KYPHAJT ®I3UYHUX JOCIIIZKEHD
1.5, Ne 1 (2001) c. 39-42

JOURNAL OF PHYSICAL STUDIES
v. 5, No. 1 (2001) p. 39-42

I'CTEPE3UC TEMIIEPATYPHUX 3AJIEXKHOCTEW TEPMO-E.P.C.
TA EJIEKTPOOIIOPY ¥V TBEPINX PO3YNHAX
HA OCHOBI TEPHAPHUX CIIOJIVK Eu

Bb. C. Kyxenb
JIveiecoruti naytonaavruti ynisepcumem iment leana @panxa, Pizuvnud Gaxysomem
eyna. 'en. Qynpunxu, 49, Jvets, 79044, Yxpaina
(Orpumano 30 weppust 1999 p.; B ocrarounomy Buraam — 6 Gepesuaa 2001 p.)

V TBepamx po3UMHAX HA OCHOBI TEPHAPHUX CIIOJIYK €BPOINI0 HAa TEeMIEepaTypPHHUX 3aJIeKHOC-
Tax audepeHIiaIbHOl TepMO-€.p.C. Ta eJEKTPOOINOpPY CIOCTEPIrAEMO TICTEPE3UC, AKUH MOACHEHO
Pi3HEUM cTaHOM MIKKOH(pIrypariiiHux JiokTyaliil HoHIB eBpOINo B JIOKAJIBHAX TUTAHKaX 06’eMy

KpucTaJa.

Kio4oBi caioBa: cuilbHOKOpeIbOBaHI eJIeKTPOHHI CUCTEMHU, eJIeKTPOHHUN TPAHCIIOPT, eBPOIIiii.

PACS number(s): 71.20.Lp, 71.27.+a, 75.20.H

I. BCTVII (BAYBAZKEHHS 3ATAJIBHOT'O
XAPAKTEPY)

Cepel plIKICHO3EMETBHIX AaHOMAJBHIX CACTEM 1HTED-
MeTAJITH] CITOJIYKH €BPOIIo 0COOJINBI BIAMIHHICTIO 3aii-
HATOCTI 4 f-000JIOHKH eBpoIiio Bl ILJIoro 4mcjia. EKc-
MEpUMEHTH TOKa3yIOTh, MO TOAl AK y Iepil um iTepbii
BOHA MAaJIO BIIPI3HAETHCA B MLJIOUNCEABHOL, B €BPOIIIIO
JacTO MOKHA CIIOCTEPITATH Oy Ab-AK1 TPOMIKHI 3HATCHHST
3apAI0BOTO cTaHy (MPOMIKHOI BaseHTHOCTI) MiK 31 i
27. Ha mowaTky ciMuecaTHX fBHIIC TeMIEPaTypPHO 3a-
JIEXKHOI TTPOMIZKHOI BaJIeHTHOCTH 6YJIO TMEPEKOHINBO IO~
kazare B EuCusSi, 1 EuPd;Siy 3a momomoroio crekTpo-
ckomii 131 Eu Mec6ayepa [1-4].

Bigomo Takok, Mo 3aMilieHHs aTOMIB KOMIIOHEHTIB
y CHoJiyKax 3 HoHaMU PIAKICHO3EMEJBLHOTO eJeMEHTa B
CTaHl 3 TPOMIZKHOIO BAJIEHTHICTIO MOXKE MATH BEJUKH
BILTMB HA BJIACTHBOCTI TMHUX CHOJMYK. DeHOMEHOIOrITHO
e MOACHIOITH OBOMa YuHHUKamu. [lo-mepiime, 3MiHa
HaWbIMKI0T0 OTOUeHHA HoHa PIAKICHO3EMEJILHOTO eJie-
MEHTAa (PBE) BILIMBae Ha Horo sapanopuit cran. Ilo-
IpyTe, 3MiHa MapaMeTpiB KPHCTATIYHOl IpaTKN (TeoMeT-
pudnuii arTop), AKa BHKJIMNKAHA 3aMIHOIO aTOMIB 3
OLIBINM HOHHHM pamlycoM Ha aTOMH 3 MEHIIMM HOH-
HUM paIlycoM, MoiKe MaThm Takuii cammii ederT, 4K 1
TEPMIYHHI CTHCK (PO3NUIMPEHH:A) ab0 MPUKJIATEHHA Tij-
POCTATHIHOTO CTUCKY .

Mu mocaKyBa i eJIeKTPOHHO-TPAHCIIOPTHI BJAACTH-
BOCTI MICEBIOTEPHAPHUK CIIOJYK €BPOTIIO 1 TBEPAUX PO3-
unHiB Ha ix ocHoBl — EuCu,Si,Ge,, Eu(Pdi_,Ags) -
Siz, Eu(Cuj_;Ag,)2Sis, EuPdy_;Sisy, 1 iHmMX — 3
KpucTaaidao cTpykrypoto CeGagAls. Pesymsratu mo-
CIKEHb yKe 9acTKOBO omybsikoBano pasiiie [5]. ¥ uiit
mpalll TpoaHaJ i30BaHO MeXaHI3M BHHHKHEHHs TicTepe-
3UCY Ha TEMIEPATYPHUX 3AJIEKHOCTAX TEPMO-€.p.C. Ta
eJIEKTPUIHOTO OTIOPY BKa3aHUX CIIOJIYK.

II. METOOUKA EKCITEPUMEHTY

Spasku I JOCTIIKEHb TOTYBAJIH METOIOM €JIeKT-
POIYTOBOTO TIJTaBJAEHHA (CMHTe3 Ha MIIHOMY BOIOOXOJIO-

JZKYBAHOMY TIOl, B CEPEIOBHIN] OUUIIEHOTO aproHy i
tuckom 1.5 - 10° Ila, 9K reTep BUKOPUCTAHO THTAH).

BuxigHi KOMIOHEHTH MUXTH OyJIM TaKOl THUCTOTH: €B-
pomiit — 0.9981 mac. mom Eu; mins, cpibso, mamamii,
KpeMmHili, repmaniit — 0.9999 mac. 10711 OCHOBHOTO KOM-
MTOHEHTA.

Yci oTpuMaHi B pe3yJIbTaTl CHHTE3Y MOJIKPUCTAJIITHI
3JIMBKH MPOXOIWIN €Tall TOMOTEHI3YIOUoro BIAmady B
eBaKyloBaHWX KBApIEBUX aMiystax mporarom 500 rommx
npu Temmeparypi 670 K.

PentreniBenbki dasopuit 1 cTpYKTYpHHI aHa i3u 10-
3BOJINJIM BUKOPUCTOBYBATH [IJIA HOJABIINK TOCTIIZKEHD
JIMIIIE ATEeCTOBAHI 3 BEJUKOK MIPOK JOCTOBIPHOCTH
spasku. AricHull ckIaz 3pas3kiB He3nocepeHbo KOHTPO-
JTIOBAJTH 33 JIOTIOMOTOI0 PEHTTE€HIBCHKOTO MIKpOaHaIi3a-
topa (EDAX, SEM 515 Philips).

BuwmipoBanug TepMmo-e.p.c. 1 TPHUBEIEHOTO eJIeKT-
POOTIOPY TPOBOAMJIH 33 JOTOMOTOIO BHUMIpIOBAJIBHO-
OOYMCITIOBAJIBHOTO KOMILIEKCY AK Yy peKuMi crabliaiza-
mi 3a TeMIepaTrypoio, Tak 1 B ANHAMITHOMY PEXKHMI.
[Mpu oMy B OCTAHHBOMY BHUIAIKY 3MiHA TEMIEPATyPH
3a Yac BUMIDIOBaHHA OKPEMOl TOYKHU HE MEepPEBUILYBaJIa
0.002 K. Ilpw BKazaHiii MBUIKOCTI BAMIPIOBAHDb PE3YIb-
TaTH B 000X BUNAIKaxX 1JTeHTUYIHI.

II1. PE3VYJIbTATHU OJOCJIIO2KEHD I TUCKYCIA

XapakTepHOIO 03HAKOIO CIOJYK, ¥ AKHX DPLIKICHO3E-
MeJbHIN #oH mepebyBae B cTaHl MIKKOHMITYpaImiiHmx
daokTyaiil, € HAgBHICTH HAa TEMITEPATY PHIX 3aJIEKHOC-
TAX TEPMO-€.D.C. Ta eJEKTPOOIIOPY XapaKTEPHUX eKCTPe-
MYMIB MDY BIAMOBIAHUX TEMIIEPATYPaX. ¥ BaXKaeThCH, 10
BucokoTemieparypuuit (120-300 K) makcumym Bimmosi-
nmae mepebyBaHHIO foHA PIAKICHO3EMETBHOTO eJeMEHTA
B CTaHl MPOMIXKHOI BaJeHTHOCTH (He BCTYIAEMO B JINC-
KYCIIO PO TPaKTYBaHHA HOT0 9K KOHIO-CTAH 3 BHCOKOIO
TeMieparyporo KoHo), Toal K HU3bKOTEMIIEpaTypHIH
— e HacJILIOK iforo mepebyBaHusa B cTaHl THIy KoHIo.
B ycix ykasaHmx maTepissiax 3MIHOIO CKJAAIYy 3paska
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MOZKHa 1HIITIIOBATH Mepexi foHa eBpoIIio Bl CTAHY IPOo-
MIZKHOI BaJIEHTHOCTH Yepes cTaH THILY KoHIo B cTabiib-
Huit MarHeTHuil ctaH. 3ayBaxKuMoO, MO TYT MH MPOXO-
JIIUMO BaJIeHTHUH cTal veg = 2.16 2+ 0.02 [5], npu gaxomy
eHepT1d 30YIKEHHS Eexe MIZK JIOKAJTII30BAHIME CTaHAMMT
Eu3t i Eu?t e nyxe masomwo.
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Puc. 1. TemmeparypHa 3ajexkHICTh AudepPEHINATBHOL

TepMo-€.p.C. Eu(Cuo,gg) Agooos )2 Siz; 1 — KpHBa OXOJIOIKEHH,
2 — KpuBa HarplBaHHS.

Ha puc. 1 mokasana TepMmiepaTypHa 3aJeXHICTh JIH-
dbepennianpaoi Tepmo-e.p.c. Eu(Cug osAge o5)29ia, 1m0
oTpUMaHa TP OXOJIOMKEHH] 3paska 1 IpH foro Harpi-
BaHHI. Y [UJIAHI BUCOKOTEMIIEPATYPHOTO MAaKCUMYMY
9ITKO CIIOCTEPITAEMO TeMITepaTypHuii ricTepesnc. Edek-
TUBHA BAJIEHTHICTH €BPOMIIO MHOTO CKJALY 3pa3Ka CTa-
HOBWUTDH, 32 JaHUMH PEHTIeHIBCbKOl Lir-abcopbiiiirol
cmektpockomnii, 2.4 (300 K). ITpu samiuienni B cucremi
Mial Ha cpibJsio, BHACAIIOK PO3UYMHEHH aTOMIB cpibiia B
MATpaTIl Mial, BIIOYBA€ThcAd 3CYBAHHSA 3HAYEHHS PO-
MIZKHOI BaJIEHTHOCTH €BPOIIio B X (daszax y H6IK ABoBa-
JIEHTHOL KOHpITypallil 1 3MeHIIIeHHA eHepTil 30yIKEHHT
— Eexc. 3riaHo 3 Jliocrdenpmom [6], ne crBopioe cupu-
ATJIMBl YMOBHU JIJIf CIIOCTEPEREHH 33 KOHIOMOMIOHOIO
B3aeMoOJIi€to cucTeM 3 Eu.

Ha puc. 2 momana TeMmmepaTypHa 3aJeKHICTD aude-
pennisbaol TepMo-e.p.c. Eu(Cug grsAgo 125)25i2, (Ba-
JIEHTHUH cTaH eBpomiio veg = 2.32 + 0.1 [5]). Cmo-
CTepIraeEMo JIENIO HECTIOMIBAHO BEJTUKE CTOCOBHO IO 3HA-
JeHHsA e(EKTUBHOI BAJIEHTHOCTH 3MEHIIEHHA AaMILTI-
TYIU BUCOKOTEMIEPATYPHOTO MAKCUMYMY | BHHUKHEHHA
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HU3BKOTEMIIEPATYPHOTO (KOHAIBCHKOTO). Bimmosimmo i
aMILTITYIa TICTepe3sucy B HUJISHIN BHCOKOTEMIIEpaTyp-
HOTO MaKCUMYMY 3HAYHO MEHIIA. 3 IBOTO MOXKHA MPH-
IyCKaTH, IO TLICTEPe3rC TeMIEepaTypHUX 3ajlekHocTel
TepMO-e.p.C. OB d3aHnil BJIACHE 3 BHCOKOTEMIIEPATYP-
HUM MaKCHMYMOM, & BILOTAK — 3 THMH IapaMeTpaMu
3pasKa, dK1 BIAMOBIAAJIbHI 33 HOTO BUHUKHEHHA. 3MEH-
IIIEHHS TEPMO-€.p.C. 1 30LIbIIeHHS ONOpY MpH HarpiBaHHI
3pa3Ka HOPIBHAHO 3 KPUBOIO OXOJIOIKEHHA BKa3ye Ha
HasgBHICTH JOJATKOBOIO MEXaHI3MY PO3CIIOBAHHA HOCIIB
3apAay.
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repmo-e.p.c. Eu(Cug.s7sAgo.125)2512; 1
JKeHHs, 2 — KpUBa HaTpiBaHHd.

TemmeparypHa 3ajleXHICTh IUpepEHINATbHOI
KPUBa O0XOJIO-

Onmcana BJIACTHBICTD He € MOpPUTAMAHHOK JIHIIE
cucteMi Eu(Cuj_zAg,)2Sis, a cmocrepiraethea 1 B
Eu(Pdl_xAgx)zSiz, Eusz_xSiz_H;, EUCUQ(Sil_xGex)Q
(puc. 3-5). Posriagaodn AK MpHKIAL OLIBIIOI Mipoo
cuctemy Eu(Cuy_;Agy)2Sia, MaTuMeMO Ha yBasi it immi
CHCTEMU, AKIIO He ByIe OKPEMUX 3ayBayKeHb.

31 3pocTaHHAM KOHIEHTpaIli cpibia ycepennena B
qaci 4 f-emekTpoHHa KOHPITYpaIlld eBpPOIIo cTaE OJIMK-
Y010 110 IBOBAJIEHTHOTO CTaHy. ¥ PAXOBYIOYH BILJIUB MTPH-
KJAZEHOro TUCKY [7], MOXKHA O4YIKYBaTU TaKy XK TEH-
JIEHIN0, OCKIJIBKN 3aMIieHHd MIml OLABIINME HoHaMH
cpibsia ekBiBaJIeHTHE TPUKJIAJAHHIO HETATHBHOTO THCKY .
I'paTka, M0 pO3IIHPIOETHLCA, DA€ OLIbIIE MIiCIH I8 Ma-
CHUBHUX IBOBAJICHTHWX HOHIB €BPOTIiiO.

Tax camo B EuPdsSiy saminenna masamio cpibaoMm
(91 30JTOTOM) MPHBOANTE, YPEIITi-pemT, 10 crabimisarii
JIBOBAJIEHTHOTO CTAHY €BPOIIIIO.
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Tepmo-e.p.c. EuPdz 1Si19; 1 — KpuBa oxosomkenHsda, 2 —

KpWBa HArpIBAHHI.

1715t MOKJTHBOTO TOACHEHHA CIIOCTEPEKYBAHUX TEMITE-
paTypHUX 3aJeKHOCTell TepMo-e.p.c. il Omopy 3ragaeMo
BUCHOBKN mocaimmenua cuctemu Eu(Cuj_pAgy)2Sia B
npamni [8], y 4Kifi BUKOPUCTAHO MOXKIMBOCTI METOIUKU
Meccbayepa TPOBOAUTH EKCIEPUMEHTH Ha MIKPOJIO-
KaJIbHOMY DiBHI (3paskn y BKasaHifi mpami i B Hamifi —
OJIHOTO CKJIaIy).
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nopy p/psoo x EuPdz.18i1.9; (dparment) 1 — kpuBa oxoso-
KEHHd, 2 — KpHUBa HarpiBaHHHA.

HeonnopigHocTi B MIKpPOCKOMYHOMY MacirTabl, IO
BJIACTHBI MCEBAOTEPHAPHUM TBEPANM PO3ITMHAM, MAIOTh
SABHO TIepeBazkalounil BILIUB Ha TMOBEIIHKY IUX CHCTEM.
Came KLJIBKICTH HOHIB cpibja, IO 3aMINaioTh Midb,
y OJM3BKOMY CYCIICTBI 3 €BpOIIEM BH3Ha4Yae, In el
By3os Eu Mae NpOMIZKHY BaJIeHTHICTH, un € (Maiizke)
JIBOBAJIEHTHUM. B ocTaHHBOMY BHUOAIKY HOHU MOKYTH
6paTu ygacTb y MArHETHOMY BIOPAIKYBAHHI. ¥ mporeci
TOTO, 4K 31 3pOCTAaHHAM BMICTY cpibJia crcTeMa MpAMye
JI0 yCepemHeHOro B 9aci ABOBAJIEHTHOTO CTaHy, OIpPH HH-
3bKUX TEMIepaTypax 3’ aBJASIOTHCA MATHETHOBIOPAIKO-
Bani nomenu [8]. 3i spocTaHiaM BMICTY cpiba 115 KOMIIO-
HEHTa cTae ToMiryouot. [TokaszaHo, Mo 3pasKu 3 HU3D-
KnM ymicToM cpibia (Hanpukiaan Eu(Cug esAgo os)2Sis,
z = 0.05) He MaOTh MAaTrHETHOBIOPAIKOBaHOI bpakiiil
axk mo 1.8 K. Y Gararmmx Ha cpibio dasax (Hanpu-
kiaan npu x = 0.75), ne BoHa HadBHA, HOTAllEHH: Mar-
HeTHOI a3y 3aBEpPUIYETHCA IO TOTO, IK HATTOHKE MOJe
Bne (T = 0) crae piBanm Hynesi. 1la moBenmika Bij-
PISHAETHCA BIJ, TOl, IO CIOCTEpITagacs MpH 3aMIMeHH]
sonoToM y dasax Eu(Pdi_;Au,)2Sis [9]. ImosipHo, mo
B Il cucTeMi MarHeTHe BOOPAIKYBAHHSA OTHOYACHO TIO-
HIUPIOETHCA Ha LTI 06’eM 3paska (3a BHHATKOM, MOJK-
JIMBO, TIepex1aHo1 KoHIeHTpaIl £ = 0.18 MixK MarHeTHIM
13 IPOMIKHOIO BAJIEHTHICTIO CTAHAMHE) . 3POOIEHO BUCHO-
BOK, 110 MarHeTHi mporiecn y dasax Eu(Cuj_,Ag,)2Sis
PO3BHBAIOTHCA TePE3 3POCTAHHS I TIEPKOSIIIIO MiK Mar-
HETHOBIOPAIKOBaHIMHE 06’ eMaMu. TobTo 3 MIKpOCKOTIY-
HOTO TOTJISAY, TPOIMEC BTPATH MATHETHOTO TOPAKY 31
3POCTAHHAM TeMIIEpaTypH BIAOYBAEThC CKOPIlle depes
MOCTYIOBE CKOPOYEHHA MATHETHUX JIJISHOK, HIZK TLABKH
HLIAXOM pyHHYBaHHA TTPOCTOPOBUX KOPETATIIH MOMEHTIB
3aBOAKHN TEPMITHOMY 30VIKEHHIO.
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Ha wam mormnsazn, BiaacHe BKasaHuii, “KjacTepHuit”,
MexaHI3M dOpMyBaHHA BJIACTUBOCTER 3paska BIAMOBI-
JaJbHII 3a CHocTepeKyBaHl BIAMIHHOCTI B TeMIepa-
TYPHUX 3aJIEXKHOCTAX TEPMO-€.p.C. il olopy HpH 0XOJ0-
JKeHHl ¥ HarpiBaHHI 3paska. MoKHa HTpHUIycKaTH, Lo
“s3aMOpOoXKeH]” TpH HU3bKHX TeMIIepaTypax CTaHH B OK-
peMux “Kaactepax’ “3ami3HIOIOTLCA PeIakCyBaTH BlI-
TMOBLAHO IO 3MIHM TEMIIepaTypH, a dac pedaakKcalill Ho-
CTATHBO BEJIUKUH, MO JO3BOJIAE CIIOCTEPITATH Te ABHIIE

Ha KIHETHYHUX BJIACTUBOCTAX 3pa3Ka.

IV. BUCHOBKHA

Y mocimimkeHWX TBEPAUX PO3YMHAX Ha 6a3l TepHAap-
HUX CHOJIYK Fu eKcrmepuMeHT BUABUB ICHYBAHHA TiCTe-
pPe3uCy Ha TeMIepaTypHUX 3aJIeKHOCTAX TEPMO-€.p.C. 1

OTIOPY HPH OXOJIOMZKEHH] i HarpiBaHHl 3paska. [limTBep-
JPKEHO HaABHICTb HEEKBIBAJICHTHUX 4 f-eJIeKTpOHHUX
KOHpITypaliii  eBpomiio y  TBEPAOMY  PO3UMHI
Eu(Cuj_;Ag,)2Sis it iHINX KBasiTepHAPHUX CHOTYKaX
Eu tuny RM5 X5, Onmi 3 HEX MOB’ dA3aH1 3 HEOTHOPITHOC-
TAMH, 1O BJIACTUBI TCEBIOTEPHAPHUM TBEPIUM PO3UH-
HaM. BoHE MaoTh mepeBaxkaodnil BIJITUB Ha MOBETIHKY
B MIKPOCKOIYHOMY MacHITabl 3asHaYeHWX BHUIIE CHC-
TeMm. lHIN € AWHAMIYHOrO THITY, TOOTO HEe MOB d3aHl 3
PO3IIIEHHAM CTaTHYIHOl dasm, 1 CHJIBHO 3ajIekaTh Bl
Temneparypu. “Kiacrepunit” mexamisM ¢opMyBaHHs
BJACTHBOCTER 3paska Moxe OyTH BIAMOBIIAJHHEM 3a
CIIOCTEPEXRYBaHl BIAMIHHOCTI B TEMIIEpATYPHUX 3aJIexK-
HOCTAX TEPMO-€.p.C. 1 OTOpY HpH OXOJOIKEeHHI i Ha-
rpiBaHH] 3paska. IIpumyckaemo, mo “samMopoxkeni” mpu
HU3BKUX TeMIepaTypax CTaHH B OKPEMHX “KJjacTepax’
“3aMI3HIOITHCA’ peJaKCyBaTH BIAMOBLIHO HO 3MIHHI TEM-
neparypu.
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HYSTERESIS OF TEMPERATURE DEPENDENCES OF THERMOPOWER
AND ELECTRICAL RESISTIVITY IN SOLID SOLUTIONS ON THE BASIS OF Eu
TERNARY COMPOUNDS

B. S. Kuzhel
The Ivan Franko National University of Lviv, Department of Physics
49 Gen. Chuprynka Str., Lviv, UA-79044, Ukraine

A hysteresis is observed in the temperature dependences of differential thermopower and electrical resistivity
of solid solutions on the basis of europium ternary compounds. It can be explained by a varied interconfiguration
fluctuation state of Eu ion in the local regions of the crystal volume.
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