1. OBbIYA TOPUEBOW PY[bl N U3BJIEYEHUE TOPUA

1.1 PyObI u Mecmopox0eHus1t mopusi

Topuii BcTpedaeTcsi BO MHOTUX MHHepajiax (M3BeCTHO 12 cOOCTBEHHBIX MHHEPAJIOB): PEIKO3EMENTbHBIN
muHepan MoHart (3,5-10% ThO,), Toput (10 77%), TopuoHHT (45-93%). OdeHp OGorat ToprueM MHUHEpaa TOPHT -
MUHEpaJl TIoJKIacca oCTpoBHBIX crinkatoB, ThSiOy4. IIpumecu U, P33, Fe, Ca, Mn, P, Al, Ti u ap. OpanxeBsie u
YepHble KpHUCTAJUIbL, arperarsl. TBepaocts 4,5-5; minotHocts 4,1-6,7 /oM’ PaguoaktuBen. YacTo METaMHMKTHBIM.
Berpeuaercst B mermMaTuTax, He)eTMHOBBIX CHEHUTAX, TpaHUTaX. | [pOMBINIICHHBIE CKOIUICHUSI B pOCChITsX. OHAKO
OH pelloK, TaK ke Kak M Apyroi Oorarbiii TopueBblii Munepan - Topuanut (Th,U)O,, conepxammii ot 45 1o 93%
ThO,. Topuii conepXuTcsi TaK)Ke B MOHAIIUTE, YPAaHUHUTE, IUPKOHE, allaTUTe, OPTUTE U JAp. Y PAHUHMT - MUHEPAJ,
0e3BoHbIN oKcuA ypaHa. CocTaB HEMIOCTOSIHEH (U4+ OKHCIISIETCS 10 U6+); npumecu Th, P33, Pb, Fe, Zr. TBepaocTh
6-7; miotHOCTh 8-10 r/cm’. PagnoakTrBen. PasHOBHAHOCTH MO CTPYKType: KPHCTATINIECKHH YPAHUHHUT - OPUITEPHT
(comepxut 6-15% ThO,) u kneseut (3-16% P33,03; u 3-8% ThO,); komtomMopdHBIii - HACTypaH, UM ypaHOBas
CMOJIKa; aMmop(dHbIe - ypaHOBbIE 4YepHH. [JIaBHBI MHHEpal ypaHa, pylda Topus, pamus. [IpoMblnuIeHHBIC
MECTOPOXXJICHHSI B OCHOBHOM OCaJ0OYHOIO, OCaJ0YHO-METaMOP(POreHHOr0, T'HIPOTEPMAIBHOIO, CKapHOBOTO
npoucxoxaeHus. OCHOBHOW MPOMBIIIEHHBIH HCTOYHUK TOPUS - MOHALMTOBBIE pocchbimu (MOpPCKHE U
KOHTHHEHTAJIbHBIE).
Topuesvie pyowt - yciogHoe HA38AHUE NPUPOOHBIX MUHEPATbHBIX 00pazosanuti, codepxcawux Th 6 maxux coeduneHusx u
KOHYeHmpayusix, npu KOmopsvlx NPOMbLUIIIEHHOE UCNOTIb308AHUE MEXHUYECKU BO3MOINCHO U IKOHOMUYECKU M@Jl@COO6pa3H0.

Puc. 1. Mounanut

Monanut, Munepai, pocdar peakux 3emensd u Topus, (Ce,La,Nd,Th)PO4
(VHOTZIa OH COAEPXKUT elIé Mpa3eoauM U ApyTue peakue 3eMiH (ColaepiKaHue
P33 unorna noxonut g0 50%), a taxxe ypat (10 6,6% UsOg). ['maBHblii pyaHbIii
MuHepaa TOPHS U BaXKHBIM HCTOYHHMK TMONYYEHHUS LIEPUEBBIX PEAKUX 3EMEINb.
HaszBanue mpoucxomut oT HeM. Monazit (rped. monazd) — OBIBalO OAWH, KUBY
ONuH; yenuHAThCs). Kpucramnmsyercs B MOHOKIMHHOW cHCTeMe, 00paszys
IUTACTUHYATHIC, UHOT/Ia TOJICTOTAOMUTUYAThIE KPUCTAJUIbI, HeNpaBUIIbHBIEC 3EpPHA,
3epHUCTBIE MacChl. B KpucTammuyeckod CTPYKType MOHAIUTAa U30JUPOBAHHBIC
rpymmsl [PO4]” cBssambl ¢ monamu P33’ B meBstupHOil koopauHamuu. OOBIMHO CHIBHO PagHOAaKTHBEH. LlBeT
MOHAIIUT OT JKENATOro, J>KENTO-3€JEHOrO0 10 KOPUYHEBOTO, KpPacHO-Oyporo M po30BOro. TBEpAOCTbH IO
MHHEPANOrHIecKoil mKane 5—>3,5. TIIoTHOCTE KonebIeTcst B 3aBHCHMOCTH 0T cocTasa ot 4900 10 5500 xe/a’. Breck
JKUPHBIA (CMOJISTHOM) WM CTEKJISHHBIM, OT HEMPO3payHOTO [0 TOJYMPO3PadyHOTo, XPYIMOK. BcTpedaercs kak
aKIIECCOPHBIA MUHEpaJl, pacCeHHBIH B BUJEC HEOONBIINX 3€pEH B IPAaHUTAX U IPAHUTO-THEHCAX, 3HAYUTEIHHO pEexXe
o0Opa3yeT CKOIUICHHS B TPAHUTHBIX NIETMAaTUTaX U B THIPOTEPMATIbHBIX KHJIAX.

Topuii— XapaKTepHBIH 3JIEMEHT BEpXHEH YacTh 36MHOM KOpbl — I'PAHUTHOTO CJIOSI U OCaJJ0OYHON 000JIOUKH,
IJI€ €r0 B CPEAHEM COAECPIKUTCS COOTBETCTBEHHO 1,8*10*3% u 1,3"‘10*3 % mo macce. B 3eMHOIi Kope ero 8*10™ %,
MIPUMEPHO CTOJBKO K€, CKOJIBKO CBHMHIA (TOpUs B MpUpoJe OONble YeM ypaHa). B HUYTOXXHBIX KOJIMYECTBAX OH
BCTpeUYaeTcsl Jake B IpaHuTax. Topuil CpaBHUTENIBHO CIa0OMHUTPUPYIOUINI 3JIEMEHT; B OCHOBHOM OH y4acTBYET B
MarMaTHYeCKuX TMpoLeccax, HAKAIUIMBasChb B TIPaHUTAX, ILIEJIOYHBIX MHOopofax M mnermarutax. CrnocoOHOCTH K
KOHIEHTpauuu ciabas. B mpuponHBIX BOJaxX COAEPKUTCS OCOOCHHO Majo TOpHs: B NMPECHOW BOJE 2%10 7%, B
Mopckoit Boge 1*¥10° °%. Ou ouenb ¢1a60 MUrpHpyeT B Grochepe U THAPOTEPMATBLHBIX PACTBOPAX.

CoOCTBEHHO TOpHEBBIE MECTOPOXKACHHUS HEU3BeCTHbI; Th u3BIEKaeTcs MOMYyTHO U3 KOMIUIEKCHBIX
MOJMMETANBHBIX Pyl 00bIYHO coBMecTHO ¢ Nb, Ta, Zr, U, P33 u np. snementamu. Conepxanue Th B Takux pynax
KO0JI1€0JIETCS OT COTBIX HO AECATHIX moiei %.

MuHepanbHBIMU HOCUTENISIMU TOPHUS B PyJax SIBISIOTCS CUJIHMKAThHI, IPOCTbIE M CIIOKHBIE OKCUABI (THTAHO-
TaHTaJ0-H1O00aThl), pocdaTsl 1 KapOOHATHI, B KOTOPHIX OH MPUCYTCTBYET B KadecTBe n3omopdHoi npumecu. Cpeau
TEHETUYECKUX THUIIOB TOPUEHOCHBIX MECTOPOXKAECHUN BBIACIAIOTCA SHIAOTEHHBbIE M OK30reHHble. B rpymnme
SHJOTCHHBIX MECTOPOXKJIEHUI W3BECTHHl MarmMaTHYecKue, IerMaTUTOBbIE, KapOOHATUTOBBIC, albOUTUTOBBIE,
CKapHOBBIE U THUApOTEepMaibHBIC. Bece OHM 0OHApy)KMBAIOT CBsI3b CO LIETOYHBIMHM MarMaTu4ecKuMu nopoaamu. K
KpYITHEHIITUM TIETMaTUTOBBIM OTHOCSATCA MeECTOpokJeHus paioHa bankpodr (Kanama). M3 kapOOHATHTOBBIX
BBIJICIIIETCSl TOpUHCOepKallee peiKo3eMenbHoe MecTopoxaeHrne Mayntus-Ilacc B Kanudopaun. MakcumanbHbie
colmepkanusi Topusi B pynax (3—6%) u3BeCTHbI HAa THAPOTEPMAIBHOM PEIKO3EMEIbHOM MECTOPOXKIECHUU
Crunkamrnckpaanb B FOAP. Dk30reHHble MECTOPOXICHHS MPEICTABICHBI Pa3HOOOpa3HBIMU (IITIOBHAIBHBIMH,
AJUTIOBUATIBHBIMU U TPUOPEKHO-MOPCKHUMH COBPEMEHHBIMU U TOTPEOEHHBIMU) MOHALUTOBBIMU pOCCHIISIMU. OHU
SIBJISIIOTCS TJIABHBIM MCTOYHUKOM Topus. KpymHeiimre npubpexHO-MOPCKUE pOCCHINTU U3BeCTHHI B MHauM (cpeanee
conmepkanue Monauurta B meckax 0,75%) u bpasumum (ot 2 g0 5%). Camoe HM3BECTHOE MECTOPOXKICHUE
ypaHOTOpPHAaHWTA HaXOAUTCA Ha ocTpoBe Mazarackap.




MupoBbie 3anacbl Topus (AOCTYyNHbIEe AnsA Aob6biun)
CtpaHa 3anacbl (B TOHHAX)

ABcTpanus 300000
NHamns 290000
Hopserus 170000
CLUA 160000
Kanaga 100000
lOxxHas Adpuka 35000
Bpasunus 16000
Mpoyne cTpaHbl 95000
Bcero 1200000

MecTopokaeHHsI MOHAIUTa CBsI3aHbl OOBIYHO C TPAHUTHBIMU MErMAaTUTAMU, PEXKE — C TUAPOTEPMaIbHBIMU
KapOOHATHBIMU JKWJIAMH B UIEJOYHBIX TpaHUTaX, CUeHHUTaX. JloObIBaeTCs MOHAIUT B OCHOBHOM M3 DPEYHBIX
(ayuTrOBHAIBHBIX) M IPUOPEKHO-MOPCKHUX pocchinelt (Hanpumep, B Unann (roro-3amagnoe mobdepexne, TpaBaHKOp),
Hlpu-Jlanka, bpasunumn, ABcrpanuu, Manaiizun (ayunoBHaigbHbIE OJO0BOHOCHBIE pocchinu), CIIA (mpubpexHo-
MOPCKHE POCCHINKM MOHanuTa Bo Pnopune)), KyJa OH MONaAaeT MpU pa3MbIBE IPAHUTOB U THEHCOB, COAEpPIKAIIMX
MOHAILIUT B KA4ECTBE XapaKTEPHOI'0 aKLECCOPHOro MUHepaa. VI3BECTHBI U )KMIIbHBIE MECTOPOXKICHUS MOHALIUTA - Ha
tore AQpuKH.

Poccoimun MonanmTa — P39,0; 0fMH M3 BaKHEHIIMX MHUHEPAIBHBIX BUAOB PEIKO3EMENBHBIX POCCHINEH;
OCHOBHOH MCTOYHHK TTOJTy9E€HUS] OKCHIOB IIEPUEBO TPYIIBI M BaXKHBIN - ThO,.

MoHauuT — MUHEpAJ MPOYHBIN, yCTONYMBBIA NPOTHB BbIBETpUBaHUsA. [Ipy BBIBETpMBAHUM TOPHBIX MOPOI,
0COOCHHO MHTEHCHBHOM B TPONMUYECKOH M CyOTpPONHUYECKOM 30HAX, KOI/a MOYTH BCE MHUHEpAJIbl pa3pylIalOTCs U
pacTBOPSIOTCSA, MOHALUT HE M3MEHsAETCA. PydbM M PEKM YHOCAT €ro K MOPIO BMECTE C IPYTMMH yCTONYMBBIMU
MUHEpaJlaMd — LUPKOHOM, KBaplleM, MHMHEpaJlaMyd THUTaHa. BOiHBI MOpeill M OKeaHOB JOBEpIIAIOT PaldOTy IO
pa3pylIEHUI0 M COPTHPOBKE MHUHEPAIOB, HAKONMBIIUXCA B MpUOpexHOM 30He. [log MX BIMSHUEM MPOUCXOIUT
KOHLEHTPUPOBAHUE TSHKEIBIX MUHEPAJIOB, OTYETO MECKU IUISHKEH MPHOOpEeTaroT TEMHYIO OKpacKy. Tak Ha miskax
(OopMHUPYIOTCS MOHAITUTOBBIE POCCHIIH.

B cuny pazHooOpa3usi KOpEHHBIX HCTOYHUKOB MOHAIINTA, €T0 YCTOMYMBOCTH B 30HE TUIIEPreHE3a W BBICOKOU
MUTPALIMOHHON CIIOCOOHOCTH POCCHIIM MOHALUTA XapaKTepPU3YIOTCSA IIHPOKUM TE€HETHMYECKHUM CEKTOPOM: OT
AIIIOBHATIBHBIX J0 MPUOPEKHO-MOPCKUX (TIOCIETHIE WTPAIOT TJIABHYIO POJIb). BOJBIIMHCTBO POCCHINIEH MOHAIWTA
SBJISIIOTCST KOMIUIEKCHBIMU. [10 (harmanbHO-reHeTHUeCKUM MpU3HAKaM U MapareHe3ucy pocchleo0pasyomux M-JI0B
Pa3INyaroTCs CIEAYIOUIUE TUIIBI POCCHIIIEH MOHALUTA.

1. AnmroBHaNbHbIE MOHAIMTOCOAEPIKAIME POCCHINN TaHTAJIO-HUOOATOB, CBSI3aHHBIE C MAaCCHUBAMU TPAHUTOUIOB H,
KaK MIPaBUJIO, HE PACIIPOCTPAHSIOIIMECS 3a UX IPEIEIbl, C COJIEp. MOHAIUTA NIEPBbIE COTHU I'PaMMOB Ha KyOUUYeCKUi
metp (bap-Bennu B CILIA).

2. AmtoBHaJIbHBIE POCCHITA MOHANIUTA U IIMPKOHA, (POPMUPYIOMIHECS HA YJAJIEHUH OT KOPEHHOTO UCTOYHUKA, YacTO
COIIPOBOKIAIOIIMECS] H0JOBBIMU pocchimaMu. CopaepikaHue MOHAIUTa OOBIYHO IMEpBbIE COTHU TIpaMMOB Ha
KyOM4YeCKHil METp, UHOT/AA /10 HECKOJIbKMX KHJIOTPaMMOB Ha KyOMYECKHUH METpP; OTHOIIEHHWE MOHAIUTA K LUPKOHY
MOeT ObITh IepeMeHHbIM (Mamnaiizus, [lakucran, o-B TaiiBans, bpazunus).

3. CoBpeMeHHbIE U JIpyTUe KOMIUIEKCHBIE MPUOPEKHO-MOPCKHE POCCHINTU B OEPEroBOil 30HE KOHEUHBIX OAcCeiiHOB
CelMMEHTalUM (JeIbTOBbIE, IUISKHBIC, JIOHHBIC, MOABOAHOIO CKJIOHA W MOPCKHX Teppac). VX NpoTsKEeHHOCTb
MOJKET JIOCTUTraTh JAECSITKOB KMJIOMETPOB IPU MOIIHOCTH IIECKOB B COBpeMEHHBIX pocchimsix 0,5-1,5 M, B n1peBHUX 6-
10 M. B GONBIIMHCTBE TaKMX POCCHITICH MOHAIIUT COJIEPIKUTCS B PE3KO
NOJYMHEHHOM KOJIMYECTBE 110 OTHOIIEHHIO K WIBMEHUTY U LUPKOHY
(3-3,5 kr/T). Cy1iecTBEeHHO MOHAIIUTOBBIC POCCHINH C COJICP. MOHAIUTA
150-200 xr/T n3BecTHHI Ha 3amagHoOM nodepexne o-Ba Llpu-Jlanka.

Puc.2. [Tnsox Konaka6ans! (bpa3unwst) ¢ MOHAIIMTOBBIMU TIECKAMU

B ocHoBHOM MoHauuT n00BIBalOT B ABcTpanuu (75% mupoBoit
N0OBIUN): «4EPHBIE» NECKHU, HACBILICHHbIE MOHAIIUTOM B aCCOLMAIIUU C
PYTHIIOM, WJIBMEHUTOM M IUPKOHOM, PACIPOCTPAHEHBI HA BOCTOUHOM
U 3amaHoM nobepexnsiax ABcrpanuu. Monanut UHauu, 100bBaeMBbIi
. ¢ Oepera Manabapa u u3 TpaBankapa cogepxut ot 8 no 10% ThO,.
Bpaspmbcme MGCTOpO)KI[eHI/IH MOHaI_[I/ITa ¢ 6eperos baitu u Ocneputo Canto conepaat B cpeaneM okoio 6% ThO2.




Momnamur B CHIA monmyyaroT w3 AIOHOBBIX TeckoB BOm3n JxakconBwnis, @mopuna, B mratax KammpopHus,
Konopano, Operon u BamuHrTOH, a Takxke U3 30JJOTOHOCHOTO NECKa B
Hentpansaom Aiinaxo. CoaepkaHue AUOKCUAA TOpUsl B TalBaHCKOM
MoHanuTe kKonebnercs ot 4,21 mo 6,79%. Ha VYkpaune MoHamut
NOOBIBAIOT M3 THUTAHO-IIUPKOHUEBBIX POCCHINEH (MECTOPOXKICHUS Ha
tore JloHenkoi o01acTu).

Puc.3. «Yépusble neckm» Ha msbke r.Mapuynons (YKpauHa).

B Poccun axkTuBHas A00bYa TOPUEBBIX PyJ Hadajgach IOCIE
OKOHuaHus 2-oii Muposoil BoiiHbl. B aBrycre 1946 rona JLII. Bepus
Hanpasua M.B. CraiuHy mUchbMO € TIPEACTABICHUEM Ha YTBEP)KICHUE
npoekta nocraHosieHuss CM CCCP 06 opranuzamun B MuUHHCTEpCTBE
LIBETHOM METAJUTypruu BTOporo riaBHOro ympasiieHHs. 3aJadyeil 3TOro

yIpaBiIeHUs: ObUIO PYKOBOJCTBO HPEIANPHUATHIMHU IO J00bIUE TOPHEBBIX
pyz[, MOJTyYEHHUIO0 OKHCH TOPHUS U METAJUIMYECKOTO TOpHUs AJisi HapabOTKU

SU B crenmanbHbIX sIepHBbIX peakropax. IIpoekT mnpemycmarpusan
BbIIJIaBKY 70 TOHH METAJNIMYECKOTro TOpus K cepenuHe 1949 roma u
IIPOU3BOJCTBO coJiel Topusi okojo 130 TOHH B roa.

Puc.4. MOHAIIMTOBBIN TIECOK.

B 1949 Ha MecTOpoX/1I€HUH MOHALIUTOBBIX MECKOB (3amachl TOPHs
6osee 1000 Tonn) B Annmanckom paiione SAxkyrckoit ACCP Opiia Hadarta
_ " no6srya topusi. B 1977 r. OAO «XUMHKO-METaTyprudecKiii 3aBo»
(OAO «XM3>>) KpaCHOHpCKI/II/I Kpaii ObUT CO3/IaH YY9acTOK TI0 MOTYYEHHIO0 OKCHIa TOPHUS U METaJUIMUecKoro Topus. B
1985 OpL1a mpoBeneHa PEKOHCTPYKIIHSI TOPUEBOTO IPOU3BOJICTBA K OCBOCH HOBBIN BUJ| IPOAYKIIUU — HUTPAT TOPHSL.

B nHacrosiee BpeMs Hanbosiee MepCreKTUBHBIM CUUTAETCSI pacionokeHHoe B Tomckoit o6nactu Tyranckoe
MecTopokaeHue Topus. OHO CITOCOOHO 00eCIeYTh Mepexo 1 Ha TOPUEBIN UK BceX 29 sHeprodnokoB Poccun u 40
9HEepro0IokoB ObIBITHX cTpan COB.

Ha cknamax mnpemnpustus ['Y "VYpanmonamut" B 12 KM K ceBepo-BOCTOKY OT T. KpacHoydumcka
(CBepmioBckas o6macth) Onu3 craHmuu 3rop3s yxke moutd 50 mer xpanutcss 82000 TOHH MOHAITUTOBOTO
KoHIeHTpara. O0beKT umeer ropaoe ums "Kamennsiit mosic". MoHaIMTOBBIN MECOK cOOMPAIICS HA MECTOPOKICHUSAX
Poccun, Monronuu, Kuras u BeerHama. [lepBoHauanbHO €ro mpeanoyiarajioch MCIOIb30BaTh ISl HYKIT aTOMHOMN
MIPOMBIIIIJICHHOCTH, HO BBIOOP ypaH-TUTyTOHUEBOTO IMKJIA MMPUBEN K yTpaTe HHTepeca K MOHAIIUTAM, KaK K HCTOYHUKY
TOPUEBOTO ChIpbsi. B coctaB MoHanuToBOro koHueHntpara Bxoaat ThO, (7,8%) u penko3emenbHble METAIIbI, B TOM
gucne La(13%), Ce(23%), Pr(3%), Nd(11%), Sm(1%), Eu(0,1%), Gd(0,6%), Tb(0,4%), Dy(0,2%), Ho(0,05%),
Er(0,2%), Tu(0,05%), Yb(0,03%), Lu(0,05%), Y(0,8%).

ITocne pacnana CCCP Poccust nmotepsijia MHOTHE CHIPbEBBIE MCTOYHMKH IOJIydeHus P30, a Takke M 4acTh
MPEANPUITHI, Ha KOTOPBIX 3TO ChIphe mepepadareiBanoch. [loatomy B 1997 1. IlpaButensctBo CBEpIOBCKOM
0011acTH - COOCTBEHHHK MOHAIIUTOBOTO KOHIIEHTpaTa, coBMecTHO ¢ MuHatromoM Poccuu - OCHOBHOM MTPOU3BOANTEIND
P39 B 6pBriem CCCP, npuHsuM pelieHre 0 CO3IaHuHM KOMILIEKCa 10 MepepadoTKe MOHAIMTOBOTO KOHIleHTpaTa. C
LeNbl0 peanu3anuu 3Toro mnpoekra cozgaHo OAO "Ypan-EBpo", ronoBHoe mpeanpusTue O MPOEKTY B LIEIOM -
OI'VIT "HUKUDT". Tlpenmnonaraercs, 4To NpeaNpHUATHE TIepepadoTacT MOHAIIMTOBBIN MECOK, BBIACIUT U PA3JICIUT
PEAKO3EMEIIBHBIE AIEMEHThI, HAUHET IPOM3BOACTBO HAYKOEMKOM MpOoayKLuu ¢ yuyactueMm P33, a Takxe npousBeaér
topueBoe TorunBo a1t ADC. [lepepaboTka 3amacoB MOHAIMTOTO Mecka mpouuTcs 20 Jet.

Texnonoruss npousBojcTBa B KpacHoydumcke mpeaycMaTpuBaeT BCKPHITHE MOHAIIMTOBOI'O KOHIIEHTpATa,
OTJICJICHHE DPAJUOAKTHUBHBIX 3JIEMEHTOB TOPHUS M ypaHa, a TakXKe MOJIy4YeHHE CyMMapHOTO [1€3aKTHBUPOBAHHOTO
PEIKO3eMENIbHOTO KOHIIGHTpaTa M peadMInTalus TepPUTOPHUH, TIIE pacloyiarajuch CKIaJbl ¢ KOHLEHTpaToM. B
3apeyHoM OyneT co3JaH MPOU3BOJACTBEHHBIM LMK, BKIIOYAIOMIMNA pa3/ieJleHue M MOJyYEHHE BBICOKOUMCTBIX
WHJIUBUIyAIbHBIX PEIKO3EMENIbHBIX 3JIEMEHTOB W BBIMIYCK HAa HMX OCHOBE BBICOKOTEXHOJIOTMYHOM TOBAPHOM
MPOIYKIIUU
XpaHWIuIla MOHAIMTOBOIO KOHIIGHTpaTa, pacrnojiokeHHbie B KpacHoypuMmckoMm paiioHe, OyayT HaKpPBITHI
METAJNTMYECKUMH aHTapamMH, BOKPYT IUIAHUPYETCs] BO3BECTU OETOHHBIN 3a00p, a MO BceMy NEpUMETPY YCTaHOBUTH
CUCTEMY CUTHAJIM3AI[UH, BUICOHAOTIOACHIE U KOHTPOJIBHO-TIPOITYCKHBIE MTYHKTHI.

B 2006 r. u3 19 XpaHuiui MOHAIIUTOBOTO KOHIIEHTpaTa JBa OBLIM HAKPBITHI METAINTMYCCKUMH aHTapaMH,

elIe YeThIpe CKJIaga, HaXOJIWBIIUECS B Haumboyiee aBapuitHOM COCTOSHUU, TOJYYWIH JTOTOJHHUTEIHHYIO 3aIIUTy B
2007 romy.




1.2 Mepepabomka mopueaol pyObl

Ha muIsKHBIX MECTOPOXKACHUAX MOHALIUTOBBIN NIECOK MEPEMEIIAH ¢ KBAPLEBBIM, LIUPKOHOBBIM, PyTHIOBBIM. B
COCTaB I1ECKOB KPOME MOHALIUTA, BXOJAT TAKUE MUHEPAJIbl, KaK LIUPKOH, MIIBMEHUT, KACCUTEPUT U IP.

IToaromy mepBast cragusi NPOU3BOACTBA TOPHUS — IOIYYEHHE YUCTOIO MOHALIMTOBOIO KOHLEHTparta. s
OTZAEJICHUS] MOHAILIUTA UCIIONB3YIOT Pa3Hble CHOCOOBI M mpucnocodnenus. IlepBoHayanbHO TPyOO OTAEIAIOT €ro Ha
JE3UHTErpaToOpax ¥ KOHIIEHTPALIMOHHBIX CTOJIAX, UCIIOJIb3Ysl Pa3HUIlY B INIOTHOCTH MHUHEPAJIOB M MX CMayMBacMOCTHU
pasNUYHBIMKM JKUAKOCTSAMH. TOHKOTO pasfelieHusl JOCTUTalOT IMYTEM 3JIEKTPOMATHUTHOM M 3IIEKTPOCTATUYECKOHN
cermapauuyd. MarHuTHas cemapanus TPUBOAUT K Ppa3JelIeHMI0 MOHAIMTOBOIO IeCKa Ha TpU (paKLIUu:
CHJIbHOMarHuTHY}0 — WJIBMEHUT, CJIa0OMarHUTHY}0O — MOHALUT U HEMarHuTHYIO — LUPKOH, KBApLEBBIN MECOK,
pyTun u rpasat. [lomydeHHsll KOHIEHTpAT coaepkUT 95...98% monanuTa. OH U ABIAETCS MPOMBIIIJIEHHBIM ChIPbEM
JUIsL IPOU3BOJCTBA METAJUIMYECKOTO TOPHS, €r0 TUOKCHIA U APYTUX COECAUHEHUI.

OTMeTuM, YTO MHOTOYMCIICHHBIE CJIOXHOCTH TOPHUEBOI'O IMPOM3BOJCTBA YCYTYOJIAIOTCS HEOOXOIUMOCTBIO
HAJICKHOW pagualliOHHON 3aIMTHI.

AHanu3 cojiepKaHusl TOpUS B MCXOJAHBIX M KOHEYHBIX MPOJYKTaX IMPOBOAAT METOJIOM (IIIOOPECHEHTHOM
PEHTIEHOBCKOM CIIEKTPOMETPUU WM CIIEKTPAIbHBIM aHAJIN30M HMOPOLIKOB C IPUMEHEHHEM TYTH IOCTOSHHOTO TOKA.
Topuii B MOHaIMTE MHOT 1A ONPEEISIOT METUIIOKCAIIATOM U TeTpaxyiopdTaeBoi KUCIOTOM.

1.3 Bckpbimue mopuesbix pyo

MoHaIMTOBBI KOHLIEHTPAT BCKPBIBAIOT KUCJIOTHBIM MM ILEJIOYHBIM crocoboMm. Bribop cmocoba
OTpEAEIAETCS TEM, UTO YACTHIM MOHAIUT JIETKO pacTBOpsieTcs Nnpu o0paboTke ropsuei koHueHTprupoBaHHoi HySOy,
TOT/Ia KaK pyZbl, B COCTaB KOTOPBIX BXOAAT OoJjiee yCTOMUMBBIE MUHEPAIIbI, IPUXOANUTCS MOABEPraTh CIJIABIECHUEM C
KOH.

Kuciaornbiii c¢nocod. s BCKpBITHS MHUHEpaja B MPOMBIIUICHHBIX YCIOBUSAX, MOHALUTOBBIM KOHIIEHTpAT
oOpabarsiBaror ropsueii (temneparypa 200°C) KOHIIEHTPHPOBAHHON CEPHOM KHCJIOTOM (MHOrga — ¢ J00aBKOM
TJIABUKOBOM KHUCIIOTHI)

Th3(PO4)4+6HQSO4—)3Th(SO4)2+4H3PO4
ThS104+2H;SO4—>Th(S0O4),+S10,+2H,0
2LnPO4+3H,SO4—>Lny(SO4),+2H3PO4

B pesynbprare mosrydaeTcs 3KCTpakT, cBOOOAHBIM oT (ocdara. IIpoaykTel cynbdaruzanuu pacTBOPSIOT B
Bojie. [Ipu 3TOM B pacTBOp MEPEXOaAT paCTBOPUMBIE B BOAE CYJIb(aThl TOPUS, ypaHa U PEIKUX 3€Melb PACTBOPUMBI B
Boze. [lomyueHHyr0 macTy HEUTPaIM3yIOT U 3aTeM 00padaThIBAIOT COJSHOW KUCIOTON. OTAENEeHUE COMYTCTBYIOIIIX
JIEMEHTOB OCHOBAaHO Ha PA3JIMYHOW pPacTBOPUMOCTHU IOJIyYEHHBIX XJOPHUIOB. MHOTJa MCHONB3YIOT 3KCTPAKIHIO
TpubyTHIocharom, MO3BOIAIONIYI0 00JIee TOHKO OTJCTUTH IPHUMECH.
3amMeuanue. HpI/I PA3JIOKCHHUU MOHAaIUTa cepHoﬁ KHCJIOTOM HM30BITOK €€ IOJHOCTBIO HE OTTOHAKOT, TaK KaK Cy.]'[B(l)aT TOpUA
3HAYUTEIHHO JIETYe PACTBOPHM B CMECH CBOOOITHBIX KHCIIOT, CEpHOM M (hoChHOpHOI, 9eM B pacTBOPE C MaJIBIM COJAEpNKaHHEM
KHCJIOTBI; KPOME TOT'O, IPpHU COOTBCTCTBYIOIIEM p336aBHCHI/II/I BO)IOI71 U3 IOCJICAHCTO MOT'YT BBIACIUTHCA B OCAI0K (I)OC(l)aTI:I
TOPHUSL.

Ilenounoe BckpbITHE. [IpU BCKPHITHH HIETOYHBIM CIIOCOOOM MPOBOJIUTCS CIUIABJICHHE MOHALUTA C €KUM
natpoM (300-400°C), kapGonarom Hatpust (800-900°C) miu uszBectbio (1000°C) npu BEICOKO# TeMIiepaType.
3ameuanme. CruiaBineHue ¢ OmMKapOOHATAaMH IMETOYHBIX METAUIOB B Cllydae MOHAIMTa HEYyAOO0HO, TaKk KakK ITOJTHOE €ro
PA3IOKCHUEC JOCTUTACTCA JIMIIb ITOCJIC MHOT'OKPATHOI'O IMTOBTOPCHUA OIICPAllN.

[InaB BbIIETAYMBAIOT COAOHM, conepkamied HOHBI (ropa. Bo3moxkHa um 00paboTka HpHU MOBBIIEHHON
TEMIIepaType KOHIIEHTPUPOBAHHBIM PACTBOPOM €IIKOTO HATpa, IIPH STOM MPOTEKAIOT CIIEAYIONINE PEAKIIHN:

Th3(PO4)4+12NaOH—>3Th(OH)4+4Na3PO4
LnPO4+3NaOH—Ln(OH);+Na3POg4
B cnywyae menmouHOro BCKpBITHS IEHHEWIIHE KOMIOHEHTHI MOHAIUTa OCTAIOTCS B OCAJIKe B BHIE TBEPIBIX
THJIPOOKHCEH, KOTOpbIE 3aTeM IpPEeBpAIlalOT B PAacTBOpPUMbIE COeIUHEHHUs. [IpOoayKThI BCKpBITHS 00pabaThIBarOT
BOJIOH IS yIaJIeHHsI coeIMHeHNH (ocdopa.

OpHOKpaTHOE CcIUIaBlIeHHE OOecleYrBaeT MOYTH IOJIHOE Pa3OXKEeHWE TaKuX MHMHEPAJoB, KaK MOHAIWT,
IIUPKOH, KACCUTEPUT, WIBMEHUT U OeTaduT.

KpoMe onmcanHbIX pa3paboTaHbl CIIOCOOBI XJIOPHUPOBAaHMS MOHALUMTA, BOCCTaHOBJIEHUS QochaToB B
AJIEKTPOAYTOBOM TEUYM KOKCOM B CMECH C M3BECTBIO M IIOJIEBBIM INMATOM, CIUIABJICHHUS C (TOPOCHIIMKATAMH,
HKCTPAKLUs TOPUS OKUCBIO ME3WTWIA (MPUMEHMMAa K DPAa3sHOOOPa3HbIM THUMAM pyJA, Kak, HalpuMep, MOHALUT,
TOPUAHUT, TOPUT,’BKCEHUT W SIICHUT), BBIIEICHUE TOPHS M3 MOHAIUTA THAPOIU3OM MOYEBHUHBI B MPUCYTCTBUH
MYpaBbUHOM KHCJIOTBI, BBIJECJICHHE TOPUA U3 MOHAlUTa M YPAHOTOPHAHUTA METOAOM paclpeleIUTebHON
Xpomarorpaduu Ha HEJITI0I03€ U Jp.



I[J'If[ BBIACJICHUA TOpUA W3 MOHAIIMTA, IIPHU MOJYUYCHUN YUCTBIX COCI[I/IHCHI/Iﬁ TOPpUSA PECKOMCHAYIOT IMMPOBOAUTH
HCECKOJBKO ITIOCJICOO0OBATCIIbHBIX OCB.)K)IGHI/Iﬁ TCIUIBIM  pPaCTBOPOM TI/IOCYJ'IBq)aTa HaTpusad C OKOHYATCIbHBIM
BBIJICJICHUEM TOPHUA B BUAC OKCaIaTa.

1.4 OmOeneHue mopusi

Boigenenue topusi M3 pyl M MHMHEPAIOB 4YpE3BbIYAMHO 3aTPyJHEHO, MOCKOJIbKY MOHAIUT COAEPIKUT
3JIEMEHTBHI, 110 CBOMCTBaM OJIM3KHE K TOPHIO, — PEIKO3EMENIbHbIE METaUIbl, ypaH U Ap. [loaTomMy mocie okoHYaHHS
CTaJIuM BCKPBITHSI OCHOBHOM 3a7aueil sIBJISETCS OTIEIEHHE TOPUS OT PEIKO3EMENbHBIX AJIEMEHTOB. [l 3TOH 1enu
HCIOJIB3YIOT Pa3jInyie PacTBOPUMOCTEN I'MIPOKCUIOB U HEKOTOPBIX COJIEH TOPHS M PENKO3EMEIBHBIX JJIEMEHTOB,
JKCTPAKIMOHHbIE © HOHOOOMEHHBIE METO/IBI.

IIpy HeWTpanu3aluu KHUCIBIX PACTBOPOB, COAEPKAIIMX TOPUM U JIAHTAHOWIBI, TEPBBIM IOJHOCTBIO
ocaxaaercsa B uHTepBaiue pH ot 3,5 1o 5,5, a nocnennue — B untepsaie pH ot 6,2 1o 8,2. PacTtBopeHne cMelaHHbIX
THUIPOKCUIOB KUCJIOTOM TakKe NPOMCXOAUT IIOCIENOBATEIIBHO IPU JOCTHKEHHU B PAcTBOPE BBILICYKa3aHHBIX
3HadeHnd pH. AHanmornuHas KapTHHA MOJTydaeTcs Py OCaKACHUU (PocdaToB TOpUS U PEAKO3EMETbHBIX 3JIEMEHTOB
WIN UX PACTBOPEHHUHU B KucioTe. PocdaT ToOpus U3 CEPHOKUCIIBIX PAaCTBOPOB OCaXAaeTcsl MpH JocTkeHUH pH okoio
enuHUIEI, a GochaTel perIKo3eMenbHBIX IEMEHTOB B nHTepBasie pH ot 2,3 1o 4,5. Meroa HelTpaiu3auu KUCIOTo
pacTBopa IMOCJe KUCIOTHOTO BCKPBITHS PYJbl WIH KHACIOTHOTO PAaCTBOPEHMs OCalKa IOCIE IIEIOYHOIO BCKPBITUS
PyZibl MO3BOJISET MOIYYUTh KOHIIEHTPAT TOPHs, COAEpIKallell HEKOTOPOE KOJMYECTBO PEIKO3EMETIbHBIX 3JIEMEHTOB,
ypaHa, jxeje3a, TMTaHa, KpeMHus, ocopa M xjopa, U KOHIEHTPAT PEAKO3EMENbHbIX 3JeMeHTOB. KoHIeHTpaT
PacTBOPSIOT B KUCIIOTE, MIOCTIE YEro MPOBOAAT HKCTPAKIIMOHHOE OTAEIEHUE YUCTOTO TOPHUS.

KoHueHTprpoBaHUe TOpHUS MOXKHO OCYIIECTBISATh OCAXKJICHHUEM TOpUS B BHUJE Cyib(ara WIM OKcajaTa.
I'mapoxcuma Topusi U peAKO3eMETbHBIX 3JeMEeHTOB 00padarbiBaroT 50%-1oit H2SO4 Tak, 94To B 0CaZOK BBIICISACTCS
cyab(ar Topus ¢ IPUMECIMH PeIKO3eMENIbHBIX IEMEHTOB, ypaHa, xkeje3a, pochopa u kpemuus. [ng nanpHenen
OUYUCTKH OT MpHUMecei cynbdar Topusi o0pabaThHIBAIOT €KUM HATPOM, TOIYYEHHBIC THIPOKCHUIBI PACTBOPSIOT B
CEpHOM KUCIIOTE U OCAXJaIoT cynbdat Topus. [locnequuii nepeBoIsAT B HUTPAT.

[Tpu 06paboTKe KMCIIOTO PacTBOpa CMECHIO KOHIEHTPHUPOBAHHBIX CEPHOW M (PochOpHON KHCIOT CHadaia
OCAKIACTCA OCHOBHAs Macca PEIKO3EMEIbHBIX DJJIEMEHTOB, 3aT€M W3 YIAPEHHOTO PACTBOPA BBIACIAETCS
cyabdodocdar Topus.

KoHueHTprupoBanue TOpus ¢ MOMOIIBIO IIABEICBOW KUCIOTBHI OCYIIECTBIIAECTCA PACTBOPEHUEM T'MIPOKCHIIOB
TOpUS U PENKO3EMENBHBIX 3JIEMEHTOB B COJSHOW KHCJIOTE C MOCIEAYIOLIUMM OCaXIECHUEM MEHEE PACTBOPHMOIO
oKcaJlaTa TOpHS IaBeIeBOM KUCIO0TON. OcafoK CHOBA MEPEBOAAT B TUAPOKCHUT, @ TUAPOKCHU] PAaCTBOPSIIOT B a30THOM
KHUCJIOTE, MOCJIE YETO NOABEPTAOT JONOJIHUTEILHOM OUUCTKE dKcTpakuuend Thd.

B NpOMBINUIEHHBIX YCIOBHAX 4Yallle BCETO W3 BOJHBIX pAacTBOPOB TOPUHM M ypaH DKCTPArUpyIOT
HECMEILIMBAIOIUMCS ¢ Boxo Tpubytuindocharom. Paznmenenne ypaHa u  TOpUS MPOUCXOIUT HA CTATUH
n30upaTenpHOM  pesKkcTpakuuu. Ilpu ompeneneHHBIX yCIOBHSAX TOPUH M3 OPraHUYECKOIO PacTBOPHUTEINS
MEPETATUBACTCS B BOAHBIN PacTBOP a30THOM KUCIIOTHI, a ypaH OCTAeTCs B OpraHUYecKoi ¢asze.

B kauecTBe SKCTpareHTOB MOTYT NPUMEHATHCS TaKXKe METUIM300y THIIKETOHBI, IEHTaY(Hp, OKCUIL ME3UTUIIA,
MOHO- U audTHIAGOochaThl, B-AUKETOHBI. VCKIIOUUTEIHHO BBHICOKHE KOA(PQHUIMEHTHl paclpeieieHuss TOpUs IaroT
MOHO- U Juankuwidocdarsl B MHEPTHBIX pacTBopuTesix. OHu m3BnekatoT topuil (IV), nupkonuit (IV), HenryHmit
(IV), mnyronuit (IV). Koadpdunuentsl pacnpeneneHuss JOCTUTAIOT HECKOJIBKUX ThICAY, a M30UPATENbHOCTD
W3BJICYEHUS] IOCTUTAETCs MOA00POM KHUCIOTHOCTH PacTBOpa U KOHLEHTPALUU IKCTPareHTa.

Topuii 0T ypaHa MOXXHO OTAEIHUTH C MOMOIIBIO AUITHIOBOTO 3(pHpa, KOTOPBIH SKCTParupyeT TOJIbKO YpaH.
0,25 M pactBop TTA B Gensone npu pH=I1 u BbIIIe KOJMYECTBEHHO AKCTPATHPYET TOPHUH, MPU STOM aKTHHUH U
peAKo3eMeNbHbIE 3NIEMEHTHI MPaKTUYecKu He skcTparupyrorca. Monsl ypana (IV), mnytonus (IV), ventynus (IV),
mupkonus (IV), rapaus (IV) u (III) skcTparupyrorcsi ¢ TOpueM, HO MPHU PEIKCTpaKIUU BOoAHBIM | M pactBopom
KHCIIOTHI OCTaloTcsi B opranuueckoi ¢aze. Bmecro TTA mMoxkHo ucnomnb3oBath 1-(3,4-muxmnopdennn)-4,4,5,6,6,6-
rekcaToprekcanino-1,3, KoMIIeKkc KOTOporo ¢ TOpUeM pacTBOPUM 3HAUUTENBHO Jiyule Kommuiekca Topusi ¢ TTA.

Jis oTneneHuss TOpUS OT PEAKO3EMEIbHBIX 3JEMEHTOB MOXET OBbITh MCIIOJIB30BaHA 3KCTPAKIMS TOPHS
OKCHJIOM ME3UTHUJIA U3 COJITHOKUCIIOTO PacTBOpa, HAChIILIEHHOTO HUTPATOM aJIFOMUHHSL.

OtneneHue TOpUs OT JPYTHX DJIEMEHTOB MOXET OCYLIECTBIATbCS XpoMmMaTorpadueil Ha KaTHOHMTE U
aHuoHUTE. YeThIpEX3apsIHblii UOH TOpUS MPOYHO aAACOPOMpYETCs KATHOHUTOM M B OTJIMYME OT OIHO-, ABYX- U
TPEX3apsAIHBIX MOHOB, B YAaCTHOCTH HMOHOB PEAKO3EMENbHBIX 3JIEMEHTOB, HE MOXKET OBITh BBIMBIT C KAaTHOHUTA
aQ30THOM M COJISIHOM KHCJIOTaMHU JIIOOBIX KOHIEHTpauuil. [l ero »siroupoBaHHs HEOOXOAMMO IPUMEHSTh
KOMILIEKCO0Opa30BaTeiy, HalpuMep IaBeNeBY10, JUMOHHYI0, Mojo4Hble kucaoTel, NaHSO4, dropua, kapOoHar.

Topwii Jerko OTAENHTH OT ypaHa, HENTYHHs, IUIyTOHHsS (HO He Pu'), MPOTAKTHHHS M APYTHX METajIoB,
00pa3yIoNMX YCTOWYMBBIC KOMITJIEKCHI C COISIHOM KUCIIOTOH, (pUABTpOBaHUEM Yepe3 aHHOHUT, HA KOTOPOM TOPH He
3ajepKuBaeTcs, Tak kak He oOpasyer ¢ HCl ycroitumBoro kommiekca. Cienyer MOAYEPKHYThb, YTO IUPKOHHUHA B



OTJIMYME OT TOpHsS JAET AHUOHHBIA KOMILIEKC M aJcOopOMpyeTcs aHMOHUTOM. ODTOT METOJ HE MPUTOJIEH JUIs
OIpeAEICHUs OT PEIKO3EMEIIbHBIX JIEMEHTOB U AKTHHOMIHBIX 2JIEMEHTOB B CTEIIEHN OKUCJICHUS 13.

C a30THOH KHCIOTOW TOpUi 00pa3yeT aHMOHHBIE KOMIUIEKCHI, IO3TOMY M3 IOCTaTOYHO KOHIICHTPHPOBAHHBIX
pacTBOpPOB Aa30THOW KHUCIOTBI OH aJacopOUpyeTcs Ha AaHUOHUTE M MOXKET ObITh OTHENEH OT IIENOYHBIX,
LIEJIOYHO3EMENBHBIX U PEAKO3EMENIbHBIX 3JIEMEHTOB, aKTUHUS, HIUPKOHUS U Jaxke ypaHa. OTaeneHre oT HOCIeIHEro
IIPOUCXOJUT NPU HArpeBaHUM KOJOHKH. DioupoBanue ypana Benércs 4 M HNOs, a Topust — Booil.

3ameuanue. [lpm aHanM3e MOHAIMTOB TOPHH NIECOPOMPYIOT C MEIDIIONIO3HOW KOJOHKH 3(upoM, copepxamuMm 12,5% (1o
o0bemy) HNO:;.

1.5 NMony4yeHue coeduHeHUlU mopusi

TexHonornuecku HanOojiee BaXHBIMM JUISI MCIIOJIb30BAaHHUS B KayeCTBE SJIEPHOTO TOPIOYETO WU Ui €ro
MOJIy4EHHUS, B YACTHOCTH JUIsl MOJYYEHHUS] METAJUIMYECKOTO TOPHS, SIBISIOTCS JIBYOKHUCH TOpHS, TEeTpapTOpua u
TETPAXJIOPU] TOPUSL.

Huoxcun ThO, obpasyercst mpu cropaHuy MeTajula Ha BO3AyXe, MPHU MPOKaIMBAaHUM THAPOKCHA, a TaKXKe
HEKOTOPBIX COJIeH — HHUTpara, kKapOoHaTa. DTO UCKIIOUYUTEIHHO BBICOKOIUIABKOE coequHeHue — T. i 3350° C, T.
kurn. 4400° C; pearupyet ¢ okcugamu metamuioB mpu 600-800° C, oO6pa3yst ABOMHBIC OKCHUIBI (TOPATHI), HAPUMED,
K,ThOs3, BaThOs, ThTi;O¢. ThOyycToitunB k AEHCTBHIO KHCIOT M BOCCTaHOBUTENEH. OOBIYHO TBYOKHCH TOPHS
MOJIy4aroT U3 OKcaJlaTa ero NpOKaJIuBaHUEM HA BO3/yXe€:

Th(C204)2'2H20+02—)Th02+4C02+2H20

I'unpokcun Th(OH)s mosrydaroT B3aMMOACWCTBHEM COJICH TOpPHS C pacTBOpamMu miesioueid. AMopdHoe
BeniecTBo; ycroiunbo mpu 260—450° C, Boite 470° C npepamaercs B ThO,,

Jns npaktuku Hanbonee BaxHb! (propun ThFs u momua Thly. TlepBeiii HCONMB3YIOT ISl TIOYYEHUS TOPHS
3JEKTPOJIM30M M JUISl PACIUIABICEHHUS €ro B a30THOM KucioTe: yucThli Topuii B unctod HNO; He pactBOpsiercs,
HeoOxoauMa mobaBka Gropuna. Terpanonus e UCTIONB3YIOT ISl TOTYUYSHHUS TOPHUS BBICOKOW YUCTOTHI, TOCKOJIBKY
npu Temieparype Boitie 90°C 3To coequHEHNE CTOCOOHO K TEPMUYECKON AUCCOIUAIIIH:

Thly — Th + 21I,.

TerpadTopun Topus nonydaroT GTOpUpPOBAHWEM AHOKCHAA Topus GTopucThiM BomopoaoMm mpu 5S000C wim
NpSMBIM  OCaKJeHHeM (TopHuIa TOpus U3 pacTBopa HHUTpara Topusi 70%-HOHM IJIAaBHKOBOM KHUCIOTOM IpH
HarpeBaHUU:

ThO, + 4HF —C SThF, +2H,0

Th(NO,), + 4HF —2 %0 S ThE . xH,0 + 4HNO,
W3 runpata gropuaa Topusi 0€3BOAHYIO COJIb MOTYYAIOT IPOKATUBAHUEM:
ThE, - xH,0 X201 s TpE, 1 xH,O
Bo3morkHO (TroprpoBanue auokcuna Topus GppeoHoM-12:
ThO,+2CCl,F,—ThF4+2COCl,
TerpadTopun ThFs umeer 1. un. 1100° C, 1. kun. 1650° C, pactBopuM B Bojie, 00pa3yeT KPUCTAIIOTHIPATHI.

Terpaxnopu TOpHs NOJYyYarOT XJIOPUPOBAHMEM OKCalaTa XJIOPOM HIIM YETBIPEXXIJIOPUCTBIM YIJIEPOIOM B
IIPUCYTCTBUM yIUIA. Peakuys mporekaer 1o cxeme:

4Th(C,0,), + 4Cl,—2"<52ThO, + 2ThCl, +12CO, +4CO
2ThO, +3ClL, +3CO—2"C 5 ThCl, + ThOCL, + 3CO,

ThOCL, + Cl, + C—"< 5 ThCl, + CO

XrnopupoBanue qUOKCHIa Topusi, cMenrannoi ¢ yriaém, npu 800°C B mpucyrcreuu FeCls Benérest B pacruiaBieHHON
cmecu NaCl u KCI. IIporecc mpoTekaer 1o ypaBHCHHSIM:

ThO, + C + 4FeCl,—>ThCl, + CO, + 4FeCl,

4FCC12+2C12—)4F6C13

[Mpouecc moxer uaru npu 900°C Ge3 karamusaropa FeCls, HO B 3TOM ciydae HEOOXOAMMO IMPUMEHSATH
YIIEpPOJ C BHICOKOM PEaKIIMOHHOM CIIOCOOHOCTHIO.

Terpaxmopun ThCly umeer 1. . 770° C, 1. kun. 921° C, pacTBOpHM B BOJIe, HM3IIUX CIUPTaX, dpupax,
arierone, 6enzosie. O6pasyert ruzapatsl ¢ 2, 4, 7 1 12 MoneKyIaMu BOJBI.

Terpabpomua ThBrs umeer 1. . 679° C, 1. xumn. 857° C, obpasyer ruapartsl ¢ 7, 8, 10 u 12 monexkynamu
BOJIbI, a TAK)KE CONBBATHI C aMMHUAKOM M aMUHAMU.

Terpanomun Thly umeer T. ut. 566° C, 1. kum. 837° C, X0poI110 pacTBOPUM B BOJIE C 00pa30BaHUEM THIPATOB,
MIpY HarPEBAHUHU U JICHCTBUU CBETA pasiaraeTcs ¢ BhICTICHUEM Ip.

Jlnst mosty4eHusl METaJUIMYE€CKOTO TOPUST UCIIOJIb3YIOT IBOMHOM XJIOPUJT TOPUSI U HATPHUA, KOTOPBIM MOTYy4arOT
no cienyromeil cxeme. CHayana ocaxngaroT kapOoHaToM Harpust okcukapOonat Topus ThOCOs, KOTOpbIi




pacTBOpsitOT B U30bITKE 37%-HOM COJISIHOM KHUCIIOTBI; 3aTEM pacTBOP YHapUBaIOT B MPUCYTCTBUU XJIOPUCTOIO
aMMOHMS [T IPENOTBpalleHus ruaponusa. [Ipouecc na€r no peakuuu:
ThOCO3+4HC1+2NH4C1—)(NH4C1)2ThC142H20+C02
[MonyueHnyro aBoiHy0 coiab cMemmBaroT ¢ NaCl u 3atem 06e3BokuBaloT HarpeBanueM 10 260° C B atMmochepe
XJIOPUCTOT'O BOJOPOA:
(NH4C1)2'ThCl4'2H20—>(NH4Cl)2'ThC14+2H20
(NH4Cl); ThCl4+NaCl—->ThCly NaCl+2NH4Cl
[Tpu HarpeBanuu Topus B armochepe Bomopona mpu 400600 °C obpasyercs ruapun ThH, TemHo-cepsie
KpHUCTaJIbl, OBICTPO pa3iararouiyecs npu ASHCTBUM BIaru Bo3lyXxa ¢ 00pa3oBaHUEM JUOKCUIA.
Monokap6oun ThC mnomy4aror B3auMMOJEHCTBHEM METAUIMYECKOTO TOPUS CO CTEXHOMETPUUYECKUM
KOJIMYECTBOM yTiieposa, ero T. . 2625° C. lukapoun ThC, momyyaroT B3auMOAEHCTBUEM METALNTHYECKOTO TOPHS C
n30BITKOM yrieposa win BoccraHoBineHneM ThO, yriepogom npu 1500° C. Ero 1. ur. 2655° C, 1. xun. 5000° C,

paznaraercsi BOJIOM U pa30aBIEHHBIMH KHCIOTaMU C OOpa30BaHHUEM YTJIEBOJOPOJIOB, Ha BO3AyXE€ OKHCISETCS MpuU
600-700° C no ThOs,.

1.6 lNony4yeHue Memaniu4ecko2o mopus

Topuii BBICOKOM YMCTOTHI MOJIy4atOT BOCCTAHOBIEHHEM AMOKCHA, TeTpadTopuaa WM TETpaxjopuja TOpUs
METAJUTMIECKUM KaJbI[HEM, TETPAXJIOpHIa — MarHUEM WM aMaibraMoil Hatpust npu Temmneparypax 900-1000°C, a
Takke dekTposn3om terpadropuaa B pacmiase KCI-NaCl v snexrponuzom nBoriHo# conu NaCl' ThCly.

Meramn nomyvaercs B BuAe nopouka. [IpeBpameHue mnopomka B KOMIIAKTHBIA MeETaul IPOBOIUTCSA
CIIEKaHHEeM ero mocie obesraxuBanms mpu 1300°C mox masneHmeMm 3,5 1/cm® B armocdepe aproHa. WHorma
TOPUEBBIN MOPOIIOK cliekaroT B BakyyMe nipu 1100...1350°C.

Emgé 6onee uncThIii TOpUi MOKET OBITh TIOJYYEH PA3IOKECHUEM TETPANOIU A TOPHUS HA HAKAJIEHHON
BoNb(pamMoBoii HuTH. [Ipy 3TOM 06pasyercs MUPodOPHBIil MOPOIIOK, KOTOPKIH o1 AaBaeHueM 1,5 T/cm” mpu 1450°C
CIIPECCOBBIBAETCS B KOMIIAKTHBIN METaIlI.



