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S}
BBEIJEHMUWE

AKTYAJILHOCTH T€EMbI HCCJIEI0BAHNS.

Penkozemenbhbie 3neMenThl (P39) crutaBel 1 XUMHUYECKHE COCAMHEHUS Ha
WX OCHOBE MIPUMEHSIOTCS B PA3IMYHBIX OTPACISAX TEXHUKH: MPOU3BOJICTBE CTEKIIA
U KE€paMUKU, YEPHON METaJUTypruu, 3JIEKTPOOCBETUTEIHHOM, aTOMHOM, JIa3epHON
TEXHUKE, TEJIIEBU3MOHHOM, XUMUUECKOW MPOMBIILUIEHHOCTH, MEUIIMHE, CETHCKOM
XO035UCTBE M APYTUX OTPOCIAX. BO3MOKHOCTH MX WCIIONB30BAHUS JaJIEKO HE HC-
YepIiaHbl U PaCIIUPSIOTCS IO MEPE UCCIEOBAaHUSI CBOMCTB COECIMHEHUN U CILIABOB
Ha MX OCHOBE.

B mocnegnue roaml pacmmpuivuch paObOTHI MO MOWCKY HOBBIX MAarHUTHBIX
MatepuanioB Ha ocHoBe P3D. [lomydyensl MarHuTHbIe MHTEepMeTaLTUALl Y Cos,
SmCos xene30-peaKo3eMeNbHbIE TpaHaThl, a TaKKe HEOAUM-)KEIe30-00pPOBBI
crutaB (NdzoFe1sB), koTopble HaluM TpUMEHEHUE B BRICOKOYACTOTHOW TEXHUKE U
AIIEKTPOHHBIX MPUOOpax.

B sTOM 1m1aHE aKTyaIbHBIMU SIBJISTFOTCST PA0OTHI, CBSI3AHHBIC C TIOJTYICHUEM H
HCCIIEJOBAaHUEM CIUIaBOB U COEIUHEHNI Ha ocHOBe P3D.

Y CTaHOBIIEHO, YTO COEAMHEHUs W CIUiaBbl P30 WTTpUEBOM MOATpYyNmbl C
BUCMYTOM (BUCMYTHU/IbI) MPOSBJISIIOT MarHUTHBIE CBOMCTBA. Tak, BUcMyTuibl P39
LnsBi; (Ln = Gd, Tb, Dy, Ho, Er, Tm, Lu) npu KoMHaTHOI TeMIepaType SBJISIOT-
Csl MapaMarHeTUKaMu. OJTO 00ECTIeYnBaeT BO3MOXKHOCTH TOJTYUYEHUS, HA OCHOBE
yKa3aHHBIX BUCMYTHIOB, MAarHUTHBIX MaTePUAJIOB C MOBBIIICHHBIMA MarHUTHBIMU
CBOMCTBaMHU.

[ToaTomy BbISBIICHHE YCIIOBUH cuHTe3a ciiaBoB cucteM GdsBis - LnsBis
(Gd, Th, Dy, Ho, Er, Tm, Lu) u ycTaHOBJIeHHE UX (PUIUKO-XUMHUICCKON TTPUPO/IHI,
SBJIACTCS BAXKHOM HAyYHOU U NPAKTUYECKOU 3a1a4eil.

CreneHb pa3padoOTAHHOCTH TEMbI.

AHanu3 TUTepaTyHbIX HCTOYHUKOB CBHUJIETEIBCTBYET O TOM, YTO CPEIU CO-
coelMHEeHU U cmaBoB P33 ¢ BucMyToM Oosiee mOApOOHO M3YyYE€HbI MOHOBHCMY-
tuael P330. Bucmytuabl Ipyrux cOCTaBOB M3y4eHbI BecbMa mano. IIpu sTom B

HAy4YHOH JIUTEpaType HET CBEJICHUI 10 TBEPAbIM PACTBOPAM CHUCTEM
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GdsBis — LnsBi; (Ln = Th, Dy, Ho, Er, Tm, Lu), koTopble SBASIOTCA 00BEKTaMU
WCCJICIOBAHUSI B TaHHOU paboTe.

Heuan 1 3a1aum padoOTLHI.

L{enbt0 pabOThI SBUIOCH CHHTE3 TBEP/IBIX PACTBOPOB CHCTEM
GdsBis - LnsBiz (Ln = Th, Dy, Ho, Er, Tm, Lu), ycraHoBieHue ux (U3MKO-
XMMHYECKON MPHPOJIbI U IMOJYYCHHE MaTepPHANIOB, MPOSBIIAIONINE ITOBBIIICHHBIC
MarHMTHBIC CBOWCTBA, OTHOCUTEIIEHO BUCcMYyTHI0B LNsBis (Ln = Th, Dy, Ho, Er,
Tm, Lu).

JI1st MOCTHOKEHHMSI TOCTABACHHOM eI HEOOX0IUMO OBLIO PEIINTh CIEAYIO-
IIME 3aJa4H:

- uccaenoBath B3anmozaeiicteue P32 (Gd, Th, Dy, Ho, Er, Tm, Lu) ¢ Buc-
myTtoM U GdsBis ¢ LnsBiz (Ln = Th, Dy, Ho, Er, Tm, Lu), B mporiecce oOpa3zoBanus
TtBepabiX pactBopoB Gds«Ln«Bis (Ln = Th, Dy, Ho, Er, Tm, Lu; x = 0.5+4.5);

- pa3paboTaTth METOAMKY cuHTe3a BucMyTHnoB LnBi, LnsBis (Ln =Gd, Tb,
Dy, Ho, Er, Tm, Lu) u tBepabix pactBopoB Gds«LnyBis (Ln = Th, Dy, Ho, Er, Tm,
Lu; x = 0.5+4.5);

- IPOBECTH aTTECTALMIO CHHTE3UPOBAHHBIX BUCMYTHI0B LNBI, LnsBis
(Ln =Gd, Th, Dy, Ho, Er, Tm, Lu) u tBepasix pactBopoB GdsxLnyBisz (Ln = Th,
Dy, Ho, Er, Tm, Lu; x = 0.5+4.5);

- Ha OCHOBAHUU JAaHHBIX (PU3MKO-XMMUYECKOTO aHaIN3a IIOCTPOUTH JIHa-
rpaMMmbl cocTostaus cucteM GdsBiz— LnsBis (Ln = Th, Dy, Ho, Er, Tm, Lu);

- TMOCTPOUTH KOHIICHTPAI[HOHHBIE 3aBUCHMOCTH 3JEKTPOPH3UUECKUX
CBOUCTB (YyIEIBHOIO DIIEKTPOCOMPOTUBIIEHUS, TEPMO-3.1.C.) M MHKPOTBEPIAOCTH
TBEPABIX pacTBopoB cucteM GdsBis - LnsBis (Ln = Th, Dy, Ho, Er, Tm, Lu) npu
KOMHATHOW TEMIIEPATYPE;

- HCJIEI0BATh TEMIIEPATYPHYIO 3aBUCHMOCTH JJICKTPO(PHU3UUECKUX CBONCTB
(YI€IBHOTO 3JIEKTPOCOMPOTUBIICHHUS, TEPMO-3.1.C.) M MOJISIPHON MarHUTHOH BOC-
NPUUMYHBOCTH BUCMYTHIOB LNsBis 1 TBepapix pactBopoB GdsxLNnyBis B auamna-

30He Temmepatyp 298-773 K.



HavyHast HOBH3HA padOThHI:

- pa3paboTaHbl HAyYHO-00OCHOBAaHHBIC METOJIBI CHHTE3a BUCMYTHA0B LNsBi3
(Ln = Gd, Th, Dy, Ho, Er, Tm, Lu) u tBepasix pactBopoB Gds«LnyBis (Ln = Th,
Dy, Ho, Er, Tm, Lu; x = 0.5+4.5);

- KccileoBaHus uarpaMMm coctosinus cucreMm GdsBis - LnsBis (Ln = Th, Dy,
Ho, Er, Tm, Lu) mo3BoiuInIM yCTAaHOBUTh 3aKOHOMEPHOCTh B UX CTPOCHHH, KO-
TOpasi TPOSIBIIIETCSI B 00pa30BaHUM M30CTPYKTYPHOTO psifia TBEPIBIX PAacTBOPOB
samemienus Gds«LnyBisz (Ln = Th, Dy, Ho, Er, Tm, Lu; x = 0.5+4.5) u oxgHOTHII-
HOCTH CHCTEM;

- onpeneneHbl 3QQeKTUBHbIE MarHUTHbIE MOMEHTHI MOHOB P30, mapamar-
HUTHBIC TeMrepaTypbl Kropu, XxapakTep MpOBOIUMOCTH U OIICHEH THIT MATHUTHOTO
ynopsgoderust BucMytunoB LnsBis (Ln = Gd, Th, Dy, Ho, Er, Tm, Lu) u TBepabIx
pactBopoB Gds.«LnyBis (Ln = Th, Dy, Ho, Er, Tm, Lu); x = 0.5+4.5);

- mosy4eHsl TBepabie pactBopsl GdsxLniBis (Ln = Th, Dy, Ho, Er, Tm, Lu;
x = 0.5+4.5), o61amaro1ye MOBBIIICHHBIMA MATHUTHBIMU CBOMCTBAMU.

Teopernyeckasi M NIPaKTHYECKASA 3HAYUMOCTb PadoThl.

Teopernueckre acmeKThl MHTEPIPETAIIMN TAHHBIX [0 CHHTE3y BHCMYTHIOB
LnsBi; (Ln = Th, Dy, Ho, Er, Tm, Lu), TBepasIX pacTBOPOB CUCTEM
GdsBis — LnsBis (Ln = Th, Dy, Ho, Er, Tm, Lu), snekTpopu3u4ecKuM 1 MarHHUT-
HBIM HX CBOWMCTBAM MOYKHO HCIIOJB30BaTh ISl OOBSICHEHUS (DU3UKO-XUMHUYECKUX
CBOMCTB JIPYTHX COEIMHEHUI U criaBoB P30 ¢ BUCMYTOM.

[TpakTHyeckast 3HAUMMOCTh PAOOTHI 3aKTFOYACTCS B CIICIYIOIICM:

- ucmytuasl LnsBis (Ln = Gd, Th, Dy, Ho, Er, Tm, Lu) u TBepasie pacTBo-
pol Gds.«LnkBi3 (Ln = Th, Dy, Ho, Er, Tm, Lu; x = 0.5+4.5) MoryT HaliTH TipuMe-
HEHHUE B KPUOTE€HHOU U JJIEKTPOHHOU TEXHUKE,;

- IaHHBIE 110 (PU3UKO-XUMHUYECKUM, IJICKTPOPH3UUCCKAM, MATHUTHBIM CBOM-
crBam BucMyTtua0B LnsBis (Ln = Tb, Dy, Ho, Er, Tm, Lu), TBepabimM pacTBopam
Gds.«LnyBis (Ln = Th, Dy, Ho, Er, Tm, Lu; x = 0.5+4.5) u tuarpaMMaM COCTOSTHUS
cuctem GdsBi3 - LnsBisz (Ln = Th, Dy, Ho, Er, Tm, Lu), ssBastitoTCs CIipaBOYHBIM

MaTCpUuaJIOM. OTUMHU JAaHHBIMHW MOTYT I10JIb30BATCA aCIIMPAHThI U HAYYHBIC CO-
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TPYAHHUKH, B IPOIIECCE BHINOTHEHUS HAYYHBIX paboT. Kpome Toro, MmaTepuans
JAHHOM TUCCEPTAMOHHONM pabOThI MOTYT UCIIOJIB30BATHCS U B YYEOHOM IPOIIECCE
IIPU YTEHUH JIEKIUHI N0 (PU3HUECKOI, HEOPraHMUYECKON XUMUH, (PU3UKO-XUMHUYEC-
KOMY aHaJIM3y U MaT€pUaJIOBEICHHUIO.

I1oJ105KeHNs1, BBIHOCMMbIE HA 3aIIIUTY:

- pusuko-xuMUUeckoe B3aumoieiictere P33 ¢ BUCMyTOM B mpoiiecce oopa-
30BaHus BUcMyTHA0B LNsBis (Ln = Gd, Th, Dy, Ho, Er, Tm, Lu) u TBépabIX pac-
tBopoB Gds.xL.NBis (Ln = Th, Dy, Ho, Er, Tm, Lu; x = 0.5+4.5);

- MeTOo eI IoJyueHus: BucMmyTtuaoB LnBi, LnsBis (Ln = Gd, Tb, Dy, Ho, Er,
Tm, Lu) u TBepasix pactBopoB Gds.«LNnyBis (Ln = Tb, Dy, Ho, Er, Tm, Lu;

x = 0.5+4.5);

- pe3yJIbTaThl UCCIICIOBAHUS uarpaMM coctosiaus cucteM GdsBis - LnsBis
(Ln = Th, Dy, Ho, Er, Tm, Lu) 1 3aKOHOMEPHOCTH, MPOSIBIIAIOIINECS B UX CTPOC-
HUH;

- 3JIEKTPOPU3NIECKAE U MAaTHUTHBIC CBOMCTB BUCMYTHAOB LNsBis (LN = Gd,
Th, Dy, Ho, Er, Tm, Lu) u tBepasix pactBopoB GdsLNnBis (Ln = Th, Dy, Ho, Er,
Tm, Lu; x =0.5+-4.5).

CreneHb JIOCTOBEPHOCTH U aNpo0alus pe3yJbTaTOB.

JIOCTOBEPHOCTH MOJMYUYEHHBIX PE3YyIbTAaTOB MOJATBEPKIAACTCS MX BOCIPOU3-
BOJMMOCTBIO ¥ MCTIOJIb30BAaHUEM B Pa0OTE HE3aBUCUMBIX METOJIOB (DU3UKO-XHMHU-
YECKOTO aHaJIHn3a.

OcHoBHBIEC pe3yiabTaThl paboThl J070keHbl HA: VI HyMaHOBCKHX YTeHUSAX
(r. Hyman6e, 2009 r.); pecnyOJMKaHCKON HAyYHO-TEXHHYCCKOW KOH(EpEHIUH
«CoBpemMeHHbIEC TPOOIEMbI XUMUH, XUMUYECKON TEXHOJIOTHH U METAILITYPT U
(r. dyman6e, 2009 r.); 00JacTHOW HAYyYHO-TEOPETHUYECCKOW. KOH(PEPEHIIUH, IIO-
cBaménHoil «['oxy oOpazoBaHuMs M TeXHHYECKOW KyibTyphl» (T. Kypran-Trobe,
2010 1.); pecrmyOJMKaHCKOW HAyYHO-TEOPETUUECKOU KOH(MEPEHIMS MOJIOIBIX
yueHbIX Tamkukucrana, nocsmeHHon 20 —netuto 16-oi ceccun BepxoBHOTO
Cosera Pecnyonuku Tamxukucran (r.Jdyman6e, 2012 r.); pecmyOiMKaHCKON

Hay4HO-TeopeTndecKoi kKoHpepenuu: « OCHOBHI MearoriKO-TEXHOJOTUIECKON 1
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TEXHUYECKON IOATrOTOBKH MPENOAAaBaTENel TEXHOJOTHHW», IOCBAIIEHHONH 35-
netuto oOpaszoBanms kadenpsl « Texandeckoit Mmexanuku U yepueHus» TITIY wum.
C. Aitan u 20-neTuro o0pa3oBaHus HaMOHAIBHOW apmuu (T. Jyman6e, 2013 r.);
MEXIYHApOHON HAyYHO-TIPAKTUYECKON KOHpepeHInn «KOMIUIEKCHBIN MOaX0 ] K
UCIIOJIB30BaHuI0 mepepadoTke yris» (r. Jdyman6e, 2013 r.); pecnyOnmMKaHCKOM
Hay4HO-TIpakTU4Yeckoil kKoHpepenuuu «llepcrnekTuBbl cHTE3a B 00JACTH XUMUU U
TEXHOJIOTUU TETEPOCOCTUHEHUIT», MOCBANIEHHON 20-1eTuio kadeapbl BHICOKOMO-
JEKYJISIPHBIX COCMMHEHUN M xuMuueckod texHojoruu THY (r. Hyman6e, 2013
I.); pecIyOJIMKaHCKOM Hay4YHO-T€OpEeTHYECKOW KoH(pepeHuuu: «HoBble MeTObI
OOy4eHHs] TEXHOJOTMYECKUX AMCLUMIUIMH B MHHOBALIMOHHOM mnpouecce» (r. Jy-
man6e, 2013 r.); mexayHapoaHoi koH(pepeHuuu: «KoMriekcHble coeiuHeHus U
acrekTbl ux npuMmeneHus» (r. HymranOe, 2013 r.); pecrnyOiavKaHCKOW HaydHOU
KoH(epeHIIMU Ha TeMy «XHUMUS, TEXHOJIOTHS U SKOJIOTHUSL BOJBI», MOCBAIIECHHON
rony «CoTpyIHHUYECTBO MO BOJAHOU mpobieme» u SS5-netuto kadeapsr «OO0mas u
Heoprannueckas xumusi, TITIY um. C.Aiau» (r. ymanOe, 2013 r.); pecny0:iu-
KaHCKOM Hay4YHOW KOH(EPEHIIMH Ha TeMmy: «DKOJIOTHS U BOMPOCHI OOY4YEeHHS WU
BOCIIUTAHUS», TOCBAIIEHHOW 70- jeTuto 3aBeayromiero kadenpoil «XumMuueckas
texHosnorus u 3xkonorus» TTTTY um. C. Aitau, nonenra [llapunosa U.H. (r. dy-
man6e, 2014 r.); pecyonukanckoi koHpepeHn «IIpumeHeHne coBpeMeHHBIX
TEXHUYECKUX CPENICTB B OOyYEHHE MpeaMeTa TEXHOJOTHW», MOCBSIIeHHOU 20 —
aetuto koHctutyiuu PecnyOnuku Tamxukucran (r. dyman6e, 2015 r.); anpenb-
CKOW KOH(epeHIH Mpodeccopcko-npenonaBaTensckoro cocraba THY (r. y-
nranoe, 2016 r.).

I[Iyoankamuu. I[lo pesynprataM ucciaeaoBaHHil OMyOJMKOBaHO 38

Hay4HbIX paboT U3 HUX 6 B *xKypHanax pekoMmeHayembix BAK mpu Ilpesuaente
PecnyOnuku Tamxukucran, noinydeno 3 Manbix narenta PecnyOnuku Tamxuku-
CTaH.

Bxuiaa aBTOpa 3aKII0Yalcs B aHAIM3€ HAYYHOW JINTEpATyphl MO Te-

MaTHKE JTUCCEPTAIMOHHON PabOTHI, pelieHre 3a1a4 UCCASA0BAHNM, BBITIOJTHCHHBIX

B COAaBTOPCTBE, OIPCACIICHUC HYTeﬁ pEeUICHUA IMOCTABJICHHBIX 3a/1a4, 06pa60T1<e
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OKCIIEPUMEHTAIBHBIX JTAHHBIX, (DOPMYJIIMPOBKE OCHOBHBIX ITOJIOXKCHHI W BBIBOJIOB
JFICCEePTAIUU.

CTpykTypa u_00beM jaumccepraumu. Jluccepranus uzjioxkeHa Ha 125

CTpaHMIIAX KOMITBIOTEPHOTO HAO0Opa, COCTOUT U3 BBEACHUS, YETHIPEX TJIaB, BHIBO-
70B, OnbOIMorpauuecKoro crmcka, BKIOYamero 115 HanMeHOBaHMA W TIPUIIO-
xeHu. Jlucceprarus conepxkut 43 pucyHkoB, 20 Tabmui v 24 cTpaHHI] MIPUIIO-

JKECHUI.
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TJABA 1 CHHTE3 M ®U3UKO-XUMHUYECKHAE CBOVICTBA
CIJIABOB U COEJJMHEHMI CUCTEM P32 - BACMYT
(OB30P JINTEPATYPBI)

1.1 Imarpammbl cocrosiHusi cucteM P39 — Bucmyr

CornacHo JuTepaTypHBIM JaHHBIM, B HACTOSIIEE BpEMs, B [TOJIHOM JIHaIia-
30HE KOHIICHTPAIIU UCCICIOBaHbI YeThIPHAIIATh JHArPAMMBI COCTOSTHHSI CHCTEM
P35 — Bi: La - Bi, Ce — Bi, Pr- Bi, Nd — Bi, Sm - Bi, Y — Bi, Gd — Bi, Th — Bi,
Dy - Bi, Ho — Bi, Er — Bi, Tm - Bi, Yb — Bi, Lu — Bi.

B manHOM paszgene OTAEIbHO MPUBOMATCS AUATPAMMBI COCTOSHHUS CHCTEM
P35 uTTpHEBOM MOArPYMIBl ¢ BUCMYTOM, B KOTOPBIX O0Opa3yrOTCS BHCMYTHIBI
LnsBi; (Ln = Gd, Tbh, Dy, Ho, Er, Tm, Lu), nposBistomnixe MarHuTHbBIE CBOWCTBA
[1]. Ha ocHoBaHHH 3THX BHUCMYTHIOB B JaHHOW AMCCEPTAI[HOHHON padOTe IMOIIy-
YeHBI M UccieaoBanbl TBEpabIe pacTBopbl Gds«LnyBis (Ln = Th, Dy, Ho, Er, Tm,

Lu; (x=0.4-4.5), oOpa3yromuxcsi B COOTBETCBYIONIUX UM CHCTEMaX.

1.1.1 Inarpamma coctosinusi cuctembl Gd — Bi

I'mnmoTteTnyeckas nuarpamma coctosiaus cucteMbl Gd — Bi mpuBeaena B [2].
VYkasbiBaeTcs Ha oOpa3oBaHue B cucteme coenuneHuit Gd;2Bi, GdsBis, u GdBi.

Coenunenus Gd,Bi nu GdsBiz npu 1548 u 1793 K, cooTBeTcTBEeHHO, 00pa-
3ytoTcs o neputektrudeckuM peakiuaM. GdBi mpu 2073 K nmnaBuTCs ¢ OTKPBITHIM
MakcuMyMoM. 1o maHHBIM qpyroi paboThl [3] 3TO coeIMHEHNE TUTABUTCS MTPH
2047 K.

Pesynbratel pabort [4, 5, 6] He moATBEep)KIAIOT 0Opa30BaHKE B CHCTEME CO-
enunenns GdyBi. B [4] ykasbiBaeTcst Ha 00pa3oBaHKE B CUCTEME, KPOME COCIIMHE-
unii Gd4Bis u GdBI, eme u coequnennii Gds.Bis u GdsBis.

B [7, 8] nuarpamma coctosiausi cuctembl Gd — Bi B mosiHOM 1uamna3oHeHe
KOHIICHTpAIMi u3ydyeHa MeToaaMu Tud(epeHInaaIbHOT0 TEPMHIECKOTO, PEHTIC-
HO(}a30BOTO, METALIOIPapUUISCKOro 1 XMMHIECKOTO aHanu30B. IlokazaHo oOpa-

30BaHME B CHCTEME YEThIpEX XUMHUUECKUX coequHeHuit (pucynok 1.1). Coenune-
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Pucynok 1.1 - Jlnarpamma cocrostaust cuctembl Gd — Bi [8].

uust GdsBis, GdyBis, u GdBi; mpu 175310, 1853+15 u 1183+10 K, cootBet-
CTBEHHO, 00pa3yroTCs MO MEPUTESKTHUCCKUM peaknusM. CaMbIM YTOIJIaBKUM CO-
enuaenuem sisisiercas GdBi, kotopoe mpu 2043 K miaBUTCS ¢ OTKPHITHIM MaKCH-
MYMOM.

B cucteme Gd — Bi 3BTeKTHYECKHII CIJIaB B TOUKE €1 coaepxuT 15+1 ar. %
Bi., a B Touke e, 99.7 at. % BAI.

B [8] BepBrie ycTaHOBIIeHO 00pa3oBanue B cucreme Gd — Bi coenuHenus
GdBi,, npu 3TOM He ToABEPKACHO 00pazoBanue B cucteMe coenuuenuit Gd,Bi u

Gds+xBis, 0 koTOpBIX cooOIIaeTcs B [2, 4].

1.1.2 lmarpaMmma cocTosiHusi cucteMbl Th — Bi
B [9, 10] nanHas quarpaMma cOCTOSTHUSI TOCTPOEHA C MPUBIICYECHUEM -
(bepeHInaIbHOr0 TEPMUUECKOTO, PEHTTeHO(PA30BOTO M METAIOTpaduIecKoro
aHaJIu30B (pUCYHOK 1.2).

VYka3bIBaeTcs Ha 00pa30BaHKEe B CUCTeME coearHeHuit a-ThsBis, ThsBis,
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Pucynok 1.2 -JImarpamma coctositaust cuctemsl 1 — Bi [10].

TbBi, a Taxke Ha BEpOSTHOCTh 00pa3oBaHus coeauHeHus TbBi,.

a-ThsBiz u ThsBis mpu 1763u 1873 K, cooTBeTCTBEHHO, 00pa3yIOTCs IO Tie-
putektndeckuM peakiusam. TbBiI mpu 2033 K ThBi miaBuTcst ¢ OTKPBITBIM MaKCH-
MYMOM. YCTaHOBJICHO, YTO cOeluHEeHHE o- I DsBi; mpossiser nomumopduzm. Bei-
cokoTemreparypHas moaudukarms B-ThsBis cymectsyer npu 1683 K u Bbie.

B Touke e; 3BTeKTHUECKHI cIiaB coaeprxkat 17 at. % B, a B Touke ¢;

99.8 at. % Bi.

1.1.3 Inarpamma coctosinusi cuctemMbl Dy— Bi

Jlnarpamma coctosiHusi cucteMbl Dy — Bi, mocTpoeHHast 0 COBOKYITHOCTH
JTAHHBIX (QU3UKO-XUMHUUYecKoro aHanmm3a [11, 12], nmokazana Ha pucynke 1.3. B cu-
cTeMe HAeHTU(UIMPOBaHbl aBa coemuHeHus - DysBis u DyBi. Coenunenue
DysBi; ipu nipu 1723 K o0pa3syercst o MepUTEKTHYSCKON PeaKInu:

Kpp + DyBI “——> Dy5B|3
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Pucynok 1.3 - lnarpamma cocrostaust cuctembl Dy— Bi [12].

DyBi npu 2020 K maBuTCs ¢ OTKPBHITHIM MAKCUMYMOM.

OBTekThKa (€1) ¢ KoHIeHTpauuei 19 at. % Bi nstekTrka (e2) ¢ KOHIIEHTpa-
et 99,8 ar.% Bi nposisirores mpu remnepatype 1423 u 542 K, cooTBeTcTBEeH-
HO.

Cnenyer ormetutb, uto B [11, 12] He yka3biBaeTca Ha 0Opa3oBaHHE B CH-

creme coeaunenus Dy;Bi,. D1o coequnenue He 3adukcuposano u B [4, 12, 13].

1.1.4 Iluarpammsbl coctositaus cuctem Ln — Bi (Ln = Ho, Er, Tm, Lu)

JInarpaMMbl COCTOSHHUSI yKa3aHHBIX CHCTeM, M3ydeHHbIX B [14-19], npuse-
neHbl Ha pucyHke 1.4-1.7. Kak BUAHO U3 PUCYHKOB, JUarpaMMbl COTOSIHUSI CUCTEM
Ln — Bi (Ln = Ho, Er, Tm, Lu) xa4ecTBEHHO HE OTJIMYAIOTCS APYT OT japyra. Bo
BCEX cHcTeMax oOpasyroTcs 1o aBa coeaumneHus —LnsBis u LnBi (Ln = Ho, Er,

Tm, Lu). Coemunenus LnsBisz (Ln = Ho, Er, Tm, Lu) npu 1693,1703, 1688, u



15

70| S-Horg

700 2
T A +p-Hopg p

7660 :: )K“'dL-Hov-,-B,pl

I
A L L A
7K / Vv z 3 <
d‘””‘rs_p, d‘-HaTB_p_"’ﬁ"Hn‘TB_p_

2048
2000 [/‘
Fon | FEQZ
by ¥ S 2
7500 }= &
F 7425
h
h
75000
560 32 ) 544,38
- 2
A . o
=) a0 cg 1
x = X,
i ) 11 1
Ho 20 <0 &0 80 Bi
Q. %

Pucynok 1.4 -JIlnarpamMmma coctostaust cucrembl Ho — Bi [15].
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Pucynok 1.5 -JIlnarpamma cocrosinus cuctemsl Er — Bi [17].
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Pucynok 1.7 -JIlnarpamMmma coctosinus cucremsl Lu — Bi [19].
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1723 K, COOTBETCTBEHHO, 00Pa3yIOTCA M0 MEPUTEKTUYECKUM PEAKIIUSIM:
Kp2 T LnBi «<—— LnsBiz (Ln = Ho, Er, Tm, Lu)

B3aumuas pactBopumocts P332 1 BUCMyTa BO BceX AUarpaMMax COCTOSIHUS
cocraBisieT MeHee 1 ar.%. [Ipn TOM KOHIIEHTpaIUsl IBTCKTHIECKOTO CIlIaBa (1)
KoJieOseTcst B penenax 18-21 at. % Bi. DTekTHka co CTOpOHBI BUCMYTa Ha JTa-
rpaMMax COCTOSIHUSIX BBIpOKACHA U copepxuT 99.7-99.8 at% Bi.

CrnenyeT OTMETHUTB, YTO B [14-19] oTmMeuaeTcst BeposiTHOCTH 00pa30BaHUs B

cucremax Ln — Bi nuBucMyTroB Tumna LnBiy.

1.1.5 Inarpammsl coctossuus Apyrux P33 ¢ Bucmyrom

B [20] ucciaenoBana auarpamMma cocTostHus cucteMbl La — Bi. YcranosiaeHo
CYIIICCTBOBaHHE B cucTeMe coeanHennid La,Bi, LasBis, LasBis, LaBi u LaBiy.
La,Bi, LasBis, LaBi u LaBi, npu 1525, 1623, 1888 u 1205 K, cOOTBETCTBEHHO,
00pa3yroTCs Mo MepUTeKTHYeCKUM peakiuaMm. LasBis npu 1943 K mmaBurcs KoH-
TPYPHTHO.

DBTEKTHKA CO CTOPOHBI JJaHTaHA MPOSBIISACTCS IPH KOHIICHTPAIUH
21.5 ar. % BI, npu temneparype 1096 K, a co cTopoHBI BUCMyTa 3BTEKTHKA BbI-
pOKJICHA.

ITo mamaeiM [21, 22] nepBoHauaabHO cuctrema Ce — Bi Obuta mciegoBana
dorenemM METOAaMH TEPMHYECKOTO U MHUKPOCTPYKTYPHOTO aHAIM30B. B cucteme
uaentudunuposansl coeaunenns CesBi, CesBis, CeBi u CeBi,, mnaBsmuecs, 3a
uckmodeHreM coequHeHus CesBis, mpu 1673, 1798 u 1183 K, cooTBETCTBEHHO,
uHKOHTpy3HTHO. Coenuuenne CeyBisz mpu 1903 K miaBUTCsSI KOHIPYIHTHO.

[Tpu uccnenoBanuu yuactka cuctembl Ce — Bi auana3ona KoHIIGHTpanui
76-100 at. % Bi B [22] 6b110 ycTaHOBIIEHO 00pa3oBanue coeaunenus CeBis. [Tpu-
9TOM B ApYyrux padotax [4, 23, 24] cyiiecTBOBaHHE 3TOI0 COCTUHCHUS B CUCTEME
HE TTOATBEPIUIIOCE.

Cucrema Pr — Bi Obuta ucnemoBada B [25]. YCTaHOBJICHO CYIIIECTBOBAHUE B
Heil coemunenuit PryBi, PrsBis, PrsBis, PrBi u PrBi,, koTopsle, 3a HCKIIOYEHHEM

PrBi, mpu 1408, 1663, 1908 1 1083 K, cOOTBETCTBEHHO, IIABITCS HHKOHIPYIHTHO.
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CaMbIM TYTOIUIaBKMM COCIUHEHHEM CHCTeMbI siBiisiercss PrBi, mumaBsimmecs mpu
2093 K KOHIpy3HTHO.

CornacHo pacyeTy 1o MeToauke [26], KOHIEHTpaIusa 3BTEKTUKHA CO CTOPO-
HBI BUCMYTa cocTaBisteT 99.7 ar. % Bi, a co cropons! npa3zeonnma 12 at. % Bi.

Cuctema Nd — Bi nmepBoHauanbHO Oblia uccienoBana B [27, 28]. Ilo nan-
HeIM [27] B cucteMe oOpasyrorcs coeaunenus NdsBi, NdsBis, NdsBis u NdBi,,
rassiiuecs npu 1423, 1493, 2023 u 1873 K, cOOTBETCTBEHHO, MHKOHTPYIHTHO, a
takoke coenuHenrne NdBi, koropoe npu 2173 K mraBuTcss KOHTpy3HTHO.

[To3:xe B [28], cymecTBoBanue B cucreme coenuuenuss NdsBi He moarsep-
JIAJIOCH.

Juarpamma coctosinus Nd — Bi B mostHOM nana3zoHe KOHIIGHTpaIui Oblia
usydeHa B [29-31], rae moasepikaeHo 0Opa3oBaHue B cucteMe coenuHenunii Nd;Bli,
NdsBis3, NdsBis, NdBi u NdBiy, 0 koTopsix coobmaercs B [27, 28].

B [32] meTomamu TepMHUUYECKOro, peHTreHoda3zoBoro u metaiorpadpuy-
KECKOI'0 aHAJIM30B ITOCTPOCHA UarpaMmma coct Sm — Bi cocTosHUSA CUCTEMBI
Sm — Bi. B cucreme uaentuduiupoBansl coeaunenus Sm;Bi, SmsBis, SmBis, u
SmBi,, mnassmmecs npu 1570, 1870, 1970 u 1685 K, cooTBeTCTBEHHO, HHKOHIPY-
SHTHO M coeauHenne SMBI, miapsimuecs npu 2090 K kourpysutHo. 1o maHHBIM
Ipyrux aBTopoB [3, 33] ato coeaunenue npu 1843 K miaBUTCS HHKOHTPYIHTHO.

CrnenyeT OTMETHTD, YTO JHarpaMMa COCTOSIHHS CUCTeMbl SM — Sb uccieno-
BaHHas B [34], KAUECTBEHHO HE OTJIMYAETCS OT JUAarpaMMbl COCTOSIHUSI CUCTEMBI
Sm — Bi, moctpoenHoit B [32]. CX0ACTBO ABYX AWAarpaMmm MHpPOSBJISCTCS B TOM, YTO
Kak B cucteMe Sm — Sb, tak u B cucreme Sm — Bi 00pa3yroTcst O1HU U T€ KE THITBI
COEIMHECHUM.

Jluarpammy coctosiHust cuctembl Y — Bi uzyuanu B [35]. Unentudunmposa-
HBI 1Ba coequHenus - YsBiz u YBI. YsBis mpu 1803 K o6pasyercs mo nepuTeKTH-
YECKOMW PEaKINHU:

* + YBi—— Y;5Bis.
YBI npu 2293 K m1aBUTCS C OTKPBITHIM MAKCUMYMOM. B3anmHast pacTBOPHUMOCTD

UTTpPHS U BUCMYTa cocTaBisieT He O6onee 1 aT.%. lannsie [35] noaresepxaatoT u
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U pe3yibTaThl paboTsl [36].

Briepsrie auarpammy coctosiaus cucteMsl YD — Bi ucciienosanu B [37], Tae
BBISIBJICHO CYIIIECTBOBaHHE B cucTteMe coeauHenuii YDsBiy, YbsBis YbsBis YbsBiy
u YbBiy. Cpenn ykazansbeix coenunenuii Y04Bis u YbBIi, npu 1773 u 973 K, co-
OTBETCTBEHHO, ILIABATCS KOHIPY’HTHO. OcTanbHble coeauueHus - YDsBiy, YbsBis
u YbsBiy ipu 1558, 1673, 1608 K, coOTBETCTBEHHO, IIJIABATCS HHKOHIPYYHTHO.

B [38] nuarpamma cocrosiHus cucteMbl YD — Bi Obuta ucciiejoBana emie pas.
He moarBepaunocs oOpa3oBanme B cucreme coemuHeHus YbsBi. IIpu stom
HalieHbl coequHeHns Y byBi u Yb11Biyg, 0 koTopeIX He coobrmaercs B [37],

MeTonamMu TEPMHUYECKOTO, PEHTTeHO()A30BOr0 U MUKPOCTPYKTYPHOTO aHa-
11308 B [39] uccnenoBanu auarpammel coctosiaus cucteM GdsBis — LnyBis
(Ln = Pr, Nd, Th). CoracHo pe3ynbraTaM MpOBEACHHBIX aHAIM30B, BO BCEX CH-
cTeMax 00pa3yeTcsl H30CTPYKTYPHH psJT TBEPABIX PACTBOPOB 3aMEIIICHHS
GdaxLnBis (Ln= Pr, Nd, Th); (x = 0.4-3.6), KpUCTAJUTM3YIOIIMXCS B KYOHMUCCKOM
CTPYKTYypE THITa aHTH- | N3P4.

Ha puc.1.8, nns mpuMepa, npuBeieHa 1uarpaMma COCTOSIHUSI CUCTEMBI

GdsBiz — Th4Bis.

1.2 Coenunenusi P39 ¢ BucMmyTom

B cucremax P35 — BHCMYT B OCHOBHOM OOpa3yrOTCSi BUCMYTHIbI THUIA
LnsBis, LnsBis, LnBi u LnBi, (LN — non P33), KpuCTaIU3YIOMIMXCA B Pa3HbBIX
CTPYKTYypax.

1.2.1 Coequnenusi P39 ¢ Bucmyrom tuna LnsBis

Bucmytuast Trmna LnsBis o0pa3yroTces kak B cucremax P30 nepueBoii moj-
IpyIIbL, Tak U B cucteMax P39 urrpueBoil moarpymnmsl ¢ BUCMyToM. Bee n3Bect-
Hble BUCMYTH/IbI P30 1iepreBoil moArpynnnel KpUCTAIM3YIOTCSA B TeKCaroHalb-
HOU cTpykType Thia MnsSis [4, 12, 25, 27, 28, 31]. UckimodeHne cocTaBIsIeT BUC-
MyTua eBponus - EusBis, kpuctammu3yromuiicss B poMONYECKONH CUHTOHMH THIIA
antu- UsSs [40].

ITo maunubiM [4] GdsBis u ThsBis, MoryT KpHcTaIn30BaTCs B ABYX CTPYKTY-
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Pucynok 1.8 -JIluarpamma cocrosiaus cuctembl GdsBis —Th4Bis [39].

Pax - B rekcaroHanbHbIi Til MNsSiz 1 pombudeckoit tuna YsBiz[4], B 3aBucuMo-
CTH OT KOHIICHTPAITU! B HUX TaJ0JIMHUS U TEPOUSI.

B muanazone konuentpanuii 25-33.3 at. % Bi cucrem P33 urtpueBoii mo-
IPYIIIBI ¢ BACMYTOM, KPOME CUCTEM UTTEPOHS U JIIOTEIUS C BUCMYTOM, COOIITAeTCS
00 00pa3oBaHMM B HUX BUCMYTHJIOB THIA LNsixBis, kpucramm3yrommxcs B pom-
Onueckoit cunronnu tuna YsBis [4]. OOpa3zoBanue 3THX BUCMYTHIOB B IOCIEHY-
roux padotax [7, 10, 17, 18, 19, 22, 32] He HAILIO MOATBEPIKIACHHMS.

Cesi3b Mexay cTpykrypamu YsBis, MnsSis u YbsShs. paccmarpuBaetcs B
[41].

B Tabmuue 1.1 mpuBeneHbl 3HAYEHUS! MAPAMETPOB AJIEMEHTAPHOM SUYEHKH

coenqunenuii P30 tumna LnsBis.

1.2.2 Coequnennsi P39 ¢ Bucmyrom tuma Ln4Bis
OO6pa3oBanue coenuHeHuit Tuna LnyBi; mpenmyIiecTBEHHO CBOWCTBEHHO B
cucremax P33 nepueBoil moarpynisl ¢ BUcMyTom [2, 4, 23, 25, 30, 42]. B cucre-

Max P30 urTpreBoii moarpymel ¢ BACMYTOM TOJIBKO B Tpex cucremax- Gd — Bl,
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Tabmuma 1.1 — 3HaueHus mapaMeTpoB dIEMEHTAPHOU sTUeiKH coequHenuit P30

tuma LnsBis
Bucmytnas [TapameTphl dJIEMEHTAPHOU STYEUKH, HM Jluteparypa
P35 a b c
I'ekcaronanabHas cTpykrypa tuna MnsSis
LasBis 0.96585 0.66970 [4]
0.9614 0.6694

CesBis 0.95313 0.65871 [4]
PrsBis 0.94495 0.65553 [4]
0.9452 0.6542 [25]

NdsBis 0.93696 0.65126 [4]
0.9370 0.6528 [31]

SmsBis 0.930 0.648 [32]
B- ThsBis 0.91006 0.63651 [4]
0.9112 0.6364 [10]

PomOu4eckas crpykrypa tuna antu — UsSs
EusBis3 1.31522 1.01219 0.87544 [40]
PomoOuueckasi ctpykrypa Tuna YsBis

YsBis; 0.8179 0.9401 1.1957 [35]

GdsBis 0.8230 0.9526 1.2110 [8]
a -ThsBis 0.8202 0.9482 1.1988 [10]
DysBis 0.8153 0.9412 1.1956 [22]
HosBis3 0.8114 0.9360 1.1873 [15]
ErsBis 0.8090 0.9340 1.1813 [17]
TmsBis3 0.8061 0.9286 1.1724 [18]
LusBis 0.8046 0.9768 1.1718 [19]

Th — Bi u Yb — Bi o6pasytorcst Bucmytuabsl LnsBis [8, 10, 37]. Bucmytuasr LnsBis
P33 uepueBoil U UTTpHEBOM MOATPYIIIBI KPUCTAIUIU3YIOTCS B OTHOU CTPYKTYpE —

KyOnueckoi tuma antu-ThsP4 (ip. rpym. 143d, Z=4) [40-44].
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3HaYeHUS TapaMeTPOB AJIEMECHTAPHOW seHKHM coeauHeHmid THma LngBis

IpeacTaBlIeHbI B Tabiuue 1.2.

Tabmuma 1.2 — 3HaueHus mapaMeTpoB dIEMEHTAPHON sTUeiku coequHenuii P39

tuna LnyBis

Bucmytu- | I[Tapametp Jlutepa- | Bucmytu- | I[lapametp Jlute-
nel P30 3JIEMEHTap- Typa nel P30 3JIEMEHTAapHOM | paTypa
HOU SYECUKU HOU SAYEUKU
a, HM a, HM
Ky0uueckasi cTpyKTypa THIA aHTH- | N3Py
LasBis 0.9759 [2] SmyBis 0.9490 [32]
0.9768 [4] 0.98167 [23]
Ce4Bis 0.9640 [2] Gd4Bis 0.9383 [43]
0.96736 [4] 0.9382 [8]
PrsBis 0.9611 [23] Th4Bis3 0.93215 [23]
0.9622 [2] 0.9316 [10]
Nd,Bis3 0.95541 [4] Ybh,Bis; 0.952 [2]
0.9552 [31] 0.9312 [23]

1.2.3 Coequnenusi P39 ¢ Bucmyrom tuna LnBi

MonoBucmytunsl —LnBi, cpenn BucmytnaoB P33 pa3HbIX cOCTaBOB, SBIIS-
IOTCSl CaMBbIMH M3YYE€HHBIMU coeqMHEHUsIMU [45-57]. MHOro paboT UCClIeI0BaHUIO
KPUCTANIOXUMHH MOHOBHCMYTHIOB mocBATHI WManaemmu [45-48]. Omnpeneneno,
YTO, 32 MUCKJIIOYEHUEM eBpomus U uTTepOus, Bce P30 ¢ BucMyToM 006pa3yroT mMo-
HOBHCMYTHU/IBI — LNBI.

Kpucraminyeckas pemierka MOHOBUCMYTHIOB -kKyoudeckas Tura NaCl (mp.
rpyn. Fm3m, Z = 4) [58].

3HaYCHUS MapaMEeTPOB dJIEMEHTApHOH stueliku coenuuenuii P39 tuma LnBi
IpUBeICHBI B Tabmme. 1.3.

1.2.4 Coenunenusi P39 ¢ BucMyTOM APYyrux cocTaBoB

B[22, 27] yxa3biBaetcst 00 oOpazoBanuu B cucremax Ce —Bi u Nd —Bi coe-
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Tabnuna 1.3 — 3nauenus nmapameTpoB dJIEMEHTApHON sueiiku coenuHenuit P39

tuma LnBi
Bucmyrtu- [TapameTp Jlutepa- | Bucmytu- | Ilapamerp Jlute-
nbl P30 AJIEMEHTap- Typa nel P30 3JIEMEHTAapHOM | paTrypa
HOM SAYEUKU AYCUKU
a, HM a, HM
Kyouueckas crpykrypa tuna NaCl

ScBi 0.5954 [52] GdBi 0.6316 [53]

0.6300 [8]

LaBi 0.6578 [54] ThBi 0.6280 [54]

0.6250 [57] 0.6281 [10]

CeBi 0.6500 [54] DyBi 0.6251 [54]

0.6272 [21]

PrBi 0.6461 [53] HoBI 0.6228 [54]
0.6465 [2] 0.6226 [21]

NdBi 0.6428 [27] ErBi 0.6202 [54]
0.6424 [28] 0,6186 [17]

SmBI 0.6380 [32] TmBI 0.6190 [57]

0.6370 [57] 0.6186 [18]

YBI 0.6233 [52] LuBi 0.6120 [57]

0.6259 [53] 0.6188 [19]

nuHennii CesBi u Nd3Bi. O6pa3oBanue 3THX COCAMHEHHI B YKa3aHHBIX CHCTEMaXx

B [4,24,28-31] HE OABEPANIIOCH.

B cucremax P39 nepueBoii moaArpynmsl ¢ BACMYTOM BBISIBJIEHO 00Opa3oBaHHe

coequHeHui Trma LnyBi [2, 4, 27, 59, 60]. ITpu 3ToM 00pa3zoBaHUE COCTUHCHUS

ATOTO THUMa B cucTeMax P33 HUTTpHeBONl MOATPYIIbI ¢ BUCMYTOM YCTaHOBJIEHO

vtk B cucteme Yb — Bi [37, 38]. ITo nanubiM 3tHX padot Yb,Bi kpucrammsyer-

Csl B TETparoHaJbHOM CcTpykType Tuna Cu,Sh (Tabmuna 1.4).

Coenmunenus tuna Ln,Bi P3D nepuesoit moapymnmel, B orinmune ot Yh,Bi,

KPUCTAILIM3YIOTCS B TETParoHalIbHO#M cTpykType Tuma Ti,P [42], (tabmuua 1.4.).
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Tabmuua 1.4 - [TapameTpsl 351eMeHTapHOM siueiiku coenquuennid P39 ¢ Bucmyrom

Pa3HbIX THUIIOB

Bucmyrtuabt [TapameTpsl 21€EMEHTAPHOMN STYEHKHU, HM JIuteparypa
P35 . ‘ b ‘ c
TerparonajbHas cTpyKTypa Tuna TizP
La,Bi 0.4674 1.8390 [35]
0.4637 1.83952 [4]
Ce:Bi 0.4511 1.81539 [4,13]
Pr,Bi 0.45872 1.80107 [4]
0.4602 1.7988 [25]
NdBi 0.45619 1.78698 [4]
0.4542 1.7872 [31]
Sm,Bi 0.452 1.760 [32]
Terparonanbnas crpykrypa tuna Ho11Biio
Yb11Bio 1.26103 1.82598 [39]
PomOuueckas crpykrypa tuna LnSb;
LaBi, 0.4737 1.751 0.4546 [35]
0.65748 1.1398 1.19762 [4]
CeBi, 0.6528 1.30171 1.18218 [4]
PrBi 0.65096 1.30564 1.18218 [4]
0.6512 1.3022 1.1821
NdBi; 0.64682 1.29796 1.18576 [4]
0.6470 1.2982 1.1864 [31]
SmBi, 0.6420 1.280 1.164 [32]

[To mauusibiM [37] B cucteme Yb — Bi oOpasyercst Bucmytu YbsBig, koTO-

PBI KpUCTAIITU3YETCS B POMOMYECKON CTPYKType coOCTBeHHOro tuna. Ilpu stom

B [37] He mpuBeICHBI 3HAYCHUS TAPMETPOB dJIEMEHTAPHOMU siueiiku Y DsBiy.

N3BectHO coequnenne Yhi1Biio, KpucTammusyromuecs B TeTparoHaabHOM

crpyktype tumna HoiBiyg (Tabmuma.1.4). DTo coeauHeHne o0pa3yeTcsi TOJIBKO B

cucreme Yb — Bi [38].
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Coenunenns tuna LnBi; B 0cHOBHOM 00pasyroTcst B cuctemax P30 mepue-
BOW moArpynmsl ¢ Bucmytom [4, 61] (tabnuna. 1.4). B [8, 10, 15, 17-19] npeano-
jaraetcs oOpasoBanue coenuHeHuii tuma LnBi; m B cucremax P3D wurtpuenoii

MOATPYIIIBI C BUCMYTOM.

1.3 MeToabl moIyYeHHusi COeIHHEHHI ¥ CILUIaBOB cucTeM LN - Bi
O0630p HayyHOU NHUTEpATyphl YKa3bIBAaCT HA TO, YTO COCAMHCHHS U CILJIABBI
cucteM Ln — Bi mpeuMyIiecTBEHHO MOJTyYaad aMITyJbHBIM METOJIOM WJIM CILIaB-
JeHrneM KoMnoHeHToB —P30 u Bucmyrta. Tak, B [50-54, 56, 61] Bce coennHeHus
P35 tuna LnBi noxy4ensr aMmyasHBIM MeTo oM. CHHTE3 IPOBOIWIIN CIICAYIOIIHM
obpazom. Cmech cTpykek P33 ¢ BUCMyTOM cTeXHOMeTpuuecKkoro cocrana 1:1 mo-
MeIllaJid B aMIyJly U3 KBapla, KOTOPYIO BaKyyMHUPOBAJIHU, a 3aT€M IOJIBEprajiv
MEJIJIEHHOMY HarpeBaHuto 1o temmneparyp 773-973 K. [lanee, 1y roMereHn3anuu
MOJYYEHHOI0 MPOAYKTa €ro nojaepraiu omxury npu 1273-1723 K. I'omorenusu-
PYIOLIMI OTXKUT MPOBOJAWIIN B JBOMHBIX aMmyJiaXx. B kauecTBe rerrepa MCHoJib30-
BaJId TUTAaH.
B [32] ammiynibHBIM METOAOM OBLITU CHHTE3UPOBAHBI U CIIaBbl CUCTEMBI
Sm - Bi.
B [62, 63] HECKOJIBKO HHBIM CITOCOOOM ITOJIyYeHbI coeArHeHns tuna LnyBis
(Ln = Gd, Th, Dy). Cmech ctpyxek P3D u BUCMyTa CTEXHOMETPHUUIECKOTO COCTaBa
(57.5 at% Ln u 42.86 at% BIi) cipeccoBbiBaii, MOMEIIAIN B TAHTAIOBBIN TUTEITh
1 HarpeBamu a0 673-773 K. 3aTemM a1 moydeHHs] TOMOTEHHBIX 00pa3IoB WX TOI-
Bepranu oTxury npu 1673-1873 K.

B [39] npsmbiM B3aumozeiicTBueM P32 u BHcMyTa B TepMETH3HPOBAHHBIX
TUTJIAX U3 MOJIMOJICHA MOJIYYeHBI COeIMHEeHMS U cruiaBbl cuctem Ln - Bi (Ln = Pr,
Nd, Gd, Tb). CunTte3 npoBOaMIN CACIyIOIIUM 00pa3oM. McxoaHbie KOMITOHEHTHI —
P33 (Pr, Nd, Gd, Th) u BucMyT B BHE CTPYKEK, B3ATbIC B OMPEACAEHHOM CTEXHO-
METPUYECKOM COOTHOIIIEHWH, CIPECCOBBIBAIIM U MOJBEPTaJid HArPEBAHUIO B TepMe-

TU3UPOBAHHBIX MOJHOIEHOBBIX TUTENIX A0 923-1723 K co CKOpOCTBHIO HAarpeBaHUS
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u oxnaxnaenust 10 K/muH., ¢ mocnenyromei BEIIEPKKON TIPH ITUX TEMIIEpaTypax B
TeueHue 2.5-4 4yacos.
B [39] pa3pabotan u criocob moaydeHUs: TBEPAbIX PACTBOPOB
GdsxLnBis, (x=0.4-3.6) cucrem Gd4Bis - LnyBis, rie B kauecTBe UCXOIHBIX KOM-
TIOHEHTOB MCIIOJIb3YIOTCS MPEIBAPUTEIBHO CHHTE3UPOBaHHbIE CoenuHeHus LNnsBis
(Ln =Pr, Nd, Gd, Th).

CoenuHeHus U ciuiaBbl cucteM LN - Bi momy4yeHsl Takke MyTEM CIUTaBIICHH-
€M UCXOJIHBIX KOMIOHeHTOB. Hampumep, craBsl cuctemsl Y — Bi, 1nana3zona koH-
nenTpanuid 10 30 at. % Bi, momydanu CruraBieHHEM B IeépPMETHYHBIX TaHTAJIOBBIX
TUTJISIX CTPYKEK UTTUPHSI U BUcMyTa [35,36].

B [27] coenunenus u criaBbl cucteMmbl Nd — Bi monydanu crutaBieHueM wuc-
XOJHBIX KOMIIOHEHTOB B CpPE€AE€ OYMIICHHOro aproHa noj aasieHueM 140 xlla, B
AJIEKTPOIYTOBOM TIEUH.

B [4, 6, 23, 60] coequnenus tuna LnsBis u LnyBis, Takke moiay4eHsl CIuaB-
JICHUEM UCXOHBIX KOMIIOHEHTOB B AJICKTPOYTOBOM TICUH.

B [8, 10, 15, 17-19], npu uccieqoBaHUN JUArpaMM COCTOSIHHMS cucteM Ln —
Bi (Ln = Gd, Th, Ho, Er, Tm, Lu), criaBsl moyy4aiu ClieKaHHEM CTPYXKEK HUCXOJ-

HBIX KOMIIOHCHTOB, C ITOCIICAYIOIIUM I'OMOI'CHU3UPYIOIINM OTKUI'OM.

1.4 DaekTpodusnyeckue, MArHUTHbBIE, TeNJIO(pU3NIYecKHe 1 XUMUYeCKHe
CBOicTBa coelMHeHNi cuctem Ln — Bi
O0630p Hay4YHOM IUTEPATYPhI MOKA3BIBAET, UTO CpeAu coenuHeHuit P39 ¢
BUCMYTOM HauboJiee MOoJIHO U3y4YeHbl (PU3UKO-XUMHUYECKUE CBOMCTBA COCIMHEHUN
tuma LnBi. ®u3nKo-XuMHUYECKHE CBOMCTBA JPYTHX THIOB coeauHeHuit P3D c

BHCMYTOM U3Y4E€HBI KpaliHE MAaJIO.

1.4.1 DnexkTpodusnyecKkue 1 MATHUTHLIE CBOIicTBA coeqnHenuii P3J
¢ BUCMYTOM
B [57, 64, 65, 66, 67, 68, 69] uccinenoBaiu MeKTPOGU3HICCKHIE CBONCTBA

coequHenuit P33 ¢ Bucmytom trma LNBi. OnpezaeneHo, 4To 3THM COSIMHEHUAM
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CBOWCTBEHHA MaTaJUTHYeCKas IPOBOIUMOCTb.

Cremyer OTMETUTb, YTO TIO BOIPOCY MPOBOIUMOCTH coenuHeHmid LnBi moka
HET OJIHO3HAYHOTO OTBeTa. Tak, COrIacHO pacueTaMm JJIEKTPOHHOTO CIEKTpa, Me-
tomom MO-JIKAO [69], coemunenns tuna LNBi mposBIIsSIOT MOTyIPOBOTHIKOBBIE
CBOWCTBA, IIMPHHA 3aIPEIICHHON 30HBI KOTOPBIX B CPETHEM COCTABIISIET
0.32 - 1071 k.

Dnekrpodusnueckue cBoiictBa GdsBis u Dy.Bis nccnenosamm B [42, 43, 69],
TJIe OTPEAEIICHO, YTO OHU MPOSBISAIOT METALTUIECKYIO TPOBOUMOCTb.

TemnepaTypHy0 3aBUCHMOCTh YICIBHOTO JJIEKTPOCONPOTUBICHHS (p) U
TepMo-3.1.¢ (o) coemuHeHuit u cruraBoB cuctem Ln — Bi (Ln = Pr, Nd, Gd, Th), a
Tak)Ke TBEpABIX pacTBOpoB cucteM GdsBiz — LnyBis (Ln = Pr, Nd, Tbh) uccnenona-
o B auarma3one temmeparyp 298-773 K [39]. OnpeneneHo, 94To BO BceM UCCIIE0-
BaHHOM JHAIa30HE TEMIIEPATYp yIEIbHOE JIEKTPOCOTPOTUBIICHHE U TEPMO-3.71.C.
COCJTMHCHHIA, CTUIABOB M TBEPJBIX PACTBOPOB YKa3aHHBIX CUCTEM H3MEHSIOTCS JIH-
HEHHO, YTO XapaKTEPHO METAJUTMYECKUM MPOBOJTHHUKAM.

DnekTpodr3nUecKne CBOWCTBaa HEKOTOPHIX TBEPIBIX PACTBOPOB CHUCTEM
GdsBiz — LnsBi; (Ln = Pr, Nd, Tb), npu komMHaTHO# Temmieparype, MPUBEICHBI B
Tabnwuie 1.5.

B [27], npu koMHaATHO#H Temmeparype, MCCIeI0BaIN KOHIICHTPAMOHHYIO
3aBHCHMOCTH YCIBHOTO 3JICKTPOCONPOTHBIICHHUS, TEPMO-3.1.C. U KodduIimeHTa
Xomna cmiaBoB cucteMbl Nd — Bi. OTmeTrrM, 4TO OTCYTCTBHE B JaHHOM pabote

CBEJICHHUI 1O TOMOT€HHOCTH M YHCTOTE MCIOJIb30BAHHBIX 00pa3Il0B 3aTPYIHSIECT

Tabnuma 1.5 - DnexkTpodusznyueckre CBOMCTBA HEKOTOPHIX TBEPBIX PACTBOPOB CH-

crem Gd4Bis - LnsBis (Ln = Pr, Nd, Tb) npu xomuartHoii Temmepa type [40]

TBepaple pacTBO- | Y IEIBHOE DJIEK- DIIEKTPOIPOBO/I- Tepmo-3.1.c.,
pBI TPOCOIIPOTUBIIEHUE, | HOCTb, -aL,
p x 108, ox 107, MkB/K
OMm M Om?t-m?
1 2 3 4
Gd3_6Pr0,4Bi3 6.4 1.56 6.5
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1 2 3 4
Gd32ProgBis 5.9 1.69 6.4
Gd,.gPri2Bis 5.0 2.0 6.2
Gd,.4Nd1 6Bi3 4.7 2.12 6.9
Gd;Nd;Bis 4.2 2.38 7.0
Gd16Nd,.4Bis 3.4 2.94 6.8
Gd12Th, gBis 5.8 1.72 3.6
GdosThs2Bis3 5.7 1.75 3.4
Gdo.4Ths6Bi3 5.6 1.78 3.0

OLICHUTb JIOCTOBEPHOCTH MOJIYYCHHBIX B [27] pe3yabTaToB.

MaruutHble cBolicTBa coenuHeHnii P33 tuna LNBi B nquama3one temriepa-
Typ 77-523 K ¥ Hanps»K€HHOCTH MAarHMTHOTO moJist 3.66°10° A/M 6buiM Bccaeno-
BaHbI B [55], rAe ompeAeneHo, 4To UX TEMIIEpATYpHAs 3aBUCUMOCTh MAarHUTHOU
BOCTIPUMIMYUBOCTH, 32 MCKIItOYeHHEeM SMBI, Bo BceM amanazoHe TeMIieparyp cie-
nyet 3akony Kropu-Belicca.

MaruurHble cBoiicTBa coequHennii P30 tuna LnBI ot nadTana mo arorenus
B [70] Oblu Taxke mM3ydeHbl B nuanazone temmeparyp 1.5-750 K u MarHuTHBIX
OJIAX HAnpsKeHHOCThIO0 10.34-63.65-10° A/M. Y CTaHOBJIEHO, YTO yKa3aHHBIE CO-
CAVMHCHUS TIPU HU3KUX TEMIIEpaTypax SBISIFOTCS aHTH(EeppPOMarHeTHKaAMH.

Marnutsbie cBoiicTBa GdsBi; nszyuens! B [42, 43]. OnpeneneHa ero Temiie-
patypa Kropu, kotopas cocrasnser 340 K.

[To nanubiM [71] coenuHenus u craBsl cucteMbl Nd — Bi B nnamnasone
temnepatyp 100-350 K sBnsitoTCsl mapaMarHUTHBIMH.

MarHuTHbIC CBOWCTBA COSAMHEHUH U cIiaBoB cuctem Ln - Bi (Ln = Pr, Nd,
Gd, Tb) u tBepabix pactBopoB cucteM GdsBiz — LnsBis (Ln = Pr, Nd, Tb) B [39]
u3yuyanu B auanaszoHe temreparyp 298-773 K. CorinacHo JaHHBIM 3TOM pabOTHI,
coeauHenus, ciael cucteM Ln — Bi (Ln = Pr, Nd, Gd, Tb) u TBepabie pacTBOpsI
GdaxLnBis (Ln = Pr, Nd, Tb); (x=0.4-3.6) nposBIsIOT MapaMarHUTHYIO IPUPOY.

3aBucuMocTh 1/y—T (Yu—MOJsIpHAsE MAarHUTHASI BOCIIPUUMYHUBOCTD) COEIU-
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HeHwid, craBoB cuctem Ln — Bi (Ln = Pr, Nd, Gd, Tb) u TBEpasIx pacTBopoB

GdsxLnyBis (Ln = Pr, Nd, Tb); (x=0.4-3.6) B amama3one temneparyp 298-773 K
noxuunsercs 3akoHy Kropu-Beiicca. [lpu 3ToM TemmeparypHas 3aBUCHUMOCTB
1/yy—T cmmaBoB nuamazona konmeHtparuii 10-42.86 % Bi cucuremsr Gd — Bi B
nuanazone temnepatyp 298-498 K ne cnenyer 3akony Kropu-Beiicca. ABTop pa-
00ThI [39] 00sicHSAET 3TO TEM, YTO B YKa3aHHOM JIMalla30HE TEMIIEPATyp CIUIABbI
cucrembl Gd — Bi, BO3MOXHO, UCTIBITBHIBAIOT (heppo- Wi PeppUMarHUTHOE YIOPS-

JOYCHHUC.

Tabmuma 1.6 - MarauTHsle cBoiicTBa coequnenuii cuctem Ln — Bi (Ln = Pr, Nd,

Th) u TBEpaBIX pacTBopoB GdsxLNBis (LN =Pr, Nd, Th); (x=0.4+3.6) [39]

Bucmyrtunel P35 | Monsspras mar- [TapamarauTHas | 9 ¢HeKTUBHBIMI
Y TBEPJBIE pac- HUTHAs BOCIIPH- TeMIeparypa MAarHuTHBIA MO-
TBOPBI UMYUBOCTb, Kropu, MEHT,
xm - 10° 0,, K opp. X 1024, A-m?
ipu 298 K
1 2 3 4
Pr,Bi 6275.8 12 33.57
PrsBis 6539.3 13 34.22
PryBis 5962 11 32.73
Pr Bi 5685 8 32.18
PrBi; 4458.6 5 28.65
Nd.Bi 7510.7 78 33.66
NdsBis 7299.2 72 33.66
Nd4Bis 6801.9 56 33.66
NdBi 6451.6 42 33.66
NdBi; 3426.8 21 25.5
GdsBis 127881.6 358 2.7
Gd4Bis 116180.5 365 73.17
GdBi 35672.1 86 72.15
ThsBis 94580,1 142 92,36
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1 2 3 4
Th,Bis 85448,2 128 92,36
TbBi 76086.9 112 91,81
Gds Pro4Bis 106363.6 232 69.55
G2 ProsBis 64717.0 192 68.7
Gazs Pr12Bis 417283 136 68.2
GdzsNd; 2Bis 82438.7 240 57.31
Gd.sNd1 6Bi 3 65789.4 220 59.44
Gd2Nd;Bis 50506.8 190 71.68
GdssTho4Bis 102857.1 242 63.06
Gds 2 Tho.sBis 85570.0 219 68.16
Gdz5Thy 2Bis 736458 202 69.5

[Ipumeuanue: ym —MOISIPHAS] MATHUTHASL BOCITIPUAUMYHUBOCTb;
0, — mapamarauTHa Temneparypa Kropu;
Wi~ 3D PEKTUBHBIA MarHUTHBIN MOMEHT HOHOB P30.

B tabnuiie 1.6. npuBeeHbl MarHUTHBIE CBOMCTBA COCIMHEHUN CUCTEM
Ln — Bi (Ln = Pr, Nd, Th) u tBépasix pacrBopoB Gds«Ln«Bisz (Ln = Pr, Nd, Tb);
(x=0.4-3.6).

N3 Tabnumet 1.6. BUAHO, YTO HAUMEHBIIINE 3HAYCHUSI MapaMarHUTHOW TeM-
nepatypbl Kiopy mposiBisiiOT COSIMHEHUS B CIUIaBbI cucteMbl Pr — Bi, a Han0o01b-
mve cruiaBel U coequHenus cucrteM Ln — Bi (Ln = Gd, Th). I1pu aTom B cucteme
Gd — Bi, cpeau apyrux COCAMHEHHUI M CIUIABOB, CaMayl0 BBICOKYIO IMapaMarHHT-

nHyto Ttemmeparypy Kropu (365 K) nposisiser Gd4Bis.

1.4.2 Tenjaopuznyeckue 1 XuMnu4ecKue CBoiicTBa coeqnuenuii P39
¢ BUCMYTOM
TennonpoBoHOCTH coeanHeHU P30 UTTpreBOil NOATPYNIbI C BACMYTOM
uccienoBany B [72]. YcraHoBieHO, 4TO (POHOHHAS COCTABIISIONIAS OOIIEH Terio-
MPOBOJTHOCTH C POCTOM TE€MIIEpaTyphbl BO3pacTaeT.

B [73] O6buto u3yuyeHo tepmuueckoe pacimupenue (KTP) coenunennit P39
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tuna LnBi B muamazone temmeparyp 298-1073 K. Pe3ynbTarhl ricciaenoBaHus mo3-
BOJIMUTA aBTOpaM JaHHOW PabOTHI BBIYHUCIUTH XapaKTEPUCTUUECKYIO TEMIIEPATYPY
Jlebas 1 onpeaenuTh BEIMYUHBI CPEIHEKBAAPATUYHBIX CMEIIEHUH MOHOB COENIH-
Henuii LnBi. Kpome Toro, ycranoBieHo, uro ot jantaHa k neputo KTP coenune-
uuit CeBi, kak u KTP dochunos P33 [74], BozpacTaeT, a OT HepHs K MPa3ecoumMy
KTP coeaunenus PrBi ymensinaercs. B manpHeieM, ¢ yBEIMYCHHEM MOPSIKO-
Boro Homepa P33, KTP coenunenwuii LnBi pacrer.

Tepmoaunamuueckue cBOMCTBa BUCMYTHAOB P33 mccienoBanu JBymsi Me-
TOAAMH - METOJAOM KAJIOPUMETPHHH W HM3MEPEHHEM OJIICKTPOABMKYIIEH CHIIBI
raJIbBAHMYECKOTO JIEMEHTA C XKHUIKUM 3JIeKTpoauToM [2,5,28,38,75-77].

B ykazaHHbIX paboTax BBISBIEHO, YTO HauOoOJIee OTpUIlATENIbHbIE 3HAYCHUS
SHTANBINI 00pa30BaHUsl CBOMCTBEHHBI BUCMYTHaM, 001aIal0IIMMU HAUOOJIbIIIH-
MU 3HAYEHUSMH TEMIIepaTyp IUIaBICHUS. 3aMETUM, YTO ATOT BBIBOJ HE BBITIOJIHSI-
ercs st coeaunenuit cucrem Ln —Bi (Ln = La, Ce). Tak, caMbIMH TYTrOIUTABKUMHU
COEIMHEHHUSIMH O3THUX CHCTeM sBjsiorcs coeauHenust LasBiz u CesBis [78], a
HaMOOJIbIINE 3HAUCHHS SHTAJBIMKA O0pa30BaHUS MPOSBISIIOT coenuHeHus LnNBi
(Ln=La, Ce) [77, 78, 79].

Oddy3nonnsiM MetogoM KHynceHa B pexuMe MOTHOTO U30TEPMUUYECKOTO
UCTIAPEHHS C MaCC-CICKTPOMETPHUSCKUM aHaan3oM mnapa B [80-82] uzyuanu tep-
MOAMHAMHUYecKue cBoicTBa coeaunenuii LnBi (Ln = La, Pr, Nd, Gd). D10 mo3so-
JWJIa aBTOpaM PacCUUTaTh CTAHIAPTHBIC DHTAIBIIMK 0O0pAa30BaHUS yKa3aHHBIX CO-
eIVMHEHNH.

XuMHueckre cBoMcTBa coequHenui P39 ¢ BucMyToMm, 1o cpaBHEHHUIO ¢ (u-
3MYECKUMU, H3yUYCHBI KpaiiHe MaJlo.

B [83] u3yuen nporuecc okucienus coeaudenunii LNBi P35 Ha Bo3ayxe me-
TOJaMH AepuBaTorpaguu U peHTreHo(}a3oBoro aHaian3a. Y CTaHOBJIEHO, YTO TPO-
JTyKTaMU OKUCJICHUS SBIISIOTCS OKCuAbl P30 1 BUCMyTa, a Tak’Ke BUCMYTHUTOB
- LnBiOs.

PactBopumocTs coeaunenuit LNBi B pa3Hbix cpenax usydanu B [84]. Boiss-

JICHO, YTO 3TH COCAMHCHHSA PAaCTBOPAIOTCA B a30THOM KHUCIOTEC, a B CGpHOfI TOJIBKO
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npu HarpeBanun. CoemmnHenusi LnNBi takxke He pacTBOPSIOTCS B OpPraHUYECKUX
pPacCTBOPUTEIISAX M B PACTBOpPAX IIENOYCH KaK B OOBIYHBIX YCIIOBUSX, TaK W MPHU
HarpeBaHUM.

B [27] uccaemoBanu KOppo3UMOHHBIE CBOMCTBa crutaBoB cuctembl Nd — Bi
BO3JIelicTBHEM pa30aBiieHHOM cepHoil kucioThl (1:1). BeisBieHo, uto cpeau co-
CAVMHEHUN JaHHOW CHCTEMbl HaUMEHEE KPPO3MOHHOCTOWKHUM SIBIISETCS COEIUHE-
aue NdBI.

1.5 BbiBoaBI 110 0030pY JUTEPATYPHI

CornacHo mpoBeAEHHOMY JIMTEPATYPHOMY 0030py MO AMarpaMmaM COCTOS-
HUs cucteM P30 — BUCMYT, MOKHO 3aKJIFOUHUTh, UTO HAOOJIee HAJICKHBIC JTaHHbBIC
MOJIYYEHBI JIJISl TUarpaMM COCTOSIHUS cucteM P3D uTTpueBoil moArpynmnsl ¢ BUC-
MYTOM, 3a UCKJIIOYCHHEM JUarpambl COCTOSHUSA cucTeMbl YD —Bi, TpeOyromias ee
YTOYHEHUS.

I'opazno cnabee m3ydeHBl AUArpaMMbl COCTOsiHUSI cucTeM P30 mepueBoit
MOATPYIIITBI ¢ BACMYTOM. B MMOBTOPHOM HMCIIETIOBAaHNN HYKIAIOTCS JHArPaMMBI CO-
crosiaust cuctem Ln - Bi (Ln = La, Ce, Sm), a anarpamma cOCTOSTHHSI CHCTEMBI
Eu - Bi moxka erie He u3ydeHa.

O630p nmuTEepaTyphl MO KPUCTAIOXUMHHU COeIMHEHUI cuctem P30 - Buc-
MYT yKa3bIBaeT Ha TO, YTO B HUX, B OCHOBHOM, oOpa3yrorcsi coemuHenus Ln,Bli,
LnsBis, LnsBis, LnBi u LnBi,, xpucTamu3yomuxcs, COOTBETCTBEHHO, B TETParo-
HaJIbHOM, TeKCaroHAIbHON, KYOMYEeCKOW U pOMOMYECKOM CHHTOHHH.

B cuctemax P33 nepueBoit moArpymnmsl ¢ BACMYTOM XapakTepHO 0Opa3oBa-
Hue coequuennii tuma Ln,Bi, LnsBiz u LnBi,, a Bo Bcex cucremMax coequHeHUI
LnsBis, u LnBI.

B cucremax P39 urtpreBoil noArpynmnel ¢ BACMYTOM COEIUHEHHUS TUIA
Ln4Bis, oOpasytorcs Tospko B cucremax Ln — Bi (Gd, Tb). Kpome Toro, B padoTax
0 UCCIICIOBAHUIO TUATPAMM COCOTOSIHHSI ccTeM P33 UTTpueBoii MOATPYIIIHI C
BHCMYTOM yKa3bIBacTCs Ha BEPOSITHOCTh 00pa3oBaHus B cuctemMax Ln —Bi
(Ln =Tb, Ho, Er, Tm, Lu) coenunenuii Tuma LnBI,.

N3 0630pa nurepaTypsl o GU3NYECKUM U XUMHUUYECKUM CBOMCTBAM CILIaBOB
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U coeanHeHuit cucreM P33 - Bi sBCTByeT, YTO O HACTOSIIETO BpEMEHH HanOoJee
IIOJTHO M3YYCHBI (PU3HKO-XMMHUSCKHE CBOMCTBA MOHOBHUCMYTHIOB P30 -LNnBi.

UccnegoBanuem 31eKTpoU3MUECKUX U MarHUTHBIX CBOMCTBA CIUIABOB U
coequnenmit cucrem Ln — Bi (Ln = Pr, Nd, Gd, Tb), a Takxe TBepAbIX pacTBOPOB
cucrem Gd4Biz — LnyBis (Ln = Pr, Nd, Tb) ycranoBieHo, 4To UM CBOMCTBEHHA Me-
TajuIMyecKasi MPOBOJAUMOCTb U B OOBIYHBIX YCIOBUAX MPOSBISIOT MapaMarHUTHbIE
CBONCTBA.

Kpaiine He3HAYUTENBHO M3YYE€HBI (PUBUKO-XUMUYECKUE CBOMCTBA COEAMHE-
auit Ln,Bi, LnsBis, LN4Bis u LnBi,. C Hairel Touku 3peHus, 3T0 00bSICHICTCS
cinaboil pa3pabOTaHHOCTHIO METOAMK CHUHTE3a COCAUHECHUM U CIUIaBOB CHUCUTEM
P33 ¢ BuCMyTOM, MNPUBEICHHBIX B HAYYHOW JHUTEpaType, HE TO3BOJISIOIINX
HaJIEKHO TOJIydaTh TOMOTEHHBIE W JOCTAaTOYHO YHUCThlEe oOpasibl. Tak, CHUHTE3
BUCMYTHUJIOB aMITyJbHBIM METOJIOM I IyTEM CIUIABJICHHUS KOMIIOHEHTOB, C TIPH-
CYIIMMU UM HEJIOCTaTKaMH, BPSJI JIU CIIOCOOCTBYIOT MOJTYYEHUIO TOMOTEHHBIX
WHIUBUTYyJIbHBIX COSTMHEHUN U CIIABOB.

XUMUYECKHE CBOWCTBA COECIMHCHHUIN M CIUIaBOB cucteM LN — Bi u3ydensr
HE3HAYUTEIBHO. DTO MOXKHO OOBCHUTH TeM, uTO P33 u crijiaBbl Ha X OCHOBE MPO-
SBJISTIOT UHTEPECHBIC (DU3NYECKHE CBOMCTBA, YTO OOHAAEKUBACT UCCIIeI0OBaTENEH B

ITOUCKC HOBLIX MAaTCPHUAJIOB.
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I'JIABA 2 CHHTE3 TBEPJBIX PACTBOPOB CUCTEM GdsBi3 — LnsBis
(Ln = Th, Dy, Ho, Er, Tm, Lu) X METOJbI ®U3UKO-XUMUYECKHUX
HCCJIEJOBAHUI

2.1 Cunre3s TBepaAbIX pacTBopoB cucteM GdsBis — LnsBis (Ln = Tb, Dy,
Ho, Er, Tm, Lu)

C uenbio pa3pabOTKU METO/I0B CHHTE3a TBEPBIX PACTBOPOB CUCTEM
GdsBis — LnsBiz (Ln = Th, Dy, Ho Er, Tm, Lu) ¢ npuBieuecHrnemM peHTerodha3oBoro
U MHUKOCTPYKTYPHOTO aHaJIW30B HMCCIENOBaH Ipolecc B3aumoxaeuctesus P30 ¢
BucMyToM U GdsBis ¢ LnsBis (Ln = Th, Dy, Ho Er, Tm, Lu).

B kauecTBe MCXOAHBIX KOMIIOHEHTOB IIPU CUHTE3€ TBEPIBIX PACTBOPOB CH-
crem GdsBis — LnsBis (Ln = Tb, Dy, Ho Er, Tm, Lu) npumeHsiin auctriuiatel P390
u BucMyT mMapku OCY 11-4. Xumnueckuii coctaB P30 u BUCMyTa NpUBEACHBI B
[Tpunoxenuu, Tabmunax 1 u 2.

Bcenencreue 0M3KuX 3HAYCHUH TEMITEpaTyp IUIABICHUS BUCMYTUIOB LNsBis
(Ln = Gd, Th, Dy, Ho, Er, Tm, Lu), (I'naBa 3, pucynku 3.1, 3.3, 3.5, 3.7, 3.9,3.11)
nporiecc B3aumojericteus P33 ¢ Bucmyrom u GdsBis ¢ LnsBis (Ln = Th, Dy, Ho
Er, Tm, LuU) ucciaemoBaiu npyd OJHOM M TOM K € TEMIIEPaTypHOM W BPEMCHHOM
pexuMe, B quarnazone temreparyp 573+1673 K u BpeMeHH BBIAEPKKUA MPHU ITHX
temneparypax 3+4 .

J{nsi mpoBeJIeHUsI MCCIIEIOBAaHUS HABECKY, COCTOAIICH U3 CTpykek P30 u
BHCMYTa OINPEIEIEHHOIO0 CTEXHOMETPUYECKOr0 cocTaBa, Maccou 5-10 r, cpecco-
BBIBAB B IITA0MK, TOMENIATN B TEPMETU3UPOBAHHBIN MOJIUOACHOBBIN TUTEIb, a 3a-
TEeM TOJBEPTajy HarpeBaHUIo (CO CKOpOCcThi0 5-10 rpam/muH), ¢ mociemyromen
BBIJIEPKKOM ITpu Temrieparypax 573+1673 K

Cnenyet oTMeTuTh, 4yTO B [85] mpouecc B3aumonaeictus P33 ¢ BucMyrom
U3y4eH METOJIOM Nu(PPepeHINAIBPHOTO TEPMUIYECKOTO aHAIHM3a. DTO HUCKITFOYAIIO
HEO0OXOJAMMOCTb €ro MPOBEACHUS B JaHHOU MCCEepTaIllMOHHON paboTe.

B Ttabnute 2.1 npuBeneH pa3oBbIii cocTaB MPOAYKTOB B3aumoaencTsus P39

C BUCMYTOM IIpH 00pa30BaHUU TBEPABIX pacTBopoB cucteM GdsBis — LNnsBis
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Ta6numa 2.1 - ®a30BbIi cOCTaB MPOIYKTOB B3anuMoaercTBus P33 ¢

BUCMYTOM
Temmnepa- | Bpewms
Hcxonusie Typa CUH- Bbl- | Da30BbIil COCTAB MPOJYKTOB B3a-
KOMITOHCHTHBI TE34a, ACPIKKH, HMOHGﬁCTBHH P35 ¢ BUCMYTOM
+50 K q,
1 2 3 4
573 4+1 Gd, Th, LnBi (Ln = Gd, Th)
673 4+1 |Gd, Th, LnBi (Ln = Gd, Th)
823 4+1 |Gd, Th, LnBi (Ln = Gd, Th)
973 3.5+0.5 | LnBi, LnsBis(Ln = Gd, Th)
(5-X) Gd + XTb +3Bi 1173 | 3.5+0.5 | LnBi, LnsBis (Ln = Gd, Th),
X =0.5+4.5. Gds. ThyBis
1373 3+0.5 | LnsBis(Ln = Gd, Th),
Gd5_bexBi3
1573 340.5 | LnsBiz(Ln=Gd, Th),
GdsxThyBis
1673 3+0.5 | GdsxThxBis
573 4+1 |Gd, Dy, LnBi (Ln = Gd, Dy)
(5-x) Gd + xDy+3Bi .
+ =
= 0545 673 4+1 |Gd, Dy, LnBi (Ln=Gd, Dy)
823 4+1 | Gd, Dy, LnBi (Ln = Gd, Dy)
973 3.5+£0.5 | LnBi, LnsBis, (Ln=Gd, Dy)
1173 3.5+0.5 | LnBi, LnsBis (Ln = Gd, Dy),
Gd5-nyxBi3
(5x) G+ XDy+3Bl 3105 [ neBia (LN =G4, D
X = 0.5+4.5 > | LnsBia(Ln=Gd, Dy),
Gds-nyXBi3
1573 3+0.5 | LnsBis(Ln=Gd, Dy),
Gds-nyXBi3
1673 3+0.5 GdSXDyxBl3
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1 2 3 4
573 4+1 Gd, Ho, LnBi (Ln = Gd, Ho)
673 4+1 Gd, Ho, LnBi (Ln=Gd, Ho)
823 4+1 Gd, Ho, LnBi (Ln=Gd, Ho)
973 3.5+0.5 | LnBi, LnsBis, (Ln = Gd, Ho)
(5-X)Gd + xHo+3Bi 1173 3.5+0.5 | LnBi, LnsBis (Ln =Gd, Ho),
X =0.5+45 GsxHo,Bs
1373 3+0.5 | LnsBis(Ln=Gd, Ho),
Gds.«<HoxBis
1573 3+0.5 | LnsBiz(Ln=Gd, Ho),
Gds.xHoxBi3
1673 3+0.5 | GdsxHoxBis
573 4+1 Gd, Er, LnBi (Ln = Gd, Er)
673 4+1  |Gd, Er, LnBi (Ln=Gd, Er)
823 4+1 Gd, Er, LnBi (Ln=Gd, Er
973 3.5+£0.5 | LnBi, LnsBi3, (Ln =Gd, Er)
(5-x)Gd + XEr+3Bi 1173 | 3.5+0.5 | LnBi, LnsBis (Ln = Gd, Er),
x=0.5+4.5 GdeEr,Bi,
1373 3+0.5 | LnsBis(Ln=Gd, Er),
Gds.«Er«Bis
1573 3+0.5 | LnsBis( Ln=Gd, Er),
Gds «Er«Bis
1673 3+0.5 | GdsxEr«Bis
573 4+1 |Gd, Tm, LnBi (Ln = Gd, Tm)
673 4+1 |Gd, Tm, LnBi (Ln=Gd, Tm)
(5'X)Gi * ETSTZ?;Bi 823 4x1 | Gd, Tm, LnBi (Ln=Gd, Tm)
973 3.5+0.5 | LnBi, LnsBi3, (Ln=Gd, Tm)
1173 3.5+£0.5 | LnBi, LnsBi; (Ln =Gd, Tm),

Gd5-mexBi3
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1 2 3 4
1373 3+0.5 | LnsBis(Ln=Gd, Tm),
Gds.xTmyBis
(5-x)Gd + XxTm+3Bi 1573 3+0.5 | LnsBiz(Ln=Gd, Tm),
X=0.5-4.5 Gds TM,Bis

1673 3£0.5 | GdsxTmyBis
573 4+1 Gd, Lu, LnBi (Ln = Gd, Lu)
673 4+1 Gd, Lu, LnBi (Ln=Gd, Lu)
823 4+1 Gd, Lu, LnBi (Ln=Gd, Lu
973 3.5+0.5 | LnBi, LnsBis, (Ln=Gd, Lu)
1173 3.5+0.5 | LnBi, LnsBi; (Ln=Gd, Lu),

(5-x)Gd + xLu+3Bi

X = 0545 Gds.xLuxBis3
1373 3+0.5 | LnsBis(Ln=Gd, Lu),
Gds.<Er«Bis
1573 340.5 | LnsBisz(Ln=Gd, Lu),
Gds.«LuxBis

1673 3+£0.5 | GdsxLuxBis

(Ln =Th, Dy, Ho Er, Tm, Lu, x = 0.4+4.5). 13 Tabauiibl caeayeT, 4TO B JHANa30HE
temneparyp 573-823 K nmpoaykTsl B3aumonaeiuctsust P35 ¢ BUCMyTOM COCTOST U3
MOHOBUCMYTHJIOB U CBOOOTHBIX P3D.

Oo0paszoBanue BucMyTu0B LNsBis u TBepubix pactBopoB GdsxLNnyBis (Ln =
Th, Dy, Ho Er, Tm, Lu; x= 0.4+4.5) 3apuKCHpOBaHO B JHAara3oHE TeMIepaTyp
973-1573 K. Ilpu stom omHodasubie TBEpabIe pacTBopbl GdsxLNiBiz (Ln = Th,
Dy, Ho Er, Tm, Lu; x = 0.4+4.5) o6pasyrorcs npu temmeparype 1673 K u Bpeme-
HU BbIIEpKKH 31+0.5 4.

MUKpOCTPYKTYpHBIM aHAIN3 MOATBEPXKIAET pe3yIbTaThl PEHTT€HO()A30BOTO
aHanu3a IpOAYKTOB B3anmojenctBus P30 ¢ BucmyroMm. B kauecTBe mpumepa Ha
pucynke 2.1 mpuBeneHbl ¢ororpaduu MHUKPOCTPYKTYpP MPOIYKTOB B3aMMOJCH-

CTBH I'aJOJINHUA, T€p6I/I$I U BUCMYTa IIpH 06p330BaHI/II/I TBEPAOro TBEPAOro pact-
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Pucynox 2.1 - MUKpOCTpYyKTypa MPOIYKTOB B3aUMOACHCTBUS TaI0TUHUS,
TepOust ¢ BUCMYTOM Iipu Temneparypax 1173 (a), x120, 1373 (6), x120,
1573 (B), x180, 1673 K (1), x110 u Bpemenu Boiaepxku 3.5+0.5 u.

IIpn temneparype cunre3a 1173 K u Bpemenu Boiaepxkku 3.5+0.5 4. mpo-
nykT Tpexdaszen (pucyHok 1, a). Temnas yacte Qororpaduui MUKPOCTPYKTYpPHI
BKrouaeT aBe (asel - GdsBis ¢ (MukpoTBepmocTrio 2250 £100 MIla) u ThsBis
(¢ mukpoTBenocThio 2045+50 MIla). Ceetinas ¢asa - TBepabiii pactBop GdsTh,Bis
(c mukpotBepnocteio 3860+100 MIIa). Ilpu temnepatype 1373 u 1573 K u Bpe-
MeHHU Bbiiepkku 3.5+0.5 u (pucyHok 1, 6, B) goas ¢daser Gd3;Th,Bi; B npoaykre
pactet, a goias ¢a3 GdsBis u ThsBis ymenbinaercs. I[Ipu atom npu 1673K u Bpe-
MeHH Bbiiepkkn 3.5+0.5 g oOpasyercs ogHohanblid TBepabiid pacTBop Gd3Th,Bis

(pucyHok 1, T). TeMHBIE TTOJIOCHI HA MUKPOCTPYKTYPE —MUKPOTPEIIUHBI, BO3HHK-
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1IMe B MPOoIEcce MOJIMPOBKU 00pasiia.

[IpoBeneHHBIC MCIEAOBAHMS TTO3BOIMIN HaM pa3paboTaTh ABa crocoba mo-
Jy4eHHUs TBepAbIX pactBopoB cucteM GdsBis — LnsBis (Ln = Tb, Dy, Ho, Er, Tm,
Lu):

1. HemocpeacTBeHHBIM B3auMoaecTBrueM P33 ¢ BuCMyTOM.

2. BzanmogpeiictBuem GdsBis u LnsBis (Ln = Tb, Dy, Ho, Er, Tm, Lu).

[TepBeIM criocoboM TBepabie pacTBophl cuctem GdsBis — LnsBis (Ln = Th,
Dy, Ho, Er, Tm, Lu) nonyyanu cienyronmm oOpa3zoM. CHpecoBaHHYIO CMECH
cTpykek P30 u BucMyTa, onpenesIeHHOro CTEXMOMETPUIECOTO COCTaBa MACCOU
15-20 T crpeccoBBIBAIM, MOMEINAIA B IePMETU3HPOBAHHBIA MOJIUOICHOBBIA TH-
rejib ¥ MOABEPIral HarpeBaHUIO CO CKOPOCThIO 5-10 rpan./muH B Bakyyme (0,0133
[1a), ¢ BBIAEPIKKOM MTPU OMPEACIICHHBIX TEMIIEpATypax.

OnTuMalTbHBIC YCIIOBUS CHHTE3a TBEPIBIX PACTBOPOB CUCTEM
GdsBis — LnsBis (Ln = Th, Dy, Ho, Er, Tm, Lu) HemmocpeACTBEHHBIM B3aUMO/ICH-
ctBueM P30 ¢ BucMyTOM nipuBeAeHbI B Ta0uIe 2.2.

BTtopeiM cniocoboM yka3zaHHBIC TBEpIBIC PACTBOPHI IMOJyYadd B3aWMOJCH-
CTBEM IpeaBapuTenbHo cuHTe3noBaHHbIX GdsBis ¢ LnsBis (Ln = Gd, Th, Dy, Ho,
Er, Tm, Lu). Idns storo HaBecky (maccoit 15-20 r), cocrosiieit u3 MOpOIIKa
GdsBis u mopomika oguoro u3 LnsBis crpeccoBeiBain u B repMeTH3UPOBAHHOM
MonubaeHoBoMm Turie B Bakyme (0,0133 Ila) moaBepraim HarpeBaHUIO CO CKOPO-
CThIO HarpeBaHus W oxyaxjaeHus 80 rpam/muH. HarpeBaHuwe THIIS C HaBECKOH
nmpoBoAWIM Ha yctaHoBke B/ITA-8M3.

YcTaHoBIIEHO, YTO 15 BceX TBEPABIX pacTBopoB cucteM GdsBis — LNnsBis
(Ln = Th, Dy, Ho, Er, Tm, Lu) onTiMmainbHble YCIOBHS CHHTE3a OAMHAKOBBI (TA0-
nuna 2.3).

Coemunenus LnsBis (Ln = Gd, Th, Dy, Ho, Er, Tm, Lu) monyuanu ¢ npume-
HCHHEM B KaueCTBE MCXOMHBIX KOMIIOHECHTOB MOHOcoemuuenuii - LnBi (Ln = Gd,
Th, Dy, Ho, Er, Tm, Lu) u P33. ;11 npoBecHHUS CHHTE3a TaHHBIX COCTUNHCHHM
HaBecKy (Maccoil 70 20 r), cocTosimel U3 MopoIIoKa MOHOCOEAMHEHUS U CTPYKKHU

cooTBeTcTBYIOIIEr0 P33, crexnomerpuueckoro coctasa 62.5 ar.% P39
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u 37.5 ar% Bi chpeccoBbiBai M, MOMEIIATA B T€PMETE3HMPOBAHHBIA THTENb U

HarpeBajy J0 ONTHUMAIBHON TEMIIEPATYPHI C ITOCIEAYIONIEN BBIAEPKKOU IIPU HEW.

Tabnuna 2.2 - OnTuManbHbIe YCIOBUS CHHTE3a TBEPABIX PACTBOPOB CUCTEM
GdsBis - LnsBis (Ln = Gd, Th, Dy, Ho, Er, Tm, Lu) npssMbIM B3auMOAeHCTBHEM

KOMIIOHEHTOB — P30 u BUCMyTa

Hcxonubie komnoHeHThl | Temmnepatypa | Bpems Bei- | TBepibie pacTBOPBI
CHHTE3a, JEPKKH, 4
+50 K
573 4+1
673 4+1
(5-x)Gd + xLn +3Bi 873 4+1 | Gds.Ln,Bis
(Ln =Th, Dy, Ho, Er, Tm, 1073 3105 (Ln = Th, Dy, Ho
Lu), x=0.5+4.5 1273 3+0.5 | Er, Tm, Lu;
1473 3+£0.5 |x=0.5+45)
1673 4+0.5

Tabnuua 2.3 - OnTuManbHbIe YCIOBHS CHHTE3a TBEPABIX PACTBOPOB CUCTEM
GdsBi3 — LnsBis mocpencrsom Bucmytuaos LnsBis (Ln = Gd, Th, Dy, Ho, Er, Tm,
Lu)

HcxonHble KOMIIOHEHTHI Temnepa- | Bpems Bol- | TBEpabie pacTBOpBI
Typa CHUH- | JEPXKKH, 4
Te3a,
+50 K
Gd5-xBi3-y + LanIy Gd5_anxB|3
Ln=T b, Dy, Ho, Er, Tm, 1673 2+1 (Ln=Thb, Dy, Ho, Er,
Lu; x=0.5+4.5,y =0.3+2.7 Tm, Lu)

MOHOBHCMYTH/IBI CHHTE3UPOBAIIN MPSIMBIM B3aUMOIEHCTBUEM CTpPYkKEK P33
Y BUCMYTa B T€PMETU3UPOBAHHBIX MOJIMOJACHOBBIX TUTJISIX MPU TEMIIEpAType
1173-1373 K u Bpemenu BoiepKKu 4+1 4.

YcnoBus cuntesa coequdenwuii LnsBis (Ln = Gd, Th, Dy, Ho, Er, Tm, Lu) u
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MOHOBHCMYTHJIOB ITPUBE/ICHBI B TabmuIle 2.4.

Tabnuna 2.4 - OnTuManbHbIe YCIOBUS CHHTE3a BUCMYTHA0B LNsBis 1 MoHOBHC-

mytugoB LnBi (Ln = Th, Dy, Ho, Er, Tm, Lu)

HcxonHple KOMITOHEHTHI Temmnepa- | Bpewms Bbl- | TBEpabIE paCTBOPHI U
Typa CUH- | JEPKKH, 4 BUCMYTHUBI P30
TEe3a,
+50 K
2Ln+3LnBi (Ln=Gd, Tb, | . | .. E”SBL'Z)(Ln -GA.Th
Dy, Lu) Y
oL + 3LNBi 1573 3+0.5 |LnsBis (Ln = Ho, Er,
(Ln =Ho, Er, Tm) Tm)
Ln+ Bi(Ln=Gd, T b, Dy, 1373 4+1 LnBi (Ln=Gd, T b,
Lu) Dy, Lu)
Ln + Bi (Ln = Ho, Er, Tm) 1173 4+l 'Il_'rrle))l (Ln=Ho, Er,

(Ln = Gd, Th, Dy, Ho, Er, Tm, Lu) noasepraiu arrectaiiuu Ha 0HO(a3HOCTH Me-
TOJIaMU PEHTI'CHO()A30BOr0 1 MUKPOCTPYKTYPHOT'O aHAJTU30B.
KpucramioxuMudeckre XapaKTePUCTHKNA CHHTE3UPOBAHHBIX BUCMYTHI0B
P33 npuBenens! B Tadiuiie 2.5, a TBEpAbIX pacTBopoB cucteM GdsBis - LnsBis
(Ln = Gd, Tb, Dy, Ho, Er, Tm, Lu) B I'ntaBe 3, Tabaumax 3.1- 3.6.
CraenyeT OTMETHTB, YTO TBepabie pacTBopsI cucteM GdsBisz — LNsBis
(Ln =Tbh, Ho), kak MarHuTHBINM MaTepUall 3aIIMIICHBI TPEMsI MaJbIMU IMaTEHTAMHU

Pecniy6ommuku Tamxkukuctan (cm. [Ipunoxenus).

2.2 Metoabl GU3UKO-XUMHYECKUX MCCIeT0BAHUI
2.2.1 IuddepeHnuajabHblii TEPMUYECKUI AHAJIN3
Huddepennmansuomy Tepmudeckomy ananuzy (ITA) monsepranu CUHTH-
supoBaHHble coeaunenus LnsBis (Ln = Gd, Th, Dy, Ho, Er, Tm, Lu, x =0.4-4.5) u
TBepabie pacTBophl cucteM GdsBis - LnsBis (Ln = Gd, Th, Dy, Ho, Er, Tm, Lu).



Tabnuua 2.5 - KpucraimoxuMuyeckue XapakTepucTUKA BUCMYTUI0B P32

Bucmytunel | Cunronnst | CtpykrypHbiii | [Ipoctpan- [Tapametp [InotHOCTH MukpoTBep-
THUII CTBEHHAsI 3JIEMEHTApHOU STYEHKH, pacyeTHas, Kr/m° noctb, Mlla
rpymnmna +0,0005 am
a B c
GdBi KyOuy. NaCl Fm3m 0.6300 9776 1100+£50
ThBi -/1- -/l- -/1- 0.6280 9925 1250+100
DyBi -/1- -/l- -/1- 0.6272 10052 1400100
HoBi -/]- -/l- -/]- 0.6226 10324 1300+150
ErBi -/1- -/]- -/1- 0,6186 10617 980+130
TmBI -/1- -/]- -/1- 0.6188 10655 920+135
LuBi -/]- -/]- -/]- 0.6154 11004 980+115
GdsBis poMOuy. Y;sBis Pnma 0.8230 | 0.9526 | 1.2110 9730 2250+100
ThsBis3 -/1- -/]- -/1- 0.8202 | 0.9482 | 1.1988 10185 2045+50
DysBis -/]- -/]- -/]- 0.8153 | 0.9412 | 1.1956 10480 2000+150
HosBis -/]- -/]- -/]- 0.8114 | 0.9860 | 1.1873 10720 2100£100
ErsBis; -/1- -/l- -/1- 0.8090 | 0.9840 | 1.1813 10950 205080
TmsBis -/1- -/l- -/1- 0.8061 | 0.9286 | 1.1724 11201 1975120
LusBis -/]- -/]- -/]- 0.8046 | 0.9768 | 1.1718 10894 1900£140

4%



43

JTA ocymectBisinu Ha yctaHoBke BJITA-8M3, (MoaepHU3UpOBaHHBIN Ba-
puanTt ycranoBku BJITA [86]), B cpene renust mapku BU (Ty-51-681-75).

B kauectBe garumka remmepatypsl ucronb3oBaiack W —W (Re 20%) tep-
momapa. Tepmomnapy rpaayrpoBaii TI0 3HAYESHUSM TeMIIepaTyp TIaBICHHIHA
0c000 YKCTBIX METAJUIOB M okcuua amomuuus: Bi — 544.3; Pb — 600.5; Zn —
692.3; Sb — 903.6; Cu — 1356; Fe — 1812; Al,O3 — 2315 K [87, 88].

B mpomnecce Boimonnenust ITA uccnenoBaHus HaMu OBLIM YYTCHBI PEKO-
MEH/IAIMH 10 TTPOBEJICHUIO aHaIM3a, OIMcaHHbBIX B [89, 90].

TouHoCTh M3MepeHus TeMIiepaTypsl coctanisiia £1% ot usmepsiemoit Besu-

yuHbl. B nponecce nposenenus I TA ucnons3oBaivuch 00pasisl maccon 1.5-2 r.

2.2.2 PentreHo(a3oBblii aHAIH3

Pentrenogazossiii ananu3 (POA) coennHeHnid U TBEPABIX pACTBOPOB CH-
crem GdsBi3 —LnsBis (Ln = Gd, Tb, Dy, Ho, Er, Tm, Lu) npoBoauiu Ha audpak-
tometpe «IPOH — 2». N3nyuyenue orpunbrpoBanHoe (puibTp —HUKENb) CUK,,.

HudpakrorpaMMbl ObLITM MPONUCAHBI B OPATOBCKUX YIJIaX ¢ OTMETKaMU Ye-
pe3 0.1 rpax. MeKIIIOCKOCTHBIE PACCTOSHUS -Uhy , B 3aBUCHMOCTHOT YIJIOB
CKOJIbXeHUs 0, Haxomwnu mo Tabauiam [91,92].

[TorpemHocTs B ONpenesIeHN 3HAYCHUI TapamMeTpa 3JIEMEHTAPHOU STUENKH

coctasiysiia = 0.0005aMm.

2.2.3 MuxkpoctpykrypHbiii anaau3 (MCA) u uamepenne
MHUKPOTBEPAOCTH

J{nst uccnenoBaHusi MUKPOCTPYKTYPBI 00pa3iibl MOJTUPOBAIN CIICTYIOIIUM
oOpazom. Ha HavanbHO# cTaguu 00pasel] moJIMpoBaIM HAKIAYHOW Oymaroi
K3100- K3320, a 3atem anma3znoi nactoi AIISOIT, AII28IT u AIT1II. ITocne ato-
T0, JUIS BBISIBJICHHSI CTPYKTYPBI, TOBEPXHOCTH 00pa3iia TPaBUIN TPABUTEIIEM
(0.5 06. % HCI + 1 06. % HNOg3 B criupre).

MukpocTpykTypy 00pa3ioB uccieaoBaau Ha MUKpockone « HEODOT-21».

MuxkpoTBepAOCTs 00pa30B U3MePsIN Ha MUKpoTBepaomepe [IMT-3, yuu-
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ThIBasi METOAMYECKHE OCOOCHHOCTHU M0 U3MEPEHUI0 MUKPOTBEPIOCTH, YKa3aHHBIX
B [93]. Ha xaxwrii mmud sHanocunu 15-20 otneuatkoB. BpeMst Harpy»kxeHus co-

CTaBJIsUI0 6-8 ¢, a BpeMsl BBIIIEP>KKHU o1 Harpy3koit 10-12 c.

2.2.4 U3mepeHue IVIOTHOCTH
[TnoTHOCTH 0OPA3IOB OMPEAEISIIA, KaK MUKHOMETPHIESCKIM METO/IOM, TaK H
pacy€ToM, UCXOJsl U3 PEHTICHOBCKUX JIaHHBIX. MI3MepeHust MIOTHOCTH MUKHOMET-
PUYECKUM METOJOM ITPOBOJIMIIN Ha MOPOIIKAX MO CTAHIAPTHON METOIUKE.
PacueTHyto (pEHTI€HOBCKYI0) TNIOTHOCTh PacCYMTHIBAIIN 110 popmyite [91]:
Ppenr. = N - M/ Na 'V, (21)
TJIE Ppenr. — PEHTTEHOBCKAS TIOTHOCTD, KI/M>;
N — urciio GopMyJIbHBIX €IUHUIL B DJIEMEHTApHOM sSUeiKe;
M — MonekymnsipHas Macca, Kr;
Na— unciio ABorajpo;

V — 00beM 2JIeMEHTApHOMN SUeiiku, M°,

2.2.5. U3mepeHue yaeJJbHOI0 3JIEKTPOCONPOTUBJICHUS U TEPMO-
3.1.C. B Auana3one remmeparyp 298-773 K

HccnenoBanus yneabHOTO 3JEKTPOCONPOTUBIICHUS U TEPMO-3.7.C. 00pa31ioB
MpoBOAWIIA B auanazoHe 298-773 K 4eTblpex30HAOBBIM METOJIOM HAa YCTAaHOBKE,
CKOHCTPYHMPOBAHHOM C y4acTHEM aBTOpa JaHHOU paboThl Paxumona X.A.
(pucyHok 2.1).

Hepxarens (1) u uccnenyemsiii oopaserr (2) pazmenieH B kamepe. Kamepa
OXJIaKJ1aeTCs BOJIOM, MPOTEKAroIIas 1Mo TpyOKe, HAMOTAHHYIO Ha BHEITHIOK €€ T0-
BepxHOCTh. HarpeBatenb (3) ciykuT ajig HarpeBanusi oopasiia. BenuuuHy Toka,
MOJaBaeMOro Ha TOKOBBOJIBI (4), u3MeHsu perynsitopoM Toka (10 20 A). [dns co-
3aHUsl B 00paslle rpajueHTa TeMIIepaTyphl CIYXKHUT mnedb (5), U3roTOBJICHHAS U3
anyHoBOi TpyOKH Ha KOTOpYH OMGUISIPHO HAMOTaHA HUXPOMOBAs IPOBOJIOKA
nuamerpom 0.25 mm. Tepmomnapamu WRe (5%) - WRe (20%) (6) usmepsiiu TeM-

neparypy oopaszua. KoHtakt Mexay TOKOnoaBooM (8) U hcclieqyeMbiM 00pa3iom
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Pucynox 2.2 - YcTaHoBKa AJ11 U3MEPEHUS YASTHHOTO
AIEKTPOCONPOTUBIICHUS U TepMO-3.1.C. ([losicHeHus B TeKCTe).

coznaercs npyxunoit (7). WRe (5%) BeTBb TepMomnap B 3TOM yCTaHOBKE MCIOJIb-
3yeTcsl Kak MOTEHIIMOMETPUUYECKUE 30H/IbI.

N3mepenns >mKkTpodU3UUEeKUX CBOWCTB HAa JAHHOW YCTaHOBKE MPOBOIMIIN B
B BakyyMe nopska 1.33-1072 I1a.

J1J1st iiccrietoBaHuUs UCTIOJIB30BAIMCH 00PA3Ilbl MIJIMHIAPUIECKON (POPMBI
araMeTpoM 6 MM 1 BeIcOTOM 10 MM.

VY nenbHOE 3MeKTPOCONPOTUBIIEHUE PACCUMUTHIBAIM MO M3BECTHON (opmyrie

[39]: p=U/"SIL, (2.2)
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I7I€ P - yAEIbHOE 3JIEKTPOCONpOTUBRIeHHEe, OM * M
U — nagenue Hanpspokenus, MkB;
| — Tok, mpoxoasmuii uepe3 oOpazen, MA;
S — nomaake 06pasua, M2
L - paccrossHue MEXAy 30HIAMH, M.
DIEKTPOTPOBOAHOCTD PACCUYUTHIBAIIN IO POpPMYIIE:
o=1/p, (2.3
I€ G — 3JIEKTPONPOBOAHOCTh, OM™ * M.
Tepmo-3.1.c. 00pa3iioB U3MEPSUIA ¢ OTHOMMEHHBIX BETBEH TepMoIiap.
KoaddutmenT repmo-3.1.¢. paccuutbiBain mo gpopmysie [39]:
a = AU/AT, (2.4)
rjae o - koddunueHT repmo-3.1.c., MkB/rpan;
AU — pa3HOCTh MOTEHIIMATIOB Ha 00pa3iie OTHOCUTEIBHO OJHOMMEHHBIX BETBEH
Tepmomnap, MkB;
AT - pazHocTbk Temneparyp, K.
OTHOCHUTENBHAS TTOTPENTHOCTh U3MEPEHUSI YACITBHOTO JICKTPOCOTPOTHUBIIC-

HUS cocTaBisiia £2.5, a TepMo-3.7.¢. £2%.

2.2.6. UccienoBanre MarHMTHOM BOCIIPMUMYHUBOCTH B
auana3one Temneparyp 298-773 K

HccnenoBanus MarHUTHONW BOCITPUUMYHBOCTH 00PA3I[0B TIPOBOIUIIH B Mar-
HUTHBIX TTOJIsIX 159-238,7 kA/M, B auanazone temneparyp 298-773 K, Ha ycranos-
KE U 110 METOJINKE, MPUBEICHHOM B [94].

VY 1enbHYI0 MAarHUTHYIO BOCIIPUUMYHUBOCTD OTIPEACISUTA OTHOCUTEIBLHBIM
MeToz0M 110 hopmyste [94]:

Yyr- Fo M/ %o F-mo, (2.5)

€ Yyx — YJ€JIbHAs MarHUTHasi BOCIIPUMMUYUBOCTD HCCIENyEMOro 00pasia;
Yo — Y/I€JIbHASI MATHUTHAS BOCIIPUUMYHUBOCTH 3TATIOHHOTO 00pasiia;
F, Fo — cuiibl, eficTByIOIIME HA U3MEPSEMbIN U ATATIOHHBIN 00pa3Ibl;

m, My, — Macca o6pa3ua M OTaJIOHA.
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B kayecTBe STAOHHBIX 00PA3II0B HCIIOIB30BATIN Colb Mopa (Y, = 32 - 10°°)
¥ MEJHBINA Kynopoc (yy,= 6 - 107).
MoJtsipHYI0 MarHUTHYIO BOCITPUMMYHBOCTh PACCUYUTHIBAIH 110 (hOpMYJIE:
xm. = XYII'Ma (26)
I7I€ Ym — MOJISIPHAsI MATHUTHAS BOCTIPUUMYHUBOCTD;
M —monexynsipHast Macca oOpasiia B iepecyeTe Ha TpaMM-aToOM MeTallja.
OTHOCHUTENIbHAST TIOTPEITHOCTh M3MEPEHUS] MAarHUTHOM BOCHPUHUMYMBOCTU

cocTasisiia +£3%.
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I'JIABA 3 IUATPAMMBI COCTOSTHUSA, DJEKTPO®PU3HYECKHUE
CBOHMCTBA BUCMYTHJIOB LnsBiz (Ln = Th, Dy, Ho, Er, Tm, Lu) 1
TBEPABIX PACTBOPOB CUCTEM GdsBi; — LnsBis (Ln = Th, Dy, Ho,

Er, Tm, Lu)

3.1. luarpammsl coctosiHust cucteM GdsBiz — LnsBis (Ln = Th, Dy, Ho,
Er, Tm, Lu)

Huarpammel coctostaus cucteM GdsBis — LnsBis (Ln = Th, Dy, Ho, Er, Tm,
LU) uccienoBaiu CASAYIOIIUMUA METOJaMU (DU3UKO-XHMHYECKOTO aHajau3a: Jud-
dbepeHIMaTbHBIM TEPMUYECKUM, PEHTTEHO()A30BBIM B MUKPOCTPYKTYPHBIM.

JIJIsl yTOUHEHUSI CTPOCHMS THarpaMM COCTOSHUS, TP KOMHATHOMW TeMITepa-
Type, UCCIAEAOBAHbI KOHIICHTPAIMOHHBIE 3aBUCUMOCTH YACIBHOTO 3JIEKTPOCOIIO-
TUBJICHUS, TEPMO-3.71.C. 1 MUKPOTBEPAOCTH TBEPIBIX PACTBOPOB YKa3aHHBIX CH-
CTEM.

B nuamnazone temmnepatyp 298-773 K u3yueHsl, Takke dIEKTPOPU3UUECKHE
(yoenbpHOE DJIEKTPOCOMPOTUBIICHUE, TEMO-3.1.C.) CBOMCTBAa TBEPJbIX PacCTBOPOB
cucrem GdsBi; — LnsBis (Ln = Th, Dy, Ho, Er, Tm, Lu) u coemunenuii LnsBis
(Ln=Gd, Th, Dy, Ho, Er, Tm, Lu).

JI1st uccieoBaHus AMarpaMM COCTOSTHUSI YKa3aHHBIX CHUCTEM U 3JeTpodu-
3MYECKUX CBOMCTB, TBEPJBIC PACTBOPHI MOJyYaad MO METOJHKE, NPHUBEICHHON B
I'nase 2, paznene 2.1, Tadbmune 2.3, yepes kaxasie 10 moi. % LnsBis.

Coemunenus LnsBisz (Ln = Gd, Th, Dy, Ho, Er, Tm, Lu) noay4ens! nocpe-

crBoM MoHocoenuHewnit (I'maBa 2, pa3men 2.1, Tabnuna 2.4).

3.1.1 Iuarpamma cocrosinusi cucteMbl GdsBis — ThsBis3

Juarpamma coctosiaus cuctembl GdsBis — ThsBis, mocTpoenHas mo qaHHbIM
ATA, POA u MCA cnnaBos, npuBeieHa Ha pucyHke 3.1.

W3 nuarpamMmbl BUIHO, YTO B CHCTEME 00pa3yeTCsi HEMPEPhIBHBIN Psii TBEP-
nbix pacTBopoB Gds.«ThyBis, (x = 0.5+4.5), muaBsmuxcsi, Kak ¥ HCXOAHbIE KOMITO-

HeHTHI - GdsBis u ThsBis, uakonrpysnTHO. Cornacno POA, TBepabie pacTBOPHI
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Pucynok 3.1 - Jluarpamma cocrostaust cucrembl GdsBiz — ThsBis.

Tabmuua 3.1 - KpucranmioxuMuyeckue XapakTepUCTUKUA TBEPIBbIX PACTBOPOB CH-

crembl GdsBi3 — ThsBis. Cunronus -pomonyeckas tuma YsBis

TBepabie pacTBO- [TapameTp snemeHTapHOU [110THOCTB, KT/M°
pbl sueiiku, £0.0005 am

a B C JKCIIEp. | pacuer.
Gdy5Tho5Bi3 0.8235 | 0.9612 1.2048 9846 9850
Gd,ThBis3 0.8230 | 0.9582 1.1983 9941 9946
Gds5Thy 5Bis 0.8250 | 0.9576 1.2024 9892 9898
GdsTh,Bi3 0.8224 | 0.9562 1.1902 10048 10052
Gdy5Th,5Bi3 0.8215 | 0.9538 1.1882 10110 10112
Gd,Th3Bis; 0.8222 | 0.9542 1.1824 10152 10155
Gd15Ths5Bis 0.8200 | 0.9512 1.1826 10230 10238
GdTh4Bis3 0.8218 | 0.9480 1.1932 10140 10145
GdosThssBi3 0.8214 | 0.9478 1.1974 10120 10125
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6.68

2.04

0 . = ; .
Gd;sBi3 20 40 60 80 TbsBi,
mon. %

Pucynox 3.2 - KoHIleHTpaOHHBIE 3aBUCHMOCTH YACIBHOTO 3JICKTPOCOIPO-

TUBIICHUS (), TEPMO-3.11.C. (0) 1 MUKPOTBEPIOCTH (B) TBEPBIX PACTBOPOB
GdsxThyBi3 (x = 0.5+4.5), mpu 298 K.

YKa3aHHOM CHUCTEMbI U30CTPYKTYPHBI C UCXOJIHBIMU KOMIIOHEHTaMU U KPUCTAJLTH-
3yIOTCSI B POMOHMYECKOW CTpyKType Tumna YsBis, ¢ mpocTpaHCTBEHHO# TpyImoi
Pnma [92].

Kpucrannoxumuueckre XapaKTEpUCTHUKU TBEPIABIX PaCTBOPOB CHUCTEMBbI
GdsBis — ThsBis npeacrasnenst B Tabwie 3.1.

Jlns npumepa B [lpunoxxenun, Tabnuua 5 nmokasaHn pacueT Au(ppakTorpaMMel
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TBepaoro pactBopa GdssThysBis (30 mon. % ThsBis).

Ha KpuBBIX KOHIIEHTPAIIMOHHBIX 3aBHUCHMOCTSX YIEIHHOTO AJIEKTPOCOIPO-
TUBJICHUS U TEPMO-3.11.C. TBepAbIX pacTBOpoB Gds.ThyBiy; (x= 0.5+4.5), npu kom-
HaTHOU TemmepaTtype (puUcyHOK. 3.2, a, 0), IKCTpeMaabHbIe TOUYKH HE MPOSIBIISIOT-
Csl, 9TO CBHJICTEILCTBYET 00 MX KOPPEJSAIHMH C TAArPAMMOM COCTOSHHUS CHUCTEMBI
GdsBis — ThsBis.

YCTaHOBIIEHO, YTO YACIBHOE 3JIEKTPOCOTPOTHBIICHUE TBEPABIX PaCTBOPOB
GdsxThyBly, (x= 0.5+4.5) B nuana3one kounenrpanuii 0-100 mon. % ThsBis u3-
MeHsieTcs B npenenax 6.68+7.42 10 OMm ‘M, a TEPMO-3.]1.C. B IIpEEIax
(-8.4) + (-11.5) mxB/K.

Ha xprBOW KOHLIEHTPAIIMOHHOM 3aBUCHUMOCTH MHKPOTBEPAOCTH TBEPIBIX
pactBopoB Gds.xThyBis; (x = 0.5+4.5) (pucyHok 3.2, B), Ipx KOMHATHOW TeMIIepa-
Type, MaKCHUMaJbHasi MUKPOTBEPIOCTh MPUXOAUTCS HAa TBEPJBIA PacTBOpP, COJEP-

xamuii 40 mon % TbsBia.

3.1.2. /Imarpamma cocrosinusi cucrembl GdsBis — DysBis

Juarpamma coctosiius cuctembl GdsBis — DysBis mpuBenena Ha
pucynke 3.3. Kak BUIHO M3 pUCYHKa, 3Ta CHCTEMa Kauye€CTBEHHO HE OTJIMYAeTCA
auarpammbl coctosiHsu cucteMbl GdsBis — ThsBI.

B cucreme GdsBi; — DysBis taxke, kak u B cucteme GdsBis — ThsBis, o6pa-
3yeTCsl HEMPEPBIBHBIN Pl K30CTPYKTYPHBIX TBEPbIX pacTBOpoB Gds.xDyxBis,
(x= 0.5+4.5), miaBsmuxcsd UHKOHTPYIHTHO U KPUCTAJUIM3YIOLIUXCS B poMOMUe-
CKoM cuHroHuM THna YsBis (Tabnuna 3.2.). B Ipuinoxenuu, Tadiauia 6 npeacTas-
JICHBI PE3yNbTaThl pacdera JUGPAKTOrpaMMBl TIOPOIIKA TBEPAOTO PacTBOpA
GdDy4BI3 (80 MoJ1. % Dy5BI3)

Taxxe, kak u st cucreMbl GdsBis — ThsBis, KoHIEHTpallMOHHEBIC 3aBHCH-
MOCTH YACIBHOTO 3JIEKTPOCONPOTUBIICHUS U TEPMO-3./1.C. TBEPJBIX PACTBOPOB H3-
MEHSIOTCSI TIOYTH JIMHEHHO, YTO KOPPEIUPYET C TUArpaMMOIN COCTOSIHHSI CHCTEMBI

GdsBis — DysBis. [Tpu 3ToM yenbHOe 3JIeKTPOCOIIPOTUBIICHUE U TEPMO-3.]1.C.
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Pucynok 3.3 - JIluarpamma cocrosiaus cucteMbl GdsBisz — DysBis.

Tabnuua 3.2 - KpuctammoXuMuieckiue XapakTepUCTUKU TBEPABIX PAaCTBOPOB CH-

crembl GdsBi3 — DysBis. Cunronns — pomonueckas tumna YsBis

TBepabie pacTBOPHI

[TapameTp sneMeHTapHOU
stueriku, £0.0005 M

[T10THOCTB, KI/M°

a B C JKCHIEp. | pacuer.
1 2 3 4 5 6
GdssDyosBis 0.8226 | 0.9606 1.2156 9788 9791
Gd,DyBi3; 0.8208 | 0.9.582 1.1998 9980 9985
GdssDy15Bis 0.8212 | 0.9.564 1.2024 9992 9995
Gd;Dy-Bi; 0.8184 | 0.9.542 1.2012 | 10078 10082
Gd,sDy25Bis 0.8168 | 0.9516 1.2084 | 10084 10087
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1 2 3 4 3) 6
Gd;DysBis 0.8152 | 0.9496 1.2076 10148 10154
Gd1sDys5Bis 0.8148 | 0.9478 1.2072 10212 10218
GdDy.Bis; 0.8134 | 0.9452 1.2124 10202 10206
GdosDyasBis 0.8128 | 0.9438 1.1958 10400 10404

8

= 7.42

5.56

_ |
GdBi; 20 40 60 80 DysBis

mon. %

Pucynox 3.4 - KoHmeHTpannoHHbIe 3aBUCUMOCTH yIETTBHOTO AJIEKTPOCO-
pOTUBJIEHUS (2), TEPMO-23.]11.C. (0) U MUKPOTBEPIOCTH (B) TBEPABIX PACTBO-
poB Gds«DyyBis; (x = 0.5+-4.5) npu 298 K.
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Gds«xDy«Bis, (x= 0.5+4.5), Buanazone kouueHtpamuii 0-100 moiu. % DysBis, uzme-
HaroTes B npenenax (5.56+7.42)-10° Omm u  (-7.2)+(-11.5) MxB/K, cooTset-
CTBEHHO.

KonrenTpanuonnas 3aBUCUMOCTb MUKpoTBepaocTd Gds.«DyyBis,
(x = 0.5+4.5) (puc. 3.4, B) ONKMCHIBACTCS MAKCUMYMOM, MPUXOISINNN Ha TBEPIbIH

pactBop, coaepxanuii 30 moi. % DysBis.

3.1.3 /luarpamma cocrosinusi cucrembl GdsBiz — HOsBi3

Juarpamma cocrosiaust cuctembl GdsBis — HOsBis mpeacrasiena Ha pucyH-
ke 3.5.

B nmannoit cucteme, kak u B cucreMax GdsBiz — LnsBis (Tb, Dy), B auana-
3oHe koHmeHTpammid 0-100 momn.% HO0sBis o0pasyercs HenmpepbIBHBIA Psij
U30CTPYKTYPHBIX TBepAbIX pacTBopoB Gds«HOxBis, x= 0.4+4.5, ¢ pomOuueckoi
pemetkoii Tina YsBis (tabmuia 3.3). B [Ipunokenun, Tabiuna 7 npuBeIeHbI pe-
3yJbTaThl pacuera IudpakTorpaMMbl MOpoOIIKa TBepaoro pacrBopa GdisHO3sBi3
(70 mom. % HosBi3).

Pe3ynbprartel uccnenoBaHui KOHLIEHTPALMOHHBIX 3aBUCUMOCTEN YAEIBHOTO
9JIEKTPOCOIIPOTUBJICHHS H TEPMO-3.]1.C. TBepABIX pacTBOpoB Gds.«HOLBIs,

(x= 0.5+4.5), npu kKoMHaTHOI Temneparype (pucyHok 3.6, a, 0.), CBUACTECIBCTBY-
10T 00 MX KOppPEIALUU ¢ quarpammoit coctosiHus cucteMbl GdsBiz — HosBis. [pu
ATOM YAEJIBHOE IIEKTPOCONPOTUBICHUE U TEPMO-3.11.C. TBEPBIX PACTBOPOB
Gds.xHoxBis. (x= 0.5+4.5) Bo BceM uana3oHe KOHIICHTPAI[UH U3MEHSIETCS B B Ipe-
nenax (5,48+7,42) -10° Om-m u (-7,6) + (-11,5) MxB/K, cOOTBETCTBEHO.
HawuOouiryro MEKpOTBEPAOCTh MOKa3bIBeT TBeP bl pacTBOp Gds.xHOXBis.

(x=0.5+4.5), conepskamuii 35 mon. % HosBis.

3.1.4 /luarpamma coctosinusi cuctembl GdsBiz — ErsBis
Jlannast auarpamma coctosinusi cuctembl GdsBis — ErsBis (pucyHok 3.5) ka-
YECTBEHHO HE OTJIMYAeTCs OT Auarpamm cocrosHus cuctem GdsBis — LnsBis (Ln =

Th, Dy, Ho). B yka3anHoi#i cucteme, Takke o0pa3yeTcst HU30CTPYKTYPHBIH psij
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Pucynok 3.5 - JIluarpamma cocrostausi cucteMbl GdsBiz — HOsBIs.

Tabnuna 3.3 - KpuctamuioXuMu4ecKue XapakTepuCTUKH TBEP/IbIX PACTBOPOB CU-

crembl GdsBis; — HOosBi3. Cunronns — pomonueckas tumna YsBis

TBepabie pacTBOPHI [TapameTp sneMeHTapHOU [110THOCTB, KI/M°
stueriku, £0.0005 Hm
a B c pacyer. JKCIIED.
1 2 3 4 3) 6

Gd4sH0g 5Bi3 0.8228 | 0.9664 1.1962 9896 9845
GdsHoBi3 0.8216 | 0.9668 1.2082 9933 9888
GdszsHo1 5Bi3 0.8185 | 0.9693 1.2013 9930 9872
GdsHo,Bi3 0.8176 | 0.9725 1.1982 9960 9952
Gd25Ho25Bi3 0.8168 | 0.9748 1.1875 10062 10048
GdzHo 3Bi; 0.8153 | 0.9766 1.2195 9825 9798
Gd;sHo 35BI3 0.8148 | 0.9794 1.1987 10018 10012
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1 2 3 4 S 6
Gd Ho.Bis 0.8132 | 0.9807 1.1787 10203 10188
GdosH045Bi3 0.8125 | 0.9835 1.1994 10034 10022
= 8
7.42 a
- 1-5
7

0l i i . -
GdsBi, 20 40 60 80 HosBi;
mon. %

Pucynok 3.6 - KoHUEHTpallMOHHBIE 3aBUCUMOCTH yIEJIBHOTO 3JIEKTPOCO-
OpOTUBIICHHUS (), TEpMO-3.11.C. (0) 1 MUKPOTBEPIOCTH (B) TBEPBIX pac-
TBOpoB Gds.xHOBI3; (x = 0.5+4.5) npu 298 K.
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Puc. 3.7- Jlnarpamma cocrosiaus cucteMbl GdsBis — ErsBis.

Tabmuua 3.4 - KpucramioxumMudyeckue XapaKTepUCTUKH TBEPIbIX PACTBOPOB CH-

crembl GdsBis — ErsBis. Cunronus — pomOudeckas tuma YsBis

TBepapie pacTBOPHI [TapameTp snemMeHTapHOU [T10THOCTB, KI/M>
ssaeiiku, £0.0005 am
a B C pacyer. JKCIIED.
GdassErgsBis 0.8218 | 0.9642 1.2024 9888 9824
Gd4ErBis 0.8206 | 0.9672 1.1922 9991 9938
GdssEr;5Bis3 0.8200 | 0.9684 1.2046 9918 9882
GdsEr,Bi3 0.8188 | 0.9698 1.1886 10086 9998
Gd,sEr,sBi3 0.8166 | 0.9716 1.2182 9884 9788
Gd,Er3Bis 0.8134 | 0.9744 1.1864 10195 10178
Gd; sEr;sBis 0.8124 | 0.9758 1.1952 10172 10158
GdEr,Bis 0.8118 | 0.9782 1.1788 10313 10304
GdosErssBis3 0.8106 | 0.9794 1.1952 10209 10202
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Mon. %

Pucynok 3.8 - KoHIEHTpallMOHHBIE 32aBUCUMOCTH YIE€IIBHOTO 3JIEKTPOCO-
NPOTUBJICHHUS (a), TEPMO-3.11.C. (0) U MUKPOTBEPAOCTH TBEPABIX
pactBopoB Gds«ErBis; (x=0.5+4.5) (B) npu 298 K.

TBepabIX pacTBOpoB Gds«ErBis, x= 0.4+4.5, KpucCTAIM3YIOMUXCSA B pOMOHYe-
CKOM cTpyKType Tuna YsBis (tabauma 3.4).
B Ipunoxennu, Tabnuiia 8 mpuBeAeHbI pe3yabTaThl pacueTa Ju(ppaKkTo-

rpaMMebl TBeporo pactBopa GdyErsBis (60 moi. % ErsBis).



59

KoHneHTpaimoHHbpie 3aBUCUMOCTH yIETBHOTO IEKTPOCOIIPOTHUBIICHHUS,
TEPMO-3.11.C. © MHUKPOTBEPAOCTH TBepAbIX pacTtBopoB Gds«ErBisz (x = 0.5+4.5)
KOPPETUPYIOT ¢ Auarpammoii coctosiHus cucteMbl GdsBis — ErsBis (pucynok 3.8,
a, 0, B).

Y aenbHO€e 3IEKTPOCONPOTUBIICHUE U TEPMO-3.]1.C. TBEPABIX PACTBOPOB
Gds.«ErBis, (x = 0.5+4.5) B nuanaszone konneHTpanuii 0-100 mon. % ErsBis co-
cTaBisor (4.25+7.42) -10° Om-m, u (-6,5) + (-11) MkB/K, COOTBETCTBEHHO.

MakcumanbHOE 3HaYeHNE MUKPOTBEPAOCTH MMOKA3bIBAET TBEPBIA PACTBOD,

coaepkariuit 20 moir. % ErsBis.

3.1.5 JInarpamma cocrosinus cucreMbl GdsBis — TmsBis

Juarpamma coctostaus cuctembl GdsBis — TmsBis mpuBeaena na
pucynke 3.9.

VYkazaHHasi AuarpaMMa COCTOSIHHSI CX0’Ka C BBIIIEPACCMOTPEHHBIMH JIHa-
rpammamu coctosiaus cucteM GdsBis — LnsBi; (Ln = Th, Dy, Ho, Er). B cucteme
GdsBi; — TmsBis3 Takxke, kak u B cuctemax GdsBis — LnsBis (Ln = Tb, Dy, Ho, Er),
BO BCEM JMama3oHe KOHIIEHTPAIUNA 00pa3yeTcsi HEMPEPBIBHBIN ST U30CTPYKTYP-
HBIX TBEePHBIX pacTBOPOB Gds.x TMyBis, (x = 0.5+ 4.5), (Tabmuua 3.10).

B Tlpunoxenun, tabnuna 9 npuBeAeHbl pe3ysbTaThl pacdyeTa AUGPaKTO-
rpaMMbl TBepAoro pactBopa GdysTmysBis (50 moi. % TmsBis).

Ha pucynke 3.10, a, 6, B npeacTaBieHbl KOHIEHTPAIIMOHHBIE 3aBUCUMOCTH
YIETBHOTO 3JICKTPOCOIPOTUBIICHUS ¥ TEPMO-3.]1.C. TBEPIBIX PACTBOPOB
GdsxTmyBis; (x = 0.5+4.5), KoTOpbIe YKa3bIBAIOT HA MX KOPPEJSLMIO C AHarpaM-
Mol coctostuus cucteMbl GdsBiz — TmsBis.

CrnemyeT OTMETUTh, YTO KOHIICHTPAIIMOHHAS 3aBUCHMOCTH MHUKPOTBEPIOCT-
TH TBepABIX pacTBOpoB GdsxTMyBis; (x = 0.5+4.5), B oT/IMYKME OT aHAIOTHMYHOU
3aBHCUMOCTH TBEPbIX pacTBopoB cuctem GdsBiz — LnsBis (Ln = Th, Dy, Ho, Er),
W3MEHAETCS IOUTH JIMHEWHO (pucyHok 3.10, B).

Bo Bcem AUaIia3oHe KOHIIGHTpaLII/Iﬁ YACJIBHOC DJICKTPOCOIIPOTUBICHUEC U
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Pucynoxk 3.9- Jlmarpamma cocrosuus cuctemsl GdsBiz — TmsBis

Tabnuua 3.5 Kpucramioxumudyeckrue XapakTepUCTUKU TBEPABIX PACTBOPOB CHCTE-

Mbl GdsBi; — TmsBis. Cuaronus — pomondeckas tumna YsBis

TBepaple pacTBOPHI

[TapameTp sneMeHTapHOU
staeriku, £0.0005 HM

[110THOCTD, KI/M°

a B C pacuer. IKCITep.
1 2 3 4 5 6
Gds5TmgsBi3 0.8204 | 0.9578 1.1880 10096 10092
Gd,TmBi3 0.8204 | 0.9576 1.1842 10173 10168
GdssTm; sBi3 0.8182 | 0.9516 1.1778 10363 10357
Gd;Tm ,Bi3 0.8186 | 0.9474 1.1986 10265 10262
Gd;5Tm,5Bi3 0.8158 | 0.9438 1.2066 10313 10310
Gd,Tm;Bis 0.8136 | 0.9418 1.1972 11212 11208

Gd1,5Tm3_5Bi3

0.8114 | 0.9376 1.1804

10774 10772
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1 2 3 4 ) 6
GdTm 4Bis3 0.8102 | 0.9348 1.1686 10958 10954
GdosTm 45Bis3 0.8088 | 0.9304 1.1644 11112 11110

4,85

)
B

-
= s 1.97
=
-
x
T« 1

!, ; ‘ :

GdsBi; 20 40 60 80 TmsBi;

mon. %

Pucynok 3.10 - KoHlleHTpallnoOHHBIE 3aBUCUMOCTH YJIE€IBHOTO AJIEKTPOCO-

POTUBJICHUS (), TEPMO-3.11.C. (0) U MUKPOTBEPIOCTH TBEPBIX PACTBOPOB
GdsxTmyBis; (x=0.5+4.5) (B) npu 298 K.
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Ha pucynke 3.10, a, 6, B mpeacTaBiICHbl KOHIIEHTPAIMOHHBIC 3aBUCUMOCTH
YIAEeJIBHOTO 3JICKTPOCOIPOTUBIICHHS U TEPMO-3.11.C. TBEPJIBIX PACTBOPOB
Gds.xTmyBis; (x = 0.5+4.5), KoTOpbIe YKa3bIBAIOT Ha MX KOPPEIAIHIO C JTUArpaM-
Mol coctostHus cucteMbl GdsBis — TmsBis.

CrnenyeT OTMETUTh, YTO KOHIICHTPAIIMOHHAS 3aBHCHMOCTH MUKPOTBEPIOCT-
TH TBepABIX pacTBopoB GdsxTMyBis; (x = 0.5+4.5), B oT/IM4YKE OT aHAIOTHYHOU
3aBHCHMOCTH TBEpbIX pacTBopoB cucteMm GdsBis — LnsBis (Ln = Th, Dy, Ho, Er),
W3MEHAETCS IOUTH JIMHEWHO (pucyHok 3.10, B).

Bo BceM nmama3oHe KOHIIGHTpAIMA YAEITBHOE JJIEKTPOCONPOTHUBIICHHE U
TEPMO-3.71.C. TBepAbIX pactBopoB GdsxTMyBis, (x = 0.5+ 4.5), cocraBmuser

4.85+7.42-10° Om-Mm, (-8.6) = (11.5) MxB/K, cOOTBETCTBEHHO.

3.1.6 Inarpamma cocrosinusi cucreMbl GdsBis — LusBis

Juarpamm cocrosiaus cucteM GdsBis — LnsBis, moctpoeHHast mo JaHHBIM
ATA, POA u MCA npusenena Ha pucyHnke 3.11.

Kak BugHO W3 pHICyHKa, JaHHAs OAMarpaMma CxXo)ka ¢ JuarpaMmMaMiu CO-
crosiuus cucreM GdsBis — LnsBis (Ln = Th, Dy, Ho, Er, Tm). B cucreme o6pa-
3yeTcsl PSi U30CTPYKTYPHBIX TBepAbIX pacTBOpoB Gds«LuxBis; (x= 0.5-4.5),
(Tabnuia 3.6).

B Ipwioxennn, Tabnuma 10 nmpuBeaeHBI pe3ynbTaThl pacdera AUQPpPaKTO-
rpaMMbl TBepaoro pactBopa GdsLu,Biz (40 moit. % LusBis).

VY nenpHOE 3IEKTPOCOMPOTUBIICHUE U TEPMO-3.71.C. TBEPBIX PACTBOPOB
Gds.«LuyBis; (x= 0.5+4.5), Bo BceM anarna3oHe KOHIEHTPALNI, H3MEHICTCS B IIpe-
nenax (3,75+7,42) -10° Om-m, (-7.8) = (-11,5) MxB/K, cootBeTcTBeHHO. I[Ipn 5TOM
KOHIICHTPAITMOHHBIC 3aBHUCHMOCTH YJCIHLHOTO JJICKTPOCONPOTHUBICHH M TEPMO-
9.]1.C. TBEPABIX PACTBOPOB KOPPEIUPYIOT C JHArPpaMMON COCTOSIHHSI CHCTEMBI
GdsBi; — LusBis.

KoH1eHTpamornHasi 3aBUCHIMOCTh MHKPOTBEPAOCTH TBEPIBIX ONMUCHIBACTS

MaKCUMYMOM, TPUXOJAIIMNA HAa TBEpAbIM pacTBOp, coaepxkamuid 10 momn. %

LU5Bi3.
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Pucynok 3.11 -/luarpamma coctostaust cuctemMbl GdsBis — LusBis.

Tabnuna 3.6 - KpuctamoXxumMudeckue XapakTepuCTUKH TBEP/IbIX PACTBOPOB CHU-

crembl GdsBis — LusBis. Cunronus — pomoudeckas tumna YsBis

TBepaple pacTBOPHI

[TapameTp sneMeHTapHOU
sueiiku, £0.0005 am

[110THOCTD, KI/M°

a B C pacuer. | JKcIep.
1 2 3 4 5 6

GdasLugsBis 0.8216 | 0.9642 1.2642 9432 9428
GdsLuBis3 0.8198 | 0.9654 1.2498 9609 9588
GdssLu; sBis 0.8172 | 0.9672 1.2386 9768 9748
GdsLuBis 0.8152 | 0.9676 1.2288 9928 9912
Gd,5Lu25Bis3 0.8138 | 0.9692 1.2196 10063 10060
Gd,LusBis 0.8116 | 0.9705 1.1976 10325 10316

Gd1,5LU3lsBi3

0.8096 | 0.9716 1.2022

10380 10372
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1 2 3 4 ) 6

GdLu 4Bis3 0.8075 | 0.9736 1.1776 10647 10642

GdosLu 45Bis 0.8062 | 0.9742 1.1648 10839 10834

3.75

p-10°,0M ™

3
5
,]228 19
5
1

GdsBis 20 40 60 80 LusBis
mon. %
Puc. 3.12. - KoH1ieHTpanimoHHbIe 3aBUCUMOCTH YAEIBLHOTO JIEKTPOCOIPO-

TUBJICHUS (), TEpMO-3.1.C. (0) U MUKPOTBEPAOCTH TBEPABIX pac-
tBOpoB Gds.«LUxBis; (x=0.5+4.5) (B) mpu 298 K.
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3.2 DaekTpodusnueckue cBoiicrea BucMyTuaoB LnsBiz (Ln = Gd, Th, Dy,

Ho, Er, Tm, Lu) u TBepabIx pacTBopoB cucteM GdsBis — LnsBi3

(Ln=Thb, Dy, Ho, Er, Tm, Lu)

C 11e7bI0 YCTAHOBJICHHS JICKTPOITPOBOIHOCTH BUCMYTHIOB LnsBis,

(Ln =Gd, Th, Dy, Ho, Er, Tm, Lu) u TBepABIX pacCTBOPOB, CHCTEM
GdsBis — LnsBis (Ln = Th, Dy, Ho, Er, Tm, Lu), u3y4eHsl uX 3JIeKTPOPU3NICCKUC
CBOMCTBA (YIEIBHOE JCKTPOCOMPOTHUBIICHUE W TEPMO-3.]1.C.) B IHAINA30HE TEMIIe-
paryp 298-773 K.

HccnemoBanus TeMIepaTypHOW M KOIICHTPAITMOHHON 3aBHCHMOCTH DJIEK-
TpoconpoTuBIIeHUs (p) U Tepmo-3.1.¢c.(a) BucmytuaoB LnsBis (Ln = Gd, Th, Dy,
Ho, Er, Tm, Lu) u tBépapix pactBopoB cuctem GdsBisz — LnsBis (Ln = Th, Dy, Ho,
Er, Tm, Lu), mpoBoawIK Ha yCTaHOBKE, MpUBeAcHpoi B [ mape.2, pasm. 2.2.5.

Ha pucynkax 3.13-3.16 u B Tabnwmie. 3.7 mpuUBEICHBI PE3yJIbTAThl UCCIIE-
JOBaHMS DJICKTPO(PU3HUECKUX CBOWCTB BUcMyTHI0B LNsBis, (Ln = Gd, Th, Dy, Ho,
Er, Tm, Lu) u HekoTOpBIX TBepabIX pacTBOpoB cucteM GdsBis— LnsBis (Ln = Th,
Dy, Ho, Er, Tm, Lu) B nuana3one remmeptayp 298-773 K.

Kak BUIHO W3 PHCYHKOB, TEMIIEpaTypHasi 3aBUCHMOCTD yICJILHOTO DJICKTPO-
COIPOTHUBIICHUS W TEPMO-3.]I.C. YKA3aHHBIX BUCMYTHOB M TBEPJBIX PacTBOPOB B
nuna3zone 298-773 K u3MeHsieTcsi JUMHENMHO, YTO YKAa3blBa€T HA WX MeETal-
JMUYCECKYIO TPOBOUMOCTb.

B tabnuie 3.7. npuBeeHbl 3HAUEHUSI YACIBHOIO CONPOTUBIIEHUS, TEPMO-
s.4.c. P33, Bucmyrunos LnsBis, (Ln = Gd, Tb, Dy, Ho, Er, Tm, Lu) u TBepapIx
pactBopoB cucteM GdsBis— LnsBis (Ln = Th, Dy, Ho, Er, Tm, Lu) npu koMHaTHO
temneparype. M3 TabmuIpl ClieayeT, YTo 3JCKTPONPOBOAHOCTh BHUCMYTHIOB H

TBEPJIbIX PACTBOPOB HA MOPAJIOK MEHBIIE AIEKTpOonpoBoaHOCcTH P30.

3.3 O0cy:xneHne pe3yjbTaTOB
Manon3y4eHHOCTh BUCMYTHI0B P33 OTIMYHBIX OT 9KBUATOMHOTO COCTaBa,

C Halllel TOYKH 3peHusi, 00BACHSIETCS cl1adoi pa3pabOTKON METOUK UX CUHTE3A.
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Pucynok 3.13 - TemnepaTtypHasi 3aBUCUMOCTb YAEIBHOTO 3JIEKTPOCONPOTHUB-
JICHHS BUCMYTHIOB B quana3one 298-773 K: 1- GdsBis, 2- ThsBis, 3- DysBis,
4- HO5Bi3, 5- Er5Bi3, 6- Tm5Bi3, 7- LU5Bi3.
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Pucynok 3.14 - TemnepaTypHas 3aBUCUMOCTb TEPMO-3.7.C. BACMYTH/IOB B JIHara-
3oHe 298-773 K: 1- GdsBis, 2- ThsBis, 3- DysBis, 4- HosBis, 5- ErsBis,
6- TmsBig, 7- LU5Bi3.
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Pucynok 3.15- TemnepaTypHasi 3aBUCUMOCTD yJIETLHOTO AJIEKTPOCONPOTUBIICHUS
TBepAbIX pacTBOpoB B auana3zoHe 298-773 K: 1-Gds5ThosBis, 2-Gds sDyi 5Bis,
3-GdH04Bi3, 4—Gd2ErgBi3, 5-Gd1_5Tm3_5Bi3, 6-Gdo.5LU4lsBi3.
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Pucynok 3.16 - TemmnepaTypHasi 3aBUCUMOCTb T€PMO-3./1.C. TBEPJIBIX PACTBOPOB
B JHaria3oHe 298-773 K: 1-Gd4_5Tbo_5Bi3, 2-Gd3,5Dy1,5Bi3, 3-GdHO4Bi3, 4—Gd2Er3Bi3,
5-Gd1,5Tm3,5Bi3, 6-Gd0,5LU4_5Bi3.
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Tabmuna 3.7 - Dnekrpodusnyeckue cBoiicrsa P33, BucmyrnaoB LnsBis u Heko-
TOPBIX TBEPABIX pacTBOpoB cucteM GdsBis— LnsBis (Ln = Th, Dy, Ho,
Er, Tm, Lu) mpu 298 K

P35, anTHMOHM BT px 10°, o x 10%, a,
U BucMyTuasl P39 OM "M Omt-m? MkB/K
P33 [95]

Gd 1.40 7.14 -2.0
Th 1.16 8.62 -2.1

Dy 0.91 10.98

Ho 0.94 10.63

Er 0.86 11.62

m 0.90 11.11

Lu 0.68 14.70

Bucmytuasi P33
GdsBis 7.42 1.34 -11.5
ThsBis 6.68 1.49 -8.4
DysBis 5.56 1.79 -1.2
HosBis 5.48 1.82 -71.6
ErsBis 4.25 2.35 -6.5
TmsBis3 4.85 2.06 -8.6
LusBis 3.75 2.66 -7.8
TBepabie pacTBOpBI

Gds5ThgsBi3 7.30 1.37 -11.2
GdssDy1 5Bi3 6.80 1.47 -10.3
GdHo4Bi3 5.90 1.69 -8.5
Gd,Er;Bis 5.70 1.75 -7.8
Gdi5TmssBis 5.50 1.82 -9.0
GdosLussBis 4.14 241 -8.1
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W3BecTHO, UTO CHHTE3 TOMOT€HHBIX M YHCTHIX 00pa3lioB TpeOyeT COOMIOACHUS Psi-
Jla TpEOOBAHU:

-CUHT€3 BHUCMYTHUJIOB JOJDKEH MPOBOAUTHCS B YCIOBUSX BaKyyma WU
WHEPTHOU Cpeibl, UCKITIoUaIoIUX okuciaenue P35 u Bucmyra;

- MaTepual THUIJS HE JOJHKEH B3aMMOJEHCTBOBATH C MCXOAHBIMU KOMIIO-
HeHTaMu -P3D u BUCMyTOM, a TakKe € MPOTYKTOM PEaKLUU;

- MOCKOJIbKY TPH OTHOCHTEIIbHO BBICOKMX TEMIIEpaTypax JaBJIICHHE MapOB
JIETKOIIABKOTO BUCMYTa JIOCTATOYHO BBICOKOE, CHHTE3 HEOOXOAMMO MPOBOJIUTH B
YCIIOBUSIX, UCKITIOYAIOIINX €r0 UCIIAPEHUE U3 30HbBI PEAKIINU.

YcTaHOBIEHO, YTO MPOAYKTHI HEMOCPEACTBEHHOTO B3aumojeicTsus P30 c
BUCMYTOM B TIporiecce oOpazoBaHus TBEPABIX pacTBopoB Gds. xLNiBis (Ln = Th,
Dy, Ho, Er, Tm, Lu; x = 0.5+4.5), B nauanaszone temnepatyp 673-823 K
(I'maBa 2, Tabnuna 2.1) B OCHOBHOM COCTOSIT U3 P32 1 MOHOBUCMYTHIOB COOTBET-
ctByromux P39. ITo Mepe pocta TeMneparypsl, Hapsly ¢ MOHOBUCMYTHIaMU, 00-
pasytorcst BucMyTtuasl LnsBis (Ln = Tb, Dy, Ho, Er, Tm, Lu), moyis KoTOpbiX B
MIPOAYKTaxX B3auMoAeucTBrs P33 ¢ BUCMyTOM B Juara3oHe TeMIIEpaTyp
973-1173 K pacrér.

Oo6pazoBanue TBEPALIX pactBopoB Gds. xLNyBisz (Ln = Th, Dy, Ho, Er, Tm,
Lu; x = 0.5+4.5), B mpoaykTax B3aumoeictBus P33 ¢ BucMmyTom, 3aduKkCUpoOBaHO
npu Temreparype 1173 K.

B nmanasone temmnepatyp 1375-1573 K nponyxtel B3anmoaencteus P30 ¢
BUCMYTOM JIByx(a3Hbl U COCTOSIT U3 BUcMyTHI0B LnsBis (Ln = Gd, Th, Dy, Ho,
Er, Tm, Lu) u tBépasix pactBopoB Gds.xLNBis (Ln = Th, Dy, Ho, Er, Tm, Lu;

x = 0.5+4.5). [Ipu 3TOM IpOIYKTHl B3aUMOJICHCTBHUSI, BbIIEPKAHHBIE TIPU TEMIIEpa-
type 1673 K B Teuenue 3+0.5 gacoB, npeacTaBisitoT co0oi ogHo(a3zHbIe 00pa3iibl
TBEPABIX pacTBopoB Gds«LNyBis (LN = Th, Dy, Ho, Er, Tm, Lu; X = 0.5+4.5).

Takum 00pa3om, MPOBEICHHOE UCCIICI0BaHUE YKA3bIBAET HA MMOCTATUMHBIN

npolecc 00pa3oBaHuU TBEPAbIX pacTBopoB cucteM GdsBis — LnsBis (Ln = Th, Dy,

Ho, Er, Tm, Lu) no peakiusim:
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Ln + Bi — LnBi;
2Ln+ 3LnBi — LnsBiz (Ln = Gd, Tb, Dy, Ho, Er, Tm, Lu);
Gds«Bis.y + LnyBiy— Gds«LnkBis (Ln = Th, Dy, Ho, Er, Tm, Lu);
X =10.5+4.5;y=0.3+2.7)
[TonydeHHble pe3yabTaThl MO MCCIEAOBAHUIO MPOIECCa B3aUMOJICUCTBUS
P33 ¢ BucMyTOM, manu HaM BO3MOKHOCTH pa3paboTaTh CIEIYIOIINE Crocoba Imo-
ay4deHus TBepAbix pactBopoB Gds«LnyBis (Ln = Tb, Dy, Ho, Er, Tm, Lu;
x =0.5+4.5). (cm. I'naBy 2, pazaen 2.1):
- HETIOCPEICTBEHHBIM B3auMozeiictBueM P30 u BucmyTa;
- TIOCPEJICTBOM 3apaHee CHHTE3MPOBAHHBIX BHCMYyTHI0B LNsBis (Ln = Gd,
Th, Dy, Ho, Er, Tm, Lu).
OtMmeTuM, 4T0 (HPU3UKO-XUMHUECKUE CBOMCTBA TBEPABIX PACTBOPOB
Gds.«LnyBis (Ln = Th, Dy, Ho, Er, Tm, Lu; X = 0.5+4.5) uccnenoBaimch Ha
oOpasiax, MoJIy4eHHBIX BTOPBIM CIOcOOOM. JaHHBIN croco0 MoiayyeHus: yKa3aH-
HBIX TBEPJBIX PACTBOPOB, IO CPABHEHHIO C MEPBBIM, UMEET CIICAYIOIINE MPEeUMY-
IIECTBA:
- BO-TIEPBBIX, MOCKOJIBKY B BucMyTuaax LnsBis (Ln = Gd, Th, Dy, Ho, Er,
Tm, Lu) nerkoriaBkuii BUCMYT HaXOJUTCSA B CBSI3aHHOM (popMe, 3TO UCKIIIOYAET
€ro UCTapeHUe U3 30HbI PEAKITUH;
- BO-BTOPBIX, MO3BOJIIET COKPATUTH BPEMSI CHHTE3 TBEPJIBIX PACTBOPOB
Gds.«LnyBis (Ln = Tb, Dy, Ho, Er, Tm, Lu);x = 0.5+4.5).
PesynbraThl MccaenoBanus quarpaMm coctostaus cucteM GdsBis— LnsBis
(Ln = Th, Dy, Ho, Er, Tm, Lu) nmoka3anu, 4T0 BCEe OHU OTHOTUIIHBEL. Bo Bcex cu-
cTemax oOpasyrorcs TBepabie pactBopbl GdsxLNniBis (Ln = Tb, Dy, Ho, Er, Tm,
Lu; x = 0.5+4,5), KpUCTAIITU3YIOMIUXCS, KAK U UCXOJHBIE KOMIIOHEHTHI, B pOMOU-
YECKOM CHHTOHUU THIA Ys5Bi3 ¥ MIaBAmmxcss HHKOHTPYIHTHO.
CornacHo cymiecTByromiei Teopuu [44], oOpa3zoBaHne TBEPIIbIX PACTBOPOB B
CUCTEMaX OMpPENENsIeTCS T€OMETPUUYCCKUM, BKIIFOYAIOIINN pa3MEpPHBIH U CTPYK-
TypHBIH (aKTop, a TaKKe JJIEKTpoXUMHUUecKuM. Pa3zMephbiil (dakTop —dakrop

FOM-Po3zepu crioco6¢cTBYeT 00pa3zoBaHIO TBEPABIX PACTBOPOB, €CIIM aTOMHBIE pa-
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JIMyCbl KOMIIOHEHTOB pa3HsATcs He Oosee ueM Ha 10- 15%. [1o TpeboBaHuIO CTPYK-
TYpHOTO (paKkTOpa KpUCTAJUIMUYECKUE CTPYKTYPbl KOMIIOHEHTOB JOJKHBI OBITH MO-
TOOHBIMU WJIM UMETH OJTM3KOE CTPOCHHE.

[Tox snexkTpoxuMuueckuM (aKTOPOM MOHHUMAETCS PA3HOCTH AJIEKTPOOTPH-
IaTEIPHOCTH MCXOJHBIX KOMIOHEHTOB. [Ipm oOpa3oBaHmM TBEPABIX pPacTBOPOB
Pa3HOCTh AJIEKTPOOTPHUIIATEIILHOCTH KOMITOHEHTOB, HE JOJDKHA mpeBbimaTh 0,6
CIMHHII.

C nHameldi Touku 3peHus, oOpasoBaHuio B cuctemax GdsBis— LnsBis (Ln =
Th, Dy, Ho, Er, Tm, Lu) tBepasix pactBopoB 3amemenus GdsxLniBis (Ln = Th,
Dy, Ho, Er, Tm, Lu; x = 0.5+4,5) 6iaronpusTcTByeT r€OMETpUUECKUN pakTop —
pa3MepHbIi U cTpyKTYypHBIN. Tak, atomHbie paanycel P33 nipu o6pazoBaHuu TBEP-
JIBIX PACTBOPOB pasHATCA He Oosiee yem Ha 1-7%.

CtpyKTypHBIN QakTOp Takke cocoOCTBYeT 00pa30BaHUIO B YKa3aHHBIX CH-
cremax TBEPABIX pactBopoB GdsLNBis (Ln = Th, Dy, Ho, Er, Tm, Lu; x = 0.5-
4.5), mockoabKy ucxoaasie kommoneHTsl — LnsBis (Ln = Gd, Tb, Dy, Ho, Er, Tm,
Lu) u30CTpyKTYpHBI C TBEPJBIMU PACTBOPAMHU U KPUCTALIU3YIOTCA B OJIHOU U TOU
Ke CTPYKType -poMOuueckoi Tuma YsBis

DIEeKTPOXUMHYCCKHUI (DaKTOp BPs U OKAa3bIBACT BIMSHHE HA 0Opa30BaHUC
TBepabIX pactBopoB Gds.xLNxBis (Ln = Th, Dy, Ho, Er, Tm, Lu; x = 0.5-4.5), mo-
CKOJIbKY MCXOJHBIMUA KOMITIOHEHTAMU MPU X 00pa30BaHUU SIBIISIIOTCS HE TIPOCTHIC
KOMIIOHEHTHI- P32 u BucMyT, a BucMyTuasl LnsBis (Ln = Gd, Th, Dy, Ho, Er, Tm,
Lu).

PesynbraThl uccienoBaHus dSIEKTPOPU3HUECKUX CBOWCTB BUCMYTHIOB
LnsBi; (Ln = Gd, Tb, Dy, Ho, Er, Tm, Lu), 1 TBepAbIX pacCTBOPOB CHCTEM
GdsBis— LnsBis (Tb, Dy, Ho, Er, Tm, Lu), (tabnuua 3.7 u pucysku 3.13-3.16), mo-
Ka3aJ¥, YTO UM CBOMCTBEHHA METAJIMYECKas POBOAUMOCTb. [Ipu 3TOM ycTaHOB-
JIeHA KOPPEJISIHs KOHIICHTPAITMOHHON 3aBUCHUMOCTHU DJIEKTPO(DU3UIECKUX CBONCTB
(YnenpbHOE JIEKTPOCOTPOTUBIICHUE U TEPMO- 3.]1.C.) TBEPABIX PACTBOPOB (PUCYHKHU
3.2,3.4,3.6,3.8, 3.10, 3.12) c COOTBETCTBYIOIUMHU UM CUCTEMaMHU.

CornacHo Tabauis! 3.7, 3IE€KTPOIIPOBOIHOCTH TBEPIBIX PACTBOPOB
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Gds.«LnyBisz (Ln = Tb, Dy, Ho, Er, Tm, Lu; x = 0.5-4.5), 6im3ka K 37a€KTPOIpO-
BoaHOCTH BHcMyTHIOB LnsBis (Ln = Gd, Th, Dy, Ho, Er, Tm, Lu), Ho McHbIIe
>aexTponpoBogHocTH P30, a Takke cepeOpa, meau u amomuHusa (6.80-107,
6.45-107,4.0-10" Omt-mt) [96].

OTHOCUTENIBHO HU3Kasi 3JIEKTPONPOBOAHOCTh, CBOMCTBEHHAs] BUCMYTHAaM
LnsBi; (Ln = Gd, Tb, Dy, Ho, Er, Tm, Lu) u TBepasimM pactBopam Gds.«LnyBis
(Ln =Th, Dy, Ho, Er, Tm, Lu; x = 0.5-4.5), ¢ Hamieii TOYKH 3peHUs, ONPEaACIACTCS
MarHUTHOW COCTABJISIFOIIEH OOIIETro SJEKTPOCONPOTHBIICHHUSI U TIPUPOJAONA MX XH-
MHYECKOU CBSA3U.

N3BecTHO, YTO B MapaMarHUTHOM 00JacTH 0O0IIee yIeIbHOE IEKTPOCOIPO-
tuBiieHne P39 cknanpiBaeTcs U3 0CTaTOYHOrO, (POHOHHOTO U MAarHUTHOTO YJElb-
HOTO conpotuByieHus [97]. TeMnepTypoHE3aBUCUMOE OCTATOUYHOE YNIEJIBHOE AJIEK-
TPOCOMPOTUBIICHUE BO3HUKAET OT PACCESHUS SJECKTPOHOB HAa HEUTPAJbHBIX MPHU-
Mecax U JedeKkTax KpucTaummueckou pemreTkd; GoHOHHOE AIeKTPOCONMpPOTUBIIE-
HUE CBS3aHO C PACCESHHEM DJIEKTPOHOB Ha aKyCTHYECKUX KOJIEOAHUSAX PElIeTKU
(bonoHax). MarauTHoe yJeiabHOE JIEKTPOCOMPOTUBICHNE BOZHUKAET B Pe3yJibTa-
T€ B3aMMOJICVCTBUS 3JIEKTPOHOB MPOBOJAMMOCTH C JIOKAJTU30BAaHHBIMUA MarHUTHBI-
MU MOMeHTaMu 4f — 371eKTpoHOB MOHOB P33. DT0 B3auMonaeicTBUE 3aBUCHUT, BO-
MEePBHIX, OT OTHOCUTEIBHON OpPUEHTALIMM CIIMHA S- TMPOBOJUMOCTH U, BO-BTOPBHIX,
OT pe3ynbTUpyloiero cnuna 4f — cios.

CornacHo cymiecTByromuii Teopuu [97], uz-3a toro, uro npu 0 K 4f — snek-
TPOHBI YMOPAJIOYEHBI MAarHUTHOE COMPOTHUBIICHHE PaBHO Hymt0. I[Ipu sToM Mmar-
HUTHBIN TTOPSIOK, C TIOBBIIIIEHUEM TEMIIEPaTyphl, HAPYIIACTCS U MOSBISETCS Mar-
HUTHOE COMPOTUBJICHUE, KOTOPOE PACTET MPHU NMPUOIMKEHUH K TOYKE MAarHUTHOTO
ynopsigoueHusi. B mapamarautHo# obnactu ynopsmouenue 4f-crnost paspymiaercs
U MarHUTHOE COMPOTHBIICHUE MPUOOPETAET CBOE MAKCUMAJILHOE 3HAUYCHHUE U TMPHU
ATOM CTAHOBUTCS IOCTOSIHHBIM.

I'eTeponecMUYHBIN XapakTep UX XUMHYECKOW CBS3U B CTPYKTYpPaX BUCMY-
tua0B LnsBis (Ln = Gd, Tb, Dy, Ho, Er, Tm, Lu) u TBepabIX pacTBOpOB
Gds«LniBis (Ln = Th, Dy, Ho, Er, Tm, Lu; x = 0.5-4.5), MoxkeT Takxe oka3aTh
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BIIMSIHUE HA UX JIEKTPOPU3NUECKHE CBOMCTBRA.

MeTtananyeckyro IpOBOJAMMOCTh YKa3aHHBIX BUCMYTHJIOB M TBEPJbIX pac-
TBOPOB, 110 BCEH BUIUMOCTH, OOycClaBiIMBaeT Metaumdeckas cBs3b Gd-Ln (Ln =
Th, Dy, Ho, Er, Tm, Lu), umcrorascst B ux CTpyKType.

[TockOMBKY AJIEKTPOIPOBOJHOCTh BCEX HCCICIOBAHHBIX BUCMYTHIIOB H
TBEPBIX PACTBOPOB MEHBINIE JICKTPONMPOBOTHOCTH P3D MOXHO 3aKIIOUHUTH, YTO
oTpeJieSICHHAs YacTh JJIEKTPOHOB JIOKAJIM30BaHa, U3-3a HAJTUYHUS B HUX €IIe U UOH-
Hoii ceszu Ln — Bi (Ln = Th, Dy, Ho, Er, Tm, Lu).

Kpome Toro, Ha MeTaIMUECKYIO IPUPOAY TBEpAbIX pacTBopoB Gds.xLNiBis
(Ln =Tb, Dy, Ho, Er, Tm, Lu; x = 0.5-4.5) yka3bpIBalOT ¥ KOHIICHTPAI[HOHHBIC 3a-
BUCHUMOCTH MUKpoTBepaoctu (pucynku 3.2, 3.4, 3.6, 3.8, 3.10, 3.12). Kpussie
KOHIICHTPAITMOHHON 3aBUCUMOCTH MHKPOTBEPJOCTH TBEPJbIX PACTBOPOB OIHCHI-
BAIOTCSI MAaKCHMMYMaMH, COOTBETCTBYIOIIHE cocTaBam, conaepxkammuMm 40 moi.%
ThsBis, 30 M01.% DysBis, 35 m01.% HosBis, 20 M01.% ErsBis u 10 Mm01.% LusBis,
YTO CBOMCTBEHHO MeTayutmdeckuMm cuctemam [93]. CormacHo 3Toi pabOThl Takoe
U3MCHCHUE MUKPOTBEPIOCTH CBS3aHO C YCHJICHUEM KECTKOCTH KPUCTAJUTHYCCKOU
PEIIETKH.

Jmuna cesseii Gd-Gd, Tb-Th, Dy-Dy, Ho-Ho, Er-Er, Tm-Tm u Lu-Lu B
BucmytHiaax LnsBis (Ln = Gd, Tb, Dy, Ho, Er, Tm, Lu) B cpenHeM cocTaBiser
0.364 HM, a B cTpyKType TBepabix pactBopoB Gds«Ln«Bi; (Ln = Th, Dy, Ho, Er,
Tm, Lu; X = 0.5-4.5) nucriepcust JUTMHBI dTUX K€ CBs3el coctaBiser 10 2%. Jloba-
BHM, YTO JKECTKOCTh KPHCTAUIMYCCKOW PEIICTKH B TBEPIBIX PacTBOpPaX MOXKET
npuaath U cBsi3b Ln- Bi, koTtopas B cpennem cocrasiser 0.308 M. Bo3moxkHO,
HauOOJIbIIIee BIUSHUE STOM CBS3M Ha YKECTKOCTh KPHUCTAJUIMUECKOW PpEeIIeTKU
TBEPBIX PACTBOPOB IMPUXOAMTCS Ha cOocTaBbl, comepskamue 40 moa. % ThsBis,

30 m011.% Dy5Bi3, 35 m011.% H05Bi3, 20 m011.% Er5Bi3 u 10 m011.% LU5Bi3.
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T'JIABA 4. MATHUTHBIE CBOMCTBA BUCMYTUJI0OB LnsBis
(Ln=Gd, Th, Dy, Ho, Er, Tm, Lu) U TBEPJAbIX PACTBOPOB
CUCTEM GdsBis — LnsBiz (Ln = Th, Dy, Ho, Er, Tm, Lu)

4.1 Pe3yabTaThl HCCJIEI0BAHUS MATHUTHBIX CBOMCTB BUCMYTH/I0B
LnsBis (Ln = Gd, Th, Dy, Ho, Er, Tm, LU) u TBEépabIX pacTBOpoB
cucrtem GdsBizs — LnsBis (Ln = Tb, Dy, Ho, Er, Tm, Lu)

TemnepaTypHyr0 3aBHCUMOCTh MOJISIPHOW BOCIIPUUUMYHBOCTH BHUCMYTHJIOB
LnsBi; (Ln = Gd, Th, Dy, Ho, Er, Tm, Lu) u tBepabix pactBopoB Gds.«Ln«Bis (Ln =
Th, Dy, Ho, Er, Tm, Lu; X = 0.5-4.5) uccrnenoBanu B iuana3uHe TEMIICPATyp
298-773 K.

VYkazaHHbIe TBEP/bIC PACTBOPHI M BUCMYTH/IbI, JJIS MPOBEICHUS HCIEI0Ba-
HUH, MOTydaan 10 METOJIMKe, TpuBeaeHHON B ['maBe 2, pa3nene 2.1, Tabmumax 2.3
u?d.

4.1.1 MarauTHble cBoiicTBa BucMmyTuaoB LnsBis (Ln = Gd, Tb, Dy,

Ho, Er, Tm, Lu) B tuana3zone temneparyp 298-773 K.

Ha pucynkax 4.1- 4.4. npencraBieHbl TEMIIEPATYPHbIE 3aBUCUMOCTH MO-
JSIPHOM MarHWTHOM BOCIIPUMMYKBOCTH BUCMyTHA0B LnsBis (Ln = Gd, Tb, Dy, Ho,
Er, Tm, Lu), ais KOTOPBIX BO BCEM HCCJICIOBAHHOM JHAIa30HE TEMIIEPATyp BbI-
nonHseTcs 3akoH Kropu-Belicca, CBOMCTBEHHBINM MMapAMarHUTHBIM BEILIECTBAM H
BbIpaxatromuiics opmyion [98]:

= C/T-6, , (4.1)
rae Y — MOJISIPHASI MAaTHUTHAS BOCTIPUUMYUBOCTD;
C — KOHCTaHTAa;
T — Temneparypa;

0, — mapamarauTHas Temueparypa Kropu.

[TapamarautHyro Ttemnepartypy Kroopu Bucmytnnos P332 onpenensum skc-
TPanoJIAUeH JTUHEHHOW YacCTH 3aBUCUMOCTH OOpaTHOW MOJISIPHOW BOCTIPUMMYU-

BOCTH K OCH TEMIIEPATYp.
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Pucynox 4.1 - TemneparypHasi 3aBUCUMOCTb 00paTHOM MOJIIPHOW MarHuT-

Hoii BocipuumuuBocty GdsBis (1), ThsBis (2), DysBis (3) B inanasone
temrmeparyp 298-773 K.
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Pucynox 4.2 - TemnepatypHasi 3aBUCUMOCTb 00paTHOM MOJIIPHOW MarHUT-
Hoit BocnipurmuuBoctd HosBis (1), ErsBis (2) B nnamasone remmnepatyp
298-773 K.
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Pucynoxk 4.3 - TemneparypHasi 3aBUCUMOCTb 00paTHOM MOJIIPHOM MarHuT-
HOM BoctipuuMuuBOCTH TmsBis B muanasone tremmeparyp 298-773 K.

100 200 300 400 500 600 700 800T,K
Pucynox 4.4 - TemneparypHasi 3aBUCUMOCTb 00paTHOM MOJIIPHOW MarHuT-
HOW BocnipuumuuBocTH LusBis B quamasone temneparyp 298-773 K.
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MaruuTHble XapakTEpUCTUKKA BUCMYTUIOB MpuBeAeHbl B Tabmuue 4.1. U3
TaOJIMIIBI BUAHO, YTO cpenr BUCMYyTHIOB P3D  Hambonee BbIcOkas Temreparypa

Kropu cBoiictBernna BucmyTuaam GdsBis, ThsBis, u DysBis.

Tabmuua 4.1 - MarHuTHBIE XapaKTEpPUCTUKU BUCMYTHI0B P30

BucMyTUIb! A X 10° 0,, K g X 1024 A-m?
npu 298 K
GdsBis 280526.0 270 73.54
ThsBis3 78289.4 146 90.14
DysBis3 62690.5 75 98.1
HosBis 50028.0 40 94.22
ErsBis 39908.2 15 88.2
TmsBis3 26318.2 12 68.7
LusBis 5051.2 5 31.9

PaccunTannbie 0 GOPMYIE Hopp. = 26,32 - 1024 [y - (T-0,)]Y2 A-M?, [95]
3((EeKTUBHBIE MArHUTHBIE MOMEHTHI ([l,p¢.) HOHOB P30 okazamuch OIM3KH K TEO-

PETUYECKMM 3HAYCHUSAM TpeX3apsaHbiX HoHOB P30 (Tabnuna. 4.1).

4.1.2 MarHuTHbI€ CBOIiCTBAa TBEPABIX PACTBOPOB CHCTEM
GdsBis- LnsBiz (Ln= Gd, Tb, Dy, Ho, Er, Tm, Lu)

Teepawie pactBopsl Gds«L.NiBis (Ln = Gd, Th, Dy, Ho, Er, Tm, Lu;
x = 0.5+4.5) B amanasone temmepatyp 298-773 K mposBisSiOT mapaMarHUTHBIC
cBoiicTBa. TemneparypHas 3aBUCUMOCTh OOpPaTHOW BEIMYCHBI MOJISIPHOM MarHUT-
HOM BOCITPUUMYHMBOCTH TBEPABIX PACTBOPOB BO BCEM JHAIa30HE TEMIIEpaTyp IMOJ-
yrHseTcs 3akoHy Kropu-Beticca (pucynku 4.5-4.10, a, 0).

MarauTHbIe XapaKTEPUCTHKH TBEPABIX PACTBOPOB MPUBEICHEI B
tabnuie 4.2. W3 tabmuisl ciaemayer, 4To ¢ POCTOM KOHIIEHTPAIMHU TafOJUHUS B
TBEPJBIX PACTBOpaxX HAOIOMACTCS YBEIMYCHHUE 3HAUCHUN TTapaMarHUTHBIX TEMIIe-

paryp Kropu. I[Ipu aTom napamarautHas temneparypa Kropu (0,) TBepabix pac-
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Pucynox 4.5 - Temneparypnasi 3aBUCUMOCTb 00paTHOM MOJIIPHOW MarHWT-
HOM BOCITPMMMYHBOCTH TBEPABIX pacTBOpoB Gds.« ThyBis, cogepxarmx

(1) -10, (2) -20, (3) -30, (4) -40, (5) -50, (6) -60, (7) -70, (8) -80, (9) -90
mod. % ThsBis, B auanaszone 298-400 K (a) u 400-773 K (0).
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Pucynok 4.6 - TemnepaTypHasi 3aBUCUMOCTh OOpaTHON MOJISIPHOM MarHuT-
HOW BOCIIPUMMYHUBOCTH TBEPABIX pacTBopoB Gds«xDyyBis, cogepixamx
(1)-10, (2)-20, (3)-30, (4)-40, (5)-50, (6)-60, (7)-70, (8)-80, (9)-90 mo11.%
DysBi3 B mnanazone 298-400 K (a) u 400-773 K (6).
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Pucynox 4.7 - TemnepatypHasi 3aBUCUMOCTb 00paTHOM MOJIIPHOM MarHUTHOM
BOCIIPUMMYHUBOCTH TBepAbIX pacTBopoB Gds.xHOBis, comeprkarimx
(1)-10, (2)-20, (3)-30, (4)-40, (5)-50, (6)-60, (7)-70, (8)-80,
(9) -90 momn. % HosBis; B amanazone 298-400 K (a) u 400-773 K (0).
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Pucynok 4.8 -TemneparypHasi 3aBUCUMOCTb 0OpaTHON MOJISIPHOW MarHUTHOM BOC-
IPUUMYUBOCTH TBepaAbIX pacTBopoB Gds.<ErBis, cogepxammx (1)-10, (2)-20, (3)-

30, (4)-40, (5)-50, (6)-60, (7)-70, (8)-80, (9)-90 mon.% ErsBis, B nmuanasone 298-
400 K (a) u 400-773 K (0).
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Pucynox 4.9 - TemneparypHasi 3aBUCUMOCTh 0OPAaTHOW MOJISIPHOM MarHUTHOM
BOCIIPUMMYHUBOCTH TBEPAbIX pacTBOpoB Gds.xTMyBis, comeprkamux (1) -10, (2) -
20, (3) -30, (4) -40, (5) -50, (6) -60, (7) -70, (8) -80, (9) -90 momn. % TmsBiz B
nuanaszone 298-400 K (a) u 400-773 K.
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Pucynok 4.10 - TemnepaTypHasi 3aBUCUMOCTb OOpaTHOM MOJIIPHONH MarHUTHOM
BOCIIPUMMYHUBOCTU TBEpAbIX pacTBopoB Gds.«LUxBis, coneprxkammux (1)-10, (2)-20,
(3)-30, (4)-40, (5)-50, (6)-60, (7)-70, (8)-80, (9)-90 mo1.% LusBi; B nnamazone
298-400 K (a) m 400-773 K ().
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Tabnuna - 4.2. MarHuTHBIE XapaKTEPUCTUKH TBEPAbIX pacTBOpoB Gds «LNyBis;

(Tb, Dy, Ho, Er, Tm, Lu; x = 0.5+4.5)

Teepabie pacTBoO- Y X 108 0,, K Wopp- X 1074, A-m?
pBI pu 298 K
1 2 3 4
Gs,Th,Bis, (x = 0.5:4.5)
Gd45ThosBis 225555.5 262 74.7
Gd,TbBi3 127424.2 232 76.0
Gd35Thy5Bi3 108695.6 220 76.4
GdsTh,Bis3 95238.2 204 78.4
Gd,5Th,sBis3 81300.0 192 76.9
Gd,Th3Bis 68493.2 184 73.2
Gd15ThssBis 63291.4 172 734
GdTh4Bi3 59523.8 162 74.6
Gdo5ThysBis 52910.3 154 72.4
GaxDY:Bis, (x = 0.5:4.5)
Gd4sDy 05Bis 92801.4 208 75.76
Gd,DyBis; 73336.2 178 77.25
GdssDy: sBis 65789.4 165 776
Gd;Dy;Bi3 56179.9 148 76.1
GdzsDy25Bis 51020.4 138 74.9
Gd,Dy;Bi3 45454.5 126 73.3
Gd,sDys5Bis 40983.6 108 731
GdDy,Bi3; 37878.7 95 2.7
GdosDyasBis 35211.2 85 718
GdsHOBis, (x = 0.5:4.5)
GdssHoo5BI3 104102.5 220 77.74
Gd;HoBij; 76607.1 186 74.74
GdszsH015BI3 66089.8 160 79.2
GdsHo,Bis; 54945,0 128 80.2
Gd,sHo,5Bi3 52631,5 114 81.06
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1 2 3 4
GdHo3Bis 45045,0 102 77.9
Gy sHO3 5Bi 40816,3 86 77.15
GdHo,Bis 36496.3 74 75.02
GdosH045Bis 34013.6 66 73.63
GUsErBis, (x = 0.5+4.5)
GdasErosBis 77500.4 194 74.4
Gd,4ErBis 60071.4 158 85.3
GdssErisBis 51282.0 124 78.3
GdsEr,Bis 48309.2 98 81.51
GdasEr 25Bis 46511.6 82 83.18
Gd2ErsBis 44843.0 68 84.2
GdysE35Bis 43478.2 58 84.76
GdEr,Bis 41386.8 46 84.76
GdosErssBis 408745 35 86.0
GdsxTMBis,(x = 0.5+4.5)
Gdas TMosBis 53571.4 158 69.55
Gd,TmBis 444705 128 72.15
GdssTMy sBis 41388.8 118 71.6
GdsTm;Bis 39462.3 112 71.03
G5 TM25Bis 36089.2 96 70.85
Gd,Tm 3Bis 32117.2 76 70.0
GdysTMssBis 30521.7 68 69.55
GdTm,Bis 29075.6 60 68.9
GdosTMasBis 27007.6 44 68.7
GUsLU,Bis, (x = 0.54.5)
GdssLUosBis 61590.9 210 61.01
Gds LuBis 25069.4 154 49.80
GdssLuisBis 17200.0 126 45.07
GdsLu ;Bis 14059.2 102 43.49
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1 2 3 4
Gd,5LU25BI3 11626.8 86 41.17
Gd;LusBis 9652.6 68 39.13
Gd1sLuzsBis 8196.7 52 37.28
GdLu4Bi3 6801.5 34 35.14
GdosLugsBis 5760.3 18 33.29

patBopoB Gds«LnyBis (Ln = Gd, Th, Dy, Ho, Er, Tm, Lu; x = 0.5+4.5) MeHblie,
gyeMm 0, GdsBis, HO mpeBbItmaeT 3nauenue 6, LnsBiz (Ln = Th, Dy, Ho, Er, Tm, Lu).

4.2 O0cy:xk1eHue pe3yabTaTOB
HccnenoBanneM MarHWTHBIX CBOWMCTB BHCMYyTHAOB LnsBis (Ln = Gd, Th,

Dy, Ho, Er, Tm, Lu) u tBepasix pactBopoB cuctem GdsBis - LnsBis (Lnh = Th, Dy,
Ho, Er, Tm, Lu) ycTanoBneHo, uro onu ¢ P33 nposBisioT GJM3KUEe MarHUTHBIC
CBOMCTBA. YKa3aHHBIE BUCMYTHJIBI U TBEPABIC PACTBOPHI, Kak U P33, B 0OBIYHBIX
YCIIOBUSIX SIBJISIOTCSI TApaMarHUTHBIMU. DTO MaéT MpaBO CUMUTATh, YTO MArHeTHU3M
BUCMYTHJIOB U TBEPABIX PACTBOPOB, TAKXKeE, Kak U B P30 ompenensercs B3anMo-
neiicrBuem PKKU (Pynepmana-Kurrens-Kacyu-Hocuapr) [98-101].

Cornmacno teopun PKKU [98], marneTtusm P332 BO3HUKaeT moja BIUSHUEM
KOCBEHHOI'0 OOMEHHOI'0 B3aMMOJICHCTBUSI, OCPEICTBOM 3JIEKTPOHOB MPOBOIUMO-
ctu. U3-3a Toro, uto paguyc 4f-o6o0m0uku P33 cocraBsieT okono 1/10 mekaTom-
HOTO PacCTOSHUsA, MpsSMOE B3auMojercTBUe Mexay 4f-o0oioukaMu coceaHux
aTOMOB HEBO3MOXHO. [ToaTOoMy B3aumoaericTBue 4f-371eKTPOHOB OCYIIECTBISCTCS
MyTEM TMOJISIPU3ALMH S U P DJIEKTPOHOB MIPOBOJIUMOCTH, MOCPEICTBOM CIIMHA
Af-sy1ekTpoHa.

B teopun PKKU, npu 00bsicHeHHH MeXaHU3Ma 0OMEHa, 0COOCHHOE BHUMAa-
Hue otBoaMTes S — f oOMeHHOMY B3ammojercTBHI0. CUUTACTCs, YTO B CTPYKTYpe
P33 umerotrcs aBe pa3HOBUIHOCTH BJEKTPOHOB — DJIEKTPOHBI, HE CKOMIIEHCUPO-
BaHHBIX 4f-000J109eK, KOTOpBIC B OCHOBHOM OTIPEACIIAIOT MarHeTu3M P30 u koi-

JIEKTUBU3UPOBAHHBIE S U P AJIEKTPOHBI, OTBEUAIOIINE 3a JEKTPUUYECKHUE CBOMCTBA

P303.
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[Ton Bnusinuem S — f oOMeHa, iokanu3oBaHHbIe T — AMEKTPOHBI TOJSPUBYIOT
CIIMHBI 3JICKTPOHOB MpoBoauMocTH. [Ipu s3Tom S — f oOMeHHOEe B3auMojieiicTBHE,
3aBUCSIIECE OT HAMPABJICHUS CIIMHOB, CIIOCOOCTBYET MOJISIPU3AIUKM CITUHOB JJICK-
TPOHOB MPOBOJIUMOCTH OCIIJUISIIIHOHHOTO XapaKTepa.

[TapamarauTHbIe cBoiicTBa BUcMyTHI0B LNsBis (Ln = Gd, Th, Dy, Ho, Er,
Tm, Lu), mo-BuauMOMy, B OCHOBHOM OOYCJIOBJIICHBI OOMEHHBIM B3aHMOJICHCTBHEM
mexay monamu Ln —Ln (Gd, Th, Dy, Ho, Er, Tm, Lu), a TBepapIx pacTBOpOB
Gds. xLniBi3 (Ln = Tb, Dy, Ho, Er, Tm, Lu; x = 0.5+4.5) 0OMEHHbIM B3aUMO/IcH-
crBuem roHoB Gd — Gd u Gd — Ln (Ln = Th, Dy, Ho, Er, Tm, Lu).

B moib3y 3TOM TOYKH 3peHUs CBUACTEILCTBYIOT 3HAUCHHUS TTapaMarHUTHBIX
temrepatyp Kropu (8,) TBepabix pactBopoB Gds.xLnyBiz (Ln = Th, Dy, Ho, Er,
Tm, Lu; x = 0.5+4.5) (tabmuipst 4.1+4.8), KOTOpbIE 3a CUET HATUYUS B CTPYKTYpE
oOMeHHOTO B3anmMojeiicTBus nOHOB 1o cBsi3u Gd — Gd, mpeBbImatoT 3HaueHus 0,
BucMyTH0B LnsBis (Ln = Th, Dy, Ho, Er, Tm, Lu), (tabnumua 4.1-4.8) u P33 — Tbh,
Dy, Ho, Er, Tm, Lu, coctaBnsromnux 232, 120, 85, 20, 10, 5 K [95], cooTBeTcTBEH-
HO. JlaHHOE MpEeaIoNoKEeHUE MOATBEPKIACT U PUCYHOK 4.11, rie BUIHO, 4TO €
YBEJIUYCHHUEM KOHIIEHTPAIMK HOHOB TaJ0JIMHUA B TBEPbIX pacTBopaxGds. xLNyBis
(Ln = Tb, Dy, Ho, Er, Tm, Lu; x = 0.5+4.5) ux napamarauTHas TeMmIieparypa pac-
TET, 3a CYeT OOMEHHOI'0 B3aUMOIeHCTBHS MOHOB 1o cBsa3u Gd — Gd.

ComnocraBieHHEe MarHUTHBIX W 3JEKTPO(DU3UUSCKUX CBOWCTB BUCMYTHIIOB
LnsBi; (Ln = Gd, Th, Dy, Ho, Er, Tm, Lu) tBepasix pactBopoB Gds.xL.NxBis
(Ln = Th, Dy, Ho, Er, Tm, Lu; x = 0.5+4.5), mony4eHHBIX U UCCIICIOBAaHHBIX B
JAHHO# paboTe, ¢ APYrMMHU TBEPIBIMH pacTBOpaMu, Hampumep, cucteM GdsSbs -
LnsSb; (Ln = Th, Dy, Ho), Gd4Bi; - LnsBi; (Ln = Pr, Nd, Th), GdsBi; - LnsSbs;
(Ln = Pr, Nd, Gd, Th, Dy, Yb), GdsSb; - LnsBis (Ln = Pr, Nd) u tBepasimMu pac-
tBopamu cuctem Gd,Sbhs. LnyBis (Ln = Pr, Nd, Th, Yb) [39, 102-115], noka3biBact
uX ONM3KOe CXOACTBO. McXOons M3 ATOr0, MOXKHO IPEIIOJIOKHUTh, YTO TBEP.bIC
pactBopsl GdsLnyBisz (Ln = Th, Dy, Ho, Er, Tm, Lu; x = 0.5+4.5), xak P30 u
tBepabie pactBopbl Gds«LNkShs (Ln = Th, Dy, Ho) [104], koTopsie pu HU3KUX
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MoJ. Yo
Pucynoxk 4.11 - KonIieHTpalroHHas 3aBUCUMOCTh MMapaMarHUTHON TeMIepaTyphbl

Kropu TBepapix pactBopoB cucteM: GdsBiz — ThsBis (1), GdsBis— DysBis (2),
Gd5Bi3 — HO5Bi3 (3), GdsBIg — ErsBig (4), Gd5B|3 — Tm5Bi3 (5), Gd5Bi3— LU5Bi3
(6).

TeMIIepaTypax MpOsBISIOT (GepPUMAarHUTHOE YIOPAAOUYCHUE, TAKKE TPU TEMIIepa-
Typax HIKE IapaMarHUTHO#M TeMrepaTypbl Kiopy MarHeTOynopsii0ueHsl.

W3 cka3aHHOTO CJEIYET, YTO B AMCCEPTAIIMOHHONW paboTe MOJyYCHBI HOBBIC
MarHuTHBIE MaTepuanbl —TBepbie pactBopbl Gds.LnkBis (Ln = Th, Dy, Ho, Er,
Tm, Lu; x = 0.5+4.5).

[Tony4yeHHbIe pe3ysabTaThl MO 3JIEKTPOPU3NUECKMM M MATHUTHBIM CBOW-

ctBam BUcMyTUI0B LnsBis (Ln = Th, Dy, Ho, Er, Tm, Lu) u TBepapIX pacTBOpPOB
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Gds.LnBi3 (Ln = Th, Dy, Ho, Er, Tm, Lu; x = 0.5+4.5) no3BoJIAI0T AaTh HEKOTO-
pble pEKOMEH/IAlMU O MEPCIEKTUBHOCTH X NMPAKTUYECKOT0 UCTIOIb30BaHUS.

Kak ormeuarnoch Boitie, BucMyTbl LnsBis (Ln = Th, Dy, Ho, Er, Tm, Lu)
u TBepabie pactBopbl Gds.LnyBis (Ln = Th, Dy, Ho, Er, Tm, Lu; x = 0.5+4.5) npo-
SBJITFOT OJIM3KHME MarHUTHBIE cBoMcTBa ¢ P33, [ToaToMy MOXKHO MPEANON0XHATH 00
UX HUCHOJIb30BaHUM B3aMeH P30, Hampumep, B KPUOT€HHOM TEXHUKE B yCTpPOM-
CTBax, pabOTAIOMINX MPHU TeMIepaTypax *KUIKOro a30Ta W Telius JJIs YyCUJICHUS B
HUX MarHUTHOTO MOTOKA, a TAaKXKe Kak JOOABKM B MarHUTHBIC MaTEPHAIIBI JIJIS T10-
BBIIIICHUS] MATHUTHOW WHYKITUU.

BucmyTtuaer LnsBis (Ln = Tb, Dy, Ho, Er, Tm, Lu) u TBepabie pacTBOPHI
Gds.LnBi3 (Ln = Th, Dy, Ho, Er, Tm, Lu; x = 0.5+4.5) 110 3J1IeKTpOIPOBOTHOCTH,
3aHUMAIONIUE TPOMEKYTOUHOE TOJIOKEHUE MEXIY MPOBOJHUKAMHU U TOIYIIPOB/-
HUKAaMH, MOTYT OBITh MCIIOJIb30BAaHBI B DJICKTPOHHON TEXHUKE I CO3/IaHUS TEp-
MOJRJIEMEHTOB U PE3UCTOPOB.

AKT 10 MCTIOJB30BAHUIO MaTepualia JUCCEepTalMyd B Y4eOHOM mpoliecce, a
TaKXe aKT UCIBITaHus TBEpIbIX pacTBopoB Gds ThyBis (x = 0.5+4.5) npuseneHs! B
[IpuioxxeHun auccepranuu.

B bI B O 1 bl

1. Meronamu PU3NKO-XMMUYECKOTO aHaIKN3a (PEHTreHO(Pa30BbIM U MUKPO-
CTPYKTYPHBIM) HCCJIeIOBaH (ha30BbIi COCTAB MPOJAYKTOB HETOCPEACTBEHHOTO B3a-
uMmoaencTeuss P30 ¢ BUCMYyTOM B IIMPOKOM JIHANa30HE TEMIIEpATyp. ITO MO3BO-
JIWJIO YCTAHOBUTH MEXaHU3M 00pa30BaHUsI TBEP/IBIX PACTBOPOB B CUCTEMAaxX
GdsBi; — LnsBis (Ln = Th, Dy, Ho, Er, Tm, Lu).

2. Paspaboranbl qBa crioco0a moaydeHus TBepabix pactBopoB Gds.<L.NBis
(Ln = Gd, Th, Dy, Ho, Er, Tm, Lu; x = 0.5+4.5): HermocpeaACTBCHHBIM B3aUMOIEHi-
ctBueM P3D ¢ BHCMYTOM; C WCHOJB30BAaHMEM B KAdeCTBE BHCMYTCOCpPIKAITUX
KOMITOHEHTOB, MPEIBAPUTEIBHO CHHTE3UPOBAHHBIX BUCMYTHI0B LNBI 1 LnsBis
(Ln =Gd, Tb, Dy, Ho, Er, Tm, Lu).

3. Merogamu (pu3NKO-XUMUYECKOro aHanu3a (auddepeHnaibpHoro Tep-

MHUYECKOT0, PEHTIeHO(})A30BOr0 M MHUKPOCTPYKTYPHOTO) M3YYEHBI M IMOCTPOEHBI



90

nuarpammbl coctosinus cuctem GdsBis — LnsBis (Ln = Th, Dy, Ho, Er, Tm, Lu).
OmnpeneneHbl 3aKOHOMEPHOCTH B UX CTPOCHHUH, IMPOSIBJISIONINECS B TOM, YTO BCE
JTUarpaMMbl COCTOSTHUSI YKa3aHHBIX CHCTEM OJHOTHIIHBI M B HUX 0Opasyercs He-
IPEPBIBHBINA U30CTPYKTYPHBIH psi TBepabIX pactBopoB Gds.LnyBisz (Ln = Th, Dy,
Ho, Er, Tm, Lu; x = 0.5-4.5) 3amemeHus, KpUCTAUIM3YIOIUXCS B pOMOMYECKOM
CTPYKTYypE THITa aHTH- Y5Blis.

4. UccaenoBanueM 31eKTPOGHU3NUECKHX CBOMCTB BUCMYTHI0B LNsBis3
(Ln = Gd, Th, Dy, Ho, Er, Tm, Lu) u tBepasix pactBopoB Gds.<L.niBis (Ln = Th,
Dy, Ho, Er, Tm, Lu; x = 0.5+4.5) ycTaHOBJIEHO, YTO OHH IPOSABJISAIOT METaJLIHYC-
CKYIO TIPOBOJMMOCTh. [IpM 3TOM KOHIICHTpAaIlMOHHAS 3aBUCUMOCTH YIACITHHOTO
AIEKTPOCONPOTUBIICHUS TEPMO-3.71.C. U MHUKPOTBEPIAOCTH TBEPIBIX PACTBOPOB
KOppEIUpPYeT ¢ JuarpaMMaMH COCTOSIHUSI COOTBETCTBYIOIIIMX UM CHCTEM.

5. Pa3paboTanbl MarHWTHBIE MaTephaibl —TBepible pacTBOpbl Gds.LnyBis
(Ln =Thb, Dy, Ho, Er, Tm, Lu; x = 0.5+4.5) ¢ NOBbIIIEHHBIMA MAarHUTHBIMU CBO¥i-
CTBaMH OTHOCHTEIbHO BucMyTHI0B LNsBis (Ln = Th, Dy, Ho, Er, Tm, Lu). Onpe-
JICJICHbI 3HAYCHMS TTapaMarHUTHBIX TemnepaTyp Kropu, 3 (eKTHBHBIX MarHUTHBIX
MOMEHTOB MOHOB P30 yka3aHHBIX BUCMYTHUIOB U TBEpABIX pacTBOpoB. OlEHEH
TUTT MarHUTHOTO YIOPSOYCHUS TBEPIBIX PACTBOPOB, & TAaKKE BBIABJICHO, YTO
MarHUTHBIA TTOPSIIOK B HUX YCTAaHABIMBAETCS 10 MEXaHU3MYy OOMEHHOTO B3aWMO-
nevictBus noHoB P39 - B3aumoneiicreuro PKK.

6. ITokazano, yto Bucmytuasl LNnsBis (Ln = Gd, Tb, Dy, Ho, Er, Tm, Lu) u
TBepabie pacTBopbl Gds«LNiBis (Ln = Th, Dy, Ho, Er, Tm, Lu; x = 0.5+4.5), mo-
T'yT OBITh UCIIOJIb30BaHbI B KPUOTEHHOW TEXHUKE JUISl YCUJICHHSI MATHUTHOTO ITOTO-
Ka 1 MarHUTHOW MHAYKIIMM B MarHUTHBIX MaTepHajaX U B DJCKTPOHHON TEXHHUKE

ML CO3AaHHA TCPMOIJICMCHTOB N PC3UCTOPOB.
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Ta6muna 1- Xumuueckuit coctaB P33 (TY 48-1303-173-76), B mac. %

P33 | Mapka [Tpumecu
APYTUX Cu Fe Si N3 C Ho F,
P33
Gd |TaM/I-2 0.06 0.01 [0.01 |0.01 |0.005 [0.01 |0.001 |0.01
Th | TOMA-2 0.05 0.01 |0.01 |0.01 |0.005 |0.01 |0.001 |0.01
Dy | luM/I-2 0.1 0.01 |0.01 |0.01 |0.005 |0.01 |0.001 |0.01
Ho | ToMJI-2 0.2 0.03 [0.01 |0.01 |0.005 [0.01 |0.001 |0.01
Er | 9pM/I-2 0.1 0.03 |0.01 |0.01 |0.005 |0.01 |0.001
Tm | TyM/I-2 0.1 0.01 |0.01 |0.01 |0.005 |0.01
Lu | JJlroM/-2 0.1 0.03 [ 0.01 |0.01 |0.005 [0.01 |0.001
Tabnuna 2- Xumudeckuit cocraB BucMmyta mapku OCY 11-4
(TY 05-159-69)
Ne HaumenoBanne | Conepxxkanue | Ne HaumenoBa- | Conepxanue
n/m | npuMmecei B Mac. % n/m HUE IpuMe- | B Mac. %
cen
1. Al 1x10° 10. Pb 3x10°
2. Co 5x 10® 11. Ag 2x 10
3. Fe 3% 10° 12. Zn 5x10°
4. Cd 2x 107 13. In 2x10°
5. Mg 5% 10° 14. Sb 1x10°
6. Mn 7x 107 15. Cr 5x10°
7. Cu 5% 10 16. Au 2% 10°
8. Ni 1x10° 17. Hg 2% 10°
Q. Sn 1x10° 18. As 3x10°
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Tabnuia 3 - Pe3yabTaTel pacueta audpakrorpammsl nopoiika GdsBis

a=0.8230, b =0.9626, ¢c = 1.2110 um. Uznyuenue CuK,.

No hkl dhii, HM 0,° /1y, %
/11

1 2 3 4 5
1. 111 0.5.535 8.28 1
2. 112 0.4336 10.24 1
3. 200 0.4113 10.80 10
4. 121 0.3902 11.38 60
5. 210 0.3776 11.78 1
6. 013 0.3709 12.00 1
7. 103 0.3617 12.31 1
8. 113 0.3381 13.18 45
Q. 031 0.3072 14.53 15
10. 004 0.3020 14.29 80
11. 123 0.2881 15.52 100
12, 104 0.2835 15.78 45
13. 222 0.2767 16.18 30
14, 213 0.2754 16.25 25
15. 114 0.2717 16.48 1
16. 301 0.2674 16.75 5
17. 311 0.2574 17.43 8
18. 024 0.2552 17.58 5
19. 223 0.2463 18.24 12
20. 124 0.2436 18.45 1
21, 015 0.2408 18.67 10
22, 214 0.2358 19.08 12
23. 115 0.2252 20.01 1
24, 322 0.2211 20.32 55
25. 224 0.2168 20.82 10
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1 2 3 4 )
26. 134 0.2115 21.37 6
217, 125 0.2084 21.71 12
28. 400 0.2056 22.02 1
29. 215 0.2035 22.26 30
30. 410 0.2010 22.55 3)
31. 411 0.1983 22.87 10
32, 035 0.1923 23.63 8
33. 225 0.1908 23.83 8
34. 421 0.1865 24.41 2
35. 026 0.1854 2457 5
36. 403 0.1831 24.40 5
37. 206 0.1808 25.23 16
38. 315 0.1780 25.66 4
39. 423 0.1709 26.82 12
40. 226 0.1690 27.13 35
41. 432 0.1660 27.93 1
42. 502 0.1587 29.14 30
43. 405 0.1566 29.48 2
44, 326 0.1536 30.12 8
45. 037 0.1516 30.56 4
46. 522 0.1506 30.79 25
47. 425 0.1487 31.23 18
48. 246 0.1426 32.73 12
49. 514 0.1404 33.30 3
50. 600 0.1371 34.22 8
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Tabmuna 4 - PesynpTaThl pacueta audpakrorpammel mopoika LusBis

a=0.8046, b =0.9768, c = 1.1718 am. Uznyuenue CuK,

Ne hkl dhk, HM 0,° /1o, %
n/m

1 2 3 4 5
1. 111 0.5.487 8.08 1
2. 112 0.4262 10.42 1
3. 200 0.4022 11.05 12
4. 121 0.3932 11.34 70
5. 210 0.3719 11.96 1
6. 013 0.3626 12.27 1
7. 103 0.3513 12.68 1
8. 113 0.3306 13.50 35
Q. 031 0.3137 14.22 12
10. 004 0.230 15.25 65
11. 123 0.2852 15.68 100
12, 104 0.2752 16.29 40
13. 222 0.2743 16.32 20
14, 213 0.2693 16.63 30
15. 114 0.2649 16.89 1
16. 301 0.2614 17.15 8
17, 311 0.2525 17.78 10
18. 024 0.2512 17.87 3
19. 223 0.2430 18.50 16
20. 124 0.2398 18.75 1
21. 015 0.2343 19.20 8
22. 214 0.2301 19.58 10
23. 115 0.2192 20.59 1
24. 322 0.2182 20.69 45
25. 224 0.2130 21.22 12
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1 2 3 4 3)
26. 134 0.2102 21.51 3)
27, 125 0.2043 22.16 8
28. 400 0.2011 22.54 1
29. 215 0.1982 22.88 25
30. 410 0.1970 23.04 3)
31. 411 0.1942 23.38 16
32. 035 0.1902 23.90 12
33. 225 0.1870 24.34 10
34, 421 0.1836 24.82 2
35. 026 0.1813 25.20 3)
36. 403 0.1788 25.58 4
37, 206 0.1756 26.04 12
38. 315 0.1736 26.37 8
39. 423 0.1679 27.33 10
40. 226 0.1653 27.79 20
41. 432 0.1642 28.00 1
42. 502 0.1551 29.79 35
43. 405 0.1526 30.34 2
44, 326 0.1502 30.88 10
45. 037 0.1488 31.19 6
46. 522 0.1478 31.43 18
47. 425 0.1456 31.96 25
48. 246 0.1426 32.73 16
49. 514 0.1395 33.54 8
50. 600 0.1340 35.12 12
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TaOnuna 5-Pe3ynbratel pacuera audpakrorpammsl mopoiinka GdssThy sBi3

a=0.8250, b =0.9576, ¢ = 1.2024 um. Uznyuenune CuK,.

No hkl dhii, HM 0,° 1/1,, %
/11
1 2 3 4 5
1. 111 0.5548 7.98 1
2. 112 0.4333 10.25 1
3. 200 0.4124 10.77 8
4. 121 0.3920 11.34 75
5. 210 0.3789 11.74 1
6. 013 0.3697 12.04 1
7. 103 0.3604 12.35 1
8. 113 0.3373 13.21 20
Q. 031 0.3089 14.45 10
10. 004 0.3005 14.86 70
11. 123 0.2881 15.48 100
12, 104 0.2823 15.85 32
13. 222 0.2774 16.13 16
14, 213 0.2753 16.26 25
15, 114 0.2708 16.54 1
16. 301 0.2680 16.71 4
17. 311 0.2581 17.38 8
18. 024 0.2546 17.65 5
19. 223 0.2465 18.22 12
20. 124 0.2433 18.47 1
21, 015 0.2332 19.30 16
22, 214 0.2286 19.71 8
23. 115 0.2244 20.09 2
24, 322 0.2217 20.35 35
25. 224 0.2.166 20.85 14
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1 2 3 4 S
26. 134 0.2.116 21.36 2
217, 125 0.2080 21.75 10
28. 400 0.2062 21.95 1
29. 215 0.2030 22.30 30
30. 410 0.2016 22.48 8
31. 411 0.1988 22.82 20
32, 035 0.1921 23.65 15
33. 225 0.1906 23.86 8
34. 421 0.1871 24.33 2
35. 026 0.1848 24.65 6
36. 403 0.1833 24.87 16
37. 206 0.1802 25.32 10
38. 315 0.1778 25.69 12
39. 423 0.1712 26.76 8
40. 226 0.1686 27.20 15
41. 432 0.1665 27.58 1
42. 502 0.1591 28.98 40
43. 405 0.1565 29.50 2
44, 326 0.1534 30.17 12
45. 037 0.1512 30.65 8
46. 522 0.1510 30.70 20
47. 425 0.1488 31.20 30
48. 246 0.1440 32.37 12
49. 514 0.1430 32.62 10
50. 600 0.1375 34.09 15
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Tabmuna 6-Pe3ynbratel pacuera audpakrorpammsl mopoiika GdDy,Bis

a= 0.81348, b =0.9452, ¢ = 1.2124 am. Uznygenune CuK,.

No hkl dhi, HEM 0,° /1o, %
/11

1 2 3 4 5
1. 111 0.5500 8.00 <1
2. 112 0.4320 10.28 <1
3. 200 0.4068 10.92 6
4. 121 0.3877 11.47 80
5. 210 0.3738 11.90 <1
6. 013 0.3716 11.97 <1
7. 103 0.3620 12.29 <1
8. 113 0.3586 12.41 16
Q. 031 0.3054 14.62 8
10. 004 0.3031 14.74 65
11. 123 0.2980 14.99 100
12, 104 0.2840 15.75 25
13. 222 0.2749 16.28 14
14, 213 0.2744 16.34 20
15, 114 0.2720 16.46 <1
16. 301 0.2647 16.93 2
17. 311 0.2550 17.60 4
18 223 0.2452 18.32 6
19. 124 0.2435 18.45 <1
20. 015 0.2350 19.15 10
21. 115 0.2256 19.61 2
22, 322 0.2193 20.58 30
23. 224 0.2162 20.89 12
24, 134 0.2151 20.99 2
25. 125 0.2124 21.28 8
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1 2 3 4 )
26. 400 0.2034 22.27 <1
217, 410 0.1988 22.81 6
28. 411 0.1962 23.6 15
29. 035 0.1922 23.64 10
30. 225 0.1906 23.85 6
31. 421 0.1847 24.66 2
32, 403 0.1817 25.10 12
33. 206 0.1809 25.21 8
34. 315 0.1775 25.43 10
35. 423 0.1696 27.03 8
36. 226 0.1690 27.13 12
37. 432 0.1645 27.93 <1
38. 502 0.1571 29.40 35
39. 405 0.1558 29.65 2
40. 326 0.1533 30.19 10
41. 037 0.1518 30.52 6
42. 425 0.1480 30.98 25
43. 246 0.1437 32.44 10
44, 514 0.1417 32.96 8
45. 600 0.1356 34.64 12

Tabnuna 7 - Pe3ynbrarsl pacuera audpakrorpamMmms mopoika Gd; sHOz 5Bis

a=0.8148, b =0.9794, c = 1.1987 um. Uznyuyenne CuK,.

No h k | dhkl, HM 9,0 |/|o, %
/11
1 2 3 4 5
1. 111 0.5557 6.98 <1
2. 112 0.4332 10.25 <1
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3. 200 0.4076 10.90 8
1 2 3 4 5
4. 121 0.3968 11.20 70
5. 210 0.3765 11.86 <1
6. 013 0.3698 12.03 <1
7. 103 0.3587 12.41 <1
8. 113 0.3510 12.68 25
9. 031 0.3157 14.13 10
10. 004 0.2995 1491 60
11. 123 0.2889 15.47 100
12. 104 0.2812 1591 30
13. 222 0.2778 16.11 12
14. 213 0.2727 16.42 30
15. 114 0.2703 16.57 <1
16. 301 0.2650 16.91 4
17. 311 0.2558 17.38 6
18. 024 0.2557 17.54 2
19. 223 0.2466 18.21 8
20. 124 0.2439 18.42 <1
21. 015 0.2328 19.33 16
22, 115 0.2238 20.14 12
23. 322 0.2210 20.42 25
24, 224 0.2166 20.85 10
25. 134 0.2132 21.19 5
26. 400 0.2038 22.22 <1
27, 215 0.2021 22.42 20
28. 410 0.1995 22.72 8
29. 411 0.1968 23.06 25
30. 035 0.1933 23.50 15
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1 2 3 4 S
31. 225 0.1904 23.88 5
32. 421 0.1860 24.48 2
33. 026 0.1849 24.56 6
34, 403 0.1815 25.13 16
35. 206 0.1793 25.46 12
36. 315 0.1768 25.85 10
37. 423 0.1702 26.93 4
38. 226 0.1684 217.24 8
39. 432 0.1662 27.63 <1
40, 502 0.1573 29.34 45
41. 405 0.1552 29.78 2
42, 326 0.1534 30.10 15
43, 037 0.1516 30.56 5
44. 522 0.1498 30.97 20
45, 425 0.1480 31.40 35
46. 246 0.1448 32.16 12
47. 514 0.1417 32.95 8
48. 600 0.1359 34.53 20

Tabnuua 8 - Pe3ynbrarel pacuera audpakrorpaMmmsel mopomrka GdyErsBis

a=0.8134, b =0.9744, c = 1.1864 um. NU3znyuyenue CuK,.

No h k | dhkl, HM 9,0 |/|o, %
/11
1 2 3 4 5
1 111 0.553 8.05 <1
2 112 0.430 10.32 <1
3. 200 0.407 10.92 10
4 121 0.3945 11.27 80
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1 2 3 4 S
5. 210 0.3758 11.84 <1
6. 013 0.3664 12.14 <1
7. 103 0.3557 12.47 <1
8. 113 0.3341 13.37 30
9. 031 0.3134 14.24 10
10. 004 0.2965 15.07 75
11. 123 0.2873 15.54 100
12. 104 0.2786 16.06 25
13. 222 0.2765 16.19 14
14. 213 0.2724 16.44 35
15. 114 0.2679 16.72 <1
16. 301 0.2646 16.94 4
17. 311 0.2554 17.58 8
18. 024 0.2533 17.77 5
19. 223 0.2452 18.32 10
20. 015 0.2308 1951 12
21, 115 0.2218 20.33 4
22, 322 0.2202 20.49 25
23. 224 0.2151 20.98 8
24, 134 0.2154 20.98 2
25. 125 0.2099 21.54 10
26. 400 0.2036 22.25 <1
27, 215 0.2006 22.60 40
28. 410 0.1993 22.75 15
29. 411 0.1966 23.08 30
30. 035 0.1916 23.72 14
31. 225 0.1889 24.08 8
32. 421 0.1856 24.54 4
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1 2 3 4 S
33. 026 0.1832 24.88 8
34, 403 0.1810 25.20 10
35. 206 0.1778 25.68 14
36. 315 0.1766 25.88 16
37. 423 0.1697 27.01 8
38. 226 0.1670 27.49 12
39. 432 0.1657 217.72 <1
40. 502 0.1571 29.40 30
41, 405 0.1545 29.91 6
42, 326 0.1518 30.52 16
43. 037 0.1502 30.88 5
44, 522 0.1495 31.05 15
45, 425 0.1473 31.55 25
46. 246 0.1436 32.47 20
47. 514 0.1413 33.06 8
48.. 600 0.1357 34.62 25

Tabmuna 9 - PesynbTaThl pacueta qudpakrorpammel opomka Gdz s TmysBis
a=28.158,b =9.438, c =12.024 um. Uznyuenue CuK,.

Ne hkl dhwi, HM 0,° /1y, %

n/m
1 2 3 4 5
1. 111 0.5515 8.05 <1
2. 112 0.4306 10.30 <1
3. 200 0.4080 10.89 12
4, 121 0.3869 11.49 70
5. 210 0.3745 11.88 <1
6. 013 0.3688 12.07 <1
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1 2 3 4 3)
7. 103 0.3596 12.38 <1
8. 113 0.3361 13.26 25
9. 031 0.3045 14.66 12
10. 004 0.3005 14.86 70
11. 123 0.2861 15.64 100
12. 104 0.2820 15.86 40
13. 222 0.2746 16.30 12
14, 213 0.2736 16.35 20
15. 114 0.2702 16.54 <1
16. 301 0.2653 16.89 6
17. 311 0.2554 17.57 8
18. 024 0.2535 17.70 4
19. 223 0.2445 18.38 14
20. 124 0.2421 18.56 <1
21, 015 0.2329 19.28 20
22, 115 0.2240 20.37 4
23. 322 0.2194 20.57 45
24, 224 0.2153 20.98 12
25, 134 0.2100 21.53 4
26. 125 0.2072 21.84 16
27, 400 0.2040 22.20 <1
28. 215 0.2023 22.39 25
29. 410 0.2011 22.54 8
30. 411 0.1967 23.07 40
31. 035 0.1910 23.80 10
32, 225 0.1896 23.98 8
33. 421 0.1850 24.62 2
34, 026 0.1844 24.71 12
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1 2 3 4 3)
35. 403 0.1818 25.08 20
36. 206 0.1798 25.38 18
37. 315 0.1769 25.83 12
38. 423 0.1696 27.03 8
39. 226 0.1680 27.31 12
40. 432 0.1646 27.92 <1
41. 502 0.1575 29.30 45
42. 405 0.1555 29.71 2
43. 326 0.1526 30.34 20
44, 037 0.1507 30.76 8
45, 522 0.1493 31.08 35
46. 425 0.1477 31.46 20
47. 246 0.1430 32.63 12
48. 514 0.1417 32.95 10
49. 600 0.1360 34.52 30

Ta6numa 10 - Pe3ynbrath pacuera qudpakrorpammel mopoinka GdsLuyBis
a=28.152,b=9.676, c=12.288 um. U3znyuenue CuK,.

Ne hkl dh, HM 0,° /1o, %

/1
1 2 3 4 5
1. 111 0.5547 7.99 <1
2. 112 0.4369 10.16 <1
3. 200 0.4075 10.97 10
4, 121 0.3924 11.33 60
5. 210 0.3789 11.74 <1
6. 013 0.3766 11.81 <1
7. 103 0.3658 12.17 <1
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1 2 3 4 3)
8. 113 0.3419 13.03 30
9. 031 0.3102 14.39 12
10. 004 0.3070 14.54 85
11. 123 0.2911 15.35 100
12, 104 0.2872 15.57 30
13. 222 0.2773 16.40 12
14, 213 0.2766 16.18 15
15. 114 0.2752 16.27 <1
16. 301 0.2652 16.89 8
17. 311 0.2557 17.54 10
18. 223 0.2475 18.15 12
19. 124 0.2465 18.22 <1
20. 015 0.2379 18.90 20
21, 214 0.2376 18.93 8
22, 115 0.2280 19.77 2
23. 322 0.2207 20.44 40
24, 224 0.2184 20.67 16
25, 134 0.2139 21.12 2
26. 125 0.2112 21.31 15
27, 400 0.2037 22.23 <1
28. 410 0.1993 22.75 8
29. 411 0.1967 23.07 35
30. 035 0.1949 23.29 8
31. 225 0.1927 23.58 5
32, 421 0.1854 24.57 2
33. 403 0.1824 24.50 11
34. 315 0.1790 25.50 12
35. 432 0.1655 27.76 <1
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1 2 3 4 3)
36. 502 0.1575 29.30 30
37. 405 0.1565 29.51 3
38. 326 0.1547 29.88 12
39. 037 0.1538 30.08 16
40. 522 0.1497 30.90 30
41. 425 0.1490 31.15 23
42. 246 0.1455 31.98 18
43. 514 0.1423 32.79 4
44, 600 0.1358 34.58 14
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AKT UCIBITAHUM

HacrosmmmM akToB ynocrosepsiercs:

IpoBesieHO U3MEPEHHE MaTHHTHBIX CBOACTB TBEPABIX PACTBOPOB
Gds.<Tb,Bi3 u Gds.\Dy,Bi3, x=0.5-4.5, nony4eHHbIX B Hucruryre xumun um. B.U.
Hukutnna Akanemuu Hayk Pecny6nuxu TamkukucTas.

PesynbraTel u3sMepennii (cM. Tabn.) MOKa3ayid, YTO MAarHMTHBIE CBOMCTBA
YKa3aHHBIX TBEPABIX PaCTBOPOB COBNANAIOT C NAHHBIMH, TIOMY4YeHHEIMH B UHCTH-
TyTe xuMuu uM. B.M.Huxutuna Axanemun Hayk Pecny6muxu TamkuKHCTaH.
IoaTeepxaeHo, 4ToO yKa3aHHBIE TBEPAbIE PACTBOPHI SBIISIOTCS MapaMarHUTHBIMH U
UM CBOHCTBEHHbI OTHOCHTEJILHO BBICOKHE 3HAYEHMS] MapaMarHHTHbIX TeMmneparyp
Kropwu.

Tsepasie pactBopsl Gds. Tb,Bi; u Gds..Dy,Bi3,x=0.5-4.5, sBnsiorcs nepc-
NEeKTUBHBIMUA MarHUTHBIMH MaTepHalaMH JJIs OPaKTHYECKOrQ UCTIONB30BAHUS HX
B 06J1aCTH KPHOTEHHBIX TEMIIEPATyp.

ITo naHHBIM HenbiTauui, npo- | I[To faHHBIM HHCcTUTYTa XUMUM
BoguMbIX B 3A0 “CoMOH-
Teepasie Tauxuzor”
pacTBOpPEI Monspnas ITapamaruut- | Monspuas mar- | [Tapamaruur-
Mar{uTHas Has TeMIlepa- | HUTHas BOCTIDH- | Hasi TeMnepa-
BOCIIPUMHM- Typa Kropu, HUAMYHBOCTD. Typa Kiopu,
gyuBocTh. x10° | K x10® K
1 2 3 4 5

Gd,; sTby sBi; 225560 264 225555.5 262

Gd,TbBij3 127418 230 127424.2 232

Gd; sTb, sBi; 108698 222 108695.6 220

Gd;Tb,Bi; 95230 198 95238.2 204

Gd, 5sThb, 5Bi; 81312 193 81300.0 192

Gd,Tb;Bi; 68485 180 68493.2 184

Gd,; 5Tbs 5Bi3 63298 176 63291.4 172

GdTb,Bi; 59528 164 59523.8 162

GdysThb, sBi; 52915 156 52910.3 154

Gd, sDyg sBi3 92810 210 92801.4 208
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Gd,;DyBi, 73332 174 73336.2 178
Gd; sDy, sBi3 65795 167 65789.4 165
Gd;Dy,Bi; 56172 142 56179.9 ' 148
Gd, sDy, sBij 51030 146 51020.4 138
Gd,Dy;Bi; 45464 128 45454.5 126
Gd,.sDy; sBis3 40990 112 40983.6 108
GdDyBi; 37868 93 37878.7 95
Gdy sDy, sBi3 35218 : 88 35211.2 85

Hacrosmmit akT coctaBmim:

JIOKTOp XuMHYecKHx Hayk, mpodeccop ﬁ %57 B.[A.AGyaxaes
3am. qupekTop 2 ; HM.A. T'aopos
I'naBHBIN MeXaHHK / A.lll. Xadnzos

Hagansnik ITTO oA, 9 ~— AX.PaaxaGos
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AKT BHEZIpeHHUA

HacrosimuM akToM NMOATBEPXKAAeTCA, 4TO MaTepHall 1o METOAUKE CHHTE3a
TBepABIX pacTBOpoB cHcTeMbl GdySb; — LnySb; (Ln = Pr, Nd, Tb, Dy, Yb)
uGdsBi; - LnsBi; (Gd, Tb, Dy, Ho, Er, Tm, Lu) ucnone3yercss y4e6HoM npouecce
npH npose:neunn MPAaKTHYECKUX 3aHATHH N0 CHHTE3y HHTEPMETAIHYECKHX CO-
EIMHEHHIA.

Pe3ynpTaThl M0 HCCNENOBAHMIO MATHUTHBIX CBOHCTB TBEPABIX PACTBOPOB,
TIPUBEJICHHBIX CHCTEM, YKa3bIBalOT Ha BO3MOXHOCTb MX MPAKTHYECKOTO UCTIONB30-

BaHUs IPM HU3KKMX TEMIIEPATypax, HapUMep, P TEMIEPaType XUAKOro a3oTa.
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