21646 -8,

AKALRMYA HAVK COCP .
OPIEHA ITEHVMHA JHCTUTYT OBUEH ¥ HEOPT AHWYECKO! XVMMHM
um H.G, KYPHAKOBA

~ Ha npaBax pyromucw

UM, BEIFKOB

B3AHMOXEHCTBME PENKO3EMENBHHY OKMCIOB
C HATPUEBO-BOPATHHMU PACIDIABAMK

(070 ,Be0pranuueckas xumug)

ABTapedepar Mucceprammm
| H& COUCKAHWe yueHOl cremenm
FeHIMIATA XMMNYECKUX HAYE

Mocksa
[969

BHBIMOTERA
Oraenesna fnnuvscug
W Hayw AH CCCe
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3 [OCHefEKE TOLH NOKCKY MaTepYAalos L HOBO Tex-
HYKY CO3aly (laronpusTHHE OPEeiNOCHIKH Ll YCEOPEHEO-
70 PA3BUTHUA XUMEM COENMHEHMA DefKo3eMelbHHX 31eMEeHTOB
(p.3.5.) 4,8 YACTHOCTE,00paToB -~CONel NPOCTHX ¥ NONM-
MepHHX OOpHuX Kucxot: Hy BUs, HB80., HiBy Oy = mp.

APECTAN0XIMIMECKOL 0cOCEHHOCTRD 00pPATOR ABIAGT~
Cd CYWEeCTBOBAHUE JBYX OCHOBHHX CTDPYKTYPHHX eJVHIN-NAG-
crora Tpeyronsivka B0z u rerpasmpa B0, .lonmiepusanys
BTUX CTPYKTYDHHX eXMHKL RA¥ X KOMOMHAUKM NPUBOEAT E
BOAMOXHQCTE CYWECTBOBAHKS KOMIJIEKCHHX OOpATHHX aHHO-
HOB I oOpazoBaHun 6Gparos ¢ GXHYVM U TeM Xe KaTHOHOM
Pa3iKuHAr0 MQISPHOTO COCTABa.B IMTEparype HMEnICH CBRE-
geHug o GopaTax TPEXBANEHTHHX DPEJKO3eMeJbHHY MeTalloR
¢ MONADHHM QTHOWEHUEM OKMCU P.3.3. K CODHAMY aHTKip¥-
Iy Lny0s:8,0; ,passmu I:I , [:2 , 1:3, 3:I, a rak-
e IBo4HEY 0oparax p.3.9.C aloMuHpes,ralided B XPOMOi.,
Bece yHoMsHYTHE BHME IIPOCTHE COeIUHEHKs NoRydyaluch A400
BHCOKQTEMIePATYPHHM ClHEeKAHKEHM KCXOIHHX OKECJIOB ,AKG0
OOMEHHHM B3arMONEenCTBYEN OKKCIOB KJAX CYNLPATOR pPeiko-
SeMeAbHHX METANnoB ¢ GoparTaMi HATPUf.ZHCOKOTEe.neparyp-
HHIl CUHTes XOTH ¥ HP¥BOLMT K 0Upal30B3aHul CPABHUTEIBHO
¥0pomo oxpvzcmmnsosaumk NPOLYKTOB ,0NHAKD UYUCTOTA WX
OKa3uBaeTCH HEeIOCTATOYHO BLCOKOW,

PaloTu,nocBsuertse GopaTad pelio3eMefbhuX METANA0B
HEMHOTOUNCHEHHN [ NpKYEM HYACTh K3 HUX BuOOAHEHA HA He-

LOCTATOYRQ BHCOKOM YPOBHE..pYyrKe PAUOTH YacTo HpoTHso-
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pevar Zpyr IPYyTy OTHOCKTEALHO COCTABA & CBO4CTB GOpaToB
¥ NO3TOMY X0 HeJaBHEro SpeidEIiI{ Ha& OCHOBaHIK Mzreparyp—
HHX JaHHHX Helb3a OHAO COCTaBKTIb celde UETKOTO MpPEiCTas-
NeHHd O BOJUOKEHX KJaccax 60DaTos,olpasyeMHX peXKo3eMe-
ABHHMY 3ieMeHTaM¥.B TO ®e BpeMs pelxo3eMelbHue 00paTH

NpUBleKanT BHEMAHKE MCCHejoBaTellell VHTEDeCHHME D Jek-
TPEYECK UMM, ONTEUYEGCKIMY. CBOLCTBAMY,BHCOK 0 TepMIYeCKOM
yCTOUUEBOCTHD. '

B ¢BA3Y ¢ HEIOCTATOUHOHK K3YUEHHOCTHN 3TOTO Klacca
coexnkeﬁzﬁ Hauy OHAE NDEIMpYHATH MOCKYE CDel,%3 KOTODHX
MOZXHO OHJNO OW BHEeNATH COpaTH CTEeXKOMEeTPKYEeCKOrd COCTa-
B&,MEHYS MeTOL TBepLOLaz0oBOr0 CKHTE3a.

JiEq monyueHYd BEWECTB B BULE MOHOKDKCTAJINOB HEOO0X0-
IVMH CBeJIEHKS O IKarpaMMax COCTOfHKS BeuecTs ¥,B dYacT-
HOCTY,00 ¥X DACTBOPYMOCTY B TeX WIK KEHHX DPacTBOPUTENAX.
Tax my pacTBOPKTLIAMY LA OKUCJOB D.3.9.,N0 HaueMy MHE-
HUD,MOTAX O OHTb pacniasn cucrtems Nea,0-Ba0s. Sopuuit
aHTYIpYL (XKCHAOTHYE OK¥CEN) ZONMEEH pearvpoBaTs Np¥ Ha—
TDeBaBEL ¢ DrikoseMelBHHMM OKMcHaMu ¢ olpa3aBaHueM 00—
parToB.CBEIEHES O B3aMMONeAHTBYY OKUCIOB P.3.3. C HATpM-
eB0~00paTHHMY pacfilaBaMy B IUTepaType OTCYTCIBYNT.Bopar-
HHE CHCTEMH VHTEDECHH 8me ¥ B CBABK C KX CKJIGHHOCTHD K
CTeRIOBAHED,TAK Kak cTexJa ¢ 1ofaBrauy p.3.MOHOR HAXO-
LAT OpEMEHeHME BO MHOTYX OORACTAX HOBIH TEXHVKM.

Hayuenye CBOJCTA COSNMHEHWA B DALY D.3.9J6MEHTOR

migaT Tak¥e HECOMHEHROE TeoperuuecKkos sHadeHve.lIpy Bu-



Gope HOBLX Q0BEXTOB JJIf WCCIeIOBaHUA LejecoqafpasHq pac~—
CcMaTpUBATH COBOKYNHACTH COEIMHEHWE C ONHIM X TeM Xe aHH~
OHOM, U KaTLOHAMI,NpYHALJIexanMy K OIHOE HOIrpylle NepHa-
Krdeckail cucTeMu.Pejko3eMenbHue 3JMeMeHTH,ofpasybnue 6o~
JBILYD TPynny TpeXBANEHTHHX 3JEeMEHTOB B NEPUORKIECKOM
cucmeme,npeﬁraamm BO3MOXHOCTE E3YYeHUA BIUAHUE MOH-
HOTO panyyca Ha COCTaB ¥ CBOUCTBA COefMHEHWA B roMONG—
TEYECKOM DINYy ¥,B YaCTHQCTE, 60paToOB. ' _

Tuccepranuansas pafoTa DOCBAWEHA KCCAEJOBAHUD B3AU- .
MOJE/CTBUA DEJ<0BeMeNbENX OKUCHOB C HATPUeBO-0apaTHNME
pacniaBaMmy Hp¥ pa3idYHHX TeMNeparTypax.

Cucremn Lny03-Na,0-B,05 (Ln=Ce, Pz ,Nd,Sm,
tw,Gd, T€, Dy, €2, Y6, L usysanuch MeTOLOM ¥3GTED-
MUYECKOTa HacHmeH¥s npu 900°C u CULEPEaHNY OKWCK HATpUS
B pacnjasax 5-33 mon.e ( Bao-}//vazo =2-17).8:400p TeMme-—
paTyps 900° onpexeﬂsnc.s TEM,YTO OpH Goxee SRCOKEX TeM—
neparypax yBENUUKBAETCH NETYYECTH KOMNOHEKTOB DACIiA~
Ba,NpX (olee HUBKUX~ yaenmmaefcs BABKOCIh DacliaBa.
Wsbpandnas 1A4 paloT 06JacTh CONSDPHEAHUS OEKCH Harpug
OxBaTHBAeT HarGolee [OpakTHUECKE MHTEpecHy» o0NacTh GTeK-
nootpasosanus B cucrenme Na,0-8B,0; .

Buay‘ansﬂo-—n‘onmepumecxm.a METONOM OWIIY UIYUYEHH XK~
MUI3M B3AUMOLEUCTBUA M DAGTBOPUMOCTE JBYOKUCH LEPEA M
QKUCY HeoxuMa. B pachiasleHHOi Gype.

Cuctems Ln, O3~ Na,0-B,05 (Ln= By, He Ex

Tu, Y4, Lu) oume vacrwino wconegosams apr 700°C #
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CONepRaHEY OKHMCY HATDUA B DACHNABAX 6 MONL.%.,

BHIO mpeAnprHATO TakEe BHpAMUBAHEE MOHOKPECTANIOB
Goparos Tanrana, Ipaseoima  HeO [ iMa. ,CaMapua , Tagoilih kg ,
*eplud ,BUcUPos3us,3p0us 1 ETTepOUs ¥3 PacTBOpa B paciia-
Be Na,B, O,

Teeprie Gap,BuieleHHNe B CUCTEMAaX,NOZBEPTAINCH XH-
MEYecKOMy aHalyu3sy,a TaKie MCCHeJOBAHYD METONAMY peHT—
reaocbasoacro,,mp@epesqnanwo-repunqecxoro aHanusa u V-

CHEKTPOCKONNY,

Cucrema Nofy03-Noxy O~ B, 0,

B cucrene Ndy03-Na,0-B,0s Guna nonyyena naorep~-
ua (900°) DPacTBOPIMOCTY OKECY HeOXIMAa B KHTepBale Coxep-
XAHKE OKMCLE HATPHA B pacniasax 5-33 Mol.%.PesyNnTaru uG-
CUeNOBAHYA CUCTEMH NPHUBEISHH B Tadnmme I.

BoamMozeicTBMe OKMCH HeOEWMMA ¢ pacliaBieHHOHd HaT—
PEEBO-00pATHO] CUCTEeMQA CKIAINBAETCH X3 JBYX MPOLECCOB:
Hepexera OK¥CY B pachiaB ¥ o6pa30Basus 60paTos HeOorumMa.
Hauude,npuseyeryne B tadiume I,moKasHBanTt,uTd K30TEpMA
DacTBODUMOCTY OKKCHE HEOZ¥MAa COCTOUT U3 IBYX BETBeEM,0T-
BeYaOMUX KpECTANIu3anmy TBemIHx das: MeTadopara HeoxkMa

No(BO.)s B sucaux pacnnasax u opraGopata NelBOs p
pacnuasax,6oraTHy OKuCHD HaTpKa.lMeradopar Heommia oGpa-
-ayemcs B CUCTEME B odnacm' co,nepkaﬂms pRuCK Harpug 5,53~
~20,84 uox.%.B uHTepBane comepkauns oKucy HATPHA 4I,56-
-33,11 pacniasy HAaXoLATCA B DPABHOBECHE C OPTOCIPATOM .
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Tatmuna I

PacTBOPEMOCTE QKUCE HEOIMMa B HATPHEBO-JOpaTHHX

pacniasax mpr 900°C

I PasHoBecHas CoctaB XUIKOY (A3H,BEC.%
n/n TBepIas jasa
NedgOs By 03 Ne,O
I  NdBOs 13,22 80,91 27,87
2 To xe ' 5,42 09,85 21,70
3 " 7,78 73,68 18,54
4 No(B0z)s 7,08 74,99 17,93
5 To =me 0,bl 75,07 i7 004
6 " 5405 77 418 17,23
7 " 3,09 80,15 16,76
8 “ I,7s 85,51 18,75
9 v . i,12 88,95 9,93
10 8 . 0,74 92,62 6,64
1r K 0453 94,54

4,93

-

lisarepMa pacrsopumocty B cucreme Ndy03-Nag0-B,0,

BUTIAKKT Kak KPUBaf HOTEHUKOMETDHUECKOTO TUTDOBAHUS.
ManoMy CONepPEAHYD OKVCE HATDUA B DacHiase OTBEUAST HU3-

Kag PacTBOPUMOCTE OKKCY Heojuma.( yBeXMueHueM COogepxa-

HIIE OKKCUY HaTpudg B pacnnan‘e PacTBOpUMOCTS Ndsoi BHA-

ualle BO3pacTaeT MeIIeHHQ ,0fHaKQ B wOracry [9-20 Mod.$

N%O HaONDNae TCH HAD VUeHKE NIABHOTG XOia UBQTEpME (63

g



VISMEHEHVA COCTaB3 DABHOBECHOW THEDAOLA (asi.

{3108 Ha KPHEOW DACTBODEMOCTY,00YCHOBICHHHE W3Me—
HeHVEeM cocTasa TBEPIOil (a3u,0TMevYagTICa MDY COXE, HaHIE
OKUC¥ HaTpUA B pacmiase ZI,00 MOIL.% .JlalpHeliuee yBelrye—
HEEe mMeNOUHOCTE pacliasa Takke BeZeT K BO3PACTAHYN PagT-
BODIMOCTHE ,x0T8 ¥ 00dee 3AMEIJEHHOMY B CPaBHeHUY ¢ Ofaac-
150 cocTaBos [9-21 mox.% Naa0 .CraukonlpasHsi XaparTep
I3MEeHEeHNA BeNWYUHH pACTBODYMOCTH OKNHCY HeonrMa B 00l1ac-
TW CONLEPEAHEA OKUCK Harpua 19-20 MOI.% QOyclOBieH Gli—
30CThD NONOEEHVA IHePEeXOMHOi TOUKE C 0CNACTHD MSMEHEHud
CTPYKTYPH HaTpKeBo~-00paTHOTO pacnaasa,cornaCHo JyTepa—
TYDHHM JaHHHM ,yBeIuueHYe MeNQUHOCTH IBYXKOMIOHEHTHHY
NeNoUHo-00paTHHE CTEKON BHSHRAET [EPEX0K TPEeXKOoOopriHa~
NMOHHOTO 0opa B YETHDEXKOOPIVHANKOHHHA ¥ cmuBaHue 60p-
EUCHODPONHHX Lened.XoTs yBelmdeHre HONE TETPASLDUUECLUX
GOp-X MCIAQPOZHHX TPYNNMPOBOE NPOUCKOILNT HENDEpHBHO BIIQTE
10 33 mon.w Nay0 ,onmaxo mpu ranspHeiimeM yBeIuUGH:R CO-
JepEanna méﬂoqm (crepx 20 MOR.%) B cucTeMe OHGIDO BOBW'
DacTaeT XOMd HEMOCLUKOBBX aTOMGB HKNCIODOLA ,N0ABJIADICH
KOpOTK W@ HOJSPHHE TDYNNVPOBKE ¢ aTOMaM# Euenopoja,cfia-
TADNEME TOBHUEHHHMY JTOHODHHMYL CBOWCTBAMYE ,UTO CHOCOGCTBY~
6T PEAKOMY BO3DACTAHKD DacTBOPUMOCTY ORUCK HEONMMa B

Harpueno-dapamnom pacrnase.
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Yroly cocTasyth OpescTaBieHKe O BIHAHEY TempmepalypH
Ha DPACTBOPWMOCTE P.2.0KYCHOB,0HI0 E3YUEHQ BIaUMONEACTBUS
OKUCY HEQNUMa ¢ pacijaBoM TeTpabopara Harpud B NOLKHTED-
smseckux yerosusx.Cucteua NagByOz-Nd,0; vecnenosanacs
B TEMOEPATYPHOM UHTEpBale 708-1000° NPY COREPUAHIE OK =
c¥ Heonmua o 16,45 Bec.w.3uauenne pacrsopmioctu Ndylh,
noIyueHtoe avzsyaﬂbéo-ﬂoﬂmepmuqeczcoum METOIOM XIA Teu-
nepatyph 900° ,coCTaBlgeT 0k0n0 I2 Bec.y (radimia 2),4To
HaXQLUTCSd B XOPC 18l COQTBETICTBUE C PE3YNbTATOM HAMKEHEHM
METOZOM K3QTEDMUUECKOTQ HACHUSHUE (:caénama I).8pusoit
muaskocty paspesa NogByOy-NeyO; 5 cucrene Nay0 -
B, 04 ~Ncly0y 3 yayueHHOM yHTEDBANE TEMIEPaTyp COOTBET-
CTBYeT 0pTOGOPAT HeomwMa NdBG; |

Tabauma 2

PacTBOPIMOCTD OKECY HeoXmda B pacniasax Neay;ByOs
—;nﬁ - Nd203 TeNTepatypa. no:’mxeguﬂ

/u B&C. nepsHx KpUcTalios, VG

4 0 740

z ;93 708

3 I,9 755

4 2,99 775

5 3,84 780

6 5443 800

7 5,19 _ 825

8 7,90 855 .

9 9,08 870

10 12,00 895

11 14,32 91b

I 16.40 970

I3 18,45 _ 1008




Crctens Lng0; - Na,0-8,05 (Ln=5m,6d, 76

Yka3aHdne crcTeMH 0CHApYEWIE 00mee CXOLCTBO C OpefH-
" Eymeii. A30TepMH pacTBOPEMOCTE B CHCTEMAX C YUYACTHEM ORVC—
. OB CaMapud,ramOiHug ¥ TepONf COCTOAT U3 IBYX BerTmell:
BETBY EPUCTANIM3AUEE COOTBEICTBYDUNX METACODATOB B KUC—
IHX pacniaBax ¥ BeTBY KDECTalIM3aiuy bprodoparoa =B 8=
NOUHHX., B Tabnme 3 OprBeresd OGNACTE DPACTUDAHNS K30TEDM
MeTa- ¥ OpPTO6OpaTos B cucreMax LNga0s—Na,0-B,0; |
Hax BUIHO 3 TalIMOH,C YBEINUYEHNEM HOPAIKOBOTQ HOMEpa
PEIKQ3eMENBHOTQ 3JeMeHTa 06IACTh CYMECTBOBAHEA MeTasopa-
708 cyxée:ccm‘Ocaosnﬂe pasnyuyg B KDPUBHE PacTBOPUMMOCTE B
paxy Nd-Té cpgsasn co cuemeHueM TOYEE nepexoma Merato-
pPaToB 8 OpTOCOpPATH.

Hepermﬁ,oﬁycnomeﬁm E3MEHEHEEM CTPYKTYDPH HATDVEEO-
Goparrora pacniapa,HalNnLaeTCHA HA HB0TEPMAY PACTBODUMO-
CTY OKNCHOB CaMapld,raloluEyE ¥ Teplug B abracti 15-20

MOX.% OEKGY HaTphd.

Crcremn LnyOy~Na,0-8,0, (Ln =2y £2 Y4, Lu)

[pz mepexone ot Teplus X FECOPO3MD HACMOIAETCH M3~
MeHEHUe XapaxTepa B3aUMOLENCTBYS DEeliK03eMeNBHHY OKKGIOR
¢ HarpueBo-GopaTuuMy pacmissamu mpz 900°.Kax BriHo us
TaGnmm 3,001aCTh CymecTBOBAHMS MeTabopatos B paxy NA-T¢
GyEaercs ¥ Yy ZMCUpOBUg MCUES386T COBCEM.MsarepMu 900

KAA CHCTEM ¢ OKMCIEMM XMCHPO3ME ¥ FpOuf COCTOAT M3 Of-
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HOi BETBY KPYCTANIN3&IKY OpTACOpATOs XUCHPO3KA U 3pOusa

( DyBO3 v £2B0s ) BO BCeM UIYUEHHOM HHTEDBAIE COLED-

BaHUs OKLGY Harpus B pacmnaBax(5-33 Moi.%).laMexeHue

M30TEPM KaX U B NPEZHAYNUX ClcTeMax,Halipgaercs B oGia-

cry 20 MOI.% OKKCYE HAaTpHd.

Tabnmia 3

OdsacTy mpocrwpanms maorepu (900°C)
B cucremax Ln,Os-Nay0-B8,0, .

¥30Tepuu

Ik
n/n Coezmienyfi MeTalopaTos,

Na,0 mon. %

[pumepHae fizoTepun

[I0NOXeHNEe  OpTOUOpParoB,

1epexoNEod , ‘Na,0 MON.%

TOQUEW,MO00.% - :
Nas O g

I Nol(B0,); NdBO; 5,53-20,64
2 Sm(8G,); SmBO; 5,55-17,28
3 6d(BG,}; GdBOy 5,73-17,19
4 TE(B0,), TéBOy 5,69-11,I5

21,25 | 21,66-33,IL
19,27 21,54-32,85
18,297 " 18, 58-52. 50
12,64 14413-32,91

5 2y B0, Heradopar e - 5,83-32,79
a0HapyEeH =% e
£2B0; " " 5,45-33,26
7 . YEBOs " - 5,64-33,32
8 Luso, " 2 5,54-30,63
llce NefiOBAHME BIAUMOLEHCTBAS B CHCTEMAX C YYACTMEN. ,
OKMCIOB nNTTepOra u IprTenua(5-33 MOX.% anO,) _TaKEE

a0Hapyxuio o6pa30BaHue NpI 900° mums 'o,maia PasH - opTo~—



-Boparos wrrepbua ( YABO3) u morenus (LuB0y)cooTBETCTREH~
HQ,

B nefoM KDUBHE D :CTBOPUMOCTE OKMCHQB HEOXUMA,Ca-
MADUS, TaSQIEHYS ,TeDOUA , TVCIPO3KR ¥ 2p0Kd COLHE MENLY
€000, uTo 1HeCcONHaHHQ CBH3aH0 ¢ 00WSU3BECTHOM GU¥30CTED
CBOICTE PEJ.L0BEMEIBHHK ahemeﬂmn,odycnome}z}mﬁ 31 8.JTHM
npocTEpaHuer Hf -opOuT.X0Ts cTeleHh yuacTud §f -0pOUT B
CBABAY LIS Pa3JUUHHY DeIKO3eMesbHHX 3JIeMelToB Dasiuuua,
9T0 HE CKAa3uBAETCH CYNECTHEHHHU 00pa30y HA DasHOBEeCHOM
COLEDXAHNE UX OKUCIOB B HACHUBHHHX DAiCHAaBax.

8 paCore uCGAeN0BANOCH (UYACTUYHO) BBAMMOEEACTBUE B
émcremax C yUacT#eW QKHCHOS IpaseOfyMa,esponus I Lepvs.
Oxucny HpasesiyMa ¥ eBPONMA B3aMOIEUCTBYOT C pacijana-
ug NayByOq ¢ o6paszosannen oprodopazon PrBOs 1 EuBly;
npy peakumy Pz, Oy n 6“203 ¢ DaCIUIaBaME,COMeD K AlMMEA
16,6 MOMy QRUCH HATPUSA,BHEeis0IcH Merabopats Pz(BO)su
Eu{&oz)g o Taxums 00pasou,OK¥chs Npa3e0rrMa ¥ espPONKd pe-
arypynT ¢ Harpweso-00pATHHME DACHIARAMN AHANOTKYHA OKUG=—
fay COCeNHYX ANEMEHTOB HeOmuMa ¥ Tajonufud.

_EByOELZ/iCI-: Lepud B OKMCIWTeNbHQOU aTHiCc{epe HpH 900°
HE BB3aVMOIELOTBYeT ¢ pacnnasamr  Na,By Oy e Ha~
Guogalochk Bzammomescrsug (€0, o pacnsasou NoBy 0y
u mpy gpyrEx Tewneparypax (7209-1009°). (PacTsopumocts
ABYOKMCH Iepus mpu 900° B paciiase UypH €OCTaBldeT IMlb

oxaua I Bec.% npu~ 12 Bec.% NPYTHX OXUCHOB D.3.3.).
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IBepnve yasuw B crcrTeMmax
LﬂzO; NaaO 3703
JauHpe HacTOSWEx pPalQTH HOKAZal#,4YTd NpPE 9000 K co-

IepEaHul OXYCH EATDUA B pacnianax 5-33 MOM.. OKKCIH Ipa-
3e07MMa , HeOLIa ,CaMap &d , 6BPONNE , TaI0N LA , Teplua 00pasy-
0T JABE TBEDIHE YasH: Ln-(BOz)3 z LnBOs ;roria xax OKHKCIH
LUCNpO3NA - ADTEUXA AMEb OJHY (asy 131803 .EN¥HC TBEHHBM
Meraloparon ,cocTaR KO0TOpOro OmJ paHee yBepeHid YCTaHOB-
NeH,ABAAETCH MeTal0parT JaHTaHa.

B ¢BA3M ¢ HEU3YUBHHOCTHD METAG0PATOR DEIKO3eMelbHHX
MeTALNOB X ¢ LeAbD BHACHEHLA NPUUEH cymeﬁma-nk o0nac—
Tell cymecTBOBAHKA HA K30TepMax pacTsopumoct: (Tadnmia 3)
Oui0 OpeLNpUHATO ¥CCAeioBaHie (UIXYECKUX CBOKCTB Merado-
paros. -

llo maHHsld PeHTIeH0Ja30B0TO aHalk3a,MeTaboparH npa—
3eoxmua,ﬁeaﬂmma,camap1ﬁ,eaponza,raxaﬁzuﬁﬂ u TepOua n30-
CTP VETYPHH,OfHAKG U3 DacillenieHys 0TLEABHHX NEHKE Ha PEHT~
reHOTpaMMAX MeTadopara TamOiMHKA ¥ 0COCeHHO TeDPOUS MOX-
HO OMJO CJejarh BHBOE O NOABMEHKK uckaxeHul B X CTPYK-
TypeE. '

Hi{~cnexTpn MeTalopaToB oxasaﬁuca aHANOTUYHHMYE , 01 HE~
K0 CMEMeH!A HEKOTOPHX YacTOoT B CHexTpax HOCHT HeoOHUHH
XapakTep.Tak,ecl OTHNeNbHHE YACTOTH CDABHUTEIBHO MOHO-
TOHHO YBEIWUMBADTCS C YMEHBbHEHMEM HOHHOTO DafKyca pei-
K03eMeRbHOTO aﬂeMeHra,io IDyTUe,HanpoTEB , KaMEHADICH o~
HOTOHHO JIMIR B Havyaie MeTalopaTHOrO paXa,B KOHYe Xe ero
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OHY PE3K0 BO3PACTaNT.JTO HOcHerHee O0UCTOATENBCTBG MOXET
OHTH 00BACHEHQ TOIBKO TeM,UTO ¢ yMEHBUEHYEM EOH{OrQ pa-
' xuyca NpOKCXONKT CUNEXeH:e COp-KUCIOPONHHY TPYNNEPOBOK
BOKPYT DeZK03eMeJbHOTO MOHA,BCIENCTBYE UErG Ha onpeie-
AeHHOM BTAaNe MOABNAETCH CUNBHOE OTTAJKVBAHIE KHCJIODOIHHX
“4TOMOB MexlLy co60i 1 KaK pesyisrTal ero - peskoe yBeamie~
H¥e YacTOT BaleHTHHY KoJeCaHuli OOP-KUCIODOIHHX CBf3eu.
Tagum OCpasou,jaunne M{-cnexTPOCKONKYK,COTHAC YOHKECH B
eloM C pe3ylbTaTaMy DPEHTTeH0)a30B0T0 aHalr3a 00 ¥30CT-
PYKTYPHOCTE MeTabopaToB P.3.3.,H0ITBEepIRIK TaKke IpEIIo-
HOKeKNe 0 TOSBAEHVI KCKAXEHU B CTPYKTYPE BTUX COEIVHE-
Huid .

A¥anu3 CHexTpOB NOTAONEHKS He NO3BOJKI CielJaThb QIHO-
3HAUHOTO 3aKINYEHEA O KOOpHUHauxy 60pa B peleTke MeTado-
i

paroB.Hanuuie NONOCH IpY¥ ¢67-073 oM — 1 Mexay [i00 u 1500

CM"I,a TakEe nomnoc Mexxy 800 1 I100 CM—I;MOXHO,BGPOHTHO,
é@%ﬂCHZTh‘OAHOBQGMﬁHHHM NPUCYICTBMEN ¥ TpeX— K 4-X KOOp-
IVHaZOHHOra 0opa B CHOKHOM G0p-KKCJOPONHOM Kapkace.

Ha ocHOBaHKE HaONoOLeHLE O DEBKOM YBEIEUeHKY YacTir
BalleHTHHX géﬂ&éaﬂuﬁ cBA3el BfO B CNEKTPax HNOTIOUEHKd
nemaéopamos TANOMMHYA ¥ TepOud ecTecTBEeHHO OHIO npéxno—
JIOEUTH ;UTO TEPMIYECKAY YCTQHUXBOCTE pex&osemeibﬂﬁx MeTa—~
dopézun LOIKHA HOCUTH HEMOHOTQHHHN XapakTep B DALY pei-
KO3eMe/IBHHY SleMeHTOR, [ nidepeHIKANbHQ--T 6DMIYE CK U aHa
nga Memaﬁbpamoa,Fi—T@-noﬁaaan,qra upu ﬁepexoxé K ranoli-

. HUR ¥ 0COBeHHQ TepOMD JelcTSUTENBHO HACIDKACTCH PesKkoe

I2



GHEREHVE TepMUuYecKol ycToduusocTy MeraloparoB.Xpome To-
TQ,Trn Ha30BOrQ IPEeBPALEH¥S MeTal0paTroB NPV HarpeBaHy
0xasaJjcd pasiruyHuu.eradopaTi HOpaseomiiMa ¥ HEOx¥Ma Nia-
BATCHA KOHIPYDHTHQ Ip¥ TeMOepaTypax 1124 & II&OO co0T—
BeTcTBeHHQ. (IUTepaTypHie MaHHHE X1 TeMOEPATYPH NIaBie—
uea Ln(BO,)y 1147%).ilarpenazre Sm(B0;)s X0 1135° npzsoxue
K @ro NOZHOMY NJNaBAGHED,MPY OHCTPOM OXNaxieHu) pachiiaBa
 BHOBB KDKCTANNN3YeTCA MeTadopar camapia.Tepuryeckud asa-
I3 MeTaG0paToB eBPOI ,TaioiyHKd ¥ TepOus IaKasan,dro
9TE COSNVHEHVH NNABATCA KHKOHTPYaHTHO ¢ ofpasopaHieM
oprodaparTos OpK TeMIepaTypax 1112°,1080 n 9«1{40 COoOTBE 2=
cTeHio. [lepexon MeradopaTos Eu ,&d v T4 B oproGopaTs
a0BACHAETC S, NO~BLLIMOMY , HEYCTOLULBOCTED KPUOTALINYE CLRX
a3 us~3a OTTAKKBAKES Mexny Cop-KKCIODPOIHHME I'DYyNI¥pOB-
KaMr_,B03pacTanuera np¥ yewienyy KoieCaHks DelleThu.

llepBuM VHKOHIPYOHTHO [IABAWIACH COé)LV.He&'HEMB paxy
MeradopaTos pP.3.9.,Be)04THO,ABAgeTCA MeTalopaT Cauaprd.
Cornacuo JausmM JleBrHa 1 COTPyIHWKOB,DaBHOBECHDU TBEpAOH
$az0i B MOHOTEKTHYECKOd TOUKE CUCTEMH. Smgoa"szog B~
eTca aprodopar camapus (cucTeMa neonyrixkopaHa).Kprcral:
quzanud Meradopara caMapyvd K3 ero pacnjiasa npu oxfag~
Ierry QGyCIOBIeHA, 10-BUIIMOMY , CIU30CTED ieunepamyp pas-
JOXeHNs ¥ IOJHOTQ [JaBJheHus gm(BOz)g . '

CHEEEHIE TepMKUECKOl ycToiurBocTH MeTadopaTas B pa-
Iy ke 'T",BblBBa’dHoe CTEPMUBCKIME, HANDAXEHKAMY B MX De-

WeTKaX,IpUBOLMT K CyxeHiD oflracred CymecrBOBAHLA Lrg(if?()z)3
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" Ha U30TepMax pacTBOpIMOCTH.
[loNuTEN CuHTE3a 1¥eTaGOpATOR BJEMEHTOR OT LUCTPO3Nd

‘ IO Io0Tel¥s OD¥ TeMuepiType 700°,xorAa Moray .Ox CcymecIBO~
BATH MeTadopaTs ¢ Gofee claduMy CBA3AMY B peiueTie,B ¢paB-
uexﬁz ¢ MeraGoparamu Pe-T4 ,m0Ka3aii,yTo B 3TUX YCIOBU-
8X K3 HaTpreBo-COPATHHX DACIJaB0B,COLEPEAUUX ¢ MON.%

OKMCY HATDWA,BHEENANTCH OPTOOOPATH KITEPOHA ¥ JOTENA.

i

CocTas TBEpPIHX da3 B CUCTEME C OKHCHaM¥ EUCNPO3KL,T0lb

Mg ,3p0ns , TyAIKa ¥ JaHHHE KX DEHTTeHQUAa30BOTO aHallnsa |
HE [NO3BOIANT CJhelaTh QLHO3HAUHOTO BHBAZAa 00 a0pas3dBaHum
MeTalopaToB,Xx0Ts ¥ EMEETCH TeHEeHuus X 00pa30Bakin cQe-
ghﬂeﬂnﬁ,no cacTaBy mpubimcaomuxcs & Ln(BG,); .Moxuo 01~
HAX Q0 ,NpeLnoioXUTh,YTO eClM 3TU NEMEHTH U odpasymr Mg~
Tafopari, ¥X CIPYKTypa OyZeT OTIMYATHCH OT CIPYKTYPH
aHAJOTLMUENY COenUHeHUH La—T@,TaK Ka&.reﬁeruMH K K34€~
HEHYD CTPOEHKs 0TUeTHVBO Haliwgalach yxe y meradapara
Teplug. : V

HukHOMeTprYECKE B Tollyode OHIN OnpelelleHH yrelbHHE
Beca Meraloparos NPa3edfda,HeOor Ma ,canapus,eBponusg,ra~
IEOHKHMH 7 Tepbrs.lns DJIQTHOCTEX MeTAlODPATOR D.3.5. Xa=
DaKTepHO ueddnsmoe,no NQCTeNeHHOe ¥X YBeAMJEHUE B DALY

P2-T€ 5 npemenax 4,35-4,9 r/cu®.

OpraGopars mpaseozida  Heoxmia ( PeBOs NdBOz ),
BHTEIeHHNS 13 HarpPueBo-COpalrHHX PAacHiaBOB ODK 900°,xa~
PAKTEPEIBYOICH VHIMBUAYAIBHEMI DEHTTEHQTDAMMAMY ,CB UL~

TENLCTBYOUMMY 00 UX NPUHANNEXHOCTN K ADATOHUTOBOMY TH-
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0y CIPYKTYpH kaploHaTa Kalbliid; OpPTO0OpATH CaMapis ¥ es-
ponus 00pasynT HY3KOCEMMETPHIHYD Monn@n&auan*SmB%; op-
TOO0pATH rajoluHid,TepOua, ¥cnpoaus,3p0us ¥ UTTepOus 30—
CTPYRTYPHH (aTeprToBQk (opme kKaploHara xaisuua; LuBOs
MBOCTPYKTYPCH KANBUKTY.

Oxpacka BHzefienHny Goparos Ln(BOp)3 v LnBO3 onpe-
JeldgeTCH B OCHOBHOM DeIKO3eMeNbHHM KaTHOHOM:00paTH Ipa—
3e0x¥Ma ~3¢ieHHe ; HeORMMa~C¥DEHEBHE ;caMapra-rEITHe j;eBPo-
ng ¥ apozﬂéposogﬂe;raxonznmg,repdms,xmcnpo3mg,nrmepcus
¥ I0Tenus -0elue.

PeaylsTaTH fAHHO# paddTH noxalzadu Bosmoxﬁocrb CYHTE=
38 DERL03eMeNbHHX 00PATOB CTEXMOMETPKYECKOTO COCTaBa

Ln,05+ 38,05 €Mera60pam Ln(BOi)am Lay0y: BeOs -
(cprodopara LaBO,) BzaumonencTsueM pexxosemeﬁsﬁax OKKC -

mo8 ¢ pacmiuaBamy cucrems Na,0-B;0s.

s pacrBOpa B'pacnnaaﬂenﬂoﬁ Oype Ouay BHpAmEHH MORQ-
KPHCTANNH OpTO60PATOR JAaHTaHA,Npas’eofiMa, e 0Lima,camMapia,
eaponma,raﬁonn&mg,repdwa,nkcnposnﬂ,apdﬂﬁ,ronsmng ¥ KITep-
Oun.TewneparypHHA ¥HTEDBAN,B KOTODPOM BHDAUMBANKGE MOHQ-
KPUCTENNH,BH0palcs TaxyM 00pas30u,4Tals B Hero He nana—;
IAJE TEeMNepPATypPH MOJ¥MOPOHHX npeapameamﬁ‘oxuﬁaenmx OpTo-
GapaToB pelKo3eMelBHHX Memaxnoa.TemnepaTypﬁue EETEDBAH
u npoueﬁrnoe'coxepxaﬂme (Bec.%) peIKO3eMEeTNEHHX OKMCIOB,
RBOJ VMHX B pacnnaa-paciaopmmeﬂb i pacTBopsBuEXCS 063 QG-
TaTKa [pY BEDXHEM MpeNele TeMIepaTypHoro ﬁarepsana,npen~-
craBleHH B Tabanue 4. ; .
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Bupamisanie MOHOXPHCTANIOB POLIBOJUIOCE Me LI HEHM
OXNAEIeHKeY DACcNAaBa , HACHIEHROTQ PeIKO3eMeIbHHY OKUCTOM,
" G0 CKOpOCTED ©-8 rpail/4 jo snOpadiore HEHErQ npexrels
TEMNEpaT pu.3upocuMe HA JHe TECIS KPLCTALIH opTodoparon
OTMHBEAVCE OT CTeRNa-MATOUHEKA DasabieHHOl CONAHOL KUC-
K0T0i.Oprofiopaly NoHTana,IpasSeonma Heqlma i caMapis
Oui¥ BupefeHH ¥3 CTEKNa-MATOUHKKE B BYIE IPO3PAUHHL MO-
HOKpHMeTalloB; oprodoparu Eu-Ye mpu oXuaEmeHuE WCHHTH-
BafE “"He3a0paru3aeMyd” MONUMOPYU3M 1 IDE OTMHBAHNL npe-l
Bpamafychs B NOPOWOK,

TaGnua 4

Perxosemenbie 0pToC0DPATH,BHpAmMEHHNE U3 paciuiasa Nag By O

E THTepsais T Corapzadvue D.3.

n/n CoelviieHye TEMJep .Typ, CIPYSTYPH OKECNA B MCXOX-
¢ HOM pachjase,

BEC,'w
I LaBOs  [200-I000  aparoHur 28,4
2 P2BOs 100~ $O0 70 xe 25
g NdBOy 050~ 800 : 21,3
4 SmBOs  1030- 850 L -¢opua 21,38
5 EwBO, 1200-1000  Jarepuc 30
6 .6dBO; 1200-I000 TO E€ 30
7 T4 BO, 1200-1000 1 30
8 . ByBo;  L200-I000 ! 30,7
9 HoBO, 1200-1000 . 30,7

10 ¥YEE2B03  1200-I000 n 30,7

1 Y680,  1200-1000 " 80,7




SHBOEH

I.ileTomoM ¥30TEPMUUECKOTD ﬂacm:eﬂﬁﬂ (90@0) Y3 /ueHa
PACTBODIMOCTE OKVCIOB HEOTMMA,Cauapud,raioiutrs,Tepoyd,
,n‘,mcnpoa:ig © 9p0ug B pacniasax cxcTem: Nag0—B03
(co,n'epmﬂue OKVCV HATpUg B CUCTeue 5=-33 MOil.. ). '

2..1a01J6HO,UTO0 B CHCTeMax C yyacTieM OKKCJNOB Npa3eo-
e, He )1 e ,caMapys , eBponysa ,Tafo ILKYA ¥ TepOug mpl 900P
o6pasywICs IBe TBEpILe Liiaau»:meraéﬁparu cocraga Ln{BOz)3
B KUCHuX pacrianax Na,0-B,03 ¥ oproGopary LnBO3 B
pacniasax ,00TaTHX OKKCbD HATDUA.

3.Ioka3am0 ,uTO B CUCTEMAX 'LneOrNazO-'BéO; (200%)
C yYacTyeM OKHCIOB IMCHDPO3WA,3pOus,uTTepbra ¥ ADTEN RS
pPABHOBECHHMY TBEDIHMY §a3aM¥ Ha BCEM NPOTAXEHUY ¥CCle-
LOBAHHHK KOHUEGHTDA WA OKUCYE HATP KA B ISOTCH opréoopam
DyBO3, £2803 , YEBO; 1 LuBoy . _

4 Halizeno,uyT0 B3aVMONEACTBYE JABYOKIUCK LuDKS .c HaTp ¥~
eB0~00paTHHMI DpaclijaBaMy He NPEBONUT K a0pas3oBaHum 00—
paToB mepud. _

: 5.]lokaszano ,uro opTOOOpATH npaaeo}(ma ¥ HEOZVME ,BH-
IelgDmuecs 1S PACHNABOB CUCTEM an-03‘NagO“'Bzog np¥
900° M30CTPYKTYDHH aparcHWTO s0i MOAED MKaIrum icapd’o&a:ra
RaNbLyd; OPTOOpaTH caMapys ¥ espommd oGpasyor HESKOC M-
MeTpHuHyD Moxmbykanup L-SmBOs ; oproGopaTu razoimHid,
TepOua, NMCNPOIUA ,3p0%s ¥ KTTepOEd U30CIPYRTYPHH falepH~

ToBOH popue kapOomaTa KANBHMUA; LwBO; yzocTpyrrypen
/
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KaubUKTy.

6.YeTuHOBNEHA K30CTPYKTYPHOCTD BIeNeHHHX MeTadopa~
TOB Npa3e0iLtia,He0LIMa ,Cauapyd ,eBponis ,TaloNutug ¥ Iep-
Oud.

7.U3yuesn Ji-CrlexTps RoTiouesrs MeTaloparos.llaileno,
4T0 OTZEMBHHE [OJACH NOTJOLEHNE B cnexrpax‘yeTaGoparoa
rafonmiys ¥ TepOKs KCOHTHBANT CMEmeHYXe K BLHCOKMM 4acTo-
Tau,CBABAHEQE C BO3pACTaHUeM CUI QTTAIKUBAHKS Mexly 0T-
LeldBbHMMK GOp-KUCIOPOIHHMY TPYNNaMy NpY yMeHpUeHMA VOH-
HHX Dal#ycaB pelxo3eMelbHHX 3JEMEHTOB.

8.ﬂoﬂa3aﬂé,umo TepMKyeCKas yCTOLUMBOGTD PelKoseMelib-
uix MeraGopazos B pany La=Té yuessuaercs,uro CBA3AHO C
yBeNKUeHKeM CHIl OTTANKMBAHKA Mexny OOp-KMCJIOPONHHMYU TpYIl-
VPO BE &l ¥ ,Roopxmgmpesaﬁummm BOKPYT penxoaemeﬂbuoro‘MOHa.

9. 313y RNBHO-0AUTEePMIUECKIM METOLOM NONYUeHH Juarpai-
MH 0IasK0CTY paspesos NapByOp—-CeOp u NapByOr- Nol203

[0.%3 pactsopa B pacniaBe NopBy Oy Bupamehs MOHO-
KplcTaiiy 09pT0(0paros JaHTana,lpaseoria e OLuMa ,caua-
pus.llpy oxnaigexHuy oprodoparos Eu-Y8 IIPOUCXOL YT “He3a-
MopazrBaeMuil®  MOTEMODIUSM.

Ii.ﬂpelﬁOKEH MEeTO] CHHTE3a PelKO3EMEABHHX Oopafoa
CTEXMOMe TP KUeCKOTd cocTasa BBaMMOﬁeﬁGTBHéM OKUCTOB P.3.

5IEMEHTOB ¢ HATPUEBO-~GOPATHHMY DacniaBaMmk.



OcHQBHOE COfepkasie AUCCEpTaly anydnuxoaaxo B cle-~
Lyonux padoTax:

1.0.8.Tanasaen H. M.Eenaxoa B.5. Ixypurcrud ,C. M,Bapxﬁ

. K.Heopras.Marepradi,2,kl, Ib5(1906)

Z.M.B,Iaaaaaea,B.a.ﬂxypuHCKnn,H.M.Benﬂuoa.
K.Heoprai.MaTepualy, 2,k10,I791 (1966).

3.5.b. Jxyprnckuid .M. Benaxon,N.B. Tananaes.
K.HeopTai.MaTepraly ,3,110,1876(1967).

Bagas M I6 T-U1075 5/17-s9p, 06tem L,2n.i,. Tupax 1503K3,

0fneqarado He poteupidhtu Bokw An LLLE, kUCuboy UtalurOhaihb

by nol. ol K. 5.
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