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CpaBHUTENbHBIE SKCMEPUMEHTASIbHbBIE UCCNEA0BAHNS CTPYKTYPHbBIX 1 YNPYrX XapakTEPUCTUK ABYX CUCTEM KO-
6anbTutos YBaCo4O745 n DyBaCosO74, (xz = 0, 0.1, 0.2), obHapyXuBaloT ux passnyHoe noBeAeHne B
3aBNCUMOCTU OT n3bbITka Kuciopoga x. MNonyyeHa 3aBUCMMOCTE NapaMeTpPoB dqy = (a + b/\/g) /2 1 ¢ cTpyk-
TYpbl OT UHAEKCA & U YCTAHOBJIEHO, YTO B 3aBUCUMOCTY OT NPOLEAYpbl NOAyHeHUst U TepMOoobpaboTkm KepaMuKu
HECTEXNOMETPUYECKNX 0BPa3LLOB BOSMOXHO UX paccioeHne Ha aBe dhasbl C pa3anyHbiM 3HadeHnem x. Ctexmo-
meTpudeckne obpasubl ¢ noHamn Y n Dy obHapyxusatoT opTOpoMbBMYeckoe MCKaXKeHMe KpUCTaslInyecKoii
CTPYKTYPbl COOTBETCTBEHHO £¢ = (a — b/\/g) /a = -39 1073 €0 4.1 - 10_3, npuBoAsiLLee K CHATUIO
dpycTpaumii u cnocobCTBytOLLEE YCTAHOBNEHNIO JafIbHEMO MarHUTHOrO nopsiika B KobanbTOBOW nogcucreme.

Mpu atom B Y-kobanbTute HabniogatoTcst BbIpaXkeHHbIE aHOMaUM YNpyrux CBOWCTB B 0bnacTu TemnepaTtypbl
MarHuTHoro ¢pasosoro nepexoga Ty, Torga kak B Dy-kobanbTuTe octatoTcs Tonbko ux cnegbl. [Npn HesHaum-
TEJIbHOM OTKJIOHEHUN OT CTEXMOMETPUN MO KNUCIOPOoZy B obpasuax obemx cepuili UCKaXKeHWe CTPYKTYpbl Npo-
nagaer, hpycTpaLmy COXPaHSIOTCA M JafibHelilee pa3BMTNE AafibHErO MarHUTHOrO MOPsiAKa 3aTPyAHSIETCs, a
aHOMa/IN ynpyrux xapaktepuctuk B obnactm T 6bICTpo pasmbiBatoTcs u nponagator. KadecTeeHHO nHoe
noeegerue cepun DyBaCosO74 4, CBSA3aHO, NO-BUAMMOMY, C MarHUTHON aHN30TPONueii, obyCNIOBNEHHON peaKo-

3€MENIbHbIM NOHOM.

DOI: 10.31857,/50044451020090084

1. BBEAEHUE

C
YBaCo4Or4, (mepemennast & 0GO3HAYAET OTKJIOHE-
HUE OT CTEXMOMETPHU II0 KHUCJIOPOJY) € TIOMOIIBIO
KATHOHHBIX 3aMEIEHUNl ObLII0 CHHTE3UPOBAHO IIEJIOE
CceMeiicTBO N30MOPMHBIX COETUHEHUN. DTU COETUHEHUS

MOMEHTa OTKPBITHA CJIOHUCTOI'O KODAJILTUTA,

JIEMOHCTPUPYIOT OOJBITIOE Pa3HOOOpa3nue MHTEPECHDBIX
(GUBUIECKUX U CTPYKTYPHBIX CBOMCTB, 00YCIOBIEHHBIX
coYeTaHWEM B CTPYKTYpE CMEIIaHHOW BaJIEHTHOCTHU
KODaIbTa U PPYCTPUPOBAHHDBIX TPEYTOJTBHON PEIIETKH
u pemerkn Karome. B 1emom cionctbie pemkose-
mesbibie  (P3)  kobambrurer RBaCosO74, (R —
penxosemenbHblit moH Ca u Y co crpykrypoit R114)

* E-mail: kazei@plms.phys.msu.ru
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[TO3BOJIAIOT U3y4YaTh (QyHIAMEHTAJbHBIE TPOOJEMbI
bu3uKN TBEPJOro TeJa W MArHUTH3Ma, TaKhe Kak
HETPUBUAJILHBIE OCHOBHBIE COCTOSIHHS, OCOOEHHOCTH
daz0BbIX 1epexooB U 3PDEKTH OJIMKHETO TOPSIKA
IpU HAJUYIUU (DPYCTPUPOBAHHBIX U KOHKYPUPYIOIIX
OOMEHHBIX B3aMMOIEHCTBUIA,
nepexos Merasu-audjaektpuk, u ap. [1-8]. Kpome
toro, YBaCosO7 m ero mupowmsBOJHBIE IIPOSIBJISIOT

CIIMHOBBII  KPOCCOBED,

GOJIBIIYI0 XUMHUYECKYIO TOJBUKHOCTB, ODHAPYZKUBasI
CITOCOOHOCTH K 00paTUMOMY TOIJIOMIEHUIO U Iecoph-
mun Kkucjaopoga [9-11]. C moMommpio CBepXBBICOKOTO
JABJIEHUsT B TIporecce OOOTAIEHUsT KUCIOPOJIOM OBLT
JIOCTUTHYT PEKOPJIHO BBICOKWIT HM3OBITOK KHCJIOPOJIA
cxT 1.56 mia YBaCosOr4n [12], T €. ero croco6-
HOCTH TIOIJIOIIATH KHUCJIOPOJ, MPEBLIIIAET ITOKa3aTeH,
MU3BECTHBIE JIJIsI JIPYTUX OKCHUJIHBIX MaTepHAaJIoB. Takmm
00pa30oM, CJIOUCTHIN Y-KOOAJIBTUT SBJISIETCS IIEPCITEK-

~
~

TUBHBIM MaTepuaJIOM JIJId IIPAKTUYIECKUX HpI/IMeHeHI/Iﬁ
B CHUCT€éMaX XpaHEHHd KHUCJIIOPpOJa, KHUCIIOPOJIHBIX
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CeHCOopax, KUCJIOPOIHBIX MeMOPaHax, TBEPJIO OKUCHBIX
TOIJIUBHBIX 3JIEMEHTAX U T. JI.

Kpucramumaeckast crpykrypa P3-kobaabruTos npu
BBICOKUX TEMIIEPATYPAX OMHUCHIBAETCS TEKCATOHAJTLHOMN
npoCTpaHcTBeHHOM rpymmoit P63me [13-15] nawm tpuro-
HabHOI rpymmoi P31c¢[16,17], asismomeiica moarpy-
noit rpynnsl P6sme. B cTreXxmoMeTpuiecKux coeuHe-
musx RBaCosO7 ¢ TpexBaJIeHTHBIM DEIKO3eMeTbHBIM
uornoM R31 1noHbI K0GaIbTa, HMEIONHE CMENIAHHYIO Ba-
nearnocts Co?t u Co®t B coormomenuu 3 : 1, pacmpe-
JIeJICHBI B CTPYKTypPe HEYHOPSJIOYEHHO 110 TeTPa’Jipu-
YeCKUM ITO3UIUSIM JIBYX THIIOB. B KapKacHON Kpuc-
TaJINIeCKOi cTpyKType Terpasapbl CoOy, 00beanHeH-
Hble OOIMUMU yTilaMu, 06pa3yIoT CJIOM JIBYX BHJIOB —
TPEyToJIbHBIE CJIOM U cjion Karome, KOTOpbIe yHako-
BaHBI TIOOYEPEIHO BIOJb ocu . lIpm 3TOM KATHOHBI
R3T u Ba?" zannmaror 6osiee KpyTHbIE COOTBETCTBEH-
HO OKTa3/[pUYECKNe U KyDOOKTA3PUIECKHEe ITO3UIUH B
TpeXMepHOil Terpasmapudeckoit cerke. Cioucreie pel-
KozemesbHble KobanbTuTel RBaCosO7y, o0b6pasyior-
¢ ¢ TskenpiMu P3-monamu, nHauyunas ¢ Tb. Coor-
Homenwne pasHoBasenTHEX nonos Co’t/Co3t B xo-
6aJIbTOBOI MOJICUCTEME MOXKHO BAPbUPOBATH C MOMO-
bI0 Hem3oBasteHTHOro 3aMemtenns R%T — Ca?t wm
Co*t/Co?t — Zn?T/AIPT, a taxke m3amenemmem co-
JepKanug kucjaopoga (7 + ). 1o gaeT BO3MOKHOCTD
U3ydaTh BJUSHUE CPEJHEN BaJEHTHOCTU B TOJCHUCTE-
Me Co Ha (a30BbIe IEPEXOIBI U (PUUIECKUE CBONCTBA
9TUX (PPYCTPUPOBAHHBIX COEJIMHEHMIA.

Crpykrypa 114 siBjsieTcss JOBOJIBHO OTKPBITOW U
HOABUKHOM, 9TO IO3BOJILET €l IOIVIOMATh 3HAYNTE -
HOE KOJIMIECTBO U30BITOYHBIX aTOMOB KUCJIOPOIa. 3HA-
YUATENBHBIN U30BITOK KUCI0poa ¢ x > 1.0 npuBoauT K
[MOHUKEHNUIO CUMMETPUU CTPYKTYPhI OT T'€KCATOHAJIb-
HOMl K POMOMYECKON M 0OPA30BAHUIO CBEPXCTPYKTYPHI
[18,19]. BbwIo IPeNTIOKEHO HECKOIBKO BO3MOXKHBIX MO-
JieJieil, ONUCHIBAIOIINX PA3MENIEHUsT JOMOJTHUTETHHBIX
aToMoB Kucjaopoja [8,19]. B wacrHocTn, 66110 06HAPY-
JKEHO, ITO JIOMOJHATEIbHBIE ATOMBI KHCIOPOJIA YIIOPSi-
JIOYEHBbl B 3JIEMEHTApHOU d4Yelike, YTO BBbI3bIBACT 3Ha-
YUTebHBIE CMEIIEeHUsI HEKOTOPBIX ATOMOB KHCJIOPOa
mast YBaCoyOg g (z = 1.0) oTHOCHTENBHO MX HOJIO-
skeHust B ucxonHon daze YBaCosO7 [19-21]. Do, B
CBOIO 0YEPE/Ib, MPUBOJUT K OOJILIIOMY POMOUYECKOMY
UCKAXKEHUIO U YIBOECHUIO [IEPUOJIA BIOJb OCU ¢ (CBEpX-
cTpyKTypa ¢ mapamerpamu a = 12.790 A, b = 10.845 A,
c=10.149A)

HeTtanbHble UCCTETOBAHNS UMPAKIINN JTEKTPOHOB
na obpasie YBaCo40g 5, cHiIbHO 060TaIeHHOM KHACJIO-
POJIOM, ODHAPYZKUJIM, 9TO U3OBLITOYHBIE ATOMBI KUCJIO-
pojia 06pa3yIoT YIOPSIIOY€HHBIE COCTOSTHUSI C PA3INI-
HOlt KoHUrypalmeil B BUJE psAjia CTPYKTYPHBIX MO-
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nudukanumit [22]. Tlpu s/1eKTpOHHOM 0Oy YeHUN TaKUX
00pa3sIoB M3-3a 3HAYUTETLHON MOIBUAKHOCTH KHUCJIOPO-
na B YBaCo4Og 5 nmepuomudeckas MUTPaIUsi JTAITHAX
ATOMOB KHCJIOPO/IA B PEIIeTKe IPUBOJIUT K 00PaATHMBIM
epexoaM MeXKJy PA3JUIHBIMUA CTPYKTYPHBIMHA MO-
muadukanuaMu. TakuMm o0pa3oM, Uit CTPYKTYPBI Xa-
paKTepHA BBICOKAs CTEIEeHb CBOOOBI JIOTIOJHUTEIHHO-
ro kucaopona B pererke Y BaCosO7.,, 9T0 BazKHO Jj1s0
HNOHUMAaHUS MIUPOKOTO CIEKTPa CBOXCTB 3TOU CUCTEMBI,
CBSI3aHHBIX C KHACJIOPOIOM.

Heymepnas peretka Karome um TpeyrosbHast pe-
IeTKa, XapakTepHble 1 cTpyKTyphl R114, xoporro
M3BECTHBI KAK CTPYKTYPHBIE TOIOJOTHH, TTPUBOIATINE
K reomerputeckoit ¢ppycrparmu. [Ipocteitmum mpume-
POM CHCTEMBI, B KOTOPOU BOZHUKAIOT (PPYCTPAIUH, SIB-
JIsTeTCsl 3aMKHYyTasl I[EM0YKa W3 TPEX CIWHOB C OJIU-
HaKOBBIMH 10 MOJIYJIIO OTPUIATEIbHBIMA KOHCTAHTAMU
B3anMoJeiicTBusd J;; g Ommkaiimux cocegeit. Jla
M30/IMPOBAHHOTO TPEYTOJIbHUKA (DPYCTPAIUH IIPUBO/ U~
g Obl K HeKoJuTnHeapHoit 120-rpajtycHoit KoHdUrypa-
nuu cuHOB. B 6eCKOHEYTHO ceTKe M3 CBSI3AHHBIX Tpe-
YTOJIBHUKOB (DPyCTpallid B MAarHUTHOW CHCTEME Yac-
TO TPHUBOASAT K BBIPOXKIEHHOMY OCHOBHOMY COCTOSI-
HOIO, a TaKXKe K OTCYTCTBHUIO /IaJbHEN0 MAarHUTHOI'O
MOPSJIKA JIaXKe IPU 3HAYUTETHbHBIX KOHCTAHTAaX OOMEH-
Horo B3amMmozeiicTsus [23]. VckaxKeHne KpUCTAJLIIYIC-
CKOI CTPYKTYPBI CIIOCOOHO YACTUYHO WJIM ITOJTHOCTHIO
CHsITHh (pycTparuu U O/IaronpusiTCTBYeT yCTaHOBJIE-
HUIO JIAJIbHEIO MArHUTHOTO HOPsijKa [24].

Y-kobasibTuT, OJIU3KUI K CTEXHOMETPUIECKOMY, UC-
MBITHIBAET CTPYKTYpHBIH mepexon npu Ts = 313 K,
COIIPOBOXK JAIOIIUICS [IOHMKEHNEM CHMMETPUAN OT TPU-
FOHAJILHON 710 OpTOPOMOUYECKOil (IIPOCTPAHCTBEHHAS
rpynmna Pbn2i; a, =~ ap, b, =~ \/§ah, c = c¢p, ao,
bo mapamMeTphl SUYefiku B OpTOpoMOmUeckoit ¢a-
3e). Besamumna pOMOMYECKOrO MCKAYKEHUs COCTABJIA-
er g5 = (ao—bo/V3) /ao —4.0 - 1073 [16]. 3a
CYeT CTPYKTYPHOI'O IIepexo/ia reoMeTpudecKkue dpycT-
pammn B YBaCos4O7 camMmarorcst, m HmKe T BO3HH-
KaeT TpexMepHOe aHTU(hEPPOMATHUTHOE YIIOPSII0IEHUE

[1] ¢ moHMKeHMEM cuMMeTpUM IO MOHOKJIUHHOMH P112¢
[23,25]. CTpykTypa Apyrux KOGAJIbTUTOB ¢ MAIHUTHbI-
vu P3-nonamu takxke oOHapyKHBaeT HeOOJIBIIOE MC-
KaXKeHue, IPOUCXoJdAIiee B Bujie (ha30BOr0 IIEPEXO/IA,
COIIPOBOXKJAEMOT'0 AHOMAJIUSMHI YIPYTUX, MATHUTHBIX
7 TPAHCIOPTHBIX CBOMCTB. TeMIreparypa cTpyKTypHOTo
repexona 1's MOHOTOHHO IIOBBIIIAETCS IIPU YBeJIde-
Hun pajuyca P3-uona u jyist noHos Ho Jieskur Bbiie
KOMHATHON TEMIIEPATyPhl. JTO HUCKAYKEHWE CTPYKTY-
pbl ipu dazoBoM mepexose B P3-kobasbTurax cCHIMA-
eT ppycTparuio 0OMEHHBIX B3aNMOJACHCTBUN U CITOCO0-
CTByeT MarHuTHOMY yropsigodennio B Co-mojcucreme,
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koTopoe umeer mMecto ipu T < Ts [24,26,27].

O Benmmumie 0OMEHHOTO B3AMMOICHCTBHS B KOOAJIb-
TOBOW IIOJCHUCTEME 3ITOI'O CeMeiCTBa MOXKHO CYJIUTH
10 3HAYEHUIO MAPAMATHUTHOW TeMIepaTypbl Ocw =
—508 K B zakonme Kiopu—Beiicca mis mMarauTHOM
socpunmunsoctu Y BaCoy 07 [1]. Us-3a dbpycrpupo-
BaHHOCTU OOMEHHBIX B3aMMOJEHCTBUI JIaJbHUI Mar-
HUTHBIA TOPSJIOK, OJIHAKO, YCTAHABJIUBAETCA MPHU CY-

mecTBeHHo bostee Hu3KO# Temmeparype Ty ~ 110 K u
XapaKTepU3yeTcs CJI0XKHOU HEKOJJIMHEAPHOW MarHuT-
HOIt cTpykTypoii [1,23]. IIpu nanbHeiineM noHuzKeHUn
TeMIepaTypbl HAOJIIOAETCs eIle OJINH MarHUTHBIN (da-
30BbIii niepexon ipu Tyo ~ 70 K [26], koTopsrit o6y-
CJIOBJIEH CIIMHOBOI iepeopuenTanueit B Co-mocucreme
[23]. B suTeparype uMeroTcs IPOTUBOPEYUBBIE JAHHDIE
0 TeMIIEPATypax, OCOOEHHOCTAX CTPYKTYPHBIX U Mar-
HUATHBIX (Pa30BBIX [IEPEXO/IOB, MATHUTHBIX KOHMUTYPa-
[UsIX, OCHOBHBIX COCTOSTHUAX s P3-K00abTUTOB, KO-
TOpBIE CBA3aHBI, HA HAI B3IVISLJ], C UCIIOJIb30BAHUEM B
9KCIIEPUMEHTaX 00PA3I0B C PA3JIUYIHBIM COJIEPKAHUEM
KHCJIOPOJA.

Braunsame neb0sbII0oro OTKIOHEHUS KHCJIOPOIHOTO
UHJIEKCA OT CTEXMOMETPHYECKOTO 3HauYeHus Ha (Has3o-
Bble mepexodbl B P3-kobagbTuTax M UX (PU3NIECKHE
CBOICTBa MPAaKTUYEeCKU HE HUCCJIeI0BaHbl. OTKPBITHIM
OCTaeTCst TAaKYKe BOIPOC O moBeieHnu P 3-1mo/icucreMsr u
o B3ammoyeiicreuu P3- u Co-mojcucreM B 9TUX JIBYX-
[TO/IPENIETOYHBIX MAarHeTHKaX CJIOXKHOTO cocraBa. Ha-
mu uccaenoBanust cucrembl YBaCo4O7,4, mokazamm,
9TO HpHU HEOOJIBIIOM OTKJIOHEHHU OT CTEXUOMETPHUH
CTPYKTypa OCTaeTCd HEUCKAXKEHHOU I'eKCaroHaJIbHOH,
dpycTparnuu cOXpaHsIIOTCs U, KaK CJIeJICTBAE, MATHUT-
wbIil nepexoy; B Co-moycucremMe HBICTPO PA3MBIBACTCS
(ecsin BOOOIIE COXPAHSETCSI MEPEXOJ C JAJBHAM Mar-
HUTHBIM 10psaKoM) [28]. B nacrosmeit paGore nposo-
JISITCSI CPABHUTEJIHHBIE UCCJIEOBAHUST BJIUSTHUS HeCTe-
XUOMETPUHU 110 KUCJOPOAY Ha CTPYKTYPHBIE M YIIPY-
rue XapaKTepUCTUKHU, a TaKxKe Ha (a30Bble IIepexo-
apl st nByx cucreM KobasbTuToB, YBaCo4O074, u
DyBaCo04074,, ¢ HeOOJbIIUM OTKJIOHEHHEM OT CTe-
xmoMmerpun. Pammycer monos Dy3t n Y3T nocraroumo
O/IM3KM, TaK YTO KPUCTAJIMIECKasi CTPYKTypa u 00-
MEHHBIE TIAPAMETPBI JIJIsl ABYX CHCTEM, IIO-BUIMMOMY,
takyke Oym3ku. Omguako P3-moH mpuBomuT, Kak mpa-
BWJIO, K CYIIECTBEHHOMY M3MEHEHUI0 MATHUTHOU AHU-
30TPOIHH, KOTOpasi TaKKe BJIUSET HA YCTAHOBJIEHUE
JIAJIbHEr0 MArHUTHOTO TIOPSJIKA BO (DPYCTPUPOBAHHBIX
cucremax. [losTomMy mpejcraB/isier MHTEpEC CpaBHU-
TeJIbLHOE UCC/IeJOBaHIe KOOAJIhTUTOB ¢ noHamu Y u Dy,
MMEOIIUMA OJIMHAKOBOE OTKJIOHEHHE OT CTEXUOMETPHUH.
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2. OBPA3IBI 1 SKCITEPIMEHTAJIbHA £1
TEXHUKA

UccnenoBanusi CTPYKTYPHBIX U YIPYTUX CBONCTB
[IPOBOJIJIMCh HA TOJUKPUCTAJUIMIECKAX —00pa3max
YBaCo4Or4, u DyBaCosO74, (x = 0-0.2), cunre-
3UPOBAHHBIX [0 KEPAMUYECKONH TexHojoruu. TBepio-
da3HbIil CHHTE3 TPOBOJUJICS HA BO3JyXe U3 OKCUIOB
Y203/Dy203 (MTO-MFP.), CO304 (997 %, Alfa-
Aesar) u kapbonara BaCOs3 (oc. 4.), nupeaBapuresbHo
OTOXKYKEHHBIX TPU TEMIEPATypPax COOTBETCTBEHHO
800°C, 700°C u 400°C. Crexuomerpuyeckasi CMeCh
HCXOJTHBIX KOMIIOHEHTOB TINATEIHHO IIEPETUPAJIACD
B araToBOW CTYNKE C HUCIOJL30BAHUEM AIETOHA WJIH
9TAHOJIA, 3arPyKajJach B KOPYHJOBBIA THIE€Jb, YILIOT-
HsJIACH U TTOMEIAJIach B MydeabHyIo medb. B manHoit
paboTe CHHTEe3 MPOBOAWJICS B TPU CTAJUU IIPU TEMIIe-
parypax 900°C, 1000°C u 1100°C (Bpemsi orTKura
npy KaxkJoil Temneparype 20 9) ¢ IPOMEXKYTOYHBIM
neperupanueM. Kakjas crajus 3aBepliajgach 3a-
Kaakoit obpasma or 900-950 °C. Ilepen mocsegHum
orxkurom 1pu 1 = 1100 °C mopoInok rpeccoBaJicst B
TabaeTKu guamMeTpoM 15 MM u TosmuHON 3 MM (CM.
Jieraiu B padore [29]).

ITocne cunresa u 3akamku or 900-950 °C u30bI-
TOK KHCJOPO/Ia B TabJIeTKAX KEPAMUKH COCTABJISIIT T ~
0.05-0.10 B 3aBHCEMOCTH OT MOPGOJIOTUN Kepa-
MHUKM W TIapaMeTpoB 3akajku. J[as mogydeHus Tpe-
OyeMOTO CO/IEPKAHUS KUCIOPOJA W €ro OTHOPOIHOIO
pactpesiesiennss Mo 06beMy OOPA3IBbl KEPAMUKU TIOT-
BEPraJiich JOMOJHUTEILHON TEepMOOOpabOTKE, MMEIO-
meil CBOI crienuduKy [0 CPaBHEHUIO C JIPYTUMH OK-
cuzamu. PaBHOBECHOE COAEPKAHUE KHUCJIOPOAA Leq(T')
st cemeiicrBa RBaCo4074, uMmeer crynenyaryio 3a-
BucuMocTh [30]. DTO He HO3BOJsAET MOAyYaTh Tpebye-

~

Mble 3HAYEHUsI TEMIIEPATYPhI U MMapIMaIbLHOTO JIaBJie-
HUSI KUCJIOPOJIA.

B RBaCo4074, HpOMEkKyTOUHBIE COCTABBI C pa3-
JIMIHBIM n30BITKOM Kuciiopoga 0 < x < 1.5 u ero
OJIHOPOJIHBIM PACIPEIEIEHUEM 110 00bEMY YIAeTCsl O~
JIYIUTh TOJIBKO C TIOMOIIBIO 3aBucumoctu z(t) (& —
BpeMs oTzura). Temieparypa Opu 3TOM MOHUXKAJIACH
HACTOJILKO, YTO BXOXKJEHUE KHUCJIOPOJa JIMMUTUDPOBA-
JIOCh TIOBEPXHOCTHBIM 0OMeHOM. MaccuBHBIE 00PA3IThI
KEPaMUKW JIOJIPKHBI UMETD JIOCTATOTHO BBICOKYIO [TOPHU-
CTOCTB JIJIsI PABHOMEPHOT'O JIOCTYIIA KHUCJIOPOJIa K 3€p-
HaM KepaMmuKu. B mammoit pabore mpuMmeHsiiach Kepa-
MHUKa C IJIOTHOCTBIO OKOJIO0 75-80% OT peHTreHosc-
koit. CozepkaHne KHUCJIOPOJa C T 0 ObLTO TIONTY-
9eHO OTXKUTOM B Bakyyme mnpu Ttemreparype 500 °C,

a 3HAYEHUs T 0.10, 0.20 — oTKHIroM B Te4YeHUE
HECKOJIBKUX CyTOK Ha Bozjyxe upu I = 210°C. Ina
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CpaBHEHUsI WCCJIEJIOBAJNCH TaK¥Ke 0Opa3Ilbl, 3aKaJjleH-
meie or 900-950°C u He HOIBEpraBIIHECS IOIOJIHU-
TeJIbHOM TepMooOpaboTKe. DT KepaMuKu, 0003HAUEH-
Hble B TeKcTe (), MMEOT WHTErpaJibHOe COJIep:KaHue
kucjgopoga B uHTepBasie x = 0.07-0.10. YcioBusi ot-
JKWTa, 3aKAJKNA U 0DOTAIeHus KUCJIOPOJIOM s Y- U
Dy-ko6anbTuToB ObLIM OJUHAKOBBI, OJIHAKO COIEepKa-
HU€e KHCJOPOA U OJTHOPOIHOCTH €r0 PACIpPeeIeHHs 110
00beMy OKa3aJIUCh PA3INIHBIME JJIs JIBYX HCCJIEIOBAH-
HBIX cepuil (cM. gasiee).

ConepxkaHre KHCJIOPOJa B 00paslax Ompeess-
JIOCh HOJIOMETPUYIECKAM TUTPOBAHUEM, OCHOBAHHBIM
Ha paCTBOpeHWH o00pa3lia B pacTBOpe KHUCJIOTHI U
[TOCJIETYIOIIEM BOCCTAHOBJIEHUN BHICOKOBAJIEHTHOTO KO-
6aabra Co3T coorsercTByonuM BoccTanosuTeseM [31].
s kaxk10ro 0bpasiia ObLIO IMPOBEIEHO JBA-TPU IO-
CJIEIOBATEJILHBIX IKCIEPUMEHTA, MPU KOTOPBIX OKOJIO
30 Mr umccaemxyemoro obpasia pactBopsiiock B 1.5 M
pactBope HCL (okosio 50 mur), comepzkaiieM u3GLITOK
KI (okoso 2 r). BoccraHoBieHHe BBICOKOBAJIEHTHBIX
nonos Co3t 10 monos Co?T mpuBommio x o6pas3osa-
HUIO B PACTBOPE CTEXHOMETPUIECKOTO KOJIUIEeCTBa HO-
nma, kotopsrit TurpoBaJcs 0.02 M pacrsopom NagS20s.
Tounast koHIeHTpalusi pacTeopa NasSoO3 ompeelis-
JIACh M PEryJISIPHO KOHTPOJUPOBAJIACH OOPATHBIM THT-
posanuem crangapTabiM pactBopoM KoCraO7; pacTBop
TUTPAHTA JO3UPOBAJICS JIEKTPOHHOI ITOPIITHEBOI OfO-
PEeTKOii.

Koneunast Touka TUTpOBaHUsI (TOYKA IKBUBAJIEHT-
HOCTH) OIIPEJIENANIACh MOTEHINOMETPUIECKUM METO-
JIOM — perucrpanueil Ckadka MOTEHINAIa B IIPOIEcce
XuMUIecKoi peakiuu. JIjisi 9TOro mpoBOIMIOCH M3Me-
perre D/IC 0b6paTuMOro raJbBAHUYECKOTO 3JIEMEHTA,
COCTOSIIIEro U3 WHINKATOPHOIO 3JIEKTPOIA U JJIEKTPOIA
CpaBHEHUSI, IOI'PY2KEHHBIX B UCCJIEIyeMblil pacTBOp. B
Ka4ecTBEe MHINKATOPHOI'O 3JIEKTPO/IA IIPUMEHSIIICS T11a-
TUHOBBII 3JIEKTPOJ, & B KaYeCTBE 3JIEKTPOJA CpaBHE-
HUSI — KAJIOMEJIbHBINA 3JIEKTPOJ, C JIBOWHBIM COJIEBBIM
mocturoM. utst mamepennst 9IC obparuMoro sjieMeH-
Ta UCHOJB30BAJICS JIEKTPOMETPUIECKUN BOJBTMETD C
BBICOKUM BXOJIHBIM COIIPOTHBJIEHUEM, & BECh ITPOIECC
TUTPOBAHUS YIPABJISIICS OPUTHHAJIBLHOW KOMITHIOTED-
HOI IPOTrpaMMOil.

Pentrenorpaduteckne wmcciemoBaHus  TPOBOIN-
Jguch Ha judpakroMerpe Stoe ¢ MOHOXPOMATOPOM
Ha uepsuuHoM nyuke (Co K,i-usmydenue). Bee nn-
HAU Ha PEHTIeHOI'DAMMAaX WCCJIEeIyeMbIX 00pasIoB
RBaCos074, (R = Y, Dy; « 0, 0.1, 0.2, Q)
Ipu  KOMHATHOW TeMIleparype WHIUIMPOBAJIUCH C
paMKax TreKCaroHaJbHON uan CJ1ab0 UCKaYKeHHON

reKCaroHaJbHOW CTPYKTYphl. HekoTopblie 00pa3Ib
coJziepKRasn HeGoJIbInoe KoandectBo (okoso 1-3 %) ok-
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cuna urTpus /aucnposus. IlognonpoduibHbil anaius3
pEHTreHOTpaMMBI 0 MeTOJy PuTBayibla B WHTEpBa-
jge yrjoB 18°-120° ¢ wuCIOIB30BAHMEM IIPOrPAMMBI
Full Prof mosBosmi ompejesnTh 3HaUeHWs] apa-
METPOB G, b W ¢ MCKaXXeHHO# 3JIeMEHTAPHON sTIeiiKu
(oBosHaveHNsT IJIsT OPTOPOMOMYECKOH sTueiiKu) u WX
U3MEHEHUe [IPU U3MEHEHUN KHUCJIOPOIHOTO MHJIEKCA.

Momysnp FOura F u ko3dduimeHT BHYTPEHHETO
TpeHns ¢! M3MepSIIICh METOIOM COCTABHOI'O PE30HA-
Topa Ha 4dactore okoso 100 kl'm B mHTEpBase Temile-
paryp 80-280 K ma opurnHaabHON aBTOMATU3UPOBAH-
HOH ycTaHOBKe. XOPOIIO M3BECTHBIN METO]I COCTaBHO-
IO pe30HATOpa PeaN30BaH B yCTAHOBKE HA COBPEMEH-
Hoit TpubopHOit 6a3e n Gostee MOAPOOHO OMUCAH B pa-
Gore [28]. TemnepaTypa M3MepsIaCh U KOHTPOJUPOBa-
JIACH C ITOMOIIIBIO TEMIIEPATYPHOIO KOHTPOJIIIEPA ¢ TOU-
moctbio +0.03 K. Temmeparypible u3MepeHus: IpoBO-
JIMJTACH B PEYKUME CTAIMOHAPHOTO COCTOSIHUS, & TeMITe-
paTypHBI IMar u BBIIEPXKKA B objacTu (a30BOro Ie-
pexo/ia BapbUPOBAJINCH B IMUPOKUX TIpeJiesiax, obecte-
YUBAIOIINX CTAIMOHAPHOCTD. V3 3KCIEepUMEHTATBHOM
AMILIUTYIHO-9aCTOTHOH xapakrepuctuku A(f) B oba-
CTH PE30HAHCA METOJIOM MaTeMaTHYecKoi oOpaboTKu
[OJIy9asIach CrilaskeHHas kpusas Agny, (f) n oupeness-
JIUCh aMIUTUTY/bl U YaCTOThl PE30HAHCA W AHTHPE30-
nanca (mupuna okHa Af IIpU CrIaXKUBAHUK BaAPbUPO-
BaJIaCh B 3aBUCUMOCTH OT Ka9eCTBa MCXOTHBIX KPUBBIX
A(f)). TemueparypHble 3aBUCHMOCTH AMIUIUTY U Yac-
TOT PE30HAHCA W AHTUPE30HAHCA ITO3BOJISLIA OIIPE/ie-
aarh usMenenne monyis HOura E(T) u norsomenust
(koacbpunmenTa BHyTpennero Tperns) ¢ L(T) B mm-
POKOM JIMaNa30He TEMIIEPATYP.

3. 9KCITEPIMEHTAJIBHBIE PE3VJIBTATBHI 1
OBCY2XKJIAEHNE

3.1. PeHTreHOCTPpYKTYPHbII aHaIN3

Penrrenosckue HCCJIeI0BAHUS coeIMHEHU
RBaCo4074, (R = Y, Dy) nossoasitor o6HApY-
JKATh WCKAYKEHWs CTPYKTYPbI, KOTOPbIE CHUMAIOT
dpycrpanun 0OOMEHHBIX B3aUMOIECHCTBUAN U, TaKUM
0o0pa3oM, BIMAIOT HA MArHUTHOE YIOPsJOYeHHE B
K00aIbTOBOMN moscucTeme. CTPYKTYpa HCCIIEI0BAIIACD
[IpY KOMHATHOW TeMIlepaType Ha 3aKaJeHHBIX 00pas3-
nax (@ m oToXkK)KeHHbIX obpasnax ¢ x = 0, 0.1, 0.2.
PentrenorpamMMbl ncc/ie[OBAHHBIX 00PA3IOB MIPU KOM-
HATHOI TeMIepaType OOHAPYKUBAIOT CyIIECTBEHHOE
pasJimdue.

Jlajiee mpuBOIUTCS YACTh PEHTIEHOIDAMMBI B WH-
TepBasie yriioB 55°-70°, KoTopas cOmepKUT pedJrek-
Cbl, YyBCTBUTE/IbHbIE KAK K POMOMYECKOMY WCKAXKe-
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Puc. 1. DkcnepumerTansHble (To4kn) U paccunTanHble (nn-
HUW) PEHTrEHOrPaMMbl N Pa3HOCTb MEXAY HUMUN (JINHUM BHY-
3y) ans obpasuyos YBaCo4O745 € pa3HbiM OTKAOHEHMEM OT
crexunomerpun: z = 0.1 (a), x = 0 (6) n = = 0.2 (8) Ha
Co Kayi-uznydennn. LLtpuxamu nokasaHsl nosnoxeHus 6par-
FOBCKMX MUKOB COMNACHO NMPOCTPaHCTBEHHON rpynne (ans nc-
KakeHHoro obpasua ¢ x = 0 npusegeH «obpesaHHbIli» Habop
pednekcos ansa np. rpynnel P6smc npu b, # \/§a0)

HUIO, TaK U K HAJUIUIO ABYX(a3HOrO COCTOSHUS 00-
pasna. [TosHOPOMUILHBI aHAJIN3 PEHTIEHOIPAMMDI
o MeToiy PurBanbia 1y HECTEXHMOMETPHIECKUX 00-
pasnos RBaCo407.1 ¢ monamu Y u Dy mokassiBaer, 9T0
OHM UMEIOT HEUCKAYKEHHYIO NeKCANOHAJIBHYIO CTPYKTY-
Py ¢ mapaMmeTpaMu COOTBETCTBEHHO ap = 6.2954 A,
ch 10.2341A u a, = 6.3048 A, ¢, 10.2365 A
(puc. la u 2a; unnekcel myist Beex (a3 NPUBOIATCS B
opropoMbuteckoit ycranoBke h = h, = hy, + kp, k =
=k, = hp—kp,l =1, = l3). Takoro Tuna Hecrexuomer-
pUYECKHe COETUHEHUs] ¢ MOHAMHU Y, KaK W3BECTHO, He

00OHAPYKHUBAIOT CTPYKTYPHOTO II€PEX0Ja BIIOTh J0 Te-
smeBbIx Temmeparyp (25, 28|. IloxronpodmisHbl aHa-
JIN3 PEHTTEeHOTPAMMBI 3aKaJIEHHOTO 0bpasia () Dy-ko-
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Puc. 2. JkcnepumenTanbhble (Touku) n paccuuTanHbie (nu-
HUN) PEHTIEHOrPaMMbl U PAa3HOCTb MeXAY HUMU (AMHUN BHU-
3y) ans obpasuos DyBaCosO74 5 € pa3HbIM OTKIOHEHNEM OT
crexunomerpun: z = 0.1 (a), z = 0 (6) n 3akaneHHoro obpasua
Q (8) Ha Co Kq1-usnyyvenun. LLtpuxamu nokasansl nonoxe-
HUSt BP3rroOBCKNX MUKOB COFAACHO MPOCTPAHCTBEHHON rpynne
(Ans nckaxerHoro obpasua ¢ x = 0 npuBefeH NoNHbIA Habop
pednekcos ans np. rpynnsl Pbn2:)

6aJbTUTa TIOKA3BIBAET, YTO OH TAKXKE MMeeT HeHnCKa-
JKEHHYIO TeKCATOHAJIBHYIO CTPYKTYPY C OYeHb OJIM3KU-
MU TIapaMeTpaMu ap, ¢, (puc. 26). 3akajgeHHbINH 00pa-
zer; () Y-kobaabTuTa SABJISETCH JBYX(A3HBIM, OCHOB-
Has FeKcaroHajbHast (pa3za KOTOPOro UMeeT 3HaUYEHUe &
6mmmskoe k 0.1 (He mokaszaHo Ha puc. 1) [28].

Ha penrtremnorpaMmax CTEXHOMETPHIECKHX KODAIIDL-
TuTOB ¢ noHamu Y u Dy npu x = 0 Habsogaercs 3a-
METHOE Da3jIudne s psa PedIIeKCOB, IyBCTBATEb-
HBIX K poMOudeckoMy nckazkennio. Hanbostee 3amernoe
paclIeIIeHIe B YKa3aHHOM HHTEPBaJle OOHADYKUBAIOT
pedexcnr {(332) 4+ (062)} u {(400) + (260)} ¢ yrumamn
20 ~ 63° n 20 = 69° (oTMmedeHbI cTpejKamMu puc. 16).
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CpaBHuTenbHbIE NCCenoBaHnst OpyCTPUPOBAHHbLIX KODANLTUTOB. . .

Pedirexcor ¢ yrmamu 20 ~ 59° u 20 ~ 61° rmakxke
OOHAPYKUBAIOT HEOOJIBIIOE PACIIEILIEHNE WU YIIAPe-
nre. PenTreHorpaMMbl CTEXMOMETPUYIECKAX OOPA3IOB
XOPOIITO OMMUCHIBAIOTCS C yIETOM HEDOJIBIITOTO POMOHUTIe-
CKOTO WCKaYKEHUsI CTPYKTYPbl. BemunmHa mcKarkeHuUst
o = (ao — bo/\/g) /a, 1pu 06paboTKe IOJHON peHT-
reHorpaMMbl B juanasone yrioB 18°—120° cocrasisieT
€0 =—39-10"% u ¢, —4.1-1073, cooTBeTCTBEH-
o i Y- u Dy-kobasnbruTos. Besmunna nckarkeHust,

OTIpeJieIeHHasl TI0 OTJIETBHBIM pedJieKcaM, TakwXKe Jie-
JKAT BOJIM3U 3TUX 3HAYEHUM.

IIpu obpaboTke pPEeHTreHOrPpAMM CTEXHOMETPUIEC-
KHX HUCKAXKEHHBIX 00pa3loB MBI HUCIOJIH30BATH TOT
daxT, 9To pu HEOOIBIIIOM UCKAYKEHNHN CTPYKTYPHI OC-
HOBHOE N3MEHEHHE Ha PEHTIEeHOI'DAMME CBOJIUTCSI K Pac-
MMEIUIEHUIO WHTEHCUBHBIX JIMHUN, MPUCYTCTBYIONUX B
BBICOKOCUMMETPHYHOIT baze (CM. MITpUX-AUArDAMMY
Ha puc. 16 mia Y-xkobanprura ¢ x = 0). Bosnukaio-
e B HU3KOCUMMETPUYIHON Da3e HOBbIE JIMHUHA HMe-
0T, KaK [PABWJIO, MAJyl0 WHTEHCUBHOCTb W IIPAKTHU-
9eCKU MOTYT HE YUUTBHIBATHCS IIPU MTOJHOIPOMUILHOM

aHaJII3e, WCIOJb3YIONEM JIJIS OUPEJIeIEHUsT MEeTPUKU
pelreTKn TOJIBKO YIJIOBOe Tojoxkenne JjwHuit. [locme
YTOYHEHUS [IAPAMETPOB PEIIeTKN U UCKAYKEHUsT pacderT
WHTEHCUBHOCTEI TIMKOB ITPOBOHUJICS 10 ITOJTHOMY CITHAC-
Ky BCeX Da3pelleHHbIX cuMMerpueii pediekcos (cM.
mrpux-guarpammy i Dy-kobagbrura ¢ & 0 =Ha
puc. 26). IIpu 9TOM HOBbIE JIMHUM, COJIACHO PACYETaM,

UMeIOT MHTeHCUBHOCTD MeHee (.1 %, 1ro He cka3biBaeT-
sl Ha OIPEJIEJIeHUH TAPAMETPOB PENIeTKU, HO JI0JIZKHO
VIUTBIBATLCS TIPU ONIUCAHUN MHTEHCUBHOCTE! JIMHUIT Ha
PEHTTeHOrPaMMe.

Pacmemnenne pedaekca {(400) + (260)}, nanGo-
Jlee IyBCTBUTEHLHOTO K POMOMYECKOMY HMCKAsKEHHIO B
YKa3aHHOI 06/1aCTH YIJIOB, HANPAMYIO JIA€T BeJUUUHY
HCKaKeHHst

€0 =2(d} —d3)/(4d} — d3), diy=2sin(b12/)),

rae 01 = 0400, 02 = 0269 — OpPITTOBCKHUE yIJIBI CO-
OTBETCTBYIOIMNX PedIEKCOB. ITOT PedIIEKC UCIIOTH30-
BaJICs JIJIsI 3aJ[aHUSI CTAPTOBON TOYKU IIPU yTOIHEHUH
napamerpos perrerkn B iporpamme Full  Prof kak jgist
CJIADOMCKAXKEHHBIX, TaK U JJIs IBYX(a3HBIX 00Pa3IIoB.
Bunno, uro g obpasnos ¢ x = 0 ¢ HEDOJBITUM Op-
TOPOMOMYIECKNM HUCKaXKeHneM pediiekec 0OHapyKUBAET
pacuierienue Ha jse juaun (puc. 16 u 26), B TO BpeMs
KaK HecrexuoMmerpuydeckuM obpasuam ¢ = 0.1 (a rak-
’Ke 3akajieHHoMy obpasiy ) Dy-kobanbrura, puc. 26)
COOTBETCTBYET HEPACIIEILIEHHBIH pediiekc mist di = da
upu b, = a,/V3 (puc. la, 2a). OrMeruM, 9TO COOT-
HomeHne nHTeHCuBHOCTEdH [1 /I5 = 2 : 1 aTux pacuien-
JIEHHBIX JIMHUH JiJist UCKaykeHHOTOo Dy-Kobabrura co-
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Puc. 3. 3aBucumoctb napameTpoB SIYENKW  Ggqy @ =

(a+b/vV3)/a n ¢ or usbwbitka kucnopoga = Ans
cuctem Y (ceetsibie Todkn) u Dy (TemHble Toukn) (ans 3a-
KaneHHbix @ 1 HeogHodasHbIX 06pa3LOB — TOYKKU BonbLuEro
pasmepa)

OTBETCTBYIOT CTATUCTUYECKOMY 3HAYEHUIO JJISI TAKOI'O
Tuna uckaxenusi. st Y-KoOaJIbTUTa 9TO COOTHOIIIEHTE
HECKOJIBKO MEHBIIIE, YTO MOXKET CBUJIETEThCTBOBATH JIU-
60 0 TekcType, MO0 O HE3HAUUTEJTHLHOM ITPUCYTCTBUH
apyroit dasbl.

SHaueHusT CPeJIHUX AapAMETPOB STIEHKH JIJIsT UCKa-
XKEHHOTO Qg = (a+b/v/3) /2, ¢ u HemckazKeHHDBIX
ap, Cp, OOPA3IOB, COTJIACHO TOJHOTPOMUILHOMY aAHAJIU-
3y, 6im3ku (puc. 3). 113 cpaBHeHus 1apaMeTpoB peleT-
KO I8 JBYX CTPYKTYp Dy-K06ajabTUTOB BHJIHO, UTO
[Ipy OTKJIOHEHWN OT crexuomerpuu ¢ = 0.1 mapamerp
¢ yBemmuuBaeTcd Ha 0.017 A, a mapamerp g, YMEHb-
mraercst ma 0.014 A. Dro IIPUBOJTUT K YBEJUYEHHUIO OT-
HOIIEHUsI ¢/ agq, OT 1.620 10 1.624 myia Dy-kobasnabruTa.
AHAIOTMYHO U3MEHEHUe MapaMeTPOB PEIeTKu Jiist Y-
KOOAJIBTATA IPUBOJIAT K YBEJIMIEHUIO OTHOIIEHUSI C/ dgq
or 1.623 no 1.626. CpaBHUMBIE BEJIUYUHBI U3MEHEHUSI
mapaMerposB a, b, ¢ OpTOpOMOMIECKOi sTueiiku pu 000-
TaleHuN KHUCJIOPOJOM HAOJIIONAJINCH PAHee NI CJIOU-
crhix KynpatoB YBasCusOgy, [32]. IIpexnonaras 3a-
BUCHMOCTH IAPAMETPOB SIEHKH (g, U € OT HAPAMET-
pa x B HEOOJIBIION 00JIACTH JIMHEHHOI, MOYKHO OIEHUTh
OTKJIOHEHHE OT CTEXHOMETPUU & JIJIsl 3aKAJEHHBIX ()
u Heonuodasubix 006pasnos (puc. 3). g 3akajeHHO-
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ro Dy-kobasprura 110 000MM IapaMeTpaM II0JIyIaeTcs
~ 0.07, a 11 OCHOBHOM has3bl
sakaJsieHHOro Y-kobasprura — g ~ 0.08 (Dyg u Yo
Ha puc. 3). Takum 06pazom, st 06euxX CUCTEM IeKCaro-
0.1 siBJIsIeTCST OCTATOYHO YCTOM-

6JIM3KOe 3HAYEHNE TQ

HajbHas dasza ¢ T ~
YUBOM.
Pentremorpammbr Y- u Dy-k06aabTUTOB ¢ U30BIT-
KOM Kucjoposa & = (.2, HoJIydeHHBIX IO OJIMHAKOBOI
HIPOLIE/YPE, CYHIECTBEHHO OTIMYAIOTCS JAPYT OT JIPYTa.
TlockonbKy 7/1st HEOIHOMA3HBIX 00PA3IOB OIpPeIeIeH-
HOe HO/IOTUTPOBAHNEM 3HAYEHNE T COOTBETCTBYET CPE/I-
HEMY I1I0 00beMY 3HAYEHHIO M30bITKA KHUCJIOPOA, MBI
HCIOJb3yeM JIst 1Byx}a3Hoil cucreMbl 0OO3HAUEHUE
r =«0.2». g Y-kobaabTuTra 1eblit psax pedaeKkcoB
00HApY?KUBAET paciiellJIeHUe, 0JJHAKO PEHTIeHOI'PaMMa
OIIMCHIBAETCS HE CJIADOUCKAXKEHHOHN CTPYKTYPOil, & JIBY-
Mgt azamu ¢ 6IM3KUME apamMeTpaMu (CM., HAllpUMep,
CJIOZKHYTO JIMHUIO ¢ 6PIrroBCKUM yruioM 260 /2 56°). dru
da3bl o mapaMeTpaM PeIieTKu OJM3KM K COCTaBaM C

T

0.1 m x = 0.3 B IpeJIOJIOKEHUN JIUHENTHON 3a-
BUCHMOCTH [TAPAMETPOB Ggy U € OT U3OBITKA KUCIOPO-
na x (puc. 3, dasza ¢ x 0.3 me nokaszana). Takoe
pacciioerne Ha (Ha3bl B Y-KOOAJBTUTE BEPOATHEE BCETO
CBSI3aHO C XapaKTepoM oboralenns Kucaopogom. Kak
OTMEYAJIOCh, IIPU HU3KOI TeMIepaType KUCIOPOJ, BXO-
JSIMANR ¢ TTOBEPXHOCTU TAOJIETKN, MEJJIEHHO BBIPABHU-
Baercs 10 ee pajuycy (cMm. pasz. 2). Unas curyaius
ayist Dy-kobasbrura ¢ © =«0.2», Ha peHTTeHOrpaMMe
KOTOPOI'O B OCHOBHOM IIPUCYTCTBYET TI'eKCATOHAJIbHAS
daza ¢ x 6auskum K 0.1. Ucnonp3yst 3aBucuMocTy na-
DPAMETPOB Gy U € OT H30BITKA KUCJIOPO/IA, MBI OIEHUJIH
st 970l a3l 3uadenue r = 0.127.

OpHAaKO TPU 9TOM IKCHEPUMEHTAJIbHAS PEHTIEHO-
rpamma it Dy-kobanbtuta ¢ £ = 0.2 oOHApyKuBa-
er mocjie 0bOTaIleHnsT KUCIOPOJIOM TIOSIBJIEHNE HOBBIX
[IPUMECHBIX TTUKOB, TI0 CPABHEHUIO C COCTABAMU C T =

0, 0.1 (oGosmaueHsl crpejkaMu Ha puc. 46). dto
TI03BOJISIET TIPEJIIIONIOKUTH 00pa30BaHme B 3TOM 0Opa3-
Ie OJHOBPEMEHHO (pa3bl, 0OOTAIIEHHONH KUCIOPOIOM C
z > 1.0. Ha puc. 4 nokazana 9acTb PEHTTEHOTDAM-
MBI B Juana3oHe yrjoB 32°-42°, Koropas COIEPKHUT
HanboJjiee CHIbHBIE PedJIeKCHl OCHOBHON M IIPUMECHO
da3 gns Dy-KobaJbTUTOB C PA3IUIHBIM OTKJIOHEHUEM
oT crexuomerpuu. g Bcex coeauHeHuit HaOIIOIAET-
cst HeboutbIas mpuMecHast Junaust Dy2O3 ¢ 20 = 33.6°
M3-33 OTKJIOHEHUsI IMUXTHI OT CTEXUOMETPUIECKOTO CO-
OTHOIIIEHUsI 10 KATUOHAM IIPU BBICOKOU TeMIepaType
(4T0bBI KOMIIEHCHPOBATH 3TOT 3PMEKT B UCXOHYIO
MIUXTY BBOAUTCS N30BITOK KOMIIOHEHTA, KOTOPBII UCTIa-
psercs cuybhee). TepMoo6paboTKa Npu HU3KOH TeMIre-
patype okouio 210 °C, cBoggmiasicst K 00OTraIieHuio Kuc-
JIOPOJIOM YK€ CHHTE3MPOBAHHOW KEPAMUKH, HE JIOJIK-
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Puc. 4. JkcnepumenTanbhble (Touku) n paccuuTanHbie (nu-
HWUM) PEHTFEHOrPaMMbl U Pa3HOCTb MEXAY HUMK (IMHUN BHY-
3y) ans obpasuos DyBaCosO74 5 € pa3HbIM OTKIOHEHNEM OT
crexunomerpun: z = 0 (a), x = 0.2 (puc. 6, cTpenkamu no-
KasaHbl anHum asel ¢ z &~ 1.4) n z = 1.4 (puc. 6, «mo-
genbHasi» pentredorpamma) Ha Co Ka1-usnydenun. LLtpu-
XaMI MOKa3aHbl NONOXKeHUst BP3rroBCKINX MUKOB COracHO Npo-
CTpaHCTBEHHO rpynne (4ns uckaxkeHHoro obpasua ¢ z = 0
npuseaeH «obpesaHHbli» Habop pedbnekcos Ans np. rpynnbi
P6smc npn b, # \/gao)

HA TPUBOJUTH K IOSIBJIEHUIO JIOIOJHUTEIHHBIX IPHU-
MECHBIX THUKOB TAKOro Tuma. MOKHO MpeJInoioKuTh,
YTO HOBBIE MPUMECHbIE THUKU Jisi Dy-KobasibTuTa C
x =«0.2» 00yc0B/IeHbI IOSIBJIEHUEM BTOPOIl yCTONIN-
BOit as3bl, oborameHHoil kucaopogom, ¢ x > 1.0.
CKJIOHHOCTBb KOOAJBTUTOB K O0Opa30BaHUIO JBYX(as-
HOTO cocTostHUs (paccioeHne Ha (asbl) TIPH OTKJIO-
HEHWH 00pa3la OT CTEeXHMOMEeTpuH HabJIIofaIach u 00-
cyxpanach panee g cucreM YbBaCosO7y, [16] u
YBaCO407+$ [28]

st IpoBEpKU 3TOTO IIPEJIITOJIOXKEHUsA ObLIa II0-
JIydeHA <«MOJEJIbHAs» PEHTTEHOTPAMMA, COEJMHEHUS
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DyBaCo4074, (z > 1.0) ¢ ncnonb3oBaHneM PEHTIEHO-
rpammbl oopasna YBaCosO74, ¢ usBectabiM x = 1.4.
Penrrenorpamma obpasia YBaCosOg 4 ObL1a nepemac-
MTabUPOBAHA C yIETOM PA3JIUIHS [1aPAMETPOB TIeiKH
a, ¢ g Y- u Dy-ko6aaptutoB. OTHOCHTEIHHOE U3Me-
HEHHE [apaMeTPOB @ U ¢ IPU HePeXojie OT CTEXHOMET-
pudeckoro Y- K crexuoMerputdeckomy Dy-KobaabTUTy
cocrasister Aaja ~ Ac/c ~ —1-1073, uro nmpusomuT
K cMennennio ukos Ha Af = tglAa/a [11].

Penrrenorpamma o6pasmna YBaCo4Og 4 B 9TOM ji1a-
[Ma30HE YTJIOB KAYECTBEHHO IIOXOXKa Ha HabJIroIae-
myto g crexuomerpudeckoro YBaCosOr ¢ Hebosb-
M OpTOpOMOITIecKknM nckazkenuneM. Ilommonpodnib-
HBIIl aHaJM3 MOKa3aJj, YTO PEHTreHorpaMMa o06pasrna
YBaCo40g.4 XOPOIIO OMUCHIBAETCS ITPOCTPAHCTBEHHOM
rpymmnoit Pbc2; ¢ yIBOEHHBIM HapaMeTpoM 2a, HO Be-
JIMYUHDBI ¥ 3HAKU MCKayKeHud €9 = —3.9- 1072 u g9 =
=6.9-10"3 gug obpasnos c z = 0 u = = 1.4 pazmya-
orcs. B wacTHOCTH, IpyTHE COOTHOIIEHUSI HHTEHCUBHO-
creit mukoB 130/ l200 1 Toa1 /1221 10151 ABYX coenuHeHnMi
CBUJIETEJLCTBYIOT 00 M3MEHEHUN 3HAKA UCKaXKeHusl (Cp.
puc. 4a u 46, Ipy YABOGHUU TIEPUOJIA JIJIsT COETUHEHUS
¢ x = 1.4 cexyer u3MeHUTH UHIEKCH h — 2h).

CpaBHeHre mepeMacrITabUPOBAHHON  PEHTTEHO-
rpammbl (puc. 46) ¢ pearredorpammoit Dy-kobaabrura
¢ x = 0.2 B yKa3aHHOM JHala30He OpP3ITOBCKHUX
YTJIOB TIOKA3bIBAET, UTO MOJIOXKEHUS JOMOJHATEIbHBIX
[IPUMECHBIX JIMHUW, BO3HUKAIOIMUX IIpu oborarre-
HAU KHUCJOPOJOM, COBIAJAIOT C HamboJiee CHJIbHBIMEU
OTIEeJbHBIMY JUHUAME JJId & = 1.4 (1OKa3aHbI cTpe-
kamu Ha puc. 46). Takum o6pazom, B Dy-kobaibrure
[IpU  YBEJIMYEHUU OTKJIOHEHHS OT CTEXHOMETPHH,
x > 0.2, BO3HHKaeT paccjioeHne Ha nBe (a3bl U
osIBJIsieTCsT  OboTallleHHasT KUCIopomoM dasza. 3Has
cpejiHee 3HaYeHNE T B 0ObeMme 0Opasna U 3HAYEHUE T
JIJTsT IOMUHUPYIOIIEit (ha3bl, MOYKHO OIEHUTH COJIepKa-
nue oboramennoit kucsgopogom daszel DyBaCosOry,
(x ~ 1.4) okoimo 5 %.

3.2. Moayns FOHra u BHyTpeHHee TpeHue

VccirenoBanus yupyrux CBOMCTB IIO3BOJISIOT PEru-
CTPUPOBATH TEMIIEPATYPY IEPEX0Jla U U3Y4IaTh BJIU-
dHWe Ha TIepexoJi Pas3jndHbX dakTopoB. Hamm wuc-
CJIEJIOBAHUS 1TOKa3aJd, YTO XapaKTep aHOMAJMK B 00-
gactu Txn mysa cepun obpasios YBaCosOry, (x =
= 0, 0.1, 0.2) B oueHb CHJILHON CTEIEHH OIpe/ie-
JISIETCS OTKJIOHEHWeM OT crexmomerpun [28]. B man-
HO# paboTe MPOBEIEHO CPABHEHNE TEMITEPATYPHBIX 3a-
Bucumocteit Mmogyns IOura E(T) u BHyTpeHHETO Tpe-
s ¢~ Y(T) aByx cepuit coeyunenniit DyBaCosO7, . u
YBaCo4074,; ¢ 0uHAKOBBIM U30BITKOM KHCJIOPOIA &

DyBaCo Oy,

100 150 200 250

T, K

Puc. 5. 3aBucMMocCTb oOTHOCKUTENLHO BennYuHbl Moaynst FOH-
ra AE/Ey oT TemnepaTypbl ANl CEPUN OTOXIKEHHbIX U 3aKa-
nexHoro @ obpasyos DyBaCo4O74 4, € pa3nnyHbiM cogeprxa-
HMEM KNCNOPOAa Npu Harpese (CBET/IbIE TOUKN) 1 OXJTaXKAEHNN
(TemHble Toukn). Kpuesle gast = 0.1, 0.2 n Q cmelenbl no
BEPTUKAIbHOW OCM Ha MPOU3BOJIbHYIO BENNYUHY

U MCKaXKeHUueM CTPYKTYpbl. s ynoberBa cpaBHEHUS
JUIst BeeX 0BPasIoB HA PUCYHKAX IIPUBEIECHBI OTHOCH-
resibHBIE n3MeHeHus Mouyast AE(T)/Ey

AE(T) = E(T) - B,

HOpMUPOBaHHbIE Ha 3Havenue Fy mpu T = 280 K.

B wunrepBasie Temmeparyp 80-280 K xpusbie
AE(T)/Ey JIEMOHCTPUPYIOT — TI'MCTEpe3uc,
BeJIMYMHA KOTOPOI'O, BOOOINE TOBOpsi, 3aBUCUT OT

OOBIYHO

NIpeILICTOPUN JTaHHON cepum u3Mepenwuii. Ilocie mep-
BOTO TEPMOIMKIUPOBAHUS TIOJIy9aeTcst CTabuIbHAsT
HeTjisd TUCTEPE3UCa, JJisi KOTOPOH pPa3HOCTH MEeXkK-
Jly KPHUBLIMU IIPDU OXJIAXKJIEHUU U HarpeBe yxKe He
MEHSETCSI M OIPEJIENSIETCsl  CBOWCTBaMM — 0bOpasia:
TEXHOJIOTHel cuHTe3a 06pasIoB, COAEPKAHUEM KUCIIO-
poZia, MCKaXKeHueM CTPYKTYpbl. Ha pucyHKax jaJiee
NPUBOJATCA U ODCYXKJIAIOTCS TAKHME YCTAHOBUBINUECST
AE(T)/Ep. Xapakrepa
kpusblx AE(T)/Ep B 3aBUCHMOCTH OT & JIJIs CHCTEMBI
YBaCo4Or4, obcyxmanoch panee [28].

st HeucKaKeHHOro 3aKajleHHOro obpasna ()
Dy-koGaJbTuTa KpPUBBIE TPH OXJIAXKICHUM OT KOM-
HATHOI TeMIepaTypbl OOHADYKUBAIOT HETUIMIHOE

3aBUCUMOCTU Nsmenenne

cMaATYenue okoJo 3 - 1072 u sHaunTe bLHbIH rHCTepe3nc
(pmc. 5, kpusbie 1g u 2¢). IIpu sToMm BeamuuHa rucre-

6*
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pesuca (mupHHA TeT/M) cocTaBageT okoo 1.5 - 1072
Haob6opor, mist crexuomerpudaeckoro obpasma ¢ x = 0
cvsiraerne Ha kpuBbix AFE(T)/Ey He mnpesbImaer
npuMepro 1.5-1072 u THcTepe3nc IPaKTHIeCKH OTCYT-
crByer. Takoe moBejeHME MOJIyJIEHl YIPYrOCTH HUKE
CTPYKTYPHOTO TIEPEX0Jia B UCCJIELyeMbIX KOOAJIBTUTAX
HEe JI0 KOHIA MOHATHO. ['MCTepe3uc, Ha HAIl B3IJISI,
0O0yCJIOBJIEH HEPaCHOBECHBIM COCTOSTHHEM  00pa3sIa
(HEpACHOBECHBIM PacCHpee/IeHueM KHUCIOPOJa) IpU
TEPMOIMKJINPOBAHUH, KOTOPOEe 00Jiee BBIPAYKEHO st
3akaJieHHOro obpasmna (). Herunuamoe cmardenne
MO/l C IMOHWXKEHWEM TeMIIepaTypbl HUXKE CTPYK-
TYPHOTO IEPeXoia MOXKET OBbITh CBSI3aHO KaK C Iepe-
pacipesiejieHieM KHCJIOPOJa, TaK U C yCTAHOBJIEHUEM
OJIMKHEr0 MATHUTHOTO Topsiaka. [lpm orkjaoHeHun
oT crexuomeTpun s obpasnos ¢ x = 0.1, z = 0.2
HaOJIOAETCS CMATYEHUE W THCTEPE3NC OBICTPO YMEHb-
marorcs. Jlns ucenemyembrx o6pasmnos Dy-kobaabrura
C PA3JINYHBIM & MPOCJEKUBAETCS CBSA3b MEXK]Iy BeJIU-
YUHAMU TECTEPE3UCA U PEe3yIbTUPYIONIEro CMSITYeHUsT
MOJIyJIsI, KOTOpasi ObLjia OOHApY2KeHa paHee JJisi CEPUU
obpasnoB YBaCo4O7y,. Ormermm, dUTo mOBemeHue
3aKaJjieHHbIX 00pa31oB () KOOAJIBTUTOB ¢ mMOHamMu Dy
u Y 6sim3Koe, TOrJa Kak ISl CTEXHOMETPHUIECKUX
00pa3IoB OHO 3AMETHO PA3JINIAECTCH.

UccremoBannabie cepun Dy- um Y-KoOaaIbTUTOB 00-
HAPYKUBAIOT TAKYKe KAYECTBEHHO PA3JIUIHOE MOBE/Ie-
Hre moxyis FOHra B obJsiacTé MarHuTHOrO (a30BOrO
nepexona. Pamee OLIIO TOAPOOHO MCCIETOBAHO BJIHsI-
HU€ HECTEXUOMETPHUH Ha MATHUTHBIN (DA30BbIi IIepexo/T
B Co-niogcucreme st cepun 06pasnoB YBaCoyOrq 4,
[IOJIBEPIHYTHIX JIOTIOJTHUTEILHOMY OTKHUTY HA BO3JLY-
xe. JIjist cTeXmoMeTpuuecKoro MCKayKeHHOro obpasia

0 B objacTu MarHUTHOIO (Pa30BOrO MEPEXO-
ga Tn ~ 105 K na ¢doHe MOHOTOHHOTO M3MEHEHUSI
AE(T)/Ey nabmonaorcs ckadku Moyt FOHra, nve-

CcC X

IOIIE MECTO KaK [P HATDEBE, TaK U IIPH OXJIAXKICHUH,
1 BOCIIPOU3BOJISIIAECS [IPU TOBTOPHOM TEPMOIIIKIIHPO-
BaHUN. BeJIMUMHBI CKAIKOB [IPU OXJIAXKICHUH 1 HADEBE
OPaKTHIECKN coBnajanT u cocrapistior dFE(TN)/Ey =
~ 1-1072. Touxa dazosoro mepexoaa T COOTBETCTBY-
eT ckauky Ha 3aBucuMoctu AE(T)/Ey niam MakCUMyMy
npoussommoit (Ey ") dE/dT wmopyns Oura mo temre-
parype (puc. 6a). Temneparypa mMarauTHOrO (hazoBo-
ro nepexona 1y (104.0 = 0.2) K, onpenenennast
no makcumymy ma kpusoit (Ey')dE/dT, cosmamaer

C JINTepaTypPHbIMU JIAHHBIMH. TeMilepaTypa Iepexoia
3aMETHO He MEHSIETCsI IIPU OTKJIOHEHUU OT CTEXMOMET-
puun, XOTs CaM TIepexo] CIJIBHO pa3MbiBaercs. s cre-
XHOMeTpHUIecKoro Er-kobagbrura B obmactu Ty Tak:Ke
HaOJIIOIAETCS aHOMAJINsI, OJIM3Kas 110 XapaKTepy u Be-
JuanHe Y-KOOAIbTUTY. DTa AaHOMAJIUS yMEHBIAETCS B

500

30
!
a 2/ AAAAAAAAAAAAAAAAAAAAA
15+
0 -
DyBaCo Oy,
e
) A | I
i fo,
S fectes, O Y RBaCo,0,
& 100
)
=
=l
g
Z 50
0
-50
-100
90 100 110 120
T, K

Puc. 6. TemnepaTypHble 3aBUCUMOCTV MNPOU3BOSHON MOLY-
ns KOwra (1/Eo) dE/dT pnsi HecTexmomeTpuyeckux obpas-
uoe DyBaCo4O74, c 01 u x 0.2 (a). 3asu-
cumoctn (1/Eo)dE/dT pns ctexnomeTpuyeckux obpasuos
RBaCo407 ¢ pazanynbimu P3-nonamu npu Harpese (cBeTniblie
TOYKM) 1 oxNaxxaeHun (TeMHbIE TOYKM) B 0BNAaCTU MarHUTHO-
ro cdasosoro nepexoga kobansToBoOl noacucrembl (Kpusble 1,
2—R=Dy; 1’2" —R =Y; 1", 2" — R = Er). Kpu-
Bble ANs pasnudHbix R cMelleHbl no BepTukanbHOW ocu Ha
Npon3BobHyto BennduHy (6)

HECKOJbKO Pa3 W CABHUTaeTcs BHU3 npuMmepHo Ha 8 K
[IpA OTKJIOHEHUU OT CTEXUOMETPHUU JJIs 3aKAJEHHOTO
obpastia [33]. XapakrepHo, 9TO I CTEXHOMETPHUIE-
ckoro Dy-kobanbprura anomasust B objactu 1, coOT-
BeTCTBYMOIIAs yrnopsgpoueHuto Co-ToICuCTeMbl, CyIIie-
CTBEHHO MeHee BBIPAXKEHA M BHJIHA TOJIBKO HA IIPOU3-
BomHo#t (puc. 66). Takum 06pa3oM, BeJUYUHA AHOMA-
JINY 3aBUCHUT KaK OT OTKJIOHEHUsI OT CTEXUOMETPHUH, TaK
u or tuna P3-nona.

[Tpu yBenmuenun comeprkaHusi KUCJIOPOIA B HECTE-
xuomeTpudecknx obpasnax YBaCosO74, ¢ x = 0.1
n 0.2 ckauykKum Ha TEeMIEPATYPHBIX 3aBUCUMOCTIX MO-
nynsa FOura AE/Ey npu Ty 0YeHb PE3KO yMEHbINA-
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Puc. 7. TemnepaTypHas 3aBUCUMOCTb BHYTPEHHEro TpeHus
q~ " cepum obpasyoe DyYBaCo4O74+, € pasHbiM OTK/OHe-
HMEM OT CTeXUoMeTpunm T npu Harpese (CBeTnble TO4YKM) U
oxnaxgeHun (TemHble Toukn): kpusbie 1, 2—x =0; 17, 2/ —
x=0.1; 1”7, 2" — x = 0.2). Ha BcTaBKe NOKa3aHO CpaBHeHMEe
MaKCMMYMOB MOFIOLIEHNst ¢ © 415t OTOMO KEHHOTO ¢ - = 0 1
3akanenHoro ) obpasuos YBaCosO7y, npu Harpese (cBet-
NIble TOYKM) U OxNaxkaeHnn (TeMHbIE TOHKN)

I0TCsl, PA3MBIBAIOTCS M CTAHOBATCS IIPAKTUIECKU HEHA~
osomaeMbiMu. X ciesibl MOYXKHO OOHAPYKUTH TOJTBKO
na npoussomnoii (Ey ') dE/dT, umeromeii pasmbIThiit
MakcuMyM B obmactu T [28]. 3akaseHubiii o6paserr
Q@ wxobasbruTa YBaC04074 4, JJIT KOTOPOrO 3HAYEHUE
z < 0.1, Takyke OOHAPYKUBAET TOJBKO OYEHBb PA3MBI-
TBIA MAKCHUMyM Ha Tpou3BojHOi. s Hecrexmomer-
pudecknx obpasuos Dy-kobanbrura (Tak Ke, KaK u
JUTsT 3aKaJIEHHOTO ()) HUKaKO# aHOMAJIWU HA KPUBBIX
(E;*) dE/dT ne nabmonaercs (puc. 6a, o6pasern Q me
HOKa3aH).

Tax xe xak mrsa cepuu YBaCosOr7,, pasmudue
MexKTy obpasnamu Dy-KOOaJIbTUTOB ¢ PA3HBIME T ITPO-
SIBJISIETCST HA TEMIIEPATYPHBIX 3aBUCHMOCTSIX KO3hdu-
muenTa BHyTpentero Tperus ¢ L(T) (puc. 7). Makcu-
MYM MOTJIONIEHHUST JIJIsI OTOYKKEHHOI'O NCKAYKEHHOrO 00-
pasma ¢ * = 0 maburogaercss BOJIM3W TeMIIEpaTypPhI
MarauTHOTO (hazosoro mepexoqa T ~ 105 K. Ilo-
xoxKuit MaxcumyMm norsomenns ¢~ L(T) nabmonaercs
TakxXKe I cTexmomMerpudeckoro obpasma YBaCosO7

(BcraBka Ha puc. 7). Panee 661710 06HAPYKEHO, 9TO 3TOT
MaKCHMyM TOTJIOMEHUs TPOIAIAeT B CUIHHO3aAMEIECH-

501

ubix kobaabTurax RBaCoZnsO7 (R =Y, Dy, Ho, Er)
[34], 9TO MOATBEPKIAET €r0 CBA3b ¢ MATHUTHBIM YIIO-
psiovYeHreM B KOOAJILTOBOI MmojicucTeMe. AcuMMeTpd-
nag dbopma Maxcumyma ¢~ (1) 1/1s cTexuoMeTpuyec-
Koro obpasna x 0 MO3BOJISIET TPEIIOJOKUTH, UTO

OH COCTOUT U3 JIBYX IIMPOKUX ITUKOB, OJWH M3 KOTO-
PBIX COBIQJIAET C TEMIIEPATY POl MArHUTHOI'O yIIOPSIIO-
4JeHus B KOHGAIbTOBOI nojcucreme. Jljis 3akaaennoro @
U HECTEXMOMETPUYECKUX O00pa3NoB MaKCUMyM IOTJIO-
MEeHUsT CMeIeH B 00JIacTh 0oJjiee HU3KUX TEMIIEPaATyP
U Yalle BCEro MEHbBINE 10 BEJIMYUHE, T.€. JJIs ITUX
00pasIoB COXPAHIETCsl TOJHKO HU3KOTEMIIEPATYPHBIH
MaKCHMYM IOTJIOIIEHUS.

AHaJjioru4yHble 3aKOHOMEPHOCTH B IIOBEIEHUH KO-
duImenTa BHYTPEHHEIO TPEHUSI B 3aBUCUMOCTHU OT HC-
KayKeHUsl CTPYKTYPBI U COJEPIKAHUS KUCJIOPOJIa ObLu
obHapyxKeHbI paHee s cepuu 06pa3ros Y BaCosO74 4.

JJ1st CTeXMOMEeTPUTIEeCKOTO NCKAXKEHHOT0 00pa3Iia ¢ T
= 0 umeeTcst OOIBIION MAKCUMYM, COCTOSIINIA U3 JBYX,
TOorma Kak i 3akajeHHoro obpasma ¢ r < 0.1 co-
XpaHsIeTCsl TOJIBKO OJINH HU3KOTEMIIEPATYPHBINA MaKCH-
MyM (BcTaBka Ha puc. 7). OHAKO Pa3HUIA B BEJUINHE
makcumyma ¢~ H(T) mist Dy-ko6aasTuTos ¢ 0n
x = 0.1 MeHbIIle, 9YeM JJIsT aHAJIOTHYHBIX Y-KOOAJIbTH-

TOB.

WNuTepecHo OoTMETHTH, 9TO yIpyTrHe CBONCTBa ce-
MeficTBa (PPYCTPUPOBAHHBIX CJOUCTHIX KODAJILTUTOB
RBaCo407 okazpiBaiorcst 0oJiee 4yBCTBHTEIHHBIMH K
YCTaHOBJIEHUIO JIAJIbHEN0 MATHUTHOTO TOPSJIKA, YeM
MarHATHBIE CBONCTBa. 3aBHCAMOCTH MATrHUTHON BOC-
npunmansoctu X (T') Y-kobasbTuTa 4acTo He 0GHADY-
JKABAET aHOMaJMu npu 1)y, 9TO MOXKET OBbITh CBs3a-
HO € OTKJIOHEHHEM KHCJIOPOJIa OT CTEXHOMETPUIECKOTO
3HAYEHUs] B UCCIEyeMbIXx obpasrax. Ha 3aBucumocTn
X(T') crexuomerpudeckoro Dy-KoGabTHTa aHOMAJIHS
npu Ty TPaKTHYIECKHU He HAOJIIOIAeTCs, TOTIA KaK JIJIs
HECTEXHOMETPUIECKOTO 00pa3ia OOHAPYKUBAECTCS BbI-
paxennast anomayms B obsactu Tno ~ 70 K, coBma-
Jaolieil ¢ TeMIepaTypoil CIUH-IIEPEOPUECHTAIIMOHHOI'O
nepexoza B YBaCosO7 [33].

MaruuTHast BOCIPUUMYUBOCTh U HAMATHUIEHHOCTD
B cusibHOM MarauTHOM noJjie coenuuaenuit RBaCos 074,
¢ MArHUTHBIME P3-moHaMU CBUJIETEIHCTBYIOT O IPaK-
TUYECKH TapaMarHUTHOM ToBeJeHnn P3-mojcucremst.
B P3-kobanbrurax aHTugEppOMariuTHbIE B3aUMOIeli-
—-500 K
SIBJISTFOTCSI IOMAHUPYIOIIUMHE [1], TprveM BesImauHbI 06~
MEHHBIX HHTETDPAJIOB JIJIsi PA3JIMYHBIX COEIMHEHUN ce-

~
~

CTBUs B KODAJLTOBOI mojcucreme ¢ Ocoyy

MelCTBa, MO-BUIUMOMY, CDABHUMBI, TaK KaK IapaMeT-
PBI KPUCTAJIIMIECKO CTPYKTYPHI [jist HuxX On3ku. Ta-
KM 00pa30M, BKJIaJ B MAIHUTHBIII MOMEHT M BOCIIPHU-
AMYUBOCTEL 0T P3-moacucreMsl 6ojiee 4eM Ha MOPSIIOK
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npesbimaer Bkia ot Co-momcucremsr. [losromy oTuer-
JINBYIO aHOMAJIMIO MOYKHO OYKHUJATh, TOJBKO €CJIM TIPU
VIIOPSIIOYEHUN BO3HUKAET 3aMeTHOe 3D DEKTUBHOE TMO-
Jjte Ha none Dy or Co-nojgcucremsl. 910 3¢dHeKTUBHOE
mojie KpoMe OOMEHHOTO mapameTpa Joo R MOXKET Tak-
K€ 3aBHCETb OT KOHKPETHONH MAarHUTHOI CTPYKTYpPbI
ynopsiiodentoit Co-moicucTemMbl, KOTOpas MOYXKET Me-
HSATHCS, HAIPUMED, 33 CI€T MATHUTHOW aHW30TPOIUN.
OTcyTcTBUE 3aMETHBIX AHOMAJIMI MATHUTHBIX CBOUCTB
CBUJIETEILCTBYET O C1aboii cBsizu P3-mojcucreMsl, Ko-
TOpast OCTaeTCs MAPAMATHATHON IMpU YIOPSIOYEHUN
Co-noacucremsbl. [Ipn HaamIum 3aMeTHOTO OOMEHHOIO
B3auMOIecTBUSA Joo-R W BO3HUKHOBEHHH 3D DEKTUB-
HOI'O OOMEHHOTIO 110J1s Ha P3-roHax 1pu yropsiioueHun
Co-1ntozicucTeMbl MOYKHO OBITTO OBI 0XKUAATH 60JI6€ BHIpa-
»KeHHbIX aHoMaunii Ha 3aBucumoctu X (7'). [lockosbky
MarHuTHBIN P3-10H MOXKeT CHIIbHO MEHSITH MATHUTHYTO
AHM30TPOIINIO, 3TO MOXKET CKA3bIBATHCS HA MArHUTHOM
crpykrype B Co-tozcucreme u 3 pekTuBHOM OOMEH-
HoM toJie Ha P3-nowe.

4. SBAKJIFOYEHUE

IToBenenue nByx cepmit obpasios YBaCosOry, u
DyBaCo04074, ¢ HEDOTBITIM OTKJIOHEHHEM OT CTEXHO-
Mmerpun z = 0, 0.1, 0.2, corylacHO HaACTOSAIIMM HUCCJIE-
JIOBAHUSIM, 3aMETHO pasjimdyaercs. VckaXKeHue cTpyk-
Typbl crexuomerpudeckux obpasnos RBaCosO74, 3a
CYeT CTPYKTYPHOI'O MEepexoja IMPUBOJUT K CHATHIO
dpycrparuit, 9T0 IOJKHO CIHOCOOCTBOBATH YCTAHOB-
JIEHUIO JIAJIbHEIO MArHUTHOTO IOPSKAa B KOOAJIBTO-
Boit mozcucreme. [ToaTOMY 0XKMJIATIOCH, ITO CTEXUOMET-
putdeckne obpasnbl OyJAyT OOHAPYKHBATH UETKO BbI-
PazkKeHHbII MarHUTHBIA II€pex0/l, COIPOBOXKIAIOIIICA
AHOMAJIUSIMK YIPYTUX CcBoiicTB. [leficTBuTesbHO, st
VMCKAXKEHHBIX U OJIM3KUX K CTEXUOMETPUIECKUM 00pas-
o YBaCo,O7 mabmonatorca ckauok AFE/FEy (un
MakcnvyM Ha poussosinoit (Ey ') dE/dT) u Gombmoii
MakcuMyM Ha sasucumoctn ¢~ (1) B obtactu haszoso-
ro nepexoga Ty ~ 105 K.

Crexnomerpudecknii oopazern; DyBaCosO7 Takxke
00HAPYKUBAET UCKAYKEHUE CTPYKTYPBI IPH KOMHATHOI
TeMIiepaType, oqHako anomasus npu Iy ~ 105 K ma
saBucuMoctu Moayis ynpyrocru AE/E(T) seipaxke-
Ha OYeHb CJab0 U yKe IMPU HE3HAYUTEJHHOM OTKJIOHE-
Huu oT crexuomerpun = ~ 0.1 craHoBuTCS HeHAOIIIOIA~
eMoii. CTPYKTYpbl HECTEXUOMETPUUECKUX COEIUHEHUIT
YBaCo4074,; u DyBaCo407,4, ocratorcss Henckaken-
HbIMU, U (PyCTpaluu B cucreMe coxpansiorcs. Kak
CJIeJICTBHE, TIPUA TIOHKEHUH TeMIEepaTypPhl TOCTEITeH-
HO PA3BUBAETCH OJMKHUN MArHUTHBINA MOPSIOK, It
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KOTOPOTO JIJINHA, KOPPEJISAINUA HE JIOCTUTAET PAa3MEPOB
KPUCTAJIJIUTOB.

st crexuomerpuyeckux KobaabruroB RBaCo,Or
¢ monamu Y, Ho, Er, B oriimune or Dy-xkobanbrura,
TeMIeparypHble 3aBucuMocT Mojysist FOura u koad-
durnmrenTa BHyTPEHHETO TPEHUST OOHAPYKUBAIOT OOIIIHe
sakoHOMepHOCTH [35]. CxorkecTh ympyrux anoMmasmii
9TUX KOOAJBTUTOB MO3BOJISET ITPEIITOI0KUTD, IUTO Mar-
HATHOE TIOBEJIEHNE MX KOOAJBTOBOW MOJCACTEMBI OJIU-
HakoBO. Besuuuna ckadka B objactu 1 HECKOJIBLKO
BapbUpyeTCsl JJIsl CTeXuoMerpudeckux P3-kobajibru-
TOB, a JIJIsi HECTEXUOMETPUYECKUX COEINHEHUN CKad-
KU Pa3MbIBAIOTCH U YMEHbIIAIOTCS 10 BeJuinHe (aHo-
MaJIMA YaCTO MPOSIBIISIOTCS TOJBKO HA MTPOW3BOJIHOM
(Ey YYdE/dT). Bo bpycrpupoBaHHBIX CHCTEMAX, TAK
JKe KaK U B HU3KOPA3MEPHBIX, HA YCTAHOBJIEHUE J1AJTh-
HEr0 MArHUTHOTO TOPSJIKA CYIIECTBEHHO BJIUSIIOT Pa3-
JINIHBIE CJIa0ble B3AUMOJIEHCTBUSI, HATIPUMED, MATHUT-
Has aHm3oTponus, BHOocuMas P3-uonom. [Toatomy xa-
pakTep (a30BBIX MMEPEXO/IOB U pa3IudHble (HU3UIECc-
Kue cBoiicTBa B cyionucThix Kobasmbrutax RBaCo 074,
B OYEHb CHUJIbHOW CTEIEHM 3aBUCAT KAK OT UCKAYKEHUS
CTPYKTYPBI, KOTOPOE OIIPEJIETeTCS N30BITKOM KUCJIO-
poJia, Tak W, MO-BUIAMMOMY, OT MATHUTHON aHU30TPO-
nuu. [Ipescrasisier naTEpEC, HA HAIN B3TJIS, AaIbHEH-
mee uccjegoBanne P3-KoOaJbTUTOB € JAPYIAMU Mar-
HUTHBIMH HOHAME C Pa3JIMIHBIM OTKJIOHEHWEM KHUCJIO-
pOJia OT CTEXUOMETPUH.
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