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CuntesoBano 3paskn y cucremax EujLnBa,Cuz0y i Eu;Ln,Ba;CuyOy (Ln=Pr, Tb: 0<x<0,5) 3a kepami4HOIO
TeXHOJIOTi€I0. B KOXHIN cucTeMi ImpoBefeHO peHTreHorpadivHi JOCIIHKEHHS CHONYK, BU3HAUYCHO BMICT KHCHIO (Y)
Ta 3QJCKHICTh HOro BMicTy Bin cryneHs 3amimeHHs P3E. BuByeHa eneKTpONpOBiIHICTH 3pa3kiB Ta 3HalijeHa
3aICKHICTh HANPOBIIHNX BIACTHBOCTEH BiJl THITY 3aMillICHUX aTOMIB.
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BHCOKOTEMIICpAaTYpHa HAANPOBIJHICTS,

HapaMeTpu KpPHCTAIYHOI TIpaTKH, KHCHEBa

Cmamms nocmynuna oo pedakyii 07.02.2007; npuiinama 0o opyky 15.06.2007.

Beryn

Kynpatin Ha OCHOBi piAKiCHO3EMENBPHUX €JIEMEHTIB
Lnl123, Lnl24 € BucokoTeMIlepaTypHHUMH HaAINPOBIJI-
HUMH MaTepiajaMy, NpaKTHYHE BHKOPHCTAHHS SKHX €
NEepPCIEKTHBHUM JUII  MIKPOETEKTPOHIKH, MEIULIUHH,
CTBOpPEHHSI €(DEKTHBHUX CHCTEM BHPOOHHWIITBA, HAKOIH-
YeHHS Ta Iepeiadi eHeprii.

Bizomo, mo itpieBa kepamika YBa,Cu;Oy €
BHCOKOTEMIIEpaTypHUM HamnpoBimHukom 3 T.=92 K
[1,2]. 3a pmammmwm [2], 3amimeHHS iTpif0 B CIONYII
YBa,Cu;0y (123) Ha P3E, kpim Ce, Pr, Tb, Pm, maiixe
HE BIUIMBA€ HA TEMIIEpAaTypy HEPEXOoAy B HAIIPOBITHUI
ctad (T, = 90K). Mo)xHa TOMITHTH, 0 TIPH 30LTBIICHHI
ionnoro pamiycy iomis Ln’" (Ln=La, Nd, Sm, Eu, Pr i
Gd) (LnBa,;Cu30y) T. Tpoxu MiJBUILYETCS Bifl JFOTELIIO
JO HEeOIUMy, a IOTIM 3HMKYEThCS IO JaHTaHy. Kpim
TOro, came Ha 3paskax Nd123 mocsrHyTo HaBHIII cepe
Ln123 3HaueHHd KPpUTUYHOI TeMIEPaTypH Ta KPUTUUHOL
rycruau crpymy[3]. Hagnposinni 123-¢a3u Ha oCHOBI
Ce, Tb He yTBOpIOIOTECH [4].

OcHOBHa Maca MOBIZOMJICHb TOPKA€ThCS BHBUYECHHIO
CIOJYK Ha OCHOBI ITpif0 Ta MEHIIA KUTBKICTh JaHHUX UISA
BTHIT tumy 123 1 124, oTpuMaHHX Ha OCHOBI iHIINX
PIAKICHO3EMENBHUX E€JIEMEHTIB, THM YacOM SIK €BPOIIEBI
BTHII € Ginbil epCIeKTUBHAUMH TTOPIBHSIHO 3 ITPIEBUMHU
JUISl HallWIIOBAaHHA IJIIBOK HAAINPOBITHHUX CIIONYK 4Yepe3
HMIMPOKY 00JacTh TOMOTEHHOCTI [5] HaAnpoBiIHHX
CIIOJIyK Ha OCHOBI €BPOIIiIO.

3aMillleHHs OKPEeMHUX IO3MLIH i1OHIB B IX CTPYKTYpi
MOX€ BIUTMBATH Ha elNeKTpoHHY cTpykTypy BTHII, BMicT
KHCHIO, IMHAMIYHI BJIACTUBOCTI KPHUCTAJIIYHOI PEIIiTKH.
A 1e B cBOIO uepry BIUIMBa€ Ha xapakrepuctuku HII-
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nepexony. OcoOnuBY yBary B JITepaTypl HpUALIAIOTH
3aMilleHHIO B criosrykax Ty 123 ioHiB Cu, y 3B’S3KYy 3
WOro BH3HAYAIBHMM 3HAYEHHSIM B  3a0e3ledYeHH]
HaAMpOBigHUX BiactuBocTe manmx BTHII. HasBHicTh
Fe B pemitmi eBpomnieBux BTHII 3MeHmIye pyxiuBicTh
KHCHIO, ToMy B cepii 3paskiB EuBa,Cu;.Fe,O, BMmicr
KHCHIO € HWKYUM, HDK VY BIONOBIZHHX ITPi€BUX
cuctemax, a B obmacti Manux KoHueHTpamii (x <0,15)
HWKYMM, HiXK B He 3amimenux Eu BTHII [6].

HanampoBinHi BIaCTHBOCTI CHHTE30BAHHX CIIOJIYK
Oe3mocepesHbO  3alekaTh BiJ HMOro KpHUCTaJIiuyHOI
CTPYKTYpH, SIKa B CBOIO UYEpry, BHU3HAYAETHCSA SIK
CKJIAJIOM, TaK 1 yMOBaMH MPOTIKaHHS MpOIECY, a came
TEMIIEPaTyporo, XapakTepoM (ha30BUX MEPETBOPEHb, IO
CYNPOBO/KYIOTh TPOIEC CHHTE3Y, a TAaKOX PEKHMOM
OXOIIO[DKEHHS Ticis ioro 3aBepmieHHs. [limgac cuHTE3y
HAAMPOBITHUKA IUISIXOM CITIKAHHS OKCHIIB 3aBASKH IX
BIJJHOCHO BeIMKIiN XiMIYHiM CTIHKOCTI 4acTHHA BUXITHUX
peareHTiB He BCTYIAa€ B PEaKIil0 Ta 3aJIUIIAETHCS B
KIHI[EBOMY MPOJYKTI SIK AOMIILIKH, 1[0 3HAYHO MOTIpIIye
Horo HaanpoBiaHi BiactuBocTi. ToMy npu KepamivHOMY
METOJ[i CHHTE3y SK PEarcHTH YacTO BHUKOPUCTOBYIOTH
MEHIIl CTidKiI XiMiuHi croiayku, Hampukiagx BaCO;,
Ry(C,0y4); Ta iH. [7], 110 IPUBOAMTE 0 YTBOPCHHS OUIBIII
OJTHOPITHOTO 3a CKJIaJIOM MPOAYKTY.

JI1st BUBUEHHST MOXKJIMBOCTEH cTabimi3alii 4u HaBiTh
TOJNIMNIIEHHST ~ HAANPOBIAHUX  BJIACTHBOCTEH  OyIo
JIOCITIHKeHO BIUTUB 3amimienHs Eu va Ln (Ln = Pr, Tb) B
cucreMax  Bu;,LnBa,Cu;0, i  Eup,LnBaCusOy
(Ln=Pr, Tb: 0 £x <0,5).
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I. Meta i 00’eKT D0CTiTKEeHHS

Meroro aHoi poOOTH € CHHTE3 3pa3KiB 1 BUBUCHHS
HaanpoBigaux BiuactuBocteit BTHII-matepianis Eul23 i
Eul24 3 wactkoBuM 3amimieHHAM eBporiro Ha Pr, Tb.

3pasku  cucrem  Eup,LnBaCu;O, i Eug
£LnBa,CusOy (Ln=Pr, Tb: 0<x<0,5) BuroTOBIAIM
MeToJI0M TBepAodazHoro cuaTe3y 3 Eu,O; 4., Tby(C,04);
4., Pry(C,04); 4., BaCO;z w.ma., CuO uy.nma. Bwmicr
OCHOBHOTO KOMIIOHEHTY BH3HAYMIIH METOZIOM
TPUIIOHOMETPUYHOTO TUTPyBaHHS. CyMili BiAMOBIIHUX
OKCHIIB, OKCaJaTiB Ta KapOOHATy METaliB PETEeIbHO
roMoreHizyBanu B aratoBidi crynui. CrikaHHS 3pasKiB
npoBoaunu npu Ttemreparypi 100-900°C mpotsirom 5
rOJI. 3 TIOCTYIOBMM IiABUINEHHSIM Temmeparypu 100°/30
xB. Ilpu makcumainpHiil Temmeparypi (900°C) 3pasku
BUTpUMYBanu: 72 rox (cucremu 3 Pr), 96 rox (cucremu 3
Tb). Totim 3pa3ku oxomomkyBanu. OnepkaHy MIHAXTY
e pa3 mepeTHpay, IpecyBain Tabnetku. BignamoBamm
mpoTsiroM 6 rof. B arMocdepi KHCHIO 3 TOCTYIIOBHM
3HIKEHHsSM Temneparypu 3 900°C mo 450°C Ta
OXOJIODKYBAJIM Pa30OM 3 MIYUIO.

Pentrenorpadiuni  AOCH/KEHHS NPOBOAWIM Ha
mopoIiKax  Ta  TabJieTKax (JIPOH-3M; Cuk,
BUNpoMiHiOBaHHS 3 Ni-pinbrpom).  PesuctusHi
BUMIpIOBaHHS MPOBOJIWIM B iHTepBaii Temneparyp 300-
78K cTaHmapTHUM YOTHUPHbOXKOHTAKTHUM METOAOM 3
BHKOPHCTAHHSM 1HAIH-TaTi€BOT €BTCKTUKH.

BMmicT KHCHIO BU3HAYAIH METOIOM HOIOMETPHIHOTO
TUTPYBaHHA [§].

II. Pe3yabTaTH Ta ix 00roBopeHHs

Penrrenorpadiuno BCTaHOBIICHO, o BCi
CHHTE30BaHi 3pasku y cuctemax Eu,LnBa,Cu;Oy i Eu;.
«LnBa,CusOy (Ln=Pr, Tb: 0<x<0,5) i3ocTpykTypHi 123
i 124-¢pazam BigmoBimHo. [y  KOXKHOI  cHCTeMH
BCTaHOBJICHO TMapaMeTpPH KPUCTATIYHUX T'paTok (a, B, C,
V), Bu3Ha4yeHo BMicT kucHIO (y) 1a T..

Bci  cnomykn  EuyLnBa,Cu;Oy (Ln=Pr, Tb:
0<x<0,5) MAaloTh OpTOPOMOITHY CTPYKTYPY
neposckiTHoro tuny (sax i EuBa,Cu;0y), a cnonyku Eu,.
«LnBa,CusOy (Ln = Pr, Tb: 0 < x <0,5)-s1x EuBa,CuyOy,
mepiond Ta O00’€MH eleMEHTapHUX KOMIPOK SKHX
3MIHIOIOTBCS BIAMOBIIHO IO 3HAYEHHS 10HHOTO PaiyCy
Ln.

Buxinni 3pasku Eul23 i Eul24 € oxmHodazaumu i3
3BHYAHUMH TapaMeTpaMH PEINTKA. Tak sSK 3HAYCHHS
ionnoro paniycy Eu®" e 6inpmmm nopisasHo 3 Y? ', Tomy

1 3HaYeHHS MapaMeTpiB PEIITOK JAeMO 3MIHIOIOTHCS
MOPIBHAHO 3 aHajoriuauMu Y 123, Y124 (tadi. 1).

Ilpu 3amimieHHi €Bpomiro Ha Pr i3 30LIbLICHHAM
CTYNEHsI 3aMiIlleHHs] 3pa3Kd CTalTh OaraToha3zoBUMH.
Hns cucremu EuyPrBa,Cu;O, 061aCTh TOMOT€HHOCTI
JIEXKUTH B Mekax 3HadenHs x Big 0 g0 0,4. B cucremi Eu;.
LPriBaCusOy (0<x<0,5) 3paskm TromoreHHi Jo
3nayenHns x <0,3. I3 30uibmicHHAM BMicTy Pr 3pasku
OaratogasoBi. Tak sK 3HAYCHHS IOHHOTO paaiyCy
Npa3eouMy II€PEBUILY€E 3HAUYEHHS I10HHOTO pajiycy
€BPOIIiI0, TOMY OYEBUIHUM CIIOCTEPIraeThCsl 3POCTaHHS
mapaMeTpiB  eNEMEHTApPHUX pPENIiTOK B TOMOTCHHHUX
3pazkax 000X CHCTEM Eu;«Pr,Ba,Cu;O, Ta Eu,.
«PriBa,CuyOy (0<x<0,5). B naHnx cucreMax 3HaueHHs
napaMeTpy « MpPaKTHYHO HE 3MIHIOETHCS, Mapamerp ¢
MOCTYTIOBO 30UIBIIYETBCSA, NPH LBOMY 3pOCTa€E 00’eM
eneMeHTapHOi KoMipku. IlikaBuM BumaeThcst (akT
moai0HOT 3aKOHOMIpHOi 3MiHM MapaMeTpiB a 1 ¢ Bif
BMicTy Pr B 000X cucremax.

B cucremax i3 3aMillleHHSM €BpOIiI0 Ha TepOil
CIIOCTEPIraeThcsi  MOCTYIIOBE  3MEHIIEHHA  00’eMy
eJIEMEHTapHOT KOMIpKH. lle TOSICHIOETBCS ~ MEHIINM
3HAa4YEeHHAM 10HHOTO pajiycy TepOiro mopiBHsHO 3 Eu.
OOislacte  TOMOreHHOCTI miIst o000x cucreM Eu,.
«IbxBaCu;0y 1 Eup,TbBaCu,0, (0<x<0,5)
3HaXOAMThCs B Mexkax 3HadeHHs 0 <x <0,3. B cucremi
Eu, 4TbBa,Cus0, (0 <x<0,5) i3 3pocTaHHAM BMiCTy
TepOir0 3MEHIIYIOTECS TapaMeTpH « 1 ¢. B cucremi Euy.
«IbxBa,CusOy (0<x<0,5) B TrOMOreHHHMX 3pa3Kax
MOCTYMOBO ~ 3MCEHIIYEThCS  JIMIIE  [apamerp  d.
3aKOHOMIPHOI 3MiHU MAapaMeTPy ¢ i3 3POCTAHHSIM BMICTY
TepOito B maHill cucreMi He BusBIeHO. [Ipu Oimpmiomy
CTYIICHI 3aMIICHHSI €BPOIII0 Ha TepOiil 3pa3Ku CTAarOTh
OaratodazHumu.

Hamu Gy7o BHM3HaUEHO 3arajbHUN BMICT KHUCHIO IS
TOMOTEHHHMX 3pa3KiB B YCIX CHHTE30BaHHUX CHCTeM. B
cucremax Eu;LnBa,Cuz;Oy (Ln=Pr, Tb: 0 <x<0,5)
4iTKOl 3MIHM 3HAa4Y€HHS J 3QJIEKHO BiJ CTYIEHIO
3aMIlICHHS €BPOMII0 HAa BIAMOBIMHUA €JIEMEHT Ha
BUSIBJICHO. 3HAUEHHS ) 3MIHIOIOTHCSl 3MI3aronofioHo i
3HaXOIThCS B MeEXKax IOXMOKM EKCIIEPUMEHTY, XOo4a
MEXi KOpEJALii € He MUPOKUMU i 3HAXOAATHCS B MEKaX
6,96 <y <7,00. B 3B’513Ky 3 OCOOJMBOCTSIMH CTPYKTYpH
cucteM THITy 124 BMICT KHCHIO B TOMOT€HHHX 3pa3Kax
Euy«LnBa,CusOy (Ln =Pr, Tb: 0 <x <0,5) cranmii i 3a
JICSIKMMU BUKJIFOUCHHSIMH ) Ma€ 3HAYCHHS 8.

[TapameTpu KpHUCTaNIYHAX TPATOK (Pa3 CHHTE30BaHUX
CHCTEM Ta 3HAUYEHHS ) HaBEICHO B Ta0I. 2.

IIpoBeneHi pe3nCTUBHI BUMIPIOBAHHS TTOKA3aJl, IO
3aMIIIeHHsT €BPOMIi0 Ha Mpa3eoauM i TepOill MPUBOINUTH

Taoaunsa 1

[TapameTpu KpUCTaNiuHUX TPATOK, 3Ha4eHHs T ans romorennux cucreM RBa,Cu;0y 1 RBa,CuOy (R =Y, Eu)
Ta 10HHI pa/ilycH €JIEMEHTIB

R Tion a, A b, A ¢, A v, A T, K
123 Y 1.019 3,839 3,884 11,655 173,78 92
Eu 1.066 3,838 3,891 11,660 174,13 93,5
124 Y 1.019 3,837 3,865 27,260 404,27 80
Eu 1.066 3,843 3,874 27,324 406,79 108-85
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Samimenns Eu Ha Ln B cucremMax ckiaiy...

Taoaunsa 2
[MapameTpy KpUCTAIIYHUX TPATOK, TEMIIEPATYPHU TIEPEXO/1y y HAMNPOBIJHUN CTaH Ta BMICT KUCHIO JUIs
romoreHaux cuctem Eu,Ln,Ba,Cu;0, i Eu;LnBa,Cu,O, (Ln=Pr, Th: 0<x <0,5)

a, A c, A v, A
Dopmyiia petoBHHI | 4 +0,002 +0,23 Te K Y
EuBa,Cu;0y 3,838 11,660 174,13 93,5 7,00
Euy.95P1905sBa,Cu;0, 3,836 11,664 174,27 98 7,00
Euy4PryBa,Cu;0, 3,837 11,670 174,41 96 6,98
EuysPry,Ba,Cu;0, 3,836 11,675 174,45 6,98
Euy;Pry3Ba,Cu;0, 3,840 11,676 174,64 7,00
Euy¢Pry4Ba,Cu;0, 3,839 11,684 174,71 6,96
Eug95Tbg0sBa,Cu;0, 3,832 11,650 173,71 105 7,00
Eug9Tbg,;Ba,Cu;0, 3,829 11,642 173,45 100,5 6,98
Eug gTby,Ba,Cu;0, 3,826 11,638 173,25 6,98
Eug;Tbg3Ba,Cu;0, 3,825 11,632 173,12 7,00
EuBa,Cu,0y 3,843 27,324 406,79 108- 8,00
85

Eug95P19,0sBa,CusOy 3,840 27,438 409,44 110 8,00
EuyPry1Ba,CusOy 3,844 27,452 409,90 102 8,00
EUQ'gPro'zBazclMOV 3,841 27,462 410,07 7,98
Euy;Prp3Ba,Cu,Oy 3,842 27,480 410,38 8,00
Eug95Tbg0sBa,Cu Oy 3,840 27,318 406,39 114 8,00
Eug9Tby,Ba,CusO, 3,839 27,322 406,15 8,00
EUQ,gTb0_2832CU4OV 3,837 27,324 405,74 7,96
Euy ;Tby 3Ba,Cu,s0Oy 3,835 27,296 405,41 8,00

IO 3HWKEHHS TeMIepaTypd INepexoay B HaANPOBITHHH
cran. Jlna cucremu Eu,,LnBa,Cu;O, (Ln=Pr, Tb:
0<x<0,5) npu 3amimeHHI €BPOMiI0 HAa MPa3COIUM Ta
TepOili HaAmpoBigHICTE Tpu TeMmmepaTypi Bume 78K
30epiraetbes 10 x=0,1 (Tabdn.2, puc.l). B cucremi Eu.
£LnBa,CusOy (Ln=Pr, Tb: 0<x<0,5) npu 3amileHHi
€BPOITIII0O HAa TPa3eoJuM  HAANPOBIIHICTE  TaKOXK
30epiraetbess g0 x=0,1 (tabm.2, puc.2). Y Bumaaky 3
TepOiem Buimie 78 K HaanpoBigHicTh (iKCyeThCs JHIIE
o  x=0,05 (ra6n.2). Ilpm 30inbmIeHH] CTyneHs
3aMillleHHsT €BPOIII0 Ha mpa3eoauM Ta TepOiil B 000X
cucremax Eu;.Ln,Ba,Cu;0y (Ln=Pr, Tb: 0<x<0,5) i Eu,.
«LngBa,Cu,Oy (Ln=Pr, Tb: 0<x<0,5) BiANOBiAHO
HaJIIPOBIHICTH NIPU TemriepaTypax Buine 78K 3HuKae.
Bimprricte cHHTE30BaHUX 3pa3kiB B cuctemax Eui
«LnBa,Cu30y (Ln=Pr, Tb: 0<x<0,5) i Eu;<LnBa,CusOy
(Ln=Pr, Tb: 0<x<0,5) € OJHOpiTHHUMH, i1 HUX
XapakTepHi JOCUTH UiTKi 3epHa. CITiBCTaBICHHS TaHUX
MIPOCBITYIOYO01 €JIEKTPOHHOI MIKPOCKOTIi{ Ta
peHTreHorpadiyHOro aHai3y IO3BOJISIE TOBOPUTH IIPO
Te, WO CKIax 3paskiB  EugosTbgesBa,Cu,Oy Ta
Eug ¢ Tby,;Ba,CusOy Binnosigae ¢asi Eu 124 (puc.3 a), 6),

B). Ilpore mma 3paska EugoTbg;Ba,CusOy xapaxrepna
HasBHICTb 3epeH pizHoro po3mipy (puc.3 B). bimpm
KPYIHI 3€pHa YTBOPWJIUCS IIUISXOM  CKJICIOBaHHS
npiounx. Ilpore 3pa3ku € opgHO(Aa3HUMU 1O CTYHEHs
3amimenns x>0,4. 1li mani 30iraroTbcss 3 JaHUMU
peHTreHo(ha30BOro aHaizy.

BucunoBku

B pesymnbpraTi ekcriepuMeHTy BU3HAUYEHI 3aJIeKHOCTI
napaMmeTpiB eIeMEHTapHOI KOMIPKH, BMICT KHCHIO,
BUBYEHA EJIEKTPOIPOBIIHICTH BCIX TOMOT'€HHHX 3pa3KiB B
cucremax Eu;4LnsBa,Cu;0y i Eu; 4LnBa,CusOy (Ln=Pr,
Tb: 0<x<0,5) Ta 3HaiizeHa 3aJEXKHICTH HAAIPOBIITHUX
BJIACTUBOCTEH Bij CTYIICHIO 3aMIllICHHS HA BiIOBITHHIA
€JIEMEHT.
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