponuTuyeckoe pasnoxeHue OGepunnata HaTpuUA, MOMyYEHHOrO  Mpu
nobaeneHvn B pacteop cynbgara nsbbiTka rmapokcuaa HaTpust:
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BeSO4+ 4NaOH = Na,Be0,+Na,S0O4 + 2H,0 (2.3)
Na,BeO,+ 2H,0 = Be(OH), + 2NaOH (2.9)

MonyYeHHbIN TEXHUYECKMIA rMapoKena 6epyunnusi CnyxmT UCXOAHBIM Marepuanom
ANSA Mony4YeHnMa uUCToro okcmuaa Gepunnus M ero conei. U3 Hero Tawke nonyvarT
npokanveaHuem npu Temnepartype 700 °C — 800 °C 1 TexHn4eckuii okena Sepunnms.

Ina nonyyeHns okcuaa 6epunnvs BbICOKOW YMCTOTbI, MPUMEHSEMOrO B SAEPHON
3HepreTuke 1 NPOM3BOACTBE OrHEYMOPHbIX U3AENUIA, TEXHUYECKUA MMAPOKCUS, OYULLAIOT,
NCMOIb3ysA pasnnyHbie cnocobsbl.

Kap6oHaTHO-aMMOHWIHBINA CNoco® OYMCTKM OCHOBaH Ha PaCTBOPEHWU ruapokcuaa
GepunnnA B HaCbIWEHHOM pacTBope kapboHaTa amMMOoHus, TOr4a Kak rmapokcup
antoMUHNSA U XXenesa HepacTBOPUMbI B HUX.

JdononHutensHaa ouMcTka OT CReaoB  TSXKENbIX  METannoB  JOCTUraeTcs
ocaxgeHneMm cynbduaos. [pu  KMNsYeHUU pacTBopa KOMMNEKCHbIA — kapBoHaT
(NH4)2[Be(CO3),] pasnaraetcs C BbigeneHnMem OCHOBHOrO kapboHaTta 6epunnus.
MpokanmeaHWeM NocnegHero nory4aroT okeua Gepunnus.

OddekTBEH aueTaTHbI CMOCO6 OYMCTKM, KOTOPbIN 33KMNOYAETCA B BO3TOHKE
okcnauetata Gepunnmna Be4sO(CH3;COO0)s npu temnepatype 360 °C — 400 °C. UHoraa
ynuCTBIN okena Gepunnua nonyyalT uepes kpuctannormgpar cynbdarta Gepunnus
BeSO4 - 4H,0, KOTOpbIN KPUCTANNU3YIOT BbiNapuBaHMeM 13 cyrnbgarHoro pacresopa.

Memannypausi 6epunnus

Ana meTannoTepMn4YecKoro BOCCTAHOBNEHWUA Gepunnmsa ncnonb3yrot ero oTopua,
KOTOpbI o6nagaeT BLICOKMMU TemnepaTtypamu nnaeneHus (800 °C) u kunenus (1327 °C).
3T0 no3BonseT NPOBOAWUTL BOCCTAaHOBMNEHWE NpY aTMOCEPHOM AABMEHWU C NMOAHLEMOM
TemnepaTtypsbl Bbille nnaeneHus Gepunnus (1284 °C), B peaynbTarte Yero nNerko oTAENuTb
MeTann oT pacnnasa coneil. B kavecTBe BOCCTaHOBWUTENS MCMOMb3YKOT MarHui, He
obpasyrowmin ¢ Gepunnmem CoeanHeHNA u TBEPAbIX PaCTBOPOB:

BeF, + Mg = Be + MgF», (2.5)
DGioook= -118kMX, Hagek = -150 kK.

BoccTaHoBneHe BeayT B rpadvTOBbIX TUMAX, HarpeBaemblX B WHAYKLMOHHbBIX
nevax.

Mpw oxnaxzaeHun Turns 6epunnniA 3aTBEpAEBaeT paHbLUE Linaka, YTo No3BoNsaeT
N3BNeYb CUTOK Bepunnns 13 pacnnasa conen LWmnuamm.

MPOMBILLNEHHBIA CNOCOG 3NEKTPONUTMYECKOro NomnyYeHus 6epunnmns OCHOBaH Ha
WCMOSMb30BaHUN  XJIOPUAHOTO 3MEKTPOSINTA, COAEPXKALLEro XJOpWAbl B COOTHOLUEHWM
BeCl:NaCl = 1:1 (no macce). 310 COOTHOLIEHMEe Onn3Ko K coctasy 3BTEKTUKN (58,7 %
BeCly + 41,3 % NaCl), nnasswernica npu 215 °C, 4yTo NO3BONAET NPOBOAUTL 3MEKTPONN3
npwv H13KoM Temnepatype (350 °C).

HanpspkeHne pasnoxeHus xnopuvaa Oepunnus B pacnnaee  3BTEKTUYECKOro
cocTasa npu Temneparype 420 °C pasHo 2,08 B. QnekTponua BefyT B 3NeKTponunsepax u3
HUKena. AHOAOM CRYXWT rpaduTOBLIA CTEepXeHb, KaToAOM - HUKENEBble CMEHHbIe
nepgopupoBaHHbIe TUF (PUCYHOK 2.1).

Katop ¢ ocagkom ©epunnus M3BnekarT 13 BaHHbl B ropsdem coctosHuu. lNocne
OXN&KAEHNS KaTOAHBLIN NPOAYKT ANS OTASNEHWUA 3MEeKTponuMTa OT MeTanna npoMbIBaloT
BOZOW, PacTBOPOM MMApOKCHaa HaTpusl, pa3GaBneHHOro a3oTHOW KUCIOTOW, CHOBa BOLOW,
LIeHTPUMYrMPYIOT 1 CyLuar.
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Yeuwyiwarui Gepunnuwi npeccynT B 6GpuKeTH Ha TUAPABAMYECKOM mpecce,
GpukeTy nepennaBnAOT B BAKYYNHON neyw B TUTAAX W3 OKcHga Gepunana. Copgepranne
npuNeced B SNEKTPOAMTHYECKOW GepManAMM nocAe BaKkyyuwwoid nepennasku, %:
Fe - 0,007; Al - 0,003; Si- 0,02-0,003; Ni- 0,003; Cl- 0,002; Ca - 0,003.

1- Tpy6a gna otcoca rasos; 2- rpadutossii anop; 3- KpolLka; 4- 3NeKTpOnedb; S- cHeHHb
Hukenesuil kKaTod; 6- BawHan U3 HUKeEN

PCYHOK 2.1 - 3NeKTpOAM3Ep CO CUEHHHN KATORON ANA NOAYYEHUS Gepunnng

Nwrod Gepunani 06HYHO WMeEeT KPYMHOKPUCTANAMYECKYD CTPYKTYpy, 4TO0 B CBA3M
c 6onbuod awnsoTponmed cBOWCTB KpuCTAannos Gepunansg 3aTpyfHAeT ero ob6paboTky
gasnenunen. NodTowy 6onbuUyw 4acTb KOMNMAKTHUX GepunnmeBsx 3ar0ToOBOK N W3fenui
NOAYyYanT WeTofamu NOPOLKOBOR NeTanAyprun.

fexogtve nopoukw OGepuanua NPUTOTOBAANT M3WeNbYyeHuew OGepunnnesod
CTPYKKW, noAy4yeHHO# pesawmenw Ha cTahke GepuanweBbHX CAUTKOB BakyyWHOoi
nepennaski. CTPyXKy w3wenbyawT B BOJOOXNAKfAENOM AUCKOBON ucTHpaTene,
GyteposanKkow bepunnuen, B Cpefe Cyxoro HHEPTHOTO rasa.

MpeccoBahie 3aroT0BOK W3 nopoLka Tpebyer ByCcoOKOro gasnenns -1-1,5 rMa, tak
Kak vactuys bGepunnws wanonnacTuyHs. Cnexkawne NPOBOAAT B BaKyyue npw
Teuneparype 1200 °C, nocne 4yero fONONHUTENbHO NPECCYNT HAa XONO[E NOJ faBreHunen
1-1,5 fMa. UunuHuppuyeckue 3aroToskun npeccyot npu Tewnepartrype 1120-1180 °C
gasnewnu 3-7 Wna.

2.2 Nutnii

TexHoNnorna nonyvyeHnsa NnTua

Tepuudeckoe oborayenue (fgexpuntauun) nprHuesHanT npu oforagennn
cnofgyunewossx pya. Cnocob ocHoBak Ha nepexoge a-cnogynena B (3 -Cnogymew npw
HarpesaHunm pygs Ao tewnepatyps 1000 °C - 1100 °C. Npespalyenne conposokgaeTrcs
W3weHeHuweM ob6bvemwa, YTO NPUBOLUT K pPa3pylenun BHeLaoLed CNOLZYyMEH NOPOAH C
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BblAeneHnem 3-criojymeHa B BUAE M3MENbYEeHHOW pakumy, OTAENAEMON IPOXOHEHNEM
U1 BO3AYLUHOW cenapauuel. MiaeneveHne nutma B koHUeHTpaT coctasnset 60 % — 80 %.

dnoTaumo cnogymeHa OCYLLECTBMSOT C MPMMEHEHWEM aHWOHHbIX cobupaTenen
(KMPHBIX KUCMOT M WX MbIN) € BbIAENEHNMEM B NEHHbIA NPOAYKT NUTUEBLIX MUHEPAarnos
(npsmas dpnoTaumsa) Unn ¢ UCNonb3oBaHWEM KaTMOHHLIX cobupaTtenen npu BblgeneHnn B
NeHHbIM MPOAYKT MUHEPAIoB NMyCTOW NOPOABI, TOTAa8 KaK NMUTUEBbIE MUHEPASbl OCTaoTCA B
xBocTax (obpartHas dpnoTtaums).

[ns donoTtauum nennaonmTa 1Cronb3yrT NPenMyLLECTBEHHO obpaTHyto dnoTaumo
C KaTMoHHbIMKU cobupaTensMm

Mpoayktamyn nepepaboTkn NIUTUEBbIX KOHLEHTPATOB SABMSOTCS COMM  NUTUSA
(kapboHaTt, cynedart, xnopua) u rugpokena. Havbonee pacnpocTpaHeHHbIA KOHEYHbIN
npogykT — kapboHat MuTus. OH CAYXWUT UCXOAHBIM MaTepuanom ANs nonyvyeHns Apyrnx
COEJVHEHWI, B YaCTHOCTU XNopuaa NUTUSI, U3 KOTOPOrO MOSy4aroT METanInMYecknii NMTUR.

B npoMbILLNEHHOW MpaKkTUKe MPUMEHSIIOT NPeuMyLLecTBEHHO Tpu crnocoba
Pa3nNOXEHNsT NNTUEBLIX KOHLIEHTPATOB: CEPHOKUCMOTHBIA, cynbdaTHein (CnekaHne ¢ U
N3BECTKOBbLIA. Kpome Toro, nHoraa MCnonb3yrT M3BECTKOBO-XIOPUAHbIA CrocoB.

CepHOKUCIOMHBIU CrIoco6 NMPUMEHSIIOT AN NIMTUEBLIX KOHLEHTPaToB BCEX TUMOB:
CNOAYMEHOBbIX, NenuaonNuToBbIX W ambnuroHuToBbiX. B pesynmbtate pasnoxeHus
KOHLEHTPMPOBAHHOM CEpPHOM KUCNOTOM npu Temnepatype 200 °C — 250 °C wu
nocrneayroLero BbILenayYvBaHUA NpoAyKTa BOAOW MOMy4valoT pacTBOpbl, cogepxaliue
cynbdaTt NUTUS, N3 KOTOPbIX OCaXAAT kKapboHaT NuTuS.

lMepepabomka cnodymeHa. Ons 3hHEKTUBHOrO pasnoXeHuUs CrofyMeHa CepHOM
KMCnoTo Heobxoguma nepBoHadansHas Tepmudeckas obpabotka. CepHas kucnota
npakTuyeckn He pasnaraeT a-cnogymeH. OGxwur nposoaatr B 6GapabaHHoW neun.
Ocob6eHHOCTb B3anUMOAENCTBUS CEPHOM KUCINOTbI C P-CNIOAYMEHOM COCTOUT B 3aMeLLeHnn
KaTMOHOB NUTWUSI MPOTOHAMM KUCIOTbI NPY COXPaHEHUN-CTPYKTYPbI B-CnogyMeHa.

CynbhaTM3npoBaHHbIN Martepuarn BbILENayvMBaloT BOAOW, NOAABAA B pPeakTop Mer
ANs HelTpanu3aumm umsbbimka cepHol kucnotbl (o pH 6-6,5). OTdunbTpoBaHHbINA
pacTBOp OYULLIAIOT OT MarHnsa HerUTpanuaauuen nssectsto (pH 12-14), a 3atem oT Kanbums
ocaxgeHnem kapboHata kansuma CaCO3 cogon.

Mocne otaeneHus ocaaka unsTpaumen n3 pacTeopa ocaaarT kapboHaT nuTus
HacbILEHHbIM  pacTBOpoM coabl. [lpombiTbie ocagku cogepxat 96-97% LiCOs.
WsBneuyeHne B kapboHaT NUTUS 13 cNoayMeHOBOro koHLeHTpaTta 85-90%.

lNepepabomky nenudonuma OCYLIECTBNAIT HEMOCPELCTBEHHO CEPHOW KUCINOTON
npyn Temnepatype 320 °C — 330 °C. [nsa yckopeHus npouecca MHOraa NPUMEHSIIoT
npeaBapuTenbHoe NnaeneHve nenuaonuta npy Temnepartype 1090 °C, npespalias ero B
CTeknoobpasHyto Maccy, KOTOPYH NOCNE U3MENbYEHWS CyIbaTU3npyHoT.

Monyyaemble npu nepepaboTke NeEnMAONUTa CEPHOKWCIIbIE PAacTBOPbl coaepxar
cynbdbatbl: LixSO4 KoSO4 NaxSO4 Al(SO4)s. U3 oTdunbTpoBaHHOro pacrteopa
ocaxpaatoT kapboHaT nuTus.

CynbgbamHbili crnoco6 OCHOBaH Ha CMekaHWU INUTUEBLIX KOHLEHTPAToB C
CynbaTom Kanusa ¢ NocneayowmM BoilenadynsaHMem crnexka BOAOWN.

2(U,Na)[AI(SiOs)J + K2SO04 = 2(K,Na)[AI(SiOz)2J + Li2SO4  (2.6)

Tak kak peakuus (2.6) obpatuma, Tpebyetca GonbLioi n3bbITok cynbdpara kanus

(8o 150%) ans obecneyeHns BbICOKOW CTEMEHW NPeBpaLLeHUs.
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CnekaHue npoeoaaT B GapabaHHbix nedax npy temnepartype 1100 °C — 1150 °C B
TeuyeHue 1-2 4. BbuyenaunBaHne BegyT Ha xonoat B GapabaHHbiX MenbHULAX
(pacteopuMocTb cynbdata nutna LixSO4 NoHWKaeTca ¢ NOBbILLEHNEM TEMNEpaTypbl).

CynbgatHbii cnoco® NpuUMEeHsoT Takke Ana nepepaboTky nenugonuta wu
UMHHBanbAuTa. Pasnuuvne cocTouT Nulb B AO3UPOBKE Cynbdarta kanvs B wuxTe 1 bonee
HK3kon Temnepatype cnekaHus (850 °C — 950 °C).

Mpeumywiecteo cynbgarHoro criocoba nepepaboTkM NUTUEBOrO CbipbA — €ro
YHUBEPCASbHOCTb U BbICOKAA CTENEHb BCKPbITUS KOHLIEHTPaTOB, HEAOCTATOK — BbLICOKUN
pacxoa cynbdara kanua. MNpyn n3secTkoBoM cnocobe NUTUEBbIE KOHLEHTPaTbI (CNoagyMeH
UNM NenNUAoNMT) cnekatT C U3BEeCTb0 unv mernom. MNMpy nocneayoLEM BbiLEnavMBaHUm
crneka BOAOWM MOJyYaloT pacTBOp, COAEPXalLMA  TMAPOKCWZL NUTKS,  KOTOPbIA
KpucTannmayeTcs B pe3yrnbTare BbinapuvBaHua pactesopa B coctase MoHoruaparta LiOH -
H20.

NsBecTkoBbIM C€nocob MpUMEHSAOT Takke npu nepepaboTke nenuaonUTOBbLIX
KOHLeHTpaToB. B oTnnume OT cnogyMeHa criekaHve nenuaonnta C U3BECTLIO (UM MENoMm)
npoBoasaT npu 6onee HM3kon Temneparype (900 °C — 950 °C).

MpenmyLecTBa M3BECTKOBOrO crnocoba — nNpPUMEHUMOCTb K JoBbiM - TUnam
JIUTUEBBIX KOHLEHTPATOB, BO3MOXXHOCTb MPSIMOrO MONYy4YeHUs rmapokemaa nuTus.

B nocnepgHve rofbl MHTEHCUBHO paspabarbiBatoTca cnocodbl MOMYyYEHNA NNTUEBBIX
COnemn 13 HeTPaZMLMOHHbLIX BUAOB ChipbS. JIMTWI MPOM3BOAUTCA U3 NPUPOAHBIX Pacconos
B CWLA n Ynnm. B Yunm Ha H6a3e nops3emHbIX pacconoB MeCTOPOXAEHUS B MyCTbiHE
ATakama noctpoeH komOuHaTt. CocTaB pa3nuyHbiX PacCconoB NUTUAMMEPOMUHEPANBHOTO
cbipbs (JITMC) npuBeaeH B Tabn. 2.1
Tabnuua 2.1 — Xapaktepuctuka NNMMC Hanbonee n3BeCTHbIX MECTOPOXAEHUIA MUpa

Ne | CtpaHa (mecTopoxkaeHue) KoHueHTpauwus, r/n
n/n Li* Na* K* Mg* | ca* cr SO~
1 CLUA, Hesaga | 0,44 88,0 | 11,0 0,7 06 | 1285 Het
(03. Cuneep-Tuk) AaHHbIX
2 Yunm (Atakama) 0,502 (1134 | 32,1 11,4 0,5 | 2106 17,2
3 Bonvewus (Je-YoHn) 0,820 1052 24,2 16,6 0,5 | 190,5 9,1
4 Poccus (Tapymosckoe) 0,2 67,0 3,8 0,8 10,1 | 127,3 Het
AaHHbIX
5 Kutan, Uunxan (QyHtan) | 0,49 686 | 17,7 29,3 - 190,4 231
6 Kutan, LUunHxan | 0,96 1,4 1.1 1078 | 43 | 326,0 0,1
(Nnunnr)
7 Poccus, Pecnybnuka | 0,41 n | 356 | 20,3 11,2 | 655 220 -
Caxa (YBa4uHHCKUI
KOMIIEKC)

8 Poceusi,  KpacHosipckmn 0,22 46,8 | 23,1 9,5 58,8 | 233,9 -
kpaw (CyxoTyHrycckoe)

9 Poccus, OBeHkua | 0,45 50,2 | 19,7 11,2 | 81,7 | 271,8 -
(BepxHeKOoCTUHCKOE)

10 | Poccus, UpkyTckas | 0,48 2.4 43 28,5 [ 134,3 | 322,5 -
obnactb (3HameHckoe)

11 | Poccus, WpkyTckasn 0,39 1,9 11,7 29,0 (154,01 338,9 -
obnactb

(KoBbIKTUHCKOE)
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Mpn cTaguiHOM COMHEYHOM YyMapuBaHUM MPOUCXOAWT  MOCNefoBaTenbHOe
ocaxaeHwe ranuta, CUNbBUHUTA, a Takke ABOWHOW conn LixSO4KoSO4 MonyqeHHbIn
Takum 06pa3oM INWUTUEBLIM KOHLEHTPAaT TPAHCMOPTUPYETCA MO KENE3HOW Aopore Ha
3aBoJi, FAe paccon OYMLLAT OT MarHUs U3BECTKOBLIM MOJIOKOM, OT Kanbuus COAOW n
Janee TaKke COAOW OCaxgalT M3 HEro B CTaHAApTHbIX YCMOBUSX kapboHaT nuTus.
Ocapok MpoMbIBaKOT, CyllaT W rpaHynupyroT. [ina BblAENEHUs NUTUSA MEHbLUYI 4acTb
paccona, Nony4YeHHOro Nocne Nepeor CTaaum UCNapeHns 1 oTaeneHus cuneBuHuTa (15 %
OT NOTOKa NUTUS), HANPaBNAT Ha BTOPYIO CTaAUI UcnapeHus, a 60oMbLUyto YacTb 3TOro
paccona (85 % oT noTtoka nNMTus) 3akaunBaroT o6paTHo B NnacT.

Ha BTopown cragum ncnapennsi npy Temneparype paccona ebiwe 18 °C B npouecce
€ro KOHLUEHTPMPOBaHUS IUTWUI UCMApPSIETCA B WCMApUTENbHbIX KapTax BMECTE C
OCTaBLUMMCS Karnvem B Buae aBonHoM comm LipSO4KpSO4 kOTOPYIHO OTAERAT OT
paccona v nepeBo3AT Ha nuTUeBble 3aBoAbl. M3 paccona Ha BTOpOW CTaguv ucnapeHusi
MOXeT ObITb BbiAeNeHo B BuUae ABOWHOM comm Tonbko 50 % nutua oT ero obuero
copgepxaHns. CTeneHb M3BMeYeHWa nutua nosbiwaloT o 70 %, vcnonb3ys paccon,
MPOLLEALLNIA BTOPYIO CTaAUI0 KOHLEHTPUPOBaHUS U BbiNafeHUst ABONHOWN CONK.

[1BOWHYI0 NMUTMEBYIO CONb, OCaXAEHHYI0 nNpu Temneparype 25 °C u KoHUeHTpauum
nitua B paccone He MeHee 10 %, 3aTem pacTBOpSIOT B HACLILWEHHOM pacTBoOpe Xropuaa
kanus, Beicanmeasa K2S04, koTopbIin ABNSIOTCS NMKBUAHBIM TOBAPHLIM MPOAYKTOM

LiKSO4+ KCI = LiCl + K;SO4| (2.6)

MartouHbin  pactBop nocne ocaxaeHua KySO4 npeactaBnaiowmn  cobon
NMPakTUYECKN HAacbILLEHHbIA pacTBOp XJiopuaa nuUTUSA, HaNPasnaldT Ha OCaXAeHWe
kapboHaTa NUTNS COROM MO peakLmu:

2LiCl + Na,CO3= LioCO3 (2.7)
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BaccBiiHooBs cTagumsa cnommn

MartouHbiii pactBop NaCl JTviA yrnekvcnbivi
C OCTaTouHbli cofepxaHnem LijCOj (uucrota ™ 99 %)

PUcyhok 2.2 - Cxema nepepaboTkn NuTHeBsX pacconos

Be3BOHbIV XNopua, NUTUSA, CRyXaluii UCXOAHLIM MaTepuasoM Ans Npou3BoACTBa
MeTaN/IMYeckoro MTus, 06bIYHO MosyyalT M3 kap6oHata nnUTUS. o TEXHUYECKUM
YCNOBMSIM B X/IOPUAE NUTWSI AOMYCKaeTCs CreAylollee CoaepxaHue npumecei, %, He
6onee: Na- 0,12; Ca-0,03; Al —0,05; Fe - 0,005; SO2 -0,1; SiO-0,05; P O '-0,005.

Ons  nonydyenus xnopuga ATAS  yKasaHHOW u4MCTOTbl  06bIMHO TpebyeTcs
npegBaputenbHas ouucTka kapGoHata MTua oT npumeceil. OUMCTKY OCYLLEeCTBASIOT
MeToAO0M MepekpucTaIn3aumy Yepes XopoLlo pacTBOpuMbIi GukapGoHaT nnTus (cnoco6

TpycTa).
dneKTponu3 xnaopuga AMTus - Hambonee 3KOHOMWUYHBLIA CNOco6 Mpou3BoAcTBa
MeTaulla  TEXHWYECKOM  UMCTOTbI. Ero npoBogAT B  AvMad)parMeHHbIX  Wau

6e3anadparMmeHHbIX 3/1eKTPoM3epax 0cobol KOHCTPYKUUK (pUCyHke 2.2).
B anadparmeHHOM 3nekTponusepe (puc. 2.3a) CTaNbHOW katof BBeAEH B AHULLE B
LLeHTpe BaHHbl. Ha ypoBHe BepxHero Topua katoAa PacnofioKeH KOJbLEBOW YrofibHbIi
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aHopf ¢ 6oKOoBHM TOKOMORBOAON Yepe3 CTEHKNH 3nekTponnsepa. B WeX3INEKTPOAHON
npoCcTpaKcTBe ycTaHOBNEHa CeTyaTads cTanbhad guapparma. WCXORHHEE XNO0OPUA AUTHA
norpyxaerca 3anuBKOW pacnnasa Yepes NOK B Kpsuke. AuwTuwii npu anexkTponM3e
BCNAUBAET Ha NOBEPXHKHOCTbL 3NeKTPOAMTA M YAANAETCA U3 BAHKHH BPYYUHYR Aupuyatoi
noxKoh. bonbuOe NOBEPXHOCTHOE HATAKEHWE MWTHA W NNOXaf CHAYUBAENWOCTbH CETKH
yAEPKUBART WeTann B ChbeMHON NOKKe, a 3NeKTPONUT NErKo cTekaeT 00PaTHO B Bakhy
yepes 0TBEPCTHA B CETKE.

Pabovwei Bawwoi B8 Gesguadparwennonw 3neKkTponnmsepe ABAAETCA KaTORHO-
NONAPU3OBAHHNA CTanbHO# TArenb, B KOTOPON dNEKTPOAMT pacnnasBnaeTca 3a cyeT
TENNOTH TOMOYHKHX Tra3os (rasosas ropenka). TlpadutoBuid aKHOof BBOAUTCA CBEPXY.
Tonyyaewsd npu 3nekTponnse Texuwuyeckui nutui cogepxut 97 % - 98 % Li.

a-grnadparmMeHHblil 31eKTPONN3EP:
1- KonbLEBON rpadmToBbIf aHOA, 2 - CTaslbHOI kaTod; 3 - pacnnas C-KC; 4 - Xuakuii nntuid;
5- cbopHUK; 6 - CTaslbHas ceTyaTasn guadparma; 7- Tenon3oaaums;
6 - 6e3gnadhparMeHHbIi 3N1eKTpom3ep:
1- rpadouToBbI @aHOA; 2 - CTasibHOM Tpybuathiii katog; 3 - pacnnas C-KC; 4 - nok gns BbI6GOPKU
mTust; 5-nUTKA; 6-TONOYHbIE rasbl; 7 - TENIOU30NSUMA

PucyHok 2.3 - DnekTponusepbl gns nosydeHns amtusa us pacnnasa LiCl

Jns nonyyewws weranna, NPUTORKOTO RNA AGEpHON TeXHONOTMH, YHCTOTA ANTHA
NOBHLAEGTCA €ro paduhuposannen.

S0heKkTuBEH WETOR paldMHWpOBAKMA NATHA fucTANNAyned B Bakyyme. CHavana
npu Tewnepatype 450 °C OTrOHANT OCHOBHOE KONWYECTBO MpHHECEd LEeNnOoYHSX
wetannos (kanuws, HaTpus). 3atem ANd 6onee nNONHOA OYMCTKM AMTHAE wcnapamT ApH
Tennepatype 600 °C - 800 °C nopg gasnenuen 1,3 0103MNa, nojpepxusan Tenneparypy
B koHpeHcaTope 340 °C - 420 °C. Npw w3BnNeyeHuu ANTHA B KOWAeHCAT, pasHoN 85 % -
90 %, cofgepkanie npumeceid 8 Hew CHAKAETCA A0 THCAYHYUX goneid npoyenTa.

Nwtwid BynyckaonT B BUAE CAMTKOB, Trpawyn, NPpyTKOB, NPOBOAOKK. XpawAT ero B
repueTMykol xenes3wod Tape NOA cnoeM nacToo6pasHoOi wmaccH M3 napabuna u
WAWHepanbhHOro macna Aubo NOJ ra3onuhoN WAM neTpoORedhuN 3hUpoN, 3anonKanyuN
Tapy aoBepxy. Nepeg NpANEHEHHEN ANTHA NUHEPANbHOE WACAO CHBBAKT NETPORCHNLN
abupow wnn Gewsonom, koTopud 3aTenw mcnapAnT B Bakyyue.

52



UTC 24-2017
2.3 Py6Guaun

TexHonoeausi nosyyeHusi pybudusi

Bonblwyto 4actb pobbiBaeMoro pybuaus nonyyalroT kak nobouYHbIN NpoAyKT npw
npoussoacTee nNuTusa U3 nenugonura. MNocne BbigeneHna nNuTua B Buae kapboHarta unm
rmgpokeuga pybuauim  ocakaalT M3 MartouHbIX  pacTBOPOB B BUAE  CMEcU
anoMopybnamneBelx, antoMoKanueBbix U anomouesmeBbix kBacluoB RbAI(SO4),-12H,0,
KAI(SO4)2:12H20, CsAI(SO4)2-12H,0. Cmecb pasgensiot MHOrOKpaTHOM
nepekpucTansaumen.

PyBuauii Takke BbIAENSIOT U M3 OTPabOTaHHOIO SNEKTPOMTa, NOMyYaoLIerocs npu
nonyYeHnn MarHus u3 kapHannuta. U3 Hero pybuamn Beigensiot copbumen Ha ocaakax
deppoupmaHnaos xenesa nnm Hukens. 3atem eppounaHnabl NpokanveatoT U NonyyaloT
kapboHaT pybuamsa ¢ npumecamu kanus u uesus. MNpu nonyyeHnu uesus 13 nonnyuuta
pybuamii nsBnekarT M3 MaTouvHbIX pacTBopoB nocne ocaxzeHus Cs3[SboClg]. MoxHo
n3BnekaTb pyouani N 13 TEXHOMOTUYECKMX PaCTBOPOB, 0OpasyroLMXCa Npy MOnyYeHUu
rnnmHosema us HedenuHa.

Ons mnssneyeHnss pybuamsa MCrnonb3yloT METOAbl IKCTPaKUuMM U MOHOOOMEHHOM
xpomatorpadun. CoegnHeHns pyouams BbICOKOWM YUCTOTbI MOMy4atoT C UCNONb30BaHWEM
nonuranoreHnaoB.

3HaunTeNbHY0 YacTb MPOU3BOAUMOrO pPyOUAUS BbLIGENSIOT B XO4e MONyYeHus
NNTWSA, NOSTOMY NOABReHWe OONbLIOr0 MHTEpeca K NUTUIO NS MCNONb30BaHWUSA ero B
TepMmosAaepHbIX npoueccax B 1950-x nmpuBeno kK yBenuueHWo [obbMM nutuA, a,
cneposatensHo, U pybuausa. MiveHHo nosTomy coeauHeHus pybuaus ctanu Gonee
LOCTYMHBbIMM.

2.4 Le3un

TexHo02us1 Nony4YeHus yesus

Mpy NPOMBILLNEHHOM MONYyYEHUN LE3NA B BULE COELMHEHUA W3BNEKaeTca u3
MuHepana nonnyuuta. 3To Aenaetca XMnopuaHbIM UK CyrnbMartHbIM - BCKPbITUEM.
XnopuaHoe BCKpbITUe BKIoYaeT 06paboTky UCXOAHOIrO MUHepana NoAorpeTon CONsIHOW
kucnoTon, fgobaeneHne xnopuga cypbmbl SbCls ans ocaxaenns coeanHerns Cs3[SbaClg]
M NMPOMBIBKY ropsi4e BOAOW MMM PacTBOPOM aMmmaka ¢ obpasoBaHUEM Xfopuaa Lesns
CsCl. TMpu cynbdaTHOM BCKPbITUM MUHeparn obpabaTbiBaeTcs NOAOrPETON CEpHOM
KvMcnoTou ¢ oBpasoBaHrem antomoLeaneBbix kBacLoB CsAI(SO4), 12H,0.

[na nonyyeHns Le3ana [OCTaTOYMHOW CTENEHW YMCTOTbI TPpebyeTca MHOrokpatHas
pekTUdUKaLmMs B BaKyymMe,  OYMCTKA  OT  MEXaHW4eckux  npumecen  Ha
MeTannokepamMmnyeckmx UNbLTpax, HarpeeaHve C retrepamu Ans yhaneHnsa cnepos
BOAOPOAaA, a30Ta, KACINOPOAa U MHOrokpaTHasi CTyneH4aras Kpucrannusaums.

CnoxHOCTU nonyyeHns Leans o6ycnoBnmBatoT NOCTOSIHHBIA MOUCK €r0 MUHePanos:
N3BMEeYEHNe 3TOrO MeTanna na pya HernosiHoe, B NpoLecce aKkcnyarauum matepuana oH
paccensaeTcsi U NoToMy 6e3B0o3BpaTHO TepsAeTCs, [NPOMBILLNEHHOCTb HY>XAAETCA MMEHHO
B OYeHb YMCTOM MaTtepuarne (Ha yposHe 99,9 % — 99,999 %), n aTo ABNAESTCS OQHON M3
TPYLHENLWNX 33,84 B METaNyprum peSKUX SNEMEHTOB.

B Poccum nepepabotka u mM3BneyYeHne conen Lesus M3 nonnyuuta BeAeTcs B
Hoeocubupcke Ha 3AO «3aBog peakmx MeTannosy.
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CyLecTByeT Heckonbko nabopaTopHbIX MeTOLOB MonyveHns Leans[12]. OH moxeT
ObITb NonyYeH:

e HarpeBOM B BaKyyme CMEeCH xpomara nnv auxpomMara Le3vs ¢ LMPKOHNEM,;

e pasnoxeHWeM asuia Lesus B BaKyymMe;

e HarpeBOM CMeCK Xropuia Leans 1 cneumarnbHO NogroTOBNEHHOrO KanbLms.

Bce meToabl faBNSAOTCS TPyAOEMKMMW. BTOpoi no3BonseT nonyynTs BbICOKOYNCTbIN
MeTarnn, 04HaKo ABNAETCH B3PbIBOOMACHbLIM 1 TpebyeT Ha peanmaaumio HECKOMNbKO CYTOK.

2.5 PeHun

TexHomoausi Nosy4eHuUs1 peHust

Mpn nepepaboTke MOMUBAEHUTOBLIX KOHLEHTPATOB, KPOME CEPHOKWUCIIbIX
pacTBOPOB MOKPbIX CUCTEM MbIISYNABNMBAHUA, UCTOYHMKAMU MONYYEHUSs PEHUS MOryT
CMYXWTb PacTBOPbl MOCNE TMAPOMETanypruyeckon nepepaboTkM OrapkoB M a3oTHO-
CEPHOKNCIbIE PACTBOPLI OT Pa3NIOKEHUS MONMBAEHUTa a30THON KUCOTO.

MepepaboTka MeLHO-MONMOAEHOBLIX pPEHUACOAEPXKALLMX MPOMMPOLYKTOB B
HacTosALEee BPEeMs OCYLUECTBIAETCH MO CXEME OKUCIUTENbHOro obxura ¢ BO3rOHKOM
pEeHNA, COAOBOrO BhILLENAYMBaHNS 0BOXOKEHHOMO MPOAYKTA C NMOCMEAYHOLMM BbILENEHNEM
M3 pacTtBopoB Monmbaata kanbuus. Bo3orHaHHbBIM pPeHWA ynaBnvMBaeTcs B MOKPOW
CUCTEME OYUCTKM rasoB M 3aTeM WK3BMeKaeTcs Mo COpOLUMOHHON Cxeme B TOBapHbIA
neppeHat ammoHusi. OKMCIINTENBHO-aBTOKNABHOE BbilenavynBaHne pacTtBopamun Coabl U
egkoro Hatpa obecrneumBaeT M3BrEYeHWe B pacTeop MonubaeHa u peHus fo 98 %.
OKCTpakuUMOHHbIE MeToAbl  u3BneveHus MonubgeHa UM peHMs € MOoCrneAyoLmM
nonyyeHneMm napamonubaara u neppeHara ammoHus obecneunsaloT nsBneveHue u3
WNCXOAHOTO Cbipbs 96 % monubaeHa n okono 90 % peHus.

Ons BbibOpa cnocoba nepepaboTkn BOBMAEKAEMOro B MNPOU3BOACTBO CbIpbSA
HeobxoAMMO yuuTbIBaTb KAYeCTBO WCXOAHOTO MaTepuana, Hanuume npumecen,
TIMMUTUPYHIOLLMX BbIGOP KOHEYHOW MPOAYKLMKM, @ TaOKe MMEIOWMNECH NMPOVN3BOACTBEHHbIE
MOLL|HOCTU.

OcHoBHbIMK  criocobamn  nepepaboTkn  PEeHNNCOAEPXKaLLMX MPOU3BOACTBEHHbIX
pacTBOpOB B HacTosllee Bpems SBNSAIOTCA COpOLMS Ha BbICOKOOCHOBHBLIX aHWOHUTax
(MOHHOOBMEHHBIX CMOTIax) Y XUAKOCTHAs SKCTPaKLMS.

[a3o000pasHble MpoAyKkTbl, nonydawwmeca npu obxure MonMbaEHUTOBbLIX
KOHLEHTPATOB UNM MpW MnaBkax MeAHbIX KOHUEHTPAaTOB, OXNaXAaloT, (UNLTPYIOT U
pacTBOpSIOT B CEPHON KUCNOTE C MOCMNEAYIOWMM BbiAENEHUEM NEPPEHATOB Kanusi nnm
ammonnst KReO4 nnn HsReO4 noHHooBMeHHON copbumen Ha akTMBUPOBaHHOM yrie unm
MOHHOOOMEHHbIX YIISIX, @ TaKkKe >XWAKOCTHOW SKCTpakumen Tpu- Gytundocdatom mnu
amMuHamu.

Memannypeausi peHusi

OanbHerwias nepepaboTka nNeppeHaToB Kanvs U aMMOHWA HanpaeneHa Ha
nony4YeHne NnopoLIKOOBpasHOro U KOMNAaKTHOO PEHUS.

Ona nonyyeHus peHWEBOro nopoLWKa MeppeHar ammoHus (UM  Kanus)
BOCCTaHaBNMBaKT BOAOPOAOM B TpybuaThix neyax ¢ HenpepbIBHOW MPOABWKKON NOA0YEK
13 monunbaeHa.
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MonyyeHHbIN BOAOPOAHBLIM BOCCTaHOBMEHMEM neppeHara Kanus
NopoLIKOOOpasHbI  PEHUN  COAEPXKUT pPsA  NErkoneTyunx npUMeECeR, KOTopble He
No3BONSIOT MPUMEHATL €ro B XKApOMPOYHbLIX CrfaBax M B 3NEKTPOHHbIX npubopax,
paboTatolmx B rnybokom Bakyyme. OCoGeHHO BpeaHbl MPUMECH CBUHLA, OnoBa, KagMus,
BMCMYyTa U cypbMbl. CoaepxaHne nx B METaNNMYECKOM PEHUU HE AOMMKHO MpeBbiaTb
1*10™ % kaxnoit.

JocTatoyHo MOMHO yKasaHHble npuMMecuM MOryT ObiTb  yaaneHsl BaKyyMHOWN
AVUCTUMNALUMEN TMPU HarpeBaHWM peHUst OO0 BbICOKUX TemnepaTtyp npu OCTaTO4YHOM
pasneHin 1*10*% MM pr. cT. B aTux ycnoeusix mpu 2000 °C HabriogaeTcs 3aMeTHoe
cnekaHne nopolukoobpasHoro martepuana, a npu 2300 °C — 2500 °C npoucxoaut
WHTEHCUBHas o4MCTKa peHus OT OOonblUMHCTBA MPUCYTCTBYIOLLMX B HEM MNPUMECEWN.
YuctoTa meTanna, 3a BbMeTOM TpuHaguaty npumecen (Fe, Al, Mo, K, Na, Ca, Ni, Cu, Pb,
Sn, Bi, Cd, Sb), cocraenger 99,988 %. Bonbwe Bcero B peHun kanua (0,0035 % —
0,0030 %) un kanbums (0,0023 % — 0,050 %). NHTeHcuBHOE yaaneHue xxenesa n HUKens
HaumHaeTcs npu 2200 °C, a kanuns 1 kansumus — seiwe 2300 °C. CoaepxaHve anioMnHUS
OCTaeTCsA NPaKTUYECKN HEN3MEHHBIM.

Mpu ncxoaHom cogepxaHun B peHnm 0,003 % Pb, 0,0006 % Sn, 0,0007 % Cd,
0,0003 % Bi n 0,0004 % Sb n nocne BbigepXKMBaHUSA MeTanna B TeyeHne 2 4 U
ocTartoyHoM gaeneHvin 1*107* mm pT. CT. COAEpXaHWe STUX MNpUMecen B MeTanne
cHwkaeTca MeHee yem ao 0,0001 % kaxkaon. JToro xe addekta MOXKHO AOCTUTHYTD,
€Cny YBENMYMTb NPOAOIPKUTENBHOCTL Harpesa Ao 4-6 4 npu 2050 °C.

CHM3NTL copepXKaHue KUCINOopoaa B PEHNM MOXHO Takke C NnoMoLybto HeGonbLumx
fo6aBok pefkoseMesbHbIX MeTannoB, 0COOEHHO NaHTaHa, PacKUCNSWMX peHni. Tak,
npyv BeegeHun B peHun 0,01 % (N0 macce) naHTaHa cojepXaHue kucnopoja B
Pack1CreHHOM Takum nytem penHum coctasut 0,008 % (no macce) npotms 0,015 % (no
Macce) B WCXOOHOM IIMTOM PEHWM, YTO MO3BOMUT CHW3UTb TBEPAOCTb U MOBbLICUTH
nnacTu4eckme CBONCTBa PEeHS.

nyBoKyto OUYMCTKY PEHUST OT NMPUMECe BO3MOXHO TakKe OCYLLECTBUTL YEpE3 ero
okcmxnopuabl. Hanbonee ynobHo ans aTon Lenu npumednts MoHookenxnopus ReOCly,
koTopbin mnaeutesa npy 30 °C v kunut npu 228 °C. 31O COoeAMHEHNE NErKo ouYnLLaeTCcs
pekTidukaumen. BHayane  TEXHWYECKMA  PEeHUA  MOABEPralwT  XJNIOPUPOBaHWUIO
rasoobpasHeiM xnopoM, nonyyas neHtaxnopua penusa ReCls; panee neHtaxnopuva
okucreHnem kucrnopogoM npu 160 °C — 180 °C npesBpawaldr B MOHOOKCUXIIOPUA,
KOTOPbIN 1 ovMwwarT pektudmkaumen. HakoHeu, yuncteii ReOCls nepesoadT B neppeHar
aMMOHWSI, KOTOpPbIM 3aTEM BOCCTaHaBNMBAIOT A0 MeTanna.

MonyyeHHbIN MeTanmn XxapakTepr3yeTcsi BbICOKOA YACTOTON.

2.6 Fannun

TexHonozust nonyyeHus1 2annus

OOHaKo OCHOBHbIM ~ WCTOYHUKOM  MOMNYyYEeHWs rannus  CryXaT  pacTBopbl
rAMHO3EMHOro npouseoAcTBa Npu nepepabotke 6Gokcuta (06blMHO —copepkalime
HesHauuTenbHble ero npuMeck (1o 0,1 %)) n HedenuHa. Mannuin Takke MOXHO NONYYUTb
C NOMOLLbIO NepepaboTki NonUMEeTannMYecknx pya, yrms. 3HauutensHo 66nblune ero
kommuectsa (Ao 1,5 %) Obinn oBHapyXeHbl B 30M€ HEKOTOPbIX KaMEHHbIX Yrrew.
N3BnekaeTca OH 3MEKTPONM30OM LLEMOYHBIX XWAKOCTEN, SBMAIOLMXCH NMPOMEXYTOYHbIM
NPOAYKTOM NepepaboTkv NpUPOAHbIX DOKCUTOB Ha TEXHUYECKUIA FMMHO3eM. KoHueHTpaums
rannvs B WENOYHOM anoMMHaTHOM pacTBope Mocre pasnoxeHus B npouecce bavepa:
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100-150 mr/n, no cnocoBy cnekaHus: 50-65 mr/n. Mo atum cnocobam rannmMin OTAeNsoT
OT OonblUen YacTn antoMUHUS KapOoHM3aUMeNn, KOHUEHTPUPYS B nocrenHen dpakumm
ocapka. 3atem oboralleHHbIn ocafok obpabaTbiBaldT M3BECTLIO, rannuin NepexojuT B
pacTBop, OTKyAa YepHOBOW MeTars BblAEnseTCs SMNEeKTPONM3oM. 3arpsis3HeHHbIA ranmvin
NpPOMbIBalOT BOAOW, NOCME 3TOro (UNbTPYIOT Yepesa NopucTbie NNacTMHbl U HarpeBaroT B
BaKyymMe Ans TOro, 4tobbl yaanute netyune npumecw. [nsi nonyYyeHus rannusi BbICOKON
YACTOTbI WCMONb3YIOT XMMUYECKUA (peakumm Mexay COnsMK), SNEKTPOXUMUYECKUIA
(3neKTponn3 pacTBOpoB) U PU3NYECKUIA (pa3noxeHne) mMeTonbl. B oueHb unctoMm Buge
(99,999 %) OH Obin nonyyeH MNyTeEM 3SMNEKTPONUTUYECKOTO padUHMPOBaHWS, a TaKke
BOCCTaHOBJIEHMSIM BOLOPOAOM TLUaTENBHO ounwleHHoro GacCls.

Memannypaus 2annus

Okono 97 % MUPOBOro MPOW3BOACTBA rannuva WAET Ha pasnusaHbie
NonynpOBOAHMKOBbLIE COEAUHEHMA. [annni UMeeT psag CnnaBoB XUAKUX MPU KOMHaTHON
Temnepartype (Tak HasbiBaeMbIX 2ajiam) U OAVMH U3 ero crnnaesoB umeeT t,,= — 19 °C. lNo
OTHOLLEHMIO K amMiOMUHUIO U €ro CnraBam ranfvii NoHU3UTENb NPOYHOCTW. [annun n ero
3BTEKTMYECKUA CMNaB C WMHAMEM WCMOMNb3yeTCsl KakK TEMnmnoHOCUTENb B  KOHTypax
peaxkTopoB.

MeTannmyecknm rannmem 3anonHsIT KBapLeBble TEPMOMETPLI (BMECTO PTYTH) ANs
N3MEpPEHNS BbICOKMX TEMNepaTyp.

2.7 Uupuin

TexHo02Uus1 NONYYeHUsT UHOUST

NHOuA He wvMeeT CcOOCTBEHHbIX MECTOpOXAeHUn W cnoco®  oTpaboTku
MECTOPOXAEHNN PasnUYHbIX TEXHONMOIMYECKUX TUMOB Pya, CoAepXalmx WHAUNA,
ornpefensieTcs N0 OCHOBHOMY MeTanny (Meau, UMHKY, CBMHLYY, ONOBY U T.4.) U HE 3aBUCUT
OT cofepXaHus B HUX UHAUSA (KaK U NPOYMX NONYTHBIX METannos).

B npoMmbILLNEHHOM NPOU3BOACTBE NHANS MOXHO BbIAENUTL TP OCHOBHbIE CTaAuu:

- NOy4YeHe NHANEBOrO KOHLUEHTpaTa C CoaAePKaHNEM NHANA He MeHee 1 % — 2 %;

- NMOSy4YeHNE YEPHOBOTO MHANS;

- pacbMHNPOBaHUE YEPHOBOTO UHANS.

LIMHKOBbIE KOHLEHTpaTbl — OCHOBHOW WCTOMHWK WHAWA B MUPOBOW MpakTUKe W
€VHCTBEHHBIN B HacTosiLee Bpems ans Poccun....

B MMpOBOM npakTuke pacnpocTpaHeHbl 3 OCHOBHbIX MeToza nepepaboTku
LIMHKOBbIX KEKOB C LIENbi0 U3BMEYEHUS HaxOASALMXCH B HUX LEHHbIX KOMMOHEHTOB. 3TO
BENbL-MPOLECC WMN BEMbLEBAHNE — paspylleHWe (DEeppuTOB LMHKA YrNepoanCTbIMU
BoccTaHoBuTensMm C u CO; pasnoxeHne ¢HeppuToB CEPHUCTBEIM  aHMMAPUTOM  UIn
KOHLIEHTPMPOBaHHOM  CEepHOM  KUCMOTOW  (cynbdpaTtm3aumsi) WU HemocpeacTBeHHoe
pacTBOpPeHME KEKOB B CEPHOW KUCNOTE MPW MOBLILEHHOW TemMnepaTtype U KUCNOTHOCTU
(mMeTOAbI @BTOKMABHbIN: SPO3UT-NPOLIECC N FETUT-NPOLIECC).

B Poccun Hanbonee pacrnpocTpaHeHo BenbLeBaHne (BO3roHKa 13 TBEPAON LLNXTbI).

Ans BblAeneHns MHANSA U3 NpeaBapuTenbHO OYMLLEHHBIX PacTBOPOB M NONYyYeHUs
YEPHOBOrO WHAWS WCMONb3yeTCs METOh LeMeHTaumMm M3 cynbdaTHbIX pacTBOPOB Ha
LIMHKOBbIX NI @MFOMUHUEBbLIX NINCTAX, NX XMOPUAHBIX PACTBOPOB — LibIHKOBOW MbISIbHO.

KoHeyHOM TOBapHOM MPOAYKUMEN SBNSETCA METannuuyeckui WHauA. UHaui
nocraBnaeTca B cooTBeTcTBUU ¢ Mapkamu UH-00, UH-0, UH-1, H-2. CopepxaHne nHauns
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B ABYyX nepsbix Mapkax He MeHee 99,999 % n 99,998 %, a AecsTM KOHTPOMMpyeMbIX
npumecert no 0,0001 % — 0,00001 % kaxaon. Ocobo unctein nHan (bonee 99,99999 %)
COAEPXKUT MPUMECEN Ha NOPSAOK MeHbLLE, YeM B 0BbI4HBIX MapKax 3Toro Metanna.

[Ons oTaeneHus WHAMS OT COMYTCTBYIOWMX METANNOB M KOHLEHTPUPOBaHUS
pacTBOPOB UCMOSb3YHOT AKCTPAKLMIO, HanpMMep, pacTBOPOM AW-2-3TUNrekcnndocdopHOn
KUCMOTbI B KEPOCKHE, UM MOHHBIM 0OMEH, Hanpumep, Ha POCHOPHOKMCTIbIX KAaTUOHWUTaX.
BblaensoT nHANA 13 pacTBOPOB 3NEKTPONM3oM Nnbo uemeHTaumen Ha metannmymckmi Al
(T.e. BbITECHEHNEM WHAMS M3 pacteopa no peakuym: In** + AP = In® + APY) ¢
nocrneayroLen nepennaBkon Nog Crnoem Lwenoun. [Ans ouncTkM NHAMSA NCNOoMb3YIOT Yalle
BCEro 3MeKTpoNUTUYeckoe paduHMpoBaHUe, BakyymHyto 0BpaboTky Ans yaaneHus
NETYYMX MPUMECEN, 30HHYK MraBKy WA BbITATMBAHWE KPUCTannoB M3 pacnnasa.
MpeanoxeH Tawke psa METOLOB OYUCTKM WMHAMS C MPOMEXKYTOYHLIM 0BpasoBaHMEM ero
COEJMHEHWI, B YaCTHOCTU XIOPUAOB.

BenbueBaHne saBnsetcs Havbonee adEKTMBHBIM METOAOM nepepaboTku
WHAMNCOAEPXKALMX MPOAYKTOB, B TOM YMCHE LIMHKOBBIX KEKOB.

B MAO «4L3» Ha ocHOBaHWN U3y4eHUs BIMSHUSA Ha U3BEeYeHe UHAMS, OKCuaa 1
xnopuga kanbums paspaboraH cnocob nogaum XnopcoaepXalmx Marepuanos U
dnocyowmx AobaBok 4Yepes pasrpy3oyHoe OTBEpCTUE Bernbl-neyen. TexHonorus
BHeApeHa Ha kpynHorabapuTHon BenbL-neun (L= 60 m, D=4,0 m). BHegpeHue no3sonuno
YBEMNUYUTL U3BMEYEHNe MHAWS B BenbL-oknck Ha 10%.

JpyruMm HanpaBfeHVeM COBEpPLUEHCTBOBaHWS MNPOW3BOACTBA WHAWA ABUNAach
MOZEPHN3aLMS IKCTPaKLIMOHHON YCTaHOBKM, KOTOpasi No3sonuna:

— CcTabunuampoBaTtb NpPOLECC SKCTPakuMM WHAUS C  BbICOKUM COAEPKAHUEM
KpemMHesema M3 CEepHOKWUCMbIX PacTBOPOB, MOMyYaroWMUXCs NPU BbilLenadMeaHun BernbL-
oKmCy;

— CHM3WUTb pacxofbl Ha npuroToereHne annapartos B 10 pas;

— ynpocTuUTb oBCcnyXMBaHWE M PEMOHT 3KCTPAKLMOHHOWN YCTaHOBKM.

2.8 Tannun

TexHosI02Us1 NONYyYeHUsT mannus

B Hacrosilee BpemMsi MCTOYHWKOM MONyYeHWUs Tannua SBMSIOTCS CynbduaHble
pyabl. MNpy oBoraweHnm Takmx pya Tanivin nepexoamT B MeAHble, LIMHKOBbIE U OCOGEHHO
CBVHLIOBbIE KOHLEHTPaTbl. Taniui M3oMOPGHO BXOAUT B COCTaB, Kak CynbUAHbIX pya,
Tak N CUNMKaTHbIX MUHEPAanoB, MO3TOMY CTEMeHb W3BNEYEHUSA Tannua B KOHUEHTpaThbl
konebnetca ot 10 % po 80 %. ComepxaHme Tannus B oboraweHHbIX NPOAYKTax
coctaensetr okorno 10° %, NO3TOMY TaKMe KOHUEHTpaTbl HEe MOryT CRyXuTb
HEMOCPEACTBEHHbIM CbipbEM ANA  MPOMBILMEHHOTO NonydeHus Tannmsa. UCTouHMKoMm
TanmMsa ABMSAOTCS  OTXOAbl MEAHOro, LMHKOBOrO, CBMHLIOBOTO W CEPHOKMCIOTHOIO
Npomn3BoACTBa — KOJOLUHMKOBAs Mbinb, obpasytolascs npu obxure cynbmUAHbLIX pya, W
winaku, cobrpaemsble Npy BbiMMaBke METaNIIOB.

B cBAsn c Tem, 4TO Tannu m3 nepepabaTtbiBaeMblX MPOAYKTOB W3BIEKaeTcs
0bbI4HO B KOMMIEKCE C PALOM APYTMX 3NEMEHTOB, LEWCTBYHOLME CXEMbl KOMMIIEKCHOW
nepepaboTkm MeTannuueckux pya BkoyawT B ceba 6onblioe KONMMYECTBO NMPO- U
TMapPOMETannypruieckux onepauvin, SBAATCS AOCTATOYHO CIOXHBIMW W MOCTOSIHHO
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BUAOU3MEHSIIOTCA Ha MPEeAnpuUATUAX B 3aBUCMMOCTU  OT  U3MEHeHusl cocTaea
nepepabartbiBaeMoro Cbipbsi.

Ana nonyyeHns Goratbix TannMeM KOHLEHTPATOB MOSb3YOTCA METOAOM BO3TOHKM.
Tannuin  MoxeT yneTyusBaTbCA NpU  OOXUre Kak B OKACIUTENbHOW, Tak U B
BOCCTGHOBUTENBHOM atmocdepe. JTO fgaeT BO3MOXHOCTb CcodeTaTb  MonyyYeHue
oborallieHHbIX TanMem BO3roHOB C NMPOLIECCaMM U3BNEYEHUA APYTMX LIEHHbIX 3NIEMEHTOB.
OcobeHHO BbICOKOe oBOoralleHre Tanmem nosny4aeTcs Npy NPUMEHEHUN XIIOPUPYHOLLIErO
obxura — ¢ pobaBKOM XINOPWUCTOrO HaTpus UnM cunbBuHuTa. PaBHoBecue 0OBMeHHOM
peakumm 2NaCl + T,SO4 = 2TICI + Na;SO4 casnHyTO B CTOpOHY ob6pasoBaHusa xnopuaa
Tannus, KOTopein nNpu Temnepatype cebiwe 600 °C obnagaeT xopolwen NeTyqecTbio n
MOYTU MOSHOCTBHIO BO3roHAETCA. [pyM OKUCIMTENBHOM OOXUre KOHLUEHTPAaTOB, KPOME
xnopwvaa, BosroHaeTcs okemg Tannusa ThO 1 MexaHndyeckn 3axeaTbiBaeTCs NOTOKOM rasa
nbINeBUAHbIE YacTuupl cynbdara, cynsduga u cunukata tTannusa. B nbinu n BO3roHax,
nony4aemMblx MpU BOCCTaAHOBUTENLHbIX MpoLeccax, YacTb Tannus MOXET HaxoauTbCs B
BMAE MeTanna.

Cnepytowent ctagvei BeIRENEHUs Tanns ABNAETCA LUMKNUYHOE BbilenadveaHue
BO3rOHOB BOAOW, KOTOPOE HYXHO NPOBOAWUTL MPWU HarpeBaHWW, Tak Kak pacTBOPUMOCTb
TannMa CUNbHO 3aBUCUT OT Temnepartypbl. MHoraa BMECTO BOAHOMO BbILLENAYMBaHWA
NPUMEHSIOT BbllenaumsaHne crnabbiMM CogoBbIMM pacTeopamu. OTO npepoTepallaeT
nepexos B pacTBOp XMOPWAOB APYrMX METannos, Hanpumep kaamua. Ecnu ocHoBHas
YacTb Tannvs NPUCYTCTBYET B BUAE TPYAHOPACTBOPUMBIX COSAVHEHWUN, TO NPUMEHSIETCS
BblenavneaHne pasbaBneHHON CEPHON KUCMOTOMN.

M3 BofHbIX pacTBOPOB OT BbiLLENayYMBaHns Tannui No pasHbIM TEXHONOMMYECKUM
cXxeMaMm BblAenslT B BuAe Xxnopuaa, cynbduaa, uvoauaa, xpomarta, ruapokcuaa
TPEXBanNeHTHOro TannmmMs WM B BUAE MEeTalfIM4eckoro Tannmus LemeHTauven —
OCaXAEHNEM LIMHKOBOW MbISTbHO UMW amaribramoi.

Mpn ocaxpeHun Tannus B Buae cynbdwmaa (ropsuuMm pacTBOpoM Cynbduaa
HaTpus) AOCTUraeTCs MOMHOe W3BMNedYeHMe MeTanna u3 pacTeopa, HO 3ITOT cnocob
OCaXAeHNs He SBMSETCA CENEKTMBHbIM, TaK Kak BCe MeTannbl-CMyTHUKWA Tannus Takke
06pasyloT HepacTBOpMMbIE CyNbdWabl, MO3ITOMY STOT CrMOCOO MPUMEHSIFOT TOMBKO K
pacTtBopam C HU3KUM cogepaHvem npumecen. CynbduaHbIA TannueBbIN KOHUEHTpaT
BbiLLiENa4nMBaloT PacTBOpPOM cynbdarta LuHKa, Npy 3TOM B pacTBOp NepexoauT cynbdar
Tannus: TS + ZnSO4= TIhSO4+ ZnS. U3 nonyueHHoro pacteopa MeTannnU4yecKui
Tannuii BeIAENSIOT LleMeHTaumen.

Ceitvac Bpemss AN OYACTKM  Tamnus  WCMOMb3YKT  SKCTPaKUMK 13
cynbdaTcoaepalimx pacTBOpoB pacTBOpoM mopa B cmecn 50 % Tpubytundocdara u
50 % kepocuHa. [locrne STOro TannuA 3KCTParvMpyroT U3 OpraHM4eckon dasbl CepHON
kncnoton (300 r/n) ¢ gobaBkon Nepekmcn BoOPOAA.

TexHNYEeCKM YUCTBIN TanmuMin OYMLLAIOT OT APYrMX SNEMEHTOB, COAEPXALUMXCA B
konowHwukoson nbinn (Ni, Zn, Cd, In, Ge, Pb, As, Se, Te), pacTBopeHMeM B Tennoun
pa3baBneHHON KMCMOTE C MOCASAYHLMM OCaXAEHUEM HepacTBOPUMOro cynbdara
cBuHUa 1 pobBaenenvem HCI gna ocaxgenus xnopuga tannuma (TICI). JanbHenwas
OUMCTKa AOCTUraeTCs 3MEKTPONM3OM cyrnbdara Tannmsa B pa3baBneHHON CEpHON KNCOoTe
C WCMOMb30BaHWEM TMPOBOMOKA W3 MnaTuWHbl € MOCMeaylowmMm  niaeneHneM
BblgenumeLLerocs Tannunsa B atmocdepe sogopoga npu 350 °C — 400 °C.
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2.9 N'epmaHun

TexHomozausi nosy4yeHuUsl 2epMaHust

Fepmanuin  n3BnekaeTcs M3 MPOAYKTOB MeTannypruieckon nepepaboTkn
CynbgUAHOrO Chipbsi, B KOTOPOM OH HaxOoAWTCH B BMAE WM3OMOP(HOW MpuMecH B
MUHepanax Meau, UWHKa, CBuHUA. [MOMMMO MepeyvncrneHHbIX, WUCTOYHMKaMW repMaHus
MOTyT BbITb HEKOTOPbIE XKEMNe3Hble pyAbl U KaMmeHHble 1 Bypble yrnu, NPenMyLLECTBEHHO
ManoMeTamopUnpoBaHHbIe.

B 3aBMCMMOCTW OT cocTaBa MCXOLHOrO Chipbs MPUMEHSIOT PasnnyHble Crnocobbl Ux
nepenyHOM 06paboTkM Ana nonyyeHust Gonee 6oraTbix repMaHveM MpoAyKToB -
repMaHueBbIX KOHLEHTPaTOB.

BeiwenauneaHne cepHon kucnotod. lMpu Gonbwom copgepXaHnm B UCXOAHOM
mMatepuane CcyfbduaoB, BblllenadMBaHNO NPeALecTByeT OKUCNUTENbHbIA obxur. [Npu
BbillenaymBaHum Martepuana 10—-15%-HOM CepHOM KUCNOTOW repmMaHuin (BMecte ¢
KagMUeM, LIMHKOM, MbILLbSKOM, YacTbHO JKene3a) U3BnekaeTca B pacTeop.

CynbhaTtusnpyrowmii obxur. [Ind nepeeofa repMaHvs U ApYrux COCTaBsIOLLMX
MCXOOHOrO Chbipbsl B Cynbdarbl HarpeBaloT UCXOAHbIM MaTepuan ¢ CEPHOM KUCNOTON npu
Temnepatype 450 °C — 500 °C u 3areMm BbiWEenauMBaroT NPOAYKT cynbdaTtnsaumm
pastaBrneHHON CEePHOW KUCIOTON.

BosroHka GeS B BOCCTAHOBUTENLHOW Cpeae, OCHOBaHHaA Ha neTyyecTy,
NPUMEHSIETCA ANS W3BMNEYEHUS repMaHust U3 PyAHbIX KOHLEHTPATOB, MbINEn MU APYrux
BUAOB CblpbsA. MaTtepuan HarpeBaloT B MPUCYTCTBUM  CynbMUTUSUPYIOLLEro areHTa
(nnpwuTa nnn cepsl) npu Temnepartype 800 °C — 900 °C B cpeae reHepaTopHOro rasa.

BoccraHoBuTENBHA nNnaBka B MNPUCYTCTBUM  Meau  MPUMMEHsIETCst  Anst
OTHOCUTENBHO GoraToro McxopHoro marepwana. lpu 3TOM nonydalT cnnaB mMeau C
repmaHnemM. [onyyYeHHbIM CnnaB Meau € repMaHveM cogepxawmn 3 % — 4 % Ge
pacTBOPSOT B COMAHOW Kucnote. M3 pacteopa AUCTUNRMPYOT TeTpaxnopwug repmaHus
GeCls.

MeToabl akCTpakumm 1 copbumm NPUMEHSIOT 4NA NONyYeHUs repMaHns n3 6eaHbIX
pacTeopos (0,01-0,1 riam® Ge).

Okempakyus. 3 consiHOKUCHbIX pacTBOPOB BbICOKOW KOHLeHTpaumm (9-11 H. HCI),
B KOTOPbIX COAEPXKATCA HEAUCCOLMMPOBaHHbIE MOMNEKylbl TETpaxiopuaa repMaHvs
GeClys, repmannii nsbmpartensHO 3KCTparvpyroT CMeCsiMMU YriieBO4OPOAOB, B YaCTHOCTU
KEpOCUHOM. W3 opraHnyeckon asbl repMaHuiA  peskCTparupyroT BOAOW, nonydyas
PEeaKCTPaKTbl CO CTEMEHLIO KOHLUEeHTpupoeaHus 100 v Bonee pas.

CopbuyuoHHbie memodsi. 'epmaHnin copbrpyeT 13 cnaboLenoyHbIX pacTBopoOB; Ha
aHVoHuTax, a 13 cnabokucnbix pacTBOpoOB — Ha kaTvoHuTax. MoHoobmeHHas copbums
repMaHuss MeHee wusbupartenbHa, 4YeM SKCTpakuusi, M Marno UCnonb3yeTcs B
NPOMBbILLNEHHOW NpaKTuKe.

M3 nonyyeHHbIX B pesynbTate 3KCTPaKUMW MM MOHHOro obmeHa pacTBOpPOB C
MOBBILWEHHON  KOHUEHTPaLuMen repMaHusi OCaKAarT repMaHMeBbId  KOHLEHTpaT.
FepmaHueBble KOHUEHTpaTbl BbIAENSIOT U3  CEPHOKUCITILIX  PacTBOPOB, Ocaxpas,
MarnopacTBOpUMbIE COEANHEHUSI UMW UCTIONb3Yst METOZ, LieMEHTaLUN.
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OcaxOeHue maHHUHocodepxawumy eewecmeamu. W3 6GepHbix pacTBopoB
(HanpyMep, HaACMOSbHbIX BOA) FEPMaHW MOMHO OCaKAAETCA TaHHWUHOM  (Mnu
cofEepXaluMM TaHHUH JyOOBbIM SKCTPAKTOM).

OcaxOeHue eepmaHama maeHuA. Mpy copepxaHun B pacteBopax 1-2 riam® Ge
MOXHO 13 pacTBopa fobaBneHMeM okcuaa MarHus BoiAenuTs repmaHar marHus MgoGeOy.

CoocaxpeHne C rmapoKkCMaOM Xenesa MpUMeHsioT ans 6efHbIX pacTBOpoB C
KOHLIeHTpaLmeii repmanus 0,01-0,02 r/am®.

Liemernmayus. HopmanbHbin noteHuman repmanva — 0,15 B. 3710 nossonser
BbIZENUTb FTEPMaHNIA N3 pacTBOPOB LIEMEHTaLMEN Ha LMHKOBOM MbInu.

Ob6LenpuHaTasl TEXHONOMMA MNOMYyYEHUs] AUMOKCUAA rEPMaHUsi BbICOKOW YUCTOTbI
BKJIOY@eT TPW CTaguMu: NOMyyYeHUe TEXHUYECKOro TeTpaxniopuja repmMaHva w3
repMaHueBbIX KOHLIEHTPATOB (a TakKe OTXO4OB repMaHusl), OYMCTKY TeTpaxniopuaa
repMaHusi 1 nornyyYeHne AMoKcKaa repMaHns U3 OYULLEHHOTO TeTpaxnopuaa.

B coBpeMeHHbIX NPOM3BOACTBAX COYETAOT OYUCTKY TEXHUYECKOro TeTpaxnopvaa
repmMaHusi SKCTpaKLUen CONsIHOM KUCMOTOW C OUUCTKOW pekTUdUKaLMen.

Oyucmika akcmpakyuel consiHol kucriomod. OuncTka repmaHus aKcTpakuven
CONSIHOW KWUCMOTOW OCHOBaHa Ha OrpaHWYeHHOW CMELLMBaeMOCTU €ro TeTpaxmnopuaa u
KOHLEHTPMPOBAHHOW COJSIHOW KUCMNOTbl M Pa3fMyHOM PacTBOPUMOCTM B HUX XITOPUAOB
MPUMECHbIX 3/IEMEHTOB, B YACTHOCTU MbILLbSIKA.

Ovucmka pekmucgbukayuel. [JononHUTEnNbHyo rnyOoKyt0 OYUCTKY TeTpaxnopuaa
repmaHnsi OCyLLECTBNAIOT pekTudunKaumen.

bonee coBepllEHHBLIA MNPOLIECC OYMCTKW, WCMOSBb3YEMbIA Ha OTEYECTBEHHbIX
npeanpuaTUsIX, — HerpepbIBHAs SKCTPaKTUBHAsS pekTudMKaumus TeTpaxnopuaa repmanHums,
B KOTOPOW peKTUdMKALMS COMEeTaeTCA C 3KCTpPaKUMeW MpUMeECEN COMSHOW KMCNOTOW u3
Xnopuaa, HaxoasLerocs B Napoeson dase.

BoccTaHoBneHne anokcuaa repMaHus BOAOPOAOM — Hanbonee pacnpoCTpaHEHHbIN
B NPOMbILLIIEHHOW NPaKTUKe CNocob Nony4eHs repmMaHus.

Memannypausi 2zepmanus

[epmaHMi, NonyYeHHbIM BOCCTAaHOBNEHVEM BbICOKOUMCTOrO AMOKCUAA BOAOPOLOM,
HEeMNpUrogeH AN NPMMEHEHUs! B NONYNPOBOAHNKOBOW SIEKTPOHUKE.

Heobxopmmas cTeneHb OYUCTKU JOCTUIaeTcs NPUMEHEHUEM KPUCTaNNU3aLUNOHHbIX
mMeTofoB. M3 OYMLLEHHOro STUMW MEeToAaMM repMaHusl 3aTeM Mory4aroT MOHOKpUCTannbI.
MprMeHeHne MOHOKpUCTaNNoB Mo3sosseT obecneunTb CTaHAapTHOCTL  ANEKTPUHECKMX
CBOWCTB repmaHus.

[na nony4eHuss MOHOKpUCTanna repmaHus NMpUMEHsIIoT cnocob BbITArMBaHUA U3
pacnnaea (cnocob YoxpanbCKoro) v ropusoHTarnbHyH 30HHYIO NNaBKy.

[Ona oueHkM KavecTBa MONy4YaeMmbiX MOHOKPUCTANIOB repMaHvMa  OObIYHO
onpegenstot 6e3 paspylleHUsa CnvTka Tun NMPOBOAWMOCTW, YAEMbHOE CONPOTUBNEHWE,
BPEMS XXM3HN HEPaABHOBECHbIX HOCUTENEN 3apaaa.
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2.10 lNacpHun

Texronozausi nonyyeHusi 2agpHust

Beugy otcytcTBMSA Y radHNA COBCTBEHHbLIX MUHEPANOB U NOCTOSHHOIO COMyTCTBUSA
€ro LMPKOHWUIO, €ro MonyyaroT nyTeM nepepaboTkv LMPKOHWUEBLIX PYA, TAe OH COAEPXKUTCA
B konuuecTtee 2,5 % oT Beca LUMPKOHNSA (LUMPKOH copepxuT 4 % HfO,, 6agaenent — 4 % —
6 % HfO,). B mupe B rog B cpeaHeM pobbiBaetca okono 70 T racdpHus, n obvembl ero
[06b14n nponopyroHanbHbl 06bemMamM A0ObIMU LIMPKOHKS.

MeTtannuyeckmi racpHUn B HacTosiee BpPeMs MOJyYaloT BOCCTAHOBIEHUNEM.
MonHon aHanorMM B CBOWCTBAxX MPOAYKTOB MrasMeHHO-(PTOPUAHON M SKCTPaKLMOHHO-
(bTOPMAHON TEXHOMOMMIA MPOU3BOACTBA LMPKOHWUS HET, MOCKONMbKY B SKCTPaKLMOHHO-
(hTOPMAHOWN TEXHOMOMMWN LIMPKOHWIA U rachHUIA pPa3fensiioT Ha MAPOXUMMUYECKON CTagum C
MOMOLLBI0 3KCTpakumm. B criydae uCnonb3oBaHUs MrasMeHHO-PTOPUAHON TEXHONOrmm
nepepaboTkM LMPKOHa NpU CYyGrIMMaLMOHHON OUYMCTKE LIMPKOHWSA OT MpUMecel radHuii B
OCHOBHOM crneflyeT 3a UMpkoHveM. [adHueBylo cpakumio ANA OYUCTKU OT OObIYHbIX
npumvecein(Fe, Al u gp.) PuneTpytoT Yepes cnon ocharTHON KaTUOHHOOOMEHHOWN CMOTTbI
P®, npnyem racdHui LienvkoM nornowaeTtcs copbeHToM. BbiMbiBaHWe radHUst CO cMonbl
OCYLLECTBMSAOT pAacTBOPOM oOKcanata amMMoHus. Takum obpasom, Obin  nonyuyeH
KoHueHTpaT radHms 99 %. B TEXHONOMMN YUCTLIX COEANHEHWUA LMPKOHMS MPUMEHSIIOT, B
OCHOBHOM, MEPEKPUCTaNNM3aLMOHHbIE, OCaAUTENbHbIE U  OKCTPAKLUUOHHbIE METOAbI
ounctkn. MeTog WOHHOro oBbMeHa npUMEHUM K radHWUIO, NOCKONbKY MacluTabbl
NpPOV3BOACTBA CYLLECTBEHHO MEHbLLE.

WHTepecHa 0coBeHHOCTb CKaHAMEBOTO MuHeparna— TopTBeTUTa: B HEM
COAEPXKNTCH radoHUst B NMPOLEHTHOM OTHOLUEHWMWN ropa3fo Gorblue, YeM LMPKOHWS, U 3TO
OOCTOATENbCTBO OYEHb BaXKHO MNpy  nepepaboTke TOpTBEUTUTA Ha CKaHAMUA W
KOHLEHTPMPOBaHWUU racoHUS 13 Hero

2.11 CeneH un Tennyp

TexHoO102Us NOJYYeHUs cesieHa U mennypa

CeneH u Tennyp — HeMeTannbl, BXOAST B cocTaB okono 80 cobCTBEeHHbIX
MVHepanoB. B aTUX MWHepanax OHW npeactaBneHbl ceneHnaamu, Tennypuaamm, psaom
OKUCMEHHBLIX W CynbUAHLIX COoeauHeHMn. MecTopoXaeHWs COGCTBEHHO ceneHa W
Tennypa HenssecTHbl. OBbIYHO OHW MPUCYTCTBYHOT B MEAHbIX, MEAHO-LMHKOBbIX, MeAHO-
HUKENeBbIX W MONUMETaNINYECKMX CBUHLOBO-LUMHKOBbIX pyaax. MNpu oboraljeHum Takux
pya Gonbluasi 4acTb CeneHa u Tennypa oCTaeTcs B XBOCTax 0GoralleHns v B MUPUTHBIX
KOHL|eHTpaTax.

Mpwn nepepaboTke CynbMUAHLIX Py4 CeneH W Tennyp HakannMBaroTCst B OTXOAaX
MEeTasnypruyeckoro NpoM3BOLCTBa — B MbIIAX OGXKUrOBbIX M MNaBUMbHBIX NeYel, aHOAHbIX
WwraMax — SMeKTPONUTUYECKOrO  padMHMPOBaHUA  MEAW, UNax  CepHOKWUCIIOTHOro
MpoM3BOACTBA. ITU NPOAYKTbI MOTYT ABMATLCA WCTOMHMKaMK MOJyYEHUA CeneHa u
Tennypa. Mx coBCcTBEHHBIE MUHEPATTbI HE MMEKT MPAaKTUYECKOro 3HaYeHUs. BO3MOXHBIMM
NCTOYHMKaMM MPOM3BOACTBA CeneHa W Tennypa SBASKTCA CceneHcogepxale W
0COBEHHO TennypcogepxalLime 30M0Tble pyabl.
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[MaBHENLLMM UCTOMHUKOM CeneHa W Tenmnypa B COBPEMEHHOW MeTanypriyeckoin
NpakTuKe ABNSATCSA aHOAHbIE LUNaMbl SNEKTPONIUTUYECKOrO paHNPOBaHMA Meaun.
TexHOMorM4yeckne Cxembl W3BMEYEHUS CeneHa W Tennypa u3  Lnamos
ME[LE3NEeKTPONINTHLIX 3aBOAOB BECbMa CIOXHbI U MHOroo6pasHsl. Beibop Takoin cxembl
3@BMCUT, B OCHOBHOM, OT COOTHOLLEHWS1 COAEpPXaHWUA OSTUX ABYX 3MNEMEHTOB W
©naropofHbIx METaNMoB, a Takke oT MacluTabos NPON3BOLCTBA.
CocTtaB aHOAHbIX LWINaMOB MeLHOro NpousBoacTea konebnertcs B npegenax, %:
10-45 Cu; 0,05-5 Au; 5-45 Ag; 2-18 Se; 0,3-10 Te; 2-40 Pb; 0,5-16 Sb; 0,5-9 As.
KomnnekcHyto nepepaboTky aHOAHbIX LLNamMoB 0BbIMHO HaYMHaIOT C 06e3MexXMBaHUS
(nepesoga mMeam m3 wnama B pacTeop). lNpouecc ocylwecTBAT B peakTopax npu
aspaLym CycrneH3um Linama B pacTBopax CEPHOM KMCMOThI BO34YXOM:
Cu + HySO4 + 0,502= CUSO4 + H»0. (2.8)
[na o6e3amexmBaHMs LUNAMOB Ha psiie NPOW3BOACTB MCMOMb3YHTCA aBTOKNaBkI, rae
NpoLecc BeAyT NpY NOBLILLEHHOM AaBEHUN KMCNOPOAA.
Mo okoH4aHWn mpolecca obe3mexmnBaHus Nynbny OUNbTPYIOT U KEK HanpasnsioT
Ha u3BreveHve cerneHa n Tennypa. MsaeneyeHne ceneHa B pacTeop npu nepepaboTke
LunaMa oCyLLeCTBMAT NOCPEACTBOM 06XMWra: OKMCINTENBHOTO UK CynbMaTnsnpyoLero
C NepeBOAOM ceneHa B ra3oobpasHbli AMOKCUE W ero ynaenvBaHMEM B KWCMbIE UNA
LernoyHble pacteopbl. BapuaHTom uM3BNeYEeHWs ceneHa U3 LUNamMoOB MOXET CIyXWTb
cnoco® crnekaHus ¢ conomn.
MpumeHaeMbI paHee Ha NPeanPUATMAX CynbdaTUaMpyoLWmUA 0GXUr LInama, Take
Kak WU TEXHOMOMNS CrekaHWsi C COAON, OTNINYaTCH HU3KON 3PEKTUBHOCTBIO N BbICOKOM
3KONOrMYECKOW OMACHOCTLIO, B HACTOSILLEE BPEMS MPAaKTUYECKN HE UCMOMb3YIOTCS.
CerogHs Ha 60nbLUMHCTBE MefepadUHUPOBOYHBIX MPOU3BOACTB MMPa NPUMEHSAIOT
okvcnuTenbHbIN 0BxuUr. OCHOBHOW MPOLIECC — OKUCMEHME C MCMONb30BaHWEM BO3AYyXa,
KBC (kmcnopopo-Bo3gyLLIHOM CMECH) Unmn TEXHNYECKOro kucropoaa. B TeyeHve npouecca
NpoOXoanT B3aMMOAENCTBME C KUCMOPOAOM MPUCYTCTBYIOLIMX B LUMamMe CeneHuaoB U
TEennypuaoB MeTanmnos — Meau, cepebpa, cevHUa, nannagus n psaaa apyrux. Hanpumep:
AgsSe + 3/2 Oz = Ag20 + Se02 1 (2.9)
CuzTe + 20, = CuTeOs + CuO (2.10)
MpoLecchl OKMCNEHU NPOXOAST B AnanasoHe Temnepartyp 300-700 °C. B otnuume
OT Tennypa, obpasylollero HeneTyune Tennyputbl MeaW, CBUHLA, cepebpa u 301M0Ta,
ceneH nepexogut B rasoobpasHbii guokcua. B rasoByto asy Takke nepexopar
obpasytoLmecs B npoLecce okMcneHus cynsduaos anokeng cepol SO,, a Taicke okeug,
mbiwbsika (111) AsxOs3.
Onepauuio obxura ceneHa nNPoBOAAT B nevax ¢ obecneyeHnem Nepuognyeckoro
WUnM HenpepbiBHOro npouecca. Ha pucyHke 2.4 npepcraBneHa cxema YCTaHOBKU
«QOutokumpuy» no o6xury wnama. Haxo4AWeEMCs B NeYr Ha NPOTMBHSIX, B CTaUMOHAPHOM
pexuMe C AanbHeWlUMM NepeBojOM CefeHa B ra3oByto asy, BOCCTaHOBIEHWEM WU
WTOrOBOM MOJyYEHUN NPOAYKTa Ha dunbTp-npecce. B neub 3arpyxaetcs obbluHO oT 1,5
40 3 TOHH Wnama ¢ BnaxHoCTbio 15-20 %. O6xur Takon napTiu wnaMa npovusBoLuTcs
npv Temnepartype 600-650 °C B TeueHue 20-24 yacos.
Ha 6onblWNHCTBE NPOU3BOACTB MpY OBXKMre LLNaMOB AUOKCUA CENeHa yrnaBnuBaroT
K/CMbIMW pacTBOpamm C MoNyYeHNeM CEeNEHNCTON KUCnoTel. BoccTaHoBneHWe cenena us
pacTBOpPOB B 3TOM Cry4ae MpOW3BOASAT ra3oobpasHbiM AMOKCUAOM cepbl (B TOM 4uche
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nNpuUCYTCTBYKOWMM B rasax o6xura) wim cynbutom (6ucynbmutomM) HaTpus C
nosy4YeHnem TEXHWYECKOro ceneHa:
H2Se03+ S02= Se| + H2S04 (2.11)
J10T cnocob BblAENEHUA CeneHa OCHOBaH Ha pasuunuM B BeNMYMHAX
OKMC/IUTE/NTbHO-BOCCTAHOBUTE/TbHbIX NOTEHLMAIOB CUCTEMbI, & UMEHHO:
o° Se03/Se° =+0,741 B
cp°S0X/ SO42' = +0,17B
Cb

1- neyb o6xura ceneHa; 2 - KeKTop; 3 - UMPKYNAUUOHHAsA eMKOCTb; 4 - chunbTp-npecc; 5 -
OUVMLLEHHBIN OTAMKCUAA ceneHa ras
PucyHok 2.4  YctaHoBka «Outokumpu» no n3BnevyeHnto ceneHa u3 LWIamMoB

FopHbiM  MHCTUTYTOM (CaHkT-IeTepbypr) ¥ MWHCTUTYTOM «[MHUBETMET» Oblia
paspabotaHa M Ha page NPOV3BOACTB MPUMEHSETCA TEXHOMOMMSA U3B/IEYEHUSA CefleHa 13
LS1amMoB, COFflacHO KOTOpPO  06e3MEeXEeHHbI Wwnam cMmewunBalT c  gobaBkamu,
rpaHy/iMpyoT n obxuratoT npy Temnepatype 700 °C - 800 °C B neyax LUaxXTHOro Tuna ¢
nponycKkaHvem yepes  cnoi rpaHyn ropsiyero BO34yxa (pucyHok  2.5).
Mpon3BoANTENLHOCTL NeYn - 3 TOHHbI LWnamMa B CYTKW.
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1 - WaxTa neuu; 2 - doypMeHHbI Nosic; 3 - 3arpy3ouHasi BOPOHKa; 4 - eMKoCTb (Kioberb) ¢
rpaHy/IMpoOBaHHbIM LWTamMoM; 5 - TapenbyaTblil nuTatenb 419 paspy3ku orapka
PucyHok 2.5 LLlaxTHas neyb OKMCAUTENbHOro 06Xura Lwiama HenpepbIBHOro AelicTBUA

Bo Bpemsa obxura ceneH 3 CeneHnoB MeTasl/IoB OKUC/SETCS W BO3rOHSeTcs B

Buge puokcupaa Se02, KOTOpbIA norfowaeTcd 06OPOTHbIM  LUE/IOYHbIM PacTBOPOM C
obpasoBaHveM ceneHuta Hatpua Na2SeC>s. [oflyYyeHHbIl CENeHWUTHbIA  pacTBOp
BOCCTaHaB/MBAOT a/lOMUHMEBLIM MOPOLIKOM A0 nonuceneHnga Hatpusa NazSen. [Mo
OKOHYaHWN BOCCTAHOBMEHUS N PUNbTPALMN CeNeHnaHbIi pacTBOP NOCTyNaeT Ha OUYUCTKY
OT npuMeceli 1 MOCNeAyLlyl0 aspauuio A0S ocaxaeHus ceneHa. [py  3TOM

pereHepupyeTcs MMAPOKCUA, HaTpUsE:
Na2Se + 1202+ H2 = Se| + 2NaOH (2.12)

[aHHbIli npouecc oTnyaeTcs 3aMKHYTbIM LMKNOM MO pactBopam. Ero TexHonoru-
yeckas cxema npusefeHa Ha pucyHke 2.6.
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TexHUYECKNn ceneH, BblNyCckaeMblil MO OTMEYEeHHbIM MeToAam COAepXuUT oT 93 Ao
96 % oOcHOBHOro BellecTBa. Ero nogcywmsarT, MPOM3BOAAT pacceB U MNOCTaBNAKT
notpebutensam no FOCT 10298-79 B BMAE NOpOLUKA WX CAUTKOB NOC/Ee NepensiaBku.

Orapok nocne o6xwura LWnamoB NAaBAT Ha NoJslyYeHue cnnasa cepebpsHo-3010TOro
(CC3 - cnnaBa [fope). Tennyp npu 3TOM U3BJIEKAeTCA B cChneuuanbHO HaBoAMMble
cogucTole wWnakn B Buge tennyputa Hatpusa Na2Te03 CopepxaHue Tensypa B LMakax
poxogut o 40-45 %. CopgucTblid Wnak nogBepraeTca BOAHOMY  BbllLEeauynBaHuIo;
MOJSTyYEHHbI PacTBOpP OyMLaeTCa OT COMYTCTBYHLNX KOMMOHEHTOB BBEAEHUEM
peareHToB: cynbdmnga HaTpus U okcuga Kanbumsi. OuuLLEeHHbI pacTBOp noABepraertcs
9/1EKTPO3KCTPaKUMM C MOMyYEeHWeM 4YepHOBOro Tennypa umctotoin 95-97%. KartogHblii
YepHOBOW Tennyp coaepxut 2-5 % npumeceld. Mocnegywowas TennypuaHas nepeuncTka
3aK/nvaeTcs B CefylolWeM: MOPOLIKOO6pa3Hbii MeTan/n pacTBOPSIOT B LUenoun B
NPUCYTCTBMU BOCCTAHOBUTENSA - aSIlOMMHUEBOTO NOPOLLKA, Nosyyas pacTeop Tennypuaa:

3Te + 6 NaOH + 2 Al = 3 NaZlTe + 2 AI(OH)3 (2.13)
M3 nonyyeHHOro pactsopa npu aspauyn 0CaxAarT Telyp TEXHUYECKNX Mapok:
NaZle + 1202+ H20 =Te| + 2 NaOH (2.14)

Cxema 3TOro npouecca npusegeHa Ha pucyHke 2.5.

Monyyaemble N0 nNpuBELEHHbIM CXemMaM TexXHUYeckne cefleH W Tennyp He
OT/INYAOTCA  BbICOKOW umucToTOW. OHM cogepxaT oT 2-3 go  6-7 % npumecei,
CONYTCTBYIOLIUX 3TUM 3/IeMEeHTaM KakK B PyAHOM Cbipbe, Tak W npuobpeTeHHble Npu ero
nepepaboTke (MbIWbSK, MeAdb, CBUHEL, CypbMa, ajslOMWUHWIA, Tennyp B CefleHe, CefeH B
Tennype uap.).

Mo MOCT 10298-79 B cTpaHax CHI BbinyckatT ceneH gsyx mapok: CT-0 (99,8 %),
CT1 (99,0 %). AN 04MCTKM OT NPMMeEcCeli ceneHa B HacTosilee BpeMs NPUMEHSIIOT N1aBKy
C ammuayHoil cenuTpoii wn auctuanaumio. [naBka € cenuTpoii npegycmartpuBaeT
OKMCNeHne NpyMeceil 1 NepeBog, NxX B WNak. Tak, Tenayp y4ansaoT B WAk No peakuuu:

Te + 2NH4ANO3=Te02+ 2N2+ 4H20 (2.15)
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PucyHok 2.7.

Mpouecc npoBOAAT B KOT/Aax - annaparax M3 Hepxasewwlel CTanu C Hapy>XHbIM
oborpeBoM npu Temnepatype 250-280 °C (ceneH nnasutca npu Temnepatype 217 °C).
PasfnoxeHne cenuTpbl M OKUCNEHME MpuMeceil HauuHaeTca npu TemnepaTtype 190 °C.
PadmHMpoBaHHbI CceneH pasnuBaloT B M3N0XHULBLI U3 Hepxasewlwei ctanu. Mo aTomy
crnocoby nonyvatT ceneH unctotoli Ao 99,4 %.

BakyymHasa OWCTUANSALMSA OCHOBaHa Ha pasHOW feTyyecTu ceneHa U MeTassioB
nprvMecei, OCHOBHAasA Macca KOTOPbIX OCTAEeTCA B HeneTyyem ocTatke.

AvcTtunnauunio ceneHa nNpoBogAT npu Temnepatype 650 - 680 °C n atMocdepHOM
pasnieHun unu npu Temnepartype 310 °C - 420 °C wu paspaxeHun 27-800 lMa. Tlapsbl
ceneHa KoHAeHcupyrT npu Temnepartype 250 °C - 100 °C. AMCTUNNALUIO OCYLLECTBAT
B peTopTax WM eMKOCTSIX, W3rOTOBJIEHHbIX W3 KOPPO3MOHHOW cTanu. XXugkuii cenex
nocne AUCTUANALUX pas3nNMBalT Ha CAUTKU WKW rpaHynbl. CAUTKU ceneHa MenneHHo
oxXnaxpalT AN NONyvyeHWs ceneHa «cepol» nonumopdHoin mogudmkauun. Mocne
OBYKpaTHOW AMCTUANALMM CeneH AocTuraeTt ynctoTbl 99,99 %.

Mo FOCT 17614-80 B ctpaHax CHI BbinyckatoT Tennyp tpex mapok: TO (99,93 %),
T1 (99,3 %), T2 (96,5 %)

[Ons nonyyeHus tennaypa unctotoil Ao 99,999 % TakkKe NPUMEHSIIOT BaKyyMHYH
anctunnaunilo. 3Ty onepaumio NPOBOAAT NpU OCTaTOYHOM AdasneHun ~ 1 [Ma B annaparax
C 3/1eKTpoHarpesoM U UCNOMb30BaHWEM AUAPY3NOHHbIX HACOCOB A1  CO3[aHus
rny6okoro Bakyyma. Mpu AUCTUANAUNM NPUMECK C MEeHbLUEW, YeM y Tenaypa ynpyrocTblo
napos, OCTalOTCA B Ky6OBOM oOcCTaTke, a MNPUMECW CesieHa, HaTpus, Kaausa, MarHus,
ynpyroctb NapoB KOTOPbIX Bbille WM paBHa YNpyrocTu napoB Tensnypa, Nepexogsart B
OUCTUNNAT U KOHAEHCUPYIOTCHA B pasHblX TemnepatypHbiX 30Hax. B kayecTBe BapuaHTa
4NS  npegBapuTenbHOM nNepennaskyM UM OYUCTKM Tennyp nogseprawT duabTpaumm
pacnnasa. lNpu 3Toli onepauun OKCUAbl YacTu MeTafioB, 06pasylolnX onpefesieHHble
KOHFloMepaTtbl B pacnnaBe Tennypa, OT(UAbTPOBLIBAIOTCA HA  OFHEYMNOPHOWA
dunbTpyloWweil neperopogke ¢ pasmepom orsepctuin 0,1-0,15 mm.

Cnoco6 AnCTWAAALMM C NpeABapuTe/lbHbIMW - OnepauusmMu  AONOHUTENbHOM
ouncTkn obecneumBaeT noayveHne Tennypa unctoron 99,99 -99,999 % u Bbile.

CeneH © ero coefuHeHWs MNPUMeEHAETCA B 3JIEKTPOHUKE (POTO3/IEMEHTDI,
noflynpoBOAHMKOBbIE — Martepuasnbl, TepmocnfiaBbl), B  XWUMWYECKOW,  CTEKOSIbHOW
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NPOMBILLNIEHHOCTU (BKIOYAs MUIMEHTbI), MPW M3rOTOBNEHUN KEpPaMUKK, NEKapCTBEHHbIX
CPeACTB, B ka4yecTBe KOPMOBbIX [,06aBOK.

Tennyp TEXHUYECKUA WUCMONB3YETCS B MPOU3BOACTBE NPELUM3NOHHLIX CraBoB, B
CTEKONMBHOW N XMMUYECKOW MPOMbILLNEHHOCTH, OCOBOYUCTLIN TENNyp NPUMEHSIETCA B
3NEKTPOHHOW MPOMBILLMEHHOCTM ANA M3rOoTOBNEHUSA MONYNPOBOAHUKOB, TEPMOCIIIABOB,
nasepoe, CoNnHeuHbIx 6atapen.

2.12 BaHaguu

TexHosozusi nosiy4yeHuUs1 eaHadusi

HecMoTpss Ha OTHOCUTENBHO BLICOKOE COAEPKaHWE BaHaAMA B 3E€MHOW KOpe,
npeBbiLLaloLLee cofepkaHne B HeW LMHKa, MeAU 1 CBMHLA, OH NpakTU4Yeckn He obpasyeT
CaMOCTOATENMbHBIX MECTOPOXKAEHWIA N PacCesH B pasHbIX MUHEpanax U ropHbix nopogax.

OCHOBHOW UCTOYHMK NOMyYEeHNs] BAaHaAUS - BaHaAUNCOAEpXKaLme KenesHble pyabil.
Mpn pomeHHoW nnaske xenesHbix pya 80 % — 90 % BaHagma nepexoauTt B YyryH. Mpu
nocrneaytoLemM nepefene BaHagMncoaepKallero YyryHa Ha cranb Nosy4artoTcs Lnaku,
oboralleHHble BaHagneM. M3 LunakoB BaHagMW U3BMEKAKT XUMUYECKUMW METohaMu B
BMAOE COEAMHEHWA, KOTOpble SBMSOTCA MCXOAHBIM  MPOAYKTOM ANA  BbiNilaBKn
heppoBaHaaus.

BaHagui Takke nonyYaloT M3 pasnuyHbIX  BaHaguncoaepXawmx pya wu
KOHLIEHTPaTOB.

Mpwn n3BneveHUn BaHagnsa 13 NaTPOHUTOBLIX PYA WX NOABEPratoT OKUCIUTENbHOMY
obxury ¢ nonyyeHuem 6GoraTtoro orapka, HanpaefseMOro Ha antoMOTEPMUYECKOE
BOCCTaHOBIIEHNE B 3MeKTpornedvax C nonydeHvem deppoBaHaaus, UnM KoHUeHTpaTa.
MocnearHnn oGXuralT U BaHaAUN BbIWENAYMBaOT MTMAPOKCMAOM HATPUS UM Kanvs, a
TakKe KNCNoTamMm C MOCneayoLmnMm 0CaXAEHUEM N3 PacTBOpa NeHTaokcuaa BaHaaus.

N3 BoraTbix pOCKOSNUTOBLIX PYA BaHagui BbllLENaynmBaloT Takke rMapOKCUAOM
HaTpPWUs NN Kanus, KNCNoTamu. 3aTtem 13 pacTBOPOB OCEKA AT NEHTAOKCUA BaHaauUs.

Mo oBenm TexHONOrMAM U3BreYeHne BaHaausa B peppoBaHaaat cocrasnset 95 %.

MepcnekTnBHEIA cnocob MonyyYeHWs BaHaAWs - BOCCTAHOBMEHME €ro OKCMAOB
yrrnepoaom B Bakyyme npu Temneparype 1250 °C — 1700 °C.

OphekTnBHBIA cnocob paduHMPOBaHWUA BaHafuMs — BakyymMHasi SMeKTPOHHO-
nyyeBasi 30HHasi nnaska. OuncTka MeTanna B 9TOM Cry4ae NpOUCXOAMT 3@ CHET 30HHOrO
paVHMPOBaHUSA U NCNapEeHNst NPUMECEN.

2.13 Hno6wui 1 TaHTan

TexHonozusi nonyYvyeHus1 HUO6UsT U maxHmana

Huobuii n TaHTan BxogaT B coctae okono 100 MyHepanoB, npencTaBnAroLnx
cnoxHble komnnekcHsle conn Nb-Ti-Nb-Ta-kmucnoTel. B coctae aTUX MUHEpanoB BXOAAT
TaKKe KaTWOHbI >Kenesa, MapraHua, LenoyHbIX W LUEMOYHO-3EMEnbHBIX METannos,
pefKo3eMenbHbIX 3NEMEHTOB, TOPUA, ypaH 1 ap. Cpean N3BECTHbIX MUHEPaNnoB HMOBUS 1
TaHTana TOMbKO TPW WUMEKT MPOMbILNEHHoe 3HaveHve. K HUM OTHOCATCA TaHTanmT-
KOMyMOUT, NMPOXIOp U NIONapUT.
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MepepaboTka HWOBUIA- N TaHTancogepXalmx KOHLEHTPaToB U NPOMMPOAYKTOB
oboralleHns BKMIOYaeT pacTBopeHue (BCKPbITUE) WX C  MOMNyYeHWeM NPOAYKTa,
KOHLieHTpUpYtoLero oba snemexTa.

TexHonorum nepepaboTkn TaHTanCoAePXaLLero Cbipba A0 NOMYYEHNA KOMMNAaKTHOrO
MeTanna v HuobucoaepXallero CbipbA aHanorndHbl, KpoMe CnocoBoB Mony4eHUs
NnopoLIKOOBpPas3HOro MEeTannMYeckoro TaHTana W3 €ro COeANHEHWW, KOTOpbIe WUMEHT
HEKOTOpble 0COBEHHOCTW.

OcHoBHOWM MUHepan HUOBUM-KONMYMOUN - XMMWYECKU MPOYHLIA, Hepasnaraembiii
MUWHEpanbHbIMM KUCINOTaMWn 3a UCKNoYEHMEM (PTOPUCTOBOAOPOAHON KMCNOThI. [oaTomy
AN BCKPbITUS KONMyMOUTOBBLIX KOHLEHTPaTOB NPUMEHSIOT CrnaeBneHne C rvmpoKCUMAOM
HaTpua (Kanusa) unm pasnoxeHne GTopuCTOBOAOPOAHON KUCIOTON.

MmapaTMpoBaHHbIe nNEeHTaoKcuAbl HUOOWS W TaHTana SABNAIOTCA  WUCTOYHUKOM
Nony4YeHNs MeTannmMyeckux TaHTana n Hmobus, a Takke 1x conewn.

Ona nepepaboTkM NONapuUTOBLIX KOHLEHTPaToB MPUMEHAT pAsa cnocoba:
XINOPVPOBAHNE N CEPHOKUCNOTHOE BbilLeNnadnsaHune.

Mpn xNOpUPOBaHUN KOMMNOHEHTbI NONAPUTOBOIO KOHLEHTpaTa B3auMOAENCTBYIOT C
rasoobpasHeiM xnopom npu Temneparype 750 °C — 800 °C B npucytctBuM yrns.
Paspgenerune LeHHbIX KOMMNOHEHTOB B 3TOM Mpouecce 06yCnoBNeHO pasHoW NETy4YecTbio
0BpasyroLLMXCS XOpUAOB.

CepHOKMCIOTHBIM cnoco® pasnoXeHWs NonapuToBOrO KOHLIEHTpara OCHOBaH Ha
pasnuyMn B pacTBOPUMOCTM NonyvaeMbix ABOWHBLIX CynbdaTtoB TuTaHa, HMobus, TaHtana
nP33.

MepepaboTka NMPOXMOPOBLIX KOHLEHTPATOB OCYLLECTBMSAETCA BbilLenaynsaHnemM
(bTOPMCTOBOAOPOAHOM, CONAHOM UMN CEPHOM KUCNIOTaMK) NN XNOPUPOBaHNEM.

MopolwkooBpasHbld  HWOOUIA  nomnyYanu npu  nepepaboTke  NMPOXIOPOBbLIX
KOHLIEHTPaTOB M METOAOM XITOPUPOBAHWUSA M3 NOMAPUTOBOrO KOHLIEHTPATa; TEXHWYECKYHo
MATUOKMCb HNOOWS - TMAPONN3OM TEXHUYECKUX XIIOPUAOB.

Ansa BblaeneHns HMOOUA K TaHTana TEXHUYECKUA TMapoKkens Hnobust nogeepranm
[POBHOM  KpucTannu3aumn @TOPUCTBIX COMEer, YTO MO3BOMSANO MOMyYATb YUCTbIE
COeAMHEHMSA HMOBUSA 1 TaHTana.

MMapaTMpoBaHHbIE MEHTAOKCUMAbI HUOOWS M TaHTana SABNAITCA  WUCTOYHUKOM
Mony4YeHUs MeTannMueckmx TaHTana n Hmobus, a Takke nx conen.

Ona BblaeneHns HUOBUS M TaHTana TeXHUYECKUI rmapokens HMobus noasepranu
ApOOHOW KpucTannuaaumn @TOPUCTBIX CONeRr, 4TO MO3BOMANO MOMYYATb  YUCTbIE
coeAUHeHNs HMobus 1 TaHTana.

B HacToALlee BpeMs AN pasgeneHns TaHTana u HNOGUA NPUMEHSIOT XUAKOCTHYIO
3KCTPaKLMIO OPraHNYECKMMN PacTBOPUTENAMN, @ Talkke PeKTUGUKaLMIO XNOpUAO0B.

Pa3deneHue maHmana u Huobusi pekmudguxayueli x10pudoe NCronb3yHT NpPU
nepepaboTke pyAHbIX KOHLIEHTPATOB (HanpuMep, fonap1ToBbIX) METOAOM XJIOpUPOBaHNA
C nonyyYeHneM CMeCK NEHTaxnopuaos MeTanmnos.

TexHomormyeckass cxema pasfeneHuss CMecu MeHTaxnopuioB  BKIOYaeT
NpeaBapuTENbHY)  PEKTUMMKALMIO ANA OTAENEeHUst XNOPWAOB TaHTana u Huobusa ot
COMYTCTBYIOLMX NPUMECEN TUTaHA, KPEMHUS, antOMUHNA U AP.; OCHOBHYHO peKTudukaumio
ANS NMONy4YeHNs YUCTOrO NEHTaxNopUaa HUOBUA U KOHLEHTpaTa neHTaxnopuaa TaHTana;
pPeKTUDMKALMIO TAHTANOBOW pakLmm (NonyYeHne YNCToro NeHTaxnopuaa TaHtana).
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Metoa  pekTudMKauMmM  OTAMYAETCS  BbLICOKOW  MPOU3BOAUTENLHOCTBIO W
3ahHEKTMBHOCTBIO pasaeneHns meTtannos. MonyyeHHbIe YACTbIE NEHTaxNopuasl HMOBKA U
TaHTana nenonb3yT AR NOMYYEeHUSA TaHTana n HMoobwus.

Memannuyeckue mavman u HUO6Ull NONy4YaloT BOCCTAHOBIIEHNEM U3 psaa UX
COEJWHEHWI BbICOKOW YACTOTbI — OKCUAOB, KOMMNSIEKCHBIX (O TOPMAOB U XNOPUAOB.

B npoMbILLNEHHOW nMpakTuke pANs BOCCTAHOBMEHMS 3TUX JAByX METannos
NCMONb3YHOT PasnnyHbie MeToAbI.

B cBA3W C BbICOKMMMK TemnepaTypamy NNaeneHUs HUOOUM MU TaHTan nony4aiT, B
OCHOBHOM, B NMOPOLLKOOBpasHOM COCTOSIHUM UMK B BUAE CNEKLLIENCA ryoku.

Hampuiimepmuyeckoe eoccmaHoesieHue U3 KoMnneKkcHoix pmopudose KoTaF;
n KoNbF7 - crapenwmi cnoco6 nonyyYeHns NOPOLWKOB TaHTana u Hmobus. Ero npumeHsior
[0 HACTOSLLEro BPEMEHW.

Kap6omepmuyeckuii cnocob nonyveHuss HUobus u maHmana u3 ux
neHmaokcudoe 6bin BHa4ane paspaboTaH Ans npoussopcTBa HWobus. B Hactosiwee
BPEMS €ro UCMOSb3YIOT TAIOKE NPW NOMYyYEHNW TaHTana n ero CNNasoB ¢ HLOBMeM.

AnomMomepmudeckoe nosydeHue HUObUsI u maHmana u3 ebicuiux okcudoe
OTNIMYAETCH BBICOKUMU TEXHUKO-3KOHOMUYECKUMW MOKasaTensmMn, NpoCcTOTON TEXHONOrun
W annaparypHoro ohopmIeHus.

BoccmaHoeneHue maHmana u Huobus usz xmopudoe eodopodom Hanbornee
MEePCNeKTUBHO MO CPaBHEHWIO C BOCCTAHOBMEHWEM MarHMem unu Hatpuem. BogopogHoe
BOCCT@HOBIEHME NpeaycMaTpvMBaeT MoMyYeHue MPYTKOB KOMMaKTHbIX MeTanmnoB Ha
HarpeTbIX NoAnoXKax.

OTuM cnocobom MOXHO NofyYaTh Takke NMPYTKU HUOOUS.

ONeKTpoNUTUYECKOE MONyYeHUe TaHTana BO3MOXHO TOMbKO W3 pachnaBreHHbIX
cpep. Onektponutom cnyxut pacrnas KpTaF; n KF — KCI, B koTopom pacTBOpeH
nexHtaokeng Tantana (Tax0s).

AnuTensHoe BpeMsi eANHCTBEHHBIM CNOCOOOM NOSYYEHNS KOMMAKTHBIX 3aroTOBOK
HMobms M TaHTana Obina MOpOoLUKOBasi METannyprus, COXpaHVBLUAs NpakTUYeckoe
3Ha4yeHWe [0 Hawumx AHen. MenkosepHUCTble TMOPOLWKM TaHTana npeccyoT Mog
pasnennem 300-500 Mlla, a Huobus — 100 -150 MlMa.

TaHTanosble 1 HNOBWEBbLIE 3aroTOBKM (LUTAOKKM) CMEKAKOT B CBAPOYHbIX annaparax,
NMPVYMEHsieMbIX NMpU NPOU3BOACTBE BoNbdpama U MonubaeHa, OTNUYAILWMNXCA Hanu4nem
BaKyyMHOro repmeTu4Horo konnaka. KpynHble 3aroToBKU U U3Lenusa CNoXHOMU hopMbl U3
HMOBMSA N TaHTana ChnekarT MpU MX KOCBEHHOM HarpeBe B BaKyyMHbIX WMHAYKLUMOHHbLIX
nevax.

[ns npousBoacTBa TaHTana M HMOGBMS OCOBOM YMCTOTbI MPEACTaBNAET MHTEpeC
BecTurensHas 30HHasA Nnaeka C ANEeKTPOHHO-Ny4YeBbIM 0BOrpeBsoM.

Ons Bboibopa cnocoba nepepaboTkM BOBMEKAEMOroO B MPOM3BOACTBO Cbipbsl
HEeOOXOAMMO  yuMTbIBaTb Ka4YeCTBO WCXOQHOrO Mmartepuana, Hanuuve npuMecei,
TIMMUTUPYHOLLMX BbIGOP KOHEYHOW MPOLYKLMW, a TakKe MMELLMECH MPOU3BOACTBEHHbIE
MOLLHOCTM.
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2.14 UnpkoHun

TexHosm02ust NOYYeHUSI YUPKOHUST

Ob6oralleHne LUMpKOHUEBDIX pya

MNpombILLNeHHoe NofyyYeHne LIMPKOHUS OCYLLIECTBIAETCA U3 PyA, COAEPXaLLMX ABa
OCHOBHbIX MUHepana: umpkoH ZrSiO4 u 6apgaeneunt ZrOa.

Namenb4yeHHaa pyaa noaBepraeTcs MarHUTHOWM cenapauun B cnabom none ans
Mony4YeHUss  MarHeTUTOBOTO  KOHLEHTpara.  XBOCTbl  MarHWMTHOro  oboraleHus
obeclunamMnuBaloTCs B FMAPOLMKIIOHAX, 3epHUcTas dpakuma +44 MKM nogsepraertcst
anaTuToBON noTaumM C MoNyYeHMEeM anaTtUTOBOrO KOHLUEHTpaTta. XBOCThbl dorioTauum
pas3fensloTCs Ha KOHLUEHTPAUMOHHBLIX CcTonax. Tsxkenas dpakumsa, copepxalyas
6apaeneunT, nogsepraetca obxury npu Temnepatype 400 °C 1 3aTeM 3neKTpOMarHUTHOM
cenapaunn. HemarHutHaa dpakuus nopsepraeTtcsa obxury npu Temnepatype 900 °C
nocrnegyrwwein MarHutHoW cenapauyuen B cnabom none. HemarHutHas dpakuus
npeacraesnseT cobov 6apaenevToBbld KOHUEHTpaT - 6onee 96 % ZrO,. AHanorvdHas
cxema ucnonbayeTca npu nepepaboTke pya Kosaopckoro mectopoxaeHus (Poccus).

PaspaboTaHHbie rpaBUTaUMOHHO-MArHUTO3MNEKTPOCTaTUYECKME CXeMbl 00oralLleHns
MOryT MCNonb30BaTbes ANa nepepaboTkn norpebeHHbIX NPUBPEKHO-MOPCKUX POCChINen
Poccun (oTpensHble ydacTku TyraHckoro, JIYKOSIHOBCKOrO W ApYyrux MECTOPOXAEHWUN).
Ob6oralleHne  KOMMMEKCHbIX — pedkoMeTanbHbIX — MecTopoxaeHun  (Ynyd-Tansen)
3aTpyAHEHO CMOXHOCTBIO MWHEPanbHOro COoCTaBa Cbipbf, HanNUuUEM PagUOaKTUBHBLIX
npvmMecen.

B npousBoACTBE LMPKOHWUA MPUHATO HECKOMbKO TEXHONMOrMM nepepaboTkm
LMPKOHOBBIX KOHUEHTpaToB. [uapometannypryyeckue cnocobbl npeaycMaTpuBaioT
BCKPbITUE LMPKOHOBbLIX KOHLEHTPAToOB MpeABapuTenbHbiM — criekaHnem. [lo  ogHoun
TEXHOMNOTNYECKON CXeMe ChnekaHWe OCyLLecTBMNAeTCA CO Lenoyamu u kapboHatamm
LWEenoYHbIX W LWenoyHo3eMenbHbIXx MeTannoB. [locrne BbilenayvBanusa, nepesoga
LMPKOHMA B PacTBOp M BblAENEHUs M3 pacTBopa MOMyqaroTCa ruapaTtupoBaHHbIE CONU
LMPKOHMSA WU Mocrne NpoKanky - TEXHWYECKUA JUOKCUA LIMPKOHUS. TeXHUYEeCKUA Anokcua
LIMPKOHMSA MOXET SIBMATLCA TOBapHbIM MPOAYKTOM AMS NakOKPaco4yHOW U KepaMmuyeckomn
MPOMBILLIIEHHOCTW.

Mo ppyron TexHOMOrMM CrnekaHue MPOUCXOAUT C KOMMMEKCHbIMU  (hTopugamm
LWenoYHblix MeTannos. [Mlocne BbiWenayvmBaHua M NepeBofa LMPKOHWA B pacTBop npu
OXNEKAEHNMN KPUCTANNU3YHT TopumpkoHaT kanus. Cnocob nonyveHus hTopumpKoHaTa
kanus Hanbonee uenecoobpaseH Ansi NocneayoLLen TEXHONOMMU OYUCTKN OT radpHus.

BappnenentoBble KOHUEHTpaTbl nepepabartbiBaloT MO MMAPOMETannypruieckon
CXEME  BCKPbITUEM  KOHLIEHTPUPOBAHHOM  CEepPHOM  KUCMOTOA C  MOMyyYeHnem
PTOPLMPKOHATOB.

W3 pactBopoB Kax(Zr,Hf)Fs nonyyarT LMpKOHUIA SKCTPaKLUMOHHBLIM pasieneHmnemM npum
nomowm Tpubytundgocdara. LMpkoHWeBbIE NPOAYKTbI MOMY4YalTCA C COAEpXaHWeM
ragpHma o 0,01 %. OKCTPaKuMOHHBLIN METOL MPUroAeH ANA HenpepbiBHbIX MPOLIECCOoB,
KOTOpbIE JIErkO KOHTPONMPOBaTb M aBTOMAaTU3MPOBATb; MO3BOMSET MNOMYYUTb LOBOMLHO
YUCTbIE MPOAYKThI; UMEET BbICOKYHO NMPOU3BOAUTENBHOCTE. ATOT METoa Hauboree LUMPOKO
pacnpocTpaHeH B MPOMBILLNEHHOCTW.
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Kpome TOro, TexHonorna nonyvyeHus TopumpkoHaToB yaobHa, Tak kKak W13
dTopuMpKoHaTa Kanua nyTeM ero BOCCTaHOBSMEHWS HaTpyeM Mony4YarT MOPOLLKU
TEXHUYECKOTO LIMPKOHUS.

Mopowok HemMHOro ©Gonblel KPynHOCTU MOXeT ObiTb MonyyeH KanbLuvn-
TEPMUYECKUM METOL0M BOCCTAHOBNEHWUS [UOKCUA A LIMPKOHUS

Mepepabotka uupkoHa C nonyyYeHvem QTopumpkoHaTta kamusa yaobHa npu
NCMONb30BaHUN PAa TEXHONOMMIA NOMyYEHUA METaNNMYECKOro LMPKOHUS U COSAVHEHWN
LMPKOHNA 1, Camoe rMaBHoe, ANS OYUCTKN LIMPKOHUS U €r0 COEANHEHWI, OT rachHUS.

OcHoBHbIM  crnocoBoM, MPWHATEIM B MPOMBILMEHHOCTM Ans  nepepaboTku
LMPKOHMEBLIX KOHLEHTPATOB B HACTOALLEE BpeMs SBMSETCH XMopupoBaHue Ans
NOMy4YeHNS LIMPKOHOBOM rybkn. XnopupoBaHWe OCYLLECTBIAIOT B WAXTHBLIX 3nekTponevax,
Mpouecc xnopmpoBaHWsa HENPEPbIBHBIN.

Bonee nepcnekTyBeH NpoLEcc XNopuMpoBaHus kapbuaa n kapboHnTpyaa LMPKOHNS.
Mony4eHHbIN B pesynbTaTe XNOPUPOBaHUS TETPaxXIopui LIMPKOHUS SBNSETCH TOBaPHbLIM
NPOAYKTOM U UCXOAHBLIM KOMMOHEHTOM Afs1 MOMyYEHUS TOBAPHOIO -ANOKCMAA LIMPKOHUS U
METanIM4ECKoro LIMPKOHNS.

O4ULLEHHBI BO3rOHKOW TETPaxnopui LMPKOHUSA ABMNAETCA UCXOAHBLIM Marepuanom
ANa nony4YeHus ryéyatoro umpkoHnsa. MamenbuyeHHas rybka sBnseTcs martepuanom Ans
Nony4YeHNs KOMMaKTHOrO MeTanna METOLOM BaKyyMHOW AYrOBOW WIM aprOHHO-AYroBOW
nnaeku. Havbonee pacnpocTpaHeH MeToz BakKyyMHOW AyroBOW MIaBKW, MO3BONSOLLEN
nony4vatb KOMNaKTHbIE CAUTKM [0 2 T.

3a pybekoMm NpakTUKyeTCcs TEXHOMOMSI BOCCTAHOBIEHNS TeTpadTopuaa LMPKOHAS
LLIENIOYHBIMU METaNNamMu € NOMy4YEHUM METaIIMYECKOrO LIMPKOHUSI.

B Hebonblwmnx konuuyecTBax obpasubl 0CO00 YMCTOrO LMPKOHWUA MOMyyatoTca
NOANIOHBIM METOLOM.

Mpaktukyembln B Hactosiwee BpeMs B MPOMBIWIEHHOCTA  MpoLecc
METannoTEPMNYECKOro BOCCTAHOBIEHNA TETpaxiopyaa LUMPKOHUS MEePUOLMUYECKUN.
Pa3paboTaH HOBbI HENPEPLIBHBIA NPOLECC NOMYYEHUSs METANNNYECKOrO LIMPKOHMS U3 €ro
TeTpaxnopuaa - NpoLecc aspo30rbHOr0 BOCCTAHOBMEHUS. B kayecTse BoccTaHOBUTENS
NCMOb3yeTca MarHuii v HaTpuw.

2.15 TutaH

2.15.1 Ceolicmea mumaHa u €20 NPUMeHeHue

Hanbonbliyto onacHoOCTb MpW NOMyYeHWM TUTaHa NpencTaBnseT Nbifb AMOKCMAa
TUTaHa W1 ero KOHLUEeHTpaToB, OpuKeTMpoBaHHOrO neka, obpasyrolleroca npu
N3MenbYeHnr, CMELUMBaHUM W TMOrPy3Ke CbINyyero Cbipbs, MPU  MUCMONb30BaHWM
HerepMeTn4HOro 0OOpPyAOBaHNSA, a TakKe TENNOBOE U3MNy4YeHMe OT KOKCOBbIX NMeYei.

MpepensHo foNyCTUMbIE KOHUEHTpaumMn auokeuaa TutaHa no crangaptam CLUA B
33BMCMMOCTM OT PErMaMEHTUPYEMOTO MoKa3aTens CoCTaBAsoT 520 MriM®.

B Bo3ayxe pabounx NOMELLEHWA LiexXoB, rAe MPOBOAST XMOpUpOBaHWe AuoKcuAaa
TUTaHa 1 OYUCTKY TeTpaxnopuaa TUTaHa, MOryT HaxO4MTLCA XIop, Nnapbl TETPaxo- puaa
TUTaHa n NpoayKTel Muponusa. B npouecce BOCCTaHOBMNEHMS TeTpaxiopupa TuTaHa
BEPOSATHO 3arpsa3HeHne OKpPYXKatoLero Bo3ayxa okcuaoM marHus. MNMbinb MeTannmyeckoro
TUTaHa NOSBNAETCA B BO3AYXE NPV BbIOMBKE, W3MENbYEHWW, OTAEMEHUM WU YNaKoBKe
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rybyatoro TutaHa. BOnmMan ayroBbix NeYe HEpPeAKo WUMEEeT MEeCTO BO3AeWcTBUe
Tennosoro u UK-nanyyeHnss ¢ o6beMHOM NMNOTHOCTBLIO TEMNOBOrO MOTOKA, paBHOW 2.1-
3,5 kBT/(mc).

UcxopHbIM  CbipbeM  ANs NPOW3BOACTBA METANNMUYECKOro TuUTaHa SIBMSIHOTCH
pyTUNOBbIE KOHLEHTpaThl, copepxawme He meHee 92 % — 94 % TiOy; nnbMeHUTOBbIE
KOHUEeHTpaTkl ¢ coaepxannem 52 % — 65 % TiO,, nonyyaembie 13 poccoinen, n 42 % —
47 % TiO2 - U3 pyA KOPEHHbIX MECTOPOXAEHWN, @ TAKKE TUTAHOBbIE LUNAKN.

B HacTosilee Bpems MoAaBnsAoLLY0 4acTb MeETannUuyeckoro TuTaHa nomny4aloT
BOCCTaHOBIEHMEM €ro TeTpaxnopuia MarHuem nnu Hatpuem. B HeGonbLumnx konuyecTeax
TUTaH MOMy4YalT MPsSIMbIM BOCCTAHOBMEHUEM M3 AMOKCMAA KalbUMeM WU rmapuaom
KanbLms.

Hanbonee pacnpocTtpaHeHHas npyvHUMNManbHas cxema MoSyYeHUs TuTaHa U3
UINbMEHWUTOBBLIX  KOHLEHTpaTtoB COCTOMT B  crnepywowem. BHauyane nposogaT
NMPOMETannypru4eckyro NoaroToBKY UCXOAHOIO CbiPb BOCCTAHOBUTENLHOW MNaBkoOW Ha
TUTAHOBBIW LLNaK C Lenbio n3brparenbsHOro BOCCTAHOBIEHNUS OKCUAOB XXenesa A0 YyryHa
W MakcManbHOro nepesofa TutaHa B Lnak. BoccraHoBUTENBHYHO MITaBKy UNTbMEHUTOBBLIX
KOHLIEHTPaTOB NPOBOASAT B BbICOKOTEMMEPATYPHbIX SMEKTPUYECKUX NEYax 3aKkpbITOro Tuna,
Ucronb3yembix 06bIYHO NPU NPOU3BOACTBE heppocnnaBoB (PUCYHOK 2.8).

OcHOBHOM NpoLECC NNaBKu ONUCLIBAETCSH B OOLLEM BUAE YpaBHEHVEM:

FeTiO3 + C =Fe + TiO, + CO (2.16)

MnaBky WNbMEHUTOBBIX KOHLIEHTPAaTOB BEAYT C MMHUMArbHBLIM pacxofoM (nocoB
unm cosceMm Ge3 HMX, 4YTOObl HE YyMEHbLUMTbL COAEpXaHUe AMOKCMAa TUTaHa B Lunakax
Hwke 82 % — 87 %. 370 BeaeT k 06pa3oBaHNIO OUYEHb TYrONMaBKUX UM BASKUX LUMAKoOB C
TemnepaTypown nnasneHna BbllLIe 1500 °C, yto  Tpebyet npuMeHeHns
BbICOKOTEMMNEPATYPHBIX Meven. B kadecTse BOCCTAHOBWUTENA NPW MNABKE WCMOMb3YHOT
KOKC unu aHtpauut. LUnak v 4YyryH nepuoamnyecks crnveatroT yepes netky B obuyro
nanoxHuuy. MNocne paccnanBaHns N 3aTBEPAEHUS YYTYH U LUNAK MEXaHUYECKN PasgensioT
W HanpaensloT Ha CamMOCTOSTEnbHyto nepepaboTky. M3BnedyeHne TutaHa B LUnak
cocraBnsieT 96 % — 96,5 %.

B Hebonblumx KONMYecTsax ANS HYXA YEepHOW MeTannyprum us WUbMEHUTOBbIX
KOHLIEHTPaTOB antoMoTepMmUYeckMm cnocobom nonyyaroT dpeppoTutaH coctaea, %: 25-30
Ti, 5-8 Al, 3-4 Si, octanbHoe - Fe.

[anbHenwas TeXHONOor1st Nony4YeHns MeTanMyeckoro TUTaHa cnaraeTcs U3 Tpex
CTagun. BHavane XxnopupoBaHMEM WCXOAHBIX MartepuanoB rasoobpasHbiM  X10poM
NOy4aoT TEXHNYECKUIA TETPaXIopuA TUTaHa Mo peakLmu:

TiO2 + 2Cl, + 2C = TiCls + 2CO (2.17)

3arem nocne O4UCTKM  TeTpaxnopuga oOT nNpuMMEecen ero  nojsepraroT
MarHUMTEPMUYECKOMY BOCCTAHOBIIEHMIO A0 METanNIM4YECKOro TuTaHa:

TiCla(r) + 2Mg(x) = Ti(TB) + 2MgCly(k) + 519 K[k (2.18)

MockonbKy TUTaH BOCCTaHaBnMBaloT MarHueM npu Temneparype 750 °C — 850 °C,
YTO 3HAYUTENBbHO HWXKE TemnepaTypbl ero nnaeBneHus, MeTann nonyYaeTcs B Buae
CMeYeHHbIX KpucTanmnoB — rybku (roTOBOW MPOAYKUMM TUTaHOMAarHWEBbLIX KOMOWHETOB).
MNepepabaTbiBatoT TUTAHOBYIO ryBKY B KOMMNaKTHbIE CAUTKM Ha MeTannoobpabaTtbiBaroLLmx
npeanpuATnsX.

Becbma nepcrnekTvBeH Ansi nepepaboTkM TUTaAHOBLIX OTX0A0B — Opaka rybku m
BTOPUYHOrO TUTAHOBOTO ChIPbSA — SMEKTPONIUTUYECKUIA CNoCcob, B KOTOPOM aHOAOM CriyxaT

72



I7C 24-2017

WenKkme WaTepAANH W3 METANAMYECKOTO THTAHA, NOMNELUEHHBE B CTanbhyn KOP3WHY.
KaToghui ocagok 8 Buge YANWHKEHHSX (= 20 WN) KpHCTANNO0B 0CAKAaeTcs Ha CTaNbhbX
KaTOAHHX OCHOBAX, MNOCANe Yero ero cpesant, APOGAT B WekoBuX Apobunkax o
W3MWEeNbYyanT B CTEPKHEBHX NENbHULAX C THTAHOBHUMN CTEPKHANM. KaTogwuid 0cajgox
WUEEeT WHCTOTY CTawgaprHoii TwTawosoii ry6ku. Mpoyecc 3neKkTponnsa BegyT 8
INEKTPOANTE pacnaasa XNOPUAOB Kanua W HaTpHs C PACTBOPEHHHNU B HEN Hu3UWNM
XNOpAAAN THTAHA B TEPUETHYHSX 9NEKTPOAMNIEpaXx B CPpege aprowa. Uges nweroga yxe
WCNONb3YETCA B NPOMNUNEHHON NpaKkTUKe 3NEKTPONUTHYECKOTO paduanposarnus THTana.

1- KOXyX; 2 - MarHesuToBas (hyTepoBka; 3 - 3MeKTpoAbl; 4 - TOKOMOABOZ K 3/ieKTpodam;
5 - Bogooxnaxgaemblii cBog; 6 - rasoxog; 7 - LMXTOBble 6yHkepa; 8 - cucTema nepenycka
3N1eKTPOAO0B; 9 - LUMXTOBbIE Teukn; 10-rapHucax; 1l-wnak; 12-netka; 13-4yryH

PucyHok 2.8 - Onektpogyrosas neyb 3aKpbITOro Tvna

NTonysyewne yuctoro Tetpaxnopuga Tutawa (THLU) BKAn4aeT NPOU3BOJRCTBO
TEXHMYECKOTO TETPaxnopupga i ero 04nCTKY 0T npumeced.

TeTpaxnopug tntaHa

becuyseTHyn xugkoctbo ¢ Lun 136 °C nonyyaor BO3gedCTBHEN Ta3000pa3Horo
Xnopa Ha AUOKCHE TuTawa npun Tewnepatype 700 °C - 900 °C B npucyTcTBUM yrnepopga
(em. peakynwn (2.13)). Kpowe okCHga TuTaKa XNOp YaCTHYHO BO3AedCTBYeT Ha
KHCNOPOAHHE COEAMHEHNS APYFUX 3NEHEHTOB, 4TO NPUBOAMT Kk 0b6pasoBakmnp NerTyynx
XNOPHEOB XKenesa, KPeWHUS, Bakagna u 4p.
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Knopuposanne THTaHCOFEpXauynx waTepunanos NPOBOAAT C UCNONb3OBAHMEN
GpukeTnHposBaHHHX UKNXT B CONeBON pacnnase W B KknnAuyew cnoe. XnopupoBaHue
GpuKkeTHPOBANKEX UNXT TpebyeT npoBeferHus TPONO3IAKAX NOATOTOBHTENbHSX ONepayni:
W3HWenbyeHNs KOMNOHEHTOB WMXTH, HX CHEUEHWA, OpukeTwpoBaKHMs w npoKanusanusa
Gpuketos. [ANA xnopuposaKus OGpHKETHPyewsXx UWXT WOKHO UCMNONb30BATL ULAXTHHE
anekTpAYeCKHE Meyd, LAXTHNE XNO0paTOps HENpepHBHOTO AeicTBUA C JABAKYyULHMCS
CBEPXY BHM3 cnoew Gpukeros. XnopuposaHue OGpUKETUPOBAHHHX UAXT NPOBOAAT
AHOLHH WU Ta3ann Narnnessx anexkTponnsepos, copepxaunx 659%- 70 % Cl. 0choBHue
HegocTaTkn 3T0ro cnocoba - Gonbume 3aTpaTu Ha GpukeTnpoBaKHue W AANTENLHOCTS
Tol onepaynn.

1- wmxTONpUEMHUK; 2 - TpaHcnopTep-4o 3atop; 3 - wamoTHas dyTeposka; 4 - dypma
5- netka; 6 - kopnyc; 7 - rpacutoBble HarpesaTesn; 8- ra3oxop,

PucyHok 2.9 - Xnopartop 4718 X/10pMpoBaHnsa B COIEBOM pacrnsiase

Cnoco6 xnopuposakng B coneson pacnnase, paspaboTannwuii B 6usuemn CCCP,
gBnaerTcs Haubonee cosepueHHHH. Npoyecc NPOBORAT B XNOPULHOW pacnnase,
npepcrTagnfanyen coboift oTpaboTaHHHA 3AeKTPONAT MarHWeBHX INEKTPOAU3IELPOB U
cofpepxavuui B OCHOBHON XNOPWAS Kanus, HaTpua, kanbuua n warwus. Uuxty
W3NENbYELHHOTO THTAHOBOTO WUANAaka A KOKCAa 3arpyxasT Ha NOBEPXHOCTbL pacnnasa #3
Gynkepa co UHeKOBUN nuTaTenew. Xnop uwnw awOfHHE ras nogawt B pacnnas yepes
Gypws cHu3y. YcTpodcTBO Xnopatopa W NPUKLAN ero fefCTBUA NPUBEAEHH HA PACYHKE
29. Npw onTHHANbHON peXume xnopatops ¢ nnoyafbo CBOGOAHOTO Ceyenua 5 w2
BHCOTON pacnnasa 3,5-4 W ofecneynsanT nonyyenne Terpaxnopupa Tutawa 100 T/cyT.

OCHOBHGBE NpewmyuyecTsa XNOPUPOBAKHUA B CONEBON pacnnasBe N0 CPasHeHND ¢
GpukeTHpoBaHMEN LNXT:

SHCKNBYAaRnTCA CNOKHBE Onepaynm NOATOTOBKH OpPUKETOB;

-o6ecneyusaerca Ayvyuni Tenno- W waccoofmens;

-BHUE CPEAHAR NPOUIBORUTENbHOCTD;

- WeHbUME o0Bumid obGbvew raszoB U BHUE KOWHLEHTpPaLWs B HUX TeTpaxnopnga
THTaHA.
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OcHoBHOM HepocTaTok 3Toro cnocoba  XNopupoBaHUs — HeoBXxoauMOCTb
NepuoAnYEecKoro BbliBofa oTpaboTaHHOro pacrnnasa, YTo BeAET K NOTEPSM C HUM 4acTu
Avokenaa TutaHa. XnopvpoBaHMe B CONMEBOM pacTBOpe MNPOBOAAT MNpwW Temnepatype
800°C — 850 °C. Heobxopaumas TemnepaTtypa MNOAAEPKMBAETCA 3a CYET TEennoThbl
9K30TEPMMYECKNX PEeaKLMA XNOPUPOBaHUS U OTBOAA W3DbITOYHOW TEMNNOTbl C MOMOLLBIO
KeccoHoB. TeTpaxnopua TutaHa v gpyrme netyume xnopuabl u3 xnoparopa noctynawT B
KOHAEHCAaTop, a HENETy4Me HakannMearTCsa B pacnnaee.

XnopupoBaHue B KUMNSALLEM CIoe, HECMOTPS HA MHOTUE KaXKyLLmMeca npenmyLlecTsa
MeTofa, A0 CUX MOp He HaluMO LWMPOKOro MPUMEHEHUs,, YTO CBSA3aHO C TPYAHOCTAMM
nogbopa W nNOArOTOBKM OMTUMAnbHOW KPYMHOCTM PYAHOrO Marepuana U KoKca,
ofecneuvBaroLLiel COBMECTHYIO nogady BCEX KOMMOHEHTOB 3arpysky U He3HauMTErNbHbIN
uX MbinesbiHOC. Monyvatowascs B xnopartopax noboro Tuna naporasoeasi CMeCb UMeeT
OouYeHb CroxHbI coctaB. OHa COAePXUT XNOpWUAbl Pa3HOW NETYYECTU U MEXaHUYECKM
yBrieueHHble TBepable Yactvupbl. Ee obazaTenbHO HanpaenaloT Ha KOHAEHCALUMIO NapoB
TeTpaxnopuaa TuTaHa u O4UMCTKY OT NPUMECEN.

MornyyeHHbIN Nocne KOHAEHCAUMN TEXHUYECKUI TETPAxXopua TUTaHa coaepxuT, %:
97-99 TiCly, 1,5-2,5 SiCls, 0,02-0,003 FeCl n go 0,12 VOCI; u VCls. U3Bneyenne tutaHa B
aTOoT npoaykT cocraenseT 92 % — 93 %. Ounctky TeTpaxnopuaa NpOBOAST, IMaBHbIM
o06pa3om, METOLOM pekTU(UKaLIMKY, OCHOBaHHBLIM Ha PasHOW NETYYECTU NMPUCYTCTBYIOLLUX
B TETpaxnopuie TUTaHa NpUMECeR, T. €. Ha pasnuumMu Temnepartyp ux kuneHus, °C: TiCl —
136, FeClz — 319, VCly — 164, SiCls — 57. Hekotopble npumecn, Hanpumep, VOCIs,
pekTndmkaumen ypamutbe TpyaHo. Mx npeaBapuTenbHO BOCCTAHaBMMBAKOT A0 MeHee
netyyero xnopuga VCls nponyckaHnem napoB 4Yepes HarpeTbil MeAHbIA  Uin
antoMUHMEBLIN NopoLloK. PekTudukaumio TuTaHa NPOBOAST B PeKTUDMKALMOHHBIX
KOIMOHHaX 13 HepXKaBEIoLLer CTanm ¢ AblpYaTbiMy Tapenkamu.

Mpu pekTUUKaLMN TETPAXMOPULOB TUTAHA U KPEMHUSA, U3 KOTOPbIX NOCNeAHWUA
fOonee neTy4, WCXOA4Has KWMAKOCTb TMOAAETCA HA HWKHIOK Tapenky BepxHewn
HeoborpeBaeMo 4YacTu KOMOHHbl. [pu  3amonHeHUW STOWM  Tapenku  KUAKOCTb
nepenneBaeTcs Ha CrefyoLne, pacrnonoXeHHble Hke. TeTpaxnopug KpemMHUs Mpyu 3TOM
HauMHaeT ncnapsaTecs. Yem Huke onycKaeTes pacnnas, TEM BbilLe €ro Temnepartypa, Tak
Kak no Mepe yganeHuss TeTpaxnopuja KPeMHUA Temnepatypa KWUMEHWUS KULKOCTU
noebiwaetca. OAHOBPEMEHHO C TETPaxnopuAOM KpPeMHUst B HeBombluMx Konmyectsax
nucrnapsieTcs U TeTpaxyiopua TutaHa. MNapbl TeTpaxnopuzoe, nepellejlive B MapoByHO
hasy, NoOAHUMAIOTCS HaBCTPEYY CTEKAaOLEN XUAKOCTM U YacTUYHO KOHAEHCUPYHOTCS Ha
Tapernkax HeoborpeBaemMon YacTy KOMOHHBI. [onyyaemein npy 3TOM KOHAEeHcaT (dbnerma),
MepenonHss Taperky, BHOBb CMWBaeTCH BHW3. Tapenku BEpxXHEeW 4YacTu KOMOHHbI
pasorpeBatoTCA TONMbKO 3@ CYET TennoTbl, BbIAENANOLWENCS Npu  KOHAEHcauum W
NOALEPKMBAIOLLEN KUAKOCTE B COCTOSHUM KUMEHMA. Tak Kak Mo mMepe OBWKEHUS MapoB
BBEPX COAEPXKaHWE TeTpaxropuaa KPEMHUS B HMX BO3pacTaeT, PacronoXeHHas Ha
BEPXHUX Taperikax >KWOKOCTb Tawke oborallaeTcsi 3TUM KOMMOHEHTOM, M TemnepaTypa
BEPXHUX Tapenok MoHwkaeTca. PekTudukaumio TexHUYeckoro TeTpaxnopuaa TutaHa
NpoBOAAT B ABE CTaauM B ABYX NOCMEfOBaTENbHO PacnonoXeHHbIX kKonoHHax. CHavana
npu Temnepatype 60 °C — 130 °C BO3roHAOT HaMbonee HU3KOKMMALLME KOMMOHEHTbI —
TETPaxnopua KPeMHUS W Jpyrve netyyse npumecy. MonydeHHbI B MEPBON KOMOHHE
KyOOBbIA OCTaTOK, COAEPXaLUMA TETPaxnopusa TUTaHa C MPUMECHI0 BbICOKOKUMSALLMX
XJIOPUAOB, HAMNPAaBMNSIOT BO BTOPYHO KOMOHHY C paboyein Temnepartypon 136 °C. Ha sTton
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ctagum  npenmmyLlecTtBeHHO BO3roHAeTCA YNCTbIN TeTpaxnopua TUTaHa, a BCe
BbICOKOKMMSILUME NPMMECK OCTaloTCA B KyOOBOM OCTaTke BTOPOM CTaaum pektudukaumm.
KoHueHTpauum npumecer B OYMLLEHHOM TeTpaxnopuge TutaHa coctasnsiot ot 3 % fo
10 %, T.e. B npefenax YyBCTBUTENBHOCTM CNEKTPaNbHOro aHanuaa.

TuTaH K3 TeTpaxnopuaa BOCCTaHaBNMBAKT METannoTEPMUYECKMM METOLOM C
MOMOLLbIO MarHua unu HaTpus. NepBoHaYansHO B TUTAHOBOM MPOV3BOACTBE NMPUMEHANN
TONMbKO MarHui. B HacTosllee BpemMA MHOTME TWUTAHOBBIE 3ABOAbI  UCMOSbL3YHOT
HaTPUITEPMUYECKUIA NMPOLIECC, KOTOPLIN MMEET psf npeumywiects. B 3aBucumoctn ot
cnocofba BOCCTaHOBMEHUSI TUTaH NOMNy4aloT B BUAE ryOKM v NOPOLLIKa.

MaFHI/IIZTepMW-IeCKOS BOCCTaHoBNeHne TuTaHa NpoBOAAT B CTanbHbIX annapartax B
aproHe unu renun. Annapat COCTOUT U3 CTanbHOW PETOPTbl C KPbILKOW, CHaGXEeHHON
naTpybkamu Ans 3arpy3ku TBEPAOro UM XMAKOro MarHWsa u nogaym TeTpaxnopuga turaHa
(oM. pucyHok 2.9).

TuTaH MarHUATEPMUYECKMM CMOCOGOM NONYyYaloT B MNEPUOLUYECKOM PEXUME.
CHavana B neyb (0BbI4HO € anekTpruYecknM o60orpeBoM) ycTaHaBnmBaroT petopty. Mocne
OTKauYKM M3 PETOPTbI BO34yxa M 3anonHEeHUs ee aproHoM npu Temnepartype ~ 700 °C
3anvBalOT PacnnaeneHHbI MarHUA W Ha4YMHAKT nojadvy XWAKOro TeTpaxnopuaa.
Harpepatenb 3atem OTKMIOYAOT U NOAAEPXKUBAKOT Temnepatypy B npegenax 800 °C —
900°C 3a cuyeT TennoTbl SK3OTEPMUUECKON peakumm (cMm.  peakumo  (2.14))
perynMpoBaHnemM CKOPOCTM MOCTYNMEHUs TeTpaxnopuaa TutaHa M obayBoM peTopThbl
CHapyXu BO34yXOM.

XKuakmn xnopua MarHus Nepuoauyvecky BbiNycKawT 4vepes natpybok B aHULLe
PETOPTbI M HaMPaBNsOT B MarHMEBOE NPOM3BOACTBO AN pereHepaumn MarHus 1 xropa.
9710 06ycCnoBneHo paccrioeHMemM MaTepuanoB B PETOPTE Ha KUOKUA MarHui, xnopuva
MarHus 1 rybuatbii TuTaH. PakTnyecky xe Bonbluas 4acTb Kuakux ¢as BnuTbiBaeTcs
rybyatbiM TUTaHOM, YTO 3aMEANseT peakuuo ero obpasoBaHus. MMeHHO ¢ uenbto
OBHapKEeHMs NOBEPXHOCTU ryBKm M YCKOPEHWUs1 NpoLEecca 1 BbiNyCKaloT xnopug marHmsa. B
TEeYeHWe BCEro TEXHOOrM4eckoro npolecca cnmeatot Ao 85% obpasytoLleroca xnopmaa
marHus. Ha 3aBogax angd MaFHMﬁTepMMHeCKOFO nony4vyeHna MarHma UCnonb3yrT peTopThbl
AVamMeTpom 40 2 M Npy BbicoTe 3 M. 3a 0AMH LMK NONyYaroT A0 3 T TUTAHOBOW ryGKu.

TutaHoBana rybka npeacraBngeT MNOPUCTYIO Maccy Crekweroca TuTaHa,
npoONUTaHHYo oCTaTkamMu Xxnopuaa MarHma n M36bITOYHOrO MeTanmnMYeckoro MarHma. JToT
NpPOoAyKT, Ha3blBaeMbI PeaKLMOHHOW Maccol, conepxuT, %: 55-65 Ti, 25-35 MgCl, n 9—
12 Mg. AAng vx pasgeneHns B HacTosiLLee BPEMSI NOBCEMECTHO MPUMEHSIIOT BaKyyMHYH
AUCTUNNAUMIO, KOTOpas OCHOBaHa Ha OTHOCWUTENbHO BbLICOKOW NMETYYECTU MarHua u ero
xnopuga npu Temnepartype 850 °C — 950 °C no cpaBHeHUIO ¢ TUTaHOM. Bo3aMoxHbI aABa
BapvaHTa atoro npouecca. o nepBoMy BapuaHTy PEeakUMOHHYHO Maccy W3BfekalT u3
PEeTopPThI (o] AOMOLLbHO NMHEBMAaTU4eCKoro 3y6mna BbiCBEepnBaHnem mnnn
BbI(PPE30BLIBAHMEM N NOABEPraloT AUCTUNNALMM B OTAEensLHOM annapare. Mo sTopomy
BapuaHTy AUCTURNAUMIO MPOBOAAT 6e3 BbIrpy3ku Macchbl.
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1- petopra; 2- Ti-ry6ka; 3- anektponeys; 4- natpybok Bakyywnposanua; 5-
ynnoTHERNA; 6 - 3KpaH; 7 - KOHGeHCATOp

PucyHok 2.20-Annapat ANA BAKYYNHOH ZuCTUANAUNN TUTAROBOW Tyb6Ku

B aTomw cnyyae K peTopTe BMECTO KPHUKH NPUCOE[UHANT BOJOOXNAaKgaewsi
Kowgewcatop nsco cobopky nomewyant s neys (cu. pucysnox 2.10).

fwctunngauue npoBogaT npu temnepatype 950 °C - 1000 °C n sakyywme 0,01 Na s
petopte. Bo wu3bexawue BLaBAMBAHMA PA3OrpeTHX CTEHOK pPeTOpTH Neyb ToKe
Bakyyuupyerca (KOHTpBAKYyym).

Mpw warpese B BaKkyyle U3 PeakUWOHHORN WacCH BOSTOHAOT WATHUA W ero Xnopup
napd KOTOpPHX 00pas3ynT Ha CTEHKax KOWAeHCATOpa KpACTanamyeckyo Apy3y, KoTopy#
Takke 0TNpPaBAART B MATHWEBOE NPOM3BOACTBO. Mpoyecc BakyyuwHOd o4ucTKN ry6yatoro
THTaka B annapate BHeCTHNOCTBY 2 T rybkn npogonxaercs 50-60 4. Mo oKkoH4aHuM
npoyecca peToprTy W3BAEKANT U3 Neyd A TPawcnoOPTHPYNT B OTAeNbHOE NOMELeHNE, Tfe
ee AENORTHPYRT, a rybKky u3BnekantT NHeBHATAYECKNNN 3ybunawn unuw Bopasnnsant Ha
npecce.

Mo TeXHUYECKNN YyCNOBUAN THTAHOBAA ryOka napku TMr-200 gonkna cogeprats, %:
< 0,08 CI; 0,07 Fe; 0,02 #; 0,03 C; 0,04 Si; 0,04 0. Mpw 370N ANS NEPennNaBAeHHOTO
ob6pasya ycTaHaBAUBaeTCd Takke NpPefenvHO JONYyCTHNAA TBEPAOCTL NO bpukhennn.

Harwwirepunyecknit cnocob nonyyewus THTAHE IKOHOMUYECKU W TEXHONOTHYECKH
yenecooGpaseH TONbLKO NPU KONOUWHAPOBAKHON TEXHOANOTMM NPOM3IBOACTBA NATHAA U
THTaWa, KoTopas ofecnevynsaer Haubonee pauumowanbHyw pereHepayun OCHOBHHX
pearenTos (Marwma W xnopa) W KOHAeHCAT W3 WarwHwa A ero xnopupa; nepepaboTky
0TX040B.

H1 atpuitTepnuyeckoe BOCCTAaHOBAEHIUE THTaHa no CpasHenumn C
WAarTHUWATEpHUYECKAN NUEET CAERYOUME NPEHNyLECTBA

- NerKOCTH TPAHCNOPTHPOBKN HATPUA NO TPpybaw W TOYHOCTL JO3UPOBKM €10 npH
nofavye B peakTop BCNEACTBUE HA3KOA Tewnepatyps nnasnewns (97,8 °C);
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- MpocToTa OTAeNeHus npoaykra peakuum — xnopuga Hatpua — OT
METanIM4eckoro TuTaHa BbilLienadMBaHeM BOAOM;

- BbICOKME CKOPOCTM BOCCTaHOBMeHus TeTpaxnopuga TtutaHa npu 100%-Hom
UCNONb30BaHNM BOCCTAHOBUTENS;

- TUTaH nony4yaeTcs B BUAE MOPOLIKA, 4YTO yNpowaeT ero JAO3VPOBKY pu
AanbHenWwemM UCronb30BaHUN.

HaTtpuntepmuyeckoe BOCCTaHOBIEHUE NPOBOAAT B OAHY Mnn aee cragun. [lpu
OAHOCTaAUMHOM MpoLecce B peakTop OAHOBPEMEHHO W3 MepHbIX 6aykoB noparot
TEeTpaxnopua TUTaHa v XUAKMA HaTpui. Perynmpysa npouecc No TeMnepaTtype U BpeEMEHMU,
[OOVBalOTCS  MpPakTUYeCKM MOSIHOro BOCCTAHOBMEHUA BCeX XMNOpuaoB TuTaHa C
nony4YeHnem €ero MOopOLLKOB MpPW KPYnHOCTU 3epeH oT 2,4 po 0,07 mm (dppakuma 2,4-
0,2 mm). MNpu AByXCTaAUHOM MpoLiecce B NEPBOM peakTope npy OAHOBPEMEHHOM nojaye
peareHTOB MOMy4aloT pacnnas, a Ha BTOPOM CTaguM Npu nojade HaTpus Ha ero
NMOBEPXHOCTb — KPYMHOKPUCTaNIMYeckne AEHAPUTbI TUTaHa BbICOKOW YMCTOTbI Pa3MEpPOM
50 mm 1 Bonee. Huskaa NponsBOAUTENBHOCTL ABYXCTAaANNHON TEXHOMNOMUN OrpaHUYMBaeT
€e NpUMeHeHVe B KpyrnHoM maclutabe.

B Hebonblumx konuyectBax TUTaH MOMy4aroT MNPsSMbIM BOCCTaHOBMNEHMEM (ero
AMOKCKAA) KanbLyem nnm rugpuaom Kanbums

Kanbumntepmumyeckoe BOCCTaHOBIEHNE npoTtekaeT no cnenyoLen
3K30TEPMUYECKON peaKkLmm:

TiO2 + 2Ca” > Ti + 2Ca0 + 392 k[bk (2.19)

Boigenstowencs no STOM peakuum TennoTbl HeAOCTaTO4HO Afs aBTOreHHOro
npoTekaHus npouecca, HeobxoaMM BHELWHWI nogorpes. BoccraHoBneHWe B 3TOM crnyyae
BEAYT B repMETUYHbIX PETOPTaX U3 XXapOCTOMKOW CTanu B aproHe npu Temneparype 1000-
1100 °C, korga kanbLui HaxoAuTCs B KUAKOM M YaCTMYHO NapoobpasHOM COCTOSIHUSIX.
[ns BOCCTAHOBNEHNS LMOKCUA A TUTaHa NPUMEHSIIOT OYULLEHHBIN AUCTUNNALMEN KanbLvn,
yTobbl Kn3bexaTb 3arpssHeHUss TuTaHa asoToM W yrmepogom. B pesynbrare
BOCCT@HOBIMEHWSA LMOKCWLA TUTaHa KanbLUMEM MOMNy4YarT MEnKOAWCTNEPCHBIA MOPOLLIOK
TUTaHa KpynHocTeto 2-3 MkM. [loBaBkM xnopuaa Kanbums CrnocoGCTBYHOT YKPYMHEHWMIO
3epeH TuTaHa. lUnxTy ana kanbIlWATEPMUYECKOro MOSTy4YEHNsT TUTaHa nepeq 3arpyskon B
peTopTbl BpukeTupytoT. OHa COCTOUT M3 CMECUM AMOKCMAA TuTaHa, Kanbuus U ero
xnopuga. TutaH nocne KanbLUMMTEPMUYECKOrO BOCCTAHOBMEHMSA AuoKcuaa TuTaHa
coaepxut 98,5-99,9% Ti.

BoccTaHoBneHne avokcuaa TutaHa rmapuaoM Kanbuma SBRseTcs pasHOBUAHOCTBLIO
KanbLpmMTepmmyeckoro npotecca. OH NpOTeEKaeT Nno peakumm:

TiO2 + 2CaH;, -> TiH, + 2Ca0 + Hy, (2.20)
T. €. B 3TOM MpoLEecce NornyyaeTcsl He MeTannMYeckun TUTaH, a rmapua TuTada.

310 ABNAETCA OnpeaeneHHbIM MPEUMYLLIECTBOM TEXHOMOMMK, TaK Kak MOPOLLOK
rmapuaa TUTaHa B MEHbLUEW CTEMEHU OKUCISIETCS NMPU OTMbIBKE OKCUAA KanbLujs, Yem
TUTAHOBbLIN MOpowok. [lopolwok ruapyaa TuTaHa WCNONb3yeTcs, B OCHOBHOM, B
NMOPOLLKOBOW METaNNypPrun.

PagbuHuposaHue mumanHa. TuTaH BbICOKOM YNCTOTbI C CYMMapHLIM COAepXKaHNeM
npumecen He Gonee 0,1 % — 0,05 % 0BbIYHO NonyyarT NoANAHBLIM CrnocoboMm.

B npoMbINEeHHbIX YCNOBUSIX MOAMAHYIO OYUCTKY TUTaHa BedyT B CrneuuvanbHbIX
annaparax u3 XpOMOHKKENEeBOro CrraBa, CTOMKOro K AENCTBUIO noga v noauaa TutaHa.
3arpssHeHHbIN TUTaH B Buae ryOku pa3smelLaeTcs B HEM B KOJbLEBOM 3a30pe Mexay
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peakTopoM 1 mMornmbaeHoBOWM CeTkoW. TuTaHoBasi HATb AUaMeTpoM 3-4 MM C MOMOLLbIO
pacTskek n3s monnbaeHoBbIX KptoukoB B dopme V-06pasHbix MeTenb 3akpenneHa Ha
nsonsTopax. O6Las AnvHa HUTY Hakana - 11 M. Mlon nomeLLaroT B CTeKNSHHOM amryre.

BHavane noprotoBneHHbIn Kk paboTe peakTop BaKyyMUPYHOT W MOCre co3faHus
BaKkyyma B HEro BryckaloT 1of, pasbueas BMeLlatowyto ero amnyny. O6pasyrowmecs npu
3TOM Napbl NOAa 1 noanaa TUTaHa 3aHUMalroT Becb 06beM pabouert kamepsl. Koraa yepes
HWUTb HAYHAKOT NPONYCKaTb ANEKTPUYECKUIA TOK, HUTb PackansieTcs U Ha Hel HauHaeTcs
TepMudeckoe pasnoxeHue noaupa. lNpaktnyeckm B peaktop BBOAAT BCero 7 % — 10 %
noja oT TeopeTuveckn HeobxoaMMOro Ans MOAUPOBaHMA BCEro 3arpykeHHOro B peakTop
rybyatoro TuTaHa. B opHOM annapate 3a MNOMHbIM LMKN MonyYawT A0 24 kr
patUHAPOBaHHOrO TuTaHa, unm okoro 10 kr/cyT. MoguaHblii TUTaH OYeHb AOPOT.
Bo3sMoxHO Takke anekTponuTuuyeckoe paduHUPOBaHWMEe TuTaHa. AHOAOM  npu
3MEKTPONN3E CNYXUT MENKUMA TUTaH, NMOTPYKEHHBIA B CTalNbHYHO KOP3UHY, N BMECTE C HEW
B 3MEKTPONWT U3 Xnopuaa HaTpus UM CMecK XNOPUAOB HaTpusa U kanus. B npouecce
3MeKTponn3a TUTaH 3NEKTPOXUMUYECKU MEPEXOAUT B 3MEKTPONUT N 3aTEM OCaxaaeTcs Ha
KaToae B BUAE KPYNHOKPUCTANIMYECKOrO Ocafka. JNeKTponuns TutTaHa BeayT B aproHe npu
Temnepartype 850 °C 1 cvne Toka Ha katoge 0,5 + 1,5 Alcm?.

2.16 Bonbdpam

TexHonoauu nony4veHusi sonbgpama

HenocpeactseHHaa nepsBuuyHas nepepabotka BOnbgpamoBbiX U MONMBAEHOBbIX
KOHLIEHTPaTOB, 33 WCKMIOYEHMEM CrydaeB BbiNnaskM eppocnnaBoB, NPOBOAUTCS C
Lenbio MOMy4YeHUs M3 HWX COOTBETCTBYHOLLMX TPUOKCWUAOB, KOTOPbIE WCMOMNb3YHOTCA MpuU
NPOM3BOACTBE METaNNM4Yecknx Bonsppama n monmbaeHa un nx kapbmaos.

Beibop meTopa nepepaboTku KOHLEHTPATOB 3aBMCUT, B MEPBYHO O4epedb, OT UX
BMAa W MuHepanormdyeckoro coctasa. Bonbdpamy u  MonubaeHy CBOWCTBEHHbI
MakcMMarnbHas cTeneHb OKUCNEeHNs *6 1 ee yCToMUMBOCTb ANS GOMBLUMHCTBA XUMUHECKNX
COEAVHEHWIN NPU Manow BEPOSITHOCTM CYLLECTBOBaHWA NMPOCTbIX KaTMOHOB. bonee Huskue
CTENeHN OKMCreHus HabnogarTCa NPEeUMYLLECTBEHHO B yCroBusiX cTabunusauynm
KoMnnekcoobpa3oBaHus. Kpome TOro, npu BblIOOpe MeToa yuuThIBaOTCs MacluTabbl
npon3BoACcTBa, TexHuYeckMe TpeboBaHWA K UWCTOTE W (PU3MYECKMM KayecTBam
nomy4yaemMbix TPUOKCUA0B Y HEKOTOPbIE TEXHMKO-9KOHOMUYECKME nokasaTenmn NpoLeccoB.

Bonbtpam - cBeTno-cepbii MeTann, no BuAY OYEeHb MNOXOXKMA Ha cTanb. [lo
TYrOnnaBKOCTW OH YCTynaeT TOMbKO Yrnepogy W SIBNSETCH CaMbIM MPOYHbIM METaMNOoM.
[MpoYHOCTE OH COXpaHseT K MNpu BbICOKMX TemnepaTtypax. Bonbdpam npakTuyecku
HeneTydy. Bombdpam oTnMYaeTcs BbICOKOM XUMMYECKOW CTOMKOCTBIO MPWU HOpPMAanbHbIX
ycrnosusix. Ha Bosgyxe npu obblvHOW TemMnepaType OH He B3aUMOLEWCTBYET C COINSIHOW,
CEepHOM, a30THOM W (PTOPUCTOBOAOPOAHON KMCNOTaMW, YCTOMYMB K  OENCTBUIO
TMOPOKCUAOB  LLEMNOYHbIX METannoB pacTBOPSETCA TONMbKO B CMECW asoTHOM W
HPTOPUCTOBOAOPOLHOM KUCTIOT.

C kvcnopopaom Bo3gyxa BOMbdpaM HauMHaeT B3aMMOAENCTBOBATL MPW Harpese_Ao
Temnepatypbl 400 °C — 500 °C ¢ o6pa3osaHmem Tprokcuga sonbdpama (WO3).

B NpOMBILNEHHON MNpPaKTVKE WCMONb3YIOT PAa3fMYHbIe TEXHOMOrMYEeCKUEe CXeMbl
nepepaboTkn KOHLEeHTpaToB ¢ coaepxaHnem 30 % — 50 % WO; 1 npomnpoayktos — 10 %
— 20 % WOs;. MpomMnpoaykTbl, BbiBeAEHHbIE M3 LMkna oboraweHns TpyaHooboraTumMbIX
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pya, nepepabaTtbiBalOTCA  Ha  WUCKYCCTBEHHbIA  LUEENUT  TMapOMeTannypruen.
KomGuHnpoBaHHbie CxeMbl 06ecneuvBaloT BbICOKOE WU3BMNEYEeHUe Bombgpama U3 Takux
pya. [onyyeHHbIn Tpuokcua BonbdpamMa CNyKWT WCXOAHbIM Marepuanom Ans
npou3soacTea Bonbdpama, kapbuaa sonsdppama unu 4pyrmx npoayKToB.

BeiGop cxembl 3aBUMCUT OT TuUNA W COCTaBa KOHUEHTpaToB, MacwTaba
NPou3BoACTBa, TPebOoBaHMA K 4YMCTOTE U PUNYECKMM XapakKTepucTukaMm TPUOoKCupa
Bonbdpama.

[naBHbIM B TEXHOMOIMYECKOW CXxeMe ABNSAETCA CNocob pasnoXeHUs KoHUeHTpara.
M3BecTHble cnocobbl paspensaloTcA Ha rpynnbl MO BUAY MOMyYeHHbIX B pesynbTare
pasnoXeHnsi pacTBOPOB:

- AN MONy4YeHWs pacTBOPOB BOnbdpamMata HaTpua WUCMONb3YHT Cnocobbl ¢
NpYMeHeHNeM cofbl, Lwenoyen, HentpanbHbix conen (NaF, NaNO; n ap.). U3 pacTteopos
rocre O4NCTKM OT NPUMECE BbIAENSAT ManopacTBopMMble CoeaVHEeHWS Bonbgpama nnm
n3BnekarT BoNbdpam METOAOM IKCTPaKLMN UN MOHHOTO oBmeHa (copbuun);

- ANA NOMyYeHWs OCAafKOB TEXHUYECKOW BOMbMPAMOBON KUCNOTbI MPUMEHSIOT
crnocobbl  pasnoxeHns  kucnotamum  (HCI,  HNO3).  TMony4eHHyto  TEXHUYECKYHo
BONMbMPAMOBYO KUCIOTY PacTBOPSOT B aMMUaYHOW BOAE W BbIAEMAT U3 pacTeopa
napasonsdpamar aMmmMOHUSA NN BOSb(PamMOBYyH KUCNOTY;

- MpU XNOPUPOBAHUM BONMb@PPAMOBOTO ChiPpbA XMOPOM WM €r0 COEAUNHEHUAMU
BO3rOHAIOT  NeTydMe Xmopuabl WM okcoxnopuabl Bonbdpama. [maponuTuyeckum
pasnoXeHMeM KOHAEHcaTa XINopuAOB W  OKCOXSIOPMAOB MONy4arT BONbgpamoByro
KWUCOTY.

Cambliii pacnpocTpaHeHHbIN B NPOMbILLAEHHOW NPaKTUKE N YHUBEPCanbHbIN cnocod
pasnoXeHnss BONbMPaMUTOBLIX W LUEENUTOBLIX KOHLEHTPAaTOB - CMeKaHue C COAOW.
Mpouecc BepeTcs npu Temnepaype 800 °C — 900 °C Bo Bpawarowmxca Tpybyatbix
nevax. Lnxra cocrtaensietcsa ¢ nsbbitkom cogbl HA 10 % — 20 % ans BONbPaMUTOBLIX
KOHUEeHTpaToB 1 C 136bITkOM 80 % — 100 % OT CTEXMOMETPUYECKOTO AN LWEENUTOBLIX, a
Takke KeBapueBoro necka. CTeneHb pasnoxeHWs npu 3Tom cocTtasnseT Gonee 99 %.
[JanHHas TexHonorns npuMmeHsanack Ha CkonmHckom MM3.

OnekTpoTepMmnyeckuin crnocob pasnoXeHUs LLIeenUMTOBbIX KOHLEHTPaToB - nnaBka
wmxTbl npu 1400 °C — 1500 °C B anekTponeyun - obecneyvBaeT cTeneHb BCKpbITUA 98 %,
BbICOKYIO MPOU3BOAUTENBHOCTb, MEHBLUMA Pacxof peareHToB (Coabl U KpemHesema),
MeHbwMn obbem nynbnbl. OpHako TpebyeT BbLICOKOro pacxofa SneKTPO3Hepruu
1100 kBT1-4 Ha 1 T KOHUEHTpaTa 1 BEAET K NOTEPSAM BONbdpama co LUNAKOM.

ABTOKNABHO-COAOBLIN  CMOCO6  Pa3nNOXeHWs  LWMPOKO  UCNONb3yeTca  Ha
OTeyeCTBeHHbIX 3aBogax, a Tawke B CLIA, Anonun, BenukobputaHun, [epmaHum,
AcTpun. MNpeumylecTBa aBTOKNaBHO-COAOBOro crnocoba pasnoxeHus BONbMPaMOBOro
CbIpbSl Nepes CrnekaHneM COCTOAT B UCKNIOYEHUM NEYHOro Npouecca, NPeaLecTBYIOLWEero
BbILLENAYNBAHNIO, M MEHbLUEM COAEPXaHWM MPUMECEN B BONb(pamaTHbIX pacTBOpax.
Kpome Toro, cnocot NnpuMeHUM K BCKPbITUIO HE TOMNbKO CTAHAAPTHBIX KOHLEHTPATOB, HO 1
HU3KOCOPTHBIX MPOMMNPOAYKTOB U XBOCTOB 0BoraweHns, coaepxawmx 4 % — 5 % WOs.

Mpy pasnoxXeHNn LWEEnMTOBbIX KOHLUEHTPAToB CTEeNeHb U3BneYeHns BonbdpamMa B
pacteop pocturaet 98,6 % — 99,5 %, coaepxaHve BonbdpamMa B OTBanNbHbLIX XBOCTax He
npesebiwaeTt 1 %. na BofbOpaMUTOBLIX KOHLEHTPaTOB NokasaTenm HECKOMNbKO HKe.

B oTevecTBeHHOM npaKkTUKe aBTOKMNABHO-COAOBAA Cxema MPUMEHAETCS Ha
Hanbunkekom MM3.
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Mpn nepepaboTke HW3KOKAYECTBEHHOTO Cbipbs 3a pybexoMm oTpaetcH
NpeanoYTEHNE aBTOKNABHO-COAOBON CXEMe, a AN BbICOKOKaYECTBEHHbIX KOHLEHTPaTOB
NCMONb3YETCH KUCMOTHOE BCKPbITUE, AIBMSIIOLLEECS B 3TOM criyyae 6onee SKOHOMUYHBIM
13-3a KOPOTKOro NPOU3BOACTBEHHOMO LIMKNA.

MepepaboTka pacTBOpOB BOSfbdpamata HaTpus, coaepkawmx 60-150 r/n WO;, ¢
nosly4eHnemM TprMokcmaa Bonbppama TpebyeMon YUCTOThI, MO TPAAMLMOHHOW TEXHOMOMMM
BKMKOYAET, OYMCTKY OT MNPMMECEN KpeMHus, @Topa, ¢ocdopa, MbilbsKa, Xenesa,
MonubpeHa; OCaKAEHWE WCKYCCTBEHHOrO LUEennTa, pasfoXeHue €ero Kucrnotamum c
nonyYeHWeM  ocajka  TEexXHUYeCcKOW  BONb(PaMOBOM  KUCIOThI,  pacTBOpeHuUe
BONMbPPAMOBOMA  KUCMOTbl B aMMMaYHOM BOAE W BblAENEHMe U3  pacTBOpOB
napasonbdpamara aMMOHVUA METOAOM BbINapkun (TEPMUYECKUM Pa3NOXKEHNEM MOSyYaloT
Tpuokcua Bonbgpama).

CyllecTBEHHOE YMPOLLEHME MHOrOCTaAMMHON CXeMbl NepepaboTkM pacTBOpOB
Bonb(ppamara HaTpus AOCTUraeTCs NPy U3BNeYeHUU Bonbgpama METOAOM AKCTPaKLUMU C
nocneaymroLlen peskCTpakumen pacTsopaMyM ammmnaka U BbIENEHNEM U3 aMMUaYHbIX
pacTBopoB NapaeosbdpamMara aMMOHUS. JKCTPAKLMOHHAA TEXHOMOMMS NCNOMb3yeTca Ha
npeanpuatusax CLUA n ocsoeHa B Poccun. [Ins SKCTpakuum UCMOSNb3YIOTCA TPETUYHBIE
aMWHBI N YETBEPTUYHBIE aMMOHNEBBLIE OCHOBaHWS.

MpymMeHeHe NOHOOBMEHHBIX CMON - KOHKYPUPYIOLEE C 3KCTPaKuMen HanpaeneHme
COBEpLUEHCTBOBaHMSA  CxeMbl  nepepaboTkm  BonbgpamaTHbix  pacteopoB. K
npenMyLLecTBaMm NpUMEHEHNS CMOI cnefyeT OTHEeCTM OTCYTCTBUE COPOCHLIX pacTBOPOB,
cofepxalLlmx opraHM4eckme npuMecy, noxapobesaonacHoOCTb, HETOKCUYHOCTL CMOJI.

OcHOBHOM  MPOMBILLNEHHBIA  CNOco6  MONyYeHWs MOPOLWKOB Bonbdpama -
BOCCTaHOBIEHME TPMOKCUaa MeTarnna BOLOPOAOM.

BbicokomemnepamypHoe eoccmaHoesieHue 60JopodoM  NpoBOAST B
rOPU3OHTamNbHbIX MHOrOTPYBHbIX Mevax, MMEIOLLMX HECKOSBLKO 30H HarpeBa, TeMmneparypa
B KOTOPbIX PErYIMPYETCH aBTOMaTUHECKM.

2.17 Monun6aeH

TexHos102UU NONYyYeHUs1 MONU60eHa

Mo mMexaHWn4ecko NPOYHOCTN MONMOAEH YCTynaeT TONMbKO BOMbMpamy, HO nerve
ero nogpaetcst 0bpaboTke AaBNEeHUEM.

Mpu nepepaboTke MONMBLEHOBBLIX KOHLEHTPATOB MEPBUYHAS Lenb — MnonyYyeHue
Tpuokcmaa. OCHOBHbIM W MPAKTUYECKN EAWHCTBEHHbIM MPOMbBILMEHHBIM  CNOCOBOM
nepeoHavarnsHon o6paboTkM MONMOAEHUTOBBIX KOHLEHTPATOB SABNAETCA OKUCMUTENbHLIN
obxur, B pesynbTate KOTOPOro MPOUCXOAMUT OKUCneHue mMonmbaeHuTa ¢ obpasosaHneM
orapka, 3arpsi3HEHHOro NPUMeCSIMA.

Ons nony4yeHus 4ductoro okempa mormmbaeHa NPUMEHAT NGO MEeTOoh BO3rOHKWU
Tpuokcuaa monmbgeHa, nMbo xMMU4eckyto nepepaboTky orapka.

OCHOBHOM MpPOMBILLNEHHBLIM  CNOCO6  Momy4YyeHUs MOPOWKOB BOnbdpama -
BOCCTaHOBIEHME TPMOKCUa MeTarna BOAOPOAOM.

BbicokoTemnepaTypHoe BOCCTAHOBNEHNE BOAOPOAOM NPOBOAAT B rOPU3OHTASbHBIX
MHOrOTPYOHbIX MeyYax, UMEIOLMX HECKONMbKO 30H Harpesa, Temnepatypa B KOTOpPbIX
perynMpyeTcsi asToMaTU4eCKu.
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OCHOBHOW, LUMPOKO MPUMEHSIEMbIM B  MPOMBILUMEHHOW NpakTuke crnocob
pasnoxeHnss MonNMGAEHNTOBbLIX KOHLEHTPATOB — OKUCNUTENbHBIN 06xur. MpoaykT obxura
— Orapok, copaepxawmin Tpuokcva MonubaeHa v MpyMEecVM B 33faHHbIX npepenax,
nocTynaeT Ha Bbinnaeky deppomonmbaeHa wunu CnyXuUT UCXOAHbIM MarepuanomM Ans
NPOU3BOACTBA XMMWYECKUX COEAUHEHUI, Hanbonee YMCTOE MO NPUMECSIM U3 KOTOPbIX —
Tpuokena mommbaeHa. MNepepabotka orapka MOXET NpPOBOAUTLCA CMOCOOOM BO3rOHKM,
opHako Havbonee pacnpoCTpaHeHbl MAPOMETANNYPruieckne Cxembl nepepaboTku
orapka.

B 3aBoackon npakTuke o6XWr MonebaeHUTOBbIX KOHLIEHTPATOB NMPOBOAST B NeYax
«kunswero cnos» (KC). O6kur B KC no3sonser nonyyatb OrapkM C BbICOKUM
COAEPXKAHNEM BbILLENAYMBAEMOrO B pacTBopax ammmaka monubaeHa, nojaepxusatb
CTpOro onpegeneHHbIn uHTepean temnepatyp 560 °C — 580 °C, He gonyckas crnekaHus
mMatepuana W B3aUMHOrO KOHTakTa Marepvana, npegoTepawas obpasosaHue
monubaaTos.

OpraHusaumsa o6xumra KOHUEHTPAaTOB C LIENbIO MONYYEHUS OrapkoB, KOHAULMOHHBIX
no cepe n NpUrogHbIX ANs Bbinnaeku dpeppomonmbaeHa, TpebyeT cosgaHns yCTaHOBKU
AByxctyneHdyartoro obxura. Bropas cragmsa obxura obecneuvmBaeTr poxuraHne cepbl BO
Bpawawwmxca Tpybyatbix neyax Ao copepxaHus meHee 0,2 %. 3ta TexHonorus
paspaboTaHa MHCTUTYTOM «MHLBETMET» M NPOLLIA ONbITHO-NPOMBbILLMEHHbIE UCTIBITaHUA.

Mony4yeHne  uuctoro  Tpuokcupa  monubaeHa U3 orapkoB  BepaeTcs
rMapoMeTaniyprmieckum ammmadHbiM crnocobom. Orapok BbllenaqvMBaloT pacTBOPOM
amMmmuaka, U3 aMMrMa4yHoro pacteopa rocre O4YUCTKU OT NpUMecel BbiaenstT MonvbaeH B
dopme napamonubpata unm nonumonubaaTtoB. Tpuokcua MonubaeHa nonyyarot
TEPMUYECKUM pasfioKeHnem napamonunbaata ammoHus.

B npou3BOACTBEHHON MNpakTUKe TEpMUYECcKoe pasnoxeHne napamonubaara
amMMmoHuMst nmpoBoasAT npu Temnepatype 450 °C - 500 °C B TpyOuaTtbix nevax
HEMNpPepbIBHOTO AEVUCTBUS C 9neKTpooborpeBoOM C MONYyYEHWEM YUCTOrO TPUOKCUAA
monmbaeHa.

B nNpoMbIlLNEHHYIO MNPaKkTUKy BHEAPeH ruapoMeTaniypriyeckmin  crnocod
pasnoXeHnss a3oTHOM kucnoTol. lMynbna, coctosawas ua koHueHtpata u 30-35%-Houn
a30THOW KWCMOTbI, MPOXOAMT BblEnaynBaHMe B MOCNEAOBaTENbHO YCTaHOBIEHHbIX
nadykax npv nepemeLlnBaHuy CXaTbiM BO3AYXOM W Harpese OCTpbiM MapoM o
Temnepatype 90 °C — 100 °C.

MonubaeH M3BNEKarT M3 KUCMNbIX MAaTOYHbLIX PACTBOPOB, UCMOSb3YS PasiuyHble
€nocobbl COpOLMM UMK SKCTPaKLMN.

3a pybexkoM nNpUMEHSIETCA aBTOKMaBHLIA Cnocob okucneHus MonubaeHuTa
kucnopogom. lMpouecc BegeTcs B aBToknaee npu Temnepatype 120 °C — 160 °C u
gaeneHun kucnopoga 0,1-0,14 MMa (10-14 aT). MNpsmoe ussnedyeHne monvbaeHa B
TpUokcuz no atoMy crnocoby 90 %, B KUCMbIX Mynbnax COAEpKaHue CEePHOW KUCMOoThbI
coctaBnaeT 75 %, B LMPKYNUPYIOLLEM pacTBOPE MOBLILLAETCS KOHLEHTpauus peHus.
MepepaboTka MeAHO-MONMMBLEHOBLIX PEHUACOLEPKALLMX MPOMMPOLYKTOB B HACTOSLLEe
BPEMSI OCYLLIECTBNSAETCS MO CXEME OKUCIUTENBHOrO 06Xnra ¢ BO3roHKOW PEHUSI, COZ0BOIO
BblLLieNnavnBaHnsi 0BOXOKEHHOTO MPOoAyKTa C MOCMEAYHWUM BblENeHUEM 13 pacTBOPOB
mMonubpata kanbuusi. BozorHaHHbIA PeHW ynaBnvMBaeTcs B MOKPOW CUCTEME OYUCTKU
rasoB M 3aTeM M3BIIEKAeTCA Mo COPOLMOHHOM CXeMe B TOBapHbIA MeppeHaT aMMOHMS.
OKMCNNTENBHO-aBTOKMABHOE BbILLENAYMBaHME PAaCTBOPaMM COAbl U €A4KOTrO HaTpa mpu
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Temnepartype 160 °C — 180 °C, napyunarnbHOM AaeneHun kucnopoga 1-2 at, OTHOLUEHUM
KT = 1:8 n npopomkutensHocTn 14-17 4 obecneusBaeT W3BreYEeHNE B pPacTBOP
MonubaeHa u penusi o 98%. IKCTPaKLUMOHHbIE METOALI U3BMNEYEHUS] MONUOAEHA N peHUs
C nocneaylolM MonyvyeHMeM napamonubaarta v neppeHara aMmmoHusa obecneynsaroT
M3BreYeHme N3 CXo[Horo cbipbs 96 % monubaeHa n okono 90 % peHus.

Ons Bblibopa crnocoba nepepaboTkM BOBMEKAEMOro B MPOM3BOACTBO CbipbA
HeoOXoAMMO yuuTbiBaTb KavyeCTBO WCXOAHOIO Martepuana, HanMuve npuMecen,
TIMMUTUPYIOLLMX BbIGOP KOHEYHOW MpOAYKLMK, a Takke MMEeKLMecs Npov3BOACTBEHHbIE
MOLL|HOCTU.

2.18 UtTpun

TexHonozusi nosiy4eHusi ummpusi

CoeguHeHNss wWTTpUs MOMy4YalT M3 CMECEN C  APYIMMU  PeaKo3eMenbHbIMU
MeTannamMmm SKCTpakuMeh# WU MOHHbIM ObmeHoM. Metannuyeckuin wUTTpuM nomy4dalroT
BOCCTaHoBMNeHWeM 6e3BOAHbIX ranoreHMAoB WTTpUS JNUTUEM WM KanbUvMem C
nocneayrowen OTFOHKOW MpuMecel. OneMeHTbl WUTTPUEBOW [PyMMbl  MOSy4yaroT
KOMOWHMpOBaHMEM CMOCOOOB APOOHOrO OCaxXAeHUs C MOHOODMEHHOW TEXHOMOMMEN, TaK
KaK ANS Takoro SreMeHTa Kak UTTPUN, NpOAYKLUUS KOTOPOrO COCTaBNSIET 3HAUUTENbHLIE
KONM4YecTBa, MeToabl PYHKLUMOHANbLHOrO ocaxiaeHus Bce elle Heobxoaumbl. Hapsgy ¢
MOHOOOMEHHOM  TexHomnorven NPUMEHSIIOT ~ cnocobbl  ApoBHOro ocaxaeHus,
KpUCTannM3aLmum N sKCTpakLmu.

YNCTYL0 OKUCH UTTPUS MOXKHO MONYYUTb MOHHLIM OBMEHOM, Koraa npumeHsitoTes 90-
99%-Hble KOHLEHTPaTbl WUTTPUS, MonyYaemble B pesynbTaTe OTAENeHus ero B Bupe
OCHOBHbIX HATPATOB UMK APYrMMY METOAAMM.

2.19 CkaHoun

TexHoso2usi nosiyyeHust ckaHousi

MeTann B BUAE OKCUAOB U3BMEKAOT MOMYTHO MPU MMAPO- U NMUPOMETAaNIYPrMHECKOn
nepepaboTke BOMbGPPAMOBLIX, ONOBAHHbIX, TUTAHOBLIX, YPaHOBbIX pya U BokcuToB.
Okcuabl ckaHaus xnopupytoT unn  dTtopupytoT npu 700 °C — 800 °C, nonyyas
cooTBeTcTBeHHO xnopuabl (ScCls) n dropuabl (ScF;) ckanaus.

M3BecTHbl criegyroljme cnocobbl MOMYyYEHUs CKaHAMA W3 ero  COeAUHEHWN:
31EKTPONUTUYECKOE - U3 pacniaBneHHbIX ranoreHnAHbIX CPeL; MeTannoTepMmyeckoe - ns
xrnopuaa wnu Topuaa; SneKTpoNMTMYEcKOe - K3 pachfaBa oKcuia CKaHausa BO
dpTopockaHamnare. HaTpus.

B nepeoM npoLecce UCMOSb3YOT B Ka4decTBe 3MeKTponuMTa pacnfae Xxnopuios
CKaHaWs, NMUTUS N Kanus.

Bo BTOpOM - MeTannM4ecknn cKaHAn U3BMNEKarT NPSMbIM BOCCTAHOBMEHWEM €ro
XNOPUAOB NN PTOPUAOB METANNNYECKMM KarnbLUEM U antoMUHUEM:

28cF;+3Ca—+3CuF2+2Sc (2.21)

MpepnouteHne oTpaeTcs TOpUAY, Tak Kak OH HErMrpocKOMMYeH M ero ferye
MOMyYUTb B YACTOM BUAE.

B TpeTbeM - B KayecTBe 3MEKTPONMTa WUCMOSb3YOT PacTBOp B pacnnaBfieHHOM
Na,ScFs. Mepea MeTannoTepMUYECKMM 3TOT CNoco® MMEeT NPeMMyLLEeCTBa: CKanAUN He
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3arpaAsHAeTCa MarepuanoM TUIMs, He HyXHa BakyyMHas AUCTMNNAUMS K3bbiTka
MeTannaBoCcCTaHOBUTENS, CNOCO6 MOXET BbITb peanvaoBaH kak HerpepbIBHbIN.

OnAa nonyyeHUs CKaHAUS BbICOKOW 4YMCTOTbI MCMOMb3YIOT WCXOAHbIE BeLLecTBa
MaKCUManbHOW YMCTOTbI, U MOMYYEHHBIM W3 HUX MeTann NoABeprawT nocneayloLwen
cybnumauum B Bakyyme (103- 10 Na) npu Temnepatypax 1600 °C — 1700 °C.

2.20 Pegko3emenbHble MeTannbl

2.20.1 MeToahbl pa3geneHus pegko3eMenbHbIX 31eMeHTOB

Bcnencrere 6n1M30CTU CBOWCTB NAHTaHOMAOB MX pasfeneHve - CnoxHas 3agaqa.
CoBpeEMEHHbIE CXEMbI pasfesfieHnss FaHTaHOWAOB OCHOBaHbl Ha  MCNOMb30BaHWU
3 PEKTUBHBIX METOAOB: >XULKOCTHOW 3KCTPaKUMM M MOHHOrO obmeHa. B HekoTopbix
TEXHOMNOMMYECKMX CXEMaX NPUMEHSOT METOAbl M3BUPaTENLHOrO OKUCIIEHUA KUCNOPOLOM,
XIopoM, MEepoKCMAOM BOAopoAa W M3bMpaTenbHOro BOCCTAHOBMEHUS  LMHKOM,
amarnbramamu LyHKa 1 HaTpus.

Ons nonmHoro pasgeneHna naHTaHoMAQOB MPUMEHSIIOT pasHble CXeMbl C
WCMNONb30BaHNEM MepPEeYnCneHHbIX MeTogoB. PaccmMoTpyM 3TO Ha npuMmepe CXembl
nonHoro pasaenexHns P33 yepreson nogrpynnel (CM. pucyHok 2.11).

Ha pasgenenne 06b1MHO NOCTYNAET CMECh MTMAPOKCMAOB, OYULLEHHBIX OT NMPUMECEN.
BHauane okvucneHnem BbIAENSAOT uepun. [danee, UCXOQHYIO CMeChb, OOOralleHHyro
rafjonvHMeM, MPOTUBOTOMHOW 3KCTpakuvMen Aenat Ha Tpu dpakupm: | — naHTtaH,
npaseogum 1 Heogum; |l — npaseogum, Heoaum, camapuii U esponuy; |l — snemeHTbI
uttpueson rpynnel. U3 1l v I dppakumin BoccTaHOBNEHNEM amarnbramon HaTPUsi BbIRENSIKOT
camapuii 1 eBpOnuiA C MNOCNEAYIOLMM OCaXAeHMEM €BPONMS 106aBKOW CEPHON KUCNOTLI.
Ans pasgeneHys anemMeHTOB B BblAeNeHHbIX hpakUmMax UCTIONb3YIOT TaoKe 3KCTPaKLMIO U
NOHHOOBMEHHYIO XpomaTorpaduio.

OkuncneHne Lepust [0 YeTbIPEXBaNEHTHOrO COCTOSIHUSA NMPUMEHSIFOT A OTAENEHUS
ero oT Apyrux naHTtaHouaoB. Llepuin nerko oKMCRAEeTCs KMCMOPOAOM B MPOLECCE CyLLKA
cvecn rugpokengos P33 Ha Bosgyxe npu Temnepatype 120 °C — 130 °C wnu npu
MPOMYyCKaHWN BO3Jyxa 4Yepe3 HarpeTyr CyCreHsulo rMapoKkcMaoB. [NpUMEHST Takke
LPYIMe OKACPMTENW: Xrop, nepokcua Bogopopa. Mocne owvcnerms Ce** po Ce*
rMMAPOKCUA TPEXBamneHTHbIX aHTaHOMAOB pacTBOpAlOT B pasbasneHHon (5-10%-Hon)
830THOW UM CONSHOWN KWUCMOTE, B TO BPEMS KaK MMAPOKCUE YETbIPEXBaNEHTHOro Liepusi
(Ce02 - nH20) ocraeTca B ocagke. MocnenHuii cogepxunt 94 % — 96 % CeOo.

[nsa nonyyeHnsa Sonee YACTOro NpoaykTa UCMonb3yT N3bupaTenbHyr 3KCTPaKumo
Ce(NO3)4 13 6-8 H. pacTBOpa a30THOWN KMCMOTbI, TBD UK ApyrMmmn aKkCTpareHTamu.
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PucyHok 2.11 — MNpuHuyunuansHas cxema pasgenerdna P33 Lyepvesoin noarpynmbl

B HacTtosiLee BpeMs 3KCTPaKUMOHHbIE METOLbI — OCHOBHbIE B CXEMax pasfaeneHus
P33. B npOMbIWMNEHHON NpakTuke ANs pasfeneHns UCMOonb3ylT NPeuMyLLecTBeHHO
docdopopraHmyeckne okcTpareHtsl - Tbod, [O20IPK un kapboHOBble KMCNOTHI.
MepcnekTnBHbIE 3KCTPareHTb! - HeTAHbIE CYNbGOKCUABI.

Mpu ucnonb3oBaHuM akcTpakumm TBO ans pasgenenvsa P33 Ha nogrpynne
npouecc BeAyT U3 HUTPaTHbIX PacTBOpoB ¢ KoHueHTpauuenhn HNOs, 7-10 m/n. MNpu atom
UTTpWIA nonagaeT B noarpynny Tsbkeneix P33 (Dy - Lu).

MoMMMO HUTpaTHbIX pPacTBOpoB, Ana pasgeneHus P30 akctpakuven Tbo
UCMOMb3YHOT POSaHMAHO-XNOPUAHbIE pacTBopbl. B Takmx pacteopax P33 npucyTcTeytoT B
cocrase komnnekcoB Ln(CNS); n Ln(CNS),Cl, ycTOM4MBOCTb KOTOPbLIX MOBLILLAETCS OT
naHTaHa K noTeuuo. JKCTparvpyembln komnneke mmeet coctaB Ln(CNS);r nThbo.
ConbBaTHoe umcrno n = 3-4. JKCTpakuuMio U3  XJNOPUAHO-POAAHUAHBLIX PaCcTBOPOB
NPUMEHAKT B HEKOTOPLIX MPOMBIWMEHHbIX CXemMax And oTaeneHna UTTPUA OT TAXKesbIX
P33. Benegctere MeHbLUMX KOSMMDOULUNMEHTOB pacnpeaeneHns UTTpuiA oCTaeTCs B BOGHON
ase.

B npakTuke pasgenenus P33 akcTpakumen Bonblueli YacTbio NpoLece NPoBOAST B
annaparax Tuna «CMecuUTenb—OTCTOMHMK», COefMHSeMbIX B Kackas. PasfeneHve sepyT,
MCNOmnb3ys pasnuyHble W3BECTHble Cnocobbl: METOA NPOTUBOTOKA W BapwaHTbl
LVHaMNYECKNX METOLO0B, K KOTOPbLIM OTHOCUTCS MOMNYMPOTUBOTOK.

,D,J'Iﬂ paspeneHna naHtraHongos MeTo4oM MOHHOrO obmMmeHa APUMEHAIOT pasdfindHbIe
TUMbI KATMOHOOBMEHHBIX cmon. OHW NpPeacTaBnAT COGOM CUIMBHOKUCTIOTHBIE KaTUOHUTBI,
nory4yaemMble COBMECTHOW MONMMEpU3aumen ctuposna u amBuHUNGeHs3ona, 1 cogepxar
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aktveHble rpynnbl  SO3H  PaspeneHne  ocywlectBnsioT  MeTOAOM  SSIOEHTHOM
xpomatorpacum.

CpO/ICTBO VIOHOB NAHTaHOWAOB K cMone ybbisaeT ot La>* k Lu®, T. e. B nopsiake
yMeHbLeHNs pasmepa noHoB. OaHaKo CpoACTBO K cMone MOHOB P33 oveHb 6nuako, yto
He obecneumBaeT pocrtatoyHo addekTvBHOrO pasgeneHus. Jlydwee pasgeneHuve
JOCTUraeTcsi npv  WCMONb30BaHWM ANS  BbIMbIBAHWA  PacTBOPOB,  CoAepXalLmx
opraHuyeckMe coeavHeHus, obpasyiowme ¢ moHamu P33 komnnekchl pasnuuHon
YCTOWYMBOCTM.

BbiMbIBaHVE NPOMCXOAWT B MOCINEA0BATENLHOCTU, COOTBETCTBYHOLWEN MPOYHOCTM
a@HMOHHBLIX KOMMMEKCOB naHTaHoupoB. o Mepe ABWXKEHVS BbIMbIBAKOLWEro pacTeBopa
BAOJIb KOMOHKWU (MM psia@ NOCnefoBaTenibHO COEANHEHHBIX KOMOHOK) CMECb KaTWUOHOB
pasgensdeTcs Ha OTAenbHble COpPOUMOHHBLIE 30HBI (MONOCHI), NEepemellarLmecs ¢
ornpefeneHHoM CKOpPOCTbIO K ee Bbixofy. [ns BbIMbIBAHUS MPUMEHSIIOT pasnu4yHble
opraHuyeckne coevHeHus, obpasylolme KOMMNEeKCbl C NaHTaHoMAaMW: FIMMOHHYIO
KUCMOTY, HUTPUMOTPUYKCYCHYtO kucnoty (HTA) n sTuneHamammnHTeTpaykCyCHyH KUCMOTY
(BOTA). TocnepHioro Havbonee LWMPOKO MPUMEHSIOT NpU  XxpomaTorpaduyeckoM
pasgenexHun P33

C TpexsapsagHbiMn noHamu nadtaHounpos OTA obpasyeT BHYTPUKOMMNMEKCHbIE
coefvHeHusa (xenatbl), B KOTOPbIX arOMbl asoTa CBs3aHbl C WOHOM fNaHTaHouaa
KOOPANHALMOHHBLIMW CBA3AMWN. KOHCTaHTy YCTOMYMBOCTM 3TUX KOMMMEKCHBLIX COEANHEHUN
OMNpefensitoT N3 ypaBHEHNS:

Ln®* + HV*SH(LnV) (2.22)
K=[H(LNV))/[Ln3+][HV*] (2.23)

KoHcTaHTbl yCTOMYMBOCTM KOMNMEKCOB naHTaHouaoe ¢ OATA yBennuvMBaroTcs OT
NaHTaHa K niTeuuto, T. €. C BO3pacTaHWeM MOpPsAKOBOro Homepa aneMeHTa. KoHCTaHTbl
YCTOMYMBOCTI KOMMJIEKCOB ABYX coceaHnx P33 otnnyaroTcs ogHa oT Apyrov B CpeaHeM B
2,4 pasza. 9710 obycnoenusaeTr Gonblylo usbupartensHoctb gencteus SATA npu ee
NpUMEHEeHUN ANs BbiMbIBaHWSA kaTuoHoB P33 13 katnonuTa.

P33 paspenstioT B cucTeMe, coOCTOAWEN U3 psiga NOCNeAoBaTenbHO COEANHEHHBIX
KOMOHOK, 3anonHeHHbIX CMOol. [epBble 0aHa UK ABe KOMOHKWU CryKaT AN HACbILLEHWA
cMonbl katuoHamu P33, nocnegyiolme KONOHKM - pasgenuTtenbHble. B npouecce
3MOUPOBaHNS B HUX 00pa3ytoTcsi COPOLIMOHHBIE 30HbI.

Ha Bbixoae 13 cucTeMbl KONMOHOK unbTpar cobupatoT oTAenNbHbIMU OpakLmamm.
Ha pucyHke 2.12 nokasaHbl BbIXOAHbIE KpUBbIE BbiMbliBaHWA pacteopom SATA ans cnyvas
pasgeneHus Tpex anemeHToB. lNepBas BonHa COOTBETCTBYET Bbixogy Tepbus, BTOopas -
€eBponus, TPeTbS - caMapusi, YTO cornacyeTcs C ybbiBatowen NPOYHOCTBIO KOMMMEKCHbIX
coeguHenu B pagy Tb-Eu-Sm.

Onsa pereHepauvm 3ATA pacteopbl nogkucnawt o pH 0,5-1. lNpu atom
KOMMMEKCHbIE COEANHEHMSI NAHTaHOMAOB Pa3spyLIAOTCA U OCaXAaeTcs ManopacTeopMmas
SATA.
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OtHocuTenkHas koHueHTpauus P33

Eu Sm
I
4 6 8
Bpems, 4

PucyHok 2.12 — KpuBble BbIMbIBaHUS Tepbus, eBponusa U camapusi, copbupoBaHHbIX Ha cMmone
0,26 M pacTteopom SOTA npu pH 3,62.

Ecnv HavanbHana yaenbHas 3arpyska pasgensemonn cmecu P39 Hebonblias (Huke
5 oT maccbl cMonbl), a obLas AnvHa KOMOHOK ANst pa3ferneHns JOCTaToOMHO Benvka, TO
BbIXOASLME U3 KOMOHKM bpakLumm duneTpara cogepxar TONbKO OAWH U3 pasfensembix
NaHTaHOWAoB.

Xpomartorpadumyecknii MeToh MO3BOMSET NOMAyyYdTb uHAMBMAYanbHble P33
BbICOKOM CTEMeHW YMCTOThI, OAHaKO MEeToA ManonpoussoauterneH. Moatomy Gonbluen
YacTblo NPeABapUTENbHO PasaenstoT 3MEMEHTbI APYTUMA METOAAMU, NMPUMEHSIS MOHHBI
oBMeH Ansa pasaeneHns N O4YNCTKN CMecer BrM3KMX SreMEHTOB.

Hwke npuBogMTca nogpobHoe MU3nNoxeHWe TexHomnormn pasgenexHua P30 Ha
rpynnbl U UHAVBUAYaNbHbIE 3MEMEHTbI.

2.20.2 PaspeneHuMe CcyMMapHbIX KOHUeHTpatoB P33 Ha rpynnbl wm
MHAUBUAYaIbHbIE 3NIEMEHTbI

B rpynny naHtaHoupoB BXOASAT 14 4f-anemeHTOB, cnepyolmx 3a naHraHom (Ce —
Lu), B rpynny pepnko3emernbHbIX (B COOTBETCTBUM C COBPEMEHHBLIMW MPEACTaBEHNSIMU)
cam rfaHTaH, UTTpWIA (KOTOPbIA MO pa3Mepam aToMa W MoHa MonajaeT B psf TsKembIX
naHTaHoOUAoB: MoHHbIe paaumyckl Dy®* 1,07 A, Ho® 1,05 A, Y** 1,06 A [6] n cxofeH ¢ HUMM
No XWMWYECKMM CBOWCTBAM W3-3@ CXOACTB BHELUHUX 3MNEKTPOHHbIX — BaneHTHbIX —
obono4yek C naHTaHOM), a Takke CKaHguh — aHanor uTtpusa n nantada no Il B (nnm il
no6o4yHon) rpynne nepuogunyeckon Tabnuuel anemexTos [. V. Mengeneesa.

B snoxy nepeooTkpbiBaTenen Bbin XopoLlo nssecTeH cnocob pasgeneHuns P33 Ha
LEpUEBYD U UTTPUEBYHO Tpynnbl — (PPaKUMOHHOE OCE&XAEHWE [BOWHbLIX CynbdaToB.
OcaxpeHne [BOWHbIX CynbdaToB 0Kas3anocb MNEPCNeKTUBHBIM M3-32 3HAYMTENbHON
pasHuLbl B pacTBOPUMOCTM coefuHeHun P33 B HacCbIWEHHBLIX pacteopax CynbdaTos
LLENOoYHbIX 3NEMEHTOR M aMMOHUWS. [1o HeflaBHEro BPEMEHW METOZ, LUMPOKO MPUMEHSIICS
Ha npaktuke. HavmeHbluen pacTBOPMMOCTLIO B HACLILLEHHBIX PacTBOpax Cynbharos
LenoYHbIX anemMeHToB 06nafatoT ABoKHble cyrbdaTel P33 uepueson rpynnel (La — Sm),
HEMHOro nyylle pacTBOPSIIOTCS OAHOMMEHHblE coefauHeHus Eu — Tb, a anemeHTbl
utTpuesor noarpynnsl Dy — Yb u Y Haubonee pactBopuMbl. OBbIMHO ABOMHBIM
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cynbataM (HEKOTOpble aBTOPbl OTHOCAT WX K KOMMMEKCHbIM COMAM) MPUNUCHIBaOT
¢opmyny
XR2(804)3-yM2S04zH0, (2.24)
rae R — pegkosemenbHbIn MeTans,
M — K, Na, NH4";
X, ¥, Z— NepeMEHHbIe.

Ona Gonee 4eTKOro pasfefieHMs B MPOLIECCe OCaXAEHWS ABOVHbIX CynbdaTos
ObIno npeanoxeHo  gobaensTh B  pacTBop  KomnnekcoobpasoBaTtens  —
3TUNEeHAMaMUHTETPAYKCYyCHYO  kucroty  [10,11]  wnm  adetatr  ammonus  [12].
MocnepoBartenbHOCTL OMEpPaLWK, a Takke BO3MOXKHOCTb MPVMEHEHWs eLle OfHOro
KoMnnekcoobpasoBaTtens — ABYHaTPMEBOW COMA 3TUNEHANAMUHTETPAYKCYCHOWN KUCMOThI
(TpunoH B) onucanbl B [9]. C nomolypto Takoro npouecca Bbinu nonyyeHs 99,99 %
koHueHTpaTel Gd, Dy, 99,9 % — Ho, Lu n 97 % Tb.

Ons pasgeneHvs P33 MoOxHO BOCMONb3oBaTbCA METOAOM  OCE&XKAEHWS
rmapokcugos. CrnefyeT y4iTbiBaTb, YTO pH OcCaxpeHus ruapokcMaoB TOro WUnM MHOroO
3IeMeHTa W3 pPacTBOPOB 3aBMCUT OT MPOYHOCTU €ro COEAVHEHWA C  aHMoHamu
(komnnekcoobpasoBaTensiMm), MPUCYTCTBYIOLLVMMW B STOM pPacTBOpe (C YBEMMYEHVEM
MPOYHOCTM KoMMrekca pH ocaxzeHusa cmelaeTcs B 6onee wenoyHyo obnactb), a Takke
OT HauarnbHOW KOHLEHTpaLMN (YBEeNMYEeHe KOHLEHTPaUMmn noHa cMeLaeT pH Havana ero
ocaxaeHus B KUCnyk obnactb). Ha mpakTvke 4eTkoro pasgeneHuns He MpouCXOAuT, B
HepacTBOPEHHOMW YacTu MAPOKCULO0B OCTATCA N3OMOPMHO COOCaXAEHHbIE NaHTaHoMabI
Hauana rpynrsl. AHanornyHas KkapTuHa Habno[aeTcs Npwu NonbiTkax pasgeneHa NyTem
nocrteneHHoro noeblweHnss pH AoBaeneHnem wenoyn. YeTkocTb paspeneHus
pasmbiBaeTCs 33 CYET TOFO XE W3OMOP(HOr0 COOCKAEHWUS, KpOMe TOro, B
TEXHOIOTMYECKMX YCNOBUSX TPYAHO NoaaepxmeaTs BenmuuHdy pH ¢ TouHocteio go 0,1-0,2
eavHnL,

MNpYMeHeHMe TOMOreHHOrO OCE&KAEHWA  MO3BONSAET  YBENMUYUTL  YETKOCTb
pasgeneHns P33, opHako B pesynbTate MOMyvalTCHd CKOpee KOHLUEHTpaTbl, YeMm
WHAVBUAYANbHbIE SNIEMEHTbI.

B HekoTOpbIX cryyasx MeTOAOM NepeKkpucTanmmsauum unm ocaxgeHusa 3a 1-2
CTYNeHW BO3MOXHO MOSyYMTb AOCTATOYHO YACTLIA naHTaHoua. Takon cnyyai obbluHO
peanuayeTcsl AN NaHTaHOMAOB, WMEIOWMX [AOCTATOYHO YCTOMYMBYIO aHOMasbHYHO
BaneHTHOCTb, OTNMYHyl0 oT +3. [lpu 3TOM CBOWCTBA naHTaHoMaa aHoMarnbHON
BareHTHOCTU HAaCTOJIbKO M3MEHSIKOTCSH, YTO €ro OTAENEHNe CyLLECTBEHHO obneryaeTcs.

Oxucnenne Ce(lll) po Ce(lV) MOXHO NPOM3BECTM C MOMOLLBIO 3NEMEHTapHOro
xropa, 6poma, nepMaHraHarta n 6pomara Kanus, BUCMyTaTa HaTpus, SNEKTPOXMMUYECKN 1
T. N. B npousBoACTBEHHBIX YCINOBUSX 4acTo MNpuberatoT K «OKACIIUTENBHOW CyLLKE»
rmapokcnaoB. [ina 3Toro oCaxAeHHbIe rMAPOKCHAbI SNEMEHTOB LIEPMEBON Fpynnbl Cywar
Ha Bo3ayxe, nepuoguyeckn nepemewmeas (nepenonaumnsas). Okucnenne Ce(lll) B Ce(lV)
KACMOpOAOM  BO34yxa BU3yanbHO OTME4YaeTcd MOTEeMHEHWEM  (npuobpeTeHnem
KOpUYHEBOro LBeTa) ocagka. 3aTteM CMeChb MApOKCUAOB penyrnbnupytoT B Boge, pH
cycneHaun poeogat Ao 4-3. MNpyn 3TOM BCe rMAPOKCUAbLI TPEXBANEHTHbIX NaHTaHOW0B
pacteopstoTes, rmapokeng Ce(lV) ocraetca B ocagke. Becbma yaobHO NpuMeEHsTb aAnsi
aTon Uenu 6apboTax aNeMEHTaAPHOro Xnopa Yepes LLENOYHY0 CYCNEH3MI0 M poKCuaoB
nantaHongos Ce-rpynnbl. Xnop BHavane okucnsaeT uepuin, nepesoaa Ce(OH)s B Ce(OH)s,
3aTeM 3a c4eT pacTeopeHus xnopa pH cycnensun noHwkaetcs. HambGonee OCHOBHbLIN
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rmapokenn Ce(lV) octaeTcs B ocagke, B TO BPeMS, kak ocTanbHble rugpokeuabl Ln(OH)3
nepexoasT B pacTeop.

MNepBoovepeaHoe otaeneHve Ce peluaer ABe 3ajauqun: MNonydYeHWe [OCTaTouHO
YACTOrO ero KOHUEeHTpaTa, a Takke ANA YMEHbLIEeHUS Harpy3ku Ha nocnegyrowme
npouecchl nonyveHnsa mHaueugyaneHbix P39 nnu mnx koHueHtpatos. MNpakTnyeckn Bce
CXeMbl MonyyYeHns wHavBuayanbHelx P33 Bknovann npeasapuTensHoe oTaeneHue
npesanupytoLero B rpynne anemexta (Ce n La — B yuepveeon rpynne, Y — B UTTPUEBOWN).

Mocne otpeneHua Ce pasnnumne B pH ocaxgeHna La u Pr craHosutcs
3HauuTensHbIM (La 7,82; Pr 7,35, 1.e. npaktnueckun 0,5 egunnubl pH). B Takux ycnosuax
BO3MOXHO oTAenenHme La ot octanbHbix aneMeHToB Ce—rpynnbl TOHKUM perynmpoBaHnem
pH, ocobeHHO Npu MCNONb30BaHUN BAPUAHTOB FOMOTrEHHOTO OCaXKAEHMS.

O6bluHO nocne oTAaeneHus AOMUHUPYHOLMX B rpynne anemeHTtoe (Ce, La)
Npou3BOAAT ocaxaeHne Sm n Eu nocne BOCCTaHOBNEHWS MX MOHOB A0 ABYXBaneHTHOro
coctosHns. [IByxsBaneHTHble P33 nposBRAlOT CBOWCTBA, CXOAHble C  MOHaMu
LLeNoYHO3EeMeEnNbHbIX 31EMEHTOB (B 4acTHOCTW, OBpasylomx 0Cagok C CynbdaTHbIMU
aHuoHamu). B nTTpreBon noarpynne Takum crocoGoM BblaenstoT koHueHTpaT Yb. Ons
npoBeaAeHWs  BOCCTaHOBMEHWS  MpeanovTUTENBHO  UCMONMb3OBaTb  MaTtepuansl  C
MOBbILLEHHBIM  COAEPKaHMEM BOCCTAHABIVMBAEMbIX 3MEMEHTOB (NpefBapuTensHoe
OTAeneHne goMuHupyowmx e rpyrne La, Ce, Y).

K coxaneHuto, ans AOMUHUPYIOLLEro anemeHta uttpueson noarpynnbl (Y) HeT
CTONb YETKOro n HagexHoro cnocoba otaeneHus, kak ana Ce u La. lMpumeHsor
pasnuyHble MEeTOAbI NPEABaPUTENBHOMO KOHLEHTPUPOBAHUSA, Kak TOHKOE perynMpoBaHue
pH (HemTpanusauus), ocaxaeHve ABOWHbIX xpomatoB P33 un kanusa n3 xnopuaHbix
pacTBopoB 1 gpyrue [16].

Ons  BblAEneHVs WHAVBUAYaNbHbIX SNEMEHTOB Pa3NUYHOM  CTEMEHU  YMCTOTbI
MCMonb30BanmM  OPOOHYD  KPUCTannusauuio  pasnuyHbIX  coeauHeHun.  [pobHyto
KpUCTannm3aumio 4acTo HasbIiBaloT (PpakLMOHMPOBaAHNEM U ANsi ee NpoBeAeHUsi 0ObIYHO
ucnonbaytoT Te conv P33, KoTopble UMEIT BbICOKYH pacTBOPUMOCTL B BbIDpaHHbIX cpeaax
NPy BbICOKON TEMNepaType, BbIPaXKEHHYHO MONOXKUTENBHYH 3aBUCUMOCTL PacTBOPUMOCTM OT
TeMnepatypbl (C MNOHWKEHWEM TemnepaTtypbl pPacTBOPUMOCTb PE3KO  CHWKaeTCs),
npegnoyTuTensHo obpasyrolme KpucTanmbl C XOPOLLO BbIP&ZKEHHOW CTPYKTYpPOW, Nerko
oTaenseMble OT MAarTodMHOM xuakocTu. Yawe Bcero Ana  uenen  pasgeneHus
KpucTannusaumer Ucnonb3yoT ABOMHbIE HUTpaTbl P33 1 MarHus, amMmmoHna unv mapraHua.
TpyoaoeMkuA n AnuvTenbHbIN, TEM HE MeHee, METof MO3BoNsieT nonyuits bornee uucTbie
npenapartbl oTaenbHbIX P33, yem meTon ocaxkaeHus.

MeTtog papobHOM KpucTannMaaumm OCHOBaH Ha pasfUyYHOW  pacTBOPMMOCTY
OAHOUMEHHbIX COEAUHEHUA peaKko3eMenbHbIX anemeHToB. [py pasgeneHun Mexay
TBEpAOU W Xuakon cason (B npouecce Kpuctannusauuu) gocturaetcst oboralleHve
TBEpAoON ¢asbl MEHee pacTBOPUMbIM KOMMOHEHTOM cMecu (M HaobopoT — xupkas dasa
oborawjaetca Gonee pacTBOPMMbIM KOMMOHEHTOM). Ecnn TBeppas hasa romoreHHa
(HaxoAuTCa B paBHOBECUM C XUAKOW cpenon), cobnoaaetcs TepMogMHAMUYECKUA 3aKOH

pacnpeaeneHus:
Il Il
Cal_ . [Cs

Ig(C:] = ¢ |g(C;], (2.25)
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rae Ca v Cg — KOHUEHTpaLmM KOMNOHeHTOB A 1 B;
mHaekc | — oTHocUTCA K TBEPAON hase;
mHaekc Il — K xxuakown;

a — KO3(pPULIMEHT pasaeneHns.

OdekTMBHOCTL  KaKAOW Onepauum  KpUCTannuM3aumMm 4acTo  XapaKkTepUayroT
koaddurumeHTom oboraileHms:

Cy/ Ch
B=Eicy (2:26)
al g

Ana paspeneHna ApobHOM KpucTannuaauvelr 4acTo Mcrofib3oBanuM Gpomarhbl
(Ln)BrO3-9H20, anmetundocdarbl Ln[(CH3)2P 043, OBOMHbIE HUTpaTbl
2Ln(NO3)3-3Mg(NO3)2-24H,0, Ln(NO3)3-2NH4NO3-4H,0 [19].

Cnepyer OTMETUTb, 4YTO UYETKOCTb pasderneHvs, kak B MeToae ApoGHON
KpucTanm3auum, Tak W OCaxAEHWSA MOXHO yBenuuutb aobaBneHWeM B pacTBop
pas3nuuHbIX Komnnekcoobpasosatenen (tvuna JSATA — aTuneHANMaMUHTETPayKCYCHOW
kucnotel). MNpy 3TOM BO3MOXHO AOCTaTOYHO pe3koe cokpalleHue Tpebyemoro ans
Nony4YeHNs NCKOMOTO KOHLEHTpaTa (U YUCTO COMU) Yncna CTyneHel npowecca.

OcobeHHO NNoAOTBOPHBLIM NMPUMEHEHNE KOMMNIIekcoobpasoBaTenen okasanocb nNpu
pa3spaboTke NoHOOOMEHHbIX MeTofoB pasaeneHusa P33 (cMm. Huxe).

Cnepyet 0co60 OTMETUTL OrPOMHYIO POSib TPYAOEMKUX U YPE3BbIHANHO MeANeHHbIX
Knaccuyeckmx meTtoaoB pasgeneHus P3K, koTopble Ha HauanbHbIX 3Tanax Mo3BOnwIu
nony4uts 6onee N MeHee YcTble HANBMAYarbHbIE METaNSbl U HallynaTe HEKOTOpbIe
3 unx pasHoobpasHemwmnx obnacterd npumeHeHus. UHTepec K WX NpakTU4eckoMy
NCMOJIb30BAHMIO MOBLICKI CMPOC HA CPaBHUTENMBHO YUCTbIE Mpenaparsbl, KoTopble Gbinu
HeobBXx0ANMBI B KONMYECTBAX, Y>Ke HEAOCTYMHbIX AN UCTIONb30BABLUNXCS K TOMY BPEMEHU
Knaccuyecknx metonoB pasgeneHus. B 1935 roay nosBnAlOTCA  CUHTETUYECKME
OpraHnyeckue NOHOOOMEHHMKM [23, 24], KOTOpble MOCTOAHHO YCOBEPLUEHCTBOBAMCD.
OpHoV 13 nepBbIX KPyNHOMACWTaOHbIX 0BnacTten NpuMeHeHns MOHHOro obMeHa Obina
BOJOMOArOTOBKA, AeuoHM3aums Bofbl. OAHaKo CKOPO HOBbIE WMOHOOOMEHHWKW cTanu
HaxoAWTb NMPUMEHEHNE B rMAPOMETANNYPrn LBETHbIX U peakmx Metannos. MNossneHune
CUHTETUYECKUNX NOHOOBMEHHUKOB CYLLECTBEHHO yCKOpUIO BHEJpeHue
XpomaTorpamnyeckmx METOL0B B TEXHOMNOMMIO MHOMMX METannoBs.

OpraHuueckme copBeHTbl UMM CMOSbl — 3TO BbICOKOMONEKYNSPHLIE COeANHEHNSI
(HepacTBOpMMbIE B BOAE, HO obnagatolme cnocoBHOCTBIO k HabyxaHwuio), uMetoime B
CBOEM COCTaBe WOHbI, CMOCOGHbIE K 0OMEHY C MOHaMW BHELLIHErO MO OTHOLLEHUIO K MOHUTY
pacteopa. [poncxoasiLyo Ha CMONe pPeakUuo MOXHO 3anncars:

RM; + My < RM, + M1' (227)

roe R — kapkac cmonbl (06bIMHO BEICOKOMOIEKYNAPHOE OpraHn4Yeckoe CoeANHEHWE);
M — MOH cMOnbI, CNOCOBHBIN K OOMEHY;
M, — noH B pacTBope (M3BMneKkaembIi NOH).

Ecnn obmeHuBatomecs moHbl (My 1 Mp) — KaTUOHBI, TO CMOMa — KaTUOHWT, eCrin
aHWOHbl — aHnoHUT. B cnyyae obmeHa kaTMoHOB R mMMeeT oTpuuaTtenbHbi 3apss, a B
cny4vae obmeHa aHMOHOB — R HeceT NoNoXUTENbHBIA 3apsaf.

OfHVM U3 LUMPOKO PAacnpOCTpaHEHHbIX KaTWUOHWTOB nepuoga BypHOro passuTus
MOHOOOMEHHOW TexHonorum ©Obin  cynbdokatnoH KY-2. B kad4ectBe WOHOreHHOM
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rPYNMUPOBKM K Kapkacy cmonbl MpuBumanu rpynnel —SO3H, Bogopoa KoTopbix
obmeHmBarcs ¢ kaTMOHOM BOAHOW hasbl.

Okasanocb, 4TO C YyBENMYEHMEM OCHOBHOCTM MWoHoB P33 Bospacraer ux
CMOCOBHOCTb K MOrMOWEHNIo Takum  katnoHutoMm. Pop  «cpopctBa» wmoHoB P33 K
CyNbgOKaTUOHWTY BbIFNSAWT cneayrowmm obpasom (TpexsaneHTHble KaThoHkl): La > Ce >
Pr>Nd>8m>Eu>Gd>Tb>Dy>Ho>Y>Er>Tm > Yb > Lu [17]. Takon nopsgok
copbumm MOXET Bbi3BaTb OMNpeAeneHHble BOMpockl. [leno B TOM, 4TO B pesynbTare
NaHTaHOWAHOrO CKaTWa WOHHBLIM paguyc B pagy La — Lu ymeHbluaeTcs, 4yTo Morno Obl
Bbl3BaTh 06pa3oBaHue Gornee NpoyHoro coeamHerus Lu®* ¢ cynbdorpynnoii cmMonki, Yem
coeguHeHve naHtaHa. OpHako, rMapaTMpoBaHHbIe pPafuyChbl NaHTaHouzoB (B CBS3W C
YMEHbLUEHMEM MOHHOIO paguyca 13-3a naHTaHOMAoB CKaTus) y Lu®* Gonblue, Yem y La®
(3akoHOMepHO Bo3pacTtatoT oT La k Lu), 4To n npmMBoaunT K ocnabneHuo CBA3M ¢ NMOHUTOM
Lu no cpaBHeHuto ¢ La. Ecnn B konoHky ¢ cynbdocmonon (KY-2) HenpepbiBHO nojaBaTh
pacTBOp, CoAepXaLluiA BCE KaTUOHbI NaHTaHOUA0B, MOHbI C MEHbLLMM CPOLACTBOM B CMOJe
no Mepe TMpPOABWKEHNS BAOMb KOMOHHbI OyAyT MOCTEMEHHO OnepexaTb WOHbI,
obpasyrome B6onee nNpoyHble CoeanHEHUs. Ha BbIXOAE M3 KOMOHKW MEPBLIMU OITKHbI
NoOSIBUTBCA MWOHbI MIOTELMA. Takon METOA pasfeneHns HasbiBaeTcs QPOHTanbHbIM
aHanuMsoMm, MM MOXHO MONy4YUTb B YUCTOM BuAe HeBOonblUOE KONMYECTBO HavMeHee
copbrpyemoro noHa.

Ecnu B cmeck copbupyembix MOHOB BBECTU Kakon-nnbo komnnekcoobpasosaTtens, TO
3a cyeT 00pasoBaHMa YCTONUMBBIX KOMMIEKCOB COPOMPYEMOCTb AOSMKHA YMEHbLUATHCA,
0co6eHHO copBrpyemMOCTb MOHOB, KOTOpble 06pa3ytoT 6onee NPoYHbIE KOMMNNEKCHI.

B npoueccax pasaeneHus P3K NPUMEHSIIOT GonbLwoe 4ncno
komnnekcoobpasosarenen (SATA, TpunoH b, NMMMoOHHaa KUCNOTa, HATPUNOTPUYKCyCHas
kucnota w ap. [13, 17, 26, 29]) Ons opraHusaumu npouecca pasgeneHus B KOMOHHbIX
annapartax WCnonb3ylT MeToabl: (DpOHTaNbHOrO aHanusa, MO3BONSWEro MonyYvTb
HebonbwmMe konuyecTBa HavMeHee copbupyemoro anemeHTa B 4vcTtoM Buae. Metop
3MNPOBaHNS, MPU KOTOPOM B KOMOHHE 00pasytoTcs OTAESbHbIE 30HbI BCEX pasAensiemMbixX
3M1EMEHTOB, KOTOpble C Pa3HOM CKOPOCTHIO MEepeMELLaloTca BAOMb KONMOHHbL. [Mpu
JLOCTaTOYHOW ANMHE KOMOHHbLI HA BbIXOAE MOXHO MOMyYnTb BCE pasfeniemMble 3MEeMEHTbI
B YMCTOM BUAE, OAHAKO YBENMYEHWE ANUHBI KOMOHHBLI MPUMBOAUT K 00pa3oBaHuio BeCbMa
pasbaeneHHbIX pacTBOpOB. BbiTecHUTensHas xpomarorpadusa nossonset obpasosaTth B
KONMOHHE pAA nocnefoBaTeNlbHbIX 30H, B KOTOPbIX HAaxOAsTCA BCe pasgensemMble
anemMeHTbl. 30Hbl NPOABUraldTCS BAOMb KOMOHHLI C MOCTOSIHHOW CKOPOCTHIO (nocne ux
dhopMunpoBaHNS Ha ONPEeAeneHHOW JANWHE annapaTta) B Mopsake pocTa CPOACTBa
arnemMeHTa Kk cMmore Ans AaHHOro cocTaBa pacTBopa — Bnepean HaxoAWuTCs HavMmeHee
copbupyemMbii MOH. CKOpPOCTb NPOABWKEHUA 30H OMNPeaenseTcs CKOPOCTbI noaaqn
pacTBopa MoHa — BbITECHUTENS, KOTOPbIN o6nagaeT HaMbonbWnM CpoacTBOM K CMOne 1
BLITECHAET C Hee paHee copOuMpOBaHHbIE MOHbI pasgenseMon cmecu. B Takom pexume
MOXHO MONyYUTb BCE pasfensieMble WUOHbl B YMCTOM BuAe, OTOUpas BbIXOAALMN K3
KOMOHKM pacTBOp 3fieMeHTa AaHHON 30HbI, OTCEKan NOPLMKN pacTBopa, COOTBETCTBYIOLME
y4acTkam nepekpbIBaHUsi 30H COCEAHMX NO COPBMPYEMOCTU 3EMEHTOB (BNepean — MeHee
copbupyembliii, nosaam 6onee copbupyembiin).

MeToa noHooBmeHHol xpomaTorpadum BHEC KOPEHHOW NEepeBopoT B pasgeneHue
P3M. Tocne ero BHeApPeHWA ponb MPOLUECCOB (PPaKUMOHHOTO OCaXAEeHUS U
KpUCTannmM3auumM cHuavMnacb A0 WCMONb30BaHUS Ha HadvanbHbIX 3dTanax rpyboro
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pasgeneHus P3M, npurotoBneHMs MCXOAHbIX ANS XpomaTtorpaduyeckoro pasgeneHus
KoHUeHTpaToB. OTKPBLINNCE BO3MOXHOCTW  MOMYYSHUS YPEe3BblMAMHO YUCTbIX (A0
HEeCKOMBbKMX AEBATOK MOCNE 3anAToN) npenapaTos nHavBMayaneHeix P3M, B konvyecTtse,
AOCTUraroWMX ANS TakMx anemeHToB, Kak Gd, Sm, Y HecKonmbKMX TOHH. Mx ueHa pesko
CHM3UNack, YTO MNO3BONMMO PacLUMPUTL NOUCKM oBnacTel NX NPakTUYECKOro NPUMEHEHWS.
JaneHenwee pa3sutne npobnembi NO4OOHO aBTOKATaNUTUHECKOMY NMPOLIECCY — OTKPbITWE
HOBbIX obnacTen npumeHeHus [18] obocTpsno npobnemy paclMpeHns NPOU3BOACTRA, UTO
K pyBexy 1950-x rr. npuBeno Kk HeoBXxoLMMOCTWN OTbICKaHWs Bonee Npou3BOAUTENBHOTO,
YeM MOHOOBMeHHas xpomarorpadus, Metoga pasgeneHus. MM okasanacb XuakocTHas
akecTpakuma. OAHaKko MOHHBIN OOMEH B paAe CryyYaeB COXpaHui CBOK posb, OCOGEHHO B
npoueccax yrnbTPaTOHKOW OYUCTKM MpenapaToB, MNOMyYeHUs uHauBuayansHsix P3M
0coBoi CTENEHN YNCTOThI.

OKCTpaKUusA — 370 pacrnpefeneHne AaHHOro 3reMeHTa (ero conu) mexay AByMs
HecmeLllnBaroWMMNCA XUOKNMMU qja3aMV|, O4Ha N3 KOTOPbLIX — opraHn4yeckas. SKCTpaKLI,VIH
afeMeHTa XapaKkTepuayeTcs KoaPULUMEHTOM ?acnpep.eneHmn:

CO
@ = Gh (2.28)

rae C' — KoHLEHTpaLms anemeHTa 1,
WHAEKCHI O U 8 OTHOCHATCS K OpraHN4YecKor 1 BogHOM dasam.
KoatbdumumeHT pasgeneHns (CenekTuBHOCTH):
o
S= o (2.29)
roe S > 1 — anemeHT 1 NpenMMyLLecTBEHHO (MO CPaBHEHWIO C 3MEMEHTOM 2) NEPEXoauT B
opraHunyeckyto aasy.

MHorokpaTtHoe MOBTOPEHVWE rpouecca pasgeneHuss B MHOrOCTYMEH4YaTbX,
MPOTUBOTOYHLIX MpOLEccax MPUBOAUT K MPaKTUYECKU MOMHOMY pasfeneHuto CMecu
anemMeHToB 1 1 2 (Unu rpynnbl SNEMEHTOB MO rpaHnLe SnemeHToB 1-2).

B Havane 1950-x rr. 6bino yBegutensHo nokasaHo, 4to Th® npurogeH ans
pasgeneHus P33 B consHo-, @ 0COBEHHO — a30THOKUCTLIX cpepax. Mpu 3kCTpakumm 13
15,6 mone/n HNO3 koadbduumeHTsl pazgeneHus P33 yBennuMeanucb ¢ poCTOM aTOMHOIO
Homepa. KoadbdmumeHT pasgenenuns 4ns napbl cMexHbIX P33 B aTMX ycnoBuax paBHsncs
1,5-1,9. Ha pucyHke 2.13 npeacTtaeneHa 3aBncuMocTb KO3pdUUneHToB pacnpeneneHus
Mukpokonuyecte P33 npu skctpakumm TBP B 3aBMCMMOCTM OT HOMEpa 3nemeHTa u
KMCMNOTHOCTW BOAHOW thasbl.
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MopsaKoBbIii Homep

PucyHok 2.13 - 3aBucumocTtb kKoadachuumenTa pacnpegenenus (D) P33 oT nopsakoBoro Homepa 1
paBHOBECHOI KoHUeHTpauun HNO3npy akcTpakuum TE®

Tpw-H-6yTungocoar - JOCTYNHHA W CPaBHUTENbHO HepfopoOroil pearent. Ero
NPOW3BOACTBO HAanakeHO B 3HAYNTENbHHX NacLUTabax.

Havunan C 1950-x 1., IKCTpakLmA NOCTENEHHO CTAHOBUTCA OCHOBHEN
COBPENEHHHN WeTOAOM pasfenenns P33. B CBA3WM C 3TAM HanpasneHwws NOUCKOB B
06nacTn COBEPUEHCTBOBAHKUA NpPANEHAEGNHX 3KCTPAareHTos, KownnekcooGpasosatened,
COBEpPLEHCTBOBAHKNS annapaTypHoro ohopuaeHnus npoyecca WOKHKHO paccuarpnBaTh Kak
OCHOBHHE HanpaBNeHWs, OCHOBHHE COBPEMEHHHE TEHACGHLUNN B 06naCTH paspenenns o
oymeTKH P3J.

2.20.3 3KcTpakuuoHHOe pa3fefneHne pefkKko3eMesibHbIX 3/IEMEHTOB

2.20.3.1 PU3NKO-XMUMYeckne OCHOBbI 3KCTpPaKLMOHHOTO pasgeneHus
pefKo3eMeNbHbIX 3/IEMEHTOB

B owacroAuee BpewNA ANA IKCTpakuMOHHOrO pasgenehus P33 ucnonb3ynt pacTsops
WHAMBUAYANbHNX 3KCTPAareHTOB pa3fnMyHLX Knaccos B HHepTHON pa3basutene, a Takke
pacTBOpPLE MAX cHeced NOAXOFALEro coCTaBa. ANA OCYUECTBAEHUA IKCTPAKLUMOHHOTO
paspenenns P33 B npowsUNEHHON HacuTabe UCNONL3YNT TEXHUYECKHE IKCTpPATEHTH,
MPOM3IBOACTBO KOTOPHX 0CBOEHO B Kakxfoi cTpawe. HaumGonbuee pacnpocTpanenme
NONYYWAW CAGRYOUAE TPYyNNY 3KCTParenToB:

- HelTpanbHue dochopopranmuyeckue coefnnenns (HOOC);

- HeillTpanbhue coepunenns (HC);

- bocdopoprawnyeckne kncnots (00K);

- kapbonosue kucnotu (KK);
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— @MWHbI 1 CONW aMUHOB;

— YeTBepTUYHbIE amMoHueBble conn (YAC),

— XenaTHble aKkcTpareHTsbl (XJ);

OKCTpakumMsa CMecsAMWU 3KCTpareHTOB MOXeT ObiTb OTHeceHa K TpeM 6onblunm
rpynnam:

- 3KCTPaKuUWs CUHEPreTHbIMN CMECSAMW 3KCTPareHTOoB,;

- OuHapHas aKCTpakuus;

- 3KCTPakuUMsA B MPUCYTCTBUM XENATHOMO UM KOMMIekcooBpasyoLLEero areHTa.

B xwupkoctHoM akcTpakumm P33 13 nepeyncrneHHbIX OgHOMMEHHbIX CMEeCel 4acTo
MCMOMb3YHOT HEMTPanbHble SKCTPareHTbl, Hanpumep, cmecu Tpu-H-ByTundocdara (TBP) u
Tpu-H-okTUndocduHokecuaa (TOPO).

B HekoTopbix cnyyasx ans akctpakumu P33 moryT GbiTb MCMOMb30BaHbl TPOWHbLIE
CMECW 3KCTpareHToB, Hamnpumep, ABa HeWTpanbHbIX M OAWH KaTMOHOOOMEHHLIA unu
aHMOHOOOMEHHBIM.  3ayacTylo  BTOPOW  HEWTPanbHbIA  3KCTPareHT WUrpaeT  pornb
MoguukaTopa AnA  MOBbIWEHWS PacTBOPUMOCTM  SKCTParMpyemoro CMeLLaHHOro
KOMMNMekca mMeTanna ¢ ABYMS APYrMMK aKCTpareHTamu. YacTto B 3TOM ponu UCMonb3yioT
Bbicwue cnvpTol (BC) unn Tbd.

CuHepreTHas aKCTpaKkLMs, KaK 3KCTPaKLMS CMECSMU ABYX 3KCTPareHToB, 3apogunach
B cepeamHe 1950-x rT.

[na konn4ecTBEeHHOro onmcaHns cuHepreTHon akcTpakuum M. Taube n S. Siekierski
Obin BBEAEH, TaK HasblBaeMbll, CUHEPTeTHbIN KOSPMOUUMEHT Sme, BBIMMCNAAEMBIA MO
YPaBHEHWIO:

Ds1 $2
Sie Ig[w (2.30)

DS1,S2 Ds, DSZ
roe TMe | TMe  TMe KoahbdULUMEHTLI pacrnpefeneHns MeTanna B CMecb
3KCTPareHTOB, B NEPBbIN N BO BTOPOW 3KCTPAareHTbl, COOTBETCTBEHHO.

Ecnn cuHepreTHbIi addpekT HEBENUK, TO MOXHO MOSb30BaTLCA COOTHOLLUEHUEM
(2.31):

o
Swe = 5T, 57, (2.31)
e Me

B cooTtBeTrcTBMM C ypaBHeHusiMM (2.27) wn (2.28) cuHepreTHbIn 3 dekT
HabnmopgaeTcs Npu Sye > 0 1 Sme > 1 cooTBETCTBEHHO. ECnv Sye < 0 1 Spe < 1 ANA TEX XE
YPaBHEHWUA, TO TOBOPSAT 06 «aHTUCUHEPIETHOMY», «AHTUCUMHEPreTU4eckoM»  UMn
«aHTaroHucTuyeckoM adekTe», T.€. O CHWKEeHUW pacnpepeneHusi Lenesoro
KOMMOHEHTA B CMEeCb [ByX W 0Ooriee 3SKCTpareHToB, MO CPaBHEHUIO C afAUTMBHBLIM
pacnpepeneHueM B wuHAMBMAyarbHble. BenuuvHa cuHepreTHoro  koadduumeHTa
MO3BONAET KONMYECTBEHHO OLEHUTb  SKCTPaKUMOHHYIO  CMOCOGHOCTb  BbIGpaHHOM
KOMMO3ULK.

Mpn paccMoTpeHun BMHapHbIX CMecen aHMOHOOOMEHHOro U KaTMOHOOOMEHHOro
3KCTPareHToB HeoOXOAMMO BbIAENUTL TaK HasbiBaeMyto OUHApHyK0 aSKkcTpakuuo. [ns
OMHapPHOW 3KCTpPaKLUUM B KAYeCcTBe 3KCTpareHTa WUCMoNb3ylT HepacTBOPUMLIE B BOLHOW
daze conu, COCTOSILUME U3 aHUOHA OPraHNYeCKOW KUCMOTbI, CBSA3AHHOTO C KaTWOHOM
OpraHM4eckoro OCHOBaHWS, HanpuMep, kapbokcunar YeTBEPTUYHOrO aMMOHMEBOTO
ocHoBaHusa (YAQ). BUHApHBLIN 3KCTpareHT oOpasyeT MPOYHYHD WOHHYI0 CBA3b Mexay
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KaTMoOHOM W aHWOHOM TOJbKO B OMNpEefEneHHoOW Ana Kaxaon napbl obnactu pH
paBHOBECHOW BOAHOM hasbl: B LLENOYHbIX, HENTPaneHbIX 1 cnabokucnbix pacteopax. Mpu
noHwkeHun pH 3a cuyeT BBEAEHUS B pacTBOPbl HEOPraHUYeCKUX KWUCMOT MPOUCXOAUT
NPOTOHM3aUNS OPraHUYECKOW KUCMOTbl U MPUCOEAUHEHUE €e MPOTUBOMOHA K KaTWUOHY
OpraHM4eckoro OcHoBaHuWA. B pesynbTate 3TOro npouecca, npoTekarlowero npu
NOBbILLEHNM KMCIOTHOCTM BOAHOrO pacTBopa, OGuHapHbLIN 3KCTpareHT pacrnagaeTcs Ha
CMECb JIBYX SKCTPareHToB — aHMOHOOOMEHHOro U KaTMoHOOBMeHHOro. YacTo Takme cmecn
NPOSIBNAOT CUMHEPreTHbI addekT npu ussneveHun P33 13 BOAHbLIX pPacTBOPOB.
CooTBeTCTBEHHO BMHapHbIE 3KCTpareHTbl OyAyT Takke paccMaTpuBaTLCA Kak CMEeCU ABYX
3KCTpareHToB, 0bpasytoLmecs Npuy onpeaeneHHbIX YCIOBUAX SKCTPaKLMK.

OaHUM 13 BapuaHTOB 3KCTpakumm P33 aBnsieTcs BBEAEHWE B BOAHLIA pPacTBOP
KoMnnekcoobpa3oeaTtenss TOrO WM MHOTO TWMa, PacTBOPUMOrO B BoAHOM dase U
obpasyrowero ¢ nmoHom P3M komnnekcHoe coefvHeHve. 3ateM BOAOPaCTBOPUMLIN
KOMMIEKC U3BMNEKaOT 13 BOAHOWM (hasbl 3KCTpPareHToM ¢ 0OpasoBaHMEM B OpraHUYeCckomn
hase cmelaHHoro, kak NpaBuIio, KOMMIEKCHOrO coeauHeHusl. Takas aKCTpakuus Takke
OyneT paccMaTpuBaTbCs Kak SKCTPaKLUUsi CMECSIMM SKCTpareHToB.

TpoMbIWneHHbIE S3KCMpazeHmbl

Mcnonb3oBaHne  3KCTPaKUMOHHbIX MpoueccoB ana  pasgenenHns P33 B
npoMbIWNeHHOM MacwTabe HeBO3MOXHO ©e3  opraHusauMM  MHOTOTOHHEXKHOTO
MpoM3BOACTBa SKCTPareHTOB pasnuuHbIX KnaccoB. Kak npaeBuno, B Kaxaow CTpaHe, B
NPOMbIWNEHHOM MacwTabe nponssoaaTcs Heobxoaumble akcTpareHTbl: HPOC, ®OK, KK,
amuHbel 1 conn YAO, X3, a Takke HeKOTopble KoMmnekcoobpasylome peareHTbl.
HanmeHoBaHWs, UPMEHHbIE  Ha3BaHWs, XUMWYECKUA COCTaB WM HEKOTopble
XapakTepucTMkm Havbornee W3BECTHbIX, AOCTYMHBIX W LUMPOKO  MPUMEHSIEMbIX
3KCTpareHToB Ans pasgeneHus P30 npeacraeneHsl B Tabnuue 2.2.

HeobxoauMmo OTMETWUTb, YTO MHOTME B HacTOsLLee Bpemsi He MpPOV3BOASTCS B
npombiwneHHoM macwtabe. K aTum akcTpareHTam otHocsaTes: AUOMO, ®OP, MADHK,
noaeK, BUK-1C, BUK-M, TAA, TAMAH, TBTA. [Ons ycnewHoro pasBuUTUs
PEOKO3EMENBHOM  MPOMbILLUIIEHHOCT  HeoBXOoAMMO  BOCCTaHOBWUTL  MPOM3BOACTBO
NEepPEeYNCrEHHbIX BbILE SKCTPareHToB B MHOrOTOHHaXHOM ofbeme. Take cpeaun
3KCTPareHToB, BbiMyckaeMblx B 3apyDeskHbIX CTpaHax, MOryT ObiTb HalAeHbl aHanorn unm
TaKW@ XEe peareHTbl, KOoTopble MOryT ObiTb MCMONbL30BaHbl BMECTO MEepPEeYMCrEHHbIX
OTEYECTBEHHbBIX 3KCTPareHTOoB.

B aTOM CBSIaM ocTaeTcsa akTyanbHbIM MOWCK HOBbIX CMHEPreTHbIX CMECel LUMPOKO
W3BECTHbIX WU XOPOLLO 3apekoMeHA0BaBLUMX Cebsl peareHToB AN peLUeHUss HOBbIX 3aaad
no M3BNeYeHUIo 1 pasgeneHnto P393.
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Tabnuua 2.2 — XapaKTepuCTUKN HEKOTOPbIX NPOMBILLNEHHBIX AKCTPareHToB

HaumeroBaHue XvMmnyeckoe HasBaHue XuMunyeckas cpopmyna Copepxanve, %
drpmeHHoe
Has3BaHue
HevTpanbHble dochopopraHnyeckme coeauHerns (HPOC)
Tb$ Tpw-H-6yTundpocdar (n-C4Ho0)sP=0 100
ANOMe Oun-(nsookTnn)metundocdoHat (i- CsH170)o(CH3)P=0 95
$OP PochrHOKeHA pasHopaamKabHbIl, (i- CsH17)2(CH3)P=0 95
TO®O Tpu-H-okTHNdOCdHUHOKEMA (n-CeH17)sP=0 100
KaToHOOBMEHHbIE 3KCTpareHTb!
[23reK Aun-(2-atnnrekcun)-bocdopHas kucnoTa [(CeH13(C2H5)0]P(0)OH 67-99,8
naaoeK N30-gogeunndocdertaHoBas kucnota 70-80
MNA®HK MonnanknndocoHUTPUNLHAA KUcnoTa [(RO)P(N)OH]
BUKK Bbiclwre o-M3okapBoHoBbIE KUCMOThI H(CH2-CHa)n(C2Hs)(C4Hg)C(O)OH >98
Versatic 10 0-130kapBOHOBas KMCoTa R'R?R®C(0)OH 99
CYANEX 272 On-(2,4,4-TpumeTnnneHTN) docduHosas [(CH3)20HCHzCHz(CH3)CH2]2PO(OH)
Kucnota
PC - 88A MOHO-2-3TUNreKeMnoBbIN 3hup 2-3TUNrekcur- [(CeH13(C2Hs5)0](CeH13(C2Hs)) P(O)OH
ocdoHOBOW KUCNOThI
AHVOHOOBMEHHbIE KCTpareHTLI
TAMAH [ MeTUNTpUaNKUNaMMOHWIA HUTpaT | CH3(C7H15-CoH19)sNNO3 | >96
TAA [ TpuankunamuH | (C7H15-CoHig)sN | 70-98
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2.20.3.2 MeTOoAbl 3KCTPaKLMOHHOIO pasgeneHusa P33

[nsa aKcTpakuMoHHOro pasaeneHns P33 McnonbayoT aKCTPakUMOHHbIE CUCTEMBI, B
KOTOPbIX BENMYMHbI KO3PPULMEHTOB pasgeneHns (daktopo pasgenenns), (Biniinz)
OnwxaiLmx nap aNeMeHToB nexar B uHTepsane aHaveHuii ot 1,6 go 3,5. Ans nonyyeHns
P3M unctoTon Gonee 99 % n3 cmecn P33 TpebyeTca npMMEHEHWE MHOrOCTYNeHYaTbIX
BKCTPaKLMOHHbIX MPOLIECCOB, OPraHN30BaHHbIX MO ONPeAeneHHON CXxeme.

B HacTOAee Bpems M3BECTHO TPW KIACCMYECKMX MeToda opraHvsaumm
MHOrOCTYNEHYaTbIX MPOLIECCOB 3KCTPAKUMOHHOrO paspeneHns P33 — nonynpoTmMBOTOK,
MPOTUBOTOK N 3KCTPAKUMA C NEPEKPECTHLIM TOKOM. lNocneaHuiA BapmaHT NpaKTU4eckn He
NCMNONb3yeTCs B MPOMBILLNEHHBIX CXEMaXx.

MonynpoTMBOTOK XapakTepuayeTcsa Crnefyowen opraHnsaumer NoTokoB BOAHON W
opraHnyeckon as: ogHa asa HaxoaMTCA B HEMOABWXKHOM COCTOSHUWM, & BTopast
npoxoauT Yepes oaHy unm N CTyneHen (adeek) SKCTpakTopa, NocneoBaTeNnibHO BbiMbIBast
KOMMOHEHTbI Pa3fensemon cMecu.

MpoTMBOTOK XapakTepmnsyeTcsl aBvxeHneM 0benx ¢as yepes N cTyneHen (sueek)
3KCTPaKTOpa B MPOTUBOMOMOXKHBIX HanpaBneHuaxX (MPUHLUMN NONHOr0 npoTuBoToka). Mpu
NPOBEAEHMN MOSHOrO MNPOTMBOTOKA 3a4acTyld B OAHOM Kackage obbeauHsoT apa
npouecca — 3KCTPaKLMOHHOE M3BINEYEHME U NMPOMBIBKY. B 9TOM cnyyae ncxoaHsii BOAHLIN
NUTaIOWMIA PacTBop MOAAKT B LIEHTPamNbHY 4acTb Kackaga, MPOMbIBHOW pacTeop — B
KOHeL, MPOMbIBHOrO Kackafga, a opraHudeckylo ¢asy, NpOXOAsiLLyl0 MNPOTUBOTOKOM K
BOAHOM (pa3e — B Hayano 3KCTPaKLMOHHOro Kackaga.

[na monynpoTMBOTOKa BbIAENSAIOT TPU OCHOBHBIX criocoba opraHusaummn npouecca
pasgeneHus.

1. Knaccuuyeckuin nonynpoTUBOTOK MPOBOAAT CRefylolmMm obpasoM: Ha Nepeyto
(HyneByto) CTyneHb BBOASAT UCXOAHYIO CMECh KOMMOHEHTOB, @ Ha BCE OCTasbHbIE CTYNEHU
— nNpoMbIBHOM pacteop. OpraHundeckas dasa (3kCTpareHT) nocneaoBaTtesibHO NpPOXoauUT
yYepes BCe CTyrneHu. Pasgensiemble KOMMOHEHTBI CMECU pacnpeaensitoTes no CTyneHam
Kackafa B COOTBETCTBMU C UX BENMUMHAMUN KO3DDULIMEHTOB pacnpeseneHums.

2. ®poHTanbHbIM aHanmu3 SIBMNSIETCS 3epKarnbHbIM OTPaXeHUEM KnacCU4eckoro
nonynpoTueoToka. B sTom cnyyae pasgensiemas cMechb NPOXoanT HENPEPLIBHO Yepes Bce
CTyneHun Kackaga v BbiXoauT M3 N- CTyneHu COBMECTHO C opraHuyeckonm dasown.
MocneaHo0 BBOAAT HA HYNEBYHO AYENKY MPU 3aMoNHEHNN Kackana UCXOAHbIM PacTBOPOM.

3. PauuwoHanbHbIn MeTop pasgenenus. lNMpu mncnonb3oBaHMM 3STOrO BapuaHTa
pasgensemon cmeckio P3O 3anonHaI0T ogHy rpynny s4yeek, a NPOMbIBHLIM PacTBOPOM —
BTOpPYy0 rpynny siyeek. OpraHudeckas ¢asa nocrnefoBaTenbHO NPOTeKaeT uyepe3 Bce
AYeVkn kackapa. Bce kOMMOHeHTbI paspensemMor cmecu OyayT BbIMbIBATLCA B NOpsfke
YMEHBLUEHMA BenuumH koaddumumerHToB pacnpeaeneHns. Mpu obpawenun das, korga
HEenoABWXKHON OCTaeTca opraHudeckas @asa, a npoxoaswen — BogHas, nopsaoK
BbIMbIBAHUSA MEHAETCA Ha NMPOTUBONMONOKHLIA: B MEPBYI0 OYepeb BbIMbIBAIOTCA BCE XyXe
3KCTParMpyemble KOMMOHEHTDI.

OcobeHHoCTb NoNyNPOTUBOTOYHbIX METOL0B pa3feneHus cmecu P33 sakntovaeTcs
B TOM, 4YTO OHW MpPaKTUYECKN HEe OTMUYAIOTCA OT aHamnornM4yHbIX METOAOB pasfeneHvs
WOHHBIM OBMeHOM unn xpomatorpadmer. ITO NO3BONAET WX WUCNONb3oBaTb AN
nonyyeHnss ocobo uUMCTbIX COEAMHEHWA wuHAMBMAYyanbHbiXx P33, ckonbko yrogHo
TpebyeMOon YNCTOThI.

MpoTMBOTOUHBIN Npouecc pasaeneHna P33 MOXHO npoBoauTk Tpema cnocobamu:

— 1O CXeMe NpPOCTOro NPOTUBOTOKA (SKCTPAKUMSI OLHUM pacTBOpUTENEM);
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— N0 CXeMe MoJIHOro NPOTUBOTOKA (3KCTPaKLMS ABYMS pacTBOPUTENSMN);

— (PaKUMOHHOW SKCTPaKUMen C HaKOMNEHWEM CpEAHEro KOMMOHeHTa wmm
HEKOTOPOM CMECK KOMMNOHEHTOB B LIEHTPAarbHOW YacTy MPOTUBOTOYHOIO Kackaaa.

B coortBetcTBMM C nepBbIM METOAOM BOAHasA WNM opraHudeckas ¢asa,
cofepaljas paspensemyto cmecs P33, aBwKeTCA NPOTUBOTOKOM OpraHuMuveckon dase
(cooTBETCTBEHHO BOAHOM (ha3e) yepes AverikM NPOTMBOTOMHOrO kackapa. lpu Takon
opraHM3aupmM npouecca Ha OHOM 3KCTPaKLUMOHHOM Kackage BO3MOXHO rony4YeHue
OOHOro YMCTOr0 KOMMOHEHTa M OAHOro KoHueHTpaTta P33, oboraweHHoro no BTopomy
KOMMOHEHTY (KOMMOHEeHTaM).

Mpyn uncnonb3oBaHWM METOAA MOSHOrO MPOTUBOTOKA 3KCTPAKLMOHHBLIA Kackag,
pasfensioT Ha ABE 4YacTW: SKCTPaKUMOHHYHO U NPOMbIBHYK. UCxoaHBIM pacTBop cmecu
P33 noparwt B cepeavHy MNOMHOrO Kackaga, NPOMBIBHOW PacTBOP — Ha MNOCMEAHION
CTyNeHb MPOMBIBHOW 4YacTW Kackaja, a opraHuyeckyo ¢asy Ha nepBylo CTyneHb
SKCTPAKUMOHHOW YacTu kackapa. [poMbIBHOWM pacTBOp, NPOLIEALIMIA Yepe3 MPOMbIBHYH
YacTb Kackaga CMELUMBAETCA C MUTaIOWMM PacTBOPOM B LIEHTPAnbHOM 4acTu BCEro
NPOTMBOTOYHOTO Kackapa. [lpn Takom opraHuM3auumM MOTOKOB BO3pacTaeT 4ucToTa
pasgensemMblx KOMMOHEHTOB U NPU COAEPXKaHUN TOMBbKO ABYX KOMMOHEHTOB, [AOCTUraeTcs
WX NOMHOE pasgeneHne 1 nornyyeHne coeanHeHnii P33 ¢ 3agaHHOM CTeneHbo YNCTOThI.

PasgeneHne ¢ 0gHOBPEMEHHBIM HAKOMIIEHNEM CPELHEro KOMMOHEHTa MO3BONSEeT
Ha OfHOM 3KCTPaKLMOHHOM NPOTUBOTOYHOM Kackage nornyyarb TPy YMCTbIX npoaykTa. [ns
LOCTWKEHUS 3TUX Liener KoaddUUMeHThLl pacrnpeaeneHis B NPOMbBIBHOM YacTy Kackaaa
BbIBMpPAalOT Takumm, uYTOObI ANsi OAHOTO M3 pasfensieMblX KOMMOHEHTOB TPOMHOW CMecu
(Hanprmep, KOMMoHeHTa 2) KO3MMULMEHT SKCTPaKLMN B SKCTPaKLMOHHOWM YacTu Kackaga
Obin Gonblie 1, a B NPOMLIBHON — MeHbLue 1. Mpolecc NpoBoAAT [0 pacYETHOIO YPOBHSA
HaKoMmeHWs, a 3aTeM BMECTO WCXOOHOro pacTBopa MNOAaloT MPOMBIBHOW pacTBop U
OTMbIBaIOT CPEeAHUIA NPOAYKT OT KOMMNOHeHToB 1 1 3.

MpYMeHeHWe 3TOro METOAA MO3BONSAET B 3HAYUTENBHOW CTENEHN COKpaTUTL YUCIO
SKCTPAKUMOHHLIX pasfenuTentHbiX CTYNeHeW, CHU3WTb noTpebneHwe akcTpareHta u
YNyYLWWTE SKOHOMUYECKME NOKa3aTenu aKCTpakLUMOHHOro NPON3BOACTBA.

Taknm obpa3oM, SKCTpakumoHHoe pasgeneHne P33 Oyper onpepenatbest
cneayrowMMmn Hanbonee BaXHbIMU hakTopamu:

—  CENEKTMBHOCTBbIO  SKCTPaKLUMOHHOW  CUCTEMbI, BKMHOYaOLEW Kak  OAWH
3KCTPaKLMOHHBIA peareHT, Tak N CUHEPreTHYI CMECH 3KCTPAreHTOoB;

— COCTaBOM BOZHOW basbl, BK/OYAOWMM, NPEXAe BCEro, aHWOHHYIO
COCTaBrsItOLLYHO BOAHOW cpedbl (KaK npasumo, XnopuaHele, pojaHuaHbIE U HUTPaTHbIe
cpefbl, B OTAENbHbIX Cryvasx CynbdarHas cpena);

—  Hanu4vem BbiCanMBaKLLMX PEareHTos;

— HanM4MeM MPOMbIWSIEHHbIX SKCTpareHToB Ans  nogbopa CcenekTMBHOW
SKCTPAKUMOHHOM CUCTEMBI;

— MEeTOAOM 3KCTPaKUMOHHOrO pasjeneHMss unum  crnocobom opraHvaaumm
3KCTPAaKLMOHHOIO Kackaaa;

— NnoabopoM SKCTPaKLUMOHHOro 06opyAOBaHWA ANA CO3AaAHUSA MHOTOCTYNEHYaTbIxX
MPOTUBOTOYHbBIX (MOMYNPOTUBOTOYHbIX) KackaZoB SKCTPaKToOpOB (B HACTOSLLIEE BpeMs ANA
3TUX LEenen WCMomnb3ylT, Kak MpaBuio, CMECUTENU-OTCTOMHUKM  SLLMYHOro  Tuna
pasnMYHOM KOHCTPYKLMWN UMW LIEHTPOBEXHBIE 3KCTPaKTOPbI).

K nepeuucneHHeM haktopam Heobxogumo pobaBuTe MEponpuaTMA  No
3 HEKTMBHOMY pasaeneHuto as C Lenblo paspyLleHns MUKPOSMYbCUIA U NOBbLILLEHUS
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CTEMNeHNn O4YUCTKN U paspeneHus P33 B gaHHOM SKCTPAKUMOHHOM CUCTEME, a Takke
CHWXKEHMWS NoTepb 3KcTpareHTa. BakHbIM (hakTopoM SKOHOMUYECKOro nopsiika siBnsieTcs
CTOMMOCTb 3KCTpareHToB, pas3baBuTenen, MUHepanbHbIX KUCIOT, B CPEAe KOTOpPbIX
NpoBOAAT pasgeneHve, BbicanueaTtens. Takke HeobXoAuMO yuuTbiBaTb 3KOnoruyeckue
acreKTbl KMAKOCTHOM 3KCTpaKuvW. 3HauuTernbHble 3aTpaTtbl NGOro 3KCTPakUMOHHOTO
nepegena ceBs3aHbl C MEPONPUATUSIMA MO NoXapHoW 6e30NacHOCTN, TaK Kak NPaKTUHECKU
BONbLUMHCTBO NPOMBILLIIEHHO NPUMEHSIEMBIX pasbaBuTene NoXXapoonacHsbI.

MNpn nopGope obopyaoBaHUA Al NPOBEAEHUA >KWAKOCTHOW 3KCTPakuyn B
KOPPO3MOHHO-aKTUBHBIX Cpefiax HeobXOAMMO yuMTbIBATH CTOMMOCTb MaTepuanos, u3
KOTOPbIX U3rOTOBJEHbI 3KCTPaKTOPbI (B HACTOsILLIEE BPEMSA 3TO, Kak NPaBuno, NOIMMEpPHbIE
Marepuarnsl: NONMNPONUNeH, TOPOMIIACT), UX YCTOMUNBOCTb K KOPPO3NOHHBIM cpedam 1
BO3MOXHOCTb MX MCNOMb30BaHNSA NPY NOBbLILLEHHLIX TEMNepaTypax.

2.20.4 CoctaB MCXOOHbIX KOHLIGHTPATOB pPeAKO3eMeSibHbIX 3/1IeMEeHTOB,
NonyyYeHHbIX U3 Pas3fINyHbIX BUAOB MUHEPANbLHOro Cbipbs

CoeguvHeHna P33 nonyyaloT M3 KOHLEHTPATOB, BbIAENEHHbIX U3 MWUHEPanbHOro
cbipbs. N3eecTHO Gonee 100 peako3eMenbHbIX MUHepanoB, o6paszoBaHHbIX oKCuaamu,
docatamu, kapboHaTamu, cunukatamu, dTopuaamu P33. B HacToswee Bpems
NPOMBILLIIEHHOE 3HAYEHNE MMEIOT TONMbKO HekoTopble n3 P33 muHepanos. 310, npexae
Bcero, pocgatbl — MoHaumut (CePQOy), kceHoTum (YPOy), doTop-kapboHaTtbl — 6acTHe3UT
(CeCOsF), ntrpocunxmant (YCa(CeCOs)F), cnoxHbin okempg — nonaput (NaCeTizOg).
MpOMbILLNEHHBIM UCTOYHKMKOM P33 sABNsOTCA Takke MUHepanbl KOpbl BblBETPUBaHUS
rpaHnTOoB, B KOTOpPbIX P33 B MOHHOM (hopme ancopbupoBaHbl Ha MOBEPXHOCTU YacTul,

MoTeHUuManbHbIM ~ MPOMBIWNEHHBIM  MUHEpanbHbIM - ChIpbEM,  Noanexawym
nepepabotke AnNs BblgeneHns cymmbl P33, aABnsieTcs ragonuHWT, copepxawimn o
50 macc. % cymmbl okenpoe LnyOg, rarapunut (go 40), nttpodntooput (go 40), sananut
(2), anatut (4o 10) n HekoTopble apyrue. [na kaXxaoro BMaa MUHEPanbHOrO Chipbs
pasnuyaeTcs He Tonbko obLuee cogepxaHne cymmbl P33, HO 1 coctas unm copgepxanne
Kaxgoro nHamemayansHoro P39.

Mpn nepepaboTke NepeyvnCrieHHbIX BUAOB Cbipba MONy4YaloT KOHUeHTpatbl P33,
MpUYeM COCTaB KaKAoro TAaKkoro KOHLeHTpaTa cooTBeTcTByeT cocTaBy P33 B MunHepanax
(npv ycnosun konudecTBeHHoro BbigeneHus P33). 3Tn koHueHTpaTsl (kak npasuno, P33
B HMX HaxOASTCS B BUAE OKCUAOB UK kapBOHAaTOB) NCNOSb3YHOT Kak OCHOBHOE MCXOAHOE
Cbipb€ ANS pasfernieHnss Ha MNPOMEXKYTOUHbIE KOHUEHTPAThl UMM Ha WHAMBUAYanbHbIE
anemeHTbl. CogepxaHune otgenbHbix P39 B ucxogHOM KoHUeHTpaTe ByaeT onpeaensatb B
3HaYMTENMbBHOW  CTENEeHW CcTpaTerilo  pasgeneHus U Bbibop  COOTBETCTBYHOLLEN
3KCTPaKUMOHHOM cucTtembl. BoT noyemy HeobxoAaMMO 3HaHWe cocTaBa KOHLEHTpaToB,
MONlyYeHHbIX W3 pPasnUuYHbIX BUAOB MMUHEpanbHOro chipba. B Tabnuuax 2.3-2.4
npeacraeneHsl  cocraebl  P3K, Bbigensembix U3 OCHOBHbIX  NPOMbBILUIEHHO
nepepabartbiBaeMbix pya, AobbiBaeMbix B Poccuiickon depepauymn, 1 ana CpaBHeHUN B
Kutae — OCHOBHOM Npou3BOAUTENE PEAKO3EMESIbHBIX COEAUHEHNIA AN NPOMBbILLNEHHOrO
npou3BoacTBa usgenun us P33. 3T Tabnuupl cocTaBneHbl Ha OCHOBE NUTEpaTypHbIX
WCTOYHMKOB M MOTYT ObITb AOMOSHEHBI APYIMMW AAHHBIMW, ONyBNMKOBaHHBIMU B OTKPLITON
nuTeparype.

HeobxogumMo OTMETUTb, 4YTO MEpBOA CTaguen paspenuTensHoOro npouecca
SIBNSAETCA nepeBoy TBepAbIX KoHUeHTpaToB P33 B pacTBop noaxoAaswwen MUHepansHON
kucnotel. B psige cnocoboB nepepabotkm P33-copepxaliero MvHepanbHOro Cbipbs
U3BIIEYEHUE OTAErNbHbIX 3NEMEHTOB OCYLLECTBNAT METOAAMU ocaxaeHus. B pesynstate
Takon nepepaboTky, MOMyYeHHbIe AN AArbHEWLEro SKCTPaKUMOHHOMO pasaeneHus
nucxofHble KoHUeHTpatbl P33, MOryT U3MeHSATb CBOM UCXOAHbIA COCTaB.
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Tabnuua 2.3 — Copepxxanue P33 B pyaax n MuHepanax Poccuu

P33 la [ Ce | Pr [ Nd [ Sm | Eu [ Gd [ To [ Dy | Ho | Er [ Tm [ Yo [ Lu [ Y

INonapwur, lloBo3epckoe MeCTOpOXAEHNE

Copepxarue, %Bec. | 25 | 53 | 6 [ 14 [ 09 [ 008 ] 056 [ 037 | 0,12 | 0,08 | 0,016 | 0,003 | 0,008 | 0,002 | 0,008

Anatut

CopepxaHue, % Bec. | 27,3 | 428 | 49 [ 139 [ 21 [ 07 [ 17 J 01 [ 10 [ 01 | 04 [001 ] 01 [002] 49

KpacHoyumMckme MOHaLMTOBbLIE KOHLEHTPaTbI, B NEPecYeTe Ha OKCuAbI

CogepxaHie, % pec. | 246 | 430 | 55 [ 205 [ 20 [ 02 [ 11 [ 07 [ 03 J o1 [ 03 ] 01 [005] 01 | 14

Eu — moHauuT

CogpepxaHue, % bec. | 197 | 456 | 47 [ 217 ] 37 [ 08 [217 ] - [o14 o3 [0 ] - [ 05 [ - [038

FarapuHuT, KaTyrvHckoe MecTopoXaeHne

ConepxaHue, %bec. | 26 | 95 | 17 [ 79 [ 33 [ 02 [ 71 [ 11 [ 983 [ 14 [ 52 [ 10 [ 38 [ 07 [ 452

NTTpodbntoopuT, KaTyrmHckoe MectopoxaeHme

ConepxaHue, %bec. | 47 | 121 [ 17 | 65 [ 26 | 02 [ 47 J 04 [ 69 [ 09 | 52 [ 11 | 56 [ 12 | 462

Osananut

Conepxarue, %pec. | 135 [ 291 | 31 [ 131 ] 43 | 16 | 35 [ 06 [ 42 [ 09 [ 21 [ 03 [ 24 [ 03 [ 210

Tabnuya 2.4 — CopepxaHue P33 B koHUeHTpaTax MuHepanos Kutas

KoMnoHeHT la | Ce [ Pr | Nd | Sm [ Eu | Gd [ Tb | Dy [ Ho | Er [ Tm [ Yb [ Lu [ Y
BactHe3nT u3 BryTpeHHen MoHronum
Coaepwanme, % ec. | 250 | 495 | 50 | 155 | 15 | 02 | 05 | <01 | 01 | <0,1 [ 02
MoHauuT us NyaHayHra
CopepxaHue, % Bec. [ 21,0] 480 | 55 | 165 | 25 [ 0,08 | 18 | 0,26 | 1,36 [ 30

MOHHbIE pyabl C HU3KUM cogepxaHvem uttpusa (Cunsy, MuHreuH B MyanayHe)

CopepxaHue, % pec. [311] 34 | 87 | 281 | 53 [ 06 | 45 [ 05 | 12 [ 08 | 03 | 01 [ 05 [ <01 154

MoHHbIe pyabl CO CpeaHuM coaepkanem utTpusa (CuHdeHr B LissHcK)

Copepxatine, % ec. | 26,5 2,4 | 60 | 200 | 40 | 08 | 40 | 06 | 40 [ 08 | 18 | 03 [ 12 | 01 | 275

MoHHbIe pyabl C BLICOKUM copepkaHnem Uttpus (JloHrHaH B LisaHcK)

Copepxatve, % Bec. [18 [02 [09 [38 [28 J002 [57 [12 [84 [18 [51 |08 [46 06 [625
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2.20.5 O6wme cxeMbl pasgeneHUs peako3eMesnbHbIX 3NIEMEHTOB U3
CYMMAapHbIX KOHLLEHTPaToB

BblgeneHHsle N3 MMHEpansHOro Chipbs CyMMapHbIe KOHLEHTpaThbl okengos P39
copepxar UTTpU 1 14 snemMeHToB OT naHTaHa Ao foTeuus. [Ans nonyvyeHs Kaxaoro
WHAMBWAYanbHOrO naHTaHouja HeobXoLMMO MPOBECTM pasfenieHMe Mo  NUHUSM
npegelaywmn Ln/gaHHein Ln v nocnegytowmit Ln/gaHHbii Ln. [Ana  noebiweHus
ahheKTMBHOCTU BblAeneHnsa nHameBuayaneHbix P3O npoBoaaT ux npepsaputensHoe
pasgeneHne n3 CyMMapHbIX KOHLEHTPATOB Ha rpynnbl UMK rPYMMoBbIE KOHLEHTPaTbI.
TpapuumoHHo BbigenstoT rpynny nerkux P33 (nerkywo rpynny): naHTaH, uepui,
npaseoaumM, HeoguMm, rpynny cpenHux P33 (cpepHioo rpynny):. camapun, eBponui,
ragonvHui 1 rpynny Tsxeneix P33 (Tskenyto rpynny): oT Tepbus go noteuus. Uttpuii
OTHOCSAIT K TOW rpynne, B KOTOPOW OH KOHLIEHTPUPYETCH B pasfenutensHOM npolecce:
nmbo Kk nerkon, nubo K TsHKenow rpynne. Yacto CpefHo0 W TXenytlo rpynny
06befMHSAIOT B OHY CPESHETSIKENYHO rpyrny.

B cooTBeTcTBMM C NpMBEeAEHHON BhilLe knaccudukauuen P339 Ha rpynnkl, obwme
CXeMbl pasfeneHns CyMMapHbIX KOHUeHTpatoB P3O BknouaoT Ha nepeoM aTane
rpynnoBble pasgeneHns. TpaauumMoHHO NEPBbIM PasaenuTenbHbIM NPOLECCOM SBISIETCS
pasfeneHve koHueHTpaTta P33 Ha nerkyto 1 cpegHeTsKenyo rpynnbl no nmHimM Nd/Sm,
(cm. pucyHke 2.14), [18, 30]. UtTpuin B 3aBMCUMMOCTU OT COCTaBa pasgenuTenbHON
CMCTEMbI MOXET COMyTCTBOBaTb KaK MEerkon, Tak M Tskenon rpynnam P33, yto
0603Ha4YeHO Ha pUCYHKe 3aknodeHeM cumBona Y B KpYrible CKOOKM.

BTopbiM  pasgenurenbHbiM - MPOLECCOM  0ObIMHO  ABMSIETCA  pasaeneHue
cpepHeTskenon rpynnel P33 Ha cpefHioo 1 Tshkenyto rpynnbl No nuHuK Gd/Tb nnn
Tb/Dy. B panbHenwem BbigeneHve nHamsuayanbHblix P33 npoBogat ans  kaxzon
rpynnel OTAENBbHO C YYETOM XUMUYECKMX CBOWCTB SMIEMEHTOB, NONajatolmx B Ty Unv
WHyto rpynny. MNpexae BCEro, aT0 KacaeTcs Lepus U eBponus, U3MEeHeHNe BaneHTHbIX
hopmM KOTOpPBIX, MO3BONSAET MX BbIAENATb U3 cymmbl nerkux (Ce) nnu cpepHux (Eu) P39
ocaguTenbHbIMY METOAaMU.

Mocne BbigeneHMa UEPUs N EBPONUS XUMMUYECKUMW METoAaMu AN Kaxaou
rpynnbl P33 npoBoAST 3KCTPakUMOHHOE paspeneHve Ha UHAVBUAYanbHbIE 3NEMEHTHI.
YunteiBaa TOT akT, 4YTO B OAHOM pasfenurTenbHOM Kackaje He yaaeTcsa cpasy
nonyuuts umctele P33, npouecc paspeneHus MoxeT ObiTb pasbut Ha nonydeHue
KOHLUEHTPaToB C BbICOKMM coaepxaHuem (kak npasuno, 6onee 60%) oaHoro w3
pasgensemMon napbl SMeMEHTOB W MOCNEAYIOLMM BbIAENEHUEM KX W3 MOMYYEHHbIX
KOHLIEHTPaTOB B YACTOM BUAE.

Ona Tsxenon rpynnbl P33, skmtovatowent 7 us 14 P30 n uttpuid, npoBoaAT
fononHuTensHoe pasaenenme no nuHun Ho/Er, pasrpaHnunsatoLLell COOTBETCTBYOLLME
TeTpagbl: Gd, Tb, Dy, Ho u Er, Tm, Yb, Lu.
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PucyHok 2.14 - O606LeHHas cxeMa pasgenenms P33 u3 cymmapHbIX KOHLEHTPaTOB,
BblAE/TE€HHbIX U3 pa3/INYHbIX BUAOB MUHEPasIbHOIO Cbipbs

Taknw ofpasown, pasfenekne TAxenod rpynns P33 wokeT 6uTb npoBefeHo
ele Ha ABe NOATPYNNH C NOCNERYyOUMN BHAENEHMEN MHAUBUAYANbHHX TAKENHX
P33 m aTTpua w3 3TUX nogrpynn.

B oob6uewm cnyyae, Npuw NONYYEHAN WHAUBMAYANbHEX 3NENEHTOB M3 CyMMApHbX
KoHueHTpaToB P33, copepkalnx 14 3neNeHTOB W UTTPUA, HEOBGXOAMNO OCYLECTBUTD
WHOTOCTYNEeHYaTHI npoyecec pasfencHung Gnmxaitunx nap INENEHTOB B
MPOTHBOTOYHKEX 3KCTPAKUMNOHHEX KaCKagax ¢ npowsBKOA, cCoOfepxalux, Kak npasuno,
0T 600 80 cTynened. PeskcTpaKkunownsoe kackafgs cogepxat 10n 6onee cTyneHei.

fns pasgenenns koHueHTpatTa P33, noNyyeHHOro u3 6acThesnta, NpPpegnokeHds
ABE CXEWH rpynnoBoro pasfeneHuns, npegcrasaerhse na pucynkax 2.15 1 2.16.
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PucyHok 2.15 - Cxema 1 pasgeneHus rpynnoBoro 6acTHE3NTOBOrO KoHLeHTpaTa P33,
peasnin3oBaHHasA Ha npeanpuATusx B Kutae

PucyHok 2.16 - Cxema 2 pasfeneHusi rpynnoBoro 6actHe3NToBOro KoHueHTpata P33,
peann3oBaHHasa Ha npeanpuaTusax B Kutae

dkcTpaKyuoHHOE pasfenenne GacTHe3uTosBoro koHyewtpata P33 npoBOAAT B
COMAHOKNCAHX CPegax C ucnonb30BaHuen 8 kavecTse akcTparenta 2 37 (23r)0k.

Ananormynwas cxewa Ouwna wcnonb3osaka B Kutae gna paspgenewns P33,
BHAENEHHHNX M3 MOHALUMTOBOTrO KOHLEHTpPara, Nocne OYUCTKM OT pafuoakTHBHIX
npumneced (pesaktTusayun).

Pasgenenne koHUeHTpaToB P33, BHAeENeHHSNX U3 WOHHHX PyA, NPOBOJFAT N0
cxemam, npegcTaBAeHHH N HAa pucyHKkax 2.17 u 2.18. Bapnant pasfeneHns 3asucur ot
COREpXanusa ATTPUA B WCXOZHON NPOAYKTE. B npoyecce pasfenenuna, NpPefcrasnernon
Ha cxewe 4, nocne OTReNeHWA CPefHeTAKenOd rpynny W3 Hee CcCHavana BHAENANT
NTTpUHEBHd KOHLewTpaT no nukun Dy/Ho, a 3aTen pas3genanT Ha Tpw KOHUeHTparTa:
cpegunx P33 (Sm, Eu, Gd), Tepbus w gucnpo3us. W3 HTTpUEBOr0 KOHLeHTpaTa 3atel
BHAENAOT ynctulh okcug Y20s.
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PucyHok 2.17 - cxena 3pas3geneHns rpynnosoro KoHuewtpara P33 3 noHHuXx pyg,

peannsosanHan Ha npefgnpuATHAX B Kutae

PucyHwok 2.18 - Cxewa 4pasgenenus rpynnosoro koxuewtpata P33 w3 WOHHEX PYA,
peann3oBakHan Ha NpegnpunaTuax s Kntae

Mpy rpynnoBOM pas3feneHun KOHUEHTpaTta, MOJIyYEHHOTO W3 WOHHbLIX pya C
HU3KUM coAepXaHueM utTpus, Tabnuua 2.4, UCNonb3yrT cxemy 3, B COOTBETCTBUU C
KOTOpPOI BblAENSIEMbIA W3  CpeAHETSIKeNol rpynnbl  KOHUEHTpaT Tsxenbix P33
copepxuT 6onee 70 % utTpus. [JanbHENLY 0YUCTKY UTTPUS OT NpUMecei TsxesbiX
P33 npoBogAT ¢ NCMOMb30BAHMEM 3KCTPAKUMOHHOW CMCTEMbI C HADTEHOBOW KUCOTOW
U3 CONSTHOKMC/IbIX PacTBOPOB.
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Cnetema haoTenoBas KkucnotTa - BOAHHe pacTtBops P33 8 HCI woxer 6uTb
ncnonb30Bana A ANA TPYyNNoBoro pa3fenennd KOHUEHTPATOB HOHHNX PYA CO CPEpHAN
cofgepxanuen utTpuAa. 0cCoBGeHHOCTbHO TAaKMX KOWLEHTPATOB ABNAETCA NpakTHYyeCKH
ognHakosoe copgepxawne B8 Hux La w Y, Tabnuya 2.4. 310 obycnasamsaer
KoabooununwenwTt pasgenenns La/Y Gawsknd k 1, no3aTowy WTTPUA NpMH paspeneHun
KOHUEHTpUpYyeTCA C aneweHnTamuw nerkoit rpynns. Jnd 300eKkTUBHOrO OTRENeHUR
HTTpUA 3 TaKNX  KOHLEHTPAaTosB Npegnoketa cxena 5 pasgenenus P33,
npejfcTaBnerHHas Ha pUCYyHKe 2.20.

[ng pasfenenns KoHuenTpaTta P33, NONYYEHHOTO M3 WOHHNX PYA C BHCOKAN
cogepxatuen uttpua, 6onee 60 %, 8 Kutae ucnonb3ymntT CXewNy 6, NpeacTaBRerHyn
Ha pucynke 2.20. 371a cxema Takxe MCNOAb3YeT [fBa 3KCTParewta AAS TrpynnoBssx
pasfenewui: Ha nepBON 3Tame HaOTEHOBYR KuCNOTYy, a Ha BTOpOM 3Tane
W2 3r(23r)ek. Paspgenenue NPOBOAAT B CONSHOKMCANX CPegax C paznuynoli
kKoHuewTpaymedh HCIL N3wenenuwe cocTaBa WCXOAHOTO KoHueHwTpata P33 B nonAb3y
BHCOKOTO COfEpXaHUA B HeW UTTPUA NO3BONAET yXe Ha BTOPON Pas3spenuTenbHon
kackage nonyyats utTpuit, ynctotoi 6onee 99,99 %.

PucyHok 2.19 - cxema 5 pasgesnieHusi rpynnoBoro KoHueHTpaTta P33 13 MOHHbIX pya,
peanun3oBaHHasi Ha NpeanpusaTusx B Kutae
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PucyHok 2.20 - cxema 6 pasfeneHust rpynnoBoro KoHueHtpara P33 13 MOHHbIX pya,
peasim3oBaHHan Ha npeanpuaTusax B Kutae

JkcTpakyuonHOe pasfenenune P33 B HUTPATHHX pacTBOpPax 65 N0 peann3osano
8 CCCP npw nepepaboTke KOHUeHTpaTa, NONYYEHHOrO M3 PYyd NECTOPOKAEHNA
« llenosoe» , KasaxcTak, n-o08 Nawrsunak. YcpegnewHsd cocTas 3T0ro KowueHTpaTta
npefgctasaes B Tabnmye 2.3. MpuwuymnumanbhHas cxema pasgenewus  P3II m3
KOHUEeHTpAaTa « NenoBoe» npejgcraBneHa Ha pucynke 2.21.
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PucyHok 2.21 - cxema pasfeneHus P33 13 KoHLUEeHTpaTa MecTopoxaeHus «Merosoe»

PaccmoTpeHHble Bbillle CXeMbl pasfefieHns UCXOOHbIX KOHUEHTpaTtoB P33,
MOSlyYeHHbIX U3 MWHEPasIbHOrO  Chbipbsl, MOCTPOEHbl MO OAHOM O6LUei  cxeme,
Mo3BO/IAIOLLEN MpeABapuTENbHO pasfenTs Bce P33 n wtTpuii Ha Tpu 6Gonblume
rpynnbl - Jerkvx, CpeaHux n Tsxenbix P33, UTTpuii, kak npaBwio, nonagaeT npu
paszeneHin B rpynny Tshkesnbix P33 (NO3TOMy ee HasbiBatoT UTTPMEBOI rpymnnoii).

HeobxoayMo OTMETUTb, YTO pasfenuTtesibHble npouecchl B Kutae npoBoasAT
NPenMyLLEECTBEHHO M3 XJIOPUAHbLIX CPef, B TO BPEMS KaK rpynnoBoe pasfefieHvie B
OTEYECTBEHHbIX CXeMax MPOBOAAT B HUTPATHbIX cpedax. MckmioueHue coctasnser
nepexof OT HATPaTHbIX CPeA, K X/IOPUAHbIM Ha CTaauy OCaauTenbHOro BbiaeneHus Ei.
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B HacToALee BpeNA BHAENEHWE eBPOMMA NPUH pas3geneHunu cpefued rpynny P33
NPejnoOKXeHo NPOBOAUTL IKCTPAKUMORHBN NETOAOM 6e3 M3NEHEHNA €ro BaineHTHOTrO
COCTOSRHNA, Hanpuwep, c ucnonb3osannenw Toi ke cunepretroi cuecu TANAH+ THO B
YBP. OpgHako 3T0o noTpebyeT yBeAWYeHNA yucna pasfenuTensHyx CTyneweidr npu
npoBeAeHun npoyecca B NPOTHBOTOYHNX Kackajgax C NOANYyYeHWeN TOAbKO ABYX
npoayKkTOB. Mpw nepexoge Kk Tak HasdsBaeWsw TPEXNPOSYKTOBHMN KacKkajgad
pasfeneHue cpasy Tpex Kownowewtos Sm, Ei u Gd no3BonuT w3fexaTtb HapaUuuBaKNA
qncna cTyneneld pPasgenuTensHoro Kackapa, Ho Hoxer cKazaTbCA Ha
NPOU3BOGUTENLHOCTH.

B cooTrBeTcTBMM C 0Oued cxewoil pasfeneHus MCXOAHHX KOHuewTpaToB P33,
pPHCYHOK 2.12, fanbHedluee BHeNeHHe WHAWBMHAYyaNnbHHX ONENEHTOB NPOBOASRT
HCXOQA W3 cocTaBa Kaxfoh rpynnu, Ha KkoTopue OHN pasfened NepBOHAYANbHI
KoHyewTpaT. NO3TOMY HUKeE paccHOTPens Cxews pasgenehus P33 nerkoit, cpepued o
TAKENOW rpynn, koTopHe Takxe NOTYT 6GHTb NpOBEACHYH PAa3AUYKHNUN HETORANK.

2.20.6 PaspgeneHue P33 nerkoli rpynnel: La, Ce, Pr, Nd

Ins pasgenenns P33 nerkod rpynns  Ha  WHAMBUAYANbHHE INENEHTH
NCNOAb3YAT pas3snmynse 3KCTPakUuWOHHNE CHCTENH, CPegn KOTOPHX HeobXOAgMMNO
BUAenuTb pacTeops THO B YBP ANA a30THOKACAHX CPef U Oprawuyeckue kuncnory -
kap6onoBue W fochopcofeprayne - fA8 XNOPUAHEX PAacTBOPOB.

B Kutae gna pasgenenns La, Ce, Pr, Nd 8 CONAHOKMCAHX CPefax NCNOAb3YNT
IKCTPAKLMOHHNE CHCTENY C OPraHMyeCKunmn KucnoTamn, B YaCTHOCTH, HAaOTeHOBY®H
kuenoty, 02 3TOK w W2 37 (23T)0K. Uepnit B HekoTOpHX CAyYadsXx BHAECNANT U3 cHecH
nerknx P33 OKMCAUTENbHO-BOCCTAHOBUTENbHNN METOAON JO IKCTPAKUHOHHOTO
pasgenehusd. Jng nosHUEHHA 3BOeEKTHBHOCTH palboTs IKCTPaKUMOKKOTO Kackaga
pasfeneHue NPOBOAAT NO ABYW NUHUAN C NOAYyYeHWEeN Tpex NPOLYKTOB B OAHON
npoyecce.

Tpuw pasgenennu KowuewTpaTa nerkux P33, nonyyewworo npu nepepaborTke
GacThesnTa n WOHauMTA, Ccogepxanuen B Hen yepus (~50 %)un nawtarna (-25-30 %)
6onee 80 % ucnonb3ynT cxems Lu 2, npepcTaBaenHble HAa pUCYyHKax 2.22 u 2.23.

PucyHok 2.22 - cxema 1 pasgeneHus koHueHTpata P33 nerkoii rpynnbl, MOAYyYEHHOrO 13
6acTHe3uTa WM MoHauuTa
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dkcTpakunw npoBogAT B cucTeme N2 3r(23r)ek s ysP - LnCI3- HCI - H 20.

CornacHo cxeme 2, pucyHok 2.23, Ha nepBoON KacKkajge NPOBOAAT pasfenenne no
audun Pr/Nd ¢ nonyseHnwew 4ucToro HeofuMa W KOHUEHTpAaTa, COfepKayero nawta,
Wepuit w npaseofun. Ha BTOpPON Kackafe NPOBOAAT pasjgenenune no ABYW ANUKAAN
La/Ce w Ce/Pr ¢ nonyyeHwew Tpex NPOAYKTOB: YWCTHX MaKTawa npaseopguna ¥
LepneBoro KoHuentpata, cogepkxatero 6onee 85 % yepus.

PucyHok 2.23 - cxeha 2pas3fenenns Konuenrtpata P33 nerkod rpynns, NOAYYEHHOTO
W3 6acTHe3wTa WAM NOHALNTA

fns KowuewTpatos nerkux P33 C WUIKMN COfepXaHumen yepns, Hanpuuep,
NOnyYeHH N H3 WoHHHX pyp (Ce ~ 1-5%), pasfenenue Ha WHAUBULYANbHEE 3NENEHTH
MPOBORAT NO CXeme 3, NpefcTasneHHol Ha pucyrke 2.24.

PuicyHok 2.24 - cxema 2 pasfeneHusi KoHueHTpata P33 nerkoii rpynmbl, NOYyYEHHOTO U3

6acTHe3nTa WM MoHauuTa

JKCTpPaKkuuoHnHoe pasfenenne KOHLeHTpaTa nerkoi rpynnu P33 C

fcnonb3oBaHuew akcTpakuum TDHO M3 HMUTPATHHX PAacCTBOPOB npuMeHAAUW npw
NepepaloTke anaTuTOBHX KOHUEHTPAaTOB, pUCyHok 2.25.

Nocne 3KCTPaKUMOHHOM O4MCTKN OT HepeaKkoO3eNenbHuX npuueced akcrpakymned

100% -how TH0 w3 1,5-1,7 wonv/n HH O3 w npomuBKN 3KCTPakTa BOAHHEN PacTBOpPON,

cogepxaunn 0,75 mons/n NH4ANOS3, nposogdar peskcTpakyno P33 nogkucnennoi

109



NTC 24-2017

HNOsz Bogoii. PeakcTpakT NojakwT Ha 3NeKTPOXANAYECKOE OKUCANeHNE Lepus, nocne
KOTOpPOro KUTPAaTHUA pacTBOP pas3pensnT Ha fBe yacTu. N3 0fHOH vacTu ocaxpant
Ce(IV) anwnakonw ¢ nonyyernuen 959% -Horo KoHUeHTpaTa. BTOpYyn yacTb HanmpaBnAnT
Ha akcTpakyuwonwoe ssugenexwne Ce(lV) ¢ wcnonb3osakuew THO B Kepocuue B
kavecTse akctparenta. Ce(lV) akcrtparnpynT 8 oprakuyeckyn das3y, 8 10 BpewNA Kak
TpexsanenTHue P33 ocTanmTCd B pafMnaTe 3IKkcTpakuywn. M3 akcTpakTa ocakpant
THLPOKCHA Lepus ¢ nocnepgyouunuw nonyvyeHnunew w3 Hero CeCs2 yuctotroii 99,9 %.
Padunwat akcTpakuww o6bvefMHANT C OQuAbTPATON, NOAYYEHHHN HAa CTajguu
BUAENEHUS LepueBoro KOHUEHTpPAaTa, W NPOBOLAT IKCTPaKkUMHOHHOE pas3jeneHne Ha
WHAWBHAYANbHNE 3NENEHTH.

PucyHok 2.25 - BapuaHT cxembl pasfgeneHus KoHueHTpata P33 nerkoil rpynnbl, NONYyYEHHOTO
n3 anatunta

Npn nepepaboTke KOHLeHTpaTa Nerkunx P33, nonyyewHbx M3 nonaputa, Takke
Menonb3yeT aKkcTpakuunw pacTtsopamu ThHO B YBP pnsa  nocnefoBaTvenbHoro
BUAENEHUSA U3 a30THOKMCANX pacTBOPOB NaWTaKwa, nNpas3eogunna u Heofuma B BUAE
4NCTHX  OKCHAOB, pHCYHOK 2.26. MpepsaphrensHo U3 HUTPaTHOro pacrtsopa,
cofgepxayero Bce yeTspe anenenta: La, Ce, Pr, Nd, B fgensnT Gepui OKNCNNTENbHO-
ocCafnTenbHhsn weTofOM. OKMCANEHME NPOBOAAT 3NEKTPOXAMNMYECKUN cnocofom ¢
OCaXpgenuen TrHAPOKCUAA Lepns aummakon. Bo3MOKXeHw BapHawt oKUCAeHUA Lephna
nepuaKrawaTon Kanua B XNOpuAHHX pacTBopax. Nocne ocakpenns Ce(lV) amnuakon
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xnopupHui pacrtsop La, Pr, Nd «koHBepTWUPYRT B HATpaTHHA, U3 KOTOpOTO
NOCANEf0BATENbHO PA3AELNAHT OTH TP 3NENEHTA HA ABYX NPOTUBOTOYHNX KacKagax ¢
MPpONHBKOI.

HeoGxogumo OTHETHTbL, 4TO nNpouecc KOWBepCHN XMNOPUAHHX coneid P33 8
HATpaTHHE OCYLEeCTBAANT 3KCTPaKUWOHHSN cnocobom C ucnonb3oOBanHuen, Kak
npaguao, OpraHuyecknx Kkucnot, B8 vacTHocTH, [J2 3TO0K wnu kapboHoBHX KuCAOT,
Hanpuwep, BUK wnn Versatic 10. C 3710l 4enbn NpPOBOASAT KOANEKTUBHYHD dKCTPakuno
Tpex3apAAHEX KaTHOWOB P33 B opranmvyeckyw Gasy, nocne Yero peakcTparumpynt
Tpebyewod knmcnoToil (nmpu KOWBepCHM B HATPATHYR BOpPMYy - a30THOW KkucnoToil)
NogXopgAaued KowyewTpayuwn. Jns nocnefyouero pasgenenus P33 M3 HUTpaTHEX
pacTBOpoOB C Mcnonb3o0BaHuew THO NpoBOAAT  KOPPEKTMPOBKY pacTBOpOB N0
cogepxanunn HNO3.

PucyHOK 2.26 - BapuaHT cxeMbl pasfenieHust KoHueHTpata P33 nerkoli rpynnbl, nosly4eHHOro
13 fionapuTa

2.20.7 PasfeneHve pepkoseMenbHbIX 3/1IEMEHTOB CpefHel rpynnbl:

Eu, Gd

Paspgenenne P33 cpegred wrakenodh rpynn npoBogdatT no nuwunanw Gd/Tb, Th/Dy
W paxe Dy/Ho, Tak u4To ganbhedlee pasfenehune Ha WHAUBWAYANbHuE 3MENEHTH
WOXeT BKNOYATb HEe TOAbKO BHAEAEHHE Cauapusa, esponua w ragonunuua, Ko u Tepbus,
A B HEKOTOPHX CAYyYasXx fake Jucnposns.
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Ana pasgenenns P33 cpeaHen rpynnbl UCMONb3YIOT HUTPATHbIE N XINOPUAHLIE
cpefbl, Kak aTo yke BbINo nokasaHo Ha npumepe pasgenenHus P33 nerkow rpynnel. B
KayecTBe SKCTPareHTOB WCMONb3YHT Kak MHAMBUMAYamNbHbIE 3KCTPAreHTbl, Hanpumep,
docdopcopepxalume kucnotbl, HPOC, Tak n cmecun akcTpareHTos, Hanpumep TAMAH-
TB®, 20T PK-TBO.

YuutbiBas BO3MOXHOCTb MpocToro BocctaHoenenust Eu(lll) go Eu(ll), Bo MHormx
pasgenuTenbHbIX Ccxemax esponui u3 cmecn P33 cpepHel rpynnbl BbiAENsOT
BOCCTaHOBUTEMNbHO-0CAANTENBHBIM METOLOM.

B CCCP npu nepepaboTke koHueHTpaTor P33, monyyeHHbIx 13 dpocdoputos
MecTopoXaeHus «Menosoey», pasfeneHue CPefHeTsKeNon rpynnbl NPOBOAUAM MO
nHUM Tb/Dy, pucyHok 2.21, No3TOMY KOHLIEHTPaT cpeaHen rpynnbl cogepxan Sm, Eu,
Gd, Tb u yactuyHo Dy. PasgeneHve 3TOW rpynnbl HA WHAMBUAYAaNbHbIE SNEMEHTbI
HauYMHanM C BblAENEeHNs eBPOMNMS BOCCTAHOBUTENbHO-OCAAUTENBHBIM MeToAoM. [Ans
3TOr0 NpeaBapuUTENbHO MPOBOAUIM KOHBEpCUMIO HUTpaToe P33 B xnopuabl 4yepes
ocaxgeHve rngpokcngos P33 ammmakom n nocnegyrowmm pacteopeHnem B HCL. B
JanbHenweM KOHBEPCUMIO B XIOpWAbl MPOBOAWAM C WCMOMb30BaHMEM 3KCTpaKLmM
023 PK 13 a30THOKMCHBIX PACTBOPOB M PE3KCTPaKLMIO KaTUOHOB TpexBaneHTHbIX P33
XINOPVCTOBOAOPOLHOM KVNCNOTOW. MonyyeHHsle CONSAHOKNCTIbIE pacTBeopb!
obpabaTtbiBany UMHKOBOW Mbinbto ans BocctaHosnenna Eu(lll) ao Eu(ll) n ocaxaann
BCe Haxoasdwmecs B pacteope P33 ammuakom npu pH 11-12. Eu(ll) n pactBopeHHbIi
LMHK OCTaBanncb B pacTBOpeE, KOTOPbIA OTAENSNU OT ocafka u obpabaTbiBanu a3oTHOM
kncnoto ana okucnenus ao Eu(ll) po Eu(lll). B npucytctBum unsbbitka ammuaka
ocaxgancs ruapokeua Eu(lll), B To Bpems kak umHk octaBancst B pactBope. Ocanok
Eu(OH); cHoBa pacTBOpsinu B COMAHOW KUCMOTE U MOBTOPANM ONEpauuio oTaeneHus
eBponusi oT coocaxaeHHbx P33 BoccTaHoBUTEnbHO-OCaAWUTENbHBIM METOAOM A0
nonydyeHnss Eu BbicOkOW creneHn uuctoTbl. [uapokcuael P33, copepxaiwme
HebonbluMe KONMWYeCTBa €BpOMWUS, NPOMbIBANM  aMMUakoM OT  pPacTBOPUMBIX
coepmHeHnn uuHka n Eu(ll), nocne yero pacteopsnv B a3oTHOW KWUCMOTE, ocaxaanu
okcanartbl P33 ¢ nocnegylowyM npokanueaHMemM U MoryyeHueM KoHueHTpata P39
cpeaHen rpynnbl C NMPUMECAMUN 3IIEMEHTOB TSKENOMW rpynibl CNeayoLero cocraea, B
macc. %: Smp03 — 55-65; Eu03 — 0,1-0,4; Gd,03 — 3540; Th304 — 4-6; Dy,03 — 3-6.
MonyYeHHbI KOHUEHTpPaT pacTBOPsiNM B Q30THOW  KUCMOTE W NpoBOAWNA
3KCTPaKLMOHHOE pasfeneHne no cxeme, NpeacTaBneHHoN Ha pucyHke 2.27.
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PucyHok 2.27 - Cxema pasgeneHua cpefHux P33, nonyyeHHOro n3 KoHUeHTparta
MecTopoxaeHus «Menosoe»

fna npoBegeHun dKCTPAKUUOHHOTO PA3AeNeHna HCNONbL3IO0OBANK NPOTHBOTOYHYE
kackagy C npowsBkoi, cogepxayue 70-80 pasfenuTenbhux cTyneHed B KakAom
kackafge. B kayecTse IKCTPakTOpOB MNPUMEHANU CHECHTENU-O0TCTORHMKA ALUUYHOTO
THna. OfWKH W3 kacKkafgos npegcTaBnan co6oii kackag yeHTpobexHnsx akcTpakTopos 31
125. TexHonoruwyecku paduwart wnNw pedkcTpakT NpPpejHAyLEro kackaga ABNANCA
NMCXOALHHM pacTBOpON AN nochnefywouero. [Jns KOPPeKTUPOBKUW pacTBOpPOB MNpH
nepexoge OT OFHOFO Kackafa K ApYyrowy OocyuecTBAANW ynapusakue fo Tpebyewod
KoHuyewTpauun P3J. TexHuyeckne peluenus no pasgenennn P33 cpepHed rpynns no
onWCanWoOW BHLeEe cxeme 6unan 3aumueny asTopcKkumm cenpetenscreamn CCCP Ha
n3ofpeTenue.

Pa3BuTne ONWCAHHOAN TexHonormyeckoh CXxems pasgenewws CpPpegHux o
HEKOTOPHX TRAKENHX P33 3aKknNpyYanocs 8 3alene LOpOTOCTOALETO i
3HEPro3aTpaTHOro npoyecca MEKKAaCKAagHOTO ynapusawus npu  KOPPeKkTHPOBKE
pafuhaTos 3KCTpPakLuWW WAN PeIKCTPaKTOB Ha oCaxfenne P33 kapbowaTom Hartpua ¢
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nocnefynuuwn pacteopeHuenw Kkapbowatos P33 po Tpebyewodh KOHUeHTpauwm B
a30THOM KucnoTe.

Paspenenne cpepHed rpynns P33 Ha MHAUBMAYANbHEE INEMEHTH B
XNOpUWAKHX pacTBOpax Hauno npumeHnenune B Kutae npu nepepalboTke KoOHUyeHTpATA
cpeguux P33, BHAENEHHOTO A3 WoOHALMTA MAW  MOHHNX Pyh, PpuCYHOK 2.26.
dkcTpakynowkoe pasfenenne Sm, Eil u Gd npoBOJAT M3 CONAKOKMCAEX PAaCTBOPOB C
hcnonb3oBaKkMew B KayecTsBe aKkcTparewtra pacteopos 2 370K 8 YBP Ha opgHowm
3KCTPAKLUMOKHON Kackage C NONYyYeHWEeM Tpex NPORYKTOB: calapua U TAfOANHUA
ynctoTol 6onee 2N, n koHyewTpaTa Eift ccogepratuen o1 6 % g0 40% B 3aBUCHNOCTH
0T coCTaBa MCXOQHOTO cHpbA. fJanbHeituasn nepepaboTka Takoro KowyeHTpaTa
MPOBOANTCH BOCCTAHOBUTENbHO-O0CALNTENbHHN WeTogON fo nonydyewns En203
GnyopecuerHTHOrO KayecTsa.

PrcyHok 2.28 - Cxema pasfefnieHnss KOHUEeHTpaToB cpefHux P33, nosyyeHHbIX 13 MoHauuTa 1
NOHHbIX pyA B Kutae

2.20.8 PaspeneHue P33 Taxenoi rpynnel: Th - Lu

Kak 600 onucano BuHUE, pasfeneHne CpepheTaxenod rpynns npoBogaT no
ankuan  Gd/Tb, Th/Dy wan Dy/Ho, nostony BHgeneHune, Hanpuuep, Tepbusa
BACNPO3NA WOKET NPOBORUTLCA NPW Pa3feneHun Kowyewtpatos P33 cpepued rpynny.
B to ke Bpews 8 TAKenyw rpynny P33, kak npasuno, nonagaer urTpui. Bugenenune
ATTPUS M3 cueced P33 Takke WOKKO OTHeCTH Knpoueccaw pasgenenus P33 Takenoi
Tpynny.

fng paspenedus P33 TAXenod rpynny B OCHOBHOM HCNOAbL3YRT HATPAaTHHE I
Xnopupwse cpefsu. OfKAKO npw BHAENEHAU HTTPUR NOTYT OHTbH MCNONL30BAHS
PORAHNAHSEE HAN XNOPUHAHO-DPOJAHUAHEE PACTBOPH.

Tpn nepepaboTke KOHUEeHTpPaToB TAXensx P33 M3 HUX B nNepsyn o4epeps
cTapamnTcd u3sneys 8 yuctonm suge Th, Dy, Er, Y. No3Towy o6une cxeuws pasgeneHus
BKANYANT B OCHOBHON NOAYyYeHue obOrayentsx KoHyenTpaTtos P33 TpeTbed TeTpags
BONTTPHA N 3KCTPAKUMOHHOE BHAENEHNE U3 HAX TPEOYENNX INENEHTOB.

Ha pucyske 2.29 npefcTaBrena cxema dKCTPaKUMOKHKOTO BHAenennsa 3pbusa o
BHCNPO3US M3 a30THOKUCAHX PacTBOPOB ATTPAR-3pO6MHEBOTrO KOHUEHTPATA C NONYTHHN
nonyyeHwuew 060raueHHHX KOHLEHTPATOB Apyrux taxensx P33 w warTpua, u ¢
nenonbsosannenw 1,2 wons/n pacrteopos NJJoK 8 P3IN-3 B kavecTse 3KCTparenta Ha
BCeX pasfenuTenbHuXx Kackagax.
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PucyHok 2.29 - Cxema pa3sgeneHus nUtTpuii-ap6neBoro KoHUeHTpaTa, NosyYeHHOro npu
nepepaboTke pas/IMYHOrO MUHEPAsSIbHOTO CbipbA

fpyrne no cocTaBy KOHUeHTpPaTH, NOAYyYeHHHE NO CXeMe, NpejCcTaBrennod Ha
pHcyHKe 2.29, HanpasnART Ha BHJENeHWEe MHAUBUAYyanbHux P33 w  aTTpMA,
npefBapuTenbHo 0cakgan Mx A3 pacTBOpPOB B BMHAE KaplowaTos. CTapgua ocCaxfenus
kapbowatos P33 no03BONAET MCKARYMTL W3 CXEMH MeXKACKafHue ynapku BOJHHX
padunaToB AN PEIKCTPAKTOSB.

fna nonyvyewus dMcTHX OKCHAOB TAKeAwx P33 B paccuoTpeHnhoid cxewe
HCNONb3YONT NPOTHBOTOYHHE IKCTPAKUNOHHNE KACKAAH C NPONUBKOA N OpoOLEHUEN WX
NpoNSBHOA wpabunathoh vacTu.
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M3BecTHbl cnocobbl aKCTpakUMoHHOro pasaeneHns P33 ¢ ucnonbiosaHnem
(hOCHUHOBLIX KMUCIOT B CMECWU C CONMAMU TETPaankmnammoHusi, apundochoHOBLIMU
Unn anknngochOHOBLIMU KMCIOTaMM Unin adorpami.

OKcTpakumoHHoe pasgeneHve P30 ¢ wmenonb3oBaHvem  ankundocdurHoOBbIX
KMCNOT BrepBble Obino 3anateHToBaHo dpaHLydamm Jean-Louis Sabot, Alain Rollat. B
JansHenwem aToT npovecc Obin 3anaTeHToBaH 1 B APYrUX CTpaHax.

YkazaHHble 3KCTpareHTbl UCMOSb3YT B YMCTOM BUAE UMW B BUAE PacTBOPOB,
copepxawmx o1 5 o 100 06. % akcTpareHTa, B anudaTnyecknx Unm apoMaTnyHecknx
yrrneBogopodax, KepoCWHe, XMopupoBaHHbIX —yrrmesogopopax. [Ons  nosblleHWs
pacTBOPUMOCTU B OpraHuyeckyto dady moryT ObiTb foBaBneHbl cnvpTbl, 3dupbl
dochopHON nnn  HPOCHUHOBBIX  KACMOT, (POCHPUHOKCUABI UM CynbOKCUAbI B
konuyectee oT 3 40 20 006. %.

OKCTpaKUmMIo NPOBOAST M3 BOAHbLIX PacTBOPOB C coaepxaHmem cymmbl P33 B
nepecdeTe Ha okcuabl oT 20 go 500 r/n npu KMCNOTHOCTU BoaHOW dasbl oT 0,01 fo
3,0 Monb/n a3oTHOM KkucnoTel. pH BogHom a3l He MoxeT ObiTb Hwke 3. [Ons
KOPPEKTUPOBKN PH MCMOMb3YIOT FTMAPOKCUA HATPUS UM aMMUAYHYIO BOZY. OKCTPaKUmio
npoBoasAT B MHTEpBane temneparyp ot 10 °C go 50 °C, npenmyecteeHHo npu 20 °C —
40 °C. 3kcTpakumo P33 anknndochrnHOBBIMIU KUCIOTaMN MOXKHO Takke NPOBOAUTL U3
BOAHbIX PACTBOPOB CEPHON, CONSIHOM U XNOPHOM KUCTIOT.

Pasgenenne Tskenbix P33 M3 xnopupHbix pacTBOPOB C MCMOMb30BaHWUEM
ankunoc@UHOBBLIX  KUCMOT, WX COMeA WM WX CUHEPreTHbIX CMecen C
dhocdmrHoKCMAAMM ONNCAHO TaKKe B KUTAWCKOM NaTeHTe.

2.20.9 MeToabl nepepaboTKu NMUPOXNOPOBLIX U AHANOIMMYHbLIX MO COCTaBYy
pyAa u KOHLEeHTpaToB, coaepxawux P3M

MuHepanos, cogepxawpmx HWObuM n TaHTan, HacuiTeisaeTca Gonee 100, HO K3
HMX He BGonee 50 ABNAOTCA COBCTBEHHO HUOGWMEBLIMM W TaHTaNOBLIMK, OCTarlbHbIE
coaepxar HMOOWIA 1 TaHTan B BUAE NPUMECEN.

Hanbonee BaxHble MUHeEparnbl HAOOUS 1 TaHTana MOXXHO NOApPa3sAenvUTb Ha ABe
rpynnbi:

1) TaHTano-Hmobarbl — CONMM TAHTanoBoOW U HUOBMEBOI KUCTIOT;

2) TuTaHo-TaHTano-Hmobarbl — CMOXHble COMM TWUTAHOBOW, TaHTanoBOW W
H1OBMEeBOI KUCNOT.

OCHOBHbIM MWHEpanom MEepBOM [Pynnbl MWHEPANOB SBNSETCA TaHTanWUT-
KonymbuT — M3OMOPMHBIA psAa MeTataHTanaTtoB, MmeTaHuoGaTtos xenesa (II) wu
mapraHua (Il) (Fe,Mn)[(Nb,Ta)Os],. CooTHOoWeHMe TaHTana U HUOOUSA U3MEHSIETCA B
n3omopcHOM psay npumepHo ot 5:1 go 1:5.

BaxHenwmm npeacTaBuTeneM BTOPOW Mpynnbl MUHEPANoB ABMAETCS Nonaput v
N30OMOPGHBLIA  paf  NUpoxnopa-Mvkponuta.  Jlonaput —  nopoaooGpasyowmii
MarMaTtuyeckmii MmHepan. XMMUYecKn 3To TUTaHOHMOGAT peaKo3eMenbHbIX, LENOYHbIX
N LWenoYHozeMenbHbIX 3nemeHToB. [lepeble B HEM NpeacTaBneHbl, B OCHOBHOM,
Liep1eBor NOArpynrow, a BTopble — HaTpuem u kanbunem. dopmyna nonapura [Na, Ca,
P33][Ti, Nb]JOs. Psa nupoxnopa-mukponuta — 9TO OOMbLIOE  YWCHO
OKCO(TOPOHMOBATOB UM OKCO(PTOPOTAHTANaToB KOTOpbIE MOXHO onucate obLen
npumepHon dopmynon [Na,Ca][Nb, Tal,OsF. BaxHellune B NPOMbILLIEHHOM
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oTHoweHun — 3to nupoxnop [Na,Ca,P33]Nb,OgF n mukponut [Na,Ca,P33]Ta,O6F. 310
ZBa kpanHux muHepana Nb — Ta paga.

B cxemax nepepaboTtkn NUPOXIOPOBbIX kapboHaTUTOBbIX pya
npeaycMaTpuBaloTCd  Kak rpaBUTaUMOHHbIE, Tak W (JIOTaUMOHHBIE NPOLECCHI.
lpaBUTaUMOHHbIE NpOLECCHI NPUMEHSIOTCA  NpU  oboraweHnM  KpymHo-  Miu
CpeaHeBKpansieHHbIX PyA.

PaspaboTtaH CepHOKMUCNOTHBIN CNOCo6 pas3noXeHWs NIoNnapuToBOro KOHUEHTpaTa
W pasgeneHus pefKko3eMernbHbIX SNIEMEHTOB, TWUTaHa, Huobus u TaHTana ¢
NCMONb30BaHWEM Pa3nMynii B paCTBOPUMOCTY ABOWMHbLIX CyIbaToB 3TUX S1IEMEHTOB.

OcHOBHOM HepoCTaToOK CePHOKUCNOTHOro crniocoba nepepaboTkn nonapuToBoro
KOHUEeHTpaTa — He obecneumBaeTcst 4OCTaTouHO YeTkoe pasgenerHune P33, Tin Nb, Ta.
Bonee rnybokoe pasfeneHne ykasaHHbIX 3MEMEHTOB MNpu nepepaboTke TUTaHO-
TaHTano-HMoOMEBbIX  KOHUEHTPaTOB AOCTMIaeTcs MNpU  BCKPbITUA  UX  NYTEM
XIOPUPOBaHMS.

OnvcaH cnoco6 nepepabotkn Huobueebix pya Bayan Obo metopgom
cynedaTtuanpytoero obkura npyu 250 °C ¢ nocneayowyM BbiLenaynsaHMeM npu
60 °C. B pesynbtare npucyrcreyowme Hnobun n P33 nepexoaat B pacteop.

K HacTosiemy BpemMeHW KpOMe CEepHOKWUCMOTHOrO paspaboTaHbl HECKOINbKO
BapVaHTOB KMCIOTHON TEXHOMOrMM Ans nepepaboTkn NonaputoBbIX U NUPOXITOPOBbLIX
KOHLIEHTPATOB: HUTPaTHO-CyNbMaTHbIA, HUTPATHO- XNOPUAHbLIN, HATPATHO-(PTOPUAHBIN,
LLIeNOYHO-CEPHOKMCNOTHBIM.  Hanbonee  npuBnekateneH  BapuaHT  LWENOYHO-
CEePHOKUCNOTHON nepepaboTk nonaputa, NO3BOMAOLNA C BbICOKOW CENEKTUBHOCTLIO
OTHENUTL PEAKO3EMENBHBIE 3NEMEHTbI U TOPUI OT TUTaHa, HMOBUSA 1 TaHTana.

LLlenoYHO-CepHOKUCIOTHAs TEXHOSOMMA OCHOBaHa Ha npeaBapuTenbHOM
pasnoXxeHnuM NONapuTOBOro KOHLEHTpara B pacnnaee ruapokcuaa Hatpus. B
pesynbTate pasnoXeHUs pegkue MeTansnbl, BXOAsLUME B COCTaB KOHLEHTPaTa,
NnpeBpaLLarTCs B COEAUHEHUS, pAaCTBOPUMbIE B pa3baBreHHbIX KUCoTax.

MpoLecc pacTBOPEHWsI KOHLIEHTPATOR B MIABUKOBOW KWUCMOTE C MOCneayoLwym
KCTPaKLUMOHHLIM pasferneHneM HMobus u TaHtana B cynbgaTtHo-bTopuaHoOM cpeae
LUMPOKO pacnpocTpaHeH B MPOMBbILLNEHHOCTU. B To xe Bpems BBMAY AOPOrOBU3HbI U
HEeAO0CTYMHOCTU MIAaBUKOBOW KUCMOTbI K 68HOMY CbIPbHO 3TOT CNOCO6 HEMPUMEHUM.

2.20.10 NepepaboTka MOHAUUTOBbLIX KOHLIEHTPATOB

MuHepanorMs NCXOAHOr0 MOHaLUMTOBOIO CbiPbSi BECbMA CIIOXHA U HENOCTOSIHHA
MO COOTHOLLEHWUIO MUHEPANOB PasfUyYHbIX MECTOPOXAEHUN.

MoHauuT oTHocuTcsa K rpynne docdaTtHbIXx MuHepanoB (docdaT uepus wu
peako3eMernbHHbIX anemeHToB, P33), cogepxawmx ypaH, Topui n P33 [15]. Cocras:
(Ce, La, Y, Th) POy, copepxaHue Topust MOXeT gocturate 12 %, cootHoweHne La:Ce,
Kak npaeuno, 6nmsko k 1:1. MoHauuT SBNSIETCA BaXXHENLWIUM UCTOYHMKOM Topusa n P33.
Bcrpeuaetcss B 6eperoBblx UM peuvHbIX POCCHINAX B accouuauum € LIMPKOHOM,
WUNbMEHUTOM U PYTUIOM.

PaspaboTka MOHaUMTOBbLIX POCCHIMHBLIX MECTOPOXAEHUIA OTIMYAETCS NPOCTOTOMN.
B pesynbTate oforalleHus n oTAeneHust OT CONyTCTBYHOLWMX MUHEparoB MeToaamu
rPOXOYEHUsI N BNEKTPOMAarHATHOW cemnapauyi nomny4aroT KOHLEHTpaTbl, copepaliue
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95 % — 98% moHauuTa[12]. Ans LOBOAKM KOHLUEHTPaTOB U OTAENEHNS OT HUX LIMPKOHA
NPUMEHSIIOT PnoTaumoHHbIN MeToh oboraweHns [13].

MvapomeTannyprnyeckas nepepaboTka MOHAUUTOBOrO KOHUEHTpara C Uenbto
N3BMNEYEHNS N3 Hero Topus, ypaHa u P33 BkniovaeT B cebsa cnepylowme OCHOBHbIE
onepauum.

® BCKPbITME UCXOAHOrO KOHLEHTpaTa C MofyYeHneM COeMHEHWUI TOpusi, ypaHa
n P33, pactBOprMbIX B MUHEPAarbHbIX KUCNOTaX;

* nepeBoj Topus, ypaHa n P33 B pacTeop;

e oTaeneHve Topus, ypaHa n P33 ot docdopa;

® paspeneHue Topus, ypaHa u P39;

Kak otaenbHyto cTtaguio nepepaboTky MOHALMTOBOrO KOHLEHTpaTa Heobxoaumo
BbILENUTb

® [e3aKTVBaLMIO MPOMEXYTOUHBLIX PacTBOPOB OT MPOAYKTOB PagnOaKTUBHOMO
pacnaga Topus v ypaHa.

Takum 06pasom, ycoBepLUEHCTBOBaHME TEXHONOMM NnepepaboTkn MOHaLMTOBBIX
KOHLleHTpaToB cBOAUTCH NGO K paspaboTke HOBbIX MPOLIECCOB ANS OCYLLECTBREHUs
BCEX MEPEYMCIIEHHbIX BbILLE CTaAuN, NMMBO K X MOAEPHMU3ALMN C YHETOM COBPEMEHHbIX
LOCTWKEHNA TEXHONOMUM TMAPOMETANIYPrn peAKUX U paanoakTUBHLIX METaNIOB.

Hanbonee un3BecTHbIMM MeTOAaMM BCKPbITUS MOHaALWMTOBOIO KOHLEHTpaTa
ABMNAOTCH Cynbdarnsauma, CnnaBneHme ¢ eAKMM HaTpoM, HarpeeaHvue ¢ pacTBopamm
€[KOro HaTpa, CrekaHue ¢ KanbLMHNPOBaAHHOW COAOK, CrinaBneHme ¢ propeunmkaramm,
XIopvpoBaHue, BoccTaHoBneHue ocdaroB Mpy BbICOKMX TEMMepaTypax U HEKoTopble
apyrue metogbl [15].

MpoMbllneHHoe 3HayeHne npuobpenyu Tpu OCHOBHbIX MeToAa  BCKPbITUS
MOHaLMTOBOrO KOHLIEHTpaTa:

- cynbatmsayus [9-28];

- wenoyHan obpaboTka (CnnaeBneHne unn cnekaHne ¢ rMapoKCUAOM Unn
kapboHaTom HaTpusi, 0bpaboTka wenodYHbimmn pacteopamu NaOH [29-32];

- XNopupoBaHue KOoHUeHTpaTa [18-24];

CylHOCTb METOAOB  LUEMOYHOIO BCKPbITUS MOHALMTOBOrO  KOHLiEHTpaTa
3aKnoYaeTcsl B CNNaBMEHUM MOCMNEAHEro C KayCTMYEeCKOM unv KanbLMHUPOBaHHOW
copor npu 400 °C — 500 °C, c nocneaytowen o6paboTkon nnaesa BOAOW ANs NepeBoaa
docdopa B pacTBOp M pacTBOPEHVWEM TMAPATHBIX OCaAKOB TopusA, ypaHa u P33 B
MUWHeparnbHol kucnote. ®ocdop M3 BOAHOIO pacTBopa BbIAENAIT KpucTannusaumen
TpuHatpuidocdara [29].

CnnaeneHve c¢ NaOH 6bino wucnonb3oBaHo Takke npu nepepaboTke
MOHaUWUTOBOrO kOHUeHTpata B pabotax [23-30]. CnnaeneHve MoHauuTa C
rMMAPOOKUCAMU  ApYruX LUEeno4YHbIX MeTannoB onucaHo B narteHte [31].lMepsble
MCCrNeaoBaHWsl Mo CNNaeMneHWIo MoHauuTa ¢ kapboHaToM HaTpua NpejacTaBneHbl B
pabotax [12, 13], a noapobHO cnnasneHve ¢ kapboHaToM HaTpUa U3yyeHo B paboTte
[32].

Xnop1poBaH/We MOHaLMTOBOIO KOHLEHTpaTa SIBNSETCA TPETbUM MO 3HAYUMMOCTU
METO[OM, NMPYMEHSEMBIM 1151 €70 BCKPbITUS.
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MpoLecc xnopupoBaHWs MOHaLUTOBOro KOHLEHTpaTta Obin onvMcaH B naTeHTax
repmanuyn, PpaHumn, Utanum, AHrnmn. OnpeaeneHHble NONOXUTENbHBIE Pe3ynbTaThbl
ObINY JOCTUIHYTbI aBCTPANMUACKMMMN UCCNEA0BaTENAMM.

Mepeesopn Topus, ypaHa u P33 B pacTtBop 3aBUCUT OT METOfa BCKPbITUS
WUCXOAHOrO KOHUeHTpaTa. [pu cynbdatv3aumm moHauuTa NpOoAYKTbl  BCKPbITUS
obpabaTtbiBaroT BOLOW C NONyYEHNEM CEPHOKUCTIBIX PACTBOPOB LiENEBbIX KOMMNOHEHTOB.

Ons otpenennss topusa m P33 or docdopa npeanoxeHo [10] mpoBoauTb
npeaBapuTeNibHOE BbILLENaYnBaHNE CEPHOW KUCNOTOW ANA yjaneHns docdopHom
KMCMOThI, @ 3aTeM BbilLenaymBaHue BOAOW ANns nepesoga cynegatos P33 u Topus B
pacTBop.

Mpy LWenoYyHOM pasnoXeHUn MOHaUMTOBOrO KOHLIEHTpata MOSlyYeHHbIA nnas
BblLLEeNaynBaroT BOAOW ANs oTAeneHns docdopa B BMAEe BOJOPAcTBOPUMOro
TpuHaTtpuindocdarta. HepactBopumble B Boge rugpookucu P33 u Topusi 3atem
NMoABepratT pacTBOPEHUIO B MUHeparbHbIX KMcnoTax. [insa pacTBOpPeHWUs MosyyYeHHbIX
0CafgkoB MOXET OblTb MCMONb3OBaHa CepHas, conaHad M asoTHas kuenotbl. [lpu
WCMONb30BaHMN CEPHON KUCIOTbI HE BO3HMKaeT npobnemM 3aumTtbl o6opyfoBaHus OT
aKTMBHOrO Xropa, OAHAKO PacTBOPUMOCTb CynbdatoB Topus U P30 MeHblue, yem
XNOpUAOB WM HUTpatoB W ob6beMm pacTBopoB yBenuuuBaetrca ~ 1,5-2 pasa.
PactBopeHne B a30THOW KMCNOTE COMpOBOXAaeTcA GOnblUMMKM NOTEPSAMK TOpUSA 3a
CYeT 3axBara HepacTBOPMMbIM OcagkoM TuTaHa. [lostomy Haubornee uyacto
NCMOSb3YHOT PacTBOPEHME B CONSAHON KUCNOTe.

Hanbonee BaxHOM WM TpyaHOU 3apadvenn nepepaboTkm MoHauuTa sABnsieTcH
pasgeneHue ypaHa, Topus n P33 ¢ nonyyeHuMeM mx umncTbIX coeauHeHwun nivnm B
cnyyae P33 nx cMeluaHHbIX KOHLIEHTpaToB.

Ona pasgeneHuss ypaHa, Topua wu P33 wuvcrnonb3yloT [Ba OCHOBHBIX
NMPOMBILLNEHHO anpobupoBaHHbLIX METOAA: OCaAWUTENbHBIA (PasnMYHbIE BapuaHTbl
rMAPONUTUYECKOrO OCaXAEHVS UMM OCaKAEHUE TPYAHOPAaCTBOPUMBIX COEAVHEHUA) U
SKCTPaKUMOHHLIA (paspeneHne ypaHa, Topus U P33 XWAKOCTHOW akCTpakumen
OpraHWYyeckumn peareHTamu). [Ons  aHanmMTUYecKoW XMMMM W B TEXHOMOorum
nepepaboTkn 06NyYEeHHOro SIAEPHOTO FOPHYEro ANS pasfefieHust 3TUX 3MEMEHTOB
WCMOSb3YHOT Takke COpOLMOHHBIE METOALI pasaeneHuns. PasgeneHne nHanemuayarnsHbIX
P33 meTonom noHHoro obmeHa ypeaBbivaiHO 3aTpyfHeHO BBuAY 6nmnskoro cpopctea
P33 k nonutam.

Ha nepBom stane nepepaboTkM MOHAUMTOBOTO KOHUEHTpara  LUMPOKO
NPUMEHSINN ocaauTerbHbIE METOAbI pasfeneHust ypaHa, Topust n P33, cpean koTopbix
HeoBX0ANMO BbIAENUTL:

- ocaauTenbHoe pasgeneHune, obycrnoBneHHoOe pasnuunem B rMapONUTUYECKUX
CBOWCTBaXx 3MEMEHTOB;

- ocaguTenbHoe pasgeneHue, obyCrioBNEHHOE pasnMyneM B pacTBOPUMOCTU
HEKOTOPbIX CONeEN.

Topun obnagaetr MeHee OCHOBHbIMKM cBovcTBamu, Yem P33, nostomy ero
nepBbiM BbIAENSAIOT U3 PacTBOPOB MUHEpPAribHbIX KUCIMOT MOCNE WX HeWTpanvsauuvn.
Mpn CEepHOKUCNOTHOM pPa3NOXeHNM MOoHaUuTa TOpUA MOXET ObiTb BbiAeneH u3
pacteopa u otaeneH ot P33 HeWTpanusaunen pasnuuHbIMA peareHTamy, aMmmMUaKkoM,
rMAPOKCMAOM HaTpus, OKCUAOM MarHus, okengamm P33 [10], a Tarke 3HauuMTenbHbIM
pasbaenennem Bogon [9, 13, 15].
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Hawnbonbluee pacnpocTpaHeHve Anst pasgeneHus ypaHa, Topusa u P33 nonyunn
METOA XMAKOCTHOW 3KCTPaKLWK, NO3BOMSIOLLMIA NoNyYaTb NPOAYKTbI SAEPHON YNCTOTHI.
J10oT M™MeTon Obin MCMOMb30BaH [ANS  Pa3fenieHnsl HasBaHHbIX  3IEMEHTOB Npu
nepepaboTtke moHauuTa ewe B 1940-x rr [11]. C Tex nop aToT MeTog nony4mn 6onblioe
pasBuTME U MPOMbILLNEHHOE NpuMeHeHue. [locTaTouyHO ckasaTb, YTO MPaKTUYECKU BCe
NPOMBILLNEHHBIE N BHOBb CMHTE3MPOBaHHble B nabopaTopusix aKcTpareHTbl Obinv
N3yYeHbl AN Lenen pasgeneHns atmux anemeHtoB. OaHako Hanbonee NPOMbILLNEHHO
3Ha4YYMbIM MPOLIECCOM OCTaeTCH pasfeneHus ypaHa, Topua n P33 ¢ npumeHeHvem B
kayecTBe akcTpareHTa Tpubytnndocdara (TB®). Takke BaxHy0 ponb B npoueccax
nepepaboTkn pacTBopoB BblLLEnavYnBaHns MoHauuTa urparot an-2-
atunrekcundocdopHas  kncrnota  (J23MPK), amvHbl pasnuMuHoro CTpoeHnsa w
YeTBepTUYHbIE ammoHmeBble comv (YAC).

B HacTosiLLee Bpemsi CEPHOKMCIbIN CNOCcoB BLITECHAETCH LWENOYHbIM CnocoGoM
BCKpbITUSA. B HacToswee BpemMs nNpeanouyTeHMe OTAaeTCcs LUEMNoyHOMY MEeToay
BCKPbITMSA. BonblMHCTBO nepepabarbiBalowmx MOHAUUT MPEANpUSITUA B MUpE
paboTatoT no wenoyHomy metogy. OH MMEeT NPeumyLLecTBO B TOM, YTO MO3BOMSAET
pereHepupoBaTb ochop 13 MoHaUMTa B BUAE ToBapHoro Tpudocdara Hatpus.

Takvm obpasom, paccmMoTpeHHble cnocobel nepepaboTkM MoHauWTa No3BoNsOT
CAenaTe Crnefylowme 3aknioYEeHWs: LEneBbiIMU  KOMMOHEHTaMK, COCTaBMsOLLMMU
MOHAaLMT U UMEIOLLMMM NPaKTUYECKOEe NPUMEHEHNE B PA3NNYHBIX OTPACHISX SKOHOMUKM,
aBnaroTes dpocdop, ypaH, Topun n P33.

Hawnbonee nepcnektneBHbiMM cnocobamm KOMMNEKCHON nepepaboTkn MoHauuTa
B MPOMbILLNEHHOM MacwTabe ¢ U3BNEYEHMEM BCeX LIEHHbIX KOMMOHEHTOB: docdopa,
ypaHa, Topusa u P33 ocTatotea cynbdatnsaumsa u WwenovyHoe pasnoxeHve MmoHauuta. B
TO e BpeMs 6onee NepcneKkT1BHBIM NPU LLENOYHOM PasfioXeHnM MoHaumTa ABnseTcs
kapboHaTHass nepepaboTka NPOAYKTOB PasfoXeHuss, a WMeHHO kapboHaTHoe
BbilLieNa4ymBaHe TOPUS 1 ypaHa ua cmecu ux rugparos ¢ P33.

OcHoBHbIMU Npobnemamun nepepaboTky MoHaUUTa B CBA3M C €ro  NepeMeHHbIM
COCTaBOM OCTaloTCH BCKPbITUE NCXOAHOrO KOHLIEHTpaTa 1 pasgeneHne ypaHa, Topus n
P33. 311 npouecchl HyXaawTCcs B AanbHEWWEM COBEPLUEHCTBOBaHUW, U UMEHHO B
3TOM HarnpaBneHUM pasBUBalOTCA UCCNEf0BaHWNS, NPOBOANMbBIE B HACTOsILLIEE BpEMS B
BEAYLUMX CTPaHax, 3aHUMAaOLLIMXCA NPOMBILLNEHHOW NepepaboTKon MoHaLmTa.

[lna npoueccoB pasgeneHusa ypaHa, Topust u P33 meTtogamm, oCHOBaHHbLIMK Ha
pasHuue B pacTBOPMMOCTW HEKOTOPbIX COSAVHEHUN NEePEYNCTIEHHbIX 3IEMEHTOB,
NepCrneKkTUBHbLIM SIBMSIETCH UCCneaoBaHne kapGoHaTHLIX UM kapboHATHO-LLENOYHbBIX
cuUCTEM.

[ns coBepLUEeHCTBOBaHWUA MPOLIECCOB 3KCTPAKLUMOHHOrO W3BMEYEHUA YypaHa,
Topusi 1 P3O n3 pacTBOpoOB BbilLenaymBaHUa CROXHOrO CONeBoro cocrasa Havbonee
NepcreKTUBHbLIM OCTAETCH NMPUMEHEHNE CUHEPrETHBIX CMECEN 3KCTPareHTOB pasnmnyHbIX
KI1accoB.

B obuwem cnyyae CywecTByOT ABE anbTePHATUBHBLIE CXeMbl NepepaboTkm - Ha
OCHOBE LUEMOYHOTO U CEPHOKUCNOTHOrO BCkpbITUA. [MosTomy uenecoobpasHo B
JanbHenwemM npopabarbiBaTh 3TV ABa BapyaHTa CXem.

OaoHMM 13 BO3MOXHBLIX HanpaeneHUA pasBUTUS CXeMbl CEPHOKUCNOTHOrO
BCKPbITUSI AIBMSIETCA NpOBeAeHWe ABYXCTagumHon cynbdatmsaumun. 3a cuyet 3Toro
yenecoobpasHo NonbIraTbC AOCTUMHYTL CHKEHUS paboyen TemnepaTtypbl npolecca ¢
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200 °C — 250 °C po 150 °C — 180 °C (Npwn KOTOPOK CKOPOCTb Pa3roXEeHNs KUCNOThI, a
COOTBETCTBEHHO, W  WHTEHCMBHOCTb T[asOBbIAENEHVs, Pe3ko  3ameanseTcs).
MNpoeeperne npouecca npu 150 °C — 180 °C yaobHO ewe u Tem, YTO UCKNoYaeT
o6pa3oBaHMe Cyxoro crneka u nosBoNseT OpraHn3oBaTb NPOUECC NepemMellMBaHvs B
peakTope.

Mpy paspaboTke LWENnoYHOW cxemMbl nepepaboTkn MOHALMTOBOIO KOHLUEHTpaTa
Hanbonee uenecoobpasHo Hanu4Me cneayowmnx TEXHONOTMYECKMX OnepaLmnii;

- U3MENbYEHNE MOHALMTOBOTO KOHLIEHTPaTa;

- obpaboTka MoHauuTa KOHLEHTPUPOBAHHBLIM PACTBOPOM MM POOKUCK HATPUS;

- penynbnauys MonyYeHHON peakUMOHHON MacCbl C OTAEMEHWEM LLENOYHOro
pacteopa doccara HaTpust punbTpaumnent;

- pacTBOpeHMe ocagka rmapoKCMAOB B MUHEPanbHOW KUCMOTE (COMSHON MM Mo
BO3MOXHOCTM a30THOW) C nepeBogomM Topus, ypaHa n P33 B pacTeop;

- mocneAoBaTenbHOE AKCTPaKLMOHHOE BbIAENEHWE N3 pacTeopa Topus U ypaHa
B BUAE YMCTbIX COBLUHEHWN;

- BblgeneHne cymMmbl P33 B Buge NpOMEXYTOYHOrO TPYAHOPAaCTBOPMMOrO
coeguHeHuns unm BKCTPaKUMOHHOE BblAeneHune nHOVBMAYanbHbIX P33
HenocpeAcTBEHHO U3 paduHaTa sKCTpaKLum ypaHa;

- obssarenbHas  pereHepaumust Wwenousm (MofHas WM YacTuyHas),
ocyulecTensemMas nmMbo Kpuctannusauven TpuHatpuidocdata € BO3BpPATOM
MaToYHWKa KpucTannmaaumm (pacteop 40 % — 47 % NaOH) Ha onepauuio BCKpbITUS
MoHauuTa, nubo obpaboTkol LienoyHoro pacTteopa docdara HaTpua M3BECTbIO C
BblAeNIeHNneM OTBaslbHOrO TpMKansLmndocdaTa 1 LLenoYHoro pacteopa;

- obsAsatenbHa TwarenbHas MHOrocTaguiiHas ouMcTKa BCeX COPOCHbIX
pacTBOPOB, a TakKe PacTBOPOB, HampaBnsieMbix Ha BbigeneHve TpuHatpundochara
UM TpukanbumindocaTa OT paguoakTUBHBIX NMPUMECER: Topus, Pagus, NOSIOHUSN,
paanoakTUBHOMO CBUHLA.

Mpn paspabotke Bcex Cxem HEeOOXOAUMO PYKOBOACTBOBATLCA MPUHLMNOM
MaKCUManbHOrO  COKpalLeHMs KOonM4yecTBa PaguoakTUBHBLIX TBEpAbIX OTXOAOB,
NOCKONbKY 3axOpOoHeHWe ux ctouT goporo. lMostomy uenecoobpasHo MakcumanbHO
WCKMIOUYAUTE OcCaauTenbHble onepauuu, NpUBOASLUME K «pa3MasbiBaHUO» TOpUs Mo
TBEpAbIM hasaM, a Takke BopoTbCA 3a NOMNHOTY BbIAENESHUA TOPUS B BUAE KOMMNAKTHBLIX
YACTBIX COEAMHEeHWN, YAOOHBLIX Kak AnA 3axXOpOHeHUs, Tak U AN BO3MOXHOW
peanusauumm.

CepHOoKUCNOTHLIM croco® nepepaboTkn MOHAUMTOBOrO KOHLEHTpata CoCTOUT B
pa3noXeHNM KOHUEHTpaTa CEPHOM KWUCNOTOW C MNOCNeAyloWwyM BbilenadmBaHnem
Bogon cynbcatos P33 m Topua. U3 pactBopa pasfenbHO BbiAENAT COSAVHEHWUSI
Topus n P33.

PasnoxeHue. WamenbyeHHbIn MoHauuTOBbIM  KoHueHTpaT (0,15-0,1 Mm)
pasnaratoT KOHLEHTPUPOBAHHOW CEPHON KMCMOTOW npu Temnepatype 180 °C — 200 °C
(1,5-2 T Ha 1 T KOHUeHTpaTa, YTo B 2,5-3 pasa npesbilaeT TeopeTUYeckn Heobxogmmoe
KOnMyecTBO) B TedveHve 2-4 4. PasnoxeHve BefyT B CTarbHbIX WU YyryHHbIX
annaparax NepuoanYeckoro AenNCTBMs ¢ MeLwankon nnn B 6apabaHHbIx BpaLLaroLLmMXcs
cynbdarnsaTopax ¢ aBTOMaTWUYECKOW Mojadvent CepHOW KUCIOTbl U KOHUEHTparta u
HENpPEepPbLIBHOM BbIFPY3KOWM NONy4aeMoro NpoAyKTa.

OCHOBHbIE peakLn, NPOTEKAOLLNE NPU PA3NOXKEHUN:
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2LnPO4 + 3H2304—)(Ln)2(SO4)3+2H3PO4 (2.32)
Th3(PO4)4+6H2$O4—)3Th(sO4)2+4H3PO4 (2.33)

Mocne OKOHYaHWA pasnoXeHWs nacroobpasHyld PeakUMOHHYI  Maccy
BbILLiENaYMBaloT B CTanbHbIX OCBUHLIOBaHHbIX annaparax xonogHon sogon (10 nHa 1 kr
pasnaraemMoro KoHueHTpaTa). Takoe pas3baBneHue Heobxoaumo ans obecneveHus
nepeeoja B pacteop cynbdatoe P33 n Topus

Ons BbigenerHusa Topusa n P33 n3 cynbdarHbix pacTBOpOB NPUMEHAKOT cnocob
CTyneH4YaTon HewuTpanu3aumn pacTeopoB C ocaxaeHuem docdartos Topus u P39,
OCHOBaHHbIN Ha pasnuuMn 3HadeHun pH BbligeneHusa docdara Topusa u docdaros
naHTaHomngos: docdar Topus BeIAENSETCA U3 CEPHOKUCTILIX pacTBopoB npu pH 1, B TO
BpeMs kak dpocdarel P33 ocaxpgarores npy pH ~ 2,3.

B ocHoBe weno4vHoro crnocoba NexuT peakuvs B3avMOAENCTBUA MOHauuTa C
pacTBOpPOM AP oKCuaa HaTpus:

LnPO4(TB)+3NaOH(pam)_,Ln(OH)3(TB)+Na3PO4(pam) (2.34)

MonHoe pasnoxeHWe MoHauuTa [OCTUraeTCA NpYM TOHKOM  WU3MEnNbYeHUN
KoHueHTpaTa (96,5 knacca -0,044 mm) ¢ npumeHeHnem 45%-ro pacteopa rmgpokcuaa
Hatpua B kormmuectBe 1,5 kr NaOH Ha 1 kr moHauuTta (4to coctaensier — 300 % ot
TeopeTuyecku Heobxoaumoro konuuyectsa) u obpabotke npu Temneparype 140 °C B
TedeHne - 3 4. [losbilweHne Temnepatypbl pasnoxenns po 200 °C npueogut K
NPakTU4YeCKn MOSIHOMY BCKPbITUIO. KOHUEHTpaT pasnaratoT rMapokCcuaoM Hatpus B
CTarbHbIX peakTopax.

N3 dunbTpata nocne ocaxaeHWss TOpWS pPacTBOPOM MMApPOKCUAa HaTtpus
ocaxaaroT cmech ruapokenaos P33. BbicylUeHHBIM 0cafok rMapOKCUAOB NAHTaHOUIOB
UMeeT CrneayroLmMii NpUMepHbIn cocTae, %: P33 —73; Th - 0,05; U — 0,005; Fe — 0,002;
Si-04;,P-0,1;,Cl-7,9.

MNpenmyllecTBa LWENOYHOrO MeToAa nepes METOLOM pasfoXeHWs MoHauuTa
CEepHOM KUCMOTOM - OTAEeneHue yxe Ha nepsBoi cTagum docdopa OT TOopuUs U
NaHTaHOWAOoB C MorydYeHWem nonesHoro noboyHoro npogykra - docdara HaTpus.
OpHako CepHOKMCIIOTHbIM METO SKOHOMWUYHEN W Gonee yHWMBepcaneH - NMpUMEHUM K
MOHALMTOBbLIM KOHLIEHTpaTamM pasnimnyHOro NpoUCXOXAEHNS.
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Pasgen 3. CywecTBylowMe ypoBHU MNOTpPeONEeHUs pecypcoB M
BbIGPOCOB B OKpyXalolyo cpeny

3.1 OHepropecypchl B npousBoacTBe peakux 7]
peako3emMeribHbIX MeTannos

OOwwune cBegeHuns

OHepreTnyeckMe pecypcbl [EensaTcs Ha ABe [MaBHble  Kateropum —
HeBOo30OHOBNsAemMble M BO306HOBNsSemble. K HeBO306HOBNAEMbIM 3HEPreTU4eckM
pecypcaMm OTHOCSTCSl YrNIEBOAOPOAHbIE TOMMUBA — Yrofib, HedTb, NMPUPOAHLIA ras,
roproyMe cnaHubl, Bofopoa, saepHoe Tonnmeo U T.4. CoBpeMeHHas SHepreTuka B
OCHOBHOM GasumpyeTcsi Ha TOprYMX WUCKOMaeMblX — yrne, HedTW, NpPUPOAHOM rase.
OHepruto nony4yatoT TPEMS NyTAMM: NPOU3BOAS TENMO CKUraHWeM TOMnuBa, NPAMbIM
npeobpa3oBaHMEM TEMMOBOW SHEPrMM U MONYYEHWEM CheumarbHOro Buga 3Heprun —
3MEKTPO3HEPr. Mo  cywectBy, 9nEKTPOSHepPrUss  SAIBMSIETCH  BTOPUYHBLIM
3HEPropecypcoM W BLIMOMHAET poONb  MNOCPefHUKA MeXAY WCTOYHUMKaMn W
notpebutensMn aHeprun. [MNaBHbIMW HepocTaTKamu MNONYYEHUs SHEPrUn ABNAETCH
BO3MOXHOE HeratmBHOE BO3[ENCTBME Ha OKPYXatoLLYHO cpeay.

MoTpeBHOCTM B 3Hepropecypcax 3HauYATENbHO OTMMYAKTCHA ANA PasfnUyHbIX
TEXHOMOMUA MONyYeHUA PEeAKUX WU peako3emerbHbix metannoB. OHM 3aBWCAT OT
Ka4ecTBa Cbipbsi U NPOAYKLMW, NCNOMb30BaHUSI CKPLITOro Terna unm Tenna oTxoaAaLwmx
rasoB M NPOM3BOACTBA MNPOMEXYTOYHOW NPOAYKLINK.

OcHoBHble 3konoruyeckue npobnemsl Npyu npoussoactee PM n P3M cBsizaHbl ¢
3arpssHeHneM Bo3ayxa 1 Boabl U 0OpasoBaHMeM onacHbIX oTxoAoB. Ha npeanpuatnax
06bIYHO yCTaHaBnMBaltT COGCTBEHHbIE BOAOOYUCTHLIE COOPYXEHWS WM UCMONb3YIOT
3aMKHyTblEe cUcTeMbl BogoobopoTa.

Ona BocrnonHeHuss 0o0beMOB  OBOPOTHOM  BOAbl,  WUCMOMb3yeMOW B
TEXHOMOMMYECKOM MpPOLiecce, U MoTepb, CBA3AHHbIX C UCNAapeHeM, MOryT cobuparbest
NMOBEPXHOCTHbIE CTOKW, @ TakkKe APeHaXHbIE CTOKWN C MONUIOHOB 3aXOPOHEHWUst OTXOA,0B.
Ecnu nossonsitoT 06beMbl BOAbI, BbIBOAUMOM U3 MPON3BOACTBEHHOrO rnpoLiecca, MoXeT
pobaenaTbCs  uHanbHBIM - 3Tan  KpUCTannmMsauun, YTO MO3BOMAET  MNOSHOCTBHH
NCKIOYNUTE COPOCHI 3arpA3HAILLMX BELLECTB B NPUHUMAIOLLME BOAHbIE OB6BLEKTbI.

MHorve BuAbl 0OTX0OL0B NOBTOPHO MCMONB3YHOTCA B MPOU3BOACTBE, HO OCHOBHbIM
BMZOM, OKa3bIBarOLLUM 3HaUMTENBHOE BO3AEACTBME Ha OKPYXKAIOLLYIO Cpedy, ABMNATCS
OCTaTOYHbIE MPOAYKTHI BbienaunsaHus. [Ons noaoTpacnn xapakTepHbl HEKOTopble
noKarnbHble acnekTbl, TakMe Kak Wym K Bubpauusi. B cBA3n ¢ Tem, YTO pad NMOTOKOB
TBEPAbIX M XKWAKUX OTXOLOB ABMSIOTCSH OMacHbIMY, CyLLECTBYET 3HAYUTENbHbLIA PUCK
3arpsi3HEHNs! NOYBLI.
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3.1.1 BbiGpochbl B atMOocdepy

Mony4yaemble B NUpOMETanNnypruyeckmMx npoleccax BblIGpocbl B armocdepy
nnbo ynaenuearoTCs B BUAE AbIMOBbIX ra3oB, MO0 OTXOANAT B BUAE HEOPraHM30BaHHbIX
BbIOPOCOB B 3aBUCMMOCTW OT BO3pacTa YCTaHOBKM U UCMONb3YEeMON TEXHOMOMUN.
BbiGpochbl AbIMOBLIX ras’oB OObIMHO KOHTPONMPYHOTCA MO0 B HENPEPLIBHOM PEXUME,
nmbo Nepuoagnyveckn, U NO HWUM MNPEACTaBnsSETCs COOTBETCTBYIOLWAS OTYETHOCTb.
Bonbwee ©6eCnokOMCTBO  BbI3LIBAKT  HEOPraHW3OBaHHbIE  BbLIGPOCHl,  KOTOpbIE
Heobxoaumo ynaenueaTb. Takke ynaBnMUBalOTCA BO3MOHbI W WUCMAPEHMs B
rmapoMeTannyprudecknx LUnKnax.

K OCHOBHbIM TWNam BbIOPOCOB B arMocdepy OT NPOU3BOACTBA PEeAKUX WU
pefko3eMenbHbIX OTHOCATCS:

o auokeng cepbl (SO2), NHBIE COEAMHEHUS CEPbI N KUCINOTHbIE Napbl;

o okeuabl asota (NOx) 1 nHble ero coeanHeHuns;

® MeTannbl U X COeAVHEHUS,

e xnop, HCI, CO;

® neTyuyne opraHndeckue coeguHenns u NXQ0/e;

® NbinW.

WHble 3arpssHMTENV B NoAoTpacny npeHebpexmumo Marnb!, MOTOMY YTO OHU N0
He NMPUCYTCTBYHOT B NMPOU3BOACTBEHHOM MpoLecce, NMbo HEMEANEHHO HEMTPanM3yoTCs
(Hanpumep, dTOop MM Topuabl), NMMBO BCTPEYAKOTCA B HU3KMX KOHLIEHTpaumsx
(opraHuka). OnpepeneHHble 06beMbl 3arpssHAIOWLMX BelwecTB BbibpackiBaloTcA B
coctase nbiner. McTouHnkn BbIGPOCOB ONpeensaoTCa UCMoNb3YeMbIMU TEXHONMOMMAMU
(cm. Tabnmuy 3.1). K HUM oTHOCSTCS:

— TpaHCnopTUPOBKA, NMOrpy3ka/pasrpy3ka 1 NoaroToBKa Chipbs;

— obxur/cnekaHne W CepHOKMCNOTHas ycraHoBka (6GOMbLIMHCTBO BbIOPOCOB
NPOVCXOAST BO BPEMS HE3aArMaHMPOBAHHBIX OCTAHOBOK);

— MUPOMETanMypruyeckne onepauun: BO3rOHKa (cnekaHve, obxwur), nnaeka u
padbnHnpoBaHue,

— rMapomMeTannypruyeckme onepauum: BbilLenadvMBaHve, aKcTpakums, copbums,
O4UMCTKa U 3NEKTPONNS;

— MexaHunyeckas obpaboTka: uaMenbyYeHne, pasMorn u rpaHynMpoBaHue,

— nuTBE.

Opyrve 3sarpssHaiowme BewecTBa He WMEKT BUAMMOIO 3HadvYeHua Ans
NPOMBILLNEHHOCTY, NMOTOMY YTO OHWM HE MPUCYTCTBYIOT B MPOM3BOACTBEHHOM Npouecce,
cpasy HewTpanuaytotcs (Hanpumep, xnop unv HCI) nnu notomMy, 4To ux KOHUEHTpauma
cnuwkom mana (Hanpuvep, CO). Bbibpocbl B 3HaUMTENLHOW CTeNeHU CBA3aHbl C
MbISbHO.
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Tabnuya 3.1 - 3HauMmocTb BO3MOXHbIX BbibpocoB B atmoceepy 13 PM u P3M npoussoacTs

O6xur n
WHbIS Beiwena- Mexanuueckas | Jurwe | CEPHO-
KomnoneHT nupomMeTan- | uuBaHue u | OnekTponus KUCNOTHasA
nypryyeckue ouucrka obpaborka nr.n. ycTaHoBka
NpoLiecChl
ST:&U'):'TH ce bl” (1) . (kMCNOTHbIE . . oo
Y P napbl)
Okcugbl asoTa (1) HI HM HN . .
Mbinb 1 MeTannbl ees(1) . . oo o HI
Xnop, xnopuabl, (1) . HI HM HM HI
J10C
Mpumevarne

ses HANGONEES BKHBIE; ** — CPEAHEN BXHOCTU; * — HAaUMeHee BaxkHble; HIM = HenpyMeHumo.

(1) — npsimble BbIOpOCHI C 3TanoB obXura wWnNu nNnNaBku nogsepraioTca obpaboTke wwunun
nepefaloTcs Ha aTanbl ra3oodUCTKU M HA CEPHOKUCIIOTHYIO YCTaHOBKY; NO-NMPEXHEMy OCTaloTCA
3HaYMMbIMK OCTaTOYHbIE BbIBPOCHI ANOKCHAA CEPbl UMW OKCUA0B a30Ta C CEPHOKUCIIOTHOW YCTAHOBKW.
ONsi 3TUX MCTOYHMKOB TakKe [OCTaTOYHO 3HA4YMMbl HEOPraHU30BaHHbIE U HEYMOBIEHHbIE BbIOPOCHI.

Momumo  TexHomnormdeckmx  BbiOpocoB  00pasytoTCs  HEOpPraHW3oBaHHbIS
BbIBpockl. OCHOBHBIMU NCTOYHNKAMWN HEOPraHW30BaHHbIX BbIGPOCOB (cM. Tabnuuy 3.2)
ABMNSAOTCS:

- MbiNb, obpasylollascs npu XpaHeHwWW, norpyske/pasrpyske U obpabotke
KOHLIEHTPAaTOB;

- YTeYKM 13 OGXKMrOBbIX W MIABUIbHbBIX NEYeN;

- aspo3onM M MbiMK, COAEpXawWwmecs B OTXOAAWMX rasax oOT BaHH
BbILLiENaYNBAHUS U OYNCTKU;

- OTXoAsiluMe rasbl rpagupeH [Ans YCTPOWCTB BbILENay BaHWs, M OYUCTKU
SKCTPaKLMOHHbIX YCTAHOBOK,;

- OTXOAsLUME rasbl rpagupeH NpoLecca anekTponunaa;

- npouue.
Tabnuya 3.2. — CpeaHue BbIOpoChl B atmMocdepy OT yCTaHOBOK
YpenbHble
UCcTOYHMK Obuem, BbIGpocel, r/T PM n
T/roa P3M
MeiNnb  OT  XpaHeHWs, nNOrpyaku/pasrpyskm U <025 025-075
06paboTku KOHLIEHTPATOB M orapka
A3p030nM 1 MbINU U3 OTXOAALMX ra3oB OT BaHH < 1-9
BbILLENAYMBaHNA U OYUCTKU
OTxopsiume rasbl rpagupeH Ans  yCTPOWCTB <4 2_16
BbILLENAYMBaHNA U OYMCTKU
OTxoasime rasbl rpagupeH npotecca
<5 3-20
anekrponusa (0,8 T/roa)

XOTsi HEOPraHW30BaHHbIE BbIOPOCHI TPYAHO U3MEPUTb M OLIEHUTb, CYLLECTBYIOT
HEeKOTOpbIe YCMELLHO NPUMEHSIEMbIE METOALI (CM. pasaen 5).

O6wan wHpopMaumusi O KOHTpore BbIOPOCOB 3arpsi3HAIOWMUX BELLECTB Ha
POCCUNCKUX NPEANPUATUAX NpyBeaeHa B Tabnuue 3.3
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Tabnunya 3.3 — VHdopmauus 0 HOPMUPOBAHMM BbIGPOCOB 3arpsAsHAIOWUX BELECTB Ha
POCCUIACKUX NPeAnpuaTUaX n B cnpasoyHuke HOT EC

3arpsisHsiioLee Hannune 3B B paspelueHum CnpasoyHuk EC
BeLLecTBo Mpepnpusatue |Mpeanpuatue 2| KoHtpons | BAT- Mepenen
(no [13186]) 1 AEL
A3oTa AnoKkeua, + + - —
A30Ta okeva + + - -
BaBelUeHHble _ _
yactusl PM10 B B
BaseleHHbIe
yacTvusl PM2,5 B B B B
BageLueHHble + + _— — BCe nepegensl
BellecTsa
nxga/e - - + + nnaeka
n CMeLLaHHbIX
osgg::jecme - - + + Marepnanos,
LLINaKOKO3roHHas n
coeanHeHns BeMbLI-NeuM
Cepbl Anokeuna, + + + nMpomeTannyprus
Yrnepoga okeug + + - — —
+ + + + BbilLieNa4YMBaHve,
MeTtannel n  ux oumncTKa,
coeanHeHns + - + + ANEKTPONNS,
AKCTpaKUms
Xnopuabl O6xur n Nnaeka
razoobpasHole B + + + + CMeLLaHHbIX
nepecyete Ha HCI marepuanos
dTOopUAb!
rasoobpasHble - - + +
nepecyete Ha HF
BbilLienayvBaHue,
CepHas kucnoTta | HeT AaHHbIX | HET JaHHbIX + + OUMCTKA,
3MNeKTponu3

3.1.1.1 Okcuapl azorta

Otanbl ofkxura W nNnNaekym  ABNSIOTCA  NOTEHUMANbHBIMU  UCTOYHMKaMU
obpasoanua okengos aszota (NOy). Okcugbl asota (NO,) moryT obpasoBbiBaThbCsi M3
COEOANHEHNA a30Ta, NPUCYTCTBYIOLLMX B KOHUEHTpaTax, WnM n3 asora Bosayxa npu
BbICOKOM Temnepatype. MNonyyaemas cepHas kucnota MOXeT nornowate 60mbLuyto
yactb NOy, YTO MOXET HeratMBHO BIUSTL Ha KA4YeCTBO CEpHOM kmenoTel. Ecnn nocne
obxura HabngaeTcs BbICOkUA ypoBeHb NOy, 13 3KONMOrMYecKnx coobpaxeHun n ans
NOAdEpXKaHMA KayecTBa nMpoAykta MOXeT noTpefoBaTbCA  O4MCTKa  raslos,
obpasytowmxcs npu obxure. [dpyrme neun, MUCNonb3yrolme KUCNOPOAHO-TOMMNMBHBLIE
ropernky, MOryT Tawke AemoHcTpupoBaTb cHwkeHne NOy. [uanasoH 3HaveHuin
KOHLUEHTpauun ans Bcex npoueccos coctasnseT oT 10 go 120 M/HMS.
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3.1.1.2 NbNb U MeTaNNbI

BbIHOC nbinn 0T 06XMra unm UHbLIX NMPOMETANNYPrmYECKNX NPOLIECCOB ABNSETCA
NoTEHUMAanbHbIM  MCTOYHMKOM KakK OpraHusoBaHHbIX, Tak W HEOopraHW3oBaHHbIX
BbiGpocoB. MupomeTannypruyeckue rassl ynasnmeatorca U obpabarbisatoTca cHadvana
B MpOLECcCce ra3oounCTKM M 3aTeM Mpu MNpOoM3BOACTBE CEPHOM KucnoTbl. [lbinb
yAanseTcsa U3 rasa 1 BO3BpaLLaeTCsl B TEXHOMOMMYECKUA NpoLiecc.

lasbl nocne pasbpbi3rMBaOLLMX UM OPOCUTENBHBIX CUCTEM, UCNOMb3YEMbIX U3
MECT BbIFPY3KM oOrapka W cnvBa MeTanna Takke S[BMSTCA noTeHUunansHbIMU
UCTOYHMKaMU BbIGPOCOB. B aTux Toukax C Lienbio NpeaoTBpaLleHns HeopraHU30BaHHbIX
BbIOpOCOB HEob6Xx0AMMO OCYLLIECTBNATbL MaKCMMarnbHO BO3MOXHOE YynaBnvBaHuWe
OTXOASLUMX Ta3oB U UX OunCTKy. [duanasoH 3HauyeHWA BbIOPOCOB MbIMM U3 AaHHbIX
WCTOYHVKOB COCTABISIET OT MeHee 1 Mr/HM® no 15 MITHMS.

Acnvpauusa peakTopoB Ha 3Tanax BbilenaynBaHus, SKCTPAKUMM U OYUCTKU
MOXET NPUBECTU K BbIOPOCY aspo30men, KOTOpblE MOXHO Npu Heobxoanmoctu (npu
HanMuMM perynspHOro KOHTPONs) ynaenuvBatb C MOMOLLbIO CKpyb6epoB wunm
TymaHoynoBsutenen/aemmctepoB. Bbibpockl, coaepkawme onacHble BellecTBa
(BOAOPOA), KOHTPONMPYIOT B MECTax BO3MOXKHbIX BbIBpOCOB. 3TN BbIGPOCHI MOCTOSAHHO
yNaBnvMBaroT U NPONycKaloT Yepes YCTPOWCTBa ra3oouucTky, Hanpumep, ckpybbepbl u
TYMaHOYINOBUTENN (B CUCTEMAaxX MOKPOW OYUCTKW) U pyKaBHble PUnbTpbl (B cUCTEMax
CYXOW OUUCTKN).

B uexe oanektponmsa o6pasylorcs BbIOpOCHI a3po30nen, KoTopble MOryT
copepxaTtb MeTannbl B pacTBOpeHHOM Buge. [nanasoH 3Ha4YeHun BbIGPOCOB MbiMU U
napoB 13 AaHHbIX MCTOYHMKOB cocTaenseT ot 0,2 go 1,25 MM,

B TO Bpems kak AnNA KOHTPONMPYyeMbix BbIOPOCOB BCerga yCTaHOBMEHbI
onpeneneHHbIe UCTOYHNKA 1 3TW BbIBPOCHI MOXHO ynasnveaTb, NOABEPraTb OYUCTKE Y
BO3BpalWlaTb B MPOLECC, HeopraHM3oBaHHbe BbIBPOCHI  PacrpoOCTPaHSAIOTCA
NMpakTU4YeCcKM Mo BCEA MPOM3BOACTBEHHOM nnowaake. OCHOBHbIMU MCTOYHMKaAMU
HeopraHM3oBaHHbIX BbIGPOCOB SBMSKOTCH MeCTa XpaHeHWs W TPaHCMOPTUPOBKK
MaTepuarsnos, Mbifb, OCEAalLan Ha TPAHCMOPTHBIX CPEeAcTBax, Mpoesgax WM Ha
OTKPbITBIX y4YacTkax paboyvel 30Hbl, FAE HUKAKMX MEep MO UX MNpefdynpexneHuo u
CoKpalleHnto 00blMHO He npepnpuHMmaeTtcs. CokpalleHne HeopraHW30BaHHbIX
BbIGPOCOB AOCTUraeTcst Gnaroaaps peannsaumy Cneayowmx MEPONPUATUA, Kak:

e OOHOBIEHME CUCTEM YNaBNMBaHWSA 1 PUMbTPaLMM OTXOASALLMX ra3os;

e COKpalleHVe BpPEMEHW OCTaHOBKA MEeYM MyTEM YCOBEPLUEHCTBOBAHWS
npoLeccoB yTEPOBKN (COOTBETCTBEHHO, COKpaLLEHNe BpeMeHn 3arnycka 1 OCTaHOBKa,
KOrga 3a orpaHuYeHHbI OTPE30K BPEMEHMN NPOUCXOANT 3HaUMTENbHbIE BbIGpOChI);

®  yKpbITUe/pasMelieHne BHYTPUM CTPOEHUMMA MeCT [OCTaBKW, XPaHeHWs
mMaTepuana, ycTaHoBKa TaM ras3oynaBnmnBaroLLmx CUCTEM;

®  YCOBEpPLUEHCTBOBaHWE 0OpalleHus ¢ martepuanamu (Hanpumep, mnyTem
YBI&XHEHMS CbINy4ynx MaTepuanos 4O U BO BPEMS NOrpy3kn) U CoKpalleHne 4acToThl
TPaHCMOPTHbLIX onepauui  (Hanpumep, MyTeM UCMonb3oBaHns ©Gonee  MOLLHbIX
NOrpy34mKoB);

e ycTaHoBka 00s3aTeNbHOM MOWKM  aBTOTPaHCMOPTHbIX CPEeACTB  (Ans
BHYTPULIEXOBOTO W BHELLHErO TPaHcrnopTa);
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e yKpernneHue MoKpbITUIA NIOLWaf0K U NOABE3AHBLIX MYTeN U ONTUMM3ALUSA UX
y6opku.

3.1.2 C6pochbl B BOAHbIE O6BHEKTbI

|-|pVI npom3BoAcTBe peaknmx W peako3emMenbHbIX MeTannoB OCHOBHbIMU
3arp4as3HarlWmMMn BellecTtBamMun, cogepxalmmMmmnca B CTOKax, ABMAKTCA MeTannbl U X
COEJMHEHNWSA, a TalKe Marepunarnsi B opme CycneHamm.

[pyrue BellecTBa, nornafjarolime B BOAY B 3HAUUTEMbHbLIX KONMMYECTBax — 3TO
xnopuael, dTopUabl U cynbdaThbl.

MoToKamy CTOYHbIX BOL, B KOTOPbIX MOMYT COAEPXaTbCs BbllLeyKasaHHbIe
BELLEeCTBa, ABMNAIOTCS:

- CTOKM C 9TanoB ofxura W rasoouMCTKN: MOKpble CKpy©Gepbl, MOKpble
ANEeKTPOMPUbTPbI, 3Tan U3BMNEYEHUA PTYTH,

- CJ'Iy‘-IaI7|HbIe YTEYKN U3 pasnnyHbIX rmgpoMeTaninyprmiyeckmnx npoLeccos.

LpyruMn  noTeHUManbHO 3arpsiaHeHHbIMM MOTOKaMU CTOYHbIX BOZA, KOTOpble
cobuMpatoTca M MOBTOPHO MCMOMb3YIOTCA Kak MpoMblBOYHas BOAa Mpv dunbTpauum
(ecnv No3BonsieT UX KAaYeCTBO), SBNAITCS:

—  CTOKM, 0Opasyromecs Npy NpoMbIBKE aHOAOB U KaTOAOB;

—  yNIoTHsloWas Bofa U3 BakyyMHbIX HACOCOB;

— obwwme onepauum, BknoYas YNCTky 060pyAoBaHMSA, MbiTbE NOMOB U T.1.;

— CINVB U3 OXNaXKAALWUX KOHTYPOB (OBOBbIMHO CREefylowmx 3a HEKOTOPbIMU
3aKpbITbIMK LMKnammn BogoobopoTa);

— IMBHEBbIE W MOBEPXHOCTHbLIE CTOKW (MpeXAe BCEro B 30HAX XpaHeHus) w
CTOKW C KpbILL;

— BOAa, nogaeaemas C NMofMroHoB OTXOA0B U NMOA3EMHBIX NONOCTEN.

3.1.2.1 CTOKM C BOOOOUYNCTHBLIX COOPYXEHUIA

B ofwem cnydae CUCTEMbI MOKPOW ra300uYUCTKU  SKCMSyaTupyroTcs npw
3aMKHYTOM LinKne o6opoTa XUAKOCTU.

B Mokpbix ckpybGepax NpOU3BOAUTCH OYMCTKA KUCKbIX HacbiweHHbIx SO,
pactBopoB, obpasytomxca B npouecce obxura. B ckpybbepe yaansiorca dpropuasl,
Xropuabl, cneabl pTyTu (€CNvM MMEETCs) U CeneHa M HEKOTOPbIE YacTulbl, KOTOpbIe
NPOXOAAT MEXaHUYECKYH0 ra3oounctky. Bo usbexaHve HakonneHus 3arpsasHsoLmX
BELLECTB HEKOTOPOE KONMUYECTBO XMAKOCTU HEMPEPLIBHO CNMBAIOT U3 ckpybbepa.

Metannbel 1 Wx coeauHeHUs W Marepuwanbl B BUAE CYCMEH3UM SABMSAIOTCA
OCHOBHbBIMM 3arpsi3HATENSIMU B BOAY.

OpyriMn  BaXHbIMM BewecTBamy, KOTOpble MOMNafalT B BOAY SBMSKOTCA
xnopuabl, pTopuabl U cynbdarbl.

BO3MOXHbLIMM NOTOKaMW CTOYHBIX BOJ, KOTOPblE COAEPXAT BbILLEYNOMSIHYTbIE
BeLLleCTBa SABNSIOTCS:

* CTOYHbIE BOAbI OT MOKPbIX CKpy66epoB;

* CTOYHLIE BOAbLI OT MOKPbIX 3NeKTPOdUNLTPOB;

* YNNOTHSIOLLEN BOABI U3 HACOCOB,

+ 06LWwue onepaumn, B TOM Y1CIe OYMCTKN 0D60pya0oBaHMs, MOSOB U T.4.;
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* BblAENEHUs1 U3 KOHTYpa OXNaxAaloLLen BoAbl,

* Aoxaesble CTOKU C NOBEPXHOCTU (B 4acCTHOCTN, MeCT XpaHeHMFl) 1 Kpbiwn.

B Mokpbix anekTpoduneTpax Tawke obpasytoTcs kucnble pacteopbl. [locne
dunbTpaumm ux nepepabaTtbiBaloT. HekoTOpoe KONMMYECTBO XWMAKOCTU CrMBalOT U3
LaHHOrO KOHTypa, u4ToObl yAanuTb HakannuBaloWMECS YacTuubl 3arpsi3HSIOLLMX
BewlecTB. [Nepes CnMBOM JaHHyO XUAKOCTE 06pabaTbiBaloT 1 aHanNM3NpyIoT.

MpoayBoYHas KNAKOCTb B ONPEAENEeHHbIX KONMMYECTBax COAEPKUT B3BELLEHHbIE
TBEpAble YacTULbl U pacTBOpeHHble conu. MNpoAyBOYHYIO KMAKOCTb nepes cOpocom
ounwaoT nMbo nokansHo, NGO B LIEHTPanbHOM BOAOOYMCTHOW YCTAHOBKE C LIENbIO
yhaneHna TBepabiX U pPacTBOPEHHbIX BELeCTB. Mecto ytunmsaumm otaeneHHbIX
MarepuaroB 3aBUCUT OT UCTOYHMKA MPOUCXOXAEHNS CTOYHBIX BOA.

3.1.2.2 CTouHble BOAbI OT ra3004MCTKN

Kak npaBuno, BnaxHble ra3oouMCTHbIE CUCTEMbI paboTalT ¢ peumpkynsaumein
XKMAKOCTU. KOHTponmpyembiin oT6op NogaepknBaeT KONMUYECTBO B3BELUEHHbIX TBEPALIX
YacTuL M pacTBOPEHHbIX COMel B onpeaeneHHbIX 3agaHHbix npegenax. Abcopbepa
nmbo obpabathiBaloT OTLENbHO MMM B KOMMNEkce 3aBoda no obpaboTke Boabl Ans
yhAaneHns TBEepAblX W pPacTBOPEHHbIX YacTuL nepes BbirpyskoW. HasHadyeHue
OTOENeHHOro MaTrepuana 3aBWCWT OT MPOMCXOXKAEHMS CTOYHBbIX BOA. B MOKpbIX
anekTpodunbTpax Takke OyaeT obpa3oBbiBaTLCA KMcnas ckpybGepHas xumuakocTb. OHa
ByLeT peumpKynnpoBaTh nocne hunbTpaumn. HekoTopyto XXuakocTb cnegyeTt CnycTuTb
M3  UMpKynaumMKW, 4YTobbl  yA4aruTb HaKOMMEHHble 3arpsi3HeHusl. JTOT  pacTeop
obpabaTtbiBatoT 1 aHANM3nPYOT nepeg coOpocom.

Tabnwuya 3.4 — ICTOYHMKM OTpaBoTaHHOW BOAbI U TEXHONOMMMN UX NepepaboTku

HavmeHoBaHune Onepayuns/mMcTouHnK BoamoxHoe
npouecca ucnonb3oBaHune/obpaboTka

[naBHbI Joxpaesass Boga c popor, | YcraHoBka 06pabotkn  BOAbl,
TPOTYapoB, KpbiLL, OT MbITbS | 3aTeM yaaneHve unm
Jopor, rpy30BOro | peuypKynagums
aBToOTpaHcnopTa u T.A.

MnaBunbHble Booa oxnaxaeHua nedven, | Peumpkynsauma

onepauum MaLvH 1 o6opyaoBaHUS

Cucrema oumncTkm rasa | KoHgeHcar oT oxnaxaeHusa | YaaneHvue CycneHsun, ocTaTok
rasa v BogHoro ckpybbepa | kak UCXOAHbIN MaTepuan.
KongeHcat oT yaaneHus | [ocne ypaneHna ptymm Ha

pTYTH O4NCTKY BOABI.
Peuupkynsauymsa
3aBog cepHoi | Boga  oT  oxnaxgeHusa | Peuvpkynsaums
KMCRoThl ob6opyaoBaHus.
MpoTeykn Ha ycraHoBky 06paboTkn BoAb!
Cknag cblipbs MoBepxHoCTHas Boaa Ha ycraHoBky 06paboTtku Boabl
(aoxpesasn)
Obwwee PemMoHT Ha ycraHoBky o6paboTku Boabl
obopynoBaHue
YcTaHoBka oumcTkm | O6paboTka CTOUHOM BOAbI Ocratok ans TeKyLLEero
BOAbI mcnosnb3oBaHus/copoc
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3.1.2.3 CnuB anekTponura 1 aKCTpareHTHbIX a3

ONeKTponnUT U 3KCTPaKUMOHHbIE (hasbl MOXHO CrMvMBaTbh M3 BaHH M C LEnbH
KOHTPONA HaKOMMNEHUA NMPUMECel, HampyMep MarHusl, KoTopble MOryT OTpULUaTENbHO
BNMATL Ha paboTy osnekTponuTuyecknx BaHH. [loTok, obpalwjarowmincs  depes
3MEKTPONUTUYECKME BaHHbI, OTHOCUTCA K TOMY K€ 3aKpbITOMy BOLHOMY KOHTYPY, K
KOTOpOMY npuvHaanexat aTanbl BbillenadnmBaHus U odUCTKU. CepHas KUCNoTa,
obpasytolasicss BO BpeMmsl 3MeKTponv3a, noctynaeT B MPOLECC BbllWenadmMeaHus, a

OCTaBLUasACA YacCTb XNAKOCTU OYMLLIAEeTCA N NogaeTcsa Ha 3NeKTPponma.
Ctokn w3 UuKna SnekTponuvia, BblllenadnBaHus, 3KCTpPakum U OYUCTKU

ABNSAOTCS
KOHLIeHTpaLmu.

CUNbHOKUCIbIMKA U

B3BeLUEeHHbIE

TBEpAble
O6beM CTOKOB 3aBUCUT OT COCTaBa LIMHKOBbIX KOHLIEHTpaToB,

Yactuubl B BbICOKOW

ncnonb3yemMblX Ha 3Tane obxura. dnemeHTbl, KOTOpbl€ CKNMOHHbI HakanmMBaTbCA B

KOHTYpe,

0CODEHHO  MarHww,

onpeaensiot obbeM  CnNMBaAEeMOW KXUAKOCTU W

HeoBXOANMOCTE ee OUNCTKU. CTOKM U3 3TON CUCTEMbI MOXHO NepepabaTbiBaTh C Liernblo
naeneveHna Mg, Na, K, xnopuaos n ¢gpropmaos.

B Tabnuue 3.5 npeacraeneHbl

CBOAHbIE

AaHHble MO noTeHUuarnbHbIM

WCTOYHMKaM CTOYHBIX BOA U TEXHOMNOMMAM UX nepepadoTku.
Tabnwnya 3.5 - lNoTeHymanbHble NCTOMHUKA CTOKOB U TEXHONOMMM UX nepepaboTkn

Otan Texnpouecca

Onepauna/ucTodHUK

Mcnonb3oBaHue/nepepaboTka

JlnBHeBbIE CTOKM C AOpPOT,

MosToOpHOE Mcnonb3oBaHne
NnowanfoK, Kpbiw, MOKpas
O6wwme onepauun nivnn nepepabotka Ha
ybopka  popor, MbITbe o
BOJOOYNCTHOMN YCTaHOBKE
rpy3OBUKOB U T.A.
O6xwur/mokpas Mokpasi ouncTtka rasos M3
. BopoouuncTHas yctaHoBKa
rasoouncrka o6xmroeon neun

Boiwenaumsanne

Obwwme onepauuu, Bknouas
MOKPY!O ra3o0umcTKy

BoaapaT Ha BblllenavymBaHne

OKkcTpakums OTtcramBaHue, ouuctka Bosepat Ha aKkCTpakumto
Copbuus OTcramBaHue, ounctka Boaepart Ha copbumio
Ouunctka O6wwme onepaumu Bosepar Ha BbiLLenaynBaHne
Ynuctka BaHH, aHoAoBR WU
OnekTponus BosBpart Ha BbilenaumMBaHue
KatonoBs
Bce TexHonorndyeckue
TexobecnyxvBaHne BopoouncTHas yctaHoBKa
YCTaHOBKM
BopoouunctHas ns HEKOTOPbIX MEeTOA0B
A OuncTka cTokos A P A
yCcTaHoBKa NoBTOPHOE NpMMeHeHue / cbpoc

3.1.3 OcTaTtouHbIe NPOAYKTbI TEXHONMOMMYECKNX MPOLIECCOoB

Mpon3eoACTBO METanNNOB NPUBOAUT K 00pas3oBaHuio psga noboYHsIX NPOLYKTOB,
OCTaTOuYHbIX MPOAYKTOB M OTXOAOB. TBepable OCTaTOYHbIE MPOAYKTEI, oBpasyromecs
npy peannsauum pasnmyHbiX NPOLECCOB U 3TanoB OYUCTKM, MOTYT MCMONb30BATLCH MO

TPEeM HanpaBleHUAM:

- OBTOPHOE MWCMOSb30BaHME B AAHHOM MPOLECCe WM Ha MpegblayLumx

npoueccax;
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- nepepaboTka Ha MOCNeAywWMX 3Tanax C UeNblo W3BMEYEHUA APYrUX
METannos;

- OKOHYaTenbHas yTunmMsauusi nocne nepepabotkn, obecneumBaroLlen
Be3onacHyto yTunmaauuio.

3HaunMbIMK SIBNAKOTCA cnepytoLme obpasytomecs TBepable 0TX04bl:

- TBEpAble OCTaTOYHbIE MPOAYKTbI C BBLICOKMM COLEPXaHWEM MeEeTansos,
obpasylomecs B MpoLEccax BbILENMAYNBAHNA, SKCTPaKLMM OYUCTKU U 3NeKTponusa
uuHKa. 3T npoaykTbl 06bIMHO MOBTOPHO NepepabaTtbiBalTCA Ha COOTBETCTBYHOLLEM
aTane TEXHOOMM4YeCcKoro npotecca.

Mbine vnn wnam ot o6paboTkn rasoB UCMONB3YIOTCA B KauecTBe Cbipbs ANA
NPOun3BOACTBA APYIMX METANNOB, Takux, kak Ge, Ga, In nnn MoryT BbITe BO3BpAaLLEHbI
Ha nepennaesky UK B KOHTYP BbILLenauymBaHus Ans U3BneYeHns CBUHLUA 1 Onoea.

CerneHoBble OCTaTKN BO3HUKAIOT U3 NpeaBapuUTenbHOM 06paboTku pTyTHLIX U
CEeneHOBbIX MOTOKOB OT ra30BOW OYUCTKM.

3.2. CywecTByloWMe YpoBHU BbIGPOCOB U noTpebneHua B
Npou3BOACTBE TYronylaBKMX peakux MeTannos

TyronnaeBkMe MeETanNbl WMEIT BbICOKYD TOYKY MNaBMeHUs U Takke
XapakTepusyloTca  ApyruMn - cneundumyeckumn  prUsmMko-XMMMYECKMMM  CBOMCTBaMM,
TakMMK KaK BbICOKasi MNOTHOCTb, UHEPTHOCTb, KOPPO3NOHHAA U KUCIOTHAA CTOMKOCTb.
Hanpumep, LMPKOHWIA MeeT CnocOBHOCTL 3axBaTUTb MEANEHHbIE HEMTPOHBI, YTO AaeT
3TOMy MeTanny BaXHYH pOfib B CTPOUTENBCTBE aTOMHbIX pPeakTopoB. Tyronnaekve
MeTansbl NPOM3BOAATCA U KaK METaNMUYECKUN CAUTOK (CTEPXKHW) C UCMONb30BaHWEM
BMEKTPOHHO-NYYEBbIX MEYel U Kak MeTanM4yeckui MopoLloK B KauyecTBe MCXO4HOro
mMarepuana AN NopoLLKOBOM MeTarnnyprum Tuna npeccoBaHMeM Ui criekaHueMm.

B pasgene 2 npoeepeH 0630p OBWWMX METOAOB, WCMOSb3YEMbIX MNPU
NPON3BOACTBE PELAKMX METarNoB. TspKernble MeTannbl NEPEHOCSTCA B NPOLIECC B BUAE
MWKPO3MEMEHTOB B MEPBUYHOE UMM BTOPUYHOE Cbipbe. MeTannbl ¢ TemnepaTypomn
KUNEHWA HKe TeMnepaTypbl npouecca OyayT BblaensTbCA B BUAE ra3oB B BUAE Napa
METansoB, KOTOpble YaCTUYHO KOHAEHCMPYKOTCA M OKUCNSHOTCS, 4ToObl 0OpasoBaTb
YacTe MbIMM U AbiMa U3 kamepbl obkwura. [apel MeTannoB U OTxXoAsME rasbl,
obpasyrolmecs npu nnaske WK padMHUPOBAHUM TYroOMnaBKUX METarnsoB B
BMEKTPOHHO-NyYeBOW  neyn, cobuparTcAa  BakyyMHOA CUCTEMOM W 3aTeMm
KOHLEHCVPYIOTCS MHTEHCMBHBIM OXNaXAeHneM. Jpyrim 3KOnormyecknM BO3AenCTBUEM
NpOWM3BOACTBA TYrOMMaBKUX METANMoB, TakMX KaK TaHTamn, LUMPKOHWA W radHuiA,
ABMNSIOTCS PaguoakTUBHbIE YPOBHM HEKOTOPbIX ChbIpbEBbLIX MaTtepuanoB.  Takke
crnefyeT y4nTbiBaTb TOKCMKOMOMMKO HEKOTOPbIX TYromnaBKMX METAannoBs, Harnpumep
Xpoma, MapraHLa v BaHagusi.

Mpown3eoacTBO Tyronnaekux mMeTannoB obbiYHO TpebyeT BLICOKMX TEMMNepaTyp.
Okonoruyeckoe BO3AEWCTBME Ha  BO3gyX, BOAY W 3emMno  MOXeT ObiTb
KnacenmumpoBaHo Kak cregyoLlee.

MoTpebneHne cbipbsa U 3HEPrUN.

Bbibpocsl 8 ammocghepy:

— BbIOpoOCbl MbIMM M AbIMOB OT MI&BKW, NPOW3BOACTBA TBEPAOCNIIEBOB W
Kapbungos;
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- apyrue BbiBpockl B atMocdhepy — ammmak (NHs), kucnotHeim abim (HCI),
dTopuctei Bogopog (HF);

— NOC v Tsxenble MeTansbl.

ym u subpauus.

TeepObie ocmamku, omxolbi U nomynpodyKmsi:

—  Mbifb, AbIMbI M LUNAM,;

—  wnak.

C6poc 600bi:

— nepenve BOAbl N3 cKpyboepos;

—  CTOYHble BOAbI OT rpaHynALumM LWnaka u MeTanna;

—  yTeyKka 13 LUMKIOB OXNaxkAatoLen BOAbI.

3.2.1. NoTpebneHne CbIpbs U 3HEPrUmn

Wmetomecss paHHble 0 noTpebneHvu cbipba W 3HEpPriM Ans nNpouseoacTsa
TYronnaBkMx MeTannoB NpeAcTaBneHbl B BUAE YAENbHbIX BXOAHbIX (PaKTOPOB Ha
OCHOBE TOHHbI MPOM3BOICTBEHHOrO NPOo/yKTa B crieAyolmx Tabnmuax.

Tabnwunya 3.6 — [laHHble 0 NoTpebneHun Cbipbs U 3HEprumn AN NPOU3BOACTBA TYronnaBKMUX
METanNoB B Ka4eCTBE KOHKPETHbIX (haKTOpOB BOAbI

Pyaa v koHUeHTpaTbl, KriT H.O.

MotpebneHune aHeprin KBT/T 1000-15 000 (APT* — npou3BOACTBO)
3500-12 000 (npon3soacTBO kapbuaa)

1500-2500 (umHK npouecc)

Fas, Mo/T H.0.
Bopa, M3/t H.O.
Mopowwok Al, kr/T n.r
MopoLuok kanbuus, KriT n.r
Opyrue, kr/t H.O

APT — naposonbdpamaT aMMOHUs
H.0. — A@HHblE OTCYTCTBYIOT
N.r. — He MMEEeT 3HaYEHNS B 3TOM npoLiecce NpousBoaCcTBa

B tabnvue 3.7 npeactaeBneHa wHgopmauma o AaHHbIX Npolecca Ans nnaeku
TYronnaBkuUX MeTarnmnoB B 3NEKTPOHHO-Iy4eBOM neyn. B anekTpoHHO-ny4YeBbIX nevax
SNEKTPOHHbIE NYLLKN CO3AaI0T BbICOKOSHEPreTUYECKUE 3NEKTPOHbI, KOTOpbIE NEPeaaroT
SHEPruio Ha 3arpysky B neudu, 4tobbl o6ecneunTs ee nnaeneHune.

Tabnunya 3.7 — MNokasarenu Nnaeky TYronnaekux METAmNOB B 3MEKTPOHHO-MYYEBON neyn

MeTann EmkocTb MowyHocTb [Mpon3ssoauTeENsLHOCTD MoTtpebnexune

T@rns, T neuun, MBt ™ 3Heprum kBT/T

Huobuin 0,52 <1,2 0,02-0,4 6000-15 000

TanTan 0,52 <1,2 0,02-0,4 6000-15 000
Monn6aeH 0,02-0,1 <5000
Bonbthpam 0,02-0,1 <5000
TwTaH 0,2-01 1000
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OnNEeKTPOHHO-NyYeBble MeYn UCMONb3yTCA ANS NNaBNEHUA WM OYUCTKU
TYronnaekux MeTannoB, TakKUX kak BaHagwui, HMOBWIM K TaHTan, MeTannoB, TakMX Kak
MonubaeH M Bombdpam, a TakKe PeakTMBHBIX METaNNOB, TakMX Kak LMPKOHUA W
racpHun.

3.2.2. BbiGpochbl
3.2.2.1 Bbi6pochbl B atmocdepy

CornacHo HeoBXxoAMMOMY CbIpbl0 W UCMONb3yemMbiM OnepauusaM, Hanpumep,
npobneHne, cywka, MnaeBka, pasfeneHne MeTannoB W LNAakoB, NpokanuBaHue,
BOCCTaHOBIEHMEe BOAOPOAa, LeMeHTauust n obpaboTka npogykTa, ofHUM us Hambonee
BaXHbIX MCTOMHUKOB BO3[EMCTBMS Ha OKPYKaIOLLYIO cpeay SBNSOTCA BbIOPOCH! MbIinn U
AbiMa. BbiBpochl Nbinu kak B TpyGy UM B BUAE HEOPraHM30BaHHbIX YTEYEK SBRSIOTCS
Ba)KHbIMM, MOCKOSIbKY BpEeAHble METannM4Yeckue COeAUHEHWs, Takue kak MapraHey u
koGanbT, MOryT ObITb YacTbio MbiNW. Beirpyska n xpaHeHue Chipbs MOXET NpUBECTU K
06pasoeaHunto Mbinuv, Koraa Matepuan nogaeTcs M3 pasnuyHbIX UCTOYHUKOB, TakUX Kak
GapabaHbl, NNaCTUKOBbIE MaKeTbl UK rMbkue NPoMeEXyTouUHble koHTerHepb! (FIBC), B
OyHkepbl. Mbinb 1 AbIM, KOTOpble 06Pa3yoTCs NPY NaBKe UM NIABNEHUN, HAaNpUMep
TUTaHa, UNW NPy NPOU3BOACTBE MOPOLLKA, COBUPAaOTCS HaMbINbHAKAMU U NEPEHOCATCA
B CWUCTEMY nbineynaBnuBaHus (Hanpumep, TKaHeBbIM UNbTPOM WM BNa&XHbIM
ckpybbepom). Bbibpockl Yepes TpyOy, kak NpaBuIio, KOHTPOSIMPYHOTCH NMOCTOSHHO UNK
MEepUOANYECcKM Ha MeCTax WM KOHCynbTaHTamMu 3a npegenamv nnowagkm u
Co00LLaTCA KOMNETEHTHBIM OpraHam.

3.2.2.2 Bei6bpochkl B Boay

[ns Npon3BoACTBa TYroniaBkMx METanIoB BbIGPOCHI B BOAY OYeHb 3aBUCHT OT
mpouecca M cuctembl GopbObl C 3arpsisHeHMeM, a TaKke OT Tuna MCMonb3yemoi
OYMCTKU CTOYHbIX BOA. CyLLECTBYHOT pas3fnyHble CUCTEMbl BOAOMNOATOTOBKM M OYMCTKU
CTOYHBIX BO4. Ha HEKOTOpbIX 3aBOAax WUCTOSb3YeTCs LieHTpanbHas CTaHLUMSI OYMCTKM
CTOYHBIX BOA, B KOTOPOW BOAA M3 pasHbIX MPOU3BOACTBEHHbIX MPOLECCOB, a Takke
MOBEPXHOCTHas CTouHasi Boga Oy4yT ouswarteCs BMecTe. B fapyrux ycTaHoskax
NCMOSb3yeTCsi OTAefbHasi CUCTeMa OuMCTKM [OOXKAEBOW BOAbI W CrneuumasbHbIX
npoueccos 00paboTkM LN pPasnuyHbIX MOTOKOB CTOYHbIX BOA.  OCHOBHLIMU
3arpsAsHATENsAMU BOAbl ABMSKOTCA B3BELUEHHble TBEpAble BELUECTBA U COEAUHEHMS
meTannos. CTouHble Boabl 06pabaThiBaloT Ans yaaneHUs pacTBOPEeHHbIX MeTanmnos v
TBEPAbIX BELUECTB W PELMPKYIMPYOT WM MOBTOPHO WCMOMb3YHT B MaKCUManbHO
BO3MOXHOW CTEMNeHW B NpoLecce. BO3MOXHbIE MNOTOKU CTOYHbIX BOA:

* NMOBEPXHOCTHbBIE CTOKM U APEHaXHbIe BOAbI;

* CTOYHbIE BOAbI U3 MOKpPLIX CKpyGGepos;

* CTOYHbIE BOAbI U3 LLMNAKOB 1 METANNNYECKOro rpaHynnpoBaHns;

* Oxnaxaarowas soga.

3arpsizaHeHHyo Bogy OBbIMHO BEAyT K 3aryCTWUTEMO UMK OTCTOMHOMY BOZOEMY
ANsi OCaXKAEHWS B3BELLEHHbIX TBePAbIX YacTuL,.

CTagum ocaxieHVsi 4acTo MCMOoMb3ylTCs LNS YAANEHUS MeTannmMyeckux
COEAVHEHWI 13 BoAbl. BapelleHHble TBepAbIe BELLECTBa B OCHOBHOM COCTOSIT 3 OYEHb
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MErNKMX 4acTul, Mo3ToMy MoXeT noTpeboBatbcA [00aBWTb QNOKYNSHT  ANs
obneryeHnss ocaxaeHuss B 3aryctutensx. [ocne obBpaboTtkm B 3aryctutene wmm
OTCTOMHOM BOJOEMe B3BELUeHHble TBepable BellecTBa 0ObIMHO Hwke 20 mr/n, 4to
NO3BONAET MOBTOPHO MCMONL30BaTL B Ckpybbepax, B KauecTee oxnaxaarowen Boabl
UM B Ka4YECTBE TEXHONOMMYECKON BOAbI ANA APYTUX LiENnen.

3.2.2.3 CBoaHble AaHHble O BbIGpOcax 3a cueT NpPou3BOACTBa TYronnaBKUX
MeTansnoB

MpuHUMasi BO BHUMaHWE PasfuyHble MPOLECChl,  WCMOoMb3yemble Mpu
npou3BOACTBE TYronnaeBkMX MeTannos, B crneaywwen Tabnuye paetcs o0630p
3KOMOMMYECKNX AaHHbIX Mo BbiIOpocam B aTtMocdepy, BOAY 1 3eMnto.  Pasnuune mexgpy
NCMOSIb30BAHMEM MEPBUYHOTO W BTOPUYHOTO CbIpbSl 3aKMOYaeTcs B TOM, YTO
BTOPUYHbIE TYronnaBkMe MeTannbl MoOryT ObiTb HanpsiMyl UCMOMb3oBaHbl B
Mpon3BOACTBE CTanm 1 CNNaBoB, B TOM Yucre dpeppoHmobuii (BaHaguin) 6es satpar Ha
OCHOBHOE X NPOU3BOACTBO.
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Tyronnaekue Bbi6pockl B atmocdepy C6poc B BOAY O6pasosaHue, MpumeyaHue
meTannsl PeUUKITUHT Nnun
noBTOpHAaA
nepepaboTka
OTXO4,0B
Bonbdpam Mr/HM®
MepBuuHbIe Mbinb Cknaa pyabl ] <10 o Cuctema oxnaxgaeHus | e Mbinb, . BbiGpoChI NbiNu
MaTtepuanbl nepecobinka BOJbl CKOHCTPYMPOBAaHa Kak yNOBMEHHas B 0OBbIYHO HMXKE
Mbinb KanbunHauus 1-6 060pOoTHAsA, u He cucreme npeacrasneHHbix ELV
Mbinb BoccraHoBnexnue <5 KOHTaKTUpyeT C nblneynasnuBaHus, (20 MI/HM®, TaK KaK NOPOLLIOK
BOAOPOAOM Marepuanamu. BO3BpaLLaEeTCA B BONbh)paMa LeHHbIN
Mbinb MbinexHne <10 . C6pocHas Boaa u3 npouecc marepuan
Mbinb MpoAYKT NepechInku <10 ckpybbepa koHTponupyeTtcs . OTxoabl OT . Tonbko AOCTYNHbIE
Mbinb HeopraHu3oBaHHbIe Ha W 1 NH,4 v npu Kpucrannusauuu u 3anbINeHHOCTH BbIOPOCOB
BLIGPOCHI NpU MOrpyske HeobxoaAMMOCTH cywku APT UCKIIOYNTENBHO B
U Bbirpyske. ButaHue obpabaTbiBaeTca Ans Avnanasoe 1-3 Mr/um°
MenKux Yyactuy CHMXEHUA UX KOHLEHTpaLuun . 3T naHHbIe
NH3 HeopraHu3oBaHHble <60 ABNAIOTCA TOYHbIMU ANS
AbIMbl pacnapa npou3soacTea
aMMWa4HbIX MPOAYKTOB BOJIbPPAMOBbIX MOPOLLKA U
OT KanbLUuHauuu kapbuga
H, BoamoxxeH puck o AMMMHaYHbIe
BOCMIaMEHEHUS oT COEANHEHWS — O4YeHb
BOJOPOAHLIX AbIMOB naxHyLias cybcraHums, yuto
MOXET cTaTb npotnemou
BTopuuHble Mbinb AHanorMyHo Kak Aans <10 Ccucrema oxnaxaeHusa soabl KoBanbT 00bI4HO
MaTepuanbl NepBUYHbIX MaTepUarnos CKOHCTPYMpPOBaHa Kak [o6aBnalT K TBEpAaoii
Zn ObIMbl LUMHKa 7k] n.a. 060pOTHAA, U HE MeTannocoaepxailei nbiim
npoLeccoB KOHTaKTUPYET C
ANCTUNnALMmn maTepuanamu
Co Obimbl  koBanbTa U3 <1
npoLieccoB
anctunnauum (CO-4acTb
MeTannockpana)
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Tabnwunya 3.9 — BeiGpocbl Npy NponsBoacTBE BaHaaus U MonmnbaeHa

Tyronnaekue BbiGpockl B aTMochepy Cobpoc B BOAY OGpasoBaHue, MpumeyaHue
mMeTannbl PELMKIUHT Unu
NnoBTOpPHas
nepepaboTka 0TxX040B
BaHaguii MI/HM®
MepBUYHbIE Mbinb OT nNpPUroTOBMEHUA  LUUXTHI, <10 HeT goctynHon nHchopmayuu | e Mbinb, . MopoLuok
maTtepuansl HanpuMep, u3Menb4YeHne no obpasoBaHuio COPOCHO YINOBMIEHHAA B CUCTEME | KamnbLus,
Mbinb or cmeLleHus conen <3 BOAbI nblneynaenMBaHus NCNOMNb3yeMbli Kak
LIenoYHbIX METanmnoBs Ans . XBOCTbI BOCCTaAHOBUTESb
obxura BblLLIENayYnBaHUA JOMmKeH
Ca OcraTkn Kanbyusa MOTryT n.a. . Het goctynHoii CKJlagMpoBaTbCH 0YEHb
BblAENATLCA npu MHd)OpMauMM no OCTOPOXKHO, TakK KakK
MCNonb30BaHUn NOopoOLLKa o6paaoBaH|/||o 0TX040B UMeeTCH BbiCOKas
KanbLus kaKk BOCCTAHOBUTENSA No>XapoonacHOCTb
Al OcTaTkm  anwMuHUA  MOryT n.a.
BblAENATLCA npu
UCMNOnb30BaHUN nopotuka
KanbLusl KaK BOCCTAHOBUTENSA
BtopuyHblie Bo3MOXHbI  pa3nuyHble  BbLIOPOCHI  OT  XMMUYeCKuUx | HeT goctynHoii uHdpopmauum | Het AOCTYNHOMN
maTepuanbl NnpoLiecCoB B 3aBUCUMOCTU OT UCXOAHBLIX MaTepuarnoB U | no o6pa3oBaHuio cGpOCHON uHdopmMauum no
TEXHONOrnu. [JaHHbIe HEJOCTYNHbI. BOAbI 06pa3oBaHuUI0 0TX0A0B
Monu6aeH MI/HM°
MepBUYHbIE Mbinb or neperpysku ] <10 HeT goctynHon uHdgopmauun | Het aoctynHoun | CornacHo
maTepuansbl NPUrOTOBMEHUS  LUUXTbl Ha no obpasoBaHuio COPOCHON | MHAOPMaLUK no | MexayHapoaHon
cknage, OYMULLEHHbIE B BOAbI o6pa3oBaHuIO 0TX0A0B knaccudmkaumm,
MELLOYHOM PUMbTPe Tpuokcua  mMonubaeHa
Mbinb HeopraHusoBaHHble  AbIMbI n.a. (MoO3)
pacnaga aMMMUaYHbIX knaccudmympyeTca  u
NPOAYKTOB OT KanbLMHALUN kak BpeaHbln (XN)
Mo ObiMmbl n.a.
H, Bo3moxxHbIE pucku
BO3ropaHusa OT BOAOPOAHbIX
AbIMOB
BtopuyiHblie Bo3MOXHbI  pa3nuyHble  BbLIOPOCHI  OT  XMMUYECKMx | HeT gocTynHoi nHdopmauum | Het AOCTYNHOMW
maTepuanbl NnpoLIeCCOB B 3aBUCUMOCTU OT UCXOAHBLIX MaTepuanoB u | no obpaszoBaHuio COPOCHON | MHDOpMaLmn no

TEXHONOrMN. [JaHHble HEOOCTYMHbI.

BO/bI

06pas3oBaHN 0TX040B
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Tyronnaskue Bei6pockl B atmoccepy C6poc B BOAY O6pasoBaHue, MpumevaHne
MeTannsl peymKnuHr unun
nosTopHas
nepepaboTka 0TX040B
TutaH Mr/HM®
MNepBuyHbIe Mbinb <10 e Kuakue cTokM e Mbinb, cobupaemas | e Yactuup
maTepuansl 06pa30BbLIBAIOTCA B MOKPOM B CUCTEME TUTaHa COCTOAT U3
Mbinb Mbinb, coaepxxawias ckpybbepe. OTU CTOKU MOTYT | MbineynaBnuBaHus OTHOCUTENBHO TpyObIX
TUTaAHOBLIE BKIMIOYEHUSA, COMb copgepxatb HCI, TTC u e [lbinb cOaepXUT yacTuu, KoTopble
U  BO3MOXHO HebonbLme NaOH. TUTaH, AMOKCUI TUTaHa | ObICTpo oceaaloT u
Konu4ecrea HaTpuAa . YKuagkne cToku M oKkcua Hatpus npeacTaBnaoT
obpa3oBbIBAETCA Npu Cnuse NOABMAIOTCA €AVHOXIbLI NPU | ¢ HekoTopble MoXapoonacHOCTb.
pacnnasa U3 peakropa NCNonb30BaHuUU nnaBurnbHbIE NEYHbIE (] YacTtasa ounctka
Mbinb HeopraHuyeckue BbIGPOCHI n.a. oxnaxgatowien Boabl Yepes TUINN OXNaXxaarTcs obecneunBaer
Mapbl Mapbl CONAHON, MNaBMKOBOW n.a. OCHOBaHue unu npu KUAKAM HaTPUIA- OTCYTCTBUE
KUCMOThI W a30THOW KMCNOTbI npoayBKe 3aKpbITON KanveBbIM CMnasoMm HaKONMEeHUA, 1 Nbifb
TiOCI Mapbl rugposonenn TTC B CUCTEMbI OXIaXaatoLLen (NaK) n HeGonbLuMM 00bIYHO NPOAAIOT Kak
KOHTakKkTe c BMAXHbIM BOAbl PEaKLMOHHbIX KONMYECTBOM NoGOYHbIN NPOAYKT
BO34yXOM o6pasyr0T TYMaH, pes3epByapoB 1 TUTNEN B OKUCINEHHbIX 9TUX ° TTC
coaepkaLyun AnoKeua, nnaBunbHbIX Nevax MaTepuarnos, (TeTpaxnopug TuTaHa)
TUTaHAa, OKCMXIOpUA TUTaHa . Motoulas oTxoabl BOAa | 0OpasioLmxcs B BUAE
(TiOCl) . KucnoTtHoe wnama. LLnam
TTK AproH, wucnonb3yemblii Ans BbILLENAYMBaHME U B3aMMOAENCTBYET C
co3gaHus WUHEPTHOW NPOMbIBKa BOAOW K
aTMocdepbsl B peakTope . OuNLLAIOLLMIA CTOK obpasoBasLuasncs
3axBaTbiBaeT cneabl TTC wm Xnopua TuTaHa XXUAKOCTb BbIrpy>KaeTcsA
HaTpus Ha 3aBoj MO OYUCTKE
CTOKOB
TiO, ObiMbl  OT OYUCTKM KpblLLEK
NaO peakTopoB coaepxawyme
auokeua TuTaHa M OKcuA
HaTpus
Cl <5
BropuyHble BeiGpocbl  conocTaBuMmMbl ¢ BbllenpuBeAeHHbIMU | CTOYHbIE BOAbI aHanoruyHbl | OTxoabl Kak ana
maTepuansbl BbiBpocamu B aTmocchepy Kak WM AN NepBMYHbLIX | MEPBUYHBIX MATEPKUAroB
Marepuanos
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Tabnwunya 3.11 — BeiGpockl Npu NpoM3BOACTBE TaHTana

Tyronnaskue BeiGpockl B atmocdepy Cobpoc B BOAY O6pa3soBaHue, peyuknuHr Mpumevanne
MeTannbl Uy NOBTOPHAas
nepepaboTka 0TX040B
TanTan MI/HM®
MepBUYHbIE Mbinb | Cknag M neperpyska UCXO4HbLIX <10 . Cuctema . Mbinb, cobupaemas | 3TU faHHbIe
maTepuansl Marepuanos oxna)gatowen Boabl Ans B cUCTEME noaxoaNaT Ans
Mbnb | KanbuuHaumsa <5 3MNEKTPOHHO-Iy4€eBOIi NeYn nbineynaenMBaHus nNpon3BOACTBA MOPOLLKA
Mbinb | BoccTaHoBnexHwe BOAOPOAOM <5 CKOHCTPYMpPOBaHa kak peuunpkynupyeT B TaHTana u ero kapbuga.
Mbinb | KapboHuzauus <5 3aMKHYTbIN LMK U HE MMeeT | mpouecc . AMMUAYHbIE
Mbinb | MbineHune <10 KOHTaKTa ¢ Marepuanamu . Het pocrtynHon COEAUHEHUS MMEIOT
Mbinb | MpoaykTel neperpysku (ToHKas <10 . Mudopmayua He uHcpopmauyun 06 CUNbHBIV 3anax, KOTOpPbIN
Nblfb) focTynHa o6 obpasoBaHun obpasoBaHuu gpyrmx MOXET co3aaTb npobnemy.
Mbinb | HeopraHnszoBaHHble  BbIGPOCHI n.a. ApYrnx CTokos. 0TX0A0B . HekoTopble
npu 3arpyske U BbIrpy3Ke neyu. mMartepuarnsl TaHTana
ButaHue menkux vyactuy MMEIOT BbICOKYHO
NH; TpybHble n/vnu <60 pPaanoakTMBHOCTb
HEOopraHM3oBaHHbIE aMMUaYHbIEe . HF (dbTopucTbin
AblMbl OT KanbLuHauum BOAOPOA) BbICOKOTOKCUYEH
HF Boaopoa-gtop <1 u nerko abcopbupyeTcs Ha
H, Bo3amoxxHa  nOXapoonacHOCTb NOBEPXHOCTU KOHTaKTa
OT BOAOPOAHBIX AbIMOB
BropuyHble Mbinb | Tak e Kak M Npu MNEPBUYHbLIX . Cucrema . Mbinb, cobupaemaa | HF (pTopucTtbin
maTtepuanbl Marepuanax oxnaxgatoLen Boabl Ans B cUCTEME BOA0POJ) BbICOKOTOKCUYEH
H, Bo3smoxHa  noXapoonacHoCTb BNEKTPOHHO-YYEBOI NeYn nbineynaenMeaHus n nerko abcopbupyetcsa Ha
OT BOAOPOAHbIX AbIMOB CKOHCTPYUPOBAaHa Kak peumpkynupyeT B NOBEPXHOCTU KOHTaKTa
NH; | TpyOHble n/mnu <60 3aMKHYTbIA LMK M HE UMEET | NpoLiecc . Cknap neperpy3ska
HEOpraHM30BaHHbIE aMMUaYHbIEe KOHTaKTa ¢ matepuanamMu. . HeT goctynHoi HF [omkHbl 370
AblMbl OT KanbuuHauum . Bbiwenavmsanue uHcbhopmMaumm o6 YYUTbIBATH
crraBa TaHTana v NpoMbiBKa | o6pasoBaHum apyrux . KoBanbT 06bI4HO
. Bbiwenaunsatue 0TX0A0B no6aBnAT B TBEPAbIN
wnamMa u npomMbiBka MeTannuM4yecknui NOPOLLIOK
. KucnoTtHasa moliika
TaHTanoBOro NOpOLLKa 1
npombIBKa
. BobiwenaynsaHue
KOHAEHcaTopa U NPOMbIBKA
HF Bogopoa-gprop <1
Cneabl Mmetannos Co, MnO, Ni n Ag Ni<1
MOryT ObITb B CKpane TaHTana U MoryT Co<1
ObITb yaaneHsl
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Tyronnaekue Bbibpockl B aTMOCepy C6poc B BOAY O6pasoBaHue, peynKnnHr MpumeyaHue
MeTansbl MU NOBTOPHas nepepadoTka
0TX0A0B
Huno6wit Mr/HM®
MepBUYHbIE Mbinb OT BCEX  WCTOYHUKOB <10 . HeT goctynHoii . Mbinb, cobupaemasa B . Hunobuii n ero
maTepuansbl OYMLLEHHBbIX B MELUOYHOM uHdopmayum o6 CUCTEME MbINeynaBnuBaHus | COeAMHEHUS UMEIOT O4YEHb
dunbTpe 06pasoBaHWUK CTOKOB. . Lnak ot HU3KYIO TOKCUYHOCTb
Mbinb <5 BOCCTaHOBIEHUS B . HF (nnasukoBas
Mbinb Oor npou3BoACTBa <5 BaKyyMHOW ne4u KMCroTa) 0YeHb TOKCUYHA U
kap6uaos HMoGus . M3BecTHO, 4TO MOXKET Ierko
Mbinb HeopraHu3oBaHHbIe n.a. NUpPOXIIOpP, KOTOPbI abcopbupoBaTtbCs Ha
BbIOpoCh! ABNAETCA 3HAUNTENbHBLIM KOHTaKTHOW NOBEPXHOCTU
VOC OT >XMAKOW IKCTPaKLUm n.a. CbIpbEBLIM PECYPCOM, MOXET | ® Cnepa v neperpyska
NF Bbi6pockl NF <1 UMETb BbICOKUI YPOBEHb HF A0mKHbI BbINONHATLCA
HCI <10 paguoakTUBHOCTU U NMOJTOMY | pacyeTIMBO
Al AnNIOMUHMEBbIE  OCTaTKM <5 TEPMUYECKUI NNABUMbHBIN
MOryT OblTb OTAEMNEHbI npouecc noTeHuuansHo

npocenBaHUeM MOPOLLKA
NS UCMOMNb30BaHUA Kak
BOCCTAHOBUTENb

Jlpyrve BbIGPOCHI 3aBUCAT OT UCXOAHOIO ChbIpbs

3KONOrMYECKU rpPsi3eH ¢
AOMKHbIM BHUMAHUEM K
yaaneHuto wnaka.

. HeT goctynHowu

M npouecca. [ONONHWUTENbHbIE  CBEAEHUA nHchopmarum 06
HEAOCTYMHBI. o6pa3oBaHUmM OTXOA0B.
BTopuyiHblie Mbinb OT BCEX  WCTOYHUKOB <10 . Het goctynHoii . Het aoctynHoi . HF (dTopucTbii
marepuanbl OYULLEHHbIX B MELUIOYHOM MHopmaymm 06 undopmMauum 06 BOJOPOJ) BbICOKOTOKCUYEH
dunbTpe 06pa3oBaHUN CTOKOB. o6pasoBaHnn OTXOA0B. u nerko abcopbupyertcsa Ha
HF BbIGpochl HF npu <1 NMOBEPXHOCTU KOHTaKTa

KOonmaHun

Opyrne BbIOPOCHI 3aBUCAT OT UCXOAHOMO CbIPbS

M mpouecca.

[ononHuTenbHble

HEAOCTYMHbI.

cBeaeHus

. Cknag neperpyska
HF [0mkHbI 9TO yunTbIBaTh
. KobanbTt 06bI4HO

[06aBnsA0T B TBEPALIN
METannM4Yeckuii MOPOLLIOK

. HF (pTopucThii
BOAOPOA) BbICOKOTOKCUYEH
n nerko abcopbupyetcs Ha
NOBEPXHOCTU KOHTaKTa

. Cknag neperpyska
HF [00/mKHbI 9TO y4nTLIBATL
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Tabnuya 3.13 — Beibpockl Mpu Npon3BoACTBE PEHUS, LUPKOHUSA U radoHUS

Tyronnaskue BbIGpockl B aTmocdepy Cobpoc B BOAY O6pasoBaHue, PeLUMKIUHT Mpumeyaxue
MeTannbl Unu NoBTOpHas nepepaboTka
0TX0A0B
Penuit Mr/Hv®
MepBUYHbLIE Mbinb ot BCEX WCTOYHWNKOB <10 . $dopmupoBaHue . Mbinb, cobupaemas B . PeHui u ero
Matepuanbi OYULLUEHHbIX B  MELUOYHOM CTOKOB CMCTEME MbiNeynaBnuBaHus | COeaUHEHUsI UMEIOT
punbTpe o HeT goctynHowm OY€Hb HU3KWI YPOBEHb
Mbinb <5 uHcpopmaumu 06 TOKCUYHOCTH
Mbinb HeopraHusoBaHHble n.a. o6pasoBaHMK CTOKOB.
BbIOPOCHI
Opyrne BbIGPOCHI 3aBMCAT OT WMCXOLHOIO CbIPbA W
npouecca. JonofHUTEeNbHbIE CBEAEHUSA HEAOCTYMHbI.
BropuuHkle BbIGpPOCEI 3aBUCAT OT UCMOMb30BAHHOTO ChIpbsl U | o Het pocrynHon . Het aoctynHon
MaTepuansl npouecca. [JaHHble HEAO0CTYMHbI. uHdopmayum 06 nHdopmauum o6
06pasoBaHMK CTOKOB. 06pa3oBaHuUM OTXOA0B.
LiupKoHuit Mr/HM®
racoHun
MepBUYHLIE Mbinb oT BCEX MCTOYHMKOB | <10 ° Het pocrynHon . Zr v Hf Taoke . Mony4vexue
Marepuarnbl OYMLUEHHbIX B  MELLOYHOM uHcpopmaumu 06 accouumnpyioTes ¢ LIPKOHUS UMEET
duneTpe 06pa3oBaHUM CTOKOB. paanoakTUBHbLIMM 3HAUUTENbHBIN
Mbinb HeopraHusoBaHHble n.a. MeTannamu (ypaH, NOMOHUIA | SKOSIOTUYECKUN PUCK,
BbIGpPOCH! 1 TOpMIA), KOTOpbIE MOTYT CBSA3aHHbII C ero
F HeopraHusoBaHHble n.a. ObITb B OCTaTKE 0CTaToOvHON
BbIGPOCHI . KucnotHoe pPaaMoaKTUBHOCTbIO OT
PaanoakTMBHOCTb OT LIMPKOHUSE n.a. BbILLENAYUBAHNE NPU paanoaKkTUBHBLIX
Xnopupylowmin - npouecc Anga  4actu npousBoACTBE MeTannos (ypaH,
LUPKOHUEBOTO KOHLEHTPATa U BO3TOHKU METanNUYECKOro LMPKOHMSt U | MOMOHWIA U TOpUI),
TeTpaxnopuaa LUMPKOHUS Tpebyet cnnaea HaXOAALUMXCA B TAXKENOM
CTPOrUX OrpaHMYMUTENBHBLIX Mpoueayp. . Bpocosas kucrnorta necke, KOTOpbIit
Ipyrue BbIGPOCHI 3aBUCST OT UCXOAHOIO . HeT noctynHoii MCMONb3YeTCsl KaK Cbipbe.
cbipb M npouecca. J[lononHuTenbHbIE uHdopmaLmm 06 YpoBeHb paguauuu He
CBeACHUA HEAOCTYNHbLI. 06pa3OBaHy|y| OTX0/10B. I'Iyﬁl'IVleeTCﬂ.
BTropuuHble BbIGpoCbl 3aBUCAT OT UCMONbL30BAHHOTO ChiPb U | Het pocrynHoii . Het pocrynHon
MaTepuansl npouecca. [laHHbIe HeOCTYMHbI uHopmaummn o6 uHdopmaummn 06

06pas3oBaHWUM CTOKOB.

06pa3oBaHuK CTOKOB.
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Pasgen 4. OnpegeneHne Hauny4wmx 4OCTYNHbIX TEXHOOMMN

TepMUH  «Hawnyywme [ocTynHble TexHomormvy  (HOT) onpepeneH B
degepansHom 3akoHe oT 10 sHBaps 2002 r. Ne 7 ©3 «O6 oxpaHe Okpyxatroen
cpeabl» ([1]).

Mop «TexHororvel» B LIENOM MOHMMAaOT COBOKYMHOCTb MeToAoB 06paboTky,
W3roTOBNEHNS, N3MEHEHUSI COCTOSHUS, CBOWCTB M (POPMbIl Cbipbfl, MaTepuarnos Wnv
MOMyNPOAYKTOB, OCYLLECTBMSEMbIX B MpOLEecce MNpouM3BOACTBa NPOAykumm. 3aech
UMeloT B BUAY W COBCTBEHHO TEXHOMOMMK, M CnocoB, € MOMOLLLIO KOTOPOro
onucbIBaeMbli 0OCBEKT CNPOEKTMPOBaH, MOCTPOEH, 3KCMIyaTMpyeTCs U BbIBOAUTCA U3
aKcnnyaraumn. OTO HE TONMbKO TEXHONOTMA NPOU3BOACTBA, HO W pasnuyHble
TEXHUYECKME N HETEXHUYECKME METOAbI NOBBILLEHNA SKOSNOMMYECKON Pe3yrbTaTUBHOCTU
(aKOMOrMYECKNA MEHEPKMEHT, YNpaBneH4Yeckue peLLeHus).

Mon «AOCTYMHOW» MOHMMAIOT SKOHOMUYECKM LenecoobpasHylo TEXHOMOruIo,
KOTOpas JOCTUINa yPOBHS, MO3BOMAOWEro obecneynTs ee BHEAPEHNE B TON OTpacnm
LUBETHOM  MeTannyprin, KoTopas OTBeYaeT 3a MPOM3BOACTBO  pefikux U
peAKo3eMerbHbIX ~ MeTannoB, C  Y4eTOM  OKOHOMWUYECKOM U TEXHUYECKOW
060CHOBAHHOCTW, 3aTtpaTr M MNpPeuMyLLecTB; NpU 3TOM TEXHONOINs AoimkHa ObiTb
peanusoBaHa xoTa Obl Ha ABYX NPEANPUATUAX OTPACHN.

Mopg «Haunyywen» nNOHWMAKT TexHoMnorn, obecneynBaoLLylo  OXpaHy
OKpyXaroLen cpefbl n pecypcocbepexeHnne (pecypcbl 34echb — Cbipbe, BOAA, SHEPrus)
B MakcumarnsHOW Mepe.

Mopsipok  onpepeneHns  TexHonmorm B kadectee HAOT  onpepeneH
nocraHoeneHneM [lpasutensctea Poccuiickort deaepauum ot 23 pekabps 2014 r.
Ne 1458 «O nopsgke onpefeneHus TEXHOMOMMN B Ka4yecTBe Haunyylwen AO0CTYrnHOU
TexHomnornu, a Takke paspaboTku, akTyanusaumm 1 onybnMkoBaHMs MHPOPMALMOHHO-
TEXHNYECKMX CMPaBOYHMKOB MO HaunyylwMMm AOCTyrNHbIM TexHonormam» ([5]), Ha
OCHOBaHMN KOTOPOro MWHMCTEPCTBO MPOMBILLNEHHOCTM U Toproenv Poccuiickoi
depepayun  paspabotano MeToanyeckne  pekoMeHZauuuM Mo onpejenieHuto
TEXHOMOMN B KA4YeCTBE Hauny4Llen 4OCTYNHON TEXHONOMN.

CornacHo nepeyYncrnieHHbIM LOKYMEHTaM MNPy OTHECEHUM TEXHONOTMYECKUX
NpoLeccoB, TEXHWYeCKUX cnocobos U meTopos, obopyaosaHus k HAT Heobxoaumo
PYyKOBOACTBOBATLCA CNEAYHOLLMMUN KPUTEPUSMU:

a) HanMeHbLUMIN YPOBEHb HEraTUBHOMO BO3LENCTBUA Ha OKPYXaloLyto cCpepy B
pacyeTe Ha eguHULy BpemMeHu unv 06beM NPOM3BOAMMON Mpomykuum (TOBapa),
BbINOMNHSAEMOW paboTkl, OkasbiBAaeMON ycnyri Mo COOTBETCTBME APYrMM MOKa3aTensm
BO3AENCTBUA Ha OKPYXalollylo Ccpeay, NpefyCMOTPEHHbIM — MEXAYHapOLHbIMU
norosopamu Poccwuiickon depepaumm; NpUopUTETHBIM, OKasblBalOLLMM HauMeHbLUne
oTpuuaTenbHble BO3AEUCTBUSI HA OKPYXKawLyl Cpeay, PEKOMEHAOBaHO CuuTaTb
BO3J€eNCTBME OT OTXOA0B, 3aTeM BbIOPOCOB B BOAY U 3arps3HEHNE MOYBbI; BO3JeNCTBME
OT BbIGPOCOB B BO34YyX PEKOMEHAOBaHO paccMmaTpuBaTb Kak hakTop, MMeroLun
HanBONbLLNIM OTpULAaTENbHbLIN 3hdEKT;

6) askoHOoMMYeckasi 3MEKTUBHOCTE BHEAPEHUS W 3KCMfyatauuu, aHanms
3KOHOMUYECKON 3(PPEKTUBHOCTM 3aKNKOYaeTCA B OLEHKe 3aTpaT Ha BHeApeHue U
3KCNNyaTaumo TEXHOMOMMU W BbIroAbl OT €8 BHeAPEeHUs MEeTOAOM aHanusa 3atpar u
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BbIfof; B Mpouecce OUeHKM LenecoobpasHo pasfensite obbekTbl Ha HOBble WU
LEeNCTByLOLLME;

B) MPUMEHEHME pecypco- 1 sHeprocbeperarLLmx METOL0B,;

r) nepuoa BHeapeHus;

Z) NPOMBILLINIEHHOE BHEAPEHWE TEXHOMOrMYeckux npoueccoB, o6opyaoBaHus,
TexHunyeckmx cnocoboB, mMeTogoB Ha pAByx U 6Gonee obbektax B Poccunckon
depaepaumnn, OkasbiBaOLLMX HEraTUBHOE BO3AEUCTBME HA OKPYXXAIOLLYIO Cpeay.

B kauectBe WCTOYHMKOB WHOPMaUMM O MNPUMEHSIEMbIX Ha NpPaKTUKe
TexHonorusix, oTHocsawmxca k HAT, wvcnonb3oBaHbl CBEAEHWS, MOSMyYeHHble B
pesynbTare  aHKeTMpoBaHWs  MpPeanpuUsSTUA  OTpacnv,  pesynbTaTtbl  Hay4HO-
nceneaoBartenbckux paboT, a Talke UHOopMaLms, NonyYeHHas B X04e KOHCYNbTauun
C NPOoUNBHBLIMK 3KCNEpTaMu.

HaunyJywuwe pocTynHble TEXHONMOMMM M MeETOAbl, @ Takke — B HeoBxoAuMMbIX
cnyyasix — COOTBETCTBYIOLUME WM  TEXHONOrMyeckne rnokasatenud (3HadeHus
KOHUEHTpaumn  BbIGpOCOB)  OnpeaeneHbl  TeXHUYeckon  paboyerd  rpynnown
NPUMEHNTENBHO K CreaylolmMM OCHOBHbIM MpoLecca MNPOUM3BOACTBA pPeakux U
penko3eMenbHbIX METaroB:

1) npoueccbl MOArOTOBKM ChipbSl U €ro onpoboBaHve: cylika, ApobneHuve,
CMeLLeHue, CnekaHue U KanbLyHauums;

2) NPOoLECC CNeKaHUs 1 KanbUMHALUUS, BbilLenayvBaHue,;

3) MeToAbl paspenenus;

4) rmgpomMeTannyprmyeckne TEXHONOru.

Pasnen 5. Haunyuiume AOCTyNHbIE TEXHONOMMU

5.1 O6wume HOT ona npou3BOACTBa PeadKUX U peaKo3eMeNbHbIX
MeTannos

5.1.1 Cucrtembl 3konormyeckoro meHemxkmeHTta (COM)

HOT 1. TloBbiweHne obwen  pesynbTaTUBHOCTM  MPUPOLOOXPaHHON
pLesiTensHoCcTU. BHeapeHve 1 nopgaepkaHue CUCTEMbI 3KOMOrMYECKOro MEeHEMKMEHTa
(COM), cooTeTcTByIOWEl TpeboBaHusmM FOCT P UCO 14001" wnm 1SO 14001",
a Takke nognepxaHne B KadectBe coctaensowern COM cuctembl ynpaeneHus
KCTINyaTaumen, OPUEHTUPOBAHHOM Ha nogaepxaHne 3MPEKTUBHOCTU  CUCTEM
MbINEenoAaBeHNs U MbiNeynaenueaHus M paspaboTka nnaHa MeponpusTUA Mo
HeopraHn3oBaHHbIM Bb|6pocaM, npeapycmatpmBaroLLero, B TOM 4ncne nHeeHTapusauuo
Hambonee xapakTepHbIX MCTOYHUKOB HEOPraHN30BaHHbIX BIOPOCOB.

5.1.2 JDHepromeHemKMeHT

HAOT 2. MoBblweHWe 3 dEKTUBHOCT UCNOMNb30BaHUA SHEPTUW: UCTOMNb30BaHWEe
komBuHauum aByx nnmn Gonee MeTon0B, NpuBEAEHHbLIX B Tabnumue 5.1

1
) CooTBETCTBME CUCTEM MEHEAMMEHTAa yKasaHHbIM CTAHOAPTAM He O3HAauYaeT ee OBA3ATENbHYIO

ceptuduKaumio
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MeTtoa/o6opynosaHue

[MpUMEHNMOCTb

a)

Cucrtema  ynpasrieHus 3HEProaPEKTUBHOCTLIO
(Hanpumep, B cooTBETCTBUM C  TpebosaHWAMK
MexgyHapogHoro ctaHgapta ISO 50001)

O6wenprmeHnma

WUcnonb3oBaHne un3bLITOYHOTO Tenna (Hanpumep,
napa, ropsyYein BOAbI WNW TOPSYEro BO3AYXa),
obpasylowjerocas  npu  peanusaumm  OCHOBHbIX
npoLeccos

MpumeHseTca ans
NUPOMETanNNypru4eckmx
npoueccos

MoBbileHMe  TeMnepaTypbl  BbiLLENaYNBaoLWmX
pacTBOPOB C WCMONb30BAHMEM Mapa Wn ropayen
BOAbI 3@ CHET N3BLITOYHOrO Tenna

MpumeHseTca ans
rMAPOMETANNYPru4ecknx
npoLieccoB

Mopaya Ha ropenkun Bo3gyxa, oboraleHHoro
KUCropoAoM, AN yMeHblueHust  noTtpebnenus
3HEpruM 3a c4eT aBTOreHHoro npouecca obxwura n
HarpeBa npu CrekaHnM maTepumarnos

MpumeHseTca
neyen, B KOTOpPbIX
nenonb3yeTcss  Cbipbe,
copepxallee cepy wnv
yrnepog

ans

HuskoTemneparypHaa  cywika
BJI2XKHOTO ChIpbsi NEpes NnaBKon

KOHUEHTPaToB W

Tennonsonauusa o6bLEKTOB, YHKLMOHMPYIOWMX NpU
BbICOKMX Temnepatypax, Hanpumep, Tpybonposoaos
napa v ropsiyen Boabl

O6wenpumeHnma

Wcnonb3oBaHne  Tenna,  obpasyroweroca  npu
NPOV3BOACTBE CEPHOM KMCNOTbI U3 AMOKCHAA Cepbl,
ans npeaBapuTEnbHOro HarpeBsa rasa,
MCMonb3yemMoro Ha 3aBoAe CePHON KUCMOTbI, MM ANs
BbIpaboTkK Napa n / unn ropsiHen soabl

MpumeHsaeTca ans
3aBof0B no
NPOW3BOACTBY LBETHbIX
METannoB, BKMKOYAOLLMX
NPOU3BOACTBO  CEPHON
KUCNOTBI UM KUAKOTO
SO,

Wcnonb3osaHve BbICOKOSDEKTMBHBIX
anekTpoasurarteneli, 060pPyAOBaHHLIX 4YaCTOTHLIMU
npeobpasoBaTtensMu, [ANS TakMx YCTPOWCTB Kak,

HanpUMep, BEHTUIIATOPSI.

CucteMbl  KOHTPONs,  KOTOpble  aBTOMaTU4ecku
aKTUBWPYHOT BKITOYEHNE MECTHbIX OTCOCOB MbINW UMK
OTXOASILUMX [a30B TONMbKO MPW  BO3HWKHOBEHWU
BblGpocoB

O6wenpumeHuma

5.1.3 KOHTpOsb TeXHONOrM4YeCKUX NPOLECCOB U MOHUTOPUHI 3MUCCUN

HAT 3. ObecneyveHune cTabunbHOCTM NPON3BOACTBEHHOrO NpoLiecca: BHeAPEHWe
CUCTEMbI aBTOMAaTWN3MPOBAHHOMO KOHTPOMS W UCMOMb30BaHNE KOMOWHaumn AByX UM
Sonee MeTOA0B, NpuBeAeHHbIX B Tabnuue 5.2
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Tabnwunya 52

MeToa/obopygoBaHue

[TPUMEHNMOCTb

a)

MpoBepka M COPTMPOBKA WMCXOZHLIX MaTepuancs B
cootBeTCTBUM C TpeGoBaHusMK, onpeaensembiMmn
UCMOSb3YEMbIM TEXHOMOTMYECKUM 0GOopyaOBaHUEM W
NPYMEHSIEMbIMM METOAAMM COKPALLEHNA 3arpsisHEHNS

6)

TwarensHoe nepemelLnBaHne pasnnyHbIX
MartepvanoB, BXOAAWMX B COCTaB LWMXTbl [AMS
DOCTUXEHUA onTUMansHon 3 PeKTUBHOCTU
nepepaboTkn 1 CokpaLleH1sa BbIGPOCOB U OTXOA0B

CuncTembl B3BELLMBAHUSA U A031poBaHnNSA LLINXTbI

Wcnonb3osaHe MUKPOMPOLIECCOPHBLIX YCTPOMCTB ANS
KOHTPOSA CKOPOCTU MOAaYM Marepuana, KhHueBbIX
TEXHOOMMYECKMX napameTpos, BKMtouas
CUrHanNM3aumio,  YCROBUWA  CKMraHus W nojauu
[OMOMHATENBHOTO rasa

HenpepbiBHbIN WHCTPYMEHTanNbHbIN KOHTpOInb
Temnepartypebl, aBrneHVs B Ne4M 1 nojauqm rasa

KoHTponb  KkpuTMyecknx napameTpoB MNpOLECCOoB,
peann3yemMblX Ha yCTaHOBKax OYUCTKM BO3Ayxa, Takmx
KaKk Temnepatypa rasa, KOJIMYECTBO MNojaBaeMbiX
peareHToB, NageHne nasneHnda, ToK N HanpsKeHne Ha
anekTpodunbTpe, 06beM nogaum u pH xuakocTn B
MOKpOM CKpyGb6epe, cocTtaB nogaBaemMoro rasa
(Hanpumep, O,, CO, NOC)

KoHTponb copepaHust MbiMM B OTXOAALUMX rasax
nepeg vx nogayen Ha 3aBoj CEpHON KUCMOTbI

O6wenpumeHUMbI

HenpepbIBHbIN MHCTPYMEHTaNbHLIA KOHTPOSIb YPOBHS
Bubpaumm ans obHapyxeHus 3aBanoB U BO3MOXHbBIX
oTKasoB obopygoBaHUA

MpumeHseTca ansa
3aBOAOB no
NPOV3BOACTBY  LIBETHbIX
METannoB, BKMNOYAOLLMX
NPOV3BOACTBO  CEpHOWM
KACNOTbl  UIMN  XKWAKOrO
SO,

HenpepbiBHbIN  UHCTPYMEHTANbHBLIA KOHTPOMNb  CUIbI
TOKa, HamnpsKEHUS W TEMMepaTypbl SNEKTPUHECKNX
KOHTaKTOB

O6wenpmmerHum

KoHTpons U1 perynuposaHue Temnepatypel Ans
npefoTepalleHns obpasoBaHus BbIGPOCOB MeTansos
1 OKCUAOB METAIIOB M3-3a Neperpesa

MpumeHsioTcs ans
NpPOLECCOoB aneKkTponunsa

n)

Mcnonb3oBaHue MUKPOMPOLIECCOPHBIX YCTPOMUCTB ANS
KOHTPOMNSA Mojayn peareHToB M paboTbl OUMCTHOro
obopypoBaHus, BKIto4as HenpepbIBHLIN
VHCTPYMEHTarbHbIN KOHTPONb TeMneparypbl,
MyTHOCTU, pH, anekTponpoBogHOCTN M 06 LEMOB CTOKA

MpumeHsioTeA
yCTaHOBOK
CTOYHbIX BOA

and
OYUCTKU
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5.1.4 O6wwui nogxopn K NpeAOTBPALLEHUIO HEOPraHM30BaHHbIX AMUCCUNA
HOT 4. YmeHblueHWe HeopraHusoBaHHbIX BbIOpOCOB, 0OpasyloWmMxcs npu

XPaHeHUN Cblpbsi, 3aKMOYaeTcsl B WMCNONb3OBaHWM KOMOWHauum nByx wnu Gonee
METOA0B, NPMBEAEHHbIX B Tabnuue 5.3.

Ta6bnwunya 53

MeTtoa/obopyaoBaHve [MpUMEHMMOCTb

a) [Acnonb3oBaHue 3akpbiTbiX MoMeweHnd wmm |lMpyMeHseTca ANs NbINAWmX
emKkocTen/byHkepoB MarepuarnoB, Takux  Kak
KOHUeHTpatbl, ¢nocbl 1
nynbna

0) |CoopyxeHve ykpbmuA  Hapg  nnowagkamum ([MpumeHseTca Aans
XpaHeHus HenbINALWMX mMarepuarnos,
TakMX Kak  KOHLEeHTpaThl,
drtockl, TBEpAOE TOMMMEO,
KPYNHOTOHH&KHbIE
HacbiNHble MaTtepuanbl W
KOKC, a Takke BTOPWUYHOIO
CbIpbsi, copepxallero
pacTBopuMbie B Boae
OopraHuM4eckue coeanHeHUs

B) |[epmeTnyHasa ynakoska lMpumeHaeTca ana xpaHeHus
NbinsilLUMX  marepuanos, a
TaKke BTOPUYHOIO  CbIpbS,
copepxallero pacrsopyMbie
B BOAE opraHudyeckme
COeMHEHNA

r) |CoopyxeHue yKpbITUiA Haj nponeTamm MpumeHsaeTca npu
rpanynuposaHunm/
arnomepauuu martepvana

4) |PasmelyeHne ycTporcTB ans ynaenumesanns neinn |lMpumeHsetca B MecTax
/ ra3oB B TOYKaX 3arpy3Kku 1 Neperpy3ku CKNaanpoBaHnst NbIASLLMX
Marepuarnos

e) |Wcnonb3oBaHne pna  coopyxeHuss emkocten |ObwenpumeHnmo
CTPOUTENbHBIX MaTtepuanos, YCTOWYMBLIX K
3arpykaembiM MaTepuanam

X) |MpuMeHeHVe HapexHbIX cucTeM OBHapyxeHus |OBLenprMeHmMo
yTeYeK W WHAMKALUUM YPOBHSI  3aMOSHEHUS
emMKocTen c nogadven curHanoe  and
npeAoTBpaLLEHMS UX MEPENOSTHEHUS

3) [XpaHeHue KOHLEHTPUPOBaHHOW cepHon kucnoTsl |OBwenpmeHnmo
N ApYrVX arpeccuBHbIX MatepuanoB B eMKOCTAX
C [OBOWHBbIMM CTEHKAMW WM B  EMKOCTSX,
pasMeLLeHHbIX BHYTPU YyCTON4YMBOTO K
BO3JIENCTBUIO arpeccuBHbIX cpep obsanosaHuns
J1BOMHOW BMECTUMOCTH
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OkonyaHue mabnuyp! 5.3

n) |[poekTnpoBaHue nNNOW@AAOK ANS  XpaHeHus
Takmm obpasom, 4Tob6blI nobble yTeukn U3
€MKOCTE W CUCTEM [OCTaBKW YASPKUBANMCH
BHyTPM 06BanoBaHWs, CNOCcoBHOr0 BMECTUTb
06beM KMAKOCTW, PaBHbIA MO KpamHen Mmepe
o6beMy Hambonblen eMKOCTW, pasmeLleHHON
BHYTpY obBanoBaHuA. Mnowaaka ana xpaHeHus
pomkHa 6biTb obBanoBaHa U MMETb NOKPbLITUE,
HE NOABEPKEHHOE BO3AEUCTBUIO XPaHALLErocs
arpeccuBHOro Martepuana

O6wenpmeHumo

k) [CBop n obpaboTka ammnccuin, obpasyowmxcs npu
XpaHeHuH, c MOMOLLbIO cucTem,
npegHasHayeHHbIX  Ans obpalyeHus c

XMMUYECKUMWN BeLeCcTBaMK, KOTOpble nognexar
XpaHeHuto. Boga, vcnonb3oBaHHas AnNs cMbiBa
MbITK, Takke AOMKHa cobnpaTbCa N ouMLAaTbLCS
nepep cbpocom

O6wenpumeHmMo npu
XpaHeHUn rasos. Mpu
XpaHeHUn xunakocter niobble
YyTeUYKM AOMKHbI cobupaTbes
n o6pabatbiBaTbCa

n) |PerynspHaa yGopka W, npu HeobXoanumocTy,

yBRaxkHeHWe NNoLaaku xpaHeHs

O6wenpMeHMbI

XpaHeHMe Marepuanos Tam, rae 3To BO3MOXHO,
B OA4HOM Ky4e BMeCTO HEeCKONbKNX

MpymeHsaeTca npu
CKNaaupoBaHWUM Ha OTKPLITOM
BO3ayxe

H) |Wcnonb3osaHne HedpTenoByLLEK 7
NMEeCKONOBYLLEK B APEHAKE OTKPbITLIX MIOLLAaA0K
xpaHeHus. Mcnomnb3oBaHve Ansi  XpaHeHus
MartepuarnoB, KOTOpble MOIyT COAepXatb
HeTENPOLYKTbI  (Hanpumep,  3amMacreHHOW
CTPyXKM), OETOHMPOBaHHbIX NNOWAnoK C
foptaMnm UMM MHBIMW  yAEPXUBAIOLWUMUA
YCTPOUCTBaMM

MpumeHseTca npum
CKnagmpoBaHUM Ha OTKPbLITOM
BO3ayxe

HOT 5. YMeHblUEHME HEOPraHN30BaHHbLIX 3MUCCUMN,

obpasyowmxes  npm

00paboTKke N TPAHCMOPTUPOBKE Cbipbs. Ucnonb3oeaHue kombuHaumm apyx unm 6onee

METOAO0B, NpUBEAEHHbIX B Tabnuvue 5.4

Tabnwunya 54
Metoa/o6opygoBaHue [TpUMEHUMOCTb
a) | CoopyxeHnne 3aKpbITbIX KOHBENEPOB vnun | ObwenpmeHnmo
NMHEBMaTUYeCKNX CUCTEM ANA  TPaHCMOPTUPOBKA U
06paboTkn NbINALMX KOHLEHTPaTOB, (ONIFOCOB M NynbMbl
6) | CoopyxeHne KOHBEMEepPOB ANA HeMbIIAWMX TBEpAbIX
MaTepunanoB noj Haeecamm
B) | YcTaHoBka ycTpoWcTB pns cbopa nbinv B nyHkTax | MpumenseTtcs npwu
[LOCTaBKM, BEHTUMALMOHHbBIX OTBEPCTUAX, | UCMONB30BAHMN
NMHEBMAaTUYECKMX TPAHCMOPTHLIX CUCTEMaxX M TOuYKax | MbINSWMX MaTtepuanos
neperpyskM Ha KOHBeMepax nepejadm W uX
NOAKITIOYEHNE K CUCTEME PUNbTPaLMn
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)

WUcnonb3oBaHve Ans obpalleHnsi ¢ M3MenbYeHHbIMU
N1 BOAOPacCTBOPUMBIMU  Marepuanamu  3akpbITbiX
MELLIKOB 1nn 6oyex

Ucnonb3oBaHMe cneumanbHbIX  KOHTENHEPOB
06paboTku ynoxkeHHbIX Ha NoAA0HAX MaTepuanos

ana

Pa3bpbl3rnBaHue BoAbl ANS YBNEKHEHUS Marepuvarnos B
MecTax nx obpaboTkn

Wcrnonb3oBaHMe MakCMMaribHO KOPOTKUX MapLupyToB
TPaHCMOPTUPOBKA

YMeHbLUeHe BbICOTbI NageHust C KOHBeVIeprIX NeHT,
MexaHn4eCcKnx nonat nnn 3axsaTtoB

O6LwenprvMeHMBbI

PerynupoBka  CKOpPOCTM  OTKPbITbIX
KoHBenepos (<3,5 m/c)

JIEHTOYHbIX

MpumeHseTca
NCNonL30BaHNN
OTKPbITLIX
KOHBEWepoB

npw

NEeHTOYHbIX

MuHUMU3aLMS  CKOPOCTM Ccrycka WmM  cBOGOAHOrO
nageHVsi MaTeprarnos C BbICOTbI

PaamelueHne nepegaroLwmx KOHBENepoB 7]
TpybonposogoB Ha 6e30MacHbIX OTKPbITbIX Mowaakax
Bbille YPOBHS 3EMHOM MOBEPXHOCTU C  UEMbLo
onepaTuBHOro obHapyxeHus yTeuek 7]
npegynpexaeHus NOBPEXAEHUN  TPaHCNOPTHbLIMA
cpeacteamm n gpyrum obopyaosaHveM. Ecrnu ana
nepemMeLLeHnst HeonacHbIX MarepuanoB WCMoNb3yTCs
noa3semHble TPybonpoBoOaLl, MECTONONOXEHNE UX TPacC
AOMKHO ObITb  AOKYMEHTanbHO 3adUKCMPOBaHO W
OTMeYeHOo Ha MECTHOCTH COOTBETCTBYHOLLMU
npeasynpexaaroyMmn 3Hakamu, AOIKHbI NMPUMEHSITLCS
cucteMbl 6ezonacHoro BeaeHUs 3eMnsHbix pabdor

O6wenpMeHnmMBbI

MoMka komec WM LWAaccUM TPaHCMOPTHbIX CPeAcTB,
NCMNONb3yeMblx ANs AOCTABKM U 06paboTkM NbinsAwmx
martepuaros

He npumeHsetca
yCnoBusix,
MOryT  MPUBECTU
obneaeHeHno

B

KOTOpbIE

K

MpoeeaeHne NnaHoBbIX KamnaHui No ybopke aopor

PasgeneHne HeCOBMECTUMbIX MarepuarioB (HanpuMmep,
OKMCNUTENEN N OPraHN4eCKUX Marepranos)

MVIHI/IMVI38LU/IF| MarepuanbHbIX NMOTOKOB
npoueccamm

Mexay

O6wenpMeHNMBbI

HAOT 6. lNpeaynpexaeHne wunu COKpalleHne HeopraHW3oBaHHble BbIOPOCOB:
ONTMMU3aUMSA NapameTpoB 3PHEKTUBHOCTY yNaBMUBAHMUSA U OUYUCTKU OTXOASLLMUX ra30oB
1 ncnonb3oBaHne kombuHaumu aByx unv 6onee MeToa0B, NpUBEAEHHLIX B Tabnuue 5.5
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Tabnuya 5.5
Metoa/obopygoBaHue [p¥MEeHNMOCTb
a) | Ucnonb3oBaHue 3akpbiTbiXx NeYen, OCHaWeHHbIX | MpumeHeHne MoxeT ObiTb

cUcTeMaMu MblNeynaenMBaHng, UM OCHalleHue
nevemn 7] Apyroro TEXHOMOMM4YeCcKoro
060pyaoBaHMA BbITSHXKHBIMW CUCTEMaMUN

orpaHu4eHo coobpaxeHnaMu
GesonacHocTM  (Hanpumep,
TUNOM/KOHCTPYKUMEN  neun,
Hanu4nem yrpossl B3pbiea)

OcHaweHre neyer U KOHBEPTOPOB BTOPUYHBIMMW
cUcTEMaMmn OTBEAEHUSA ra3oB B TOUKaxX 3arpysku v
BbIrPY3KMu

MpuveHeHne MoxeT ObiTb
OrpaHNyYeHo coobpakeHUaMN
GesonacHocTM  (Hanpumep,
TUNOM/KOHCTPYKLMEN — Mneuu,
Hanu4YMeMm yrposbl B3pbIBa)

CBop nbinv 1 MCNapeHUn B MecTax neperpysku
MbINAWMX MarepuanoB (Hanpumep, B TO4dKax
3arpysky 1 BbIrpy3ku NeYen, Ha NUTEMHbIX NoTKax)

O6wenprmeHnm

OnTMMM3aLMA  KOHCTPYKUMM M TEXHOSIOMN
3KCMIyaTauyn BbITSPKHbIX YCTPONCTB U ra3oxofoB
C Uenbio ynaenvBaHUA rasos, BO3HMKAOWMX NpW
3arpyske LWMXTbl W OTXOASILLMX OT pPasorpeToro
MeTanna, Bblgada M MepemMeLleHne pacnnaBoB
CyNbMOUAOB UM LLIMAKOB MO 3aKPbITbIM Xenobam

ans CYLLECTBYHOLLMX
32BOAOB MPUMEHEHNE MOXET
ObITb orpaHu4yeHo
VMELWMMCH NPOCTPaHCTBOM
" CNOXuBLUENCA
NNaHWPOBKOW  pa3MeLLeHus
06bEeKTOB B Liexax

CoopyxeHune YKPbITUA neyen/peakTopos,
HampuMep C MOMOLLbIO MECTHOM acnupauuy, 4ns
ynaBnueBaHua  BbIOPOCOB  NpU  3arpy30udHbIX
orepauusax 1 Bbigade pacnnasos

ans CYLLECTBYIOLLMX
3aBOAO0B MNPUMEHEHWE MOXET
6bITb OrpaHnYeHo
VMEOLLMMCS NPOCTPaHCTBOM
" CrnoXuBLUENCS
NMaHUPOBKOW  pasmeLLeHnst
06bEKTOB B Liexax

Wcnonb3oBaHne CUCTEM, NO3BONSAIOLLMX NofaBaTb
Cblpbe HEGONBLLMMM NOPLUAMA

MpumeHseTca Tonbko Ans
NONy3aKkpbITLIX NeYen

x)

QuucTka ynaeBnmBaeMbIX OTXo4dWnx rasoB C
NOMOLLbIO CUCTEM, CKOHCTPYMPOBaHHbIX C y4yeTom
0coBeHHOCTEN nx cocTaea

ObwenprmeHma

5.1.5 CokpaueHue BbiGpocoB NOy

HOT 7. MpepotepaiwerHre BoibpocoB NO, NO2 oOT nmupomeTannypruyeckux
MPOLIECCOB: MCMONb30BaHWe OAHOMO U3 METOA0B, NPMBEAEHHLIX B Tabnuue 5.6

Tabnwunya 56
MeTog/o6opyaoBaHne MpumMeHMMocTb
a) | Fopenku ¢ Hu3kumm BeiGpocamu NOx O6LwenpMeHUmBbI
0) | KncnopogHo-TonnuneHele ropenku O6LwenpMeHUMBbI
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Tabnuya 5.7 — TexHonornyeckuin nokasarenb: Bbiopocbl NO, NO, oT nupoMeTannypruyecknx

npoLeccos
MapameTp EauHunua namepenun | CpeaHuin yposeHb BbLIOPOCOB ANs
HOTY
NO, NO, (cymmapHo) Mr/HM® <60

T CpepgHecyTOUHOE 3HaUYeHWe UMM cpefHee 3HadeHue 3a nepuog npoGooTbopa

5.1.6 OTBeaeHMe CTOYHbIX BOJ,

HAOT 8. MpepoTepalyeHne obpa3oBaHMa CTOYHBIX BOA: UCMOMb30BaHWE OAHOro
13 UM KOMBMHaLUMM METOA0B, NPMBEAEHHbIX B Tabnuue 5.8

Tabnunya 5.8
MeTopn/obopyaoBaHne [pyMeHMMOCTb
a) | NamepeHne obvemoB  wucnonb3yemon  un | O6wenpumeHnmo
cbpacbiBaemom BOAp!
6) | Bosgpat B TexHonorudeckui npouecc Bogbl, [ ObwenpymeHnm
MCMOSb30BaHHOW ANS MPOMbIBKM (B TOM 4ncne
MPOMbIBKM @HOL0B 1 KaTOAOB), U Pa3nvTON BOAbI
B) | MosTOpHOE Mcnons3oBaHne cnabbix KMCHOT K3 [ MNprMMeHaeTcs B 3aBUCMMOCTH
CTOKOB, obpasyromxes B MOKpbIX | OT COAEpPXaHUsi B CTOYHbIX
3MeKTpocTaTnyecknx  bunbTpax W MOKPbIX | BOAaX METannoB U TBepAbIX
ckpy66epax BELLECTB
r) | Mcnonb3oBaHne O4YULLEHHBIX FOBEPXHOCTHBIX [ O6LenpuMeHMmo
CTOKOB
4) | WcnonbsosaHne cuctembl oxnaxpaeHus ¢ | lMpumeHeHMe MoxeT ObITb
3aMKHYTbIM KOHTYPOM orpaHuM4eHo
TEXHONOMMYECKUMU
CcoobpaxeHnsMm, Korga
TpebyeTca HU3kas
Temneparypa
e) | MoeTopHOe ncnonb3oBaHue BoAbI, Npoxoasilen | MNMpumeHaeTes B 3aBUCUMOCTH

Yepe3 OUYNCTHbIE COOPYXEeHNA

OT coaepXxaHuna conen

v kombrHaumm MeToA0B, NpUBELEHHbIX B Tabnuue 5.9

HAT 9. MNpepoTBpalleHne 3arpsa3HeHNs He3arps3HEeHHbIX BOA M COKpalleHue
cOpOCOB 3arpsA3HSIOWLNX BELLECTB B BOAHble 0ObLEKTHLI OTAEneHue He3arpsa3HeHHbIX
CTOKOB OT ApYIUX CTOYHbIX BOJ, KOTOPbIE TPEOYIOT O4MCTKM

Mpumerumocts HAT 9: oTaeneHue HesarpsaAsHEHHbIX SINBHEBLIX CTOKOB MOXET
6bITb HENPMMEHMMO Ha CYyLLECTBYHOLLMX YCTaHOBKaX.
HAOT 10. CokpaweHue cOpocoB 3arpsa3HaOLLMX BELLECTB CO CTOYHbIMU BOAAMM:
O4MCTKA CTOYHbIX BOA, 06pasyomnxcs Npy NPOU3BOACTBE PEAKUX U PEeAKO3EMENbHbBIX
MEeTannoB € Lenbio yaaneHus MeTanmnoB 1 cynb@aroB ¢ UCNOMb3OBAHWUEM OAHOIMO U3
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Tabnwnya 5.9
MeTtoa/o6opyaosaHve [TpUMEHNMOCTb
a) | Xmmumyeckoe ocaxaeHue O0wenprmeHnmbl

6) | CeanmerTaums
B) | PunbTpaumna

Tabnunya 5.10 — TexHonormyeckne nokasarenu: CPEAHUA YPOBEHb KOHLEHTpauui
3arpAsHALLMX BELLECTB B MPsMbIX cOpocax, 06pasyloMXCs Npu NPOu3BOACTBE PEAKUX U
peAKo3eMernbHbIX MeTasnnos, B NPUHUMatOLUE BOAHbIE OOBEKTbI

MNapameTp EavHuya nsmepenus KoHueHTpaums 3arpssHsioLero
BeljecTa
AnOMUHUIA Mmr/n 0,3
Hukenb Mmr/n 0,3
Jvokeng TutaHa Mmr/n 0,1
LinHk mr/n 0,08
"' B cniyuae 3aMKHYTOro Lukna Bo40060poTa nokasaTeni He MPUMEHSITCS.

5.2 HAT ana oTaenbHbIX 3TanoB NPOU3BOACTBA pPeaKux W
peako3emeribHbIX MeTasnnoB

5.2.1 BbiGpochbl B BO3AyX
5.21.1 HeopraHu3oBaHHble BbIGPOCHI

HAOT 11. MNpepoTBpaleHe NNy yMEHbLLEHWE HEOPraHM30BaHHbIX BbIOPOCOB OT
NMOArOTOBKW (HANPUMEP, U3MEPEHUS, CMELLEHUS, A pOBNeHUs1) NePBUYHbIX MaTepuarios:
WCNosb30oBaHNe 04HOrO U3 UM komBrnHaLmMM MeToA0B, NpMBEAEHHbIX B Tabnuue 5.11.

Ta6bnuya 5.11

MeToa/o6opyaoBaHue [TPUMEHNMOCTb
3akpbiBaeMble KOHBeliepHas unu | OBwenpuMeHUMBI
nHeBMaTn4Yeckas CWUCTEMbI nepejaym  Ans
nbiNAWero marepuana

&

6) | 3akpbiBaemoe obopyaosaHue. Mpu | MpumeHseTca  Toneko  Ans
NCMONb30BaHWUN MbbHbBIX Martepuaros | nogayu cmecen,
BbIOPOCHI COOMPAIOT U HaNpPaBnsAT B CUCTEMY | NOAFOTOBNEHHbIX c
nogaeneHns BbIGpocoB NCMONb30BaHNEM CUCTEMBI,

BKMHOYatoLen OyHkep c
[L03aTopoM unu
B3BELUMBAHVEM

B) | CmeweHne cbipbss  ocywecteBnserca B | [puMmeHseTca  Tonbko  Ang

3aKpbITOM 34aHUM nbINAWMX  martepuanos. [Ans

CYLLECTBYIOLMX YCTAHOBOK 3TO
MOXeET ObITb 3aTpyAHEHO U3-3a
Hef0CTaTOYHOrO MPOCTPaHCTsa
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HOT 12. MNpepoTBpalleHe UM YMEHbLLEHNE HEOPraHM30BaHHbLIX BbIGPOCOB OT
npeasaputensHon 06paboTkM maTtepuanoB (TakoW Kak Cyllka, BEeMOHTaX, cnexkaHue,
OpVKeTUMPOBaHWE, FpaHynsuvs, npocemBaHne W knaccudukauvs) npyv NpousBoACTBe
PenKUX U pefKo3eMEnbHbIX SNIEMEHTOB: UCMOMNb30BaHMe OLHOro U3 U KOMBUHaLWN U
KOMBVHaLMM METOAOB, NPUBEAEHHbIX B Tabnuue 5.12.

Tabnwuya 5.12

a) 3aKkpbiTass KOHBEWEepHasi WM MHEeBMarnyeckass CUCTEeMbl nepefadn Ans
NbINALWEro Matepyana

6) 3akpbiroe obopyaoeaHue. [lpyM  MCMONMb3OBaHUM MbINAWMX  MaTepuanos
BbIGPOCHI COBUPAIOT M HANPAaBINSIOT B CUCTEMY NOAABNEHUS BbIGPOCOB

HAOT 13. MNpeaoTepalleHe UM YMEHbLIEHNE HEOPraHN30BaHHbIX BbIOPOCOB OT
3arpy3ku Cbipbfl PEAKUX M pedko3eMerbHbIX METannoB AO NOMyYeHUs orapka unu
creka: Ucnosfb3oBaHNe OAHOro UM KOMOMHaUMM MEeTOZ0B, NPUBEAEHHbIX B Tabnuue

5.13
Ta6bnuya 513
MeTtoa/o6opyaoBaHue [TPUMEHUMOCTb
a) | FlepMeTnyHas cuctema 3arpy3ku, Takas kak | ObwenpumeHuma
OBOVHOW  KOMOKOJN, 3aKpbITble KOHBEWEPbl W
nutaTenb, OCHAaLLEHHbIE CUCTEMOW OTBOAA rasa
6) | UsonupoBaHHblE WM OTFOPOXEHHblE MeYu ¢ | YnnoTtHutenbHas ABEpPb
YNNOTHEHWEM NMOAAYU CbIpbS npumMeHnMa TONbkO  AnNs
NpoLECCOB C MNPepbIBUCTON
noaaven n BbIXO40M
B) | OkcnnyaTaums neun M rasoeble MappyTel nog | ObwenpumMerHnmMa
paspsKeHNEM 1 C [OCTATOYHON CKOPOCTLIO OTBOAA
rasa Ans NpeAoTBpaLleHNs NOBbILLEHMS faBNEeHNA
r) | YnnoTHeHne COuYNeHEeHUn C ras’oxogom u netkon | ObwenpuMmeHumo
npwv 3arpyske 1 Bbinycke metanna
n) | 3akpeiToe 3gaHue O6LenpMeHMo
e) | MonHas repmeT1saLmMsa C CUCTEMOWN OTBOAA rasa MpumeHsieTca ANs HOBbIX
3aBO/0B. Mpm
PEKOHCTPYKLIMN
OECTBYOLMX  YCTAHOBOK
npuMeHeHne wmoxeT ObITb
3aTpyAHEHO n3-3a
noTpebHoCcTn B
NOMELLIEHNSIX
X) | MNopaepxaHne repMeTUYHOCTH Neyn O6LenpMMeHMo
3) | MopaepxaHne Temnepatypbl B neun  Ha | OBwenpumeHuma
MWHMManbHO HEO6XOANMOM YPOBHE
n) | Cucrema razooTBofa ANSA 3arpy3kn U codneHenus | ObLienprumeHnMo
C cucTemMol punbTpaLmmn
K) | MpepgBaputenbHaa nogrotoeka  NblNeBUAHOrO | MprMMeHseTCs TOMNLKO Korga
CbIpbsi, HANPUMEP rpaHyMpoBaHe npouyecc M nevb MOXET
ncnonb3oBaTb
rpaHynMpoBaHHOE Cbipbe
n) | YcraHoBka pomuka (ykpbitusi ns koewen npu | OBwenpumeHuma
BbIMNycKe)
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5.2.1.2 OpraHusoBaHHbl€ BbIGPOCHI NbINU

HAT 14. CokpaweHve BbIBpOCOB B BO3AYX NbM (B3BELUEHHBLIX BELLECTB) U
MEeTannoB OT MOArOTOBKM Cbipbsi (Hanpumep, npuemMm, obpabotka, xpaHeHue,
n3MepeHve, nepemMelunBaHve, CMeLUMBaHWe, Cyllka, W3MeENbYeHue, npocenBaHue) B
NPOV3BOACTBE PEAKUX W PEeAKO3EeMESbHbIX 3MNEMEHTOB: MCMONb30BaHUE PYKaBHOMO
dunbTpa.

Tabnuya 5.14 — TexHonornyeckun nokasarens HAT 14: BbIGPOCHI B3BELLEHHbIX BELLECTB OT
NpOoLeCCoB NOAMOTOBKWN Cbipbsi

Mapametp EanHnya nameperun Cpeanyi ypo:le;_:_: gbIGPOCOB ANA
Meinb Mr/HM® 40

D CpeaHecyTouHoe sHaueHne unu cpeaHee 3HadeHue 3a nepuog npoboot6opa.

HAOT 15. Ansa cokpalleHns BIGPOCOB B BO3AYX MbiM (B3BELLEHHbIX BELECTB) U
OKWCIMOB METaNmoB, 32 UCKMIOYEHNEM TeX, KOTOpble HanpaBnsTCA Ha MPOM3BOACTBO
CepHOW KUCnoTbl unuv xmakoro SO, OT 3arpy3kn o6xura, niaBku U NOMYHEHNS Orapkos v
CMEKOB B NPOU3BOACTBE PEeAKMX U peakosemenbHbix metannos, HAT npeaycmarpusaet
Ucronb3oBaHWe pykaBHOro ounsTpa.

Tabnuua 5.15— TexHonornyeckne nokasaterm HAT 15: BbIGpockl OT npoueccos
3arpysku, nnaBku 1 BeINycka MeTanna

MNapameTp EavHuua nsmepexunin Cpearim yp0||3_|e£_:_> 3bl6p0005 ANA
NO, NO (cymmapHo) Mr/HM® 60
IAMMUMaK Mr/Hm® 100
Mbins Mr/HM® 50
Xrop Mr/HM® 30

" CpeaHecyTOUHOE 3HaueHMe NN cpeaHee 3HajueHue 3a nepuog npobooTt6opa.

5.2.1.3 BbI6pochkl opraHuyeckux coeauHeHun

HAOT 16. YMeHblUeH/e BbIOPOCOB OpPraHNYeCcKMX COeAVHEHWA B atmocdepy 13
CYLLKM WCXOQHOrO MmaTtepuana u npouecca obxura, crnekaHust W nnaeBkM  npu
NPOV3BOACTBE METANNIONPOAYKTOB PEAKUX U PeAKO3EMENBbHBIX: UCTMONb30BaHNE OLHOMO
13 N KOMBMHaUMM METOLOB, NpnBeAEHHbIX B Tabnuue 5.16.

Tabnwnya 5.16

MeTon/obopyaosaHue [NpvMmeHnmocTb
BbibupaTb 1 nogaeath Cbipbe B COOTBETCTBUM C MEYLIO U
a) O6wenpMmMeHMo
MCMNONb3yeMbIMM METOAAaMM NOAABMNEHUS BbIOPOCOB
OnNTUMKU3NPOBAaTL YCNOBUSA CropaHa AN YMeHbLUEeHUs
6) P y P AR Y O6wenpmeHmMo

BbIOPOCOB OPraHNYeCKUX CoeguHEHNN
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HOT 17. CokpaweHne Bbibpocos [MXAO/D wn

umcnone3yetr oauvH  Unn

npvBeaeHHbIX B Tabnuue 5.17.

Tabnwnya 517

Jioc
KOM6V|HVIpOBaHHI:IX TEeXHONOrnAx nepepa60TKV| HEeTPaguUMOHHOIO Chipba peikux wu
penkos3emMernbHbIX 3NemMeHTOB

NCT 24-2017

npwv

B BO3gyxe

KoMBuHaumio  MeToaos,

MeToa/o6opyaoBaHue MpMeHnmocTb
a) |Bbibop 1 nofava chipba B COOTBETCTBUN C NEYLIO, O6wenpMeHnMBbI
VCMOSb3YHOLE METOAbI NOAABNEHNS BbIOPOCOB
©) |Cuctemsl 3arpysku Cbipba HECONLLLMMKU MNOPLUAMUA MpumeHseTca
TONbKO AnA
Nony3akpbITbIX
neven
B) |BHyTpeHHsis cuctema ropernkm MpumeHseTca
TONbKO ANA neven
r) |dop-kamepa nnm pekyneparop O6wenpmeHmbl
) |Wsberatb cuctem AbIMOOTCOCA C BLICOKOM 3anblneHHOCTb0 | O6wenpumerHnmo
NMOBEPXHOCTM Npu TemnepaTtype > 250 °C
e) |Wcnonb3oBarne acddekTMBHON cnctembl coopa Nbinm ObwenpMmermo
X) |cnonb3oBaHne MHXeKLMN KNCrnopoaa B BEpXHEN 30He O6wenprmeHumo
neyn
3) | OnTUMK3MpOBaTE YCNOBUS CropaHnsa Ans NogasneHns O6wenprmeHumo
BbI6pOCOB OpraHNYeckMx CoeaNHEHUN

5.2.2 MNoyBa n 3awunTa Noa3eMHbIX BOJ,

HAT 18. MpepoTBpalleHne 3arpsi3HEHMS MOYBbI U TPYHTOBbLIX BOA, ApoGneHus,
npoceMBaHWs W Onepauuii  Krnaccudukaumm:  UCMONb30BaHWe  KMCNOTOCTONKOM
MOBEPXHOCTU MoNa 1 CUCTEMbI 4 cBopa KUCMOTHbIX MPONUBOB.

5.2.3 O6pasoBaHne U OUUCTKA CTOUHbIX BOJ,

HAOT 19. [MpepoTtBpawenve o06pasoBaHNs CTOYHbIX BOA MPU  LWENOYHOM
BbilLiENa4yMBaHMK, MOBTOPHOE WCMOMb30BaHWS BOAbI OT KpucTannuMsauuu pacTteopa
COMW LLEeNoYHoro MeTanna.

5.2.4 OTxoabl

HOT 20. YMeHbLUeHne KonuyecTBa OTX0A0B, HanpaBnseMbIX Ha 3aXOPOHEHNe OT
Npoun3BOACTBA PEdKUX W PEeAKO3EMENbHbIX METanmnoB: OpraHv3auus onepauui Ha
MEeCTe, C LEnbl YMNPOLLEHMS MOBTOPHOrO WCMOMb30BaHWA OCTaTKOB WNW, €cnn 3TO
HEBO3MOXHO, WX HanpaeneHue Ha PEeUMKITUHT C WCMOMb3OBAHWMEM OAHOro U3 Unu
KoMBWHaLuMn MeToa 0B, NpnBeAeHHbIX B Tabnuue 5.18.
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Ta6bnwuya 5.18

MeTtopa/obopynoBaHue MpymeHuMocTb

a) |BTopuyHoe ncnonb3oBaHWe MNbinu U3 cuctemsl | OBLLENPUMEHMMO
yAaneHuna nNeinv B npouecce npom3sBoacrea
obxura, cnekaHms PM n P3M

©) |BoccraHoBneHne Se u Te OT BaXHOW Unn MprMEeHMMOCTb MOXET OblITb
CYXOW OUYMCTKM ra3oB M3 Mbinu/inama orpaHn4yeHa KonmM4ecTBoM
NPUCYTCTBYIOLWEN PTYTU
B) |BoccTaHoBneHWe meTansos 13 wnama lMpsmas nepennaska wnama ot
OYMCTKM CTOYHbIX BOJ, YCTaHOBKM OYNCTKM CTOYHbIX BOA

MOXET ObITb OrpaHMyYeHa
Hanuuem HexenarenbHbiX B
nnaBKe 3NEMEHTOB, TakuX Kak As,
CduTl

HAOT 21. lNMoBTOpPHOE WCMOMbL30BaHNE WAN BOCCTAHOBMEHWME CEPHOW KUCHMOTbI,
nonyYeHHon oT npouecca obxura cynbduaHbIX KOHLEHTPATOB: UCMONb30BaHWE O4HOIO
M3 UM KoMBUHaLMM METOL 0B, NPUBEAEHHBIX B Tabnuue 5.19.

Tabnwnya 519

MeToa/o6opysoBaHue MpuMeHUMOCTb
a) |MoeTOpHOE ncnone3osaHWe B kadecTse |[PUMEHMMOCTE MOXET ObITb
CbIpbSi HA XMMWUYECKOM 3aBoje orpaHn4yeHa B 3aBUCUMOCTUN OT HanNU4nA
MECTHOI0 XMMWUYECKOro 3aBoAa
©) |MpownssoacTso runca Wcnonb3yeTtcs, TONbKO ecnu npumMecH,

NPUCYTCTBYIOLLME B pereHepauum
KUCINOTbI, HEe OKa3bIiBaOT BMNAHUA HA
KayecTBo runca, unu runc 6onee
HU3KOro KauecTBa MOXeET ObiTb
ncnonb3oBaH Ana Apyrux ueneﬁl, Taknx
Kak cocTaensoLlas dnoca

B) |MpoussoacTeo cynbdara HaTpus MNMprmeHsieTcs ToNbKO ANS Npouecca
BbillenavymnBaHnA

HAOT 22.  YMeHblueHWe KonuyectBa OTXOA4OB [MPOU3BOACTBA PeaKkux w
peako3eMerbHbIX METANNOB, OTMNPABIISEMbIX HA 3aXOPOHEHWE: OpraHM3auma onepauuin
Ha MecTe C Uenbio obneryeHns npouecca NOBTOPHOrO MCMOMb30BaHWS OCTaTOuHbIX
NPOAYKTOB WNW, €CMKU 3TO HEBO3MOXHO, HarnpasfeHue WX Ha pPeLuKnuHr C
NPUMEHEHNEM OAHOTO U3 NN KOMBMHaLWW MEeTOAOB, NpUBEAEHHbIX B Tabnuue 5.20.

Tabnwuya 520

Metoa/o6opygoBaHue

MNepepaboTka OCTaTKOB W OTXOA0B B CreumanbHbIX YCTaHOBKax ANsi NOMyYeHus
mMaTepuanos
6) | OBpaboTka OCTaTKOB U OTXOAOB AJNSi UCTONL30BaHWSA B Apyrux obnacTsx
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5.2.5 BbiOpochl B aTMOCc(epHbIi BO3AYyX
5.2.5.1 HeopraHnsoBaHHble BLIGPOCHI

HAT 23. YMeHbLUEeHNE HEeOpraHM30BaHHbIX BbIGPOCOB Mbink, 06pasylowmnxcs B
npoLecce NoAroToBKU Cbipbs AN 0GXMIoBOWM NeYM U Npy 3arpyske B Hee 3TOro Chbipbs:
WCNOMb30BaHNE MOKPOW LLMXTbI.

HAOT 24. YMeHbLIeHe HEOPraHN30BaHHbIX BbIBPOCOB Mbinv, 0bpasyLMXCa Npu
06paboTke orapka: BbINONMHEHUE OnepaLmii NPU MOHKEHHOM AaBMNeHNM.

HOT 25. YMeHblueHUe HeopraHM3oBaHHbIX BbIGpocoB, 0b6pasylowmxcs npu
NPOMbIBKE, pasgeneHUn TBEPAbIX U XUAKUX (bpakuMil U O4UCTKE, 3akniodaeTcs B
WCNOMb30BaHNM OJHOTO U3 UIn komBrHaLMM MeToA0B, NPMBEAEHHbIX B Tabnuue 5.21.

Tabnwuya 5.21

MeToa/obopyaoBaHue [MpuMeHnmocTb
a) | YKpbITe eMKOCTU KPbILLKOM O6LwenpMMeHMMo
©) | YkpbITue BNYCKHbIX U BbINYCKHbIX JTOTKOB ANA O6LwwenpMMeHMMo
TEXHONOMMYECKON XKMAKOCTU
B) |CoeanHeHne eMKOCTEN C MEXaHNYECKOW BbITSKHOM ObLwenpMMmeHuMo
LleHTpanM3oBaHHOW CUCTEMOW ra300unUCTKM UK C
NoKanbHLIMN CUCTEMaMK AN OAHON EMKOCTU

HAOT 26. YMeHblUeHNe HeopraHvM3oBaHHbIX BbIOpOCOB napoB, obpasyromxcs
Nnpv 3MEKTPOU3BMEYEHNN: WCMONb30BaHWE B anekTponunsepax [obaBok, OCOGEHHO
NeHooBpasyoLLMX areHToB.

5.2.5.2 Bbibpocbl aspo3onen u napos

HAOT 27. YMeHbLueHne BbiGpocoB asposons METannocoeANHEHNI,
obpasyroLmxcsa npy nponssoacTee okenaos P3M: ncnonb3osaHne 0aHOro U3 MeEToaoB,
npuveeaeHHbIX B Tabnuue 5.22.

Tabnwunya 522

MeTtoa/ob6opyaoBaHue MpymeHnmocTb
a) |Moxpbin ckpyb6ep O6wenpvMeHM
6) |LleHTpobexHasn cuctema O6LwenpmeHum

Tabnwuya 5.23 — TexHonoruyeckun nokasarens HOT 30. Beibpockl meTannocoaepxaiien
nbinu, obpasytomecs Npy BbiLenaynBaHum, O4UCTKE U 3NeKTponuse

CpepHui ypoBEHb
MapameTtp EavHnya namepeHusa BLIGPOCOB Ans HAT "
MNbinb Mr/HM® 40

" CpeaHecyTouHOE 3HaUEHMEe UnNK cpefHee 3HaueHne 3a nepuoa npoboot6opa.
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5.2.5.3 OxpaHa noYBbl U NOA3EMHbIX BO4

HAOT 28. lpepoTtepaweHne  3arpsisHEHUS MNOYBbI W FPYHTOBLIX  BOA:
MCMonb30BaHWE OJHOIO U3 NN KOMBUHALMM MEeTOL 0B, NPpUBEAEHHDLIX B Tabnuue 5.24.

Tabnwnya 524

MeTtog/obopyaoBaHue

a) |BopgoHenpoHnuaemas obBanosaHHas Nrowaaka Ans eMKOCTen, UCNonb3yeMbixX
Mpw BbilernavmBaHmm
6) |BogoHenpoHnuaemas obBanoBaHHasi Nowaaka Ans eMKOCTeNn, UCMonb3yembIX

Mpw o4nCTKe
B) |CucTema BTOPUYHOrO 3alUTHOrO o6BanoBaHUs LEXOB 3NEKTPonn3a

HAOT 29. CokpaleHrne noTpebneHus BoAbl U NpeaoTepalleHns obpaszoBaHns
CTOYHBIX BOA 3aKMHOYAETCs B UCMOMb3OBAHNM OAHOTO U3 UM KOMBMHaUMM METOAOB,
npvBeaeHHbIX B Tabnuue 5.25.

Tabnwnya 525

MeTtoga/obopygoBaHue

a) |Boaepar cTOKOB OT NpoLecca O4UUCTKU/YTEYEK XKMAKOCTEN C 06XUroBOM Neym,
CEPHOKNCIIOTHOW YCTaHOBKM, 3NIEKTPONTM3EPOB U NIUTENHON Ha CTaguio
BblLLENaYnBaHus

©) |BoaBpar CTOKOB OT NMpoLEecca OUUCTKU/YTEUEK KUAKOCTEN C 3TanoB
BbILLENa4YnBaHNS N OYUCTKM, OT NPOMbIBKM (PUNBTPALMOHHOTO KeKa U BMaXKHOMN
rasoouMCTKN Ha 3Tanbl BbilenaqmBaHus U/Mnm o4ncTK1

5.2.5.4 OTxoapbl

HAT 30. CokpaweHre o6bemoB 06pasoBaHMa OTXOA0B, NpeaHasHa4YeHHbIX ANna
KOHEYHOW YTUNU3auun: opraHuMsauusa onepauun Ha NPOMbLILUIEHHOM OObLEeKTe TakuM
o6pasom, YTobbl cCoAencTBOBaTE NOBTOPHOMY MCMOSb30BAHUIO OCTaTOYHbIX NPOAYKTOB
WK, €CNN 3TO HEBO3MOXHO, UX BTOPUYHOW nepepaboTke ¢ MCMofb3oBaHMEM OLHOMo
U1 kombruHaUmm METoAOB, NPUBEAEHHbIX B Tabnuue 5.26.

Ta6bnuya 526

MeToa/o6opyaoBarue MNpymeHumocTb

a) |MNosTopHOE McNonb3oBaHWe Nbiny, obpasyrowencs npy | ObwenprMeHnmo
XpaHeHUn 1 06paboTke KOHUEHTpaTa 1 Ha UHbIX
CTaansix TEXHONMOMMYECKOro NpoLecca (Bknovas nogady
KOHLeHTpaTa)

HAOT 31. O6paboTka OTXOAOB BbiLENavMBaHUA C Lenblo obecneveHns ux
NPUroAHOCTU ANSi KOHEYHOW yTuiM3auum: ux nupometannyprudeckas obpabotka B

BenbL-ne4n.
an/IMeHI/IMOCTbI npUMEHNMO TONbKO ana oTXoA4oB Bbilena4vnsaHuaA

HerTparbHeIM PacTBOPUTENEM C He3HaYWTENbHBIM COAepXaHueM depputa LmHKa
WM AparoLeHHbIX METaNOB B HEBLICOKOW KOHLIEHTPaLMK.
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HAOT 32. YmeHblueHne BbIGPOCOB NbiMM U MeTanmnos, obpasylowmxcss npu
rpaHynmpoBaHuM 1 nepepaboTke NbINEBUAHONO CbiPbS, 3aKMYaeTCs B UCMONb30BaHUN
pykaBHoro punetpa.

Tabnuya 5.27 — TexHonoruyeckuii nokasarens HOT 32. Beibpockl MeTannocogepxailen
Nbinu, obpasyloLmecs: Npu rpaHynupoBaHUKM U NepepaboTke NbINEBUAHOMO Cbipbs

CpeaHun yposeHb

Napametp EAuHMLa nsmepenns BbIGpocoB 4ns HAT

Mbinb Mr/HM® 50
" CpeaHecyTouHoOe 3HaueHne unu cpegHee 3HaveHune 3a nepuos NpobooTt6opa.

Paspnen 6 JKOHOMM4YeCKUEe acneKTbl NMPUMEHeHUA Hauny4dwux
AOCTYNHbIX TEeXHONOrumn

6.1 ®aKkTopbl, BNUAKOLWME HA AaHHbIe MO 3aTpaTtam

B HacToswem paspene paccMOTpeHbl BOMPOCHI, KacawlMecs OueHKW 3aTpar
NPOMBILLINEHHbIX NPEANPUATUN MO NPON3BOACTBY PEOKMX U PEAKO3EMENbHBIX METaNNOB
Ha peanu3auuio OTAENbHbIX MPUPOAOOXPAHHLIX MEPOMNPUATUIN, B TOM 4MCNe Ha
npuobpeTeHne, MOHTaX, Hanagky W akcnnyatauvio obopyaoBaHusi,  KOTOpoe
obecrneyrBaeT CoKpaLLeHUE SMUCCUI 3arpASHAIOLLMX BELLECTB B OKPYKAIOLLYHO Cpeay.

MpvBOAUMbIE faHHbIE MOMyYeHbl U3 PA3NUYHBIX UCTOYHUKOB: OT MPEANnpUSITUN,
NOCTaBLUMKOB TEXHOMNOMIA 1 060pya0BaHUS, KOHCYIbTaHTOB. MIcnonb3oBaHb! OTKpbIThIE
LaHHble, noyepnHyTble U3 ceTn WHTepHeT, KoprnopaTuBHbIX AOKNAAOB U OTYETOB,
Hay4HO-TEXHMYECKOW nuTepaTtypbl M ap. OpHako 3Ta uHboOpMauus He SBnseTcs
YHMBEpCANbHOM W He MOXeT ObiTb WMCNOMb3oBaHa ANs [OCTOBEPHOW  OLEHKW
HeobxoanMbIx ByAyLUMX BNOXEHUIA K&XKA0r0 KOHKPETHOIO NPeANPUATUS B TEXHONOMMN U
obopynoBaHMe, KOTOpble MO3BONST COKPaTUTL BbIGPOCH! 3arpA3HAILMX BELLECTB B
okpyxatoLyto cpegy. OHa oTpaxaeT nuLLb NPUMEPHBIN MacwTab HeobxoaMmbIx 3aTpat
AN peanusaummn NPUpOAcOXPaHHbIX MEPOMPUATUN.

3auacTylo umeroLmecs gaHHble He No3sonaT AnddepeHUMpoBaTh 3aTpaTsl No
OTAENbHLIM  UX KOMMOHEHTaM, T. €. pasgenute oOwWyl Ccymmy Ha 3arparhbl,
OTHOCSILLIMECST K MPUPOAOOXPaHHbIM MEPONPUATUAM, WU Ha 3aTpaTbl, CBA3aHHbIE C
oflen MoaepHU3auMen NPOM3BOACTBA W MyCKOHanagodHbiMn pabdotamu. Takum
obpasom, oueHka akTudeckoro obbema pecypcoB, HarnpaBneHHbIX Ha OXpaHy
OKpyXalolerh cpefbl, KpawWHe 3aTpyAHUTENbHa, MNOCKONBbKY MPUPOLOOXPaHHbIE
MEpONpUsITUSl, KakK MpaBumo, COMPsPKEHbl C MPOU3BOACTBEHHLIM  MPOLECCOM.
EZAMHCTBEHHBIMU «YUCTBIMWUY 3aTpaTaMu SBAAIOTCS 3aTpaTtbl M TEXHONOMK, KOTOPbIE HE
UMET WHbIX LEeneln, KpoMe KaK YMEeHblUeHVWE W NpeAoTBpalleHMe  SMUCCUIA
3arpsI3HSIIOLLMX BELWECTB B OKPY)XatoLLyto cpeay.

OpHako camo no cebe Hanmume Gonee agetanbHON MHOPMALMN He SABNSETCS
OAHO3HAYHOW rapaHTMen NPUMEHMMOCTN UWMEIOLMXCH CBEAEHUA ANA  OLEHKU
TpebyeMbix  NpeanpuUsTUAMKA  BIIOKEHUA B TexHonmorum u  obopyaoBaHue
NPUPOAOOXPaHHOro 3HadveHus. Momumo macwrtaba npeanpusaTusi U 0COBEeHHOCTEN
TEXHOMNOMMYECKOr0 NPOLEcca MpPOU3BOACTBA PEAKUX U peAKO3eMerlbHbIX METanmnos,
CyLLIECTBEHHOE BIMUSIHWE HA NMOTEeHLUManbHbIEe pacxofbl OKasblBaloT U Apyrne dakTopbi:
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- FOrUCTMKa W pasBUTOCTb TPaHCMOPTHOW WMHMPACTPYKTYpbl, OKasbiBarOLWmE
HenocpeAcTBEHHOE BO3AENCTBME Ha MOCTaBKY Marepuarnos 1 NpoayKLmy,

- MPsAIMble ONepaLVoHHbIE U3AEPXKKK, CBSI3aHHbIE, HanpyMep, ¢ 0COBEHHOCTAMMU
TPYLOBOrO 3aKOHOAATENBCTBA U MECTHOTO PbIHKA TPYAA, KMMMAaTUYECKMMKN YCIIOBUAMMU,
YAANEHHOCTBIO OTAENbHBLIX LIEXOB W Y4acTKOB, HanMyYMeM W CTOMMOCTBIO 3HEPriM U
WHPACTPYKTYPbI, CneumansHbIMY TpeboBaHMSIMM N0 OXpaHe OKpYXaroLLen cpeabl;

- pacxofbl, CBsidaHHblE CO CObITOM M AOCTYNOM Ha PbIHOK, Ha MaclTad KoToporo
BINUSIET TaKKe pasBUTOCTb TPaAHCMOPTHOM UHAPaCTPYKTYpPbl, KNMMatnyeckne ycnosus,
CTPYKTYpa pbiHKa 1 orpaHn4eHns, 06ycroBrieHHbIE BbIXOAOM Ha HOBbIE PbIHKW;

- NPUHUMNWanbHO BakHa ANA MNPOM3BOACTBA PeaKUX U PeAKo3eMEnbHbIX
METan/IoB KOHBLIOHKTYPA PblHKA: CTOMMOCTb CbIPbSi U UCNOMb3yeMbIX B NPOU3BOACTBE
MaTepuanoB, LEeHa KOHEYHOW MpPOoAyKuMM M ee pAnHamuka, obbem cnpoca wu
BO3MOXHOCTM AN pacluMpeHnsi NPOM3BOACTBA,;

- MHAMBMAYanbHble OCOBEHHOCTU KOHKPETHOrO WHBECTULIMOHHOIO MpoeKTa:
rpauk U NPOTSKEHHOCTb MHBECTULIMIA BO BPEMEHW, YCNOBUS MOCTaBKM U PasnuyHble
CPOKM  3KCMnyaTaumm OOOpyAoBaHWSs, AOCTYMHOCTb  SHEPreTdeckol W MHOW
WHPPACTPYKTYpbl, MNPOLEHTHAs CTaBka W A[OCTYMHOCTb KPEAWUTHBbIX PEeCcypCos,
KoprnopaTuBHas CTpykTypa.

YkasaHHble HakTopbl CBUMAETENBLCTBYIOT O TOM, YTO MOMHbLIE M [OCTOBEPHbIE
SKOHOMMYECKME pacyeTbl BO3MOXHbI TONMBKO C YYETOM MECTHBIX YCIOBUA U KNOYEBbIX
napaMmeTpoB, BIMSIOLLMX Ha (MHaHCOBbIE NoKa3aTeny NpeanpUsTUA.

B Hacrosiwee Bpemsa B Poccuickon deaepaumm HeManoBaxHyo ponb B OLEHKe
LOCTOBEPHOCTM CBEAEHWM O 3arpatax npeanpusaTMin  OkasbiBaeT  BbICOKan
BONMaTUINbHOCTL  BamniloTHbIX U UHAHCOBLIX  pbiHKOB. [Moatomy Heobxoguma
KOPPEKTUPOBKa AaHHbIX, TaK KaK roaoBas MPOLEHTHas cTaBka, pacxofbl HA CCyAHbIe
BbIMNarhbl, YPOBEHb MHMALUM U BaNOTHBIE KYPCbl B TEKYLLMA MOMEHT BPEMEHW MOTYT
ObITb HECOMOCTaBUMbI C YCNOBUAMMW, B KOTOPbIX paHee npeanpusTUs OCYLLECTBNSANM
COOTBETCTBYHOLLME BIOKEHMS.

Heobxogumo npuvHUMaTte BO BHUMaHWE W TOT akT, 4YTO 3arpatbl Ha
MOZEPHN3aLMIO MPEANPUSTUS, C OQHOM CTOPOHBLI, MOMYT COAEPXaTb 3HAYUTENbHBINA
BantoTHbIA BKNag, CBA3aHHbIN C MPUOBPETEHMEM, MOHTaXXOM, Hanagkom n 3avyacTyio
aKcnnyataumen NpMpoaoOXPaHHOro M MHOTO 0BOopyAOBaHWUS (M TEXHOSOMMN), KOTOPLIN
BBUAY CYLUECTBEHHOrO W3MEHEHWs Kypca BanoT B pybreBoM 9KBUBarEHTe
3HaumTensHo yBenuuusaeTcs. C  Apyrol  CTOPOHbI, pybnesble 3atpaTtbl Ha
CTPOUTENBLCTBO, NpUobpeTeHne paboT u yCrnyr Ha MECTHOM PbIHKE, aAMUHUCTPaTUBHbIE
pacxofbl NofgBepXeHbl MHPNAUMK. Bce aTo BaXKHO yunTbiBaTH MpY oLeHke OyayLimx
3aTpaT Ha MOAEPHU3aLMIO MPEeAnpUATMS U ero 3KOMOrM4eckyto pesynbTaTUBHOCTD.
Henb3a He cuutatbCsi C TEM, YTO CTPOUTENBCTBO OTAENbHbIX 0OBLEKTOB 3aTArNBaETCs
Ha rofbl C MOMEHTa BbIAENEHUsA CPEeACTB, UHPNAUMS BNMSET Ha 3apaboTHyro nnary,
pacTyT agMWHUCTPaTUBHbIE pacxoabl M CTOMMOCTb MaTepuarnoB, CrefoBaTenbHo,
obbem 3aTpar yBenMUYMBaETCSA MO CPABHEHUIO C NEPBOHAYarbHO YTBEPXKAEHHbIM.

MofbiToXMBas BbILLECKA3aHHOE, BaXHO TMOAYEPKHYTb, UTO hakTuyeckme
pacxoAbl Ha BHEAPEHWE MNPUPOAOOXPAHHBIX MEPOMPUSTUIA U TEXHONOrMA B
NPOU3BOACTBO PEAKAX W  PEeAKO3eMenbHbIX MeTannoe 3aBuCUT  OT  obLiei
9KOHOMMWYECKOW CUTYaLMW, HANoroBoro pexmma, LOCTYNHOCTU PUHAHCOBBIX PECYPCOB,
Hanuuns Nbrot u cyocuanIn, KOHKPETHOMO NPEANPUSTUS U KOHKPETHOro 060pyA0oBaHuIS.
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6.2 NIHBeCTULMOHHbBIE 3aTpaThbl

Pecypchbl, KOTOpble MpeanpusTME MOXET HanpaeUTb Ha MOAEPHU3aLMIO
NPOu3BOACTBA M peanu3aunio NMpUPOA0OXPaHHbIX MEPONPUSTUNA, 3aBUCAT B MEPBYIO
ouyepenb OT KOHBIOHKTYPbI pbiHKa. Ha aToM pbiHKE OTAEnNbHbIE NPEANPUSTUAS HE UMEIOT
BO3MOXHOCTW BMMSTb Ha LIEHY KOHEYHOW npoaykumn, 4Tobbl XoTA Obl YaCTUYHO
KOMMeHCMpoBaTk 3aTpaTtbl Ha BHeapeHne 3MEKTUBHBIX TEXHOMOMMIA N peanusauuio
NMPUPOLOOXPaHHbIX MeponpusaTUiA. OHU He MOryT Takke MNepenoXuTb 4acTb CBOWX
N3[epKeK Ha NOCTaBLUWKOB ChIPbS 3@ CHET CHWXKEHUA MU LIEH Ha CbIpbE.

3aTpaTtbl Ha 3KOMOMMYECKME MEPOMNPUSITUA PAas3NMYHOrO poaa HensbexHO
NMPUBOAST K YBENMUYEHUIO 3KCMITyaTaLMOHHBIX PacxofoB, HO, Kak NpaBuno, He AaroT
TaKoro noBbileHUst 3pEKTUBHOCTA MPOU3BOACTBEHHOrO MPOLECcca, KOTOpoe MOXeT
ObITb MOMy4YeHO B pe3ynbTate BHEAPEHUA Mep, HanpaBneHHbIX Ha KOPEHHYHO
MOZEPHU3aLMIO MPOU3BOACTBEHHOIO MnpoLecca. BMmecTte ¢ Tem Takol nogxop CBsidaH co
3HaYUTENBHBIMU KanuTanbHbIMUA BIIOXKEHUSIMKY, OCTAHOBKOW MPOW3BOACTBA W MPOYUMU
HeraTuBHbIMK bakTopamu.

COOCTBEHHbIA  3KOHOMMYECKUA MOTEHUMan npupoaoOXpaHHbIX MEPONPUSTAN
HesHauuTeneH. Ciopa MOXHO OTHECTM M BHEAPEHWE MAanoOTXOAHbIX TEXHOMOrUW, U
Npou3BoOACTBO MODBOYHOV MPOAYKLUUM, U TOME3HOe UCMONb30BaHWE OTXOLOB,
obpasylomxcss B OCHOBHOM rMpou3soacTee. K ToMy ke Mpov3BoacTBO MOBGOYHbIX
NpoAYKTOB HE UMEET YCTOMYMBOIO Crpoca, NoTeHuMan BbIXoAa Ha BHELLHWE PbIHKA
npaxkTnyeckn 6ecnepcnekTMBeH C SKOHOMUYECKON TOUKU 3peHnsi. 3aTpaThbl XXe Ha Takoe
NPOU3BOACTBO HEU3BEXHbI, MOCKOMNbKY CyLeCcTBYeT HeobxoAMMOCTb NoAAepKaHUs
obopynoBaHMa B pabovem COCTOSIHUM, BbiAENEHWS CPeACTB Ha MaTepuarnbl U SHepruto.

Taknm obpasom, C TOUKM 3peHns BO3MelWeHWs 3aTtpar Haunbonee
uenecoobpasHbel  KOMMMAEKCHbIE  Mepbl,  MpeaycMaTpuBarowmne  3KOMOrMYeckyo
MOZLEPHM3aLMIO MPOM3BOACTBA C NEPEHaCTPOMKOM NPOW3BOACTBEHHOTO npouecca B
LUenomM, OnTMMM3aumen OTAenbHbIX €ero 3BeHbeB W paclumpeHveMm obbemos
Nnpoun3BoLCTBa.

6.3 ®akTopbl, BMUAIOLWNE HA AaHHbIe NO 3aTpaTam

B Hacrtosiwem paspgene paccMmaTpyBatoTCA BOMPOCHl, CBSI3@HHblE C OLEHKOW
3aTpaT NPOMbILNEHHBIX NPEANPUSTUA PEAKOMEHTaNbHOW NOAOTPACIN Ha peanmusaLmto
OTAENbHbIX MPUPOAOOXPaHHBLIX MEPOMNPUATUA, BKMOYas npuobpeTeHne, MOHTaX,
Hanaaky v skcrnyaTtaumio obopyaosaHusi, obecneymBarloWero CokpalleHne 3MUCCUN
3arpsI3HAIOLLIMX BELLECTB B OKPYXXaIOLLYIO Cpeay.

JaHHble, npuBeAeHHble B HACTOALWEM pa3fernie, MNonyyeHsl U3 pPasfMuHbIX
WCTOYHUKOB, B TOM 4MChe OT MNpPeanpuAaTUiA, MOCTaBLUMKOB TEXHOMOTMA W
obopyaoBaHus, KoHCynmbTaHTOB. Kpome TOro, pAns  oOueHkM 3atpar  MoryT
MCMonb30BaTbCs pesynbTaThl UCCNef0BaHUN U MHas onybnukoBaHHast MHgopmaums
(kopnopaTuBHbIE JOKNAAbL! U OTYETHI, XKYPHaIbl, OTKPbITbIE UCTOYHWKM B CETU VIHTEPHET,
mMaTtepuarnsl koHdepeHumn 1 ap.). OaHako MHMOPMAaLMA 13 YNOMSIHYTEIX UCTOYHMKOB He
ABMAETCS YHMBEPCANbHON U He MOXeT BbiTb NCMONb30BaHa Ans XOTb CKONbKO-HUBYAb
LLOCTOBEPHOW OLIEHKN HEOBXOANMBIX ByAYLLNX BROXEHUA KOHKPETHOrO MPEAMNPUATUS B
obopyAoBaHME U TEXHONOMMN B LIENSIX COKPALLEHNS SMUCCUIA 3arpsasHSIoLLMX BELLECTB B
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OKPYXKaoLLYIo cpeay, a OTpaxaeT NuLb NPUMEpPHbBIA MacliTab 3aTpar, KOTopble MOryT
BO3HWMKATL Npu peanusaummn oTAeNbHbIX MPUPOA0OXPaHHbLIX NPOEKTOB.

3avyacTylo MMetoLmMecs AaHHbIE arpermpoBaHbl U HEe MO3BOMAKT OAHO3HAYHO
onpenennTb KIYeBble KOMMOHEHThI 3aTpaTt U, TEM CaMbIM MPOBECTU pasrpaHuYeHne
MeXay 3atparaMmi Ha NpUpPOLOOXpaHHbIE MEPOMPUATUS U 3aTpaTaMu, CBS3aHHBIMU C
oblein MoaepHM3aumMen MNPOM3BOACTBEHHOrO rMpouecca W MNyckoHanagoyHbIMK
patoTamy. EAVHCTBEHHBIMA «YUCTBIMU» 3aTpataMi NPUPOROOXPAHHOTO xapakrepa
ABMSAKOTCA 3aTparhl Ha 060pyAOBaHME U TEXHOMOMMM «Ha KOHLUE TPyObl», KOTOpbIE, Kak
NpaBumo, He UMEKT MHbIX Lienel, KPOME YMEHbBLLEHUS UMW NPeAoTBPAaLLEHUSA SMUCCUA
3arpsAsHAOWMX BELLECTB B OKpyXKatolwylo cpegy. YuutbiBas, 4TO Hambonee
pesynbTaTvBHbIE MPUPOAOOXPAHHBIE MEPOMNPUATUS OKa3blBaKTCSl UHTErPUPOBaHHBIMA
B MPOM3BOACTBEHHBLIA npouecc, oOueHka dakTuyeckoro obbemMa pecypcos,
HanpaBneHHbIX Ha OXpaHy OKpyXalollel cpeabl, NPeACTaBnseTcs  KpawHe
3aTpyAHUTENBHON.

Kpome Toro, B cury BbICOKOW CMELM®PUYHOCTU NPOU3BOACTBEHHBLIX OOBLEKTOB,
camo no cebe Hanuune Oonee AeTanbHOW MHMOPMauMn He Bcerga rapaHtTupyet
NPUMEHNMOCTb MMEIOLLIMXCH AaHHBIX AN OLEHKN TPeBYIOWMNXCA BNOXEHNIN POCCUACKUX
MeTannypruyeckux NpeanpusaTUn B TEXHOMNOTMK 1 06opyaoBaHUE NPUPOLOOXPAHHOTO
HasHaveHusi. MNMommmo macwrtaba nPeanpusTUA U OCOBEHHOCTEN MPOU3BOACTBEHHOIO
npouecca CyLIeCTBEHHOE BMWSIHUE Ha MOTEeHUWanbHble pacxofbl, CBA3aHHble C
BHEAPEHNEM MPUPOAOOXPAHHBIX METOAOB WM TEXHOMOMMA, U OLIEHKY SKOMOrM4ecKom
pPe3ynbTatTMBHOCTU KOHKPETHOro MHBECTULUWMOHHOIO NpoeKTa oOKasbiBaeT Ll'enbll?'l pPan
MHbIX PaKTOpPOB, B TOM YUCIE:

— NOrmctnKka " pasBUTOCTb TpaHCI‘IOpTHOI‘/'I VIH(bpaCprKTypbl, OKasblBarowjme
npsiMoe BO3AeNCTBME Ha 3aTpaTbl Ha NOCTaBKy Marepuarnos U NPOAYyKLWW;

— npsiMble OMepauMoHHbIE W3AEPXKW, KOTOpble MOryT ObiTb CBsid3aHbl C
OCOBEHHOCTAMW  TPYAOBOrO  3aKOHOAATeNbCTBA W MECTHOrO  pbiHKa TPYAQ,
KIIMMaTU4eCKMMKN  YCINOBUSIMY, YAAINEHHOCTBIO OTAEMNbHBIX LEX0B W nogpasgeneHui,
HanMuem (MM CTOUMMOCTbIO)  3HEpPrM U MHPaCTPyKTypbl, cneyuansHbIMA
TpeGoBaHUSMU MO OXpaHEe OKPYXatoLLEeln cpeabl;

— pacxogbl, cBA3aHHbIE CO cObITOM 1 AOCTYNOM Ha pPbIHOK, BNvAHME Ha
MaclwTab KOTOpbIX TakKe OKas3blBalOT PasBUTOCTb TPaHCMOPTHOW WHGPAaCTPYKTYpSI,
KIMMarmn4eckue ycroBus, CTPYKTYPa pPbiHKa W OrpaHUYeHus, CBA3aHHbIe C BbIXOLOM Ha
HOBbI€ PbIHKW,

— KOHBLIOHKTYpa pblHK@, B TOM 4MUCME LieHa KOHEYHOW npoaykuMn un ee
AVHaMuKa, CTOMMOCTbE CbhipbA M MHBIX MCNONb3yEMbIX B NPOU3BOACTBE Martepuanos,
06beM cnpoca 1 BO3MOXHOCTM AN paclUMPEHNsi TPON3BOACTBY;

—  wvHAMBMByanbHble 0COBEHHOCTN KOHKPETHOMO WUHBECTULMOHHOTO MpoekTa, B
TOM 4Yncne rpaduk N NPOTSHKEHHOCTb MHBECTULIMIA BO BPEMEHW, NapamMeTpbl NOCTaBKN U
pasnuyHble CPOKW 3KCnnyaTaumm 06opyAoBaHMs, AOCTYNHOCTb SHEPreTUHECKO N MHON
WHGPaCTPYKTYpbl, TMPOLEHTHAs CTaBka W [AOCTYMHOCTb KPEAWUTHbIX Pecypcos,
KopnopartmeHas CTPyKTypa.

MpvBeaeHHbIE Bbille hakTopbl CBUAETENLCTBYIOT, YTO MONYy4YATb HaAeXHble
[LaHHble MO pacxojaM, CBsi3aHHbIM C BHEAPEHUEM MPUPOAOOXPaHHBLIX METOA0B W
TEXHOMNOTNM, KOTOopble MOrMn Bbl BbiTh MCMONL30BaHbI 6e3 ONAacCHOCTU CyLLIECTBEHHOIO
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WCKEaXKEHWUA pe3ynbTaToB, KpaWHe 3aTpyAHuTenbHo. [lonHble W [OCTOBEpPHbIE
3KOHOMMYECKME pacyeTbl B Ntobom cnyyae ByayT BO3MOXHbI TOMBKO C Y4ETOM BCEX
MECTHbIX YCMOBUIA N KIMOYEBbIX NapamMeTpoB, BIUSAIOWMX Ha OUHAHCOBLIE pesynbTarsl
npeanpuaTUs.

B poccuickux yCroBUAX CYLUECTBEHHOE BIMSIHME Ha [OCTOBEPHOCTb W
NPUMEHNMOCTb CBELEHUI O 3aTparax KomnaHui oTpacnu npoussoactea PM n P3M Ha
NPUPOAOOXPaHHbIE MEPOMPUATUA OKa3blBAET BLICOKAS BONATUMBHOCTE BAamnOTHbLIX U
hbrHaHcoBbIX pbiHKOB. Benepcteue atoro HeobxoamMma CyLLeCTBEHHAst KOPPEKTUPOBKa
VUMERLLMXCA AaHHbIX O 3aTpaTax, MOCKOIbKY rogoBasi NpoLeHTHaa CTaeka, pacxodb! Ha
CCyAHble BbINNaTbl, YPOBEHb WHMMALMM W BastoTHbIE KypChbl B TEKyLleM nepuoae
OKaXyTCAl HEecornocTaBuMMbl C  YCMOBUSIMW, B  KOTOPbIX KOMMaHWAMK  paHee
OCYLLECTBNANMCL COOTBETCTBYHOLUME BrioxkeHus. [peAcTaBneHHble B HACTOSLLEM
pasgene CBeAeHWA O MPOWMbIX WHBECTULMSIX  POCCUMWCKUX  MPEeAnpUsTUN —
npouseogmtenen PM 1 P3M B pybGneBoM aKkBMBaneHTe 3avacTylo arpermpoBaHbl U
npvBogaTCS B Buae oOwWero obbema BMOXEHMA B MOAEPHM3ALMIO KOHKPETHOrO
NPOW3BOACTBA, MPUBEALLYIO B YMCME MPOYEro K MOBbLILWEHWIO €ro 3KONMOrM4eCKon
pesynbLTaTMBHOCTH. MosToMy  MX  HenocpeacTBEeHHOEe npuMeHeHve  Ans
nporHo3npoBaHus ByayLmux 3aTpaT BO MHOMMX CIy4asx MOXET NPMBECTM K NMOMy4EHWIO
HEeLOCTOBEPHbIX PEe3yNbTaTOB UM 3HAYUMTENBHOMY 3aHWkeHuto Tpebyemoro obbema
WNHBECTULINA.

3aTpatbl Ha MOAEPHW3aLMIO MPeArnpusiTU, Kak npaBuno, coaepxar
3HAYUTENbHBLIA BanOTHBLIM KOMMOHEHT, CBSA3aHHLIA C NPUOBPETEHNEM, MOHTAXKOM,
HanagkorM M B HEKOTOPbIX Chny4yasx 3KcnfyatauMed WMMOpTHOro, B TOM uucne
NPUPOLOOXPaHHOro, 06OpYAOBaHUAITEXHOMOMUIA, KOTOPLIA B CUMY CyLLECTBEHHOrO
W3MEHEHMS KypCOB BamnioT B TEKyLMX YCNoBUAX B pybrneBOM 3KBMBAnNEHTE MOXET
YBEMUUTLCA NOYTK kpaTHO. B cBOto ouepeapb, pybneBsbin KOMMOHEHT, YBSA3bIBAEMBIA CO
CTPOUTENLCTBOM, MnpuobpeTeHnem paboT WM yenyr Ha  MECTHOM  pblHKE,
aAMVHUCTPaTVBHBIMU pacxogamu U T. 4., NoaBepraeTcs BO3AEUCTBUIO UHMNALMK, YTO
Takke TpebyeT y4eTa npum oLeHke ByayLuMX 3aTpaT Ha MOASPHM3ALMIO NPOM3BOACTBA U
MOBbILLEHNE €ro 3KOMOrM4Yeckon pesynbTaTUBHOCTU. JTO ONpefenseTca  psaoM
hakTopoB. Hanpumep, MHOMME NPUPOJOOXPAHHLIE MEPONPUSATUS CBSA3aHbl  CO
CTPOUTENBCTBOM, KOTOPOE MOXET 3aHMMaTb rofbl C MOMEHTa BblAeneHUs CPeacCTB B
3aBUCUMOCTM OT pasMepa MNpennpusTUss U CIOXKHOCTU TEXHOMOMMYECKMX MPOLECCOB;
WHMNALMSA, BO3LENCTBYOWas Ha 3apaboTHy Mnaty, agMUHUCTPaTUBHbIE pacxoabl U
CTOMMOCTb MarepuarioB, MOXET NPMBOAUTE K CYLLECTBEHHOMY YBENUYEHUIO obbema
HeoBX0ANMbIX 3aTpaT B CPaBHEHWUU C NepBOHaYanbHO YTBEPXKAEHHBIMM.

CooBpasHbii  MHMNALUMKM  pOCT  KrroveBon CcTaeBkn banka Poccum un, kak
cnefcTeve, yBeMYEHME MPOLIEHTHBLIX CTaBOK MO PO3HUYHBIM KPEAUTaM MPEeanpUsTUSM
0oBycroBnuBaKT, Mo MeHbLUeW Mepe  YANWMHEHVWE Mepuoja  OKynaemocTtu
WHBECTULIMOHHBIX NMPOEKTOB M TEM CaMbIM BIIMSAOT Ha OLeHKY JOCTYMNHOCTM BIIOXEHWI B
NPUPOLOOXPaHHbIE MEpPOonpuaTUs, OOOpPYAOBAHME W TEXHOMOMMM AN KOHKPETHbIX
NPON3BOAUTENEN.

OnucaHHble obcTosiTeEnbCTBa HEOOXOAUMO TMPUHUMATE BO BHMMAaHWE Mnpu
MOAFOTOBKE W MPUHATUN PELLUEHUA O peann3auum MPUPOA0OXPaHHBIX MEpPONPUATUA U
BHEAPEHUM METOAOB W TexHonornn, obecneumBarolMx COKpalleHNe SMUCCUIA
3arpsI3HSIOLLMX BELLECTB B OKpyXKatoLLyto cpeay. [puBeeHHbie B HacTOSLLEM pasgene
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o6beMbl 3aTpaTr POCCUMNCKUX NpeanpusaTui — npoussoguteneii PM n P3M nossonstor
NoNyYuTb NULLL HEKOTOPOE MpeACTaBrieHMe O MoTeHUManbHbix obbemax Tpebyembix
uHBeCTULMA. Bmecte c Tem, dakTnyeckme pacxofbl, CBsi3aHHblE C BHEAPEHUEM
NPUPOAOOXPaHHbLIX TEXHOMOMMIA B MPOU3BOACTBO, HAaMpPsSIMyl0 3aBUCAT OT TeKyLUUX
ycnoBun, B TOM 4ucne oT obLlell 3KOHOMWUYECKOW CUTyauuu, HanoroBOro pexuma,
OOCTYNHOCTN (PUHAHCOBBLIX PECYpCOB, HanuMums nbroT M cybomaunm, TexHUYEeCcKux
XapakTepuCTVK NPeanpUATUSA U KOHKPETHOTO 000pyAO0BaHUS.

6.4 MHBeCTUUMOHHBbIE 3aTpaTbli MO 3aBo4aM MO NMPOU3BOACTBY
peakux u peakosemMenbHbIX MeTannoB

Pecypchbl, koTopble NPeAnpPUATUAS OTPaciv MOMyT HarnpaBUTb HA MOAEPHU3ALMIO
NPOU3BOACTE U peanu3aumio NpUpoL0OXPaHHBLIX MEPOMNPUSTUNA, HANPAMYIO 3aBUCHT OT
KOHBIOHKTYPbI PbIHKA PEAKNX U PEAKO3EMENbHBLIX METANIOB, ABMAWENCA rnodanbHbIM
OupxxeBbiIM TOBaApOM. Ha TakOM pblHKE KOMMaHUM — MNPOU3BOAUTENN PEaKUX W
peako3eMesbHbIX MeTannoB He o00najalT XOTb CKONbKO-HUOYAb CyLEeCTBEHHOW
PbIHOYHON BRAaCTbO M HE MMEKT BO3MOXHOCTM MO OTAENbHOCTU BO3AENCTBOBATL Ha
LeHy KOHEeYHOM MPOoAYKUMK, YTO NO3BONMIO Obl B TOW UMW UHOW CTEMEHU NEePenoXuTb
NOHeCeHHblE B CBA3W C peanuaauveri NpMpoaooXpaHHbIX MEPONPUATUA N BHEAPEHUEM
akonormyeckn 3EKTUBHBIX TEXHOMOMMA  3atpaTtel Ha notpebutena. Takxke
oTCyTCTBYeT W ofpaTHas BO3MOXHOCTb — TMEPEHECEHUS 4YacTu W3AEpPKeK Ha
peanusaumio NPUPOACOXPaHHBIX MEpPONPUSITUIA Ha MOCTaBLUMKOB ChbIpbs 3a CYeT
CHWKEHMS MOCNEeAHUMU LIEH Ha CbiPbe — LIeHbI HA KOHLIEHTPAaTbI.

OTO 03Ha4aeT, YTO BO3MOXHOCTM MO KOMMEHcaumMu InobbiX CyLECTBEHHbIX
3aTpar, MNOHECEHHbIX B CBA3W C peanusauver NpUPOAOCOXPaHHBIX MEPONPUATUA
KOMMaHWAMM — MPOM3BOAMTENSMU PEAKUX W  pefKo3eMenbHbIX MeTannos, B
3HaYUTENbHOM Mepe OrpaHuYeHbl U MPEeUMYLLECTBEHHO MOryT ObITb peanva3oBaHbl
oAHUM cnocoBoM — 3a cYeT yBenuyeHust o6bemMoOB NPON3BOACTBA.

YcoBepLUEHCTBOBaHMS «Ha KOHLE TPyDObl», KOTOPbIE M3HAYabHO MOTYT Ka3aTbCs
OoTHOCUTENBbHO Gonee AeleBbIMA U He TPeOOoBaTh CYLUECTBEHHbLIX BPEMEHHbIX 3aTpat
Ha peanusauuto, B 60MbLUMHCTBE CIy4YaeB NPUBOAAT K YBENUYEHWNIO SKCNIyaTaumMOHHbIX
pacxof4oB W He [altT Takoro MoBbIWeHUs 3dEKTMBHOCTU MPOU3BOLCTBEHHOMO
npouecca, KOTOpoe MOXeT OblTb MNOMyYeHO B pesynbTate BHELPEHUs Mep,
WHTErpypoBaHHbIX B TEXHOMOTMYECKUIA NPOLIECC NPOM3BOACTBA NPOAYKLMM. ITO Takke
CBUAETENLCTBYeT B MNonb3dy  BbiSOpa MPOEKTOB  KOPEHHOW  MOAEpHM3aumn
NMpPOWM3BOLACTBEHHOO NpoLiecca NPy onpeaeneHn Mep, HarpasneHHbIX Ha cokpalleHue
3MUCCUIA 3arpasHAIOLLMX BELLECTB B OKPYXKatoLLyto cpeny. Bmecte ¢ Tem Takon Noaxoa
CBSi3aH CO 3HAYUTENbHbIMU KanUTamnbHbIMW BROKEHWAMU W MHBIMW MOTEPAMW BBUAY
HeobxoANMOCTH BPEMEHHOW  OCTaHOBKMW npov3BogcTtea W nepecTponkn
MPOM3BOACTBEHHOrO  Mpouecca B LUenoM, 4YTo  OByCcrnoBnMBaeT — CHWDKEHWe
NPVBNeKaTensHOCTU  MOMHOMacLITabHOW  MOAEpHM3auMM  Mpou3BoAcTBa  Mpu
HebnaronpPUSTHON PbIHOYHOM KOHBIOHKTYPE.

CoBCTBEHHbLIN SKOHOMUYECKUIA MNOTeHUMan MpUPOAOCOXPaHHBIX MEPONPUATUNA,
TaKUX Kak, HanpvMep, BHEAPEHWE ManoOTXOAHbIX TEXHOMOrMi, NPOU3BOACTBO
noBoyHoN MPOAYKUMM WM/MnM MONE3HOE MCMONb3oBaHWe 06pasyomxca B OCHOBHOM
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NPOX3BOACTBEHHOM MPOLIECCE OTXOAOB B POCCUMACKUX YCINOBUSIX CrneayeT npusHaTb
ckopee He3HauuTenbHbIM. C OAHON CTOPOHbI, MPUPOAOOXPAHHBIE TEXHONOrMU BO
MHOMMX CIy4yasix XapaKTepU3yloTCS BbICOKOW SHEProeMKOCTbiO, a noaaepxaHue
obopynoBaHMs B (PYHKLMOHANLHOM COCTOSIHUM TpebyeT perynsipHbIx 3aTtpar Ha
pacxofHble Matepuanbl U KOMMNEKTYIOWMNE U WHbIX SKCMIyaTauuMoHHbIX 3artpar; B
HEKOTOPbIX CryYasix nMpyv NpoussoacTee NOOOYHOM MPOAYKLMW, TakOW, HampuMmep, Kak
cepHasl KWCMOTa, 3HaJYUTeNnbHble W3AEPKKM MOMyT BO3HMKATb M B CBA3UM C
HeoBX0ANUMOCTLIO XpaHEHNst U TPaHCNOPTMPOBKU arpeccuMeHoro Bellectea. C apyrow
CTOPOHbI, HU3Kasi EMKOCTb POCCUINCKUX PbIHKOB He oGecneunBaeT A0CTaTouHOro cnpoca
Ansi BbiBoAA «MOBOYHBLIX» MPOM3BOACTB HA 3KOHOMWYECKM SPEMEKTUBHBIA YPOBEHb U
HEe CMOXET rapaHTUpOBaTb yCTOMYMBOE NOTpebneHne npoAyKuMM BHOBb BBOAUMBIX
NPOU3BOACTBEHHbIX MOLLHOCTEN, @ NoTeHUMan BbixoAa Ha BHELUHUE PbIHKWA OrpaHyuyeH
W MarnornepcrnekTuBeH C 3KOHOMUYECKOW TOYKW 3PEHUS.

Takum o6pasoMm, HaubonbLUMM MOTEHUMANOM € TOYKM 3PEHUS] BO3MELLEHUS
3aTpar, [MOHECEHHbIX B CBA3UM C BHEAPEeHWEeM Ha MNPeanpuATMM  HOBBbIX
NpuMpOAOOXPaHHbIX METOA0B U TexHomnoruh, ob6nagaltoT  KOMMNIEKCHbIE  Mepbl,
YBSi3biBaOLUME 3KOMOMMYECKYID MOJEPHM3ALMIO MPOM3BOACTBA C MNEPEHACTPOMKON
NPOW3BOACTBEHHOrO Npouecca B LErNoM, ONTUMU3aunen OTAEMNbHbIX €ro 3BEHbEB U
pacwupeHneM o6bEMOB NPOM3BOACTBA. B 3TOM cnyyae BbICOKME HayanbHble 3aTparthl
Ha BHEAPEHUE WHTErpuUpOBaHHbLIX B MPOM3BOACTBEHHbIA NPOLECC NPUPOA0OXPaHHbIX
MEp W TEXHOMOrMW MOryT ObiTb B KOHEYHOM CHETE BO3MELLEHbI 3a CYET yBEeNMYeHUs
06beMOB NPOM3BOAUMON MPOAYKLUW, MOBLILEHUS 3MMEKTUBHOCTU U CHWKEHUSN
yOEnbHBIX 3KCMMyaTauuMoHHbIX pacxopoB. OpHako Ha npaktuke obocobneHve
«3KOJOMMYECKON COCTaBMAOLEN» B pamMKax TakMX «BCTPOEHHBIX» B TEXHOMOrM4Yeckui
npoLecc MeponpusiTUiA Ha oHe APYrMX KanuTanbHbIX U SKCMyaTauuoHHbIX PacxoAoB
npeacrtaenseT cobor AOCTAaTOHMHO CNOXHYIO 3agadvy.

B cBoto ouyepenb MOTEHUMAN MpPAMOA «MOHETM3ALMU» MNPUPOLOOXPAHHBLIX
MEpPOMPUATMIA  BO  MHOTOM  OMpPEeAEenseTcs  HanMuYMeM WM - OTCYTCTBUEM
COOTBETCTBYHOLUMX PbIHKOB cObITa W, Kak NpaBumo, B OTpacnsx TsHKENown
NMPOMBILLNIEHHOCTY, B TOM YUCINEe B LUBETHON MeTanyprum n NpoM3BOACTBE PeaKux U
peaKo3eMerbHbIX METAIMOB.

6.4.1 MlHBeCTULMOHHBLIE 3aTpaTbl NO nepepaboTke docdorunca

B kadectBe npuvmepa npvBoAMM OBOCHOBaHWE W 3aTpaTbl Ha CO3AaHue
NPOU3BOACTBEHHOIO LMKa nepepaboTkm docdornnca.

docornc  —  Heu3bEeXHbIN  KPYMHOTOHHAXHBLIM ~ OTXOA  NPOW3BOACTBA
MUHepanbHbiX  yaobpeHun, obpasylowmncs npu  nepepabotke  anaTtutoBOro
KOHLIEHTpaTa Nno CEPHOKUCIIOTHOWN TEXHOMOMN.

PaspaboTtaHa TexHomnorMs KOMMNEKCHOW nepepaboTkn docdorunca, kotopas
COCTOUT U3 CrEAYHOLLUX TEXHONOMMYECKUX 3TaroB:

1. ounctka docdorunca OT OCTaTOYHOIO COAEPXKaHWUA KUCNbIX Conew
(dpocpatos, cynbdatos M GTOPMAOB) U BbliageneHns P33 MeTogom  KyuyHOro
BblLLEeNaunBaHusi;

2. koHUeHTpuposaHue P33 Ha kaTnoHure;
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3. aKCTpakumMoHHOe pasgeneHve P33 c nomyyeHnMeM KOHUEHTpaTta Lepus,
OKCWAOB NaHTaHa, HeoAMMa, a TaKKe KOHLEHTPATOB NETKOW U CPefHEN rpynnbl.

PaspaboTaHa 6e30TXOAHaA KOMMMEKCHas TexHonornst nepepaboTku OTBanos
docdornnca ¢ nonyTHeiM  u3BneveHnem P3M, «koTopasi Obina nposepeHa B
nabopaTtopHbIX ycrnoBuax Ha oTeansHoMm docdorunce OAO «TOMenbLCKUA XMMNHECKNi
3aBof» M Ha dpocdormnce, B3ATOM W3 MpoLecca MPOW3BOACTBA 3KCTPAKLMOHHOM
docdopHon kncrnotel OAO «BockpeceHckne MuHeparnbHble yaoBOpeHns», B pexvme
MOSHOW LUMpKYNsumm oB0opoTHOM BOAbI C MOMyYEHUEM OMbITHLIX MAPTUA CTPOUTENBHOrO
(B — nonyrmapata cynbdara Kanbuus), BbICOKOMPOYHOro runca (a — nonyruapara
cynbaTta Kanbums) n peako3eMensHOro KoHUeHTpara.

CyLLHOCTE TEXHONOMUN:

1. OTMbIBKa chocdorunca ocyllecTensieTcs pa3baBneHHbIM PacTBOPOM CEepHOM
KUCMOTbI C NONYyYeHNEM:

* OTMbITOrO chocdporunca;

* CEPHOKUCNOro pacTBopa, cogepxalero npumecu docgopa, ¢propa n P33.

2. MNepepaboTka CEPHOKMCNOro pacTeopa NPOM3BOAUTCS C NOMyYEeHUEM:

- P3K ToBapHon 4ncToThl;

« ODOpOTHOrO amMmmaka, HanpaBfSEeMOr0o Ha HEeWTpanuM3aumilo CEepPHOKMCIIOro
pacTBopa;

* LLIENOYHOW Nyribnbl FMnca.

3. MepepaboTka OTMBITOrO hocdorunca NPoOn3BOAUTCA HEWTpanuaaumen ero
LLIENIOYHOW NyMbMOW rurca ¢ NOCNeAYOLMM MOMyYEHNEM FMNCOBOFO BSXKYLLIETO, a Takke
WU3Aenvin 13 Hero.

4. MepepaboTtka P3K (B nepcnekTBe) NponssoanTCSa C NOMyYEHWEM rPYMMoBbIX
koHUeHTpaToB P30, nHaneuayanbHbIx coegmHeHnn P33 v nsgennii Ha nx ocHose.

KomnnekcHaa TexHonorva nepepaboTkm ¢ocdorunca He UMeeT OTXOAOB W
MOXET paboTaTb B aBTOHOMHOM PEeXUME.

briok-cxema  KOMNNEKCHOW  TexHomoruuM nepepabotku  docdorunca ¢
MosyYeHWEM BbICOKOMPOYHOrO MMNCOBOMO BSUKYLUETO W3Aenun Ha ero ocHose n P3K
npviBeaeHa Ha pucyHkax 6.1 n 6.2.
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PHcyHOK 6.1 - KounneKkcHas Texnonorwanepepaborkn docdorunca c nonysennen

BHCOKONPOYHOTrO runcosoro saxyuero, quenuﬁ
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HeHtpaak30BaBubLL
occhonLc

*

o — rvncosoe
Viyrikep 1 BSKyLLee

PucyHok 6.2 - npon3BOACTBO BbICOKOMPOYHOro runcosoro Bsxyuero no NOCT 125-79

Mo pesynbTatam nabopaTtopHbIX UCMbITAHUIA TMNCOBOE BSHXYyLLEE, MOMyYEHHOE U3
OTMbITOFO M HelTpanm3oBaHHOro  cpocpornnca, COOTBETCTBOBAsZI0O MO  BCEM
nokasatensm Tpe6osaHuam FOCT 23789-79

6.4.2. OueHka CTOMMOCTM nepepaboTkn pocgorunca

OpraHn3oBaHO MOAy/bHOE MPOM3BOACTBO MO nNepepaboTke OTBaSIbHOIO
dhocpornnca npomssoguTenbHoCcTbio 60000 TOHH doocdhoruncalros ¢ nosiydyeHnem
BbICOKONPOYHOIO TMNCOBOTO BSHKYLLErO U M34eNnil Ha ero OCHOBE:

nasorpebHesbix NANT - 60000 ToHH (720 000 m2);

CYXUX CTPOUTENbHbIX cMecel - 12 000 TOHH;

KOHuUeHTpaTta P3M - 216 TOHH.

166



NCT 24-2017

Tabnuuya 6.4 — Hopmbl pacxoga Cblpbsi U XMMpeareHTOB Ha noarotTosky 1 T chocdorunca ans

NPOW3BOACTBA FMMNCOBOro BSXKyLLEro (C nonyveHnem P3K).

T/T poc dorunca.

Bbixog runcosoro Bspkylero-1,25

HaumeHoBaHve pacxogyembix BU0B EA. nam. Hopma
CbIpbS Y 3HEPropPECYpCcoB

doccorunc T 1
CepHas kucnota FOCT 2184-77 T 0,102
laweHas nssects FOCT 9179-77 T 0,108
TexHWYeckasi Boga M 0,42
OneKTpoaHeprus KBT/ 25
Ocagutens P3K Kr 11,3
DUnbTPOTKaHL n.m. 0,042

Tabnwuya 6.5 — 3atparbl Ha opraHM3aUmio NPoM3BoACTBa

Ne Cratbu 3aTpar Cymma (TbiC. pyb.)

n/n

1 |Uex nepBuyHOM NOAroTOBKM hocdormnca 25 000,00

2 |Uex koHueHTpaTa P3M 20 000,00

3 |Uex nogroToBkn coccorunca 20 000,00

4 |Uex npomsBoacTBa  BbICOKOMPOYHOrO  MMUMCOBOrQ 15 000,00
BSIKYLLIErO

5 |Uex npoussoacTea nasorpebHeBbIX NINUT 12 800,00

6 [Uex cyxmux cmecen 15 000,00

7  IAAMVMHUCTPaTUBHbBIN KOPMyC 15 000,00
UToro 122 800,00

Tabnuuya 6.6 — [ofoBble 3KCNMyaTaUWOHHbIE Pacxofbl  OMbITHO-MPOMbILLIEHHOMO

npousBoACTBa Npv BbigeneHnn P3 13 dpocdorunca

Ne Cratbu 3aTpar Cymma (TbiC. pyb.)
n/n Oe3 HAC
1 [NasorpebHesble NNUTLI 61 440
2 [funcosoe BsxyLlee 151 260
3 |Cyxue cTtpouTenkeHble cMecu 27 600
4 |KoHueHTpat P3M 62
UToro 240 362

Tabnuya 6.7 -
nepepaboTkn dpocdorunca

Bbipyyka OT peanusauymu npoaykumw,

Nony4YeHHON B pesynbrare

Ne Cratbu 3atpar Cymma (ToiC. pyb.)
n/n 6
1 [NasorpebHesble NnUTLI 283980
2 |Cyxue cTpouTenbHble cMecu 50484
3 |[KoHueHTpat P3M 32004
UToro 366 468
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Tabnuua 6.8 — PacyeT cpoka OKynaemocTu KanuTanbHbIX BIOXEHUIA OMbITHO-NPOMBILLIIEHHOrO
npov3BoAcTBa no nepepabortke docdorunca

Mokaszatenu Cymma
(ThIC. PY6.)
MocTtynnenus ot npogax (¢ HAC) 432 432
Pacxopabl Ha Bbinyck npogykuumm (¢ HOC) 283627
Beinnara Hanora Ha npubbine 24 939
Boinnata HAC 22 699
MToro onepauuoHHbIe pacxogbl 331 266
MTOIO no onepaunoOHHON OEeATENbLHOCTU 101 167
CpOK OKynaemMoCTH KanutasrioBlOXeHUn 1,3 ropa

[Jaxe B YCNOBMSIX OMbITHO-MPOMBILLNEHHOMO MPOM3BOACTBA nepepaboTka
¢poccporunca CTaHOBUTCS BbIFOAHOR C TOUKM 3PEHUS SKOHOMUYECKMX yCroBuiA. Cpok
OKyNnaeMOCTV KarnuTasnoBIOXeHNIn CocTaBnseT — 6orbLue roga.

Pa3pnen 7. NNepcneKkTUBHbIE TEXHONOMUKN
7.1 dTOpPUAHBbIE TEXHONOMUN

Oarum n3 Hanbonee nepcnekTBHLIM METOAOM nepepaboTkn  ChipbeBbIX
WCTOYHVKOB M NOMYYEHNS YUCTbIX METarmoB ABNSAETCA PTopuaHasa TEXHOMNOMUS.

BaxHoe MecTo 3aHMMaeT cosgaHve peHTtabenbHoro crnocoba nepepaboTkv
UINbMEHWTOBLIX, NONAPUTOBbLIX, TaHTaNUT-KONYMOUTOBLIX, BONbpPaMcoaepX)awmx u
MOJ‘II/I6,D,eHI/ITOBbIX KOHLUEeHTpaToB (o] KOMMNeKCHbIM mn3srnevyeHnem penknx,
peaKo3eMerbHbIX METANNOB, U UX BbICOKOYMCTLIX COEAMHEHWUI — OKCMAOB, HUTPUAO0B U
kapOunaos.

Ocoboe BHWMaHve cneayeT ypenutb paspaboTke dTopugHoro cnocoba
BCKPbITUA OKCUAHBIX W CyJ'IbeVIAHbIX KOHLUEeHTpaToB, cnocobos pasgeneHna um
ANEKTPONUTMYECKON NepepaboTkm 6e3BoaHbIX (hTOPMAOB TUTaHa, HWOBWS, TaHTana,
MonvbaeHa, Bonbdpama, peHus, peAKo3eMerlbHbIX 3MEMEHTOB, KpeMHus u Gopa c
BbIENIEHNEM 3MEMEHTHOro bTopa, HaNPaBNAEMOro B Ka4eCTBe OCHOBHOIO peareHTa B
npouecc OTOPMPOBAHNA NCXOAHBLIX KOHLEHTPaTOB.

B kauecTBe CbIpbEBbLIX MCTOYHMKOB MOryT ObiTb BbIGpaHbl TUTAHCOAEPXKALLME
LUMaKNn BOCCTAHOBMTENBHOW MNaBKM MIbMEHUTOBLIX KOHLUEHTpaToB WpluaHckoro wu
BepxHefHenpoBCKOro  MecTopoxaeHun (YkpauHa), nonaputoBble  KOHLEHTpaTbl
JloBosepckoro mectopoxaeHus (Poccusi, Konbckui nosyoCTpoB), MONMOAEHWUTOBbIE
koHueHTpatel Copckoro MOK (Pocemsa, Xakacus) n gp. B Tomckon obnactn (Poccus)
BO306HOBMINCSH MHTEpec k paspabotke TyraHcKOro MeCTOPOXAEHWUS KOMMIEKCHOro
NONMMMETanNNNYeckoro Chipbs C CO348HVMEM TPOM3BOACTBA C LEINbI  BbiNycka
UINbMEHWTOBBIX M LIMPKOHOBbLIX KOHLIEHTPATOB.

Mpn cospgaHun TopugHoro cnocoba nepepaboTkM NONMMMETAaNINYECKNX
KOHLIEHTPAaTOB:
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— npeanoxeHbl OfHO W  AByCTaguvHele  cnocobbl  pTopUpoBaHUS
NONNMMETaNNNYECKNX KOHLIEHTPAaTOB;

— 4NnA pasgeneHns (pTOPUAOB METANNIOB C HE3HAUUTESIbHOW PasHOCTbIO
Temnepatyp UX KUNEHUS U OTAENEHUS MHEPTHBIX rasos, a Takke dTopuAoB NpUMecen
npeanoxeH cnocob Mx pasgeneHus Mo MOMEeKynspHsIM Maccam C UCnonb3oBaHWEM
Kackana rasoBblX LIEHTPUMYr, KOTOPbIE LUMPOKO WCMONb3YKTCA B MPOMBILLNEHHOM
Macwrabe B aTOMHOW NPOMBILLIIEHHOCTU MPY pasaeneHn U30TOMNOB ypaHa;

— Ans nepepaboTkn 6e3BoAHbIX (TOPUAOB OBOCHOBaH 3NEKTPOSIMTUHECKWIA
cnoco6 nonyYeHnss peAKMx MeTanmnoB MU aneMeHTHoro Topa u3 pacnnasa 3BTEKTUKK
PTOPUAHBIX CONen.

dTopmaHbin cnocob nepepaboTkM MUHEPANbHOrO CbIPbSi C UCTONL30BaHWEM B
KauyecTBe OCHOBHOMO peareHTa PeLvKIMpyeMoro aneMeHTHOro dTopa MoxeT ObiTb
UCMonb30BaH B MNPOW3BOACTBE BbICOKOYNCTBIX MOPOLUKOB METAaNnoB, UX OKCMAOB,
HUTPUAOB N KapbnaoB NPaKTUYECKU BCEX PEAKOMETambHBIX XMMUYECKUX 3MEMEHTOB,
obpasyrowmx netyume dpropuasbl.

dTOpUpPOBaHNE C UCMOMb30BAHMEM B KAyecTBe OCHOBHOMO peareHta
PEeUVKNVPYEMOro dremMeHTHOro Topa, pasgeneHve (TopuaoB PeaKnx MeTanmnos,
NeTyunx (pTopMaOB MPUMECEM M UHEPTHBLIX Fa3oB MO WX MOMEKYNAPHbIM Maccam B
Kackage rasosbiX LEHTPUMYr, MPUMEHEHNE SIEKTPOSIUTUYECKOrO U3BNEYEHNS PEKUX
METanoB M anemMeHTHoro ropa 13 6e3BoAHbIX PTOPUAOB B HU3KOMNABKOM pacnnase
hTOPMAHBIX COMNEn ABNSIKOTCH HOBLIM HarpaBlieHNEM Pas3BUTUSI NMPOM3BOACTBA PEAKUX
BbICOKOYMCTbLIX METanmnoB M HOBbIX KOHCTPYKLMOHHBIX KEpaMMYECKMX MaTepuanoB Ha
OCHOBE WX KapbwaoB, HUTPUAOB, CcUNUUMAOB, 6Gopuaoe, kapbocunUUMAos U
KOMMO3ULMOHHBIX MaTepranoB Ha OCHOBE 3TUX COEAUHEHUIA.

dTOPUAHAA TEXHOMOTUA 3AKIOYAETCA B CMELUMBAHNM UCXO[HOTO Cbipbs B BUAE
nopowlka C TBEPAbIM (PTOPUPYIOLLUM peareHToM n obpaboTke BO HTOPONNACTOBbIX
peakTopax CO CTalbHbIM KOXYXOM 3aKpbITOro Tuna npu temneparypax 140 °C — 190 °C
npuv n3bbITOYHOM AaBneHun. MNpu 3ToM B KauecTBe (PTOPUPYHOLLIErO areHTa UCTIoNb3YHoT
cMechk BudTopuaa (rmapoaudropmaa) ammonus (NH4HF2) 1 dTopuctoBogopoaHoin
KMCMOTbl B KOMWYeCTBE, LOCTaTOYHOM AJsi MOMHOrO MOMMOWEHUS BbIAENSAOWErocs
ammmaka.

MepcnekTnBHLIM MeTOAOM nepepaboTkn 3BAMANMTOBOrO KOHLIEHTpaTa MOXeT
ABMATLCS €ro pasnoXeHWe MUHepanbHOW (CONMSHOM UMM a30THOM) KUCMOTOW Mnpu ee
pacxoge 90 % — 110 % OT CTEXMOMETPMYECKOrO KONMYecTBa C NocneayoLlen
TepMmuyeckon 06paboTko M BOAHBIM BbILLENAYMBAHMEM NOJSly4aeMoro rens B
aBToOKNaBHbIX ycnoeusax npy Temneparype 175 °C — 250 °C B Teyenne 1—4 y. Mpu atom
B pacTBOp MNEPExOAST PEeAKO3EMENbHbIE 3MEMEHTbI, @ B HEPacTBOPUMBbIA OCTaToK -
COEQVHEHNA  LMPKOHWS, KOTOPblE BbIAENAOT U3 ocTatka MyTeéM  MOKPOro
rpaBmTaumoHHoro cenapuposaHns. WUsenevenve ZrO» AaHHbIM METOAOM COCTaBnsieT
Bonee 71 %.

3acnyxvBaeT BHUMaHWSI BapuaHT TEXHOMOMMW nepepaboTkM 9BANANUTOBOTO
KOHLEHTpaTa, npeaycmaTpvBaollas COBMELLEHME MPOLECCOB  PasfnoXeHnsa C
KCTpaKumen LMpkoHus. TB® HacbIEeHHbIA a30THOW KWUCNOTOW BBOAST Ha CTafuio
pasnoxeHus. CooTHowweHne T:XK noaaepxusatot 1:8-10 (PK=0+B). OTHOLLEHWE BOJHON
1 opraHnyeckon gas npu atom coctaenseT 1:1-0,5. CTeneHb nasneyeHns UMPKOHNS 3a
CYeT nepeBoja ero B opraHudeckyro ¢asy nosbiwanace Ao 95 % - 99 %.
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PeakcTpakumio LUMpKOHUSA U3 opraHundeckon dasbl nposogat cnaboim (3 % — 4 %)
pacTBOPOM a30THOW KMCNOTbl. B panbHedleM M3 pacTBOPOB aMMMakoM ocaxzanm
rMAPaTUPOBAHHBIN OKCUJ, LIMPKOHMS.

dTopuabl P33  nonyyaloT 0oBe3BOXMBaHWEM  MMAPATUPOBAHHbLIX  CONEW,
OCaXAeHHbIX U3 pacTBOPOB UNW AENCTBUEM (DTOPMCTOro Bogopoaa Ha okcmabl P33.

dTopuabl P3J ocaxparT M3 asOTHOKUCTBIX WM CONMSAHOKUCIbIX PacTBOPOB
nnasunkoBow kucroTo. Hekotopele P33 (naHTaH, uepuin 1 Ap.) BLIAENSIOTCS B BUAE
nonyrugpatos  LnO; <« 0,5H,0, papymve (npaseoguMm, Heoaum) - 6es
KpucTannusauuoHHoi Boabl. lMpu HarpeBaHWn pacTteBopa € ocagkom TopuaoBs C
NOMOLLBIO MHpPaKpacHOM namnbl rMApaTtupoBaHHbie OTOpUAbI NPEBPAaLLAIOTCH B
GeaBogHble. OTdUNbLTPOBaHHLIE W MNPOMBITHIE CNMPTOM OC3AKM 3arem CcylaTt rpu
400 °C B aTmocdepe cyxoro aproHa. MonyyeHHble 3TuM cnocobom pTopuabl coaepxar
npumeck okcndpTopnaos LnOF. UckniounTs nx obpasoBaHme MOXHO cyLukon B Toke HF.
Bonee uncTbie dTOpPUALI NOMYyYaloT AencTBMEM (ODTOPUCTOro BOAOPOAA HA OKCUABI NpU
550 °C - 575 °C:

Ln203 + 6HF = 2LnF3 + 3H,0 (7.1)

PTOpPMpPOBaHME TAabNETOK OKCUAOB MPOBOAAT B Tpybe U3 HMKENa unu cnnasa
70 % Ni + 30 % Cu, yepes KOTOPYIO HABCTpeYy NMOTOKY ra3a NepemMeLLaoTCa NOJ0YKM C
okengamum. MoxHO npoBoanTb PTOpMPOBAHUE OKCUAOB B KMNALWLEM cnoe. dTopuabl, B
OTNMYME OT XNOPWNAOB, MANOrMIPOCKONUYHBI, YTO obrieryaeTt paboTy € HUMK.

Tawke kapboHaTbl, rMAPOKCUAbI UMK akTuBHble okcuabl P3M, nonyyeHHble
pasnoxeHnemMm okcanatoB wnu kapGoHaToB MNpu TemnepaTtype He Bbiwe 600 °C,
rMapothTOpUpYT (PTOPUCTEIM BOAOPOAOM npu Temnepartype 380 °C - 550 °C.
WN3BecTeH crnocob nonyyeHus dhTOopMAOB peako3emMesnbHbIX MeTannos
B3aUMOLENCTBUEM C (PTOPUCTOBOAOPOAHON KUCNOTOM NN €€ CONAMW B KUCITOA BOLHOWN
cpepe. OAHaKo BbiCOKasi KOPPO3UOHHAs aKTUBHOCTb Cpefbl, CoaepXallei NnaBrKoBYIO
KACMOTY, CO3AaeT 3HauuTernbHble TPYAHOCTU NPy Co3jaHun obopyaosBaHns Ans
nonyyeHusi (TOPMAOB PEAKO3EMENbHBIX 3MEMEHTOB U TpebyeT npuMeHeHus
JOPOroCTOALUMX KOHCTPYKUMOHHbLIX MaTepuanos. Kpome Toro, dtopuabl P3M,
nonyyaemMble MO TaKk HasbiBaEMbIM "MOKpbIM" cnocobam, copepxar 3HauuTensHoe
KONMMYECTBO OKCOMTOPMAOB, €Cnu WMX MNpU Cyllke M npokanke He obpabarbiBaTtb
0e3BogHbIM  (OTOPUCTBIM  BOAOPOAOM, MpPU  3TOM  TakKe YBENMUUMBAETCA WX
cebecToMMoCTb.

PaspaboTtaH crioco6 nonyyeHus cdropugoe P3M un utTpnsa us ux okcupos
anvtensHon obpaboTkon (B TeueHre 8 4) razoobpasHbivM HTOPUCTLEIM BOAOPOAOM NpU
600 °C — 700 °C. Hepocratkom gaHHOro cnocoba aBnseTca 3HauuTenbHasi Kopposust
annapartypbl BCNeACTBUE BbICOKOW TemnepaTypbl 06paboTkM OKCUAOB, YTO NMPUBOAMUT K
3arpsisHeHuto pTopnaos P3M 1 anntensHoCcTU npolecca ¢pTopuposaHus, TpebytoLlero
Gonbworo pacxoga ¢TOopUCTOrO BOAOPOAA, W, CneaoBaTenbHO,  yxXyAlaeT
3KOHOMMYECKME MOKa3aTenu npowecca.

CywHoctb paccmarpuBaemMoro crnocoba nonyyenuns gpropuaos P3M n nttpua
3aKMioYaeTcsl B TOM, YTO B KA4eCTBE MCXOAHbIX MarepuanoB WUCMOMb3yT okcanarsl,
rmapokeuabl, kapboHatbl M okcvabl P3M 1 utTpnsa, kotopble obBpabatbiBatoT
6e3BoaHbIM OTOPUCTLIM BOoAopoaoM npu Temnepatype ot 350 °C go 550 °C. Mpuuem
OTNMYMe OT MPOTOTWNA, MO3BOMSIOLIEE CHU3UTL TemrnepaTtypy o6paboTku okcupaos
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PTOPUCTLIM  BOAOPOAOM U €e  [ANUTENbHOCTb, 3akniyaeTcs B TOM, 4TO
npeaBapuTenbHas npokanka cone P3M n uttpus nponaBoAUTCS Npy TeMnepaType He
Gonee 600°C, 4TO AenaeT BO3MOXHbLIM MOMYYEHNE aKTUBHBIX OKCUAOB, U3 KOTOPBIX NMpw
BbILLEYKa3aHHbLIX TemnepaTtypax yjaeTca nonyyYdTe QTopuibl, He cogepxaliue
Kncnoponcoaepxallme CoeAUHEHUS.

OaHHein  cnoco®  nossonseTr  nonyyate  Oonee  uuctble  pTopmabl
pefko3eMesnbHbIX METannoB W UTTpUA Npu MeHblueM pacxoge HF u meHbluen
TemnepaTtype PTOpUPOBaHUS, YTO 3HAYUTENBHO CHIWKAET KOppoanto 06opynoBaHus.

BeinonHeH  Gonblwon  o6beM  HaydYHO-MCCnepoBaTenbCkux — paboT  no
HTOPUPOBAHNIO NUTbMEHNTOBBIX LLMAKOB W MONapuUTOBbIX KOHLEHTPATOB C NOMy4YeHnem
HeneTy4ux pTopuao. PaspaboTaHsl 1 NpoBeEHbI UCTIbITAHWSA NO Pa3AENeHNIo NeTYYMX
dTOPNLOB TUTaAHA, HMOBWS U TaHTana M TEXHONOrMM MonyYeHus ux ua cgropmaos. B
yMcne HoBbIX CXeM nepepaboTkn cynbguAHbIX KOHLEHTPaToOB MCCrneaoBaH npouecc
dhTopMpoBaHMA MONMBAEHUTOBBLIX CYNbMUAHBIX KOHLEHTPaToB. 3HauMTenbHble paboThbl
npoBefeHbl No MTOPUAHON NepepaboTKe OKCUAHBIX KOHLEHTPaTOB peAKuX MeTansos
(pytunosble.  TaHTanuT-kONyMOWTOBBIE,  BOMLMPAMUTOBBIE U LLUEENUTOBLIE).
PTOPMAHBIE TEXHONOMUMWN ABNSIOTCS NMEPCNEKTUBHLIMA U BO MHOMUX CIy4Yasx roToBbIMU
ANsi NPOMBILLUNEHHON peanuaaumn.

7.2 NHHOBaLUMOHHBbIE TEXHONOrMMU NPOU3BOACTBA NUTUA

B npombILLINEHHON NpaKTWke NPUMEHSIT NATL METOAOB oBoraleHns NMUTUEBbIX
pya: KpynHokyckoBoe oboraiieHne, TepMudeckoe oboraweHve (aekpunuraums),
rpaBMTaLMOHHOE N MarHUTHoe oboralleHve, priotTaumst.

HeTpaauUMOHHLIMW ~ UCTOYHMKaMW  JIMTMEBOTO  Cbipbsl  3a  pybexom
paccMaTpuBatOTCS FeKTOPUTOBbIE MTIMHBI, SAAPUT, reoTepMarbHble BOAb! AEACTBYIOLLUX
3MNEKTPOCTaHLMA, HedPTENPOMBICIOBLIE PaCcCorbl U MOpCcKas BoAa.

Ons nepepaboTkn NUTUEBLIX PYA W KOHLIEHTPATOB TPaAWULMOHHO UCMOSb3YHOT
yYeTblpe cnocoba: cynbdartHbI,  W3BECTKOBbIMA,  Xropupylwmn  obkur n
CEPHOKUCIMOTHBIN.

Xnopupytowmin o6xur 6bin Ucnonb3oBaH AnsA nepepaboTkm NenuaonutT u
criogymeHcogepaxwmx KoHueHtaptoB. O6oxokeHHbIM npy Temnepatype 800 °C
matepuan (nenmgonut + NH4Cl + CaCO3) Bbiwenauvsanm BoAoOW, U3 pactsopa npu
NnocrneayroLwemM ynapvBaHUM KpUCTanimM3yeTcs CMEChb XMOPMAOB NMUTUS U KarnbLus,
KOTOpas MOXeT ObiTb MCMonbL30BaHa AN SMeKTponvaa UnM nosydeHus ruapokeuaa
NUTUS METOAOM kaycTudmKaumn. B npombiwneHHoM macutabe cnocob 6bin 0OCBOEH B
CLUA ans nseneyeHns nutmsa U3 CnogyMeHoBOro KoHLEHTpara.

Mo rvapomeTannyprMyecko TexHonorMu, HassaHHoOW npoueccom Sileach,
TOHKOM3MeErnbYeHHbIN rrooput (CaF,) cMewmnBarT CO CniogON U BbilENayvBaloT B
cepHon kucnote npu Temnepatype 95 °C — 115 °C B TedeHne 4 4 npu atMocepHOM
faeneHun. [lpouecc npegycMaTpuBaeT pPereHepauuto  CepHoW  KucnoTbl. B
nabopatopHbix Tectax Sileach npy npoBeaeHnM npouecca B TeYeHe 4 Y U3BMeYeHne
nMTUS U3 ansda-cnogymeHa gocturano 92 %.

[na nssne4eHns LieHHbIX KOMMOHEHTOB U3 PAaCCONOB MPEANOXKEHb! pas3nuyHbie
MEeToAbl, W3 KOTOPbIX MOXHO BblAENWTE CNEAyHLIME CXEMbl.  KIacCU4eckyto
ranyprudeckyto cxemy nepepaboTkM pacconioB C MHOTOCTafMAHOM yrmapKon u
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CMEeLLUaHHYH0, B KOTOPOW MCMONb3YTCs OCaAuTesbHble METOAbI, copbums, 3KCTpaKkums
n npyruve.

K Hanbonee npocTeM ANsS  MPOMBIWNEHHOTO OCBOEHUSI  OTHOCHTCH
FNUTUEHOCHbBIE pPacconbl XIIOpUAHOro HaTpuesoro Tuna (03. Cunbsep-Muk, CLUA), B
KOTOPbIX COAEpXaHWe CONen MarHWa W Kanbums HeBenuko. B mupoBon npaktuke
OCBOEHbl TexHonormm wux nepepaboTky, OCHOBHOW  MPUHLUMN  KOTOPbIX —
NpeaBapuTEnbHOE KOHLEHTPUPOBAHUE paccorioB MO NMTUIO B MCNApUTEnbHbIX
BacceliHax A0 MONyYeHUs NMUTMEBONO KOHLIEHTpaTa, MPUrofHOro ANl OCKAEHUA U3
Hero kapboHaTta NUTUA PacTBOPOM COfbI.

Ocoboe MecTo B psafy MCXOAHOrO Cbipbsl ANl MOJSIlyYeHUs1 METaNmoB (NUTUS,
pyouaus, uesms, CTPOHUMS, Kanus, MarHmsl), a Takke 6opa, 6poMa v rnoga 3aHMMarT
paccorbl XMOPUAHONo KanbLueBo-marHueeoro Tuna (pana bonblioro ConeHoro o3epa,
CLUA). [ns pacconoB XnopyvaHO-MarHUEBOro TuMa XapakTepHbl MWHUManNbHbIE
KOHLIEHTpaLmmn xnopuaa kanbums (pacconsi Kuras).

Bo Bcex cnydyasix KOHeyHbIM npogyktom 6Oyaetr conb nutus. HaunBonee
pacnpoCTpaHeHHbIN KOHEYHbIA NPOAYKT — KapBoHAaT NUTUS, KOTOPbIWA CRYXUT UCXOAHBIM
MarTepuasriom ANs NOSlyYeHUs APYrMX COEAVHEHWI, B Y4aCTHOCTW, XNopuaa nutusi, 13
KOTOpOro Npou3BoguTca mMetannuyeckui nutun. OgHu 13 cnocoboB NoryYeHns nNUTust
ABMNSETCA MeTannoTepMMYeckoe BOCCTaHOBReHWe ero conu. Hwke npuBogum
WHHOBaLMOHHYIO TEXHOMOrMYECKY0 CXEMY MO MOMYYEHWIO METaNNUYecKoro nuTus
COBMELLEHHBIM MPOLIECCOM  «AMCcouManmna — BOCCTaHOBMEHME» KapboHata nuTuA
antoMmMHUeM (CM. pUCYHOK 7.1).

1. Onccoumnaums kapBoHaTta nuTus:

- Temneparypa — ot 700 °C go 740 °C;

- BpeMs CuHTe3a — 3-3,5 v;

- octatoyHoe fgaenenne — 15-20 MNa;

- KOHTPBaKyyM NeYHoro NpocTpaHCTea — HET

2. ANtOMUHOTEPMMYECKOE BOCCTaAHOBNEHWE oKeuaa nutua: 23
- Temnepatypa — 940 °C — 950 °C;

- Bpems BOCCTaHoBMNeHnsa — 22,5 v;

- ocTaTouHoe gasneHue — 10-15Ma;

- KOHTPBaKyyMm neyvHoro npoctpaHctea — 13,3 kla;

3. ANIOMUHOTEPMNYECKOE BOCCTAHOBMNEHWE CMECH antoOMUHATOB NUTUS
- Temneparypa — 1200 °C — 1250 °C;

- Bpems BoccTaHoBneHna — 3 — 3,5 v;

- octatoyHoe gaeneHve — 1,3 — 10 MNa;

- KOHTPBaKyyM rneyvHoro npocrpaHctea — 10 klMa.
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PucyHok 7.1 - TexHonormyeckass cxema noslydyeHnst IMTVSE COBMELLEHHBIM MPOLIECCOM
«ZyccoupaLms-BoCCTaHOB/IEHNE» KapGoHaTa TSt

ONna nonyyeHua NUTUA allOMUHOTEPMUYECKMM BOCCTAHOB/IEHMEM OKCuAa NUTUA
B BakKyyme€ B KayeCTBe annaparta - aHajiora MOXeT ObITb npnMmeHeHa BaKyyMHas
lwaxTHas peTopTHaa nedb Ansa AUCTUunnaunmn Kanbuymna U3 MmegHo-kanbuneBoro cnsiaea.

7.3 Komb6nHnpoBaHHas COpPO6UMOHHO-3KCTPaKLMOHHAas
TexHosorna nepepaboTkm cyMMapHbIX KOHUeHTpaToB P3M ¢
No/ly4eHMEM BbICOKOUYUCTbIX COeAUHEHUN (Ha NpumMepe Nerkon
rpynnel P3M)

OrpomHoe pa3Hoo6pasne cbipbss P3M - npupogHOro M TEXHOTEHHOMO -
onpefensieT Heob6XxoAMMOCTb  CO3[aHMA  KOMOMHUPOBAHHOW  CXeMbl, OCHOBHble
3/1eMeHTbl KOTOPOI MOrNM GbiTb MNOSIOXKEHbI B OCHOBY JIOKas/bHbIX TeXHOMOrMiA. Bbina
paspaboTaHa NPOMbILLIEHHAA TEXHO/IOTMA COBPEMEHHOI0 YPOBHSA, KOTOpas No3BOAUT
nonyyatb BbICOKOUMUCTbIE WHAMBUAYa/bHble coeauHeHus P3M wn3 6efHbIXx pya w
TEXHOTeHHbIX OTXOA0B U MOBbLICUTL 3KOMOTMYECKWIA YypOBEHb NpeanpuaTuii. OCHOBHbIE
npuemMbl ANs OOCTUXEHWUS 3TOW Lenu - MaKCMMaslbHOe WCMOJIb30BaHWe 3KOJI0TMYecku
UYACTbIX COPOLUMOHHbLIX MEeTOAOB pasgeneHns u ounctkm P3M npu paunoHanbHOM
NPYMEHEHUN  3KCTPAKLMOHHbLIX MPMEMOB pasfesieHns 6/M3KMX No  CBOWCTBaM
mMeTan/ioB. lMpu pa3paboTke NPOMbILAEHHOW TEXHOMOTUW MPUMEHUTENbHO K P3M-
CbIpbl0 B 3HAUMTE/IbHOW CTEeMeHW YUWUTLIBA/ICA BeCb OFPOMHbIA OMbIT YpaHOBOW W
30710TO0A06bIBAOLLLEN OTpacnein NPOMbILLAIEHHOCTH, BK/OYAa Kak TEXHO/ormyeckue, Tak
1 annapatypHble peweHusa. Ewe ogHMM OCHOBaHMeM N8 Pas3BUTUS COPOLMOHHBLIX
npoueccos B cepe P3M fABnfATCA OnecTAwme OOCTUXKEHWS MNocnefHux et B
06N1acTu CUMHTE3a BbICOKOCENIEKTUBHbIX COPOEHTOB MUPOBLIMU paspaboTyvkamn CMo,
B TOM 4MC/ie WOHWUTOB C PerynMpyemMon Ha cTaguu CUHTe3a NOpUCTOCTbi, COPHEHTOB,
UMMNPErHNPOBAHHbIX BbICOKOCE/IEKTUBHBIMU 3KCTPareHTaMmu LesieBOro  HasHauvyeHus,
XenaTHbIX U MOAU(IULMPOBAHHbIX CMON. PaclimpeHne acCopTUMeEHTa CMOJ NO3BONSET
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CYLLEeCTBEHHO 0OOnerdMTe CO3faHMe  MPUHUMMNMaNbHO  HOBOW  MPOMbILLNEHHOM
TEXHONOMMW C MPUMEHEHMEM NPOMBILLNEHHO BbINyCKaeMbIX COPGEHTOB.

PaspaboTaHHas VWHHOBaLOHHas KOMBUMHMpOBaHHasA COpOLMOHHO-
3KCTpaKLMOHHas TexHonorns nepepaboTkun noboro Buaa cbipbs, cogepxatero P3M, c
nonyyYeHnem BbICOKOUMCTBIX (99,99%) coeaunHerni P3M nerkon rpynnbl COCTOUT K3
TPEeX OCHOBHbIX COCTaBMNAOLLMX — FONOBHON COPBLIMOHHON onepaumK, 3KCTPaKLUMOHHOIo
pasgeneHna BHYyTpu CXeMbl 1 TOHKOW OYUCTKU OT npmmeceﬁ Ha 3aBepLliaronx ctagnax
paspaboTaHHOW TexHonorun. [oOnoBHas onepauMa — 3TO  UCMOSMbL30BaHUe
CUNBHOKUCIIOTHOrO NOPUCTOro CyJ'Ib(bOKaTVIOHVITa B ronoee npouecca ana otaeneHusa
P3M oT oCHOBHLIX Mpumeceir. HoBusHa npoLecca COCTOUT B TOM, YTO AnA Aecopbumm
cymmbl P3M c «kammonmta Lewatit MonoPlus SP112 wucnoneb3oBaH pacTtBop
YeTbIPEXBaNEHTHOrO Liepus, YTO NO3BONSET NPaKTUYECKW NOSIHOCTLIO BLITECHUTL CYMMY
P3M c wvoHuTa, HO npu STOM Mojgepxueatb «cbpocHyto» (MeHee 0,0005 r/n)
KoHUeHTpauuio uepusa(lV) B pactBope mocne KOMOHHBLL. JTOT npouecc PpOHTanbHO-
rpagneHTHoro BbiTecHeHnss P3M nerkon rpynnbl M3 ¢asel cmonbl obecneuvnBaet
konmyectseHHoe otaeneHune uepusa(lV) ot ocranbHbix anemeHToB. CopbupoBaHHbIN
uepui (IV) cHUMaeTca C KaTMOHWTa pPacTBOPOM a30THOW KUCNOTbl B 3MH0AT, KOTOPbINA
NoABEpraeTcsl SKCTPaKLUMOHHOM 06paboTke, a PeaKCTPaKT HaNpaBNAETCs Ha NOoNyYeHne
COEAMHEHNS  BbICOKOYMCTOMO LEpPUS MNyTEM TOHKOM OYUCTKM OT  MPUMECEN
HepeakoseMenbHbIX MeTannoB. B kadyectBe akCTpareHTa MCnonb3oBaH peareHT u3
Knacca 4eTBEpPTMYHOIO aMMOHMEBOrO OCHOBaHWsA. [MokasaHo Takke, YTO NPUMEHEHWe
BMecTO akcTpareHta Aliquat 336 CMNbHOOCHOBHOMO aHWOHUTa MOPUCTON CTPYKTYpbI
CHWXKaeT nokasaTenu O4YUCTKW, YTO ODyCnoBMEHO BOCCTAHOBWTENbHBLIMWA CBOWCTBaMum
YrNeBOAOPOAHON MaTPULbl aHUOHWTA.

Cnepytowas TexHonormyeckas HoBM3Ha COCTOUT B NCNONb30BAHUN KOMMNEKCOHa
TMna TpunoH-b ans nsbupaTensHOro CBA3bIBAHWMSA CyMMbl NpaseojMma U Heoguma B
KOMNMEKCHbIE COEAVHEHVUA C MOCMEAYyWMM NPONyCKaHNEM BOAHO-OPraHNYeCcKon
cucTembl  4vepe3  cnaboKUCMOTHLIN  KaTUOHUT. JlaHTaH npu  3TOM  MOMHOCTLIO
copbupyeTcs, a cBA3aHHble B KOMNNEKC ABa MeTanfia NpoxoaaTt B unbTpat copbumn.
Janee oanar naHTaHa noABEpraeTcA TOHKOW OYUCTKE OT Hepeako3eMenbHbIX
MeTannoB, a 3aKOMMMEeKCOBaHHble KaTMOHbI NpaseogMMa W Heoguma nocne
pereHepauvn  IATA  (3TUNEHAMAMUMHTETPAYKCYCHOW  KUCMOTbI)  MOABEPraloTCs
SKCTPAKUMOHHOMY, CTaBLIEMY YK€  TPaguUMOHHBIM, MpOUEecCy  pasgeneHus.
PeakcTpakTbl 3TUX ABYX METanNMoB ANA MNONYYEHUA BbICOKOYUCTbIX COEANHEHWI Takke
NOABEPratoTCsl TOHKON OUUCTKE OT NPUMECEN HEPEAKO3EMENbHBIX METaNsoB.

B kOHEYHOM UTOre TPeTbA TEXHONOINYECKasn HOBU3Ha pa3paboTaHHOro npouecca
NOMy4eHNs BBICOKOYUCTbIX coeauHeHnn P3M  un3  noboro cbippba  coctout B
MCNONb30BaHUM ANA 3aKNHOYUTENBHON OYUCTKU UMMPErHNPOBaHHBIX U XENaTHbIX CMON.
Tak, npumeHeHue copbeHTa, WMMPErHNPOBAHHOIO  3KCTpareHToM  6uc-(2,4,4-
TPUMETUNNEHTUN)POCHUHOBON KUCNOTOM U MapKMpoBaHHOrO kak Lewatit TP272, ana
TOHKOW OYUCTKWN OT NPYMECEN MHAMBUAYanbHbLIX 3n0aToB u peakctpakros P3M nerkon
rpynnbl NO3BONMUNO CTabWNBHO NMony4YaTb BbICOKOWMUCTbIE coeanHeHns (99,99%) nerkon
rpynnel. 3Ta TEXHONOrMs MpoLuna npoBepky B MacwTabe NUNOTHbIX WCMbITAHWW, B
pesynbTate 4ero AaHHble nabopaTopHbIX WCCMefoBaHWn  ObinM  MONHOCTbLIO
nogTeepaeHol B GanaHcoBbix onbiTax. PaspaboTaHHas TexHonorna nonyvyeHus
BbICOKOUNCTBIX coeavHeHnii P3M  wncnonb3yeT craHpapTHoe of6opyaoBaHue —

174



UCT 24-2017

copbumoHHbie konoHHbl MUK ¢ nnoTHeIM cnoem copbeHTa, peakTopHoe o6opyaoBaHme
n T.n. MNMpryeM NpoLECChl TOHKOW OYUCTKN MPOBOASATCH B PEAKTOPHOM CTaTUYECKOM
BapvaHTe B annaparax C NepemeluMBaHMeM WOHOOOMEHHbIX a3 M mocneayroLwmm
oTAeneHneM CMor Ha ceTkax.

Takvum obpasom, pa3paboTaHHas TexHonornsa obnagaet anemMeHTamm HOBU3HbI U
No CPaBHEHUIO C TPAAMUMOHHOW SKCTPAKUMOHHON CXEMOW B HEW NOBbIEHA
askonormyeckas cocraensowasn. bonee Toro, npeanoxeHHaa cxema adpdekTnBHa Kak
npu nepepaboTke CyMMapHbIX KOHUeHTpaToB P3M ¢ Lenbio nomny4YeHna BbICOKOYNCTBIX
Coe,qMHeHI/II‘fl, Tak n ana I'Iepepa6OTKV| TeXHOreHHOro Cbipba, B TOM 4ncne C HU3KUM
copepxaHnem cymmbl P3M B 3TOM Cbipbe, Hanpumep, Ans nepepadoTkM OTX0A0B UMK
NPOMMPOAYKTOB, MOy4YaeMbIX B MPOU3BOACTBE MUHEPanbHbIX yA00peHUI.

7.4 3BneyeHue peaxKoseMenbHbIX MeTansoB U3 3onownakos TOL

3onownakoeble oTtBanbl  (3LLUO) 4BNSAIOTCA  UCTOYHMKOM  3arps3HEHUsI
OKpYXaloLLEN Cpelbl, B TO e BPEMS OHU COAEPXaT Lenbin psig LIEHHBIX KOMMOHEHTOB
(repmaHuiA, rannun, ckaHguin, P3M)

Pa3spabotaHa TexHOMnorus M3BneYeHMs ckaHaua n peakux semens us 3O
METOAOM KyyHOro BbiwenauvBaHnsa (KB). W3-3a HM3kOro copepxaHusi LEHHbIX
KOMMOHEHTOB B UCXOLHOM Martepuane apyrve MeToAbl U3BreYeHus NpeacTaBnsaoTcs
anpvopn HepeHTabenbHbIMK, Tak kak TpebytoT BonbLumx 3aTpar.

OcHoBHoe oTnnune paspaboTaHHOro metoaa ot TpaguuuoHHoro KB coctout B
npegpaputensHon nogrotoeke 3O k kyuHoMy BbilenaunBanmio. Kak nssectHo, 3O
— 3TO AWCMEPCHBIA NPOAYKT, KOTOPLIA B €CTECTBEHHOM BUAe HenpurogeH ans KB us-3a
npobrnem nnoxon unbTpaumMn 1 konbmatauum. Ana mssnedennsa P3M u ckaHaus n
obecneyeHus gpeHaxa wrabens 3O rpaHynupoBany ¢ CEpHON KUCNOTOW, KoTopas
BbIMOMHANA PyHKLUMM CBSI3YIOLLEr0o W BCKpbIBAOWEro peareHta. B pesynbtare
NCCneA0BaHAN NOMy4YeHbI MPOYHbIE M YCTONYMUBBLIE K PA3PYLLUEHUIO IPaHyIbl, NPUroAHbIe
Ana  panbHenwen nepepabotkm metogom KB. Pegkve 3emnu  uasnekann w3
npoaykTueHbIx pacteopoB KB copbuwer B KONMOHKE Ha WOHUTAX B AUHAMWUYECKOM
pexume. [ecopbumio LEHHbIX KOMMOHEHTOB CO CMOSbI MPOBOAWNM B ABE CTajuu:
pacTBOpamMyn HUTpaTa aMMOHMS 4SS OYUCTKM OT NpUMecein n cynbdgara aMmMoHMsa ans
Aecopbuvm P33. TepBuYHLIA KOHLEHTPAT pefAkux 3emMenb ocaxpaanu us gecopbartos
L aBeneBon KACMNOTOMN.

OnpeaeneHbl ONTMMarnbHbIE napameTpbl npoueccoB rpadHynsuvm  3WO,
obecneuvBaloLlLMX MOMyYeHUe rpaHyn, nNpurogHbIX Ans yknagkm B wrtabens wu
BblLenaynsaHus B pexumme KB, copbuumn P3M Ha noHoobmeHHol cmone, gecopbumm
OCaXAeHUA YepHOBOro koHLUeHTpaTa. UseneveHne P3M Ha ctagum KB coctasuno 55%,
Ha cragusx copbuum n gecopbumm — 90%. WsBneyeHne ckaHamsa Ha ctagusx copbumm
1 aecopbumm coctasuno 99,6%.

Ha ocHoBaHuM npoBefeHHbIX UCCneaoBaHvii B nabopaTtopHOM U YKPYNMHEHHOM
macwrabax cosmectHo ¢ MITY um.H.3.baymaHa Ha [JoporoByxckon T3IL| cospaHa
onbITHasa ycraHoska no nepepatdoTtke 3LLO.
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7.5 TMepepaboTka rMOPOKCUMOHOIO Keka, MNOfiyyaeMoro mnpu
L eNIOYHOM BCKPbITUM MOHALMTOBOTO KOHLIEHTpaTa

Mvapokcuabl peako3eMenbHbIX U paguoakTMBHbIX anemMeHToB (P33(OH)s,
P3(OH)s, sBnsAoTCA NMPOMEXYTOYHBIMW MPOAYKTaMU MNpW  LLEMOYHON nepepaboTke
MOHauuTa n kceHotTuma. [Ons ganbHenwern nepepaboTkM MONyYeHHbI MMAPOKCULHBIA
kek, cogepxaymn P33(0OH)s n PO(OH)z pacTBopstoT B a30THOM UM CONAHOW KNCIOTE.
Mpn HeWTpanuaauum MNONyYeHHbIX KUCMOTHbIX PacTBOPOB HakannveaeTcs Gonblioe
KONMMYEeCTBO pacTBOPOB xflopuga wnm Hutpata Hatpus. W nostomy Bompoc o
cokpalleHnn 6onblUoro KOMMYeCcTBa OTXOAOB, a TakKe YMEHblUeHWe 3aTtpaT Ha
peareHTbl OCTaeTCs OTKPLITLIM.

B paHHOM crnocofe npeanoXeHbl KUCMOTbl, WUCMONb3yeMble ANA BCKPbITMS
rMOPOKCUAHOrO Keka, 3aMeHuTb xnopuaom ammonusi (NHsCl) n nepesoputh ero B
BOAOPAaCTBOPUMbIE  XNOpuAbl TBepAodasHbiM metogoMm npu  HarpesaHun. NH4CI
ABMNAETCH HETOKCUMYHbIM, YAOBHBIM M Ge3onacHbiM peareHToM npu xpaHeHun. [Mpu
oTHocUTENbHO HU3kKMx Temnepatypax NH4Cl xumuyecknm aktMBeH W nos3gonsieT
OCYLLECTBUTb NPOLIECC XINOPMPOBaHNA BO BCEM OObEME peakLMOHHOW Macchbl, a ero
N30BITOK MOXET ObITb NETKO PEreHePMPOBAaH 1 MOBTOPHO UCMONb30BaH.

MpeapaputentHo 6bino M3yyeHo e3aumogeinctene P3J3(OH); n P3(OH); ¢
NH4Cl npu HarpeBanmu. Ona wccneposanua B3aumogencteus La(OH); ¢ NH4CI
NPUMEHSNN  TepMorpaBuMETpUYeCKM  aHammus.  lpoaykTbl  B3avMopencTeums
onpeaensinm ¢ UCNoNb30BaHWEM PEHTreHO(ha3oBOro aHanmaa.

Mpwn HarpesaHun cmecn P33(OH); m NH4Cl Ha kpusbix ATA umerotca Tpu
aHAoTepMuYeckmnx addekTa. BHe 3aBUCUMOCTM OT COOTHOLLEHUSI KOMNOHEHTOB BCeraa
npucytcTeyeT obpatumbin  adodpekT nonmmopdHoro npespawenns NH4Cl, BTOpOn
SHAOS(MEKT ABNAESTCA PE3yNbTaToOM PeakuMn XJIIOpUpoBaHus, a TPeTUA 3HAo03hdeKT
pesynbTaToM pPas3fnoXeHUs KOMMMEKCHBbIX COeAMHEeHWA ¢ obpasosaHnem 6Ge3BoAHbIX
xnopugos P33. CoeamHeHus ypaHa seayT ceba nogobHo P33(OH);, a coeanHerme
TOPVS He BCTyMaeT B peakumio XxJopupoBaHua. Takum obpas3oMm, npu cnekaHuu
rngpokengHoro keka ¢ NH4Cl OyayT obpasoBbiBaThCs BOAOPACTBOPUMBbIE XNOPUAbI
P33, uTo MOXeT ObITb UCNONB30BaAHO ANA OTAENEHUS UX OT TOPUS.

Ha ocHOBaHWM MoJyYeHHbIX SKCMEpUMEHTAsbHbIX pe3ynbTaToB npeanoxeHa
NPVHUMNnaneHas noonepaumoHHas cxema npolecca nonyvyeHus koHueHTpara P33 un3
TMOPOKCUAHOTO Keka, obpasytoLlerocs npu LIEnoYHoW nepepaboTke MOHauMTOBOrO
KOHLeHTpaTa.

TeeppodasHoe cnekaHue rugpokcmaHoro keka ¢ NH4Cl, B3siToro B mMaccoBom
cooTHoweHnun 1:3, npoeogunu npu Temnepatype 300 °C. [anee nonyYeHHbIN
XnopuaHeIi cnek Harpesann o 350 °C ansa nepesoga B rasoobpasHoe COCTosiHME U
yhaneHna u3 cucrtembl usbbitouHoro NH4Cl. asosas dasa HanpaenseTcs Ha
pecybnumvaumo ans  pereHepauvm NH4Cl. Cnek xnopupoB peako3eMernbHbIX U
PaanoaKTBHBIX 3NEMEHTOB SIBMSIETCS KOHEYHbIM NMPOAYKTOM U MOXET MCMONb30BaThCs
ANS  MOCneaylowero pasgeneHMst Ha KOMMOHEHTbl W3BECTHeIMM MeToaamu. [1o
pa3paboTaHHOW TEXHOMOrMYecko cxeme NpoBefeHb! YKPYNHeHHble nabopaTopHble U
MonynpPOMbILLNEHHbIE UCTbITaHUS.
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7.6 ABTOKNaBHaA nepepaboTka MOHaLMTOBbLIX KOHLIGHTPATOB

LUnpoko  pacnpocTpaHeHHbiMM  cnocobamm  nepepaboTkM  MOHaLMTOBbLIX
KOHLIEHTPATOB ABNAOTCS LLENOYHON M CEPHOKUCIOTHBIN MeToabl. OaHUM 13 HanGonee
uccneaoBaHHbIX METOA0B BblAENEHUss N 04ncTkn P33 13 pacTeopoB BbienaunBaHus
ABNAETCA XUAKOCTHAsA 3KCTpakuus ¢ Tpubytundgocdarom (TbP). PaznoxeHre a3oTHON
KACNOTOW npyu aTMocepHOM AaeneHuM ManosddekTueHo, nostomy B pabote
npuseAeHbl  pesynbTaTbl  WCCMEAOBaHWI  npouecca BCKPbITUS — MOHALMTOBOMO
KOHUEHTPaTa Npu NOBbILLEHHbIX AABNEHUAX.

B kavecTBe MCXOAHOrO MNpOAYKTA WMCMONb30OBArM MOHALMTOBbLIA KOHLIEHTpAaT
TexHoreHHoro mectopoxaeHua B r. KpacHoydpumcke, Poccus.

OCHOBHBIM MapaMeTpoM, XapakTepusylowmMm 3PQEKTUBHOCTL MpOTEKaHWA
npouecca, NPUHANK CTeneHb BCKpbITUS (4, %) no P393.

Mpouecc aBTOKNABHOrO BhILLENAYNBaAHNA TOPUS U cyMMbl P33 13 moHauuToBoro
KOHUeHTpaTa (npoba 1) Bbin uccrnegoBaH Npy pa3nuuHbIX TEMriepaTypax B aBToKnase
(453, 473 n 493)K u NOCTOSIHHOM KOHLEHTpauMn asoTHOM Kucnotel 6 M u
npoaomknTENsLHOCTN npouecca 120 MyH. YBennyeHne Temneparypbl npouecca mano
BINSIET HA U3BMEYEHUE TOPUS U3 MOHaUWTa U HE3HAUMTENbHO MOBLILAET U3BMEYEHNe
cymmbl P33. MMpu yBenuueHum BpemeHu pearvpoBaHus uasnedeHwe P33 pacrer
HENUHENHO, a N3BNeYEeHNe TOPUS MPaKTUYECKU HE 3aBUCUT OT BPEMEHMW pearnpoBaHus.

UccnepoBaHns NO BIMSIHWIO KOHUEHTPAaUMM a30THOW KMUCMOTbI NPOBOAUNAU MpU
KoHUeHTpaumsx (3, 6, 9) M mn nocrosHHbIX: TemnepaType B asToknase 473 K wn
npogomkmuTensHocTy npouecca 120 MuH. YBenuuenue koHueHtpaumm HNO; ¢ 6 po 9
M nosblwaeT nssneveHne cymmel P33 ¢ 24 % po 47 %, a Topus nuwb ¢ 7 % Ao 11 %,
COOTBETCTBEHHO.

PeaynbTaTbl MCCNEAOBaHWA  a30THOKUCNOTHOTO — aBTOKMaeBHOro  cnocoba
BCKPbITUS MOHaLWTOBOIO KOHLEHTpaTa C MWCMOMNb30BAHUEM MNEPEMELUMBaHNA Ha
YKPYMNHEHHOW ycTaHoBke Bbinv nanoxeHsl B ctatbe. MNpu ycnosusix: 9 M HNO3, 473 K,
150 MuH, BbIna 4OCTUrHyTa cTeneHb n3snevenHns P33 Ha ypoBHe 55 % — 60 %.

Ons wuccnepnoBaHns BO3MOXHOCTU MHTEHCUdUKaLmMM MccrneayeMoro npouecca
Obiny NpoBeAeHbl 3KCMEPUMEHTLI C NMPUMEHEHWEM MIMKPOBOIHOBOTO METOAa Harpesa.
Ycnoeusi  pactBopeHusi cniegytowme: 473 K, cootHowenve TXK = 1:10,
KOHLIEHTPMPOBaHHAA a30THas KWCMoTa, Bpems npoBefeHns npouecca — 60 MUH.
MN3BbITouHOE AaBreHue npu 3TMx ycroeusx nogHumanoce fo 1,5—1,6 Ma.

B uenom obpasel 2 okasarnca Gonee NMerkoBCKpbIBaeMbIM a30THOW KUCMOTOWM,
yeMm obpasey 1. CteneHn BCkpbITUS nerkmx P33 HesHauuTenbHO OTnuYakTcA OT
cTeneHen BCKpbITUS Tskenbix P33, T.e. P33 BckpbIBaOTCA [JOCTATOMHO PaBHOMEPHO.
CTeneHun BCKPbITUA BannacTHbIX KOMMOHEHTOB NMB0 OTNNYaKOTCS B BOMbLLYIO CTOPOHY
Ana npobbl 2, nBo OTNUYaTCA HeaHadMTenbHO. [py 3TOM CTeneHb BCKPbITUSA
pPasnoaKkTUBHbIX KOMMOHEHTOB 471 TOpUA cocTasuna 48 % ans npobel 1 1 62 % Ans
npoBbl 2. CTENeHU BCKPLITUS ypaHa cocTaBunm 58 % ans npobel 1 1 61 % ans npobbl
2.

MpoBeaeHHbIE MCCrefoBaHMA MOKa3biBatOT, YTO, HECMOTPSA Ha HefOoCTaToO4HO
BbICOKME CTEMEHW BCKPbITUS MOHauuTa, npu  MPUMEHeHWW psaa  MeToaoB
WHTEHCUMMKALMM  MpoLecca asOoTHOKUCMOTHOrO — a@BTOKMaBHOMO  BbillenadvsaHus
MOHauuTa cTeneHb naenedeHna P33 sHaunTensHo yeenmumeaetcs (¢ ~ 20 % po 60 %).
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JanbHerwmni nouck crnocoboB yBenuueHusi nokasarenei apdeKTMBHOCTM npouecca
(xMmmYeckon akTuBaLKM, MexaHoakTueBaummM 1 T.4.) AenaeT paccMaTpuBaeMbli METOA
NepCrneKkTUBHBIM.

7.7 KCTPaAKUMOHHOE pa3feneHue peaKo3eMeribHbIX 35IeMEeHTOB,
BblAeSIeHHbIX U3 anaTUTOBOro KOHLeHTpaTa

MpOMbILNEHHO OCBOEHbI ABE  TexHomorum nepepaboTkM anatta —
CEPHOKUCINOTHAA W a30THOKUCNOTHaa TexHororvu. B 3aBncuMMocTM OT MpUHSITON
TEXHONormM nepepaboTkn npucyTcTBylome B anatmte P3O KOHUEeHTpupyloTcs B
asoTHo-thbocdopHokucnom pactesope (APP) npyu asoTHOKUCIIOTHOM TEXHOMNOMUA UNn B
docdormnce npu cepHOKUCNOTHOW. [Mpu aTtom aAnA u3Bnevenusa P33 HaubGonee
nepcrnekTnBHa asoTHOKMCNOTHAA TEXHONOIMA, Tak Kak no atom cxeme P30 B ocHOBHOM
LBVDKYTCS O4HMM MOTOKOM 6e3 3HauuTensHOro nepepacnpeaeneHus.

Mo cTtaHpapTHOWM TEXHOMOMMKN a30THO-POCHOPHOKUCTILIA PacTBOp, CoAepXKaLLuiA
o 7 r/n P33, oxnaxaawT, KPUCTannM3yloT W BbIAENSIOT HATpaT Kanbuws,
aMMOHM3NPYIOT, yNnapuBaroT U HanpasnaoT Ha nonyyeHve yaobpenunn. bonblas yactb
P33 ocraetcqa B coctase yaobpeHun. [ns Bbigenenmsa P33 nocne BbiMoOpaxuBaHusi
HUTpaTa Kanbuma 1 oTaeneHus hTopa NpoBOASAT CENeKTUBHOE BhblAerNeHne rmaparTHo-
docdaTHbIx ocagkos P33 npu pH = 1,1-2,0.

Ans n3sneveHna P33 13 anatntoBbIX KOHLEHTPATOB MNPeAnoXeHbl pasnuyHble
mMeToabl. OnybnukoBaHbl pesynbTaTbl WUCCNeAoBaHMK MNo  um3BnedyeHnto P33
ocaxaeHweM B OpMe OKcanatoB C MNOCMenyloWmUM MepeBofoM OKcanaTtoB B
rmppokcuabl, 06paboTkon ocanka CEpHOM KUCNOTOW C BbiaeneHnem cynbgartos P33
WUNM  3KCTpakumen HewTpanbHsiMu  docdopopraHuyeckumm  coeguHeHusmn.  ns
JancHenwero pasgeneHns P33 LUMPOKO MPMMEHSOT MEeTOA SKCTpaKUuMM, B YacTHOCTU
Hambonbluee NpuMeHeHne Hawen Tho.

MN3BectHbl MeTogbl paspeneHus P33 akctpakumerr TBP M3 as3oTHOKUCHbIX
pacTBopoB, coaepxawmx 8 M a30THOW KUCNOTbl, U3 PacTBoOpoB HuTpatoe P33,
cogepxawmx 0,2-0,3 M asotHon kmcrnotsl M 5 N HUTpaTa anoMuHUS, a Takke
pasgeneHne HutpaTtoB P33 skctpakumen TB® B npucyTcTBAM HUTpata ammoHus. B
nocriefHeM Crny4ae npPOTMBOTOYHbLIA MPOLECC COCTOMT W3 CTagui  aKCTpakumu,
NPOMBIBKM U pe3aKCTpakumn. B  kayecTBe NpOMBIBHOrO pacTeopa  MCMOnNb3yroT
yNapeHHbIA PeaKCTPaKT, YTO CBS3aHO C HEOOXOAUMOCTLIO YNapuBaHUs 3HaYUTENBHOro
KOnn4yecTBa pacTBOPOB.

B cBs3m ¢ 3TMM Bbinn NpoBeAeHb! UCCNEA0BaHWS, HanpaBneHHbIe Ha CHUXKEHWE
KOnMM4yecTBa ynapvBaemoro peskcTpakTa. [ns aToro npoBogunm skcTpakumo P393,
BblAENEHHbIX W3 anaTuTa, B MPUCYTCTBUM HWUTpata aMMOoHus. WMcexomHbii pacteop
copepxan 300 r/n P33, B kavecTBe aKkcTpareHTa mucnone3osany 100 % TB®. [danee
NpOBOAMAN MPOMBIBKY W PESKCTPaKUMO MOAKUCIIEHHOW BOAOW B [Be cTaauu
nocrneaoBaTenbHO ABYMS MOTOKaMW  PE3KCTparuMpylowero pacresopa. Kaxxgbii
PEesKCTPaKT BbIBOAUNM N3 cUCTEMBI. [1epBbI peaKCTpaKT ynapusany 40 KOHLUEeHTpaumum
280-320 r/n 1 Hanpaenanu B KadYecTBeé NPOMbIBHOrO pacTBopa Ha MNPOMbIBKY
opraHuyeckon gasbl. Bropon peskcTpakT obpabaTbiBany rMLpPOKCUAOM aMMOHMS UM
amMmMunakom 1 oTaenanm dunstpaumnen rmgpokenabl P33. Migpokenabl P339 BbiBOgMNM
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KaK roToByl0 MPOAYKUMIO, @ HWTpaT aMMOHUSA HanpaBnsanM Ha npuroToBneHne
NCXOLHOro pacTeopa.

Takke paspaboTaHa yHMBEpCanbHasi TEXHOMOMMS pasgeneHyst KOHLEHTPaToB
P3M ¢ nonyyenvem nHameuayasnbHbix P33 BbICOKON CTENEHN YNCTOThI.

CyLLecTBEHHbIM OTIMYMEM OT peanusyembix kak B Poccuu, Tak u B Kutae n CLUA
TEXHOMOTMA SIBNSIETCA  TO, 4TO MNPOUECC 3KCTpakymoHHoro pasgeneHnsa P3K
NPEANOXKEHO NPOBOAUTL B LIEHTPOGEXHDBIX SKCTpakTopax. TexHONnorMm n obopynosaHne
Mo3BONnseT Co3AaTb KOMMakTHOE MPOW3BOACTBO MO PasAEneHUo peaKo3eMeErbHbIX
KOHLIEHTPATOB C MWHMMAanbHbIMWU 3arpy3kamyv peareHToB W NoTokamy paboumx
pacTBOPOB M 3KCTPAreHToB. Pacuyer uucna cTtyneHen paspeneHus U pexum pabotbl
Kackaga SKCTpaKTopoB NPOU3BOAUTCS MO paspaboTaHHbIM CneuuansHbIM fporpaMmanm,
a ynpasneHne Kackajamm OCYLECTBNAETCA OT KoMmnbtoTepa. Mo npeaBapuTenbHbIM
oLeHKaMm  nnowaab  pasAenuTenbHOrO  MPOM3BOACTBA C  MCMONb30BaHUEM
LeHTPOOEXHbIX 3KCTPaKTOpOB C nNporpamMmHbiM o6ecnedeHum Bypet B 7-10 pas
MEHbLUE aHanorm4yHblx no obbemy nepepaboTkn NPOUSBOACTB, WCMOMb3YHOLLMX
CTaHAapTHOE 3KCTPaKLMOHHOE 060pyaoBaHNE — CMECUTENBHO OTCTOMHBIE SKCTpaKTopa
AWMYHOro  Tuna.  Takke  CyWeCTBeHHO CHM3WTcA obbem  3arpyxaemoro B
paspenuTenbHble Kackaabl NoXapoonacHOro 3KCTpareHta u obbem HesaBepLUEeHHOro
npon3soAcTea. YnpoljaeTca nepesarpyska Kackagos npu Nepexofe Ha Apyroe Cbipbe-
KOHLUeHTpaT P3M.

7.8 YHMBepcanbHasi 3KCTPaKUMOHHAsi TEXHOSOrusi pasgeneHus
HUOGMA M TaHTana nNpu nepepaGoTKe KOSyMGUTO-TAHTaNMUTOBbIX
KOHLEHTPaTOB Pa3fIMyHOro cocrasa

BoeneueHve B NPOWU3BOACTBO HOBbLIX MCTOYHWKOB HWUOBWIA-TAHTaNoOBOrO Chbipbs
notpeboeano paspaborare 3MEKTMBHLIE TEXHOMOMUIA MOMYHYEHUA MNPOAYKUMN Ha
ocHose HMobusa n TaHTana.

B pamkax BbINONHEHWs paboTbl B Ka4yeCTBE WCXOAQHOMO Cbipbsi MPUBMEYEH
KonymbunToBLIA KoHUEeHTpaT; cooTHowweHue Nb;Os:Ta;0s B gaHHOM cbipbe 6nmsko (10 +
15):1; a Tawkke NpUPOAHbIA KONYMBUTO-TAHTaNUT, B KOTOPOM YKa3aHHOE COOTHOLUEHME
Grmsko k 1:1. CnegyeT OTMETUTb, YTO KOMYMOUTO-TaHTanuUTbl Pa3NM4YHOro
MPOVCXOXAEHNS U XMMUYECKOIO COCTaBa LUMPOKO pacnpoCcTpaHeHbl HA MUPOBOM PbIHKE
HNOBWIA- N TaHTaNCoaepXKaLlero Chipbsi.

MpombiwneHHon  nepepaboTkM  COOCTBEHHbIX  KONYMOUTO-TaHTanmUTOBbIX
KOHL|EHTPaTOoB B Hallel cTpaHe He Bbino, a onbIT nepepaboTkk nonaputa K KonymouTo-
TaHTanMTam ManonpuMeHUM M3-3a CyLLECTBEHHOr0 OTNNYUA MWHEPAaNorM4eckoro W
XMIMUYECKOro COCTaBOB.

OKCNeprMeHTbI MPOBOAMNM C KONMYMOWUTOBLIM KOHLEHTPATOM cocTaBa, Macc. %:
Nb2Os — 50,5; Ta;05 — 4,1; Fe — 12,6; Mn - 1,9; W -0,5; Si- 3,6; Al-0,35; Ca - 0,07; Ti
- 1,7, Zr-0,6; Sn-<0,2; 1 KonymMbuTO-TaHTanNnUTOM coctaea, Macc. %: Nb,Os — 41,0;
Tay0s5 — 24,7, Fe — 14,1, Mn—2,9; W -1.3; Si—0,47; Al-0,2; Ca-0,4; Ti—0,6; Zr —
0,09; Sn <2,5. Kak BUgHO M3 LaHHbIX XMMUYECKOro cocraea, coaepxaHve Nb,Os B
obonx matepumanax 6nmsko (50,5 % u 41,0 % (Macc.) COOTBETCTBEHHO), OfHAaKO
3HauuTenbLHO pasnuyaetcs cogepkanve Tax0s (4,1 1 24,7% (macc.)).

179



NTC 24-2017

TexHomorMyeckass cxema npefnaraeMoil TEXHOMOTMW BKIOYaeT crneayowme
OCHOBHblE CTaguu: CynbghaTtHO-PTOPUAHOE BCKPbITUE CbiPpbS — 3IKCTPAKUMOHHOE
pasgeneHe HUOOUS U TaHTanma C OYUCTKOM MX OT npumecer — nonyyenmne NboOs n
Ta205.

MokasaHo, 4YTO oOnpeaenslWMM YCMOBMEM ANsS YCMELHOW opraHvsauvu
3KCTPaKUMOHHOrO nepeaena npu nepepaboTke peAkoOMEeTanbHbIX  Marepuanos,
copepxawmx Nb2Os u TaOs B cooTHoweHun ot 10:1 (Hanpumep, konymMOWUTOBLIN
KOHUEHTpaT 3alMxXMHCKOro MecTtopoxaeHns) po  1:1  (npupopHbin  Konymburo-
TaHTanuT), SBMAETCA MPOLECC BCKPbITUA WCXOAQHOrO chipbs. [lpepaBapuTensHbIMU
UCNbITaHUSMK YCTaHOBNEHbI NapamMeTpbl Cynb(aTHO-PTOPUAHOIO BCKPbITUA 000MX
Marepuarsos. Temneparypa, KOHLEeHTpauus n pacxog HdTopucToBOAOPOJHON KUCHOTHI,
a Takke cogepxaHue B cmecu Ao 350-400 r/n CEpHOM KUCNOTbI NONOXUTENBHO BNMSAET
Ha cTeneHb nasnedennsa NbyOs 1 TayOs kak U3 konyMOUTOBOrO KOHLIEHTpaTa, Tak U 13
konymbuTo-taHTanuta. Mpu ncnonb3oBaHnM GTopPUCTOBOAOPOLHOM KUCTOTbI B N30bITKe
30 % — 34 % OT CTEXUOMETPUYECKN HEODXOANUMOrO Yepes 6 4 B pacTBOP NEPEXOANT He
MeHee 93 % — 95 % Nb2Os n Ta;0s. B utore npm BckpbiTM HEO6X0AMMO BbiAepXaTb
Takme ycnosusi, 4TOObl B WCXOOHOM pacTBOpe Ha 3KCTPAKLMOHHOE pasaeneHve
koHueHTpaums Nb,Os Haxoaunack Ha ypoBHe He meHee 100-120 r/n, HoSO4 ~300-
320r/n, F — 220-240 r/n, Tay,0s - daktnyeckada KoHUeHTpaumsa. 3apayen
nocneayroLen CTagnum rubkoro sKCTpakUMOHHOrO npouecca ABNAETCH CO3faHne Takux
ycrnoBuiA, Mpu KoTopbIx ocyliectenaeTcsa pasgeneHne Nb.Os n TaxOs Ha opHom
TEXHOMOTMYECKOM  000pyLOBaHMM  C  LEeNbK  CHWKEHWS  KanuTamnbHbIX U
3KCMMyaTaUMOHHBIX 3aTpaT MpWU OpraHv3aumm nepepaboTkM KonyMOUTO-TaHTanmMToBbIX
KOHLIEHTPaTOB pasnn4yHoro cocrasa.

B cBs3an ¢ aTMM Ans nepepaboTkM HMOOWIA- U TAHTancofepXallnx pacTBOpoB
nocrne BCKPbITMS  KONMyMOMTOBOrO  KOHLUEHTpata WwuiM  KonymBuTo-TaHTanuTa,
copepxawmx Nb,Os u Ta,0s5 B cooTHoweHun ot 10:1 go 1:1 (macc. %), Beina eeibpaHa
CXema C KOMMNEeKTMBHOW 3KCTpaKuuel HMobus 1 TaHTana, npOMbIBKON HacbILLEHHOro
3KCTpaKTa W MOCMeAyoWMM pasfeneHMeM JMeMEHTOB Ha CTafuu  CeneKTUBHOW
PE3KCTPaKLMN W SKCTPaKUMOHHBIM pasaeneHvem NboOs n H,SO4 13 obpasyrowerocs
peskcTpakTa HNOOUS; B KA4eCTBE 3KCTPareHTa UCnonb3oBancsa okTaHon-1.

[danee ObinM  npoBefdeHbl  YKPYMHEHHbIE  HEMpepbiBHbIE  UCMbITAHUA
npeanaraemMoi TExXHOMOrMM Ha  MHOrOCTYNeH4YaToM  SKCTPaKLUMOHHOM  Kackaje,
cofepXallem 3KCTPaKkTopbl TWMa CMECUTENb-OTCTOMHUK, Ha KOTOPOM oTpaboTaHbl
PEeXMMbI SKCTPaKUMM, MPOMbIBKW, PEIKCTPaKUMK HMOBUSA 1 TaHTana, 3KCTPaKuMOHHOro
pasgeneHuss NbyOs u HxSO4 ¢ nonyyeHMeM peakcTpakToB HUMOBUS W TaHTana
Tpebyemoro gns nony4YeHUs okcuaa HMobus (coaepykaHne OCHOBHOTO BELLECTBA - He
MeHee 99,8%) n okcuaa TaHTana (copepxaHue OCHOBHOrO BELIeCTBa - He MeHee
99,5%) kayecTBa. UNayyeHo pacnpegeneHne Nb,Os n Ta,0s B opraHMyeckon 1 BogHOM
dasax MO  Kamepam  SKCTPaKUMOHHOrO  Kackaja.  AHanmM3  MOny4YeHHbIX
3KCMEPUMEHTaNbHbIX 4aHHbIX NMOKa3sbiBAET, YTO MPOLIECC SKCTPaKLMM naet aheKkTUBHO
Ha 10-12 ctyneHsx. [ns ctaanm NpOMbIBKM HACBILEHHOro 3KCTpakTa AocTaToyHo 5-6
CTYNEHen, ANa CEeNEKTUBHON pesKeTpauum Hmobus — 20 cTyneHen; AN pesKeTpakumm
TaHTana — 6-8 cTymeHen, Ana aKkcTpakuuoHHoro pasgeneHns NbaOs n HaSO4 um3
obpaasyroLierocss peakcTpakta Huobus — 15 cTyneHel. YcCTaHOBMEHo, 4TO B
ONTUMAnbHbIX  YCMOBUSIX  3KCTPaAKUMOHHOrO Mpouecca coaepXaHue  LeneBbIX
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KOMMOHEHTOB B peakcTpakTte Huobua: Nb,Os — 130-150 r/n, Ta,0s — <0,05 r/n; B
peakctpakte TaHTana: TaOs — 15-80 r/n, Nb,Os — <0,05 r/n. lNoTepu LenesbIX
KOMMNOHEHTOB C padumHatoMm He npesbiwaT 0,1%. lNMocne ocaxaeHus, NPOMbIBKY,
MPOCYLLKXN W MpOKAanky ronyyYyeHbl SKCriepUMeHTanbHble ofpasubl okcuaa HUobus
yncToTo He mMeHee 99.8% UM okcuga TaHTana uuctoto He MeHee 99,5%,
TOPryOLWMECS HA POCCMINCKOM Y MUPOBOM PbIHKaX PeaKnx MeTanmos.

WcenepoBanmammn nokasaHo, YTO KONMUYECTBO CTEMEHen B 3KCTPaKUMOHHOM
Kackafe W KOHCTPYKUMSI OTAENbHOW CTYNeHWM He OTNUYaroTCa Kak npu nepepaboTke
KONMyMOWTOBOrO KOHLEHTpaTa, Tak WM NpWM MCnonb3oBaHuM Goratoro konymbuTo-
TaHTanuMTa, OTNMYarTCH TOMBbKO PEXUMbI MPOBEAEHMS 3KCTPaKLMOHHOrO npoLecca.
UcnonbayoTca oauHakoBble pabouve pacteopbl. [py STOM M3MEHSIETCS TOSMbKO
COOTHOLLEHME NOTOKOB OpraHMYeckon 1 sogHon a3 O:B B KOHTypax aKCTPaKLMOHHOrO
kackaga. Hanpumep, B pacTBope nocrne BCKPbITUS KOnyMOBUTOBOro KOHLUEHTpaTa
copepxutcs Gonblue HMOBUS, TakuMm oBpasom, cooTHowweHne O:B npu peakcTpakuum
HV1obwWsa ByaeT ppyruMm (GonbLUe PesKCTParnpyoLwero pacTeopa).

Takum 00pa3om, MPEeAnOXKeHHbIA Crnocod BCKPLITUA WM SKCTPaKLMOHHOrO
pasgeneHns HMobus u TaHTana no3BOSSET peanv3oBatb MMOKUA TEXHOMOrMYEeCcKuUii
npouecc, no3sonswWMiA  nepepabatbiBaTe  pefkoMeTanbHble  KOHLEHTpaThl,
copepxawme NboOs n TaxOs B cooTHoweHmmn ot 10:1 go 1:1 (macc. %).

OpHako crnefyeT OTMETUTb, YTO 0B6bEM FOTOBOW MpoayKumu npu nepepaboTke
penKkoMeTarnbHbIX KOHLEHTPAaTOB, CoAepKallmx HMOOMIM 1 TaHTan B COOTHoLeHmax 10:1
n 1:1, 6yner pasnmMyHbIM W, TakMm 0Opas3oM, TEXHMKO-3KOHOMWYECKME MnOKa3aTenu
OynyT oTnuyatecs W TpeboBaTb AOMOMHUTENBHOIO YTOYHEHWS ANS KaXKA0ro Bvaa
WCXOAHOrO ChIPbS.

7.9 PaspeneHue P33 cpeaHei rpynnbl CMeCAMM IKCTPareHTOB
ALIQUAT®336-TB® n CYANEX®572-TB® 13 HUTpaTHbIX cpen

B oakcnepuMeHTax UWcrnonb3oBanM KOHUEHTpaT cpepHen rpynnbl P393,
Bbl€NEeHHbIA M3 KOHLUeHTpaTa cpegHeTskeneix P33 npomssoagctBa OAO «CM3»
cocraea, %:. Smo0; — 78,26, Eu,03 — 9,88, Gd,03 — 11,86. KoHueHTpauusa TR,0; B
UCXOAHBIX pacTeopax, obecrneudvBarollas AOCTUXKEHWE MaKCUMAIbHOMO HAaChILEHUS
aKcTpareHToB, Oblna BbIOpaHa Ha OCHOBaHWWM paHee MPOBEefEHHbIX 3KCMIEPUMEHTOB U
cocrasuna 160 r/n Ans cMeceit Cyanex®572-TB® v 240 r/n ans cmeceii Aliquat®336-
Tb®. B kauyectBe SKCTpareHToB ANSI MPUrOTOBNEHUS CMecel ucnosnb3oBanu TBO,
Cyanex®572 (Cytes Industries B.V., CLLUA), Aliquat®336 (BASF, MepmaHusi), KOTOpbIiA
npeaBapuTerisHO NEPEBOAUNM B HATPaTHYO hopMmy.

YcraHoBNeHo, YTO MpW 3KCTpakuum n3 pacteopoB ¢ pH 1 mM3oMonsipHeIMU
cMmecaMn Aliquat®336-T5d> HavBonblune 3HayveHus Beyeq (1,91) HabnmoparoTca npu
necnone3oBaHun cmecu coctaea 0,6:0,4 (3:2).

MakecumarnbHble 3HaveHus Bsmey HE3HAUMTENBHO BapbupytoTes (1,30-1,43) npu
VN3MEHEHMM COCTaBa N3OMOSISIPHON CMEeCH Aliquat®336-TB® ot 1,0:0 40 0,2:0,8 (1:4).

Mpn akcTpakumm mn3 pacteopoB C¢ pH 2 coxpaHsetcs Ta e TeHAeHUMs B
N3MeHeHun B cooTBeTCTBYHOWLMX Nap P33 oT coctaBa cMecu, YTO U MpW SKCTPaKLUMM 13
pacteopoB ¢ pH 1. 3HayeHus B ans cmecu Aliquat®336-TB® cocraea 0:1,0 6rmnaku k

181



UTC 24-2017

3HaveHusim B ana cuctembl ¢ pH 1. Tpu akctpakuymm us pacrteopos ¢ pH 3
HabnogaeTca YETKO BbIPAKEHHbIM MaKCUMyM KO3pPUUMEHTOB pasgenenvs: PBewecd
(1,57) N Bsmeu (1,43), HO OH CMeLLEH B CTOPOHY COCTaBOB C AOMUHUPOBAHNEM B HUX
TB® (Aliquat®336:TB® = 0,35:0,65). Kpome Toro, npu 3KCTPaKLMM M3 PacTBOPOB C
MEHbLLEN KMCNOTHOCTBIO HABNIOAAETCA 3aMETHOE YMEHbLUEHVE 3HaYeHUA 3.

AHanmnsa 3aBUCUMOCTEN Bageu Y Bewsm OT BENMYMHBI pH ncxoaHoro pacreopa ans
N3OMOJISIPHBIX CMECcen Cyanex®572-TE>d> nokasarn, 4Tto Haubonbwme 3HaueHua B
nomy4YeHbl MpY 3KCTpakumm cmecblo coctasa 1,0:0 u3 pactBopos ¢ pH 1 un 3.
MakcumanbHble 3HaveHus Beaeu — 1,39 U Bewsm — 1,67. YBenuueHne B coctaee cmecn
MonbHol aonu Tbd ao 0,8-1,0 cnocobeTBYET CHKEHWMIO 3HaYeHUn B o 1,1-1,2.

YCTaHOBMEHO, 4TO €MKOCTb  W30OMOMsipHbX  cMecel  Aliquat®336-Thd
MOBbLILLAETCA C POCTOM BenMuMHbl pH UCXofHOro pacteopa No Mepe yBenu4eHUs Aonm
Tbd B cmecu, pgocturas makcumarnbHoro 3Hadvenus ~100r/n ETR.Os (pH 3) ans
cocrasa 0:1,0. EMkocTv usomonsipHbix cmecelt Cyanex®572 — TB® HeaHauuTensHo
BospacTtaoT B uHTepBane coctasoB 1:0 + 0,5:0,5 npn Bcex 3Ha4YEHUAX KUCMOTHOCTM
pPacTBOPOB, NMOCHE YEro NPakTUYECKU He U3MeHsoTes (26 — 34 r/n).

Mo pesynsTatam wuccneposaHna cmecn Aliquat-336-TB®  pekomeHgyeTcs
ucronb3oBaTb ANS pasfeneHus cpeaHen rpynnsl P33 ¢ nonyYyeHneM BbICOKOYMCTOro
oKcuaa ragonuHus, a cMecu Cyanex®572—T5¢ — BbICOKOYMCTOrO OKCMAa camapus.

7.10 SKCTpaKLUMOHHOE pa3fereHne Topua U cKaHausi

OnHUM 13 NepCneKTUBHBLIX MCTOMHUKOB A00bIYM CKaHANA ABNAETCA MOMyTHOE ero
N3BMNeYeHne U3 MaTo4HbIX pacTBopoB copbLum ypaHa.

06 oTeyecTBEHHOW TEXHONOMMK N3BNeYeHnsa Sc Npu nepepaboTke ypaHOBbIX py4
BriepBble Obino ynomsHyTo B Agoknage cotpyaHukoB BHUUXT Ha koHdepeHummn B Can-
Mayno B 1970 r. CkaHaWA M3BReKanu B MPOLIECCe 3KCTPAKLMOHHON nepepaboTky
FMMHUCTO-MUPUTHBIX PYA, coaepkaymx ypaH, docdop, P33.

Mpn pelieHnn 3agaunm KOMMNIEKCHOW nepepaboTkyn ypaHOBLIX PyA HEW3BeKHO
BO3HMKAET BOMPOC OYUCTKU MOJlyYaeMOM COMyTCTBYIOLWEN YypaHy npoaykuMn OT
paAvoakTMBHOCTU. HeobxoaMMO yuuTbiBaTb, YTO B TEXHOMOMMYECKUX pacTBopax
NPUCYTCTBYIOT HE TONMBKO YpaH U TOPWIA, HO U NPOAYKTbl UX PaavaLMOHHOro pacnaga,
KOHLIEHTPaLMs KOTOPbIX N3MEHAETCH B COOTBETCTBUM C UX NEpMoaamm nornypacnaaa.

MonyTHoe u3BneYeHWe ckaHaus npu AobblMe ypaHa METOAOM MOA3EMHOro
CKB&)XMHHOMO  BblLUENnaYvBaHWa  npegycmaTpusBaeT  nepepaboTky  BO3BPAaTHbIX
pacTBopoB nocrne copbuun ypaHa W Bklo4aeT B cebs cnepylole OCHOBHble
onepauum: CopbLUMOHHOE KOHLEHTPUPOBaHME CKaHAMA Ha WOHOOBMEHHbIX cmonax,
NocrneayroLLyt0 OTMbIBKY WOHOOOMEHHBIX CMOM OT MpuMecen, Aecopbuuio ckanaus,
OCaXAeHne paAunoaKkTUBHBLIX MPUMECEN, 3KCTPAKLMOHHYIO OYUCTKY W [e3akTueauumio
MonynpOAYKTOB, OCaXAEHME TOBAPHBIX KOHLIEHTPATOB.

Bbinv npoBefeHbl UCCNefoBaHWSA 3KCTPaKLMOHHOrO pasfeneHvs ckaHaus v
TOpUS B paMKkax pas3paboTky MPOMBILLIIEHHOW TEXHONOMMU MOMYyTHOTO U3BRNEYEHUS
ckaHaua npu aobblde ypaHa MEeToAOM MOA3EMHOrO CKBaXWHHOMO BbllenadvMeaHvus ¢
Mosy4YEHUEM OKCUAA CKaHAUSI.

O6pasupl  uepHoBOro  koHueHTpata (UK) ckaHama ana  msyyeHns
KCTPaKLMOHHOIO pasferneHns ckaHaua u Topusa Obimn nomy4YeHbl U3 PUNbTPaTos

182



NCT 24-2017

copbumm ypaHa Ha AO «[Janyp» npu nNpoBEAEHWA CTEHAOBLIX KOMMIEKCHBIX
UCTbITaHWIA.

MN3BEeCTHO, 4TO a30THOKUCINOTHOE pPacTBOPEHWE SBMSIETCS TPaAVMLMOHHBIM B
cxeMax nonyyeHust okcupa ckaHams. Beibop cnocoba BckpbITUS (MCMONb3oBaHWe
CEPHOW MNW a30THOM KWCMOT, KOHLEHTpauus) OnpedenseTcs, TakKe YCMoBUSMMU
NOCneayroLLero SKCTPaKUMOHHOMO N3BIEYEHUs ypaHa 1 Topus.

lMpoBeneHo nccneaoBaHWe npouecca BblAENEHUs TOPUS M3 pacTBopa nocne
a30THOKUCIIOTHOrO PacTBOPEHMSA NEPBUYHOIO KOHLIEHTpaTa CkaHaus. YCTaHOBMEHO, YTO
OCHOBHOW BKINaj B pagWoakTMBHYK COCTaBMSOLWYK BHOCUT M30TOM ypaHOBOro pspa
Th-230. O6bemHas pagmoakTMBHOCTL pacTBopa no naotony Th-230 coctasnseT 1200
Br/em®. [onsa mnsotonoB Ra-226, Ra-228, Th-228 cocraenset, %: 0,001; 0,001; 0,2.
Mocne pacTBOpeHMa YEPHOBOrO KOHLIEHTpaTa NonyYyeH pacTBop C KOHLUEHTpaumamMmn ~5
riam® Sc v ~4 rigm® Th.

[na BblAeneHWst TOpUsS METOAOM >KUAKOCTHOW 3KCTPaKLMW M3 a30THOKWUCHbIX
cpen nocne pacteBopeHuMa YK ckaHava B nabopaTopHbIX  YCNOBUSX  M3y4veHa
BO3MOXHOCTb MPUMEHEHMSA CUCTEM 3KCTPareHTOB, BKIHOUANOLMX peareHTbl U3 Knacca
HenTparnbHbix POCdOpPOopraHMHecknx coeanHeHu Ha ocHose Cyanex 923 n Thd B
KepocuHe.

Ons cuctembl Cyanex 923 yctaHoBneHbl ycrnoBus Haubonee 3(peKTUBHOrO
nabupaTensHOro N3BMNeYEHUs TOPUSt — KOHLEHTPaLMS a3oTHOW KucnoTsl 250-270 riam®,
cooTHoweHve das O:B = 1:4 + 5. KoacbpuunenT pasgenenHunsa Th n Sc cocrasun ot 34
go 312 B 3aBUCUMOCTW OT KOHLEHTpauuMu TOpus M ckaHaua B pacteope. [nA
YBEINUYEHNS] CTEMEHN U3BMNEYEHNSI TOPUS N CHIDKEHUS NOTEPb CKaHAMSA PEKOMEHAOBAHO
YBEINYNTL COOTHOLLIEHUE (ha3 U KOSIMYECTBO CTYNEHEN SKCTpaKLmK.

MokasaHa npuHUMNUanbLHas BO3MOXHOCTb NpumeHeHus 40%-Horo pacteopa
Tb® B KEPOCUHE ANSA CHWKEHUS pPagMoaKTUBHOCTM CKaHAMMCOAEPXALLEero pacrteopa.
Mpn KOHUEHTpauum asoTHoW kucnotbl 120 r/am® yAanocb CHU3WUTb aKTUBHOCTb Ha
98,5%, oaHako notepu Sc nNpu 3ToM coctaBunu 26,5%. [ina CHWKeHUA NoTepb ckaHaUS
M NOBbILWEHNA CTEMEHN OYUCTKU OT TOPUSI PEKOMEHAOBAHO MOBbLICUTL KOHLEHTpaLuio
a30THOW KMCNOTbI B UCXOAHOM pactBope A0 3HadeHus 230-270 r/,u.M3.

BbinonHeHHble uccnegosaHusa no BAMAHWIO koHueHTpaun HNOs;, NH4NO; Ha
naeneveHne Th, Sc n Y nokasanu npevmyLiecTBeHHOe nspneyeHne topusa 50%-HbiM
pactBopoM TH® B LUMPOKOM JManasoHe U3MEHEHUS] KUCMOTHOCTU U CONEBOro ¢oHa
ucxopHoro pacTteopa. Haubonee 6naronpuATHLIMW YCMOBUSAMWU U3BNEYEHUS TOpUS
SIBMSIOTCST MHTEPBAn KOHLUEHTpaLui asoTHOW KucnoTel 220-290 riam® HUTPaToB
Bornee 4 Monb/am®.

Ona  pononHUTENbHOM OYUCTKM  OT  TOPUA  PacTBOPOB  MPOMEXYTOUHbIX
cKaHaWACOAEPX)aLLMX NPOAYKTOB BO3MOXHO 1cnonb3osaHne cmecu 7,5% Cyanex 923 +
75 % Tb®, a Takke 40%-Hbit pacteop TBP B kepocvHe. B oboux cnyyasx
obecneurBaeTcs HeODXOAMMBIA YPOBEHb aKTUBHOCTM ObBpasuoB okcuaa ckaHaus (<1
Bk/r). Mpw aTom nepBbIi akcTpareHT obecneumBaeT npovecc pasaenenna Sc u Th npu
MEHbLLUEM KONMUYECTBE CTaaui akcTpakumm (5 cTaguin) no CpaBHEHWUIO CO BTOPLIM, HO
npy GonblUed CTEeNeHU CO3KCTpakuum ckaHama — Ao 30%. JkctpareHT 40% TbBP
obecneuvBaeT OYMUCTKY OT TOpUS Mpu 8 CTagusax I3KCTpaKkuuMM, HO MNPU MEHbLUEM
cousneveHun Sc —14,2%.
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MonyyeHHble pesynbTaTbl OYMCTKM CKaHAWS OT PagUoaKTUBHBIX MPUMECEei
NOATBEPANIN 3ODEKTUBHOCTL SKCTPaKLMM paanoHyknaoB B cucteme 40-50% TBP B
KkepocmHe. JJOCTUrHyTO OCTaTo4HOE cofepxaHue Topus B padmHaTax 3KCTpakumm —
C(Th) = 5 mr/n 6e3 cywecTBEeHHbIX NOTEPL ckaHaus. MNpu aTom cooTHoweHne Scn Th B
paduHaTe 3KCTpakuMn pPafUoHYKIMAOB YBEMUYMIIOCE OTHOCUTENIbHO WMCXOZHOrO
pacTBopa BblLLenayMBaHnsa YepHOBOro CkaHAMEBOro KoHUeHTpaTa ¢ 2,1 ao 1500.

M3 ounLeHHOro ot Topusi pacteopa Obinn nonyyveHbl 06pasLibl okenaa ckaHams
cooTBeTCTBYIOLME TpeboBaHuam TY 95.148—77 Ha okcup CkaHBWS C COAepXaHuem
Scy03 99,0%.

Xumunyeckmn coctas obpasua okcuaa ckaHaus npueeaeH B Tabnuue 7.1.

Tabnwuya 7.1- Xvmuyeckuin coctas obpasiia okcuaa ckanaus (OC-1)

CogaepxaHue npumecer, B nepecHeTe Ha okcugbl, %, He Gonee
TY 95.148-77 Mo pesynbTaTam UCrbITaHUN
XKeneso 0,05 0,04
AnOMUHWIA 0,01 0,01
Kanbuuii 0,05 0,05
Megnb 0,01 0,01
KpemHuin 0,05 0,05
MapraHeL, 0,01 0,01
Marxun 0,01 0,01
NtTpuin 0,05 0,05
NtTepbun 0,05 0,05
LinpkoHuia 0,1 0,05
Tutan 0,05 0,05
docop 0,02 0,01

7.11 Pa3paboTka MHHOBALMOHHOMW MPOMbILWNEHHOW TEXHONOIrMn
nepepaboTKku pya MmectopoxaeHust Tomtop

BaxHas ponb B BOCCTAaHOBMNEHWW  OTEYECTBEHHOW  PEefKO3EMENbHON
MPOMBILLNEHHOCTA  MPUHAANSKUT  yHUKanbHOMY no  3anacam  TOMTOpPCKOMY
MECTOPOXAEHUIO.

PaspaboTka WMHHOBALMOHHOW TEXHOMOTUN BCKPbITUSI PYAbl MECTOPOXAeHWs
TomTop ocyLlecTBnsAnac Ha TexHonorndeckon npobe secom 150 kr. Mo xummuyeckomy
cocrasy pyaa npobbl MPT-3 antomodocdartHas (SALO; + P,0s = 25,97 %). Cymma
peaKO3EMENbHBIX OKCUAOB BMECTe C OKCMAOM uTTpus coctaenaer 16,331 %.
CogepxkaHune Nb2Os — 8,51 %, Sc,03 — 0,04 %.

Mpoba npeacTaBnaeT coboi NOMMMUHEpanbHY0 CMeCh MMPOXopa, MoHauumTa 1
MWHeparnoB rpynnel kpangannuta. PyaHble MuHepansi obpa3sytoT TOHKOAWUCNEPCHbIE,
TECHO cpocluMecs arperatbl (pasmvepbl WHOMBMAOB — MUKPOHbI). OTmevaeTcs
MOBLILIEHHOE COAEepXaHue nupoxropa W  MoHauuTa. OnbITel  NpOBOAUAN  C
NCMoNb30BaHMEM ONTUMAarbHOW KpynHOCTY pyabl - 0,044 mm.

Bbin pekomeHAoBaH [ABYXCTaAWMHBIA PEXUM LLEMNOYHOrO BCKPbITUA PYAHOro
marepuvana: npu Temneparype Ha nepeoit ctagum 80 °C, Ha sTopor — 110 °C, npn aTom
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nepexoaut B pacteop ~90 % — 91 % docdopa n 98 % — 99 % anomuHus. Bbixoa
rmppartHoro ocazka cocraenseT ~60 % OT NCXOAHOrO ChIPbS.

MpoBeaeHbl UCMBITAHUS MpoLecca CryleHUs pyAHOW Mynbrbl Nepes nepsow
cTagmelt npouecca Bblwenadmeanusa. lMNpu pobaske nokynaHTa Praestol 2500 ¢
pacxofoM 5 r/T TBepaoro AOCTUIHyTa yAernbHas npoussoautensHocte 1,85 T/M2'CyT.
YcTaHoBnNeHo, 4TO Mocrne nepBoM CTagun BblWEenadvBaHWs ucxogHasa nynena ¢
npumeHeHnem nokynsHta Alclar 600 ¢ pacxogom 42 r/T TBepgoro crywaeTca C
yAENbHOW NMPON3BOAUTENBHOCTLIO 1,0 T/M?-CyT, a crylyeHHas nynbna unbTPyeTCs noa
JaBneHneM ¢ Npou3BoanTeNbHOCTLIO A0 20 T/MZ'LI,I/IKJ'I.

Onsa paspeneHns nynbnbl M NPOMbIBKM OCafka, MoNy4aeMoro nocrie BTOpPOv
CTaaun BbILLENayMBaHunsl, peKOMEHAOBaHa CUCTEMA TPEXCTYNEHYaTON NPOTUBOTOYHON
[EKaHTaLUMOHHON TMPOMBIBKM C WUCMOMb30BaHWEM CrycTuTenem u penysbnaropos.
JocTturHyTa yaenbHas Nnpon3BoANTENBEHOCTE Nnpouecca MunsTPoBaHWA Nog AaBneHNEM
16,6 T/MZ'LWIKJ’I.

Mpy nepepaboTke LWENOYHbIX PacTBOPOB, MOMyYeHHbIX NOcne ABYXCTaAUAHOIO
BblLLiENaYnMBaHUS, MOJTyYeHbl Cnegytolie NpoayKTbl:

Ha nepBo cTagun (B nepecyeTe Ha 1 T UCXOAHON pyAabl):

- tbocdpat Kanbuus, cogepxawmm 38,2 % — 38,5 % Ca, 21,5 % — 21,9 % P20Os B
konunyectee 71,5 kr/T;

- rMapoKcua anoMuHKs, (B pacyeTe Ha cyxoe BelecTBo) coaepxuT 95,0 % —
95,2 % AI(OH)3, 0,4 % — 0,6 % SiOy, 0,05 % — 0,1 % SO4, NONYNPOAYKT B KONNYECTBE
149 kr/T;

-cynbdar Hatpua ©GessopHbIi copepkut 30,4 % Na wim 94 % OCHOBHOrO
BELLEeCTBa, NonynpoAayKT B konuyectae 495 Kkr/T;

nocre BTOPON CTaaun BbiLLENMaYnBaHNS:

- TpuHaTpuiidpocdart, cooteetctayowmn FOCT 201-76, B konmyectee 543 krfT.

YcTtaHoBNEHO, 4TO yMeHbleHue nomona o — 0,044 MM  MONOXWUTENbHO
ckasbiBaeTc Ha  3(peKTUBHOCTM  MOCHEeAyloLero npolecca  pacTBOPeHUA
TMOPOKCUAHOrO Keka asOTHOW KUCNOTOM U MNPYBOAWT K MOBbILLEHUIO CTEMNEHU
nasneyveHns P33 Ha 3 % — 4 % v Topus Ha ~8 % — 10 %.

MokasaHo, uYTO MO CpaBHEHUIO C MPOLECCOM MNpU aTMOCEepHOM AaBneHuM,
aBTOKNNABHOE BbiLLEenadYvBaHWe NO3BONSAET MNOMHEe BCKPbIBaTb rMApaTHBLIA OCafoK, YTO
NPVBOAUT K YBEMUUEHUIO CTENEHW U3BMeYveHus B pacTeop kak P33 Ha 8 % — 10 %, Tak
n Topus Ha 14 % — 15 %.

MonyyeHHbIM TBEPABLIN NPOAYKT - YepHOBOW NbD-KOHLEHTpAT - UMEeT CreayoLunii
coctaB (%):Nb,Os — 36,2 — 36,4; TiO, — 154 — 159; Fe — 5,6 - 6,0; P30 — 1,8 — 2,0;
Al-0,17-0,18, P - 1,4 - 1,6, B konuyecTtee 210-220 Kr/T;

MNpepnoxeHa sKCTpakUMOHHAs TEXHOMNOMNA NO3BONSIOLLAs NonyYaTh:

- KOHUEHTpaT CKaHAMSA B BUAE OKCMAA, C COAEpXaHUEM OCHOBHOMO BELLECTBA
15,29% Sc,03 B konuuecTee 1,615 kr/T.

- KOHLUEHTpaT Topua B Buae KapboHaTHbIX COMei, NomnynpoaykT (noanexaiiyn
ANUTENbHOMY XpaHEHUI0) C COAepXXaHMeM OCHOBHOro BeulectBa 94,52% ThO, B
konuuectee 2,040 kr/T;

PaspaboTaHa TexHOMNorMs rnonyyYeHus Ae3akTUBUPOBAHHOTO U OYULLEHHOrO OT
HepeaKo3eMenbHbIX MPUMECeN CyMMapHOro KoHueHTpata P30 uucToTOl He MeHee
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99,5% w3 padmHaTta skcTpakumm Sc u Th. Useneuenne P30 B koHUEHTpaT Ha 3TOM
nepepene cocraenno 99% - 139,55 krfr.

OTxoaaMu MpPoOM3BOACTBA SABMSKOTCA CynNbgaTHO-TUAPOKCUAHBLIN ocanok (38,54
Kr/T), nognexawmin LUeMeHTauum W NocnefyloweMy 3axOpoHEeHWo W nynbna
(ne3akTBMpoBaHHbLIA  pacTBOp + ocdatHbIn  0Capok), nocTynalowasa Ha
XBOCTOXpaHUnuLie, B konuyectee 7832,8 kr/T.

MpeanoxeHa norHas TEXHOMOTMYECKas CeMa MOoNyYeHUA BblWEYKa3aHHbIX
NPOAYKTOB.

Mpu BbIGOpe HOMeHknaTypbl PM-npoaykumm Hapsgy €  3KOHOMUYECKUMU
(CTOMMOCTHBLIMKM) COOBPaKEHVSIMU CNeAyeT PYKOBOACTBOBATHCS U HEOOXOAMMOCTbIO
ofecneunTs CTpaHy UMMOPTUPYEMbIMM HblHE MaTepuanamu. PaspabotaHHas cxema
npegycMmaTpusaeT NnoslydeHre cresyowen, NpoayKLmm:

- OKCMAbl 3NEMEHTOB INErkoM rpynnbl 4YUCTOTOM He MeHee 99,5 % no
peako3emMenbHbIM npumecam: CeOa, PrgOq1, Nd20s;

- OKCUAbl 3NEMEHTOB CPEAHETSIKENON Ipynmbl- YACTOTON He MeHee 99,5 % no
peako3eMerbHbIM npumecsM - Sm203, Eu03, Gd203, Tb4O7, Dy203, ErO3;

- yucToTOM He MeHee 99,95 % no peako3eMenbHbIM NpumecsaM — Y203,

Ona nonyyenma 10 nepeuynCneHHbIX BbillEe OKCWMAOB WHAMBUAYarbHbix P33
noTpebyeTcs SKCTPaKLUMOHHOE pasaeneHne He MmeHee yeM no 12 — 13 nuHuam: La/Ce,
Ce/Pr, Pr/INd, Nd/Sm, Sm/Eu, Eu/Gd, Gd/Tb, Tb/Dy, Dy/Ho, Ho/Er, Er/Tm, Y/RE
(RE/Y). MpomblwneHHan peanuaauus Kaxaon ns nuHuin geneHns TpebyeT dKCTpareHT,
ofecneyvBarowMn onTUMarbeHble ycnosus (napameTpbl) pasgenenvs. Umu npexae
BCEro (HO He TOMNbKO) ABMNAIOTCS:

1—  makcumanbHas koHueHTpaums P33 B BogHow dase;
2 -  MakcumarbHas eMKOCTb 3KkcTpareHTa no P393;

3 - MakcumarnbHbIA KO3DULMEHT pasaeneHus;

4 -  MUHUManbHas BS3KOCTb 3KCTPareHTa;

5—  MWHMMAanbHbIA pacxoj peareHToB.

Mepoe n BTOpoe  TpeboBaHWs  HanpaeneHbl Ha  yBenuM4eHue
NpOV3BOAUTENBHOCTU  (CHWKEHMe  o0bemMa)  SKCTPakuMOHHOro  obopyaosaHVS.
BeinonHeHVe TpeTbero ycnoBUS YMEHbLUAET YUCNO CTyneHer (3KCTpakTopoB) B
pasgenuTensHOM YacTy Kackafa, BbIMOMHEHWE YETBEPTOro — CHWKAET BPEMSI OTCTOS
a3 n obneryaeTr Mx TPaHCMOPTUPOBKY OT CTyMeHW Kk cTyneHu. lMaTtoe TpebosaHue
HanpaeneHo Ha CHWkeHMe cebecTOMMOCTM Nepeaenos.

MepeuncneHHble NapameTpsl ONPefenstoTCA NPUPOLOA SKCTPareHTa U 3aBUCAT
OT coCTaBa paBHOBECHOW eMy BOAHOM hasbl. HM 0gHa M3 M3BECTHBIX 3KCTPaKLMOHHbIX
cucTeM He MoxeT obecrneuuTb OonTUMalbHble napamMeTpbl pasgeneHvs Ans Bcex
NepeyvnCrieHHbIX BbilLe NMUHUA AeNEHNs.

BeiBop skcTpareHToB ANS paspabaTtbiBaeMoin cxeMbl Obin caenaH Ha OCHOBaHWN
pesynbTaToB BbIMNOMHEHHBIX PAHEE YKPYMHEHHBIX NCCNEA0BaHWUI U UCTbITaHWIA:

OkcTpareHT JnHvn penexuns
TB® (100 %) La/Ce, Ce/Pr, PrINd, Nd/Sm, Er/Y
naaok (1,0-1,2 M pacreop B YBP) Sm/Eu, Gd/Tb, Tb/Dy, Dy/Ho, Y/Er
Tb® (30 %) — TAMAH (30 %) — YBP (40 %) | Eu/Gd
Versatic-10 (1,8 M pacTteop B YBP) Y/Er
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Ha pucyHke 7.2 npepcTtaBneHa Gnok-cxema pasfeneHust koHueHTpata P3M
TOMTOPCKOro MECTOPOXKAEHUA C NOMYYEHEM OKCUAOB MHAMBUAYanbHbIX P33.

i Bnox A obecuepusanun u
i pazdenenus na nezxyio u La, Ce, Pr. Nd, Sm, E Th. Ho. Er, Tm, Y
cpednemaIcenyro 2pynsl 4
: I Daexr ecKoe ce* I
T
La, Ce"', (Ce™"), Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Y
¥
Axer Cce** I
T
La, (Ce™), Pr, Nd, Sm, Eu. Gd+TIJ Ho, Er, Tm, Yb, Lu, Y
——| ke no guaaa Nd/Sm I——

Ce™), Pr, Nd (Nd), Sm. Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb. Lu, ¥
________ P S
1 Brok B noay ip n1ezKoii zpy : ; Enox B nony 1pody ped, i 2p
1
1 IKc o 1" IxkcTp 0o JAEASM
1 Ce/Pr, Pr/Nd, Nd/Sm 1 I Sm/Eu, Evw/Gd, Gd/Tb, Tb/Dy, Dy/Ho, Y/Er
1 11
1 L
- 1! [ e ] [

1 I

1 I - 1

1 [rmou | [nao ] 1! [ smo, || muo, [[ cao, [[ moy || ovo, || wno, |[ vo, |
T I o mm s e n e s s s mm s e e s s h s s Em e Em o

PucyHok 7.2 — briok-cxema pasfeneHusi koHUeHTpaTta P3M ToMTOpCKOro MectopoXaeHus

lMepsbili nepeden - soipeneHne Ce (45,8 % macc. B P30). OcywecTtBnseTca

ANEKTPOXUMUYECKUM OKUCNEeHnem

usBnevyeHnem Ce*.

Ce® ¢ nocneayiowMM  3KCTPAKLMOHHBIM

Hapsigy c nonmyyeHMeM TOBapHOTO LEPUEBOrO MpPOAYyKTa

AoCTMraeTcs CyllecTBeHHoe (Ha ~44 %) CHWKeHMe Harpysku Ha nocnegylowme

nepeaenbl

AKCTPaAKLUMOHHOIo

pasgeneHus.

B padwuHarte

unssneyeHus Ce,

COOTBETCTBEHHO,

yBenuuuBaeTcsl coaepXaHue octanbHbiXx P3O,

copepxaHve CTP Bospactaet oo ~23 %.

B 4YacCTHOCTU

I'IpewmymeCTBa nepBoHOYaNbHOroO BblAeneHna uepusa ouYeBUAHbI.

OpHako

npaKkTMka MHOroneTHen NPOMBILLTEHHOW 3KCnnyaTauuu Ha 3aBogie CunmeTt B OCTOHUU
YMCTO IKCTPAKLIMOHHOIN CXeMmbl BbigeneHus uepus Ha 100% TB® ¢ nocnegosaTenbHbIM
nony4YeHneM KOHLEHTpaTOB naHTaHa, uepus, Heoauma U koHueHtpata CTP roBoput o
TOM, YTO Takasl TEXHOMnorusi BnonHe noruvHa. MNMpeumyiecTBa OAHOW U3 ITUX CXEM

OyneT onpeaensiTb 3KOHOMMKA.

Bmopoii nepeden — rpynnoBoe 3KCTPaKUMOHHOE pa3AeneHue 06ecLepeHHOro

CyMMapHoro KoHueHTpata no nuHun Nd/Sm Ha nerkyio (JIP, La -

Ce) un

cpegHeTsxenylo (CTP, Sm — Lu + Y) rpynnbl. PasneneHne obecneuynBaeT 4nMcToTy
nony4yaemoro B aanbHenwem Nd no anemeHTam cpepgHeTsHKENoW rpynnbl (CM. PUCYHOK

7.3).
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PathunHuaTt kackaga ND/SIVf

La, Ce, Pr, Nil

pi [(Pr). Nd]

Pucyhok 7.3 -Mpuhyunuanshan 3KkCTPakUUOKKHARA TeXHONOTAYECKan Cxena 6noka
MOAYYeHNA NPOAYKUUM Nerkoil rpynny

fns nonyyeHwus WHEWBHGYanbHsx anenentos nerkoid rpynny (La, Ce, Pr u Nd)
HeoOXopnNo npoBeCTH IKCTPaKkyMOWHOE pasfenenne no vetrupew nnwuan - La/Ce,
Ce/Pr, Pr/INd n Nd/Sm (cu. pucyrok 7.2).

fawwbe no BAWAHNG COCTABOB BOAHHX Ha3 Ha PaBHOBECHOEe pacnpefencHue
hHguBungyanbaux P33 wmexgy Huwnm n 100% -wow TBHO nokas3wsant, 4TO NOPAAOK
akcTparnpyemnoe™  3newenTOB MErKOW rpynmy W caMapua He 3aBUCHT 0T CcocTasa
BOAHON a3y w ysenunynsaetrca B pagy: La <Ce <Pr < Nd < Sm. Koadonynenty
pasgenewns (3Cela, (BP/Ce, BNIPru (BSMND ysenwuymsantca ¢ poOCTON KOHUEHTpALMM
P33, a3oTHOW kmcnoTs W BHCannsatTens (HATpAaTa aMWOHMA). XapakTepHCTHKOI
CymmwapHodh Kowyeswrpayuun P33, a3oTHOA KMCANOTH M HUTDPATA AMNOHUA MWOKeET
CAYKHTH KOHUEHTPAUWA HuTpaT-anuowa: npu KowuewTpauuum NCb-aHHOHa B BogHOIl
base, npessuanued 7MW, BenMyuHH KO3IGOMUMEHTOB pasfeneHus NpPHHANANT
3HAYEHUA:

pCella =2 Q Gpr/iCe>15; pNd/pr>137. pSm/Nd> 1

Ha pucyske 7.3 npusefena npuayunnanbtas 3KCTPAKUUOHHAA TEXHONOTAYECKAR
CXema NONYyYeHUA WHAMBUAYanbhux P33 cpefHeTAKenod rpynns ¢ Hcnonb3oBanmuen
yKa3aHHUX BHULE YeTsHpex KCTPAarenTos.
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Pucyhok 7.3 - MpuHununuanohan TexHonornyeckan cxemna 6noka B pasgenenns P33
cpefHeTAKenod rpynny.

3aknuuTesibHble MOJIOXEHNA N peKoMeHaaunu

B uenax paspaboTkn HacToALero cnpasoykunka HAT npukasonm PoccTakwjgapTa

01 30 gekabps 2016 r. k2060 6Guna coopuupoBaKA TexHuyeckas pabovasa rpynna

« HPOMSBOACTBO pegkux W pepKko3eNenbHXx NeTannos» .

Aspaamnosa Enena Apcnanosha
Akuwosa Huwa NeTposHa
Awydpuesa CeeTnaka BanosHa
bapanosckasa Bacunuca bopucosha
bycnaesa TatbaHha Nakcunosha
Bagyesa Napunca lapnypgnesna
Bapgukos Apcen Tenpuxosny
Boporuna Jnnauwpa Hukonaesha
fannesa Kanerta Hukonaesna
Tonosuh AHppei Banepbesuy
Tpnuaes Cepreit NBanosuy
foweyuknit EBrenuit Hnkonaesny
Eopewosues Hukuta Hukonaesuy
3ab6onoTHud Braguuwup Tpoduuwosuy
feanos Bnaguuwnp KoHCTaHTUHOBUY
Dkpanunkos BanenTun Onerosuy
Kapganonos Anekcahgp Buktoposny
Kapnos S puit Anekcangposuy
Kapues Banewtnn Edumnosny
Kowkos Anekced Anekcahgposuy
Kowkos Buktop Bnagumuposuy
Kypoues Wnba Cepreesuy
Nlesyenko Enena Hukonaesna
Twcke AHTOH AnekcaHgpoBuy

0AO0 « Ypananexktponegs»

0AO0 « MHecTnTyT « THHUBETHET »
OTBY « BUNC»

FOHX PAK

T xT

A0 « MutelOPnpoekT»
Pocnpupopuagsop

0A0 «lucTutyT « TURUBETHET »
TK « Ckaiirpag»

TAQO « Kopnopayusa BCHNO-ABUCHA>
Wwwnpowtopr Poccuu

MK « Ckaiirpag»

INKOH PAH

PocTexHagsop

IOHRX PAH

Wwwnpowropr Poccun

A0 <« Ylii3»

IFOHX PAH

A0 «Tupegner»

A0 <« OXK Ypanxun»

0A0 «CiI3»

OTAY « HII « [3NT»

0T YN « IIHTP3I»

OTAY « HIH « §3NN»
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JInxnukesuny EneHa NepmaHoBHa SrbY «BUMC»

MenbHukos Cepreii Anekcanaposuy AO «BHUUXT»

Muxeesa ExkatepuHa OmutprnesHa Oryn «MMreo»

CapblueB NeHHaaunh AnekcaHapoBMY AO «Hayka n nHHosaumm»

CupopeHko Anekcanap KOpbesud 3A0 «KbiWTbIMCKMIA
ME[Ee3NEKTPONINTHBIN 3aBOS»

CuHery6oea EneHa HukonaesHa ®OIBY «LUYP3H»

CrmpugoHos Urops MeHHagveBmy oryn «+MMrea»

CraHosoea AnekcaHgpa BnagncnasosHa | ®ITBEHY «BHUPO»

Tapacos AHapen BnagummpoBuy OAO «UHetutyT « TMHLUBETMET»

TemHoB Anekcanap Bukrtoposud MwuHnpupoabl Poccumn

TumodbeeB KoHcTaHTuH JleoHnaosuny OAO «Ypananektpomeab»

Tpy6akos FOpui Muxarnosuy AO «BHUUXT»

Tpy6uH Anekcein leHHagbeBNY AO «TB3J1»

XaH Cepren VsaHoBu4 MuHnpomTOopr Poccun

LWabanuH AHTOH BanepbeBund 3A0 «KbILTBIMCKMN
MEAEINEKTPONNTHBIA 3aBOA»

FOkoe Cepren AHaTonbeBuy OAO «Convkamckuin MarHMeBbIN 3aBO»

[ns onpegeneHuss ycroBMW HOPMUPOBAHUA OTEYECTBEHHbIX NPEeAnpUSTUA
HeobxoAMMa  OUEeHKa  JOCTUIHYTbIX  OTpacnbilo  MokasaTenenm  pecypco- W
3HEProaHEKTUBHOCTA U SKOMOrMYEecKoW pesynbTatvBHOCTM. B uensx cbopa
WHOPMaLMM O MPYMEHAEMBIX HA MPOMbILMEHHbIX NPEANPUATUAX TeXHONOMNYECKUX
npoueccax, obopyaoBaHWK, 06 WCTOUHMKaX 3arpsA3HEHUA OKpyxatowen cpeabl,
TEXHONOMMHECKUX, TEXHUYECKMX N OPraHU3aLMOHHBLIX MEPOMNPUATUAX, HaNpaBeHHbIX Ha
CHWKEHME 3arpsi3HeHUs OKPYKatoLen cpelbl U MNOBbILLEHWE SHEPro3deKTMBHOCTM 1
pecypcocbepexkenus, 6binv NoAroToBNEHbl aHKETbI ANS NPEANPUSATUN, KOTOpbIE Bbinn
HampaBneHbl B agpeca Bcex MNpepnpuaTUiA No  MNPOVU3BOACTBY PEAKMX W
peako3eMenbHbIX MeTannoB. B kauecTtBe ocHOBbI Ansi hOpMUpOBaHWSA aHkeTsl Bbina
ucnone3osaHa yHUdULMpOBaHHas aHkeTa, yTeepkaeHHas bropo HAT.

B cBA3u ¢ Tem 4TO 0BMEH MH(OPMaLMeN Obin NPOBEAEH B YPE3BbIHaHO CxaTble
CPOKW, MO psdy nokasateneun npy HanvcaHum cripasodHuka HAT Geinn ncnonb3osBaHs!
Tawke 3apybexHble maTtepuarnbl: CrpaBOYHUK EBpOMEerickoro coto3a Mo Haumyumm
DOCTYMHbIM TEXHOMOTUSAM ANS NPEArnpUsSTUA LIBETHOW MeTanmnyprim, cratucTmyeckue
COOPHUKK, pesyrnbTaTbl HAYYHO-UCCNEeA0BaTENBCKMX U ANCCEPTALMOHHBIX paboT, NHbIe
WCTOYHVKM, a Takke WHopmauums, nonyvyeHHas B XOA€ KOHCYNbTauvn ¢ SKCnepTamm B
obnacTu Npon3BoACTBa PEAKNX N PEAKO3EMENbHbLIX METArIIOB.

Oblwee 3aknOYeHME, KOTOPOE MOXHO cAenatb B pesynbTare MnoAroTOBKU
LaHHOro CrpaBoYHUKA, COCTOMT B TOM, YTO BeAylME OTEYECTBEHHbIE KOMNaHWUK
aKTUBHO 3aHMMAaKTCA BHELPEHUEM COBPEMEHHBIX TEXHOMOMMYECKUX MPOLIECCOB W
obopynoBaHus, paspabaTbiBaloT NporpaMmbl MOBbILLEHWUS 3HEpProaddEKTUBHOCTU U
aKonormyeckon pesynbTatmBHOCTM. OAHAKO Lenu, 3ajaqv U OXuaaemble pesynbTaThbl
nepexoga K TEexHOMOrM4YeckoMy HopmupoBaHuio Ha ocHose HIAT pykosoautenu
NpeanpUsiTUIA MOHMMALOT U OLIEHUBAIOT NO-PasHOMy.
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MosToMy BaXHbIM LIGroM Bnepes No NyTM AOCTUXEHUS KOMIMIIEKCHOro
NPEeAoTBPALLEHNST N KOHTPOMS 3arps3HEHUs OKPYKaroLLen cpefbl B MPOMbILLNIEHHOCTU
LLOIKEH CTaTb NO3UTUBHBIA 0OMEH nHopMaLen.

Ona npoaBwkeHnsa upenm nepexofa k HAT Heobxogumo opraHu3oBaTb
MaclTabHyto NMHPOPMaLMOHHO-NPOCBETUTENBCKYIO KaMMaHUIo U CUCTEMY MOArOTOBKU
(NoBbIWEHWA KBanUdUKaLmMM, AOMOMHATENBHOIO MNPOMECCMOHANLHOIO 0Opa3oBaHns)
kagpos. ObcyxaeHne CyTM NEepeMEeH Mpu3BaHO MOArOTOBUTb K HUM MPEeanpusaTus n
pPasbsACHUTb OCHOBHbIE MOTUBbI W CTUMYINbl  3KONMOrMYECKOW  MOAEepHU3aLmum
OTEYEeCTBEHHOW SKOHOMUKM.
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MpunoxeHune A
(obsA3aTenbHoOe)

Cdepa pacnpoctpaHeHus cnpaBovyHuka HOT

oKnAa 2

HavnmeHoBaHWe npoayKumm
no OK 034-2014 (OKNM)

HanmeHoBaHue Bnaa
aestensHocty no OKB3[ 2

OKB3[ 2

24.45.30.110

Bonbdpam n nsgenusa ns
Hero, cnnasbl HA OCHOBE
BONbdpama, NOoPOLLKM

24.45.30.111

Bonedppam
HeobpaboTaHHbIN,
BKIIOYAA NPYTKW,
N3roTOBJEHHbIE NMPOCTbIM
cnekaHnem

MpounsBoacTeo Bonbpama

24.45.4

24.45.30.120

MonuBaeH 1 nsaenus n3
Hero, crnasbl Ha OCHOBE
MonuGaeHa, NopPoLLKA

24.45.30.121

Monubaen
HeobpaboTaHHbIN, BKOYan
NPYTKW, N3rOTOBMNEHHbIE
NPOCTbIM CneKaHneMm

MpounssogcTeo monnbaeHa

24455

24.45.30.180

TwvTaH n nsgenus n3 Hero,
cnnaebl HA OCHOBE TUTaHa,
MOPOLLIKN

24.45.30.181

TutaH HeobpaboTaHHbIN

24.45.30.183

MpoBonoka, NpyTKuy,
npogmnm TUTaHOBbIE

24.45.30.184

MnAnTbI, NUCTLI, NONOCHI K
NEHTbl TUTAHOBbIE

24.45.30.186

Tpy6bl 1 TPyOKN
TUTaHOBbIE

24.45.30.188

MoKoBKM, LUITAMMOBKM,
KorbLia TUTAHOBbIE

M pon3BoACTBO TUTaHa

24.45.2

24.45.30.270

Banapun v nspenuna na
HEro, NOPOLLIOK

24.45.30.271

Banaguin
HeobpaboTaHHbIN

24.45.30.230

LinpkoHWi 1 nsgenus na
Hero, Crnasbl HA OCHOBE
LIPKOHMS, MOPOLLIKM

24.45.30.231

Linpkonni
HeobpaboTaHHbIN

24.45.30.320

Hwobuin n nsgenua ns
HEero, cnnaebl HA OCHOBE
HVMOBWS, NOPOLLIKA

24.45.30.321

Hno6un HeobpaboTaHHbIn

24.45.30.130

TaHTan v usgenus U3 Hero,
crnnaBbl H& OCHOBE
TaHTana, NopPOLUKN

Mpon3BoaCTBO peakux
(TaHTan, HMOGWK, rannmn,
repmaHii, npuamn) n
peLKo3eMernbHbIX
METannos

24.45.9
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HaumeHoBaHue npoaykumm

HanmeHoBaHue Bnaa

OKNA 2 no OK 034-2014 (OKNAQ) aestensHocty no OKB3 2 OKB3A 2
TaHTan HeobpaboTaHHbIN,
HeobpaboTaHHbIN,
24.45.30.131 | BknroYasn NpyTKu,
MN3roTOBIIEHHBIE MPOCTbLIM
CNeKaHvem
Bepunnuin n nsgenus na
24.45.30.210 | Hero, cnna.bl HA OCHOBE
Oepunnus, NOPOLLKN
244530211 | bepunmn
HeobpaboTaHHbIN
24 4530260 FepmaHni n nsgenua ns
HEro, NOPOLLKM
244530261 | | ePManui .
HeobpaboTaHHbIN
Fannun n nsgenus 13 Hero,
24.45.30.280 | cnnaebl HA OCHOBE rannus,
NOPOLLKN
24.45.30.281 | Nannuin HeoGpaboTaHHbIN
NHaMA n n3genusa ns Hero,
NOPOLLKMN
WHaun HeobpaboTaHHbIN
24 45.30.330 PeHnii 1 usnenna us Hero, | MpoussoaCcTBO PEAKMX
NOpOLKM - (TaHTan, HMobwuK, rannun,
24.45.30.331 | PeHun HeobpaboTaHHbIN FEpMaHMIA, UPUAWIA) 1 24 45.9
24 45.30.340 Tannuin n nsgenusa ns P P T
49.30. Hero, NopOLLKA penkoseMernbHbIX
24.45.30.341 | Tannuii HeoBpaboTanHbin | METaNoB
FracHWn 1 nagenvs 13
24.45.30.350 Hero, NOPOLLIKK
24.45.30.351 | MadHW HeobpalboTaHHbIN
BewyecTtBa xummyeckne
20.13 HEeopraHn4eckne OCHOBHbIE
npoyue
20.13.21.170 | Tennyp
20.13.21.229 | CeneH
MeTannbl
penKo3eMErbHbIE B
20.13.23.120 YMCTOM BUAE, B CMECHX,
cnnaeax
Cnnasbl 1 nuraTypbl Ha
20.13.23.139 | ocHoBe pefKko3eMenbHbIX

MeTansnoB npoyne
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MpunoxeHue b
(obsazaTenbHoe)

MepeyeHb MapKepHbIX BelWeCcTB U TEXHONOrMYeCKUX nokasarenen

B.1 MepevyeHb MapKepHbIX BelLeCTB

Tabnwnya B.A1
[ns atmocthepHoro Bo3ayxa [ns BogHbIX 06BLEKTOB
NO, NO; (cymmapHo) AnNOMUHWA
Ammunak Hukenb
Xnop Ouokeung Tutana
Mbinb LinHk

B.2 MepeueHb TEeXHONOrn4ecKux nokasarerneu npu
NPOM3BOACTBE PeOAKUX U peaKo3eMeribHbIX MeTasoB

Tabnuya b.2

EavHnya CpeaHuin ypoBeHb

TexHonorn4yeckui nokasartens 1
n3mMepeHus Bbl6pocos gna HOT

BbiGpocel NO, NO2 oT nupomeTannyprideckunx npoueccos (HAT 7)

NO, NO, (cymmapHo) ] Mr/HM® | <60

CpeaHnii ypoBeHb KOHLIEHTpaLWiA 3arpsasHSIIOLLMX BELLECTB B NpAMBIX cOpocax,
obpasyrowmxcsa Npyn NPOM3BOACTBE PEAKUX N peiIKo3eMerbHbIX MEeTansnos, B
npuHUMatowme sogHble oovekTol (HAT 10)

AntoMnH1IA Mmr/n 0,3
Hukenb mr/n 0,3
Iwvokeng TuTaHa mr/n 0,1

LinHk mr/n 0,08

BbiBpockl B BO3AYX MblNK (B3BELLEHHbIX BELLECTB) U METANNoB OT NOArOTOBKM CbIpbS B
NPOW3BOACTBE PeAKUX N peako3eMernbHbix anemeHTos (HOT 14)

Mbinb | Mr/HM® | 40

Bbi6pochkl B BO3AYX 3arpsA3HAIOLLMX BELLECTB OT 3arpy3kun obxura, nnaskv 1 Nony4eHns
OrapkoB 1 CMeKOB B NPOU3BOACTBE PeAKUX 1 pefkosemMernbHbix MeTannos (HAT 15)

NO, NO (cymmapHo) Mr/HM® 60
AMMMaK MI/HM® 100
MNbinb Mr/HM® 50
Xnop Mr/HM® 10-30

Bbi6pockl Nbinm MmeTannocoaepkailen, ob6pasyomecs Npu BbilenaumBaHnm,
ounctke u anektponuae (HAT 27)
Menb | Mr/HM® | 40

Bbibpocsl nbinv MmeTannocoaepxatien, obpasyomecs nNpy rpaHynMpoBaHum 1
nepepabotke nbinesmuaHoro coipbst (HAT 32)

Mbinb I MI/HM® | 50
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MpunoxeHue B
(o6s3aTenbHOeE)
Mepeuenb HAOT

B.1 O6wwme HOT ana nponsBoAcTBa peakux U peako3emMenbHbIX
MeTannos

HAT 1. MoBblweHne obLen pesynbTaTMBHOCTH NpUPOLOOXPaAHHON
LeATensLHOCTH

HAT 2. MosbiweHWe 3PEKTUBHOCTM UCNOMB30BaHNA SHEPrUn

HAT 3. O6ecneyenne cTabUNbLHOCTM NPOM3BOACTBEHHOMO NpoLecca

HAOT 4. YMmeHblUeHMe HeopraHM3oBaHHbIX BbIGpOCcoB, obpasylowmxca npu
XPaHEeHNN CbIpbs

HAOT 5. YMeHblueHMe HeopraHuaoBaHHbIX 3dMUCCUl, obpasyrowmxca  npu
06paboTke 1 TPaHCNOPTUPOBKE ChIpbs

HAT 6. MpeaynpexaeHne Unu CokpaLleHe HEopraHM3oBaHHbIX BbIGpOCcoB

HAOT 7. Mpepotepawierve BbiBpocos NO, NO, oT nupomeTannyprn4eckux
npoLueccos

HAT 8. MpepotepalleHne o6pasoBaHNs CTOYHbIX BOA,

HAT 9. MNpepoTBpalleHne 3arpsisHeHUs1 HesarpsasHeHHbIX BOA U COKpallieHue
cOpOCOoB 3arpAsHSIOLLNX BELLECTB B BOAHLIE OOBEKTHI

HAT 10. CokpalleHne cOpocoB 3arpA3HAIOLLMX BELLECTB CO CTOYHLIMU BOAaMU

B.2 HOT pgnAa oTAenbHbLIX 3TanoB MNpPOUM3BOACTBA pPeaKux U
peako3eMeribHbIX MeTasinoB

HAOT 11. MNpegoTepalleHne UM yMeHblUIEHWE HEOPraHW30oBaHHbIX BbIBpOCoB OT
MOArOTOBKM

HAOT 12. MNpegoTepalleHne UM yMeHbLUIEHWE HEOPraHW30BaHHbIX BbIGPOCOB OT
npegeaputencHo  oBpaboTkM  MaTtepuanoB MNpu  MPOU3BOACTBE  Pefkux U
penKko3eMernbHbIX 3NEMEHTOB

HAOT 13. MNpepoTBpalleHe UM yMEHbLUBHNE HEeOpPraHn3oBaHHbIX BbIOpOCoB OT
3arpy3Kku Cbipbs PELKUX N PEAKO3EMENbHBIX METANIOB A0 NOMy4YeHNs orapka unm crneka

HAOT 14. CokpalyeHvne BbIOPOCOB B BO3AYX MbiMW (B3BELUEHHbLIX BELECTB) U
METannoB OT MOArOTOBKM CbipbS B MNPOU3BOACTBE PEefkMX W pPefKo3eMenbHbIX
3NEMEHTOB

HAT 15. [ns cokpalyeHus BbIBpOCOB B BO3AYX MbiNn (B3BELLEHHbIX BELLECTB) U
OKMCIMOB METasMoB, 32 UCKMIOYEHNEM TeX, KOTOPble HanpaBnsloTCa Ha NPOU3BOACTBO
CepHoW KMcnoTel unu xuakoro SOz oT 3arpysku o6xura, NNaBku U NOYYEHNA OrapkoB U
CMeEKOB B NPOU3BOACTBE PEAKNX N PEAKO3EMENbHbIX METannoB

HAT 16. YMmeHblueHVe BbIOPOCOB OpraHMYEeCckMX COeAMHEHWU B aTMmocdepy 13
CYLLIKM WCXOAHOro MaTepuana W npouecca obxura, CrnekaHus W NnaBku  Mpu
NpPOV3BOACTBE METaNNONPOAYKTOB PEAKNX N PEeAKO3EMESIbHbLIX MeTasnos
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HAT 17. Cokpawenne Bbibpocos MXQA/d w JIOC B BO3ayxe npu
KOMOUHNPOBaHHBIX TEXHOMNOTUAX NepepaboTkM HETPaAMLUMOHHOMO Chipbsi PEAKMX W
PEeAKO3EMENbHBIX SNTEMEHTOB

HAT 18. MNpepoTepalleHne 3arpsa3HEHNA MOYBbI U FPYHTOBLIX BOA, ApobneHus,
npocerBaHns 1 onepaumin knaccudukauum

HAT 19. [lpeporepaweHne o06pas3oBaHWA CTOYHBIX BOL4 MPU  LEMNOYHOM
BbILLIEIA4NBaHNA

HAT 20. YMmeHbLUeHne KonnyecTBa OTXOA40B, HanpaBnaeMbIX Ha 3aX0OPOHEHWE OT
NPOW3BOACTBA PeAKMX N pefKO3eMENbHbIX MEeTannos

HAOT 21. lMoBTOpHOE WCNONB30OBaHNE WM BOCCTaHOBMNEHME CEPHOW KMUCNOTHI,
Nosy4YeHHON OT npouecca obxura cynbPuaHbIX KOHLEHTPaToB

HAOT 22. YMeHblleHWe KonuyecTBa OTXOAOB MPOW3BOACTBA pPEAKUX W
pefko3eMernbHbIX METanmnoB, OTNPaBnsaeMblX Ha 3aXOpPOHEeHVe

HAT 23. YMeHblUeHNe HeopraHW3oBaHHbIX BbIOPOCOB Mbifiv, 0BpasyoLMXcs B
npoLecce NoAroTOBKM Cbipbs A5 OGXUIOBOM NeYM U MpK 3arpy3ke B HEE 3TOro CbIpPbA

HAOT 24. YMeHbLUEeHe HEOPraHN30BaHHbIX BbIOPOCOB MblnW, 06pasyroLLMXCa Npn
obpaboTke orapka

HAOT 25. YmeHblueHMe HeopraHMsoBaHHbIX BbIGPOCOB, OOpPasylWMXCs npw
NPOMbIBKE, pasfeneHnn TBEpAbIX U XUAKMX PPaKLMA U OYNCTKE

HAOT 26. YmeHblUeHNEe HeopraHM3oBaHHbIX BbIGpOcoB napos, obpa3syowmxcs
Mpu BNEeKTPOU3BMEYEHUN: WCMONb30BaHWE B anekTponusepax [ob6aBok, OCOBEHHO
neHoobpasyroLLMX areHToB.

HAOT 27. YMeHbLIeHue BbIGpOCOB asposons MeTannocoeauHeEH1I,
obpasytoLmnxcs npu nponssoacTaee okcugos P3M

HAT 28. MNpepoTBpaLLeHme 3arpsasHEHNA NOYBbI M TPYHTOBbLIX BOJ,

HAT 29. CokpalleHne notpebneHna Boabl U NpefoTBpalleHus obpasoBaHus
CTOYHbIX BOA,

HAT 30. CokpalleHne o6beMoB 06pasoBaHNA OTXOA0B, NPeAHa3HaYeHHbIX ANS
KOHEYHOW yTnnm3aumm

HAOT 31. OGpaboTka OTXOAOB BbillenadvMBaHus C Uenbilo obecneveHus ux
NPUrogHOCTU AN KOHEYHOW yTUNM3aumm

HAT 32. YmeHblleHWe BbIBPOCOB MbIMM M MeTannoB, OOpPasyloWmMXCs npu
rpaHynMpoBaHnm 1 nepepaboTke MbINEBUAHOrO Chipbsa
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MpunoxeHue B
(o6s3aTenbHOE)

AHeproaheKTMBHOCTb

1 Kpatkas xapakrepucTMKa OTpacsiu C TOYKM 3pPEeHUsi pecypco- u
3HepronoTpebéneHus

Bonpocb! ncnonb3osaHna 3Heprm npu oueHke HAOT B LuBeTHOM MeTannypriuv B
uenom u npu npounseogctee PM n P3M B 4aCTHOCTV UMEIOT CyLLECTBEHHOE 3HaYeHue.
Tak, Hanpumep, cywectBeHHas pgonsa B obwem npoussoactee PM u P3M
obecneumBaeTca 3a CYEeT BTOPUYHbIX pecypcoB. [lOCKONbKy yAernbHbIE MPAMbIE
BbIOPOCHI MMaBUIbHBIX 3aBOAO0B, nepepabaTtbiBalowmx 1IoM, B 3 pasa Hwke, Yem
BbIGPOCHI MNaBUMbHbIX 32BOA0B, paboTatlowmx Ha MEPBUYHOM Cbipbe, M3rOTOBMEHUe
PM n P3M n3 BTOpW4YHbIX MaTepuarnoB MWCKMYaeT BbIOPOCHI AECATKM ThICAY TOHH
3arpsisHatowmx Bewects n CO».

OCHOBHbIM METOAOM NOBLILEHNS  BHEProadPEKTUBHOCTM  9BNAETCSH
WCMOMb30BaHNE CUCTEM  SHEPrOMEHEMKMEHTa, OfNUCaHHbIX B  MEXAyHapOAHOM
craHaapte 1ISO 50001 unu HaumoHansHom ctangapte FTOCT P MCO 50001.

r.2 OcHoBHbIe TexHonornyeckue npouecchl, CBfi3aHHble c
MCMNOJSIb30BaHMEM 3Heprum

YTunusaumsi sHeprum U Tenna LWNPOKO NPUMEHSIETCA npu npouasoactse PM un
P3M. TMupomeTannyprudeckne npoueccel 0Oxwura, arnomepauum nnaekn 06bIMHO
COMNpPOBOXAAKTCH MHTEHCUBHBLIM BbiAENEHWEM Tensa, CoaepXallerocs, B YacTHOCTH, B
OTXOAAWMX rasax. [1oatomy ana yTunusaumm Tenna Ucnonb3yrTCA pereHepaTuBHbIE U
peKkynepaTmBHbIE rOpernku, TENOOOMEHHNKN U KOTNbI. [ap nnnm anekTposHeprus MoryT
BblpabaTbiBaTbCsl Ha 3aBoge kak Ans COBCTBEHHOrO WCMONb30BaHWUS, Tak U ANS
BHELLUHUX noTpebuTener, Hanpumep AnA MyHAUMNanNbHbIX CUCTEM OTOMMEHWA, U ANd
noaorpesa mMartepuaroB Unn rasoobpasHoro Tonnmea. TeXHONOornn, NPUMEHsEMbIE AN
pekynepaumm Tenna Ha pasnuyHblx oBbekTax, MOryT CYLIECTBEHHO pasnuyatbes. Mx
XapakTEPUCTMKU 3aBUCAT OT LeNoro psaa akTopos, TakMx Kak akcepretndeckun Krimd,
BO3MOXHbIE  HampaBneHWs WUCMONb3OBaHUA Tenna W 3MeKTPOSHepruM  Ha
npomMnnowazke unm psaaom ¢ Hen, macwrtaba nponseoacTea U CNOCOBHOCTM ra3oB uUnm
COAEpXalMXCd B  HUX KOMMOHEHTOB OTKNaAgblBaTeCs WNW  ocaxparbCa B
TennoobMeHHVKax.

Hwxe npvBefeHbl NpUMepbl METOA0B, KOTOpblE MOTYT BbITb MCMONb30BaHbLI ANA
NPUMEHSIEMbIX TEXHOMOMMYECKNX Npoueccos npoussoactea PM n P3M.

lopsaune rasbl, 06pasyromecs Npy NnNaeke unm obxure cyneMUAHBIX pya, NOYTU
BCErga npoxoAsiT yepes napoBble KOTNbl. [Monyyaembii nap MOXET UCMONb30BaTbCA
ANs MPOV3BOACTBA 3MEKTPO3HEPrMn unu aAns otonnenus. [Momumo reHepaumm
3NEKTPOSHEpPrnM, nap MCNomnb3yeTCs B NPOLEcce CyLIKM Marepuanos, a ocTaTouyHoe
TENnno UCMNonb3yeTcsl ANs NpeaBapuTenbHOro Nogorpesa Bo3gyxa, NocTynarowero ans
nogaepXXaHns ropeHrs B NpoLeccax CnekaHUs v NnaBKu.
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Ucnonb3oBaHve B ropenkax oOOralleHHOro KUCMOPOAOM BO3dyxa wnm
Kucrnopoja cokpallaet noTpebneHne 3sHeprm 3a CYeT BO3MOXHOCTM 3HEPrOeMKMX
npoueccoB obxura u nnaskn. O6bembl OTXOAALLMNX rA30B CYLLECTBEHHO COKpaLLalTes,
4YTO MO3BONSAET NMPUMEHSTL BEHTUMATOPbI MEHBLUWX Pa3MepOB U T. M.

Matepvan yTepoBK/ Neyn MOXET Takke BMUATb Ha 3HepreTnyeckun BGanaHc
nnaekn. WMeTCs paHHble O MONOXUTENBEHOM  3MMEKTE MNPUMEHEHWUS  NErkux
OTHEeyrnopHbIX  Marepuvarnos, CHWXaKLWMX  TEeNnonpOBOAHOCTL U Harpes
NpoOu3BOACTBEHHOrO  nomeweHns. [Mpu  3toM  Heobxogumo  cHanaHcuposaTb
rnonyyaemMble OT 3TOro BbIrOAbl CO CPOKOM Chyx6bl dyTepoBKW, WHMUNBTPaUWen
MeTannoB B pyTepoBKy.

Mpon3BOACTBO CEPHOI KMCMNOTLI U3 ANOKCUMAA cepbl, obpasyroLerocs Ha cTagusax
obxura v nnaeku, — 3K30TEPMMYECKUA MPOLECC, BKMIOYAIOLWMA HECKONMBbKO CTaauvn
oxnaxaeHusi rasa.

BaXkHbIM METOZIOM SIBMSIETCA OXNaKAEHWE OTXOAALMX rasoB nepeq nogadven B
pyKaBHbIA UINbTP, NOCKONIbKY OHO oBecneumBaeT TeMnepaTypHyto 3awuTy dunstpa 1
ZonyckaeT bonee LUMPOKUIA BbIDOp MaTepuanoB ANS ero U3rotoBrieHns. B HekoTopbix
cnyyasix Ha 3TOW CTaAnu BO3MOXHA YTUNU3aLmMs Tenna.

YacTo npaktvkyeTcsi UCrofb3oBaHue Tensa rasoe unm napa Ans yBenuyeHus
TemnepaTtypbl BbiLENaYMBaIOLLNX PacTBOPOB. B HEKOTOpLIX Criyyasx 4acTb rasoBoro
noToka MOXET OTBOAWUTLCA Ha cKpybOep Ana oThaqu Tenna B BOAy, KOTOpas 3areM
UcronbayeTcs Ans uenen eoilenadnBaHusa. OxnaxaeHHbIn ra3 satem BO3BpaLLaeTcs B
OCHOBHOW MOTOK 415 AanbHENLLEN OYNCTKM.

MpenmyllecTBa npefBapuTENLHOrO Harpesa BO3fAyxa, MOAABAEMOro  Ans
NnoafepXKaHUs rOpeHVsi, NoATBEPXKAEHbl MHOTMMKU fJokymMeHTamu. Ecrm  Bo3ayx
nogorpesaetcs Ha 400 C, pocT Temnepatypbl nnameHn coctasnset 200 C, a ecrm
npegBapuTencHeld nogorpes coctaenset 500 C, TeMmnepatypa nnameHu pacTeT Ha
300 °C. Takoe yBenuueHue Temnepatypbl nnameHu obecneudmsaeT Gornee BbICOKYHO
3 EKTMBHOCTE MNaBkM U cokpalleHue notpebneHna aHeprun. Mmerotcs ceeaeHns o
pereHepaTUBHbIX ropernkax, MOAOrpeBaloWmx nogaeaembin Bo3gyx Ao 900 C, uro
cokpawaer notpebneHne asHeprmm Ha 70 %. OTOT MeToA XOpOLIO OCBOEH, W
LOCTUIHYTBIN CPOK OKYNaeMOCTU COCTaBMNAET MEHee OAHOrO roaa.

Bo MHormx obcToATensCTBax npefsapuTeribHan Cylwka coipbs obecneunsaet
aHeprocOepexeHre, NOTOMY YTO CKpbITOe TEenso, akkymynupyemoe B obpasyroemMca
nape, He TepsieTCA, KpOME TOro, yMeHbluaeTcsi obbeM ra3oB, cnejoBaTerbHo,
BEHTUNATOPbI U FA3004YMCTKN TOXE MOTYT ObiTb MEHBLLMMW MO pasmepy 1 NoTpebnsaTb
MeHblUe 3Hepruu. Mopsuue rasbl, ynaenueBaeMble Hap NUTENHBIMK Xkenobamu, moryT
UCMonb30BaTbLCA AN NOAAEPKAHUA FOPEHMS.

Mockonbky 3T MeToAbl 3KOHOMUMM SBMAAIOTCA NPUMEpaMM 9KOHOMMK  Ha
OTAENbHbIX  KOMMOHEHTax YCTaHOBOK, MX NPUYMEHeHWe ©n  3KOHOMMuYeckas
3((PEKTUBHOCTL 3aBUCAT OT CNEeUMEUYECKUX YCIOBUIA KOHKPETHOW NPOMBILLNEHHON
NNOLWAAKN N TEXHOIOMMYECKOTro npouecca.
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.3 YpoBHU noTpebneHus

NHbopmaLms 06 ypoBHsX NoTpebneHns Coipbsi, MaTePNanos 1 SHEPropecypcos
npv npounssogctee PM v P3M npveeaeHa B pasgene 3.1.1 cnpaBoyHuka (CM. Tabnuubl
3.1-3.8).

WHdbopmaumsa o6 ypoBHax noTpebneHns Coipbs, Marepmanos 1 3Hepropecypcos
npv npounssogcrtee PM v P3M npueeaeHa B pasgenax 3.2 1 3.2.1 cnpaBoyHuKa (CM.
Tabnuubl 3.9 — 3.16).

4 Hauwnyywune [OCTYNHble TEXHOSONMU, HanpassfieHHbIE Ha NOBbIWEHUe
3HeproadppeKTMBHOCTU M ONTUMU3ALMIO U COKpaLLeHue pecypconoTpebneHun

Havnydywwe poctynHble TexHororuv ans npouwssoactea PM un  P3M,
HanpaeneHHble Ha NOBbILLEHNE SHEProaddEKTUBHOCTM 1 ONTUMU3ALNIO U COKpaLLeHNe
pecypconotpebnenus, npueeeHsl B pasgene 5: HAT 2, HAT 30, HAT 31, HAT 32,
HAOT 33, HAT 34.

.5 J3koHOoMmuueckue acnekTbl peanusauum HAOT, HanpaBneHHble Ha
noBbIlWLEeHNe 3Hepr03(b(*)el(‘l'MBHOCTM n onTuMmunusauuiro n COoKpaweHue
pecypconoTpetneHus

Co6CTBEHHBIN  3KOHOMMUYECKUA MOTEHLUMan NPUPOA0OXPaHHBLIX MEPONPUATUNA,
TakMx Kak, HanpvMep, BHEAPEHWE MarooTXOAHbIX TEXHOMOIMIN, MPOU3BOACTBO
no6oYHON NPOAYKUMMA 1 (MMK) NONE3HOe UCMOoNb3oBaHue obpasyroWmxcs B OCHOBHOM
NMPOV3BOACTBEHHOM MPOLIECCEe OTXOA0B B POCCUICKUX YCNOBUAX CRneayeT npusHaTb
ckopee HesHauuTenbHbIM. C OAHOM CTOPOHbI, MPUPOAOOXPAHHbIE TEXHOMOTMM BO
MHOMMX Crydasix XapaKTEpW3ylTCA BbICOKOW 3HEProeMKOCTbIO, a noajaepxaHne
obopyaoBaHus B (PYHKLMOHANBHOM COCTOAHUM TpebyeT perynspHbiX 3artpar Ha
pacxogHble MaTtepuarnbl U KOMMNEKTYIOWME U WHbIX SKCMNyaTauuoHHbIX 3arpart; B
HEeKOTOpbIX Cryvasx Mpy NPOu3BOACTBE MNOOOYHOM NPOAYKLUMM, HanpuMep, Takon Kak
CepHas KUCMoTa, 3HauMTeNbHbIe W3AePXKKM MOryT BO3HMKaTb M B CBA3SKM C
HeoOXOANMOCTBI0 XPaHEeHUA U TPAHCNOPTUPOBKWN arpeccvBHoro eewlectsa. C apyron
CTOPOHbI, HA3Kasi EMKOCTb POCCUMCKMX PbIHKOB He oBecneumnsaeT AOCTaTOuHOro cnpoca
ANS BbIBOAA «MOBOYHBIX» NMPOU3BOACTB HA 3KOHOMUYECKU 3¢pEKTUBHDBIN YPOBEHbL 1 He
CMOXET rapaHTUpoBaTb YCTOWYMBOE MOTpPeGreHne npPoAYKLUMM BHOBb BBOAWMMBIX
NMPOV3BOACTBEHHbIX MOLHOCTEN, & NOTEHUNan BbIXxOAa HA BHELLHME PbIHKW OrpaHnyeH
M MarnonepcrnekTMBeH C 3KOHOMUYECKOM TOYKW 3PEHUS.

Takum oGpasom, HaMGONMbLUMM MOTEHLUMANIOM C TOYKA 3PEHWUS BO3MELLEHUS
3aTpaTr, TMOHECEHHbIX B CBA3WM C BHEAPEHWEM Ha  MNPEAnpUSTUM  HOBbIX
MPUPOAOOXPaHHLIX METOAOB W  TexHonorvn, obnafaroT KOMIMEKCHbIE  Mepbl,
YBA3bIBAIOLME SKOMOTMYECKYI0 MOAEPHM3ALMIO MPOM3BOACTBA C MEpPEeHacTPONKOM
NPOV3BOACTBEHHOrO MPOLIECCa B LENOM, ONTUMU3ALMEN OTAENbHbIX €ro 3BEeHbEB U
paclwupeHemM oGbeMOB NPOM3BOACTBA. B 3TOM cnyyae BbiCOKMe HavarbHble 3aTpaTb!
Ha BHeAPeHWe WHTErpUpOBaHHBIX B MPOW3BOLCTBEHHbLIM MPOLECC MPUPOLOOXPaHHbIX
Mep W TEXHOMOrnin MoryT BbiTb B KOHEYHOM CYETE BO3MELLEHb! 33 CYET YBEIMYEHWUs
0o6bEMOB MPOM3BOAMMON MPOAYKUMW, MOBbILUEHNS 3M(PEMEKTUBHOCTM U CHUDKEHUS
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yAEnbHbIX  3KCMNyaTaumoHHbIX pacxopaoB. OpHako Ha npaktuke obocobneHuve
«3KOJOTMYECKON COCTaBMALWEN» B pamMKax TakMX «BCTPOEHHbIX» B TEXHOMOrMYecKui
npoLecc MeponpusTUA Ha OOHe APYrMX KanuTanbHbIX U SKCMyaTauMoHHbIX Pacxoaos
npeacraesnseT cobom LOCTAaTOHMHO CNOXHYHO 3agadvy.
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