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Mpeancnoeue

1 NMOOMOTOBIEH ®epepanbHbiM rocy4apCTBEHHBIM YHUTApPHBIM NpeanpusatveM «LleHTpanbHbIn
Hay4YHO-MCCNegoBaTeNbLCKUIA UHCTUTYT 4YepHoW MmeTannypriun um. W.I. Bapguna» (OryMn «UHWAuepmer
nm. W.MN. BapguHa» ) Ha ocHoBe COBCTBEHHOIO NepeBoaa Ha PYCCKWIA A3bIK aHIMOS3bIYHON BEPCUKU CTaHAapTa,
yKa3aHHOro B NyHkTe 4

2 BHECEH TexHuW4YyeckMM KOMMTETOM No cTangaptusauuu TK 372 «Pegkue M pegkoseMernbHble
MeTannbi»

3 YTBEPXOEH W BBEOEH B JEWCTBWE MMpukasom ®enepanbHOro areHTCTBa Mo TEXHUYECKOMY
perynuposaHnio U metponorin ot 13 nions 2023 r. Ne 514-ct

4 Hacrtoawui ctaHgapt aensetcsa MogudULMpOBaHHBIM MO OTHOLWWEHUID K MEeXAYHapoaAHOMY CTaH-
napty WCO 22444-1:2020 «PepgkosemenbHble arneMeHTsl. Cnoeapb. Yacte 1. MuHepansl, okcuabl U gpy-
rve coeguHeHusy (ISO 22444-1:2020 «Rare earth — Vocabulary — Part 1: Minerals, oxides and other
compounds», MOD), npu 3TOM M3MeHeHHble (bpasbl U CroBa BblAeNeHbl B TEKCTE KYPCUBOM.

YKasaHHble OTKIOHEHWS YYUTBIBAOT OCODBEHHOCTM TEePMWMHOMOrMK, NPYMEHSEeMON B HaUMOHanbHOW
MPOMBbILLNEHHOCTU pedKko3eMeNbHbIX MEeTannoB W HanpaeneHbl Ha npuvBedeHWe OTAeNbHbIX TePMUHOB B
cooTBeTcTBME C Hanbonee ynotpebnaemsiMu B Poccuiickon ®enepauun.

HavmeHOBaHMe HacToALWEro cTaHaapTa U3AMEHEHO OTHOCUTENBHO HAMMEHOBAHUWA YKA3aHHOIO MeXay-
HapofgHoro ctaHgaprta anga npueseaeHus B cooteetcteue ¢ FTOCT P 1.5—2012 (nyHkT 3.5).

AndaBuTHbBIW yKasaTenb TEPMUHOB NPUBELEH B AOMOMHATENBHOM npunoxeHun JA

5 BBE[EH BIEPBbIE

lNpasuna npumeHeHUss HacmosAweao cmaHdapma ycmaHoeeHbl 8 cmambse 26 @edepanbHOz0 3aKoHa
om 29 uroHA 2015 2. Ne 162-03 «O cmaHdapmu3sauuu e Pocculickoll ®@edepayuu». VMHpopmayus ob us-
MeHeHUSX K HacmosuweMy cmaHO0apmy nybrukyemcs 8 exez00HOM (0 COCMOSHUK Ha 1 AHeaps meKyuieao
200a) uHghopmayUOHHOM ykazamene «HayuoHansHele cmandapmel», a oguyuansHbil mekcm uaMeHeHul
U onNpagoKk — 8 EXEeMeCHYHOM UHGhOopMauUOHHOM ykazamene «HauyuoHanbHbie cmaHdapmel». B crnydae
nepecmompa (3aMeHbl) unu omMeHbl Hacmosueao cma+H@apma coomeemcmaytowee ygedomMneHue bydem
onybnukosaHo 8 brnuxaluwieMm 6binycKke eXeMecsyHo20 UHQPOPMayUOHHO20 ykaszamesns «HayuoHanbHble
cmaHOapmbi». Coomsemcemaeyoujasa UHGopmayus, yeedoMIeHUe U MeKCmbl pa3Mewamcs makxe 8 UH-
hopmayUoHHOU cucmeme obujeao noib308aHuss — Ha oguluanbsHoM calime @edepanbHo20 azeHmemea no
MexHUYECcKOMy peaynuposaHuro U Memponoauu 8 cemu MHmepHem (www.rst.gov.ru)

© ISO, 2020
© OdpopmneHue. ®IBY «UMHcTUTYT cTaHgapTuzayuny», 2023

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO UMK YACTUYHO BOCMPOU3BEOEH, TUPaXXMNPOBAH U pac-
NMPpOCTpaHeH B Ka4vecTBe OC*)MLI,MBJ'II:HOFO n3naHua bes pa3pelieHunsa <De,qepaanoro dreHTCcTBa no TeXxHNn4ecko-
MYy perynmpoBaHvMi 1 METPOJIOTUA
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BeegeHue

PefkosemMenbHble aNeMeHTHl HALWMK LWKMPOKoe NpuMeHeHne. PaznuyHble KOMNaHuM U 0Tpaciv NpoMbiILL-
NMEHHOCTW WUCMNONb3YyT BCEBO3MOXHbIE ONpeaeneHns Ans penko3eMenbHbIX 3NeMEHTOB, UX COeOMHEHUH W
cnnasoB. [1oaToMy cyLlecTBeHHOe 3HavyeHue UMeeT YHUMUKaLUsi TEpMUHOMOTMMW, UCMOMNb3YeMO B MPOMbILL-
NEeHHOCTW pefKo3eMEenbHbIX SNeMeHTOB.

Okono 250 MMHepanoB COAEPKUT 3HAYMMOE KONMYECTBO peaKo3eMenbHbIX MeTanmnos, Npy 3TOM NULLb
HeMHorue MmectopoxaeHua P33 akoHomuyecku LenecoobpasHo paspabaTeiBaTts. MNo Mepe nepepaboTku peq-
KO3eMenbHbIX pyZ B MPOMEXYTOUHbIE MPOAYKThI U Aanee B KOHEeUYHble NPoayKThl MOMNy4YakT pasnuuHble oKcuabl
W Opyrve coeouHEeHUsl peaKo3eMenbHbIX 3MeMeHTOB.

HacTosiumit cTaHgapT ycTaHaBNMBaeT TEPMUHbI B 06nacTu MUHepanoB, OKCMAOB W APYrMX coefuHe-
HWIA pefko3eMenbHbIX 3NeMeHTOB ANs Npou3BoauTenei, notpebuteneid U y4acTHUKOB Toproenu. Hactoawmi
CTaH4apT MOCNYXWUT CNPABOYHUKOM, KOTOPLIA MOMOXET YMEHbLUIWTL YACMO pa3HOrMacuil MNu TOProBbIX Cro-
poB, 06yCNOBMNeHHbLIX HECOOTBETCTBUAMU B TEPMWUHAX, UCTIONL3YeMbIX Npy paboTe ¢ peaKko3eMensHeIMU MU-
Hepanamu, oKCMaaMu U ApYrMU COeAUHEHUSMMU.

B crtaHgapTe npuBeOeHbl WHOA3BIYHLIE 3KBUBANEHTbl CTAHOAPTU30BAHHLIX TEPMUHOB HA aHrmuii-
CKOM (en) fA3bIKe.

CTaHOapTM30BaHHbIe TePMUHLI HaBpaHbl NOMYXXUPHLIM LLIPUATOM, MHOA3bIYHbIE 3KBMBaNEHTLl — CBeT-
NbIM, CUHOHUMbI — KYPCUBOM.

v
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(MCO 22444-1:2020)

HAULUWOHANBbHBIWA CTAHOAPT POCCUMNCKOWN PEOQOEPALULWUMK

PEOKO3EMENBbHbLIE METANNDI.
MWHEPATbI, OKCUALI M NPOYWUE COEOUWHEHWA

TepMMHbI U onpegeneHnA

Rare earth. Minerals, oxides and other compounds. Terms and definitions

OaTa BBegeHua — 2023—11—01

1 O6nacTb NnpuMeHeHunA

HacTtoawumin CTaHOapT onpeendetr TepMUHbl ONA pedKo3eMeribHbIX MUHEepanoB, OKCHMOOB WM OpPYrux

COEdMHEHUN, TaK e KaK Ons CBA3aHHLIX C HUMMW npon3BoACTBEHHbIX NpoUeCcCOB.

HacTtoauwumi CTaHOapT MOXeT OblTb MCMOMNbL30BaH B KAYECTBE CChINKK ansa yHMCDVIKaL{MI/I TEXHNYECKUX
TEPMUHOB B obnacTu npon3isogcTea, NpUMeHeHndA, KOHTPOnA, OGDBLIJ,E!HMH, TOpProBmnu, Hay4YHbix nccneqoBaHui

n O6paEOBaHMF|, CBA3aHHbIX C pegKo3eMenbHbIMW anemMeHTamMmn.

2 HopmaTuBHbIe CCbINKK

B HacToAlemM CTaHdapTe HOpMaTUBHbIE CCbIJTKM OTCYTCTBYIHOT.
3 TepMuHBbI U onpegeneHusn

3.1 peakosemMenbHbIW anemeHT: ObGlee HasBaHuve Ana ckaHauna (Sc),
uttpua (Y) n nantaHougoe (La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,
Yb, Lu), yTeepxaeHHoe B 2005 rogy MexayHapoaHbIM COH30M TEOPETUYECKON U
npuknagHon xumum (MHOMAK) B PekomeHgaumnax no HoOMeHKNaType HeopraHuye-
cKkon xumumn [1].

MpumedyaHuns

1 O1genbHble TEPMUHBI M COOTBETCTBYIOLWME COKPALLEHHbIE TEPMUHbI ABMAIOTCHA 06-
LMK, TAKUMW KaK pefko3eMerbHblA anemeHT (P33) 1 okcuva pefko3eMernbHOro anemeHTa
(OP33) (5.2.1).

2 PepkoseMernbHblE SNEMEHThI Yalle BCEro pa3aensaioT Ha Nerkyto, CPeaHIo 1 TsKe-
nyto rpynnel. [pu atom nerkve P33 BknioyaloT aneMeHTsl Mexay naHtaHom (La) u Heogu-
mom (Nd), cpegHue P33 BkniovyaloT snemeHThl Mexay camapueM (Sm) v ragonuHuem (Gd),
a Tsxenole P33 BkntoyatoT anemeHThl oT Tepbua (Th) go nioteumna (Lu), a Takke ckaHauia
(Sc) n uttpun (Y).

3 Onanmom (Di) obbl4HO Ha3bIBaOT cMeck anemeHToB Pr i Nd.

4 XapaKTepuCTWKW peaKo3eMernbHbIX 3NEMEHTOB OMUCAHLI B NPUNOXKEHWU A.

3.2 pegokoseMenbHbIA MUHepan: MuHepan, cooepaluih oOuH WNn He-
CKOMbKO pegKko3eMerbHbiX anemMeHToB (3.1).

MpumevyaHune — PegkozemMenbHble 3nemMeHTbl MOryT NPWCYTCTBOBaTh B BUAE
MPOCTOr0 COEAVNHEHWA, BKMIOYEHHOMO B PELUETKy OPYroro MuHepana unu copbupoBaHHOro
Ha OpyroMm MuHepane, Hanpumep, 6actHeauT (4.1.1), MmoHauuT (4.1.2) UNM MOHTMOPWUNIO-
HWUT B MECTOPOXOEHUAX WOHHOW MMWHBI.

rare earth element

rare earth mineral

MapaHune ochbuumnansHoe
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3.3 peakosemMmenbHas pyaa: PegkosemMenbHas MUHepanusaLmsa, BcTpeyato- rare earth ore
Lanaca B MpUpoAe B PasfuyHbIX TUNAX PYAHbLIX MECTOPOXAEHUN.

MpumevyaHne — Te TNbl MECTOPOXAEHWIA, KOTOPbIE B HACTOSLLEE BPeMSA UK
paHee aKCnnyaTupoBanvicb B KOMMEPYECKUX Lensx, BKYaloT pydy MecTopoxaeHus ba-
HoHb-060 (4.2.1), MOHHO-aACcopBLMOHHYH peaKo3eMenbHyo pyay (4.2.2), kapboHaTuToBble/
LernodHble uHmpy3uu (4.2.3), kopbl ebieempuegarus kapboHamumos (4.2.4) u npubpexHo-
Mopckue pocceinu (4.2.5), anamum, nonapum (4.1.5), asduanum, ghocghopumei.

3.4 mMecTopoXxaeHue peaKoseMernbHbIX 3aneMeHToB: [nowagb Mnu obsL- rare earth deposit
eM 3eMHORN KOpbl, rde UMEeeTcs CKOMMeHWe pefKko3eMernbHbIX MuHepanoe (3.2)
(c opyrMMK NonesHbIMKW MUHepanaMmm Ui 6e3 HMX), NpeacTaBnsoWmMX 3KOHOMM-
YeCKUN NHTepec.

3.5 ypoBeHb pegkux 3emenb: MaccoBas fonsi pedkosemeribHbIX 3neMeH- rare earth grade
mos (P33) unu okcupoB pepkoseMenbHbiX anemeHToB (OP33) (5.2.1) B mecTo-
pOXOEHWUW/KOHLIEHTpATE, XBOCTax LU omxodax.

MpumevaHns

1 YpoBeHb MOXeT BbITb NpedcTaBneH B NPOLEHTax Wim B Kr/T unu r/T. B 3agBneHnsx
00 ypoBHe JOMmKHO ObITh YETKO YKa3aHo, NpedoCTaBnAKTCA MY AaHHble Ha ocHoBe P33 unu
OP33.

2 lMNpw nepecyeTe comgepXaHus MeTanna Ha ero oKcua crefyeT y4yuTeliBaTb nonpa-
BOYHbIA KO3O(OULMEHT C Y4ETOM CTEMEHN OKUCNEHWA COOTBETCTBYIOLLEro MeTanna. 3a uc-
KnodeHrem okcuaa uepua (CeQ,), okcnaa npaseoauma (PrgO44) v okcuaa Tepbus (Th,O5),
cnenyeT cunTath P33 B MX oKcugax co CTeneHb OKMCIEHns +3.

3.6 pefKo3emMenbHbIe MMHeparnbHbBIe peCcypChbl U 3anacbl NONe3HbIX UC- rare earth mineral re-
KonaeMblIX: Pecprbl pyadbl UNK MUHEPanoB, cogepXawunx pegkoseMeribHble 3rne- source and mineral
MEHTbI, KOTOPbIE MOI'YT ObIThb ,ELOﬁbITbI npaBoMepHO U C BbIFO0N B CyLleCTBYHLKNX reserve
YCNoBUAX.

[MMpumeyaHune — YkazaHHbIN 3anac npeactaensaeT coboi oUeHKy pydbl, paccyu-
TaHHYH MO CKBAKMHAM, BbIXOAaM W ONbITHLIM JaHHBIM, NPOrHO3MpYeTcA Ha 0BocHOBaHHOE
paccTosHWe No reonornYeckUM AaHHbIM.

3.7 copepxaHue pegKo3eMenbHbIX 3NeMeHTOB; obujee codepxaHue rare earth content total
pedkoseMernbHbIX 3neMeHmos. MaccoBas O0onA peako3eMerlbHbIX 3MIEMEeHTOB B rare earth content
maTepuane.

MpumevaHue — [na okcugoe (5.2.1) u gpyrux coeguHeHUN pedrko3eMenbHbIX
3nNeMeHTOB copepkaHue 0BbIYHO yKasbIBaeTes B NPOLEHTaX OKCUAA pedKo3eMeneHbIX ane-
MEHTOB, T. e. % OP33. [Ing meTannos v cnnasoB coAaepXaHne 0BbI4HO yKa3biBaeTcd B Npo-
LeHTax pefko3emernbHoro Metanna, T. e. % P303.

3.8 pacnpepeneHue peaKko3eMenbHBIX ANeMeHTOB: MaccoBas JoNs Kax- rare earth distribution
[0ro oTAenbLHOro peako3eMenbLHOro aneMeHTa B MaTepuane, cogepxalleM CMech
penKo3emenbHbIX 3MEMEHTOB, MO CpaBHEHWIO ¢ OBLUMM cogepxaHueM pegkose-
MenbHbIX aNemMeHToB (3,7) B MaTepuarne.

MpumMeyaHue — PacnpeneneHve Ans MeTanmnoB W CNNaBoB 0BbI4HO BbipaXKaeT-
CS1 B BMAe NPOLEHTHOrO COAepaHWA pedko3eMensHoro Metanna, T. e. % P33, ons okcupoe
W OpYrUX COEAMHEHWIA — B BUAE NPOLEHTHOrO COAemKaHus okcuaa peako3eMensHoro ane-
MeHTa (5.2.1), T. . % OP33.

3.9 cpefHAA MonspHasa macca CMellaHHbIX pefKo3emenbHbIX coeau- average molar mass
HeHui: OTHOWweHWE 0bLLen Macchl BCex pedko3eMenbHbIX COeAUHEHNA K X ob- of mixed rare earth
LeMy YUCny Monem, Kak nokasaHo dhopMynoun: compounds M
N
mj
MoMotal _i=1 _ M+ M.+ MmN
fotef Np ™M M2, My
51 M MM My
2
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roe m,.., — oblias macca CMelwaHHbIX PeAKO3eMerbHbIX 3NIEMEHTOB, T;
Niota) — 0OLLEE KONUYECTBO CMELLIAHHBIX PEIKO3EMENbHbIX 3MEMEHTOB, MOTb;
m; — Macca pefKo3eMensbHoro coeguHenus /,i=1,2, .., N, r;
M; — monspHaa macca pegkoseMenbHOro coeduHeHua i, i =1, 2, ..., N.
OcHoBHoM eguHKLen pacyeTta saensetcs 1/x (RExBy) rimonb.

MpumumedyaHne — YkasblBaeTca B I/MOnb.

lpumepsbi

1 CpedHsAsa MonApHasa Macca cMelaHHo20 okcuda pedKo3eMesbHbIX 3/1eMeH-
moe (5.2.1), codepxaujezo 40 % okcuda naHmaHa u 60 % okcuda ummpus, paccyu-
meieaemcs crnedyrowumMm o6pazom:

My 2,045 = 40 e, My,0, = 60 2, M, , = 325,81/2 = 162,90 2/monb, My = 225,81/2 =
= 112,90 2/mMOnb.

o 40 +
M= % =128,7 2/Monb.

1629 1129

2 CpedHsa MonfApHasa Macca cMellaHHo20 okcuda pedKo3eMesTbHbIX 3J1eMeH-
moe (5.2.1), codepxaujezo 25 % okcuda npazeoduma u 75 % okcuda Heoduma, pac-
cyumsieaemcs credyrowum o6pasom:

Mpre0,, = 252, Mpg,0, = 752, Mp, = 1021,44/6 = 170,24 2/monb, My, = 336,48/2 =
= 168,24 2/monb

M= % =168,7 2/monb.

N g AN
170,2 1682
3 CpedHsasa MonsapHas Macca cMeuwaHHo20 xnopuda pedKko3eMeslbHbIX ae-
meHmos (5.2.2), codepxauiezo 40 % xnopuda nanmara u 60 % xnopuda uyepusi, pac-

cyumsieaemcs cnedyoujum obpasom:
My aciy =40 8, Meecy, =60 2, M o), = 245,26 2/Monb, Mcocy, = 246,48 2/mMonb.

40 + 60

M= 40 " 60 =246,0 2/Monk.
245,26 246,48
3.10 peako3emernbHana NpuMech: HexenaTenbHbIM peKo3eMerbHbIW ane- rare earth impurity

MeHT (3.1), NToMMMO LeneBoro peako3emMernbHOro anemMeHTa(oB) B pefko3emMerb-
HOM MpogyKTe.

3.11 HepepKkozeMenbHaa npuMechk: HexenarerneHbl HepedKO3eMerNbHbIN non-rare earth impu-
3aNeMeHT B peKo3eMenbHOM NpoaykKTe. rity

Mpumep — Fe, Al, Ca, SOZ-.

3.12 yuctoTa pepKoseMenbHbIX 3MeMeHTOB; abcormomdas 4qucmoma rare earth purity
pedko3emerbHbIX 3nemeHmos: MaccoBas [ona ykazaHHOro peaKko3eMerbHOro
anemeHTa (3.1) UK okcuga pedko3eMenbHOro anemeHTa (5.2.1) B pegkosemenb-
HOM MPOAYKTE.

MpumeyaHus

1 OHa BblpaxaeT MaccoByl OO0 OCHOBHOTO BellecTBa (P33 unu P30).

2 CopgepaHvie LieneBoro aneMeHTa B okcuae, MeTarnne Ui coeguHeHUW BelpaxaeT-
Csl YUCTOTON, Koraa copaepxaHue npeesiwaet 90 %.

3.13 oTHocMTenbHasa 4YMCcTOTa pefKo3eMenbHbIX aneMmeHToB: Maccoeas relative rare earth
[0rsi yKasaHHOro peaKko3emensHoro anemerTa (3.1) unm okcuaa pegkosemMernsHoro purity
anemeHTa (5.2.1) OT cyMMapHOro coflepXaHns pegko3emMensHeIX 3nemMmeHToR (3.7).

MpumeyvaHune — OHa BblpaxeHa B MpouUeHTax WM ykasaHa ocHoa (P33 wnu
OP33).
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4 TepMUWHBbI, OTHOCSILLMECA K peaKo3eMeNbHbLIM MUHepanam v pyae
4.1 PepkoszemMeribHble MUHepanbl

4.1.1 BacTHe3uT: XKenTbiil, KPACHOBATO-KOPUYHEBbIN, CBETNO-3eNeHbIN UMK bastnaesite
KOpPWYHEBLIA KAapBOoOHATHO-OTOPUAHBIA MUHepan, obkLIYHO cogepXaluir oT 65 % go
75 % oKkcwuaoB pegkosemMernbHbix anemeHToB (5.2.1), ¢ hopmynon (Ce, La, Nd, Pr)
CO4F.
3

MpumeyvaHuns

1 CemeiictBo KapboHaTHO-(PTOPWAHBIX MWHepanoB BkNk4aeT ©GacTHesuT-(Ce)
c popmynoir (Ce, La) CO,F, 6actHeaut-(La) ¢ dopmynoit (La, Ce) CO4F u GactHeauT-(Y)
¢ cpopmyrion (Y, Ce) CO,F. Hambonee pacnpocTpaHeHHslid MuHepan — bactHeaut-(Ce), a
Lepuid, 6esycnoBHo, sBnseTca Hanbonee pacnpocTpaHeHHbIM U3 pefKo3eMENbHbIX ANeMEH-
TOB B 9TOM Kracce MWUHeparnos.

2 TeepaocTe MuHepana no wkane Mooca coctaensieT ot 4,0 go 4,5, a nnoTHOCTL
06kI4HO cocTaenseT ot 4700 go 5100 krim3.

3 Mwunepan pacteopum B HCI, H,50,, HNO; n H;PO,.

4.1.2 MmoHauuT: XKenTo-KOpUYHERLIN, KOPUYHEBBIN, KpacHbIA U MHOTOA 3ene- monazite
HbI MUHepan, 0OblYHO cogepXawmnin oT 55 % go 70 % oKCcMAOB peAKo3eMenbHbIX
anemeHToB (5.2.1), ¢ hopmynon (Ce, La, Nd, Pr, Th) PO,

MpumeyvaHus

1 MwuHepan obblMHO BCTpeyaeTca B Buae Hebonblunx cBODOOHLIX KpUCTanmoe, a co-
CTaB MUHepana B OCHOBHOM BKIHOYAET Nerkne peako3eMernsHble anemeHThl. MpucyTcTBue
TOpUS U ypaHa TpebyeT 0cobore BHUMaHWA yYUTLIBAA MX paguoakTUBHOCTL.

2 TeepoocTb MMHepana no wkane Mooca coctasnsiet ot 5,05 go 5,50, a nnoTHocTb
06bI4HO cocTasnsAeT ot 4900 go 5500 kr/m3.

3 MuHepan pactsopum B H,PO,, H,S0, n HCIO, B 3aBUCMMOCTW OT XUMW4ECKOTO
cocTaBa W npegpapuTenbHOW 06paboTKu.

4.1.3 KCeHOTUM: XKenTblil, KOPUYHEBLIW 1 UHOTAA XENTOBAaTO-3eNeHbI Mu- xenotime
Hepan, npeacTaenAwWUA cobon docdaT pearko3eMenbHbIX anemeHToB (5.2.9),
cogepxalmnin obbiyHo oT 50 % oo 65 % oKcuOoB pefko3eMerbHbiX 3NeMeHTOB
(5.2.1), koTopbI yacto npeacrasnaeT cobon docat uttpus (YPO,).

MpumeyvaHus

1 MoMUMO WUTTPUSA, MUHEPan 4YacTo COAEPXKWT OpYyrue TAXKenble peako3eMerbHbie
anemeHThl (3.1), Takme kak aucnposun, apbui, Tepbuin n utTepbuii. MpucyTcTBUe TOpUA U
ypaHa TpebyeT 0coboro BHUMaHUs Y4UThIBas MX paanoakTUBHOCTE. 3TOT MUHEpan ABMAeT-
CSl BaXXHbIM MCTOYHWMKOM UTTPUS U TSXENbIX peaKko3eMenbHbIX MeTansos.

2 TeepaocTbe MMHepana no wkane Mooca coctaenser oT 4 oo 5, a NroTHOCTb 06bI4-
Ho cocTaenset oT 4400 go 5100 krim®.

4.1.4 ceprycoHuT: Kak npaBuno, KenTbli, PbXXKeBaTO-KOPUHHEBbLIN UK Yep- fergusonite
HbIV CIIOXHBIA MUHeparn, cogepxawmin ot 43 % 0o 53 % oKCcMOoB pedKo3emenbHbIX
anemeHToB (5.2.1), ¢ xumuyeckon dpopmyrnoi (Y, Ln) NbO,

Mpumevarnnn

1 OBbIYHO OCHOBHBIM peaKo3eMerbHbIM aNIeMEeHTOM B MUHepane ABMAeTcs UTTPUA,
HO WMHOTOA OH MOXET DbITh 3aMEeHEH Ha LUepuid, NaHTaH 1 HeoauMm.

2 TeeppocTb MuHepana no wkane Mooca coctaensieT oT 5,5 go 6,5, a NNoTHOCTL
06kI4HO cocTaenseT ot 4900 go 5800 krim3.

3 MwuHepan Yactu4Ho pacteopseTca B HCI u pacteopsetcs B H;SO,4, H;PO, n HF B
3aBMCUMOCTM OT XMMWYECKOrO COCTaBa M NpenBaputensHoi obpaboTku.

4.1.5 nonaput: YepHbl, nenenbHO-4YepHLIA UMW KpacHOBaTO-KOPUYHEBLIN loparite
MWHepan ¢ Npoxunkamu, obbidHo coaepxawmin ot 30 % o 40 % okcuaoB penko-
3eMernbHbIX anemeHToR (5.2.1), ¢ oblen xumudeckoi opmynoi (Na, Ce, Ca, Sr,
Th) (Ti, Nb, Fe)O4.

4
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MpumeyaHus

1 Teeppoctb no Moocy coctaenseT oT 5,6 fo 6,0, a NNoTHOCTL 06bIMHO CoCTaBNsAET
oT 4600 go 4900 kr/m2.

2 Ecnun copepxanune Nb,Og npesbiwaet 25 %, TO MHepan HaabiBaeTca 1onapuTom,
GoratelMm HMOBUEM.

3 MwHepan, kak npaBumno, He pacTBOPUM B KUCMOTax, 32 WCKMOYEHUEM MNaBUKO-
BOW KMCNOTHI. [Tpucymemeue mopus u ypaHa mpebyem ocob020 8HUMaHUSA, y4Umbigas ux
paduoakmueHoOCMk.

4.2 PepgkoszemernbHble pyAbl U KOHLUEHTPaThI

4.2.1 pyma mectopoxgeHusa BawHb-060: CmelwaHHas penko3emensHas
pyaa (3.3), cogepxawan pegkoseMerbHble anemMeHTsl (3.1) B bacTHe3uTe (4.1.1) n
MoHauuTe (4.1.2) 1 xene3o B BUAE MarHeTnta u rematuTa.

MpumeyaHune — HaszeaHa B YecTb paroHa baloHb-O60 B aBTOHOMHOM panoHe
BHyTpeHHssa Mownronua (KHP), roe pyoa nepepabaTbiBaeTca Ons Npou3BoOCcTBa peaKose-
MEeNbHOro KoHUeHTpaTa (4.2.6) 1 KOHUEeHTpaToB XKeneaa.

4.2.2 noHHO-aAcopbUMOHHAA pefKo3emenwHas pypa; UoHHas pyda;
UOHHO-adcopbyuoHHas anuHa; UOHHas aiuHa: TMUHUCTbIe MUHepanbl, Takue Kak
MOHTMOPWIIIOHUT, KOTOPbIE COPBUPOBAnU MOHLI PeAKO3eMenbHbLIX MeTanmnoBs, Bbl-
ceoboXaaemMble NpU UHTEHCUBHOM BLIBETPUBAHUM MEPBUYHLIX PEOKO3eMErbHbIX
MUHepanoB (3.2) B pe3ynsTate MOHHOTO OBMEHa, Takke W3BECTHa Kak pedkose-
MenbHas pyaa, BHECEHHas aMioupoBaHUeM KOpbl BhIBETpUBaHUS (3.3).

M punmevyaHne — qua ABNAETCA OCHOBHbIM NCTOYHWMKOM THXENbIX pegKo3eMernb-
HbIX 3NeMEHTOB M BCTPEYAEeTCA B PA3NIMYHbIX HaCTAX CBETa, Kak NpaBuUno, B TDOMKUKAX.

4.2.3 kapboHaTuToBbIe/WeNnoYHble UHMpYy3uu: MecTopOXOeHWUs peaKo-
3eMenbHBIX 3NeMeHToB (3.4), pacnonoXeHHble B KapboHaTUTOBBIX/LENOYHBIX UH-
mpy3usx U BblLLENEXKALLMX LWENOYHbIX BYNIKAHUYECKNX OTNOKEHUAX.

MpumedyaHue — Pegko3zeMenbHaa MUHepanusaums 4acTo npeacrasneHa bact-

HeauToMm (4.1.1), XoTA Takke 4acTo BCTpeyvaeTcs MoHauuT (4.1.2). MuHepanbl nycTon nopo-
Obl 06bl4HO NpeacTaBnaloT cobor kapboHaThl.

Mpumep — MayHmuHr-Iacc e CLUA, KeaHgund e NpeHnaHAuu.

4.2.4 kopbl ebigempueaHus kapboHamumoe: KapboHaTuTbl, nogeepr-
LIMECHA MHTEHCUBHBIM MpOLIeCCaM BbIBETPUBAHUSA U BbILLENavYnBaHUSA, KOTOPLIE BO
MHOTUX CNy4Yaax NPUBCAMNN K 0B0ralleHuto peaKo3eMensbHbIMI 3NIeMeHTamu.

Mpumep — MecmopoxdeHue Mayum-Benbd e Aecmpanuu, ToMmopckoe Me-
cmopoxdeHue & Poccuu.

4.2.5 npubpexHo-mopckue poccbinu: PegkosemenbHble MuHepans (3.2),
KOTOpble 0DbIYHO UMEIOT BLICOKUIA YAEMBHLIA BEC U NOA, AEWCTBMEM TEKYLLEN BOAbI
MOTYT KOHLEHTPUPOBATLCA B NPUBPEXHBIX UMW PEeYHBIX 3anexax TshKenbiX nones-
HbIX UCKOMaeMblX.

MpumeyaHue — Takne MECTOPOXAEHWA pacnpocTpaHeHsl B ABcTpanuu, MHgun
n KOxHon Adpuke.

4.2.6 pepKkoseMenbHbIW KOHUEeHTpaT: MaTtepuan, oboralweHHblit pegkose-
MenbHLIMW 3NIeMeHTaMK, NOMNYyYEHHbIN XUMUYECKUMU, (DU3UKO-XMMUYECKUMIN Me-
TogaMu oboralleHnss B Buae TBEpPOOro BellecTsa MMM pacTBopa W MpUrogHbid B
KadyecTBe cbipbs ANA danbHelwel nepepabomku.
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MpumeyaHue — O4MLLEHHBIN CMELIaHHbIN pefKko3eMenbHbld KOHUeHTpaT — aTo
KOHLIEHTPAT, NOMYYEHHbIA XUMUYECKUMI METOAaMMW, C HU3KUM COAEpKaHWEM MPUMECEN, B
chopMe TBepAOro BellecTBa UK pacTBopa, KOTOPbLIV NMOMy4yakT U3 pacTBopa BhilLenavyuea-
HWA, NONYYEHHOrO M3 MOHHO-aACcOoPOUMOHHON peako3eMeneHOW pyabl (4.2.2) Nnn cMmeluaH-
HOrO MWHEPAanbHOIO KOHLUEHTPaTa, U NPUrodHbIA AnA pasgenuTensHoro npouasogctea. OH
VMEET TAKOE e pacnpeneneHue penko3emernsHbix aneMeHToB (3.8), kak U KoHUEHTpaT pea-
KO3EMENbHBIX 3NIEMEHTOB.

Mpumep — MoHayumoesblil KoHUyeHmpam (4.1.2), cmewaHHbIl 6acmHe3umuo-
ekl (4.1.1) u MOHayumoekIl KOHUeHmpam, cMeuwaHHble KapboHambi pedkozemerb-
Hbix 3nemeHmoe (5.2.3), okcudbl pedkozemenbHbIX anemenmos (5.2.1) unu xnopudbi
pedrozeMenkHbIX anemMeHmoeg (5.2.2), nony4yeHHbie U3 pacmeopa UoHHo-adcopb6uyu-
OHHOU pedkoseMenbHOU pyobl.

5 TepMUHbI, OTHOCALLMECH K OKCHMAAM U OPYTMM COeaUHEeHUAM
peAKo3emMenbHbIX 3/IEMEHTOB

5.1 O6wmne TepMUHDI

5.1.1 coeguHeHue MHOMBUAYaANbLHOro peaKo3eMenbHOro arneMeHTa: individual rare
CoenuHeHue, cogepallee NpeuMyLLEeCTBEHHO TOMNbKO OOWH pPEAKO3EeMEerbHbIR earth compound
anemeHT (3.1).

5.1.2 cMewaHHoe coefWHeHWe peaKoseMernbHbIX 3nemeHToB: Co- mixed rare earth
efVHeHne, codepXallee npeMMyllecTBeHHO ABa Mnu Bonee peako3eMerbHbIX compound
anemeHTa (3.1) M nony4yeHHoe nyTem 06paboTku cMellaHHOro pedko3eMenbHOro
Marepuvana gnsa 4acTUYHOro pasfgeneHus onpedeneHHbIX rpynn pegkoseMenbs-

HbIX ANEMEHTOB.

Mpumevanune — CoegnHeHua guavma npegcTasnaT cobol coeguHeHWs,
cofepxallume cMmeck aneMeHToB npaseoguma (Pr) u Heoguma (Nd), B koTopbix Pr 0Bbi4uHO
coctaensaet bonee 18 %.

5.1.3 coeguHeHue, cogepxKallee peako3emMenbHbIW anemeHT: Coeau- rare earth-bearing
HeHWne, cogepxallee pefkodemenbHbld (3.1) U gpyroi anemeHT; koMmbuHaumns compound
3TUX 3MEMEHTOBR AaeT CoedWHEHWe, 3HAa4YMTENbHO oTnu4YakLleecsa no dusnde-
CKUM U XMMWYECKMM CBOMCTBAM MO CPABHEHWIO C APYTMMU COEOUHEHUAMM.

MpnmeyvyaHne — CoegnHeHne obrnagaeT CBOWCTBAMM, MO3BOMAKOLWMMW WC-
Nnonb30BaTb WX B Pa3NU4YHbLIX OTPACNAX: ONTMKE, MEXaAHWKE, ANeKTPO3HepreT1Ke, KaTanu-
3e, TPUBOTEXHUKE, TEPMOANEKTPMUYECTBE U T. O.

TMpumep — KomnnekcHeill okcud YupkoHusA-yepus, duokcud YUPKOHUS cma-
6unusuposanHbill ummpuem (YSZ), kpacHell nopowok numpuda (Sr, Ca) AISiN,:
Eu?*, cMewaHHbI( okcud antoMuHus ¢ pedko3eMenbHbLIM 3/1eMeHIMoM (RExAlyoz),
xpomum naHmaxa (LaCrO,).

5.1.4 pazpeneHHbIN pegKko3emMenbHbIM NpoaykT: CoeanHeHue, cogep- separated rare
Xallee ofVH UMW HECKONbKO pedKo3eMenbHbIX aNeMeHTOB, KOTopble Obinu oT- earth product
JerneHbl 0T APYrMx peaKo3eMerNbHbIX 3NIEMEHTOB.

Mpumep — Okcud npaszeoduma u Heoduma/okcud duduma, kapboHam Sm-Eu-
Gd (SEG).

5.2 PegkoszeMenbHble coeUMHEHUA

5.2.1 okcup pedkosemenbHoz20 anemendma; OP33: CoeanHeHne, conep- rare earth oxide REO
}allee OAWMH MM HECKOMbKO PeaKo3eMerbHbIX anemMeHToB (3.1) 1 kucnopoga.
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MpumeyaHus

1 Kak npaBuno, popMyna MMeeT BUL REXOy, roe X paeHo 2, a y pasHo 3. OgHako
HEKOTOPbIE PEAKO3EMENBHBIE ANEMEHTLI MOMYT NPOABNATL CMeneHb OKUCAEHUS, OTINYHYHO
OT +3, Kak nokasaHo B Tabnuue A.2.

2 MHgmemayaneHbin OP33 npeuMmMmyLlecTBEHHO COOAEPXWUT OAMH PefKO3eMENbHLIN
anemeHT (Tabnvua A.1). CmewaHHein OP33 copepxut aBa unu Bonee pegko3eMenbHbIX
anemMeHTa.

3 OP335 HaxoguTtes B Buae nopowka. OH pacTBOpMM B KMCNoOTe, W Bonblias 4acTb
nerko nepexogut B pacTteop. Juokcud yepus pacmeopsemcs MoAbKo ¢ npedeapumeisHoU
cynbghamu3zayued.

5.2.2 xnopwp, pedko3emesibHO20 35leMeHma: CoeuHeHne, coaepxallee
OOMWH WUINK HECKOMNbKO peaKo3eMenbHbIX 3anemMeHToR (3.1) U xnopud-uoH.

MpumevaHns

1 Xnopua vHAMBMAYANbHOrO PEAKO3EMENBHOTO 3MEMEHTa MPEeUMYLLECTBEHHO CO-
LEPHKUT OOWH peaKko3eMerbHbIA anemeHT. CMeluaHHbIn XNopua peaKo3eMernbHbIX areMeH-
TOB COAEPXUT ABa Unu Bonee penko3eMenbHbIX 3aNeMeHTa B BUAE XNOPWUAOB.

2 Xnopwua peako3emenbHOro aneMeHTta oBbIMHO HaxoaMTCs B TBEPAOM COCTOSHMM
W Bbl3blBaeT KOppo3unkn. OH YacTo COAEPKWUT KPUCTaNMM3aLMOHHYIO BOAY W pacTBOPUM B
Boge. [Npu xpaHeHnn BO BNa>KHON aTMocthepe BMNUTLIBAET BRary BMNOTb A0 PacTBOPEHUS
B Hel. OH MOXET BCTyNaTb B peakuMio cO LWENoYbIo, cynbdaTom Hatpus unu cynbdatom
aMMOHMS.

5.2.3 Kap6oHaT pedkoseMenbHO20 3neMeHma: CoeQuHeHUe, Copepxa-
Llee OOUH VNN HECKONbKO pPeaKo3eMenbHbIX aneMeHToB (3.1) n kap6oHaT-uoH.

MpumedaHus

1 KapboHaT nHAMBMAYanbHOTO peaKo3eMernsHOro aneMeHTa COAepXUT npenmyLle-
CTBEHHO OAWH pedKo3eMelbHbli 3nemMeHT. CMellaHHbIM KapboHaT pedko3eMenbHbIX ane-
MEHTOB COoAepuT ABa unu Bonee pegko3eMernbHbIX aneMeHTa B Buae kapboHaTos.

2 KapGoHat pegko3emenbHOro aneMeHTa HaxoauTcs B Buge nopowka. OH cogepKuT
KpucTannMsauMoHHyo Bogy 1 pacteopum B kucnote. [Npn Temnepatype 6onee 300 °C oH
pasnaraeTcs.

3 CmewwaHHblin kapboHaT pegko3eMenbHbIX 3MeMEHTOB MOMyyakT M3 KOHLEeHTpaTta
pefKko3eMenbHbIX 3rneMeHToB (4.2.6), 0BblMHO C MOMOLLBK XMMUYecKor nepepaboTku. OH
VMeeT Takoe Xe pacrnpefeneHne pegko3emernbHblx aneMeHToB (3,8), Kak U B Chipbe.

5.2.4 rmgpokcug pedkosemesnibHO20 anemenHma: CoegnHeHune, cogepxa-
Lee OAUH WU HECKONBKO PeAKO3eMeNbHbIX 3NeMeHTOB (3.1) U rMapOoKCHA-WOH.

MpumeyaHnna

1 TwapokcKa MHAWBUAYaNbHOTO PEAKO3EMENEHOMO 3NeMeHTa NPENMYLLECTBEHHO CO-
OEPHUT OOUH pPeaKo3eMenbHbIA aneMeHT. CMeLWaHHbIA MTMOpoKcus, peako3eMenbHblX ane-
MEHTOR COAEPXUT ABa Mnu Bonee peaKo3eMenbHbIX aNeMeHTa B BUAE rMAPOKCUL0B.

2 Mapokcua peakoseMesibHOTO aneMeHTa MOXeT BCTYNaTh B Peakuuio ¢ KUCNoTon 1
CO,. M'mppokena TpexsaneHTHOro Lepus HecTabuneH Ha BO3AyXe W Nerko OKUCMAeTCs A0
Ce(OH),. OH 6ygert paanarateca npu Temneparype ot 200 °C.

Mpumep — Nudpokcud naumaHa, 2udpokcud yepus (IV).

5.2.5 cdTopua pedkoszemensHo20 anemeHma: CoeguHeHne, cogepxallee
OOWH WK HECKOMbKO peaKo3eMernbHbIX anemeHToR (3.1) n dTop.

MpumeyaHus

1 ®TopMAa WHAMBWMAOYANBHOMO PEOKO3EMENbHOMO 3NeMeHTa MPeuMYLLECTBEHHO CO-
OEpPHUT OAWH pefKo3eMerbHbIid anemMeHT. CMellaHHbIn hTopua peaKo3eMenbHbIX aneMeH-
TOB COAEPKMT ABa Unu Bonee pegkosemMenbHbIX aneMeHTa B Buae ptopuaa.

2 ®Topua pegko3eMensHOro anemeHTa npefctaBnseT cobol TBepAoe BELLECTBO,
NOPOLLOK, MOXKET Bbl3biBaTh KOppo3uko. CoaepKuUT KpUcTannusaunoHHyo Body. MoxeT BeTy-
naTb B peakumIo CO LLEMNoYbHo.

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru
Crpanuua ookymeHTa - https://GostExpert.ru/gost/gost-70815-2023

rOCT P 70815—2023

rare earth chloride

rare earth carbonate

rare earth hydroxide

rare earth fluoride

11/20


https://gostexpert.ru?utm_source=pdf&utm_medium=67142
https://gostexpert.ru/gost/gost-70815-2023?utm_source=pdf&utm_medium=67142&utm_term=page

FOCT P 70815—2023

5.2.6 HuTpaT pedko3eMesibHO20 3neMeHma: CoednHeHue, cogepxalee rare earth nitrate
OOWH WITM HECKOMbKO pedKo3eMernbHbIX 3nemMeHToB (3.1) M HATpaT-UoH.

MpumeyvaHus

1 HwWTpaT WHAMBWMAYaNbHOMO PEOKO3EMENbHOMO 3remMeHTa MPeuMYLLEeCTBEHHO COo-
OEPKAT OOMH PedKo3eMenbHbld anemMeHT. CMeLlaHHbIA HATPaT peaKo3eMernbHbIX aneMeH-
TOB COAEPMT ABa UNnu Bonee peakoseMenbHbIX 3eMeHTa B BUAE HUTPATOR.

2 HuTpaT penkoseMenbHOro anemMeHTa HaxoguTes B KPUCTaNIMYEeCKOM COCTOSHUM,
COLEPXUT KPUCTanNnuU3aunoHHYHo Boay, NErko pacTBOpUM B BOLE, MOXKET BCTyNaTb B peak-
LIMIO CO LLENoYbio.

5.2.7 cynbthat pedkozemenbHozo 3nemeHma: CoefvHeHWe pepkose- rare earth sulfate
MenbHbIX 3NEeMEHTOB, coaepKallee 0guH UMM HECKONMbKO pedKo3eMernbHbIX 3ne-
MeHTOB (3.1) u cynbdaT-1oH.

MpumeyvyaHua

1 CynbedhaT MHAUBUOYaNbHOrO peaKo3eMeNbHOro 3NeMeHTa NPenMyLLECTBEHHO CO-
OEPKWT OAWH peaKo3eMenbHbIA aneMeHT. CMeLllaHHbIR cynbgaT peaKo3eMenbHbIX aneMeH-
TOB coAepkuT ABa unv bonee peako3eMenbHbIX 3NeMeEHTa B BUAE cynbdaTos.

2 CynbhaTt peako3eMensHOro anemMeHTa npegctaenset coboi TBepaoe BeLLecTBO,
MOPOLLOK, COAEPXUT KpUCTanM3aLMoHHY0 Bo4y, Nerko pacTBOpMM B BOAE, MOXET BCTynaTh
B peakumio CO LLenoYbHo.

5.2.8 okcanat pedko3emMenlbHO20 anemeHdma: CoequHeHue, cogepxallee rare earth oxalate
OOWH WIM HECKOINbKO pedKo3eMernbHbIX 3NeMeHToB (3.1) M oKcanaT-uoH.

MpumeyvaHuns

1 OxcanaT MHOMBWOYanbLHOro pedko3emernbHOro anemMeHTa npevMyLecTBEHHO Co-
OEPKAT OOUH PEAKO3EMENBHbBIA aneMeHT. CMeLlaHHbIA oKkcanaT pedKo3eMenbHbIX AneMeH-
TOB coAepkuT ABa unv bonee peaKo3eMenbHbIX SMEMEHTa B BUAE OKCanaTos.

2 OkcanaT pefKko3eMenbHOro anemMeHTa HaxoguTca B KpUCTanMyeckoM COCTOSHWM
W ABMASETCS KOPPO3UOHHBLIM M TOKCUYHBIM, COOEPXUT KpUCTannM3aunoHHyo Bogy, pasnara-
etca npu Temnepatype 800 °C npeBpallanck B OKCUA.

5.2.9 docdhaT pedkozemensHo20 aneMensma: CoeguHeHne, cogepxallee rare earth phosphate
OOWH WITM HECKOMbKO pedKko3eMernbHbIX anemMeHToB (3.1) u docdaT-noH.

MpumevyaHue — docthat MHOMBMOYANBHOTO PEAKO3EMENBHOMO 3MeMeEHTa npe-
VIMYLLIECTBEHHO COOEPUT OOWH pedko3eMenbHbI anemMeHT. CmellaHHbl chocdaT pen-
KO3EMENbHLIX 3IEMEHTOB COAEPXKUT ABa Unu bonee pedko3eMenbHbiX 3fIEMEHTa B BUAe
thocdatos.

5.2.10 cynbdpupg pedrkoslemMenbHozo 3nemMeHma: CoeuHeHWe pegkose- rare earth sulphide
MernbHbIX 3NEeMEeHTOB, coaepXallee oguH UNM HEeCKONMbKO pedKo3eMernbHbIX ane-
MeHTOB (3.1) u cepy.

MpumeyvaHus

1 Cynedhua MHOMBUAOYaNbHOrO pedko3eMenbHOro aMeMeHTa COOAePKUT MpenmyLle-
CTBEHHO OAWH pedKo3eMernbHbld anemeHT. CMelwaHHbId cynbhua penko3emMenbHbIX ane-
MEHTOB COAEPXKMUT ABa Unn Bonee pegko3emenbHbIX ANeMeHTa B BUAe cynbdnaos.

2 Cynbdwug penkoseMenbHbIX 3MeMEeHTOB HaxoduTcs B Buge nopowka. OH nerko
pa3naraetca. OH MOXET BCTynaTh B peakuMio C KUCMOTOMN.

5.2.11 aueTtat pedko3emMenibHo20 aneMeHma: CoeanHeHue, cogepxallee rare earth acetate
O8WH WM HECKOMbKO peaKo3eMernbHbIX aneMeHToB (3.1) u aueTaT-uoH.

MpumeyvarHunun

1 AueTtar WHAVBUAOYaNbHOrO PEenKO3eMENbHOro 3MeMeHTa COOEPMKUT MpeumyLle-
CTBEHHO OOVH peadKo3eMerbHbI anemMeHT B Buae auertara. CMellaHHbIA auetaT pegko-
3eMenbHbIX ANIEMEHTOB COAEPKWUT OBa WUNK Bonee pegko3eMernbHbIX 3nemMeHTa B BMAae
aueTaToB.

2 AueTaT pefKo3eMeNbHOro arieMeHTa HaxoduTCs B KPUCTaNM/IM4eckoM COCTOSHWUM.
OH copepuT KpWUcTannusaunoHHyo Body U pacTBopum B Boge. ObnagaeTr rmrpockonuny-
HOCTbIO. OH MOXET BCTYNaTh B PEAKUMIO CO LLENOYBIO.
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5.2.12 uuTtpaT pedko3emenbHO20 aemMmeHma: CoenHEHWE, CoaepXallee
OOWMH UM HECKOMbKO peaKo3eMernbHbIX 3neMeHToB (3.1) U UMTPaT-uoH.

MpuMmeyaHus

1 UutpaT vHOMBMAYanbLHOTO PenKO3eMEerbHOro 3fIEMEHTA COAEDXKUT Mpenmylie-
CTBEHHO OAWH PEeAKO3eMEnbHLIN anemeHT. CMeLlaHHbIi LuTpaT peaKo3eMenbHbIX AneMeH-
TOB cofepXuT Oea unun 6onee peako3eMernbHbIX aneMeHTa B BUAE LUTPaToB.

2 Llutpat pegko3ementHoro anemMeHTa npenctaBnseT coboll TBepLoe BeLlecTBO,
nopolwok. CoaepuT KpUCTannu3aluWMoHHYo Body, pacTBOpuM B BoAe. MoxeT BcTynathk B
peakuuio CO LLEenovbh.

5.2.13 rekcabopup pedkozemMesibHO20 3afeMeHma: CoenHeHne, cooep-
Xallee O4WH MMM HECKOMbKO peako3eMenbHbIx anemeHToB (3.1) n 6op.

MpumeyaHue — [ekcabopun nony4yaloT BOCCTAHOBMEHWEM OKCUAa penkose-
MenbHbIX aneMeHToB (5.2.1) kapbugom Bopa (unu yncteim Gopom).

6 TepMWHbI, OTHOCALLMECH K NMPOLEcCy NPOoM3BOACTBA
peaKo3eMenbHbIX 3NIeMEHTOB

6.1 MNMpouzBoAcTBO pegKo3eMenbHOro KOHUeHTpaTa

6.1.1 NpoM3BOACTBO penKo3emMenbHOro KoHueHTpaTta: COBOKYMHOCTb
npoueccos, obecneynBarLLnX KOHLUEHTPUPOBaHWE peako3eMerbHbIX MUHEeparnos
(3.2) nz pegkosemensHbIX pya (3.3) duanyeckumy n PU3NKO-XUMUYECKUMUA METO-
Aamu oboraieHus.

6.1.2 NpoM3BOACTBO KOHLUEHTpaTa U3 MOHHO-aacopbLUMOHHOW pegKose-
MenbHOW pyAbl: [pouecc, MCnonb3yeMbl ANS W3BNEYeHUss MOHOB pedKo3eMerb-
HbIX 3MTEMEHTOB M3 WOHHO-3ACOPBLMOHHOW MWHBI PeaKo3eMernbHbIX MUHEPaToB
(3.2) XMUYecKUMU MeToaamMu U NMB0o ocaxkoeHrem UX B BUAE ocagka cMeLLaHHbLIX
pedKo3eMerbHbIX 3NTIeMeHTOB, NMMB0 KOHLEHTPUPOBaHMeM peako3eMerbHbIX ane-
MEHTOB B pacTBop.

6.2 Fu,qpomeTannypruﬂ peaoKko3eMenbHbIX 3NTEMEHTOB

6.2.1 paznoxeHue pegkozeMeNnbLHOW pyAbl MNKM KoHueHTpata: Cnocob,
ncnonb3yemblit ona oboralleHnsa peakosemenbHon pyabl (3.3) Mnu KoHUeHTpaTa
rMApPOMETannypruieckMMm cnocobom c BbillenavmBaHWeM pefKO3eMerbHbIX ane-
MeHTOB (3.1) B pacTeop.

MpumedaHnue — [Ang pasnoXeHUs WUCMOMb3YIOT BbILENaYnBaHWe pacTBopamu
KUCMOT 1 Wenover. Ans yny4leHna Beillenadneanna P33 13 pyabl UNK KOHUeHTpaTa npea-
BapUTENbHO UX MOTYT NofBepraTe NMpOMeTannyprudeckoi obpaboTke.

6.2.2 pasgeneHue pegKoseMernbHbIX 3nemMeHToB: [lpouecc, WCMOMb3y-
eMblil ANA pazfeneHnsi CMecy pefako3eMerbHbIX 3nemMeHToB (3.1) Ha oTaenbHbIe
pefKo3eMerbHbIe 3MeMEeHTb! UMW rPYMnbl 3NeMeHTOB.

MpumeyaHue — [na pa3geneHuss peako3eMEnbHBIX 3MEMEHTOBR B OCHOBHOM
WCMONb3YHT TakMe NPOLECCHl, KaK 3KCTPaKUMS OpraHM4YeCKUMW 3KCTpareHTamu, WOHHbIA
obmeH, apoBHas KpucTannuaauus, OKUCNeHe/BOCCTaHOBMNEHUE, MOHOOBMEHHOE XpOMaTO-
rpadouyeckoe pasfeneHue, BbiCOkoaMEKTUBHANA KMOKOCTHAA XpoMaTtorpadus, 3neKkTpo-
dropes, MONEKYNSPHOE pacrno3HaBaHWe U aNeKTponu3. B npoMbIWneHHbIX MacliTabax Yalle
BCETO MCMOMNb3yeTCs IKCTPaKLMA OpraHUYecKMMK aKcTpareHTaMu. PazaeneHve BO3HUKAET B
pesynkTate pasHuLbl B koadhduLuMeHTax pacnpeneneHns Ans pasnuyHbiX peaKo3eMenbHbIX
NOHOB.
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6.2.3 npouecc ocaxgeHuna: Cnocob M3BneYHeHWs coeguHEeHWA peakose- precipitation process
MeSbHbIX 3M1EMEHTOB B TBEpPAOM BMAE M3 BOQHOIO pacTtBopa nyTeM gobaBneHus
noaxogsLLero XMMNYECKOro peareHTa.

6.2.4 0oGXWUIr coeQUHEHUN pepKo3eMeNbHbIX anemeHToB: ObpaboTka co- rare earth compound
eVHEHWIA peKo3eMerbHLIX 3NEMEHTOB MPU MOBLILEHHbIX TeMMNepaTypax Ans no- roasting
NyYEeHWs OKCUAOB pefKo3eMenbHbIx anemeHToB (5.2.1).

Mpumevyanue — Onepauyumn obxura ucnonb3oBanucek Ans obpaboTku coeouHe-
HUIA peaKo3eMENbHLIX 3NIEMEHTOB, TAKUX Kak KapboHaTkl, rTaApoKcuabl U okcanatkl, ¢ nomny-
YeHWeM OKCMOOB PeaKo3eMernbHbIX ANIeMeHTOB.
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MpunoxeHune A
(cnpaBo4Hoe)

XapaktepucTukn WHOUBUAOYAlNbHbLIX pegKOo3eMenbHbIX MeTannoe n oKCHgoB

Tabnuuya A.1— PegkosemenbHble Memarnisl

HaumeHosaHne | Cumeon |

XapakrepucTuku

CepebpucTbiii MeTann, oTHocAwmics K rpynne 3 (paHee IlIA) nepuogudeckor Tabnuubl
anemeHnToB .M. MenpeneeBa. Ero BaHerwuen pynoi asnaetcs 6acTHE3WT, U3 KOTOPOro
OH BblAenaeTcs ¢ MOMOLLbIO NpoLiecca MOHHOro obMeHa. CyllecTByeT ABa NPUPOSHBIX U30-
Tona: naHTaH-139 (cTabunbHbIit) U naHTaH-138 (nepwoa nonypacnaga ot 10'° go 1015 ner).
Metann, 6ygy4n nMpodopHLIM, MCMOMB3YEeTCH B CNnaBax ANA KpeMHeW 3aXKuranok, a okeug,
VCMOMNb3YETCA B HEKOTOPLIX ONTUYECKUX cTeknax. OgHako Hawbonbliee NpUMeHeHue naH-
TaH HaxodWT B Ka4eCTBe KaTann3aTopa Npu KPeKWHre cbipoi HedpTn

CepebpucTbii MeTan, BCTpeYalLWmMica B annaHuTe, bactHeaunTe, LuepuTe n MoHauuTte. Ye-
Thlpe M30TOMa BCTpeYvarTca B npupoge: uepuin-136, uepuii-138, uepuin-140 n uepnin-142;
6bIno noeHTMduuMpoBaHo 15 paguousoTonoB. Llepyi BXoguT B COCTaB MULIMEeTanna,
cnnaea peako3eMernbHbBIX MeTannos, cogepxailero 25 % uepus, U B KpEMHAX 3aXKWUranok.
Oxcua Ncnonb3yeTca B CTEKONBbHON NPOMbILLNIEHHOCTH

Msrkuin cepebpucTeiil MeTann, BcTpevarowuics B 6acTHeaute n MoHauute. EQUHCTBEHHBIM
BCTPeYalWMMca B NpMpoae M30Tonom sBnaeTca npazeognm-141, KOTOpbIA He ABNsAeTcA
pagvoakTMBHBLIM, O4HAKO ObiNno nony4eHo 14 nckyccTBeHHbIX paguousdoTonoB. OH Ucnomnb-
3yeTcsa B MULUMETanne, peakosemMensHoM cnnaee, 0bblvHO cogepxawem 5 % npaseoguma,
W B KpEMHAX 3axuranok. [pyras cMecb peako3eMernbsHblx anemeHToB, cogepxaiyas 30 %
npaseognma, MCNomNb3yeTCA B Ka4yecTBe KaTanu3aTopa Npy KpekuHre cblpold HedTu. 3To
LIEHHbIM KOMMNOHEHT NOCTOSAHHbLIX MarHUTOB NdFeB

Msarknin cepebpucTbil MeTans, BCTpevalwlWmncs B BacTHeauTe M MoHaumTe. B npupoge
BCTPEYAETCH CEMb U30TOMOB, BCE U3 KOTOPbLIX CTABWUIBHLI, 3a UCKNIOYeHWeM Heoauma-144,
KoTopblil cnabo paauoakTueeH (nepuog nonypacnaga ot 10'% go 10'5 net). MonyyeHo
CEMb WCKYCCTBEHHBLIX paguousoTonoe. Metann ucnonb3yeTca ONA OKpallWBaHWS cTekna
B CUPEHEBO-(IMONETORLIA LBET U NPUOAAHUA EMY AMXPOMYHOCTU. Takke BXOOWT B COCTaB
MuwmMeTanna (18 % Heoanma) n B cnnaeax HeoAWM-Xeneso-bop ANs MarHUTOB

Msrkuii cepebpucTblli MeTann, B NpUpode BCTpeyaeTcs TOMbKO B BUAE W30TOoMma npome-
TUA-147, KOTOpEIA MMEEeT O4YeHb KOPOTKWIA nepuog nonypacnaga — Bcero 2,52 roga. V-
KYCCTBEHHO NOMNy4eHO BOCeMHaguaTe APYrMX PaavoM30TOMNOB, HO Y HWUX OYEHb KOPOTKWUIA
nepwog nonypacnaga. EQMHCTBEHHEIM MCTOYHWKOM 3TOr0 3neMeHTa ABNAKTCA A4epHble
otxogbl. MNpomeTuin-147 npenctaBnsieT MHTEPEC Kak UCTOYHUK 3Heprin, obpasyluwencs B
pesynetaTe Beta-pacnaga. [lna aToro cHa4yana HeobxoauMo yaanuTb NpoMeTnia-146 1 npo-
MeTuin-148, KoTopble UCNYCKAKOT NMPOHUKaKLWee raMMa-n3nyJyeHme

Msrkuin cepe@puCTbLIR MeTann, BCTpeYaLWwWinca B MoHauuTe 1 bacTHeanTe, a Takke B He-
KOTOPLIX IMUHUCTBIX MOHHBIX pyaax. CyLlecTByeT cemMb NPUPOOHLIX M30TOMOB, BCE U3 KOTO-
pbix cTabunbHbl, 3a UCKNYeHWeM camapua-147, kotopbid cnabo paguoakTvBeH (nepvog
nonypacnaga 2,5 x 101" net). MeTtann ucnonsayeTca B creLuanbHbIX cnnasax s Uarotos-
NeHna YacTen A0epHbIX PeakTopoB B KaYecTBe NMornoTutens HenTpoHoB. Okcva camapus
(Sm,03) ncnonbayeTca B HEBOMBLIMX KOMUYECTBAX B CMEUManbHbIX ONTUYECKMX CTeKNax.
HaubBornbliee npumeHeHne 3TOT anemeHT HaxoauT B cheppoMarHuTHoM cnnase SmCog,
KOTOPLIA AenaeT NOCTOSAHHbIE MarHWTbl B HECKOSbKO pa3 cuibHee BOnbLUMHCTBA APYrux
MarHMToMmaTepuanoB

NaHTaH La
Llepui Ce
[Mpaseoavm Pr
Heogum Nd
[NpomeTui Pm
Camapui Sm
Eponun Eu

Msrkuin cepebpucTbid MeTann esponui BcTpeyaeTcs B HebonblUMX KonuyecTeax B 6act-
HesuTe, MoHauuTe M apyrux MuHepanax P33. B npupoge BcTpedaetca ABa cTabunbHbIX
usotona: eeponuii-151 1 eBponuin-153, oba M3 HUX ABNAOTCH NOMMOTUTENAMW HENTPOHOB.
OKkcnepvMeHTaneHble cnnaebl eBponus Geinv onpoboBaHbl ANA YacTel SAepHbIX peak-
TOpPOB, OOHaKO, A0 HEAaBHEro BpeMeHW 3TOT MeTann He Obln JOCTyneH B AOCTaTOMHOM
konuyectee. OH LUMPOKO Mcnonb3oBancy B hopMe okcuaa Ans TENEBU3MOHHBIX 3KPAHOB,
TNIOMWHECLEHTHbLIX NlaMn U T. 4.
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OkoHYaHue mabnuubi A.1

HavmeHoBaHne | Cumeson |

XapakTepucTukn

[agonuHnn Gd

Msrkuii cepebpucTbiii MeTann ragofnvHUIA BCTPeYaeTcs B ragonvHWTe, KCEHOTMME, MOHa-
uMTE W Opyrux MuHepanax. M3BecTHo cemMb cTabunbHbIX NPUPOOHBIX U30TOMOB U OAWHHAS-
LaTb MCKYCCTBEHHbIX M30TOMNOB. Cpeaun Bcex aneMeHTOB ABa NPWPOOHbLIX U30Tona, ragonu-
HWiA-155 1 ragonuHWn-157, ABNAOTCA NyYLWMMA NOrMOTUTENSMU HEUTPOHOB. JTOT MeTann
Hallen orpaHWYeHHOe NPUMEHeHWe B SAePHON TEXHOMNOMMM 1 B cOCTaBe (heppoMarHUTHbIX
CnnaBoB (BMecTe C KoDansTom, Mefplo, Kenesom v uepvem). CoeguHeHns ragonvMHnsa uc-
NOMb3yTCA B ANEKTPOHHbIX KOMMOHEHTax

Tepbuin Tb

CepebpucTbiil MeTann Tepbuin BcTpeyaeTcs B anatute, KCEHOTUME W MOHHBIX rmuHax. Cy-
LLecTBYeT TOMbKO OAWH NPUPOAHbLIA K30ToMN, Tepbuin-159, KoTopbin ABNAETCA CTabWMbHBIM.
Bbino BLIABNEHO CEMHAALUATh MCKYCCTBEHHBIX M30TOMOB. OH UCNOMbayeTca B kayecTee ne-
rMpYHLLLEN NPUMECK B NMONYNPOBOAHUKOBEIX Npubopax 1 B marHutax NdFeB

Oucnposui Dy

Msrkuii cepebpucThiili MeETanM AMCNPO3uUiA BCTPEYaETCA B anatuTe, rafgonnuHuTe, KCeHoTU-
Me W ApYrux MuHepanax. CylecTByeT ceMb NPUPOOHLIX M30TOMNOB W ObINO BLISBNEHO OBE-
HaguaTbh UCKyCCTBEHHbIX M30TonoB. OH Haxo4WT OrpaHuYeHHoe NPYMEHEHME B HEKOTOPbIX
cnnaeax B Ka4ecTBe MornoTuTens HEMTPOHOB, B YACTHOCTH, B AAePHON TEXHOMOrMK, HO OCO-
OEeHHO BaXKeH B NOCTOAHHLIX MarHutax NdFeB

[onbMwuiA Ho

Msarkuia cepebpucTbIii MeTan roneMUiA BCTpeYaeTes B anatute, KCeHOTUME W B HEKOTOPbIX
OpYyrux penko3emMenbHbIX MuHepanax. CylecTByeT 0AWH NPUPOAHBIA U30TON, roneMui-165,
1 BbINO NoNy4eHo BOCeMHanUaTk NCKYCCTBEHHbBIX M30TOMOB. 3TOT 3MeMeHT He Hallen npu-
MEHEHUA

Opbun Er

Markuin cepebpucTelii meTann apbuil BcTpedaeTca B anatute, raqoliMHUTE U KCEHOTUME.
CyllecTByeT LeCTb NPUPOAHBIX M30TOMOB, KOTOPblE ABNSKTCA CTabUMNbHBIMW, W U3BECTHO
ABeHaauaTb UCKYCCTBEHHBIX n3oTonoB. OH MCNONL30Bancs B CnnaeBax Ansa SAepHOn TEXHO-
forMuK, NOCKOMNbKy ABNSETCHA nornotutenem HerWTpoHoB. OH uccnegyeTcs Ha nNpeaMeT Apy-
rMX NOTEHUMANbHBIX MPUMEHEHWIA

Tynui Tm

Msrkuia cepblil MeTann Tynui BCTpeyaeTes B anatuTe U KceHoTuMe. CyllecTByeT OQuH Npu-
poAHbIA n3oTon, Tynui-169, 1 BeINc nonyyYyeHo ceMHaauaTh MCKYCCTBEHHBIX M3oTonoB. [Ana
3TOrO 3MeMeHTa HeT CYLLEeCTBEHHbIX NMPUMEHEHWIA

NtTepbuin Yb

Cepebpuctblidi MeTann uttepbuin BcTpevaeTcs B ragonvMHUTE, MOHAUWUTE U KceHoTume. W3-
BECTHO CEMb MPUPOAHLIX U OeCATb UCKYCCTBEHHBIX M30TOMOB. OH UCMOMNb3YETCH B HEKOTO-
pbix CTansx

IMoTeunn Lu

CepebpucTell MeTann nTeUnd SBMSEeTCA HauMeHee pacrnpoCTPaHeHHbIM W3 pepKose-
MernbHbIX arnemMeHToB. CylUecTBYeT ABa NPUPOAHLIX M3oTona: nioTeumMn-175 (cTabunbHbIA)
1 nioTeunit-176 (nepuog nonypacnana 2,2 x 1010 net). 3ToT anemMeHT ncnonbayeTcs B Ka-
YecTBe Kartanu3aTopa U B HEKOTOPbIX COBPEMEHHbLIX MeANLMHCKUX YCTPOWCTBaxX 8 cocmase
9emeKmopos No3uMmpPoOHHO-3MUCCUOHHOU momoepaghuu

Ckanguia Sc

CkaHauii — pegkui Markuii cepebpucTelil MeTann, oTHocawmica k rpynne 3 (paHee IA)
nepuvoguyeckon Tabnuubl anemeHtoB .M. MeHgoeneesa. CkaHOWA 4acTo BCTpeYaeTcs B
naHTaHoMAHLIX pyaax. EQUHCTBEHHBIM MPUPOAHLIM HEPaAMOAKTUBHLIM M30TOMOM ABMAETCA
ckaHauMmn-45, u cylwecTByYeT OEBATb PAOWNOAKTMBHBIX M30TOMOB, BCE C OTHOCUTENBHO KOPOT-
KMM NepuogoM nonypacnaga.

lMpumeHsemcs 8 kadecmaee neaupyrouieli 006a8KU 8 anoMUHUE8kLIe Crasghl

UtTpun N

CepebpucTto-cepblii MeTanmn UTTPUI 0ObIYHO BCTPEYaETCs B NaHTaHoMAHbIX pydax. [pu-
pPOOHBIM M30TOMOM ABMASAETCH UTTPUIA-89, M CylLecTByeT YeTelpHaaUaTh M3BECTHBIX UCKYG-
CTBEHHbIX M30TOMOB. MeTann Mcnone3yeTca B CBEPXNPOBOAALMX ChnaBax M Mo3sonsaet
co34aBaTb CUIbHbIE NOCTOAHHBLIE MArHUTHI (B 0BoMX criyHasx BMecTe ¢ KobanbTom).

Okena (Y,05) Mcnonbayercs B MOMUHOGOPaX LBETHbIX TENEeBU30POB U NMOMUHECLIEHTHBIX
namn, nasepax, NerMpoBaHHbIX HEOAVMOM, U KOMIMOHEHTaxX MUKPOBOMHOBLIX NeYer. XumMu-
YECKM OH HaNoMWHaeT NaHTaHoMabl, 06pasys NOHHbIE COBAMHEHWS, coaepXKallne NoHbI Y3+
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Tabnuua A.2 — Okcuabl MHOMBMOYANBHbLIX PEOKO3EMENbHbIX 3NEeMEHTOB

Mpoaykt CrmiBre xwggiiiaﬂ Lieet
Y OKUCIeHUsA

cdopmyna
Oxcmg naHtaHa 3+ La,0, bBenbin
Oxeuva uepusn 3+, 4+ CeO, CBEeTno-xenTbln unun Genbin
Okeng npaseonuma 3+, 4+ PrgO 44 YepHbIF UMK KOPUYHEBLINA
Oxkcua Heoguma 3 Nd,O4 Ceetno-ronybomn, hroneToBbIi
Okcna npomMeTust 3+ Pm,0, CuHTesnpoBaHHbIi, Genblii
Oxkcup camapuist 2+, 3+ Sm, 05 Benblil UMn CBETNO-XEenThIi
Oxkecuma eBponus 24, 3+ Eu,0, Benbiii Uy cBETNO-PO30BLIA
Oxcua ranonuHus 3+ Gd,04 Benbii
Oxkcup Tepbus 3+, 4+ Tb,0O4 Kopu4yHeBbI
Oxkcuma guenpo3auns 3+ Dy,04 Benbin
Okcua ronbMusa 3+ Ho,04 CBeTno-xenTbli
Okenn apbun 3+ Er,0O4 Pososeblit
Okeng Tynus 3+ Tm,04 3eneHosaTo-Genbii
Oxkecua uttepbusa 2+, 3+ Yb203 Benblit
Okeng nroTeumns 3+ Lu,O4 Benbii
Oxecmp ckaHaus 3+ Sc,05 Benblii
Okeung uTTpusa 3+ Y504 benbin
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Mpunoxenue OA
(cnpaBo4Hoe)

And)aBUTHLIA yKa3aTelnb TEPMUHOB

aueTart pegKo3eMernbHOro anemMeHTa 5.2.11
6acTHe3uT 4.1.1
rekcabopup penkoseMenLHOro aneMeHTa 52413
rMapoKcUa pegKko3eMenbHOro anemMeHTa 524
2fuHa UoHHas 4272
anuHa uoHHo-adcopbuposaHHas 422
KapboHaT pegKo3eMenbHOro aneMeHTa 523
Kap6oHaTUT/WENOYHbIE UHTPY3UKN 423
KOpPbl BbIBETPUBaHUS KapboHaTUTOB 424
KOHLEHTpaT pegKo3eMernbHbIN 426
KCeHOTUM 413
nonapur 415
MecTopOXAaeHUe pefKko3eMenbHbIX 3NIeMeHTOB 34
MWHepan peaKkoseMenbHbIN 3.2
MOHaLUMUT 41.2
HUTPAaT peaKo3eMernbHOro anemMeHTa 526
OBMUr coeaAMHEeHUA pegKo3eMerbHbIX 3NeMeHTOB 6.2.4
oKcarnar peKo3eMernbHOro afneMeHTa 5:2:8
OKCUA, peAKO3eMeNnbLHOro anemMeHTa 521
OP33 5.2.1
npuMMech HepegKo3eMernbHas 3.11
npuMMech pegKo3emMernbHas 3.10
poccbinyM NPUGpexxHo-MopCcKHue 425
NpOoAYKT pedKo3eMerbHbIW pa3geneHHbIN 5.1.4
MPOU3BOACTRO KOHLUEHTpaTa U3 MOHHO-aAcopOBLUUOHHOW peAKko3eMernbLHOW pyabl 6.1.2
NPOM3BOACTBO PefKo3eMernbHOro KoHUueHTpara 6.1.1
NPOLUEecc OcCaXaeHunA 6.2.3
pasgeneHue peakoseMernbHbIX 3NeMeHTOB 6.2.2
pasnoxeHune peaKozeMernsHOW pyabl UNX KOHUEHTpaTa 6.2:1
pacnpegeneHve pegKko3eMerbHbIX 3IEMEHTOB 3.8
pyda uoHHasi 422
pyda mectopoxgeHus baroHb-060 421
pyaa pegkosemMernbHasi 3.3
pyaa pegkosemeribHasi MOHHO-aAcopPOLUMOHHAs 4.2.2
pecypchbl MMHepanbHble pegKo3eMernbHbIe U 3anachl None3HbIX UCKonaeMbIx 3.6
cMellaHHoe coefUHeHMe 3MeMeHTOR pefKko3eMenbHbIX 51.2
cogepxaHue pegKo3eMernbHbIX 3IEMEeHTOB 3.7
coldepxkaHue pedko3eMerlbHbIX 3TemeHmos obuwee 3.7
coeguHeHVe MHOUBUAYaNLHOINo peKo3eMerbHOro afemMeHTa 511
coefiMHeHWe, cofepxallee peaKo3eMernbHbIA 3NeMeHT 5.1.3
CpedHAA MONApPHas Macca CMeLUaHHbIX COEOUHEHU peaKo3eMenbHbIX 3.9
cynbdaT pegKo3eMenbLHOro aneMeHTa B2
cynbdug peoKo3eMenbLHOro afneMmeHTa 5.2.10
YPOBEHb pefKuX 3emernb 3.5
cheprycoHmnT 41.4
cthocchaT pegko3emMenbHOro anemMeHTa 529
thTopmua peoKozeMenbHOro afneMeHTa 525
Xnopua peakozeMensHOro aneMeHTa 522
LUMTPaT peaKo3eMenbHOro anemMeHTa 5212
YMCTOTA pegKo3eMerbHbIX 3NIEMeHTOB 3.12
yucmoma pedko3eMerlbHbIX anemMeHmos abcomom-as 3.12
YMCTOTa pPeaKO3eMENbHbIX 3IEMEHTOB OTHOCHUTENbHasA 3.13
3neMeHT pefKo3eMernbHbIW 3.1
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