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MpoBefeHbl SKCNEPUMEHTANbHBIE UCCAEA0BAHNSI CTPYKTYPHBIX (METPUKN PELIETKM) M YAPYIUX XapaKTepUCTUK
B obnactn cTpykTypHoro cbasosoro nepexoga B cepun kobanstutos YBaCos—yZn,O74, npu gnamarHuTHOM
pa3basneHun kobanbToBoil nogcucTembl. OBHAPY>KEHO, HTO A4S OTOXIKEHHbLIX B BaKyyMe CTEXMOMETPUHECKNX
obpasuoB npu CTPyKTypHOM nepexoge napametp Aa/a ocobeHHOCTM He obHapy>kusaet, napameTpel Ab/b n
Ac/c vcnbiThiBatOT 6aM3KME MO BENNYMHE CKA4KM Pa3HOrO 3HAKa. JTO NPUBOAUT K CKa4Ky aHU30TPOMHOIA
(pombuueckoii) €, =z —4- 1072 n nsorpontoii (o6vemHoit) AV/V ~ —1-1072 gechopmaumii. Mpu 3ameweHmnn
noHamu Zn xapakTep MCKAXKEHUSI CTPYKTYPbl MEHSIETCS1 HE3HAYMTENBHO, @ TemnepaTypa nepexoga I's nnHeliHO
nagaet. VlCKa)KeHVIe CTPYKTYPbl B CTEXUWOMETPUNHECKNX 06pasL|,ax COMPOBOXAAETCA XaPAKTEPHbIMU aHOMAaNnA-
mu mogyns HOwra AE(T)/Ep n BHyTpenHero TpeHusi B obnactu Ts, TOrAa Kak ANnsi HECTEXMOMETPUHECKMX
3akaneHHbix 0b6pasLoB aHOManum NOAHOCTBIO nponagatoT. duamarnuTHoe 3amewenne nonamnm Zn npusoanT
K PE3KOMY YMEHbLUEHUIO 1 33aT€M MOJIHOMY MC4E3HOBeHUIO ckadka Ha kpueolt AE(T)/Ey. 310 moxeT bbiTb
CBA3aHO C U3MEHEHMEM COOTHOLLEHMSI U30TPOMHON 1M aHW30TPONHON Aebopmany Npu CTPYKTYPHOM NEPEXOae
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npu 3ameweHnn B KOOBaNbLTOBOW nogcucreme.

DOI: 10.31857/S0044451022110177
EDN: LBCBMR

1. BBEAEHUE

leomerpudeckn ppycTpupoBaHHBIE CHCTEMBI OCTa-
IOTCS TIPEJMETOM MHOTOYHCIEHHBIX IKCIEPUMEHTAIb-
HBIX W TEOPETHYECKUX HCCIENOBAHUIT MOCJIETHUX JIeT
[1,2]. Haubosiee u3yueHHbIMU CUCTEMAMU SABJISIIOTCS AH-
TudeppoMarHeTukn ¢ cerkoit Karome m cTpyKTypoii
MUPOXJIOPA, KOTOPbIE UMEIOT HEYIOPSiIOYEeHHBIE OCHOB-
Hble COCTOSHHS KaK /i KJacCu4eckux [3], Tak u
JUTsl KBAHTOBBIX cnuHOB [4]. OcHOBHOE cocTosiHue pe-
meTku Karome jjist KJIacCHYECKUX CIHHOB ¢ OOMEHOM
MeXIy OGIMKANITMMHU COCEISIMU CHUIIBHO BBIPOXKIEHO,
TaK Kak JI000e COCTOSHUE, YIOBIETBOPSIONIEE yCIOBUIO
S1+S2+S53=0 071 OTAENHHOTO TPEYTOJIbHUKA, ABJISIET-
Csl OCHOBHBIM, B TO BPEMsi KaK B TPEYTOJIHHOIN pereTke
[PU 3THX YCAOBHAX BO3HUKAET COCTOSHUE C JAILHUM
MarHUTHBIM TODPSIIKOM. BBIJIO MOKa3aHO, YTO B THX

* E-mail: kazei@plms.phys.msu.ru

767

CUCTEMAX PA3JINYIHbIE CIabble BO3MYIIEHNS, TAKHE KaK
HEOOJIBINNE UCKAYKEHWS CTPYKTYPbhI, B3AaUMOIEHCTBUE
CO BTODPBIMU COCEISIMHU, JIOKAJIbHAS aHU30TPONus, Ou-
[TOJIIPHBIE B3aUMO/IEHCTBYS, TEII0Bble (DIYKTYaIuu 1
Jp. MOT'yT OKa3bIBaTh CUJIbHOE BJIUAHNE HA BBIPOXKJE-
HHUE€ OCHOBHOTO COCTOSAHUS W MPUBOIUTH K COCTOSHUIO C
JAJIbHUM MAIrHUTHBIM IIOPAJIKOM.

Penkozemenbubie (P3) kobanbrurer RBaCosOry,
WHTEPECHBI TeM, 9TO B UX CTPYKTypPe UMEIOTCS OIHO-
BPEMEHHO YepEeIyIOIINeCss TPEYroJbHbIE CJIOW U CJION
Karome. Peakosemesbabie KOOAJILTUTBL CJIO2KHOIO CO-
CTaBa JIEMOHCTPUPYIOT HEOOBIYHOE MATHUTHOE TIOBEJIe-
Hue, 00yc/IoBIeHHOe (bpycTpalyeii 0OMEHHBIX B3aWMO-
JIeWCTBUI U MEPEMEHHON BAJIEGHTHOCTHIO B KODAJIBTOBOI
nozcucreme [5-10]. [Toxobubie coeuHenus TO3BOJIAIOT
n3ydarh QyHIAMEHTAIbHBIE TPODIeMbl (DU3UKU TBED-
JIOTO Tejla W MarHeTHM3Ma, TaKhe KaK HETPUBHUAJIbHBIE
OCHOBHBIE COCTOsiHUS, IPPEKTHI OJTUKHErO MOPSIIKA,
a TakKe CJOXKHBIE MATHUTHBIE CTPYKTYPbBI, CIIOHTAH-
HbIE W WHIYIUPOBAHHBIE (DABOBBIE TEPEXOIbI PABIUU-
HOI LPUPObL.
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Cuoucrbie kobasibrurst RBaCosO74, 0bpasytorcs
c monamu Y, Ca u rmsaxkenpivu P3-nonavu, HaduHast
¢ Th. Crexmomerprudeckne COSIUHEHNUSA C TPEXBAJICHT-
HEIM moHOM R3T comeprkaT MOHEI KOGAIBTA CMeIIaH-
noit Basentnoct Co?t u CoT B coormomenuu 3:1,
KOTOPbIE PACIPEIEJEeHbl B CTPYKTYPE HEYTIOPSI0YeH-
HO TIO TETPAdIPUUECKUM MO3UIMs AByX Tumos. Coor-
nomenue pasuopasentabx monos Co’t /Co®T B xo-
6aNTbTOBOI TOACKCTEME MOXKHO BAPbHPOBATH C ITOMO-
mpo Hem3oBaseHTHOro 3amernernst R3T — Ca?t wm
Co*t /Co®t — Zn%** /APt a takxke m3menenuem co-
Jepxkanus kucaopona (7 + x).

Kpucrannuaeckas crpykrypa P3-kobaabTuros npu
BBICOKUX TEMIIEPATYPAX OMUCHIBACTCSA IeKCArOHAIBHOM
P6zmc (unu tpuronanbuol P31¢) mpocTpaHCTBEH-
Hoit rpynnoit [11-15]. B kapkacHoil Kpucrajimieckoi
crpykrype rerpasapsl CoQy, obbeauHeHHbIe 00IIUMU
yriamu, 06pa3yioT yMaKOBAHHBIE TOOYEPEIHO BIOJb
ocu ¢ Tpeyrosbabie ciion u cion Karome. Bosee kpyi-
HBbIE OKTA3IPUIECKAE M KyOOOKTA3IPAYECKNE MTO3UIAN
B TPEXMEPHOM TeTPa3IpUYecKOil CeTke 3aHUMAIOT CO-
orBercTBenHO KaTnoubl R3T m Ba’t. B 6eckoneunoit
IJIOCKOH CETKE M3 CBA3AHHBIX TPEYTOJBHHKOB (PPyCT-
paluyd B MAarHUTHOW CHCTEME MPUBOIAT K BBIPOXKICH-
HOMY OCHOBHOMY COCTOSIHWIO M OTCYTCTBHUIO IaJIbHEro
MArHATHOIO MOPSJIKA JIaKe MPU 3HAYUTETHHBIX KOH-
cTaHTax OOMEHHOrO B3amMozeiicTeus [16].

Heb6omb1moe nckakenne CTPyKTyPhI B CTEXHOMETPH-
geckux P3-kobambrurax cHuMaeT Gppycrparuio 0OMeH-
HBIX B3aMMOIEHCTBUI, UTO GJATONPUITCTBYET PA3BU-
THIO JaJbHEro MarHuTHOro nopsiaka B Co-nogacucreme
Huzke Temneparypbl Tg cTpyKTypHOro nepexoga [17-
19]. CrTpyKTypbl HECTEXMOMETPHYECKHX COEJANHEHMIT
OCTAIOTCS HEUCKAZKEHHBIMU, (DPYCTPAIMH B CUCTEME CO-
XPaHAIOTCS, U B CACTEME PA3BUBAETCS TOJBKO OJIMZKHIH
MArHUTHBIH MOPSIIOK.

Y-KO0AJBTUT, COMEPIKAIIUN OMUH TUI MarHUTHBIX
MOHOB, UCIIBITHIBAET CTPYKTYPHBIH mepexon npu Tg —
313 K, npuBozsmiuii K IOHUKEHUIO CHMMETPUAN OT eK-
CaroHaJbHON 110 OPTOPOMOUYECKOl (IPOCTPAHCTBEH-
wag rpymnmna Pbn2y, a, ~ ap, b, ~ v/3a;) 1 cOmpoBox-
JaeTCA AHOMAJIMSAMU YIPYIMX, MAIHATHBIX M TPaHC-
MOPTHBIX CBOUCTB. /I KOGANBTHTOB C MATHUTHBIMA
P3-vonamu KpuTHYeckas TeMIepaTypa CTPYKTYDPHOTO
nepexona T's MOHOTOHHO TOHUIKAETCS TMPU yMEHbIIe-
Huu paguyca P3-uona [20-23]. Huxke crpykrypHOro
nepexona B YBaCo,Or Habmomaercs mosiBJIeHne TPexX-
MepHOro anTudeppoMarHuTHOrO yrnopsaodenus B Co-
nogcucreme upu Ty ~ 110 K [5] ¢ nonnkenuem cum-
Merpum 10 MOHOKMHHOA P112; [16,24]. TIpu nasb-
HEeHIeM TOHWKEHUN TeMIEePaTyphl HAOJI0IaeTcs erre
onuH MarHuTHBIN (asoBeiit mepexon mpu Tns ~ 70 K
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[25], KOTOPBILT 00YCJI0B/IEH CLIUHOBON LIEpEOpUeHTALUel
B Co-nozpcucreme [16]. 3-3a dpycrpuposantocru 06-
MEHHBIX B3aMMOJENCTBUIl JAJbHUN MATrHUTHBINA TTOPS-
JIOK YCTAQHABJIUBAETCS TPHU TEMIIEPAType CYIIEeCTBEHHO
HUKe MapaMarHuTHOi Temueparypbl Oow = -508 K u
XapaKTepU3yeTcd CJIOXKHON HEKOJIJIMHEeapHONH MAarHuT-
HO#i cTpyKTypoit [5,16].

Kpucrannnyeckas cTpyKTypa CJIOUCTOTO KODATHTH-
Ta WU3yYeHa JOCTATOYHO MOAPOOHO B TEKCATOHAJIBLHOM
daze v 3HAYUTETHHO MEHbBIIE B UCKAKEHHONH OPTOPOM-
omueckoit ¢ase. B macrosiiee Bpemsi BONpOC O Tpu-
pOlie U MeXaHW3Me CTPYKTYPHOTO TEepexoia OCTAETCS
erme OTKPBITHIM. OOCYXKIAI0TCS PA3TUIHBIE MOJIEJIH,
TakmWe Kak 3apsaa0Boe yrnopsaodenue B Co-moacucreme
[20], onTnMu3aIMs HEHACKIIEHHBIX CBsi3eil Ba Koopu-
HALMOHHOrO MHOrorpaHHuka [14], cumb-pemierounas
HECTAOUIBHOCTD U JayKe BO3HUKHOBEHHWE OJIMKHEro
anTHdeppoMaruuTHOrO TopsiaKa/Koppensiuuii B Co-
nozcucreme [22].

Hu ogna w3 mpeaioKeHHBIX CTPYKTYP UCKAZKEHHOM
dazbr, Pbn2; wim C'mc21, He NOATBEPKIALT IIPEICTAB-
JIEHUS O 3aPsAI0BOM yIOPSIOYEHUU. Y TOUHEHUE CTPYK-
TYPHBIX MapaMerpoB OOHAPYKUJIO OOJBIIHI pa3mep
nosunuu Col mo cpasrennto ¢ Co2, (d)co1-0{d)co2-0,
B paMKax obemx HMpPHUHATHIX Mozeneir Pbn2; m C'mc2;
UCKAXKEHHON (ha3bl. DTO ABJSIETCS APTYMEHTOM IIPO-
tuB Oosbmeii BajgerTHoctu Col, uem y Co2 u He mog-
TBEPXKJAET MPEICTABICHUS O 3apPAI0BOM YIIOPSI0Ye-
Hun ipu ba3oBoM nepexoze [26]. ABropsr paGorsr [14]
npeamoaraioT, aro nepexon B YbBaCo,Or sBisiercs
CJIe/ICTBHEM HEHACBIIEHHbIX cBaseil nonos Ba’t B BbI-
cokoremieparyphoii dhaze. B padore [26] nepexon npu
Ts OTHOCAT K TIEpPEXOJaM THIA CMEIIEHUsS B TETPAdI-
PUYECKON CeTKe U MPUIKCHIBAIOT K KOHJIEHCAIIUU JTHO-
paImoHHON (POHOHHOM MOIBI, CBI3AHHON C BPAIEHUEM
TETPAdAPOB KaK IEJbIX BHYTPHU 3BE3I000PA3HBIX TET-
PASAPUYECKUX EJMHUIL, ABJIAIONUXCH CTPOUTEbHBIME
6mokamu cetku Karowme.

Xapakrep M3MeHeHusl 1apaMerpoB pemierku (mer-
DHKa DEIIEeTKH) IPU CTPYKTYPHOM IIEPEXOJIe, & TaKIKe
U3MEHEHUE TEMIIEPATYPHI MEPEX0/1a W BEJIMUINHBI UCKA~
JKeHUsl 1Py pasimdibix 3amenierunsx 8 Co- u P3- noa-
PEIIeTKaxX WiIH OTKJIOHEHHUH OT CTEXHOMETPUHU U3y YE€HbBI
HEIOCTATOYHO. Biinsinve uckakennsi CTPyKTYPhI HA, IO~
Benenne GpycrpupoBarHoit Co-TOICHCTEMBI UCCIEN0-
BAJIOCH JIJIs CepUr Y -KOOATBTUTOB C HEOOJIBIITUM OTKJIO-
HeHHeM OT crexuomerpun [27]. B gacTroCcTH, 6BLIO 06-
HapPYZKEHO, UYTO YIPYTUe CBONUCTBA CJIOUCTHIX KOOATHTHU-
t0B YBaCo0407, B 04€Hb CUIIbHOI CTENEHU 3aBUCST OT
n30BITKA KUCTOPOaa. B HacTosImeit pabore uccaemayer-
Cs BIIUSHUE JUAMATHUTHOTO pa3baBiieHus B GppyCcTpH-
POBaHHOI KOOAJIBTOBON IOACHCTEME HA CTPYKTYPHbBIE



XITD, vom 162, Beim. 5 (11), 2022

CTpykTypHbIE nepexoabl B hpyCTPUPOBaHHBLIX KODanbTUTax. . .

daz0BbI€ 11EPEX0/IbI, & TAKXKE HA CIPYKTYPHbIE U YIIPY-
rue XapakTEePUCTUKHA B CEPUHU CJIOMCTBLIX KODAJIBLTHTOB
YBaCoy—_yZn,O7, GIMBKAX K CTEXHOMETPUIECKIM.

2. OBPA3IBbI 1 SKCIIEPIMEHTAJIBHA £
TEXHHNUKA

UccnemoBanus CTPYKTYPHBIX W YIOPYTUX CBONCTB
[POBOJMJIMCH HA HOJUKPUCTAJUIMYECKHX —00pa3max
YBaCo4_,Zn,O74, (y = 0.1, 0.2, 0.3), cunresupo-
BAHHBIX MO KEpaMUYeCKoil rexuojoruu. [as TBepmo-
daznoro cunTE3a HA BO3/yXE HUCIOIH30BAIUCH OKCHJIbI
Y203 (IrO-MIp.), Co304 (99.7 %, Alfa-Aesar) u
kapbonar BaCOj3 (oc. 4.), mpeBapuTeIbHO OTOKIKEH-
HbIe Tpu TeMrepaTrypax coorsercteenno 800°C, 700°C
u 400°C. Cunre3 mpoBOAWJICA B TPU CTJAUUA TIPH
remneparypax 900, 1000 u 1100°C (Bpemsi orkura
opu Kaxkzaoi remmeparype 20 9acoB) € 3aKagKo# B
KOHIIE OTKWTA W I[POMEXKYTOYHBIM IE€PETHPAHHEM.
[Tepen mocnegaum orzxkurom npu Temmeparype 1100°C
TIOPOIIIOK TIPECCOBAJICA B TaOJIETKM AuaMeTpoM 15 MM
U TomuHON 3 MM (cM. Jeranu B [28]).

ITocie cuaTesa m 3akasku or Temmeparypbl 900—
950°C kepamukn RBaCosO74, ¢ nonamu or Dy 10 Er
MMEIOT, KaK IPABUJIO, HEOOJIBIIONH H30bITOK KHCI0POIA,
a ¢ bomee TsKenbiMu moHaMu Tm-Lu, 6im3Kkm K cre-
xuomerpudeckuM. s mosyuenus TpedbyemMoro comep-
JKaHUS KUCIOPOAa (B TOM YHCJIE CTEXHOMETPUYECKOTO
c x = 0) u ero oIHOPOJHOrO pacupesieierus 10 00be-
My 00pa3Ihbl KEPAMUKH MTOIBEPTANNCH JOMOJTHATEIHHOM
TepMoobpadorke [29].

B cayuae cucrempr YBaCoy_yZn,O7 ., 3akanen-
Hble 00pa3Ipl () nMenn HeOOIBIIONH N30BITOK KUCIOPO-
ma x < 0.07, a aas momyderus obpasnoB A ¢ z =~ 0
upoBoauica orkur B Bakyyme npu 500°C [28]. Ilo-
CJle OTIKWra BETUYMHA OTKJIOHEHUS OT CTEXHOMETPUU
[0 KUCJIOPO/LY CTAHOBUJIACH OTpHUIATeIbHOM (HedunuT)
U 3aMETHO YMEHbIIAJIACH 110 MOJLYJIO JIJIsd BCEX M3ydae-
MBIX 00pa3ioB. TakuMm oOpaszomM, HECMOTPs Ha TO, UTO
00pasIbl TIOCJe OTKHUra B BaKyyMe ObLIH C1abo HecTe-
XUOMETPUYECKUMU, BEJIWUNHA OTKJIOHEHUS I 3aMETHO
yMeHbImiach. CTPyKTYypHBIE U MATHUTHBIE TEPEXO/IbI
Ha, TAKUX 00pa3Iax, KaK MOKA3bIBAIOT WCCJIEIOBAHUS,
SIBJIIOTCST OOJIee PE3KUMH.

Pentremnorpaduteckne nccaeaoBaHusd MPU KOMHAT-
HOI TeMIeparype MOpPOBOAMUINCH HA AUQPPAKTOMETPE
Stoe Stadi P ¢ MmoHOXpOMaTOPOM HA TIEPBUYHOM ITyYKe
(CoKy1-uznygenue). Temueparyphble pPeHTI€HOBCKUE
u3MepeHus npoBoaminch Ha gaudparTomerpe Rigaku
«Teftrepdiekcy na m3nydennn CoKgyi 42 (a Takke Ha
FeKq1 a2) 63 MOHOXpOMATOPA ¢ HU3KOTEMIIEPATYPHOI
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kamepoit “Oxford Instruments” (Anrius), 103BOJIAIO-
Ieli oIy YaTh U HOJAEPKUBATH TEMIIEPATYPY € TOTHO-
croio 0.5 K B nnrepBase (77-350) K. ITpn koMHATHOM
TEMTIEPATyPe BCE INHUU HA, PEHTTEHOTPAMMAX UCCJIETY-
empix obpasunos YBaCoy—,Zn, Oy, (y = 0.1, 0.2, 0.3)
JIO ¥ TIOCJI€ OTKWTa WHIUIUPOBAJINCH B PAMKAX I'eKCa-
POHAJIBHON CTPYKTYpPBI (06pasIpl comep:kaiu HebOb-
1Ioe KOJM4ecTBo, okoiao 1-3%, okcuja urrpus). Ana-
JIM3 DEHTTeHOrpaMMbl B uHTepBase yrios (18-120)°
npu temneparypax 300 u 80 K mpoBoguicsa mo meTomy
Pursesibna ¢ ucnosb3oBanuem mporpaMmbl Full Prof.
OTO MO3BOJUIIO ONPEJEUTh 3HAYEHUs TAPAMETPOB d,
b m ¢ rexcaroHaJbHOW WM CJIaD0 MCKAKEHHON rekca-
rOHAILHOM (OPTOPOMOMYECKOIT) 31eMEHTAPHON sTueiikn
(masnee ucnonb3ytorcsa obo3HadeHus a, b u ¢ i napa-
MeTpOoB opTopoMbuyeckoil sueiiku). Kadyecrso onuca-
HUST PEHTTEHOTPAMMBI OMPEIEISIOCH BETUINHON WHTE-
rpaJsbHON pasnoctHOl dbyukuun x2. s Temmeparyp-
HBIX U3MEPEHUI TPEX MapaMeTpPOB PEIeTKH poMOude-
CKOIl CTPYKTYPBI MCIOJIB30BAJNUCH JIBA OJM3KO pPaCIO-
noxkeHHbrx (pacmemienabix) pedaekca ((260) + (400))
u pedrexc (004) ¢ yrmamu coorBeTCTBEHHO 267 9 & 69°
n 293 ~ 41°.

Moayns FOura F u xo3dduiinmeHT BHYTPEHHETO
Tpenus ¢! M3MEPAIUCH METOJIOM COCTABHOIO PE30HA-
topa nHa dvactore okosio 100 k['m B muTepBase Tem-
neparyp (80-300) K na opuruHaabHONW aBTOMATH3H-
poBaHHO# ycraHoBke (6osee 10upOGHOE OlucaHue CM.
B [23]). TemueparypHbie u3MepeHus NPOBOAUIKUCH B Pe-
KM€ CTAIlMOHAPHOTO COCTOSHUS, & TEeMIIepaTypPHBIi
mar (rounocts u3Mepenusi £0.03 K) u Bbimepkka B
obsractr (Pa3zoBOro MEPEX0Oa BAPbHPOBAIUCH B IIHAPO-
KuxX mpenenax. V3 criiakeHHO# 3SKCIepUMEeHTAJIbHON
AMIUIMTYIHO-YaCTOTHON XapakTepucTuku Ay, (f) B 06-
JIACTH PE30HAHCA ONPEJIEIINCh AMILIUTY/IbI U 9aCTO-
THI PE30HAHCA W aHTHpe3oHaHca. TemmeparypHbie 3a-
BUCHMOCTH aMILIATY U YACTOT PE30HAHCA U AaHTUPE30-
HAHCA [TO3BOJISLIN OIPEJIENIATh u3Menenue Moysist FOu-
ra F(T) u norsomenus (koadduipenra BHyTPEHHETO
tpenus) ¢~ L(T) B MUPOKOM JMaTIa30HEe TEMIIepaTyp.

Comeprkanre KHCJIOPOJa B 00Pa3Iax OMpeIesisioch
fogomerpudeckum rurposanuem [30] Ha opuruHasb-
HOIl aBTOMATU3UPOBAHHOW YCTAHOBKE, YIIPaBJIA€MON
KOMIIBIOTEPHO# iporpaMmoii (6osiee mogpobHOe omnuca-
Hue cM. B [23]). s xaxmoro o6pasua GBLIO HpoOBe-
JIEHO J[BA-TPHU TIOCJIEIOBATEIBHBIX KCIEPUMEHTA, TPH
KOTOPBIX OKO0JIO 30 MI HMCCIeayeMoro o0pasiia pPacTBo-
pstminck B 2 M-pacrope HCI, comepskamiem m30BITOK
KI. Boccranosienue sbicokopaienTHbx monop Co®t
10 noros Co?t mpuBoammo K 06pa3soBaHHIO B PACTBO-
pe CTeXHOMETPUYECKOrO KOJWYECTBA #0a, KOTOPBIN
rurpoBasica 0.02 M-pacrsopom NasSoQOs, no3upyembim
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3JIEKTPOHHOM HOpIIHEeBO# 6roperkoit. Konednas Touka
TUTpOBaHKs (TOYKA SKBUBAJIEHTHOCTHU) OIPEEJisiiach
[0 CKAYKy MOTEHIMAJIa B MPOIEcCe XUMUIECKOH peak-
uu npu u3mepennn JJ1C 0bpaTuMoro raabBaHNYECKO-
ro asiemenTa. OTHOCHTEIbHAS OMUOKA OMPE/ICTIEHUs OT-
KJIOHEHUSI & KHCJIOPOJA OT CTEXHOMETDPUU COCTABJISET
npumepHo 1.5 %.

Pentrenorpammer 06pasnos YBaCoy_,Zn, 071, (y
= 0.1, 0.2, 0.3), cusaTble UPU KOMHATHON TeMmiepa-
Type 0 M TOCTe OTKWra, ODHAPY’KUBAIOT 3aMETHOE
U3MEHEHUE TMapaMeTpoB pemerku (puc. 1) mpu Tep-
M000OpaboTKe, OCOOEHHO CHJIBHOE /I IapaMeTrpa ¢
(Ac/c = 2.5-1073). 3amemenne atomos Co** aromanvm
Zn*t B TeTpasapax (MOHHBIE PAJINYCHI PABHBI COOTBET-
crrenro 0.74 A w 0.72 A) mpusoauT k cicremaTiecko-
My YBEJHYEHUIO MapaMeTpPoOB G U ¢ KPUCTAJINIECKON
PEIeTKN OTOXKZKEHHBIX 00PA3IOB NMpPU YBEJIUYCHUH Y
(puc. 1; mapamerpnbl st cocraBa ¢ y = 0 BBINAJAIOT
U3 3aBHCHMOCTH, TAK KaK 3TOT OOpaser mMpu KOMHAT-
HOIl TeMneparype sBJISeTcs y¥Ke UCKaXKeHHbIM). OTHO-
CUTEIbHBIE U3MEHEHUS MAPAMETPOB JIJI OTOXKIKEHHBIX
cocraBoB A tpu msmenennu or y = 0.1 g0 y = 0.3
cocrasnsior Ac/c = 0.41 1073 u Aa/a = 0.59 1073
OTu U3MEeHeHus MPUMEPHO B 1.5 pa3a MeHbIIe, 9eM /11
3aKaJjieHHbIX 00pa3uoB ). s cepuu 3akajieHHbIX 00-
PA3I0B OTMETHM AHOMAJILHOE YMEHBIIEHUEe MapaMer-
pa @ TpH yBeJIMUIeHHH KOHIEHTPAIWH y HOHOB Zn2t.
OTokyKeHHbIe 00PA3IIHI ABJISIOTCSA, HA HAII B3MJIAI, 60-
Jlee PABHOBECHLIME 110 Paclpe/esenuio nonos Zn?t u
HECTEXNOMEeTPUYECKOT0 KUCIOPO/IA.

3. S9KCITEPMUMEHTAJIBHBIE PE3VJIBTATHI
OBCVY2XXJIEHUE

3.1 PeHTreHOCTPYKTYPHBII aHAJIN3

CTpyKTypHBbIE HCCAEIOBAHUS CHCTEMBI 00pA3IIOB
YBaCoy—yZn,O74, UpeACTaBjdiOT HHTEPEC C TOY-
KM 3peHHusi BBISBICHHS OCOOEHHOCTEH (a3oBoro e-
PEeX0ola — 3aBUCHMOCTH €r0 TEMITEPATYPhI U BEIUUHU-
HbI HCKayKeHusi OT 3amernenus. s cepum oOpasinos
YBaCo4_,Zn, 07 (y = 0.1, 0.2, 0.3) Bce nunHuM Ha
PEHTTeHOTpaMMe TIPU KOMHATHON TeMIIEPAType WHIU-
UPYIOTCS B PAMKAX TeKCArOHAJILHON CTpyKkTyphl. Ha
peurrenorpamme npu 1T’ = 80 K nabsionaercs 3amer-
HOe pasjuuue g psiga pediiekcos (HanboJiee CUIbHO
nns pediexkcos ¢ yrmamu 260 =~ 63 u 69°), uyBcTBU-
TEJIbHBIX K POMOUYECKOMY HMCKAXKEHHIO) U CTPYKTYDPa
OIUCHIBAETCS C YIETOM HEDOBIITOTO POMOUTIECKOTO UC-
KaYKEHUS.

W3mepenne TOHONH PEHTTEHOTPAMMBI C XOPOTIeit
CTATUCTUKON P PA3JIMYHBIX TeMIeparypax Tpedyer
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Puc. 1. 3aBucrmocTn napaMeTpoB a U ¢ 31IEMEHTAPHON s4eii-
KU OT KOHLEHTpauumu noHoe Zn ans 3akanenHsix (Q, TemHble
CUMEBONbI) 1 OTOXKeHHbIX (A, ceeTnble cumBonbl) 0bpasuos
YBaCos—yZn,O7, npn komHaTHOI TemnepaType (a, 6). 3a-
BMCUMOCTIM TEMMNEPATYP CTPYKTYPHOrO MepexoAa npu Harpese
Tsy (temubie cumeonst) u npu oxnaxgerun Tsp (cetnbie
CUMBOJIbI) OT KOHLEHTPALMM NOHOB ZN Afs OTOXOKEHHbIX 06~
pasuos YBaCos—yZn,O74y (B)

3HAYUTENHHOrO BpeMeHu. O/IHAKO, eCiiu XapaKTep HC-
KayKeHNs CTPYKTYPHI ycranosseH npu 1’ = 80 K u ¢ mo-
BBIIIIEHUEM TEMIIEPATYPbI HE MEHSAETCs, JJIst UCCIIEI0Ba-
HHS MMAPAMETPOB MCKAKEHHON POMOMYECKO# permeTkn
JIOCTAaTOYHO M3MEPEHHUsl 10 TEeMIIePATYPE TMOJIOKEHUS
rpex nukoB. CUJIbHBIN UK, 9YBCTBUTEJILHBIA K POM-
Guaeckomy uckaxenuio ((260) + (400)) ¢ GparroBckuM
yriom 20 = 69°, maer maGOpPMANMIO O HAJUIUU WC-
KaxkeHuit B oopasie. s Bcex 3aMeleHHbIXx 00pa3Ion
UK 1pu yrie 69° SBIseTcs ONUHOYHBIM MPU KOMHAT-
HO¥i TeMIepaType, YTO CBUJETEeIbCTBYET 00 OTCYTCTBHH
uckaykenuii. [Ipu MOHMIKEHUN TEMITEPATYPHI BOZHUKAET
HEDO/IBIIIOE POMOMYIECKOE MCKAYKEHUE CTPYKTYPbI, I
U3YYEHUs KOTOPOTO CHHUMAJICS 3TOT MUK B WHTEPBAJE
(80-305) K. O6paboTka nuKa NpOBOIUIACEH C TIOMOIIBIO
onuoit u3 yruiur nporpammbl Stoe WinXPow Profile
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Fitting. 9kcnepumenraabHble MUKU AIMIPOKCUMUPOBA-
nmch pyukmueit ncepao-Boiita, a onTuManabHOe onmca-
Hue Tpoduiist PACIIEIJIEHHOTO MUKAa OMPEIesisijioch 10
MIHAMAIBHOMY 3HAYEHUIO PA3HOCTHON byHKIMH X 2.

Paccmorpum moapobHee ncKazkKeHne CTPYKTYPhI HA
npumepe YBaCo4—,Zn,O74, ¢ Bemmamno#l pasbasire-
uust y = 0.1. Pacimemnenne pedaekca ((260) + (400)),
YyBCTBUTEJIBHOIO K POMOMYECKOMY HCKAXKEHHIO, Ha-
MPSAMYIO JIAeT BETUIUHY UCKAYKEHWS

e=(a—b/\/3)/a=2(d} — d3)/(4d] — d3),
df% = 2sin(0; 2)/A,
rae 01 = 0400, 02 = 0260 — OpPArTOBCKHE yIJIBL COOT-

BeTcTByIommx pedirexcos. Ilpn T' = 300 K ma K1, a2-
u3mydennn Co HAOIIOIAETCS HEPACIIETIEHHBIN Ty01eT-
ubtit pecpaexc mis di = do upu b = av/3, Toraa Kak upu
temneparype amxe 280 K stor pedekc obuapyxusa-
€T paclieryienre Ha Jase uHnu. [Ipu 3TOM BBICOKOYTIIO-
Bas KOMIIOHEHTA PACIIEIIIEHHOrO peduiekca ¢ 205 ocra-
eTCs Ha MeCTe W BO3HUKAET JOMOJHUTETbHAST JTHHUS,
cvermennas Ha A(2071) ~ 0.25°. Pacemwienue pediiex-
ca ¢ yrimom 267 o ~ 69° BO3HWKAET CKAIKOM TIPU TeMITe-
parype dazosoro nepexona Ts ~ 280 K u ymenbiaercs
npu nonuxkernn remrueparypsl 10 80 K. CioxubIil mpo-
¢busb pacIenienHoi JTUHIH OMUCHIBACTCS AByMsi 1y0-
JIETAMU C COOTHOIIEHUEM WHTEHCHBHOCTEH DACIIENIeH-
HBIX KOMITOHEHT 2 : 1, COOTBETCTBYIOIIUM CTATHCTUAYE-
CKOIl BEJIMYWHE [IJIsT STOTO THUTIA, MCKAYKEHUSI.

Pedrnexc (004) nossossier OLpeneuTb H3MeEHe-
HEEe TIapaMerpa ¢ C TeMIeparypoii. BparroBckmit yros
203 =~ 41° ckaukoMm BO3pacraer Ha A(263) 0.2°
mpu Tg ¥ MPOMOIKAET YBEJIMIUBATHLCS TPHU MTOHUKE-
uuu remneparypsbt 10 80 K. Dror pedexc mpu pombu-
YECKOM WCKaKEHUU DEIeTKH OCTAeTCsl HepacCIIenJieH-
HBIM, W €ro JBoWHas CTPYKTypa B obmactn Ts oTpa-

~
~

XKaeT AByxgas3Hoe cocTosHme 00pa3sia, KOraa B Ina-
ma3one okomto 10 K cocymectByror e daswr. Hamu-
qme nByxdaszHoro cocrosiuus BOau3m T Ha pediierce
c yruioMm 261 2 =~ 69° nposiBisieTcs Kaxk yBeJdYeHne UH-
TEHCUBHOCTHU [5 BHICOKOYTIIOBOI KOMIIOHEHTBI, HA KOTO-
PyI0 HakIaIbIBaeTCa pedJIeKC TeKCarOHAJBHON (ha3bl
c TeM ke OparrosckuMm yryiom. B obsactu aByxdas-
HOro cocrosuus unrencusuoctb I /(I + Iz) manoyr-
JIOBOM KOMTIOHEHTHI PedJIeKCa YMEHbBIIAETCS, a WHTEH-
cusHOCTH I3 /(I + I3) BBICOKOYTJIOBOH pacrer, Tak |UTO
COOTHOIIIEHUE WHTEHCHUBHOCTEH HE COOTBETCTBYET CTa-
rucrudeckomy 2 : 1 (BcraBka Ha puc. 2a).

Bosee moapobHO aByxda3HOE COCTOSIHUE UCCIIEI0-
BastoCh it obpasna ¢ y = 0.3. nrencuBHOCTD HU3KO-
YLJIOBOM KOMITOHEHTBI pediiekca ¢ yriom 2601 ~ 69° mpu
Harpese HaUMHAeT NMagaTh Boimie T = 245 K u nmpomnaga-
er nosiHocrbio upu 265 K (Bcraska na puc. 26, jesas
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2. OTHOCMTENbHBIE W3MEHEHUS| MAPaMETPOB PELIET-
(kpuBas 1 — Aa/a, 2 — Ab/b, 3 — Ac/c) ¢
TEMNepaTypoli CTEXMOMETPUHECKMX 3aMELEHHbIX 0Bpa3uoB
YBaCos—yZnyO74r ¢ pasbaeneHuem y 0.1 (a) n 0.3
(6). Bce 3aBMCMMOCTM HOPMWPOBaHbI Ha 3Ha4YeHWe napa-
meTpoe npu Ts 300 K: Aai/a; = (a:i(T) — ai0)/aso.
aio = a;(T = 300K); a; = a,b,c. Ha BcTaBke k navenu a
MOKa3aHbl 3aBUCMMOCTN OTHOCUTENBHON NHTEHCUBHOCTU KOM-
novent (400) (I1/Io, 1) n (260) (I2/Io, 2) pacwennexHoro
nuka npu ¢asosom nepexoge. Ha BcTaeke Kk naHenn 6 nokasa-

Hbl 3aBUCUMOCTN OTHOCUTENbHON UHTeHCMBHOCTY nukos (400)
(I1/Wo, 1), (004) (I3/Io, 2) obpasuya c y = 0.3 B obnactu
A,BYX)a3HOro COCTOSIHUSI MPU HArpPeBe 1 OXNaXKAEHUN

mkaja). Ilpu oxyaxkaeHuu, HaobopoT, 9Ta KOMIOHEH-
ta nogsiagerca numxke 1T = 250 K, vo mpu T = 245
K eme me mocruraer MakcuMasbHOrO 3HadeHud. H-
TEHCUBHOCTH BBICOKOYTJIOBON KOMIIOHEHTHI JIJIsl TTHKA C
yraoM 205 /2 41° 3aMeTHO yMeHbIaeTcs (8 HU3KOYTIIO-
BOl HAYMHAET HOSABNATHCA) TONBKO Bblme 1T = 255 K
U moJHOCTHIO mponazaer Boime T = 270 K (BcraBka
Ha puc. 20, paBas mKaia). Takoe pasauaue obiacTei
JABYX(A3HOTO COCTOSHHUS IO ABYM pedekcaM Pa3sHoro
THUIA HE COBCEM TOHSITHO ¥ MOYKET CBHIETETHCTBOBATH
O CJIOYKHOM XapaKTepe NCKAXKEHHs CTPYKTYpbI ipn da-
30BOM IIEPEXO/IE.

3HadeHus MapaMeTpoB sYefiKu i 0OpasioB ¢
y = 0.1 u 0.3, momydenubie 0OpabOTKOl TTHUKOB
OpU Pa3JINYHBIX TeMmreparypax B obmactu (80-305)

K, npusenennr ma puc. 2. msg ymobcTBa cpaBHEHUS
Bcex napamerpos pemerku Aa/a, Ab/b, Ac/c, 06b-
eMa AV/V u BennunHbI POMOHYECKOrO HMCKAZKEHWUST
(€0 = Aa/a — Ab/b) nanee Ha puCyHKAX IIOKA3aHbL UX
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OTHOCUTEIbHbIE M3MEHEHUsI, HOPMUPOBAHHbIE HA 3HA-
9eHMs COOTBETCTBYIOIIErO MapamMerpa mpu 1 HEMHOTO
BhIle T, HATIpUMEp

Aa/a = Aa(T)/ao,
Aa(T) = a(T) — ap,
ag = a(T = 300 K).

Paccvorpum xapakTep n3MeHeHUS METPUKHU PEIeT-
ku mpu (azoBom mepexone s obpasma ¢ y = 0.1
(puc. 2a). Nnrepecuo, 9ro mpu $Ha3oBOM MEPEXoJe a-
paMeTp @ He WCIBITHIBAET HUKAKUX CKAYKOB W MPAK-
TUYIECKN He MeHseTcd mo BennyauHe. [lapamerpsr b u ¢
00HAPYKMUBAIOT CKAYKM PA3HOTO 3HAKA W PABHOM BEJIU-
aunbt Ab/b~ —4-107% u Ac/c~ 51073, uro npuso-
ut K ckauky oobema AV/V ~ 1-1073. Huxe teme-
paTypbl mepexoma mapaMeTrpsl b U a caabo MEeHSIIOTCH,
mapaMeTp ¢ YMEHBITAeTCs NP YMEHbIIEHUN TeMIIepa-
Typbl. Jlnana3on aByx{a3HOro cOCTOsHUS, OIPEIeICH-
HBII 110 Tapamerpy ¢, cocrasisger npumepuo (280-295)
K. Boimie Ts (B rexcaroHasbHOi (aze) napamerpbl
u b'=b/\/3 cornazaior. /Ins obpasma ¢ y = 0.3 Temre-
parypa Ts yMmenbiaercs, a MaKCUMAJIbHOE U3MEHEHUE
napamerpa Ac/c B nuanasone (80-Ts) K u ckauox npu
Ts HECKOIbKO yBeauuuBaiorcs (puc. 26; 1js yao0cTBa,
cpaBHEHHS MAacIITabbl HA PHUC. a U O IO OCH OpPJAWHAT
BbIOPAHBI OJMHAKOBBIMHU ).

B obpasmnax ¢ pa3auyHbIM 3aMeIeHNeM Y TOJIYIITH-
puHa Bcex pedJieKcoB Ha PEHTIEeHOIDAMME B HEUCKa-
JKEHHOM (haze HECKOTbKO YBETUIUBAETCSH, UTO TUMHY-
HO JIJIsi 3aMEINEHHBIX W Pa30aBIEHHBIX CHUCTEM U OT-
parkaeT HeOJHOPOIHOCTH MAapaMETPOB CTPYKTYPHI MO
obbeMy obOpasia. XapakTep PACHICIIeHUS W H3MeHe-
HUsT pedIIEKCOB MPU CTPYKTYPHOM IEPEXO/E B IEJIOM
OCTAETCS TAKWM K€, MEHSIOTCS TOJBKO BETUIUHBI WC-
KayKeHUsl PEIeTKH U CKAYKOB mapamerpoB. OrMerum,
9TO JjI BCEX 3aMEIEHHBIX 00pa3I0B OTHOIIEHWE WH-
TEHCUBHOCTEH KOMIIOHEHT PACIIEIIEHHOrO pedJiteKkca ¢
201 2 = 69° pu poMOUYECKOM UCKAXKEHUU CTPYKTYPbI
COOTBETCTBYET CTATUCTUYIECKOMY 2 : 1. DTO cBUAETENb-
CTBYET O COXPAHEHUHU 3HAKA POMOMIECKOrO NCKAYKEHWH.
DuieMeHTapHAs A9eHKA PACTATUBACTCS BJIOJIb OJHON U3
oceil BTOPOro TMOpsiJiKa, MEPHEeHIUKYIAPHBIX TeKCaro-
HaJIbHOM OCH, TOTa KaK BIOJb JABYX JAPYTHX SKBUBA-
JIEHTHBIX OCell pa3mep g49eiiKu He MEeHSETCH.

Heb6ombiyio nedopMariuio pereTku Ipu CTPYKTyp-
HOM TIE€PEX0/I€ MPUHSTO OMUCHIBATH B TEPMHUHAX AHU-
30TPONHOI (M3MEHEeHUe CTENeHn POMOMYECKOro UCKa-
X)enust) €, = (Aa/a — Ab/b) u m3orpounoil (H3MeHe-
e obwema) AV/V = Aa/a + Ab/b + Ac/c nedop-
Manuit. Aumzorponnasi gedopMalus, Kak yiKe TOBO-

PUITOCH, OHO3HAYHO OIPE/IEIIeTCs PACIIENIEHIEM De-

772

darexca ((400) + (260)) u u3MepsieTcs 1OCTATOYHO TOY-
HO, TaK KaK CBsI3aHHAs C JEIOCTUPOBKOI 00pa3ma Cu-
CTEeMATHYeCKas OIMMOKA He CKa3bIBAeTCsS HA TOYHOCTU
m3mepennii. V3menenne obbwema npu yeaosnn Aa/a ~
0 ompenesnsiercs, Kak ciemayer u3 HGOPMyJibl, OIU3KAMHA
10 BEJIMYMHE W UMEIONUMU PA3HbIE 3HAKU M3MEHEHUsI-
mu mapamerpoB Ab/b u Ac/c. TToaromy ckadok obbema
AV/V upu ¢azosom nepexoje HeBesuK, a omubKa ero
OlIpe/IeJIeHNs 3HAYUTE/IbHASA (33 CY4eT CUCTEMATUYECKUX
omm6ok ). ITosromy s anau3a u3mMeHenus gedopma-
nuu penierku npu GhazoBOM IEPEX0/e B 3aBUCUMOCTH
OT 3aMeIleHus Y HOHAMHU ZN MBI UCIIOTB3YEM Jajiee Be-
JWYWHBL €, U Ac/c.

s nezamemennoro obpasma ¢ y = 0 das3ossbrit
TIEPEXOJ], COTIPOBOKIALTCS CKAYKAMHU CTETIeHN POMOUte-
CKOTO HCKazKeHus €, ~ —4-1072 (puc. 3) u mapamerpa
Ac/c (puc. 3), a Takxke oovema AV/V ~ —1-1073.
C nonmxenuem temneparypbl ot 1 < Tg mapamerp
¢ yMEHbIAeTCs, HapaMerp b HPAKTHYeCKH He MEeHs-
ercs, a napamerp a, Haobopor, HeMHOro pacrer (oT-
PHUILATEIbHOE TENJIOBOE DPACIIMPEHUE), YTO IPUBOIUT
K YMEHBIIIEHUIO CTEMEHN POMOMYECKOTO MCKAYKEHUS &,
(T') B nBa paza upu T = 80 K (kpusas Ha HUXKHEI
gactu puc. 3). Iloxoxkee nosejeHne HabIIOAAIOCH Pa-
Hee /it OJIM3KOT0 COeMHEHUST — CTEXNOMETPUIECKOTO
Er-xkobasprura [31,32].

[Ipu yBenmuenun 3aMelnnenust y HOHAMU Zn BeJTHIH-
Ha CKadKa pomMOmueckoil medopmarmu upu 1s HEMHO-
ro pacrer, a MOHOTOHHOE M3ME€HeHWe IpH 0ojiee HU3-
KUX TEMIIEPATYPaX yMEHBIAETCsI. Takum o0pa3oMm, ajist
obpaszna c y 0.3 Besmunmna pombumueckoit medop-
Marun npu 1’ 80 K makcmmanbHa W COCTaBIISET
€o —5 - 1073, Usmenenne mapamerpa Ac/c B 3a-
BHCHUMOCTH OT 3aMEIIEeHudA Y MOHAMHU Zn OOHAPYKU-
BaeT aHAJOIMYHbIE 3aKOHOMEPHOCTH. BennuanHa ckad-
ka Ac/c npu Ts HEMHOrO pacTer, & MOHOTOHHOE W3-

~
~

MeHeHue 1npu 60Jiee HUBKUX TEMIEPATYPAX yMEHbINA-
ercst (puc. 4). Ckauu mapamerpos Ab/b u Ac/c npu
dazoBOM mepexo/e 00yCIABIUBAIOT HEDOIBINON CKATOK
obbema AV/V, KOTODBIl HEZIOCTATOYHO HANEXKHO De-
rucrpupyercd Ha (oHe pa3dpoca IKCIEPUMEHTATBHBIX
maHHbX. OTMeTuM, 9TO IMaMArHuTHOE pa3daBiieHue
nonamu Zn B cepun K00anbTuToB YBaCo4_yZn, 074,
WHAYEe CKA3bIBAETCS HA OObeMHOM medopmaruu, dem
OTKJIOHEHUE OT CTEXUOMETPUH 110 KUCJIOPOJLY, UCCITETy-
emoe B Er-xobanbrure (32, 36].

Da30BbIe TEPEXOIbI B TETPAIAPUIECKAX W OKTAII-
PUYECKUX CETKAX TOAPA3IETASAIOTCS HA MEPEXOIbl TH-
I1a CMEIEHNsT U THUIa MOPsSI0K-Oecnopsimok. Pa3oBbie
MEPEXOIbl CMEIIEHUsT B TETPAIPUIECKUX CETKAX OIHU-
caHbl B pabore [33] M 9ACTO BBI3BIBAIOTCS MSATKAMU
ONTHYECKUMEU (DOHOHAMH. DTU MOBL MOLYT PACIPO-
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Puc. 3. IameHeHusi cTeneHn pomMONYECKOro UCKaXKEHNS €, =

(Aa/a - Ab/b) ¢ TemnepaTypoii CTEXMOMETPUHECKUX 3aMe-

weHHbIx obpasuos YBaCos—yZn,O74 4 ¢ pa3nuyHbim pasbas-

nennem Zn (kpusass I —y=0,2 —y=0.1,3 —y =02, 4

— y = 0.3). B HuXKHeli HacTu pucyHka nokasaHa 3aBUCMMOCTb

€o (T') ans obpasuya c y = 0 B Bonee LWMPOKOM AnmanasoHe
TemnepaTyp

CTPaHAThCS B BUJE [MOBOPOTA TETPAIAPOB O€3 WX WC-
kakenuit [34] (:xecrkme mozabi/rigid-unit modes mnn
RUM [35]) u Hambosee XapaKTepHBI JJIsA CHCTEM, CO-
JIeprKaIuX IEeroYKH TeTpadapoB. B mpenese cmerre-
HUSI MeXy TeMmrepaTypoit mepexona Ts w yrioMm g
moBopora Terpasdapos npu 1 = 0 K ycranosiiena cBs3b
kpTs = K 3. Takum 06pa3om, Npu MOHUKEHUH TeMTIe-
parypst Ts yrom g TIOBOPOTA M CBA3aHHAS C HUM POM-
ouueckas medopmarus ymenbaiorcs. s cucreMbr
YBaCoy—yZn,O7,, 3sKcnepuMeHT OOHADYKHBAET, Ha-
000pOT, yBeJINYEeHNE AHU30TPOIHON JedopMannun mpu
[OHUKEeHUU Temueparypbl 10 P3-psjy wiau npu pas-
OaBjieHNN KOOAJILTOBOM I10/ICUCTEMDI.

3.2 Yopyrue cBo#icTBa CUCTEMBbI
YBaC04_yZnyO7+m

st ncenenopanus Biansaaus pasdasimenns B Co-
nojcucTeMe moHaMu Zn?t Ha CTPYKTYpHBIE TEPEXOIbI
[IPOBOJMJINCH TAKXKe W3MEPEHUsi YIPYyIuX CBOUCTB
cepun coemunenuii YBaCos_yZn,O74, (y = 0.1,
0.2, 0.3). s ymoOCTBA CpaBHEHWS Ha PHUCYHKAX
U3MEHEHUsT  MOJLyJisd

IIpuBEICHDbI OTHOCHUTEJIbHbIE

11 2K9T®, Bbin. 5(11)

240 270
T T T T

YBaCo, Zn O
4-y y 7

1
E°N

Acle (107)

-8

-12 &

100 150 200 250 300

Puc. 4. NameHennsi napametpa Ac(T")/c ¢ TemnepaTypoii cTe-

XNOMETPUYECKUX 3amMeleHHbIx obpasyos YBaCos—yZny, 07y

C pasnuuHbiM pa3baenenuem Zn (kpusass I — y = 0, 2 —

y=0.1,3—y =02 4 —y=0.3). BHuxHeii qactu pu-

cyHka nokasana 3asucumocts Ac/c(T) pns obpasua cy =0
B bonee LWMPOKOM AManasoHe TemnepaTyp

AE(T)/Ey, AE(T) = E(T)— Ey, Ey = E(T = 300K),
HopMupoBanubie Ha 3uadenue Fy mpu T = 300 K.
Kpussie AE(T)/Ey, nonydeHHble IPU MeIJIEHHOM
oxJlaxK/ieHuu (TeMHbIe TOYKHM) U MEJJIEHHOM Harpe-
Be (CcBeTJible TOYKM), OOHAPYKUBAIOT Pa3/IU4due, KOTO-
POE TIOCTEIEHHO YMEHBINAETCS TIPHU TOCIEYIOUX TE€P-
MOIMKIMpoBaHusX (rucrepesuc, puc. 5). Iocaemosa-
TETBHOE TEPMOIUKIMPOBAHUE IPUBOIMUT K CTAOUIHHBIM
KPUBBIM C T€TJIedl MUCTepe3nca, KOTOPBIE MPUBOIATCS
nasee Ha pucynkax. OHON U3 MPUYUH MUCTEPE3NUCa HA
kpusoit AE(T)/Ey moxer 6bITh Pa3/IM4HOE JOMEHHOE
cocrosiane obpasna Huxke Ts Mpu TEPMOIUKITAPOBAHNH.

CrpyKTypHBIi dazoBbrit TTepexo;T B
YBaCos—yZn,O74, 00ycsioBIMBaET CMAIYEHUE MO-
naynst FOHra mpu MOHMIKEHWH TeMIIepaTypbl, KOTOPOe
HAYWHAETCA 3HAYUTE]BHO BBIIIE TEMITEPATYpPhl (ha30-
BOro mepexoaa. TakuMm o0pa3oM, HAJUYIHE CMATIEHUS
u BbIpaxkeHHOro munumyma ua kpusoii AFE(T)/E,
P MOHWXKEHUU TEMIIEPATYPHI CBUIETEIBCTBYIOT O
dazoBom mepexome. Kpome Toro, cTpyKTypHBIi mepe-
XOJI, COIPOBOXK/IAETCA 3HAYMTEJbHBIM THCTEPE3UCOM,
mpu KOTopoM BOMm3u T KpuBas, COOTBETCTBYIOIIAS
OXJIAJKJIEHNIO 00pa3sla, MPOXOANUT BbHINE KPHUBOIA,
COOTBETCTBYIOIIEH HAI'PEBAHUIO.
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2
AEIE, (107)

-0-0-0-00-0-0-00-0-0-000-0,

H y=0.1
0 [
YBaCo 4_yZnyO7
C | | | |
100 150 200 250 7K

Puc. 5. 3aBncumoctun oTHOCUTENBHON BenuyuHbl mogynst FOH-
ra AE(T)/Eo oT TemnepaTtypbl Ansi CTEXMOMETPUHECKMX 3a-
MeLueHHbIX 06pasyos YBaCos—yZnyOrq, € pasnuyHbimM pas-
6aenernem Zn (kpueasi I —y = 0.1, 2 — y = 0.2, 3 —
y = 0.3) npu Harpese (CBeT/bIE TOUKM) U OXxNaxgeHnu (Tem-
Hble TOYKM; KPUBbIE AJisS PasauUyHbIX 0OpasLOB CMeLLeHbl No
BEPTMKAJIbHOM OCK Ha Mpou3BOJIbHYIO BenuyuHy). Ha BcTaBke
MoKasaHa 3aBUCUMOCTb OT TemnepaTypsl mogynsi FOHra B 06-
NacTn CTPYKTYPHOTO Nepexoaa Ans 3akaseHHoro obpasua @ ¢
y=0.2

IIpu yBenuuenun pasbaBieHns KOOATHTOBOI IMOI-
cucremsl Ha kKpuBbiX AE(T)/E) Habm0qaeTCs yMEHDb-
[IeHNe MUHUMYMOB U CMeIleHHe uX B objacrb OoJsiee
Hu3KUX Temieparyp (puc. 5). Temmeparypbl joKasb-
HBIX MUHUMYMOB, OOYCIOBJIEHHBIX CTPYKTYPHBIMU IT€-
pexomamu, g obpasnos ¢ y = 0.1, 0.2, 0.3 npu Ha-
rpese Tsy u oxnaxaernn Tgp nexar mmke 300 K, T
€. UCKAYKEHNE CTPYKTYPbI TP KOMHATHOW TeMIIepaTy-
p€ OTCYTCTBYET. DTO MOBEIEHNE YIPYIUX MOMYJIeH st
obpasuos YBaCos_yZn,O74, cornacyiorca ¢ pexrre-
HOBCKUMU JAHHBIMU O TEMIIEPATYPAX CTPYKTYPHBIX IT€-
PEXOIOB /I ITUX COETUHEHUM.

IMonesuo cpasuurs 3asucumoctu AE(T)/Ey mouy-
sst FOHra oT TeMmepaTyphl st OTOXKKEHHOTO U 3aKa-
JIEHHOTO 00pa3IoB (CM. BCTABKY Ha pUC. 5 11 06pasia
Q c y = 0.2). To orzkura BbIpazKeHHbIX MUHUMYMOB U
anomauuit B obsactu remueparyp (200-280) K ue na-
6JI101AI0CH HU JIJIT OJHOTO W3 00pa3ros. B obmacTu me-
PEX0/Ia IPUCYTCTBOBAJIA TOJHKO HEOOJIbIINE [TETIH U~
crepesnca y pa3baBiaeHHbIX 0Opasmos. Ilocie orxkura
JIJIst BCeX 00pAa3IOB BUIHBI BHIPAXKEHHBIE MUHUMYMbBI U
[ETIH [UCTEPE3HUCA.
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W3menenne TeMieparypbl mepexoma 00pasnoB MMpu
pa36aBiieHnH KOOAIBTOBO MOACHCTEMbI HOHAMH Zn2T
MOXKHO TaKK€ ODHAPYKUTh HA TEMIIEPATYPHBIX 3aBU-
cumocTax kKoaddurmenta suyTpenHero tpeuns ¢ (T
(puc. 6). s obpasna ¢ y = 0.1 ma kpusoit ¢~ (T na-
GioaeTca A-aHoMauiug B objiactu remmeparyp (275—
285) K, uro ykaspiBaer Ha Hajudue (Ha30BOro Mepe-
xozna. iz obpazmos ¢ y = 0.2, 0.3 3ta anomasius pas-
MBIBAETCS U TIPEBPAIIAETCS B CTYEHbKY. JI1s 3aKameH-
HBIX 06pasnos YBaCos—,7Zn, 074, B 0bmacTi mepexona
anomamit na Kpusoiit ¢~ 1 (T'), Tak ke KaK 1 Ha KPUBbIX
AE(T)/Ey, ne nabmonaercst (cp. Kpuble s obpas-
noB A u @ Ha puc. 6 u BcTaBKe).

4 —~
M'S i%
~ 1,4
4 — 3
y 3
I s @A‘ﬁ
ha844.
SR 2k
© | |
-~ 160 200
S
2

YBaCo, Zn O
4-y y 7

| | | |
160 200 240 280
T, K

Puc. 6. TemnepaTypHasi 3aBUCUMOCTb KO3(DPULMEHTA BHYT-
pertero Tpennst ¢~ (T) ANA CTEXMOMETPUMUYECKNX 3aMeLleH-
Hbix obpasyos YBaCos—_yZnyO7y, ¢ pasnnyHbiM pasbasne-
Huem Zn (kpuass I —y =0.1,2 —y =0.2, 3 —y = 0.3)
npu Harpese (CBET/ble TOYKM) N OXNaxKAEHUN (TeMHble TOY-
K1) B obnacTn cTpykTypHoro nepexopa. Ha Bctaske nokasaHo
CpaBHeHMe TemnepaTypHbix 3asucumocTeli ¢~ (T) ans 3aka-
JIEHHOTO 1 OTOXKeHHOro obpasuos YBaCos—,Zn,O7 4, ¢ pas-
6aeneHnem y = 0.3

B 3aMeIleHHbIX ¥ HEOIHOPOJHBIX 00pa3lax BCTAET
BOIMPOC 00 OMpEeNesIeHNuN TeMIepaTypsl (Hha30BOro me-
pexona no kpusbiM AFE(T)/Ey. B uucrbix ogHOpOI-
HBIX 06pa3Iax Mepexol, COrJIACHO TEPMOJAUHAMUKE, CO-
npoBoXKaaercs ckadkoM Ha Kpueoit AE(T)/Ey, KoTo-
Pblit 0YeHDb OIN30K K MUHUMYMY KpuBoii. Ha nponsso-
Hoit (1/Eg)dE(T)/dT 3tu TOYKU COOTBETCTBYIOT MaK-
CUMyMy KDPHBOH W HyJII0 ee mpom3BomHOil. Temmepa-
Typa A\-anomanmu nHa Kpusoit ¢ '(T) ana obpasua c
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y = 0.1 6/mzke Bcero K MEHAMYMY HA 3aBUCAMOCTH MO-
nynst FOura AE(T)/Ey (nnu npou3BOAHO 9T0# Kpu-
BOIi, PABHOI1 HYJIIO).

L1 HECTEXUOMETPUIECKUX WJIU PA30ABIEHHBIX 00-
Pa3L0B U3-33 HEOJHOPOAHOCTH COCTABA 110 OObEMY aHO-
MaJIui Pa3MbIBAIOTCHA (B YACTHOCTH, CKAYOK YMEHb-
MIAETCs) ¥ YKA3aHHbIE XapaKTePHbIE TEMIIEPATYPhl Ha,
kpusbix AFE(T)/Ey u (1/Ey)dE(T)/dT wmoryr 3a-
MeTHO pazsmydarbes. ns obpasma ¢ y = 0.2 Bepx
crymenbku Ha 3asucuvoctu ¢ - (T) («pasmbitas» -
AHOMAJINS) TAKYKE COBMAIAET C MUHUMYMOM HA 3aBUCH-
mocru mouyss FOura AE(T)/Ey. Onnako s obpasua
c y = 0.3 ara anomasus O6JinMyKe K MUHUMYMY Ha KPHBOM
(1/Ey)dE(T)/dT, coorsercTByIONIeil Hanboee BbIpa-
»keHHolt Touke Ha Kpusoit AF(T)/Ey. dns oupenene-
HUsl TEMIIEPATYPbl CTPYKTYPHOro (a3oBoro mepexoia
7 BEJIMYUHBI THCTEPE3NCA MbI MCIOTH30BATIN TEMIEPa-
TypHbIe 3aBucuMocTu upoussonnoit (1/Eg)dE(T)/dT,
rJie TeMIIepaTypa Iepexoa COOTBETCTBOBaIA HYII0 (06-
pasupl ¢ y = 0.1 u 0.2) wium MUHUMYMY TIPOU3BOJHOMN
(obpazew, ¢ y = 0.3) (puc. 7).

I I T
0.0
z
!
13
Q04
<
:é :
%
~
=)
SO
I U e e et o Aiteble
YBaCo, Zn O y=01
-y oy 7
-1 | | | |
250 260 270 280 290
T,.K
Puc. 7. 3asucumoctb npoussogHoii mogynsi  HOHra

(1/Eo)dE(T)/dT oT TemnepaTypbl ANsi CTEXNOMETPUYECKNX
3amelteHHbIX 0bpasuos YBaCo 4—yZnyO7y, C pasnnynbiv
pasbasneruem Zn (kpuesie 1,1’ — y = 0.1, 2,2 — y = 0.2)
npu Harpese (CBeTnbie TOukM) U oxnaxaeHun (TemHbie
Toukn) B obnactm cTpykTypHoro nepexoga. Ha BcTaBke
nokasaHa TemnepatypHas 3asucumoctes (1/FEo)dE(T)/dT
NSt OTOX>KEeHHOro obpasua c pasbaeneruem Zn y = 0.3

Takum obOpa3om, U3 yOpPyrux [TaHHBIX CJIE€AyeT Ha-
Jii9ue CTPYKTYPHOTO TEePexXoja B OTOXKYKEHHBIX CTe-
xnomerpndecknx obpasnax YBaCos_,7Zn,O71,, [TO
TTOJITBEPIKTAIOT PEHTTEHOBCKUE WCCIEIOBAHNS CTPYK-
Typbl 0o6pasnoB. Ormerum, yro Tsy u Tsp, ompe-
JIeJIEHHbIE TI0 PEHTTEHOBCKUM JAHHBIM U HW3MEpPEHW-
SIM YTIPYTUX CBOMCTB, HECKOJIHKO pa3indarorcs. PenT-
TE€HOBCKHE [AHHbBIE OIPE/IEJISIOT IPAHUIIBI yCTOUYNBO-
CTH CHMMETPHYIHON M MCKayKeHHOI (a3, TOrma Kak co-
orBercTByIONe anomannn Ha KpuBbix AFE(T)/Ey n
q~1(T) 3ama10T TeMnepaTyphbl, IPH KOTOPBIX HA3KOTEM-
neparypHas/BbICOKOTEMIIeparypHas (a3a UMEIOT Hau-
6osbmnii 00beM. Vckarkenne KpUCTaLInaecKoi CTPYK-
TYPbl B CTEXMOMETPUYECKUX Pa3baBIEHHBIX 00pa3max
YBaCoys—yZn,O74, npuBoauT K CHATHUIO dpycTpanuii
1, KaK y»Ke FOBOPHJIOCH, CIIOCOOCTBYET TIOCIIE Ty IONIEMY
YCTAHOBJIEHWIO JAJTHLHETO MAarHUTHOTO TOPSIAKA B KO-
6anbToBOIT moacucreme Hmke Ts. B arom ciygae Mmox-
HO OXKUJATH MOSIBJICHUE sIBHO BBIPAXKEHHOTO MATHATHO-
ro (azoBoro mepexoja M aHOMAJHUIl YIPYTUX CBOWCTB
cucreMmbl ipu 1.

4. BAKJIIOYEHUE

B macrosimeii paboTe MCCIeI0BAHO U3MEHEHUE Xa-
PAKTEPUCTUK CTPYKTYPHOTO (ha30BOr0 TEPEXOIa TPH
zamerienun noHoB Co monamu 7Zn B cepuu KOOATHTH-
toB YBaCoy_yZn,O74, (y = 0.1, 0.2, 0.3). Corumac-
HO PEHTTEHOBCKWM WCCJICIOBAHUSAM JJIsi YUCTOTO O00-
pasna YBaCosO7 npu cTrpyKTypHOM IEpexoie mapa-
merp Aa/a 0coGeHHOCTH He OOHADPYKUBAET, Mapamer-
Pl b U ¢ WCHBITHIBAIOT CKAYKW PA3HOTO 3HAKA W Pa3-
HOW BEJIMYMHBI, YTO HPUBOJUT K M3MEHEHWIO OTHOILE-
HUS C/Gqp U1 CTPYKTYDPbL U OTPULATEIBHOMY CKAYKY
obbema AV/V ~ —1-1073. Anajorudmbie aHOMaIIN
UCTIBITHIBAIOT MAPAMETPHI CTPYKTYPHI U Y 3aMEIIEHHBIX
obpasuos YBaCos—,Zn, 074, c pasbasienuem y = 0.1,
0.2, 0.3. TemmepaTypa CTPYKTYPHOTO Tepexona 1sy u
T'sp MOHOTOHHO ¥ TIOYTH JIMHEHHO TAJAET TIPU YBEJIU-
yenuu 3amernenus y (puc. 1). Takum obpazom, remie-
parypsl Tsy u Tsp B cucreme YBaCoy—yZn,O7, na-
JIAIOT TIPY YBEJIMYEHUY MaPAMETPOB ¢ U ¢ PEIeTKU. XO-
POILIO M3BECTHO, YTO HPHU 3AMEIIEHUU B PEIKO3EMENb
noii nogcucreme RBaCoysO74, TeMmeparypa crpykryp-
HOTO TIePEexXoia, Ha00OPOT, PACTET MPU YBEJUICHUN T1a-
PaMeTpOB a ¥ ¢ PEIeTKH.

Uckaxkenne CTPYKTYPbI COIMPOBOXKIAETCS BbIPa-
JKeHHbIMU aHoMajusamu Moy HOura AFE(T)/Ey u
pHyTpenHero Tperus ¢~ (1) B 3aMemeHHbIX OTOMKIKEeH-
HBIX 00pa3max, TOrJa KaK B 3aKAJEHHBIX 00pa3Iax
AHOMAJIMK YIPYTUX CBOWCTB MPAKTUYECKU HE HADJIIO-

11*
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pafores. Orindue yopyrux CBONCTB 3aKAJEHHDIX W
OTOXKYKEHHBIX 00pa31oOB OOYCIOBIEHO, MO-BHIANMOMY,
mebosbmuM orkyaoHeHueM r < 0.05 or crexmomerpuu
¥ HEPABHOBECHBIM DACIPEIeIEHNEM HECTEXUOMETDUYIE-
CKOTO KHCJOPOJA TPHU 3aKajKe. 3aMeIleHne HOHAMU
Zn TpPUWBOIUT K KAYECTBEHHOMY W3MEHEHHUIO XapaKTe-
pa anomaymu momynast FOura B obsactu Tg, a uMeH-
HO, K PE3KOMY YMEHBIIIEHUIO U JIAJIee TOJTHOMY UCUe3-
HOBeHHIO cKadka Ha KpuBoit AE(T)/Ep. 910 Moxer
OBITH CBS3aHO C M3MEHEHWEM COOTHOIIEHUS H30TPOI-
HON W aHW3O0TPOIHON JeOpMAINK MIPU CTPYKTYPHOM
repexojie Ipu HeOOJBIIOM 3aMeleHNH B KOOATBTOBOM
O/ICHCTEME, TaK KaK BKJIAIbI 9TUX Aedopmariuii B MO-
aynu FOura pasmmyarorcs [36,37).

Pasbasiienne Kko6aabTOBOI OACUCTEMBI U OTKJIOHE-
HU€ OT CTEXMOMETPUH MTO-PA3HOMY CKA3BIBAIOTCS HA HC-
KaYKEHUU CTPYKTYPBI U yIpyrux cBoiictBax. CoryacHo
HAIIUM PEHTTEHOBCKUM JIAHHBIM [PU HEOOJIBIIOM OT-
kJjionenuu ot crexuomerpuu (x < 0.05 j1j1g 3aKajgeHHbIX
00pasuoB Q) BeIMYUHA POMOMYECKOTO MCKAYKEHUS Me-
HSETCsl HE3HAYUTEJbHO, & HauOOJIbIIee U3MEHEHUE UC-
MBITHIBAET 00bEMHAS AHOMAJIUS , KOTOPasi MEHSIET 3HAK.

B macrogmiee Bpems OTCYTCTBYET OOIIEIPUHSTOE
MHEHHE O MEeXaHU3Me CTPYKTYPHOro nepexoia B P3-
KODATBTUTAX U OOCYKIAIOTCA pas3audHbie Momenn. I1o-
JIyYEHHBIE JAHHBIE 00 MCKAYKEHWN CTPYKTYpPbI mpu (da-
30BOM TIEPEXOJIE CBUJIETEILCTBYIOT 00 YMEHBIITEHUN OT-
HOIIEHUS IADAMETPOB PEIETKU €/ g, KOTOPOE MOXKET
OBITH BaXKHBIM (PAKTOPOM [IJIs1 YCTONIMBOCTH CTPYKTY-
pHI.

Uckaxkenne CcTPpYKTYypbl mIpu (a30BOM IEPEXomie
B cepun kobanbruroB YBaCos_,Zn,Or,, cHumaer
dpycrpanuo OOMEHHBIX B3aUMOAEHCTBUN W JIOJIIKHO
CIOCOOCTBOBATH MOCJIELYTOIIEMY YCTAHOBICHHUIO JIAJIb-
HEr0 MATHUTHOTO MOPSIIKA B KOOATBTOBON MOICHCTEME
npu Ty < T [17,18]. DTOT BONPOC 3aCIYKUBALT 1A~
HEHIIero OTIeIFHOTO WCCIEIOBAHUS.
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