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Wccaemopanbl ajieKTpUYECKHE, MarHUTOPE3UCTUBHBIE W PE30HAHCHBIE CBOM-
CcTBa IOJUKpUCTAJLINYecKux obpasmos La; Bi,MnOs;s (x =0-0,6). O6Hapy-
JKeHO, UTO yBeJWUYeHUe COAep:KaHus BUCMYTa IPUBOAUT K YBEJIUUYEHUIO Pas-
MEpPOB 3JIEMEHTAPHOU KPHUCTAJJINYECKOU SYEHKH, MOBBIMIEHUIO YAEJIbHOTO
9JIEKTPUUECKOTO COIPOTUBJIEHUA U CHUKEHUIO TEeMIePaTyphbl 3apOKIeHU
¢eppomarautaoil dassl T.. Ilokazano, uTo Ga30BBIN Iepexon MeXXIy IIapa-
MATHUTHOM 1 (DeppPOMaruuTHOI (ha3aMU OCYIIIECTBIAETCS IMIYyTEM IIJIABHOTO TIe-
pepacnpegesneHnsa 00 bEMOB Imapa- 1 (peppPOMATHUTHBIX 00JIaCTel B MIMPOKOM
WHTEpBaJjie TeMIleparyp. ¥ CTAHOBJIEHO, UTO TEeMIIePATYPHBIN AUAIa30H COCY-
IIeCTBOBAHUSA ABYX (has, pacCUMTaHHBIN B efuHUIIAX T, PACIIUPAETCS C PO-
crom x. IlokazaHo, 4To B 06JIACTH CMEIIAHHOI'O COCTOSHUSA MArHUTHOE II0JIe
0CO0EHHO CUJILHO BJINUSAET Ha 3JIEKTPUYECKYIO TPOBOJMMOCTE MaTepuaJa.

JocaimxeHo eTeKTPUUHI, MATHETOPE3UCTUBHI Ta Pe3OHAHCHI BJIACTUBOCTI II0-
gikpucraniuamx 3paskiB La; Bi MnO,; (x =0-0,6). Buasiaeno, mo 306iab-
IIIeHHS BMiCTy OMCMYTYy IIPU3BOAUTDL A0 30iJbIITeHHS PO3MipiB eleMeHTapHOL
KPHUCTAJIYHOI KOMipKH, ITiABUIIEHHS MUTOMOIO €JeKTPUYHOTO OIIOPY i 3HU-
JKeHHs TeMIlepaTypu 3apoa:xkeHHsA (epomarHetrHoi dasu T.. Ilokasano, 1o
¢asoBUil Iepexig MixK mapaMarHeTHOIO i (pepomMarHeTHoO (pa3aMu BiOyBaAETh-
cA IJIAXOM ILIABHOTO MEepepos3mnoAialy 00’eMiB mapa- i hepoMarHeTHux obJac-
Tell y MIXNPOKOMY iHTepBaJi TeMmepaTryp. ¥ CTAHOBJIEHO, IO TeMIepaTypHUI
IiAmasoH criBicHYBaHHA ABOX (ha3, po3paxXOBaHUU B OAUHUIIAX T, POSIIUPSA-
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e€ThCcsa 3 pocToM Xx. IloKasaHo, 1[0 B 00JIaCTi 3MiIlIaHOTO CTaHY MarHeTHe MOoJie
0C00JIMBO CUJIBHO BILIMBAE HA €JIEKTPUUHY IIPOBIAHICTE MaTepisany.

Electrical, magnetoresistive, and resonance properties of La;_,Bi,MnO;.;
(x =0-0.6) polycrystalline samples are studied. As revealed, the increase in
bismuth content results in the growth of the parameters of elementary unit
cell, the increase in electrical resistivity, and the decrease in the temperature
of ferromagnetic-phase nucleation (7). As shown, the phase transition be-
tween paramagnetic and ferromagnetic phases occurs by means of a smooth
redistribution of the volumes of para- and ferromagnetic regions over a wide
temperature range. As demonstrated, the temperature region of the coexist-
ence of two phases calculated in the units of T, widens with the x growth. As
revealed, magnetic field has an especially strong effect on the electrical con-
ductivity of the material within the region of a mixed state.

KaroueBbie cioBa: 3aMeIéHHbIE MAaHTAHWUTHI, IIePex0] IIapaMarHeTHuK—
deppoMarHeTuK, MarHUTHBIN PE3OHAHC, MAarHUTHBIN (pa30BBIi COCTAB.

(IToayweno 19 okmabpsa 2010 e.)

1. BBEJEHUE

B mocientee BpemMsa ocoObIN MHTEpeC B (GU3UKe TBEPAOTO TeJia IPeJCcTaB-
JseT M3yUeHWe CMEIIaHHBIX COCTOAHWM, KOTOPBIE XapaKTepU3YIOTCH
cocyllecTBOBaHMEM (a3 ¢ Pa3IUUYHBLIMH BHUIAAMU CTPYKTYPHOTO, Mar-
HUTHOTO U/WJIU 9JIEKTPOHHOTO YIOPAAOUEeHUA HAa MHUKPO- M HaHoMac-
mrabuom ypoBHAX [1, 2]. C ogHo# cTOPOHEI, paGOTEI B 9TOM HaIpaBJe-
HUU MO3BOJIAIOT IJIy6sKe B3TJISHYTh Ha IPUPOAY U CBOMCTBA KaKIOM u3
cocyiiecTBymux ¢as. C apyroi CTOpPoOHLI, OHU MOTYT IIPUBECTU K 00-
HapYy:KeHUI0 HOBBIX 3(h(heKTOB, TAK KAK B CMEIIIaHHOM COCTOSHUM JTaKe
HebOoJIBITIOe BHEITHee BO30Y KeHMEe MOYKET BBI3BATH CYIIIeCTBEHHOE W3-
MeHeHUe cBolicTB MaTepuaJsia [1-3].

3aMeIéHHbIe MAHTAHUTBI CO CTPYKTYpoil mepoBckuTa La; A .MnO,
(A — 1mIesouYHO UIUM MIEJIOUYHO3EeMEeJIbHBIA 9JIEMEHT) SBJIAIOTCI APKUM
IPpUMEPOM MAaTepUaJioB, B KOTOPHIX CMeIIIaHHbIE COCTOAHMUA HaOJIoxa-
IOTCS B IIMPOKOM TEMIIEPATYPHOM M KOHIIEHTPAIIMOHHOM IHMAIlla30OHax
[3, 4]. B wacTHOCTU, PE3YABTATOM COCYIIIeCTBOBaHUA (hasd, XapaKTepu-
3YIOIIUXCA PASTUYHBIM MAarHUTHBIM YIOPAJOUEHUEM U DJIeKTPUUECKON
IIPOBOINMOCTBIO, SABJSETCA KOJOCCAJIbHOE MATHUTOCOIIPOTUBJICHUE: B
9TUX MaTepuajaX OTHOCUTEJIbHO HebOOJIbIIoe M3MeHeHNe MATHUTHOTO
IIOJIA MOMKET IIPUBOJAUTH K CYIIIECTBEHHOMY (HA HECKOJBKO IIOPAIKOB)
U3MEeHEeHUI0 3JIeKTPUUECKOT0 conpoTuBaeHus [1, 3, 4].

HMuTepec K M3yUeHNI0 BUCMYTCOAEPKAIIMX MAHTaHUTOB JIAaHTaHA 00y-
CJIOBJIEH TeM (PAKTOM, UTO OHU SABJIAIOTCS YAOOHBIMI MOAEJLHLIMU 00h-
eKTaMu IJid pelreHus (GpyHIaMeHTaJbLHBIX 3aJad B3auMOIeiCTBUS Mar-
HUTHOHM W 3JIeKTPpUUecKoil momcucteMm [5—T7]. K HacTodAlmemMy BpeMeHU
CBOMCTBA 9THUX BEIECTB B OKPECTHOCTHU TeMIIepaTyphbl MAarHUTHOIO IIpe-
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BpalieHusda «MATHUTHBINA HOpH,Z[OK—MaFHI/ITHbeI 6ecnop5m0}c» N3Yy4Y€HBbI
HemocTaTouHo. B maHHOII paboTe AJsA uMccaemoOBaHUS OCOOeHHOCTei
TpaHchOpPMAIIUY MATHUTHOTO (DAa30BOTO cCOCTaBa BOJM3U TeMHOEepPATYpPBI
MardsmMTHOT'O IIPpeBpAallleHud " YI‘JIy6JIeHI/IH aHaj/Jn3a CBA3M MarHmuTHOTO
COCTOAHUA C IJEKTPHUYECKHMMMN M MarHnuTOPE3MCTHBHBIMU CBOMICTBAMHU
monuKpucTaminueckux obpasmoB La; Bi MnOs,; mpumenén meTon Mar-
HUTHOTO Pe3OHaHcAa.

ITens paboTel — ycTaHOBJIEHME 3aKOHOMEPHOCTEH TpaHchopMaIiuu
MarHUTHOTO COCTOAHUSA B 00JIaCTU IIepexo/ia OT ITapaMarHuTHOTO 6ecIio-
pAnKa K eppoOMarHUTHOMY YIIOPSAJOUYEHUIO, a TaKyKe M3yUeHUe B3au-
MOCBSA3Y MEMKAY XapPaKTEePHLIMU OCOOEHHOCTSAMY MArHWUTHOTO IIPeBpa-
ImeHnA W MaAarHnuToOpe3nCTHUBHBIMU CBOMCTBAMU COCTAaBOB CHUCTEMEI
La;_,Bi MnOjg,s.

2. OBPA3IIbI 1 METOAbI OKCIIEPUMEHTA

O6pasmer cucremsl La; ,Bi MnOg; (x=0, 0,2, 0,4, 0,6) 6b11M IpUTroO-
TOBJIEHBI METOAOM TBEePAO(asHOro CMHTE3a HA BO3JyXe M3 IIOPOIIKO0006-
pasHbBIX OKcumoB 0-BiyO;, La,O; m MnO, BBICOKOI CTEIleHU YUHCTOTHI.
La,O; mpegBapuTeabHo ObLT poKasméH npu 950°C B Teuenme 3 dacos,
Bi,O; u MnO, — mpu 500°C B Teuenue 3 uacoB. IlonyueHHas mmxTa
CIIPECCOBEIBAJIACh B 6PYCOUKHM pasMepoM 5x5x15 MM®, KOTOpEIe pasMe-
IIAJINCh Ha IIOMJIOKKEe M3 IJIATMHOPOAMEBOU IIPOBOJIOKH, M IOABEpra-
Jack npeasaputeabuoMy oo:xury npu 800°C B reuenne 12 yacos. IToce
9TOT0 00pasIbl OBLIM PA3MOJIOTHI, CIIPECCOBAHEI C MJIACTU(PUKATOPOM B
Opycouku 1 moaBepruyThI cnexanuio npu 1000°C B reuernue 30 uacos.

Kpucranauueckyo cTpyKTypy U (a30BBIA COCTAB MOJYUEHHBIX 00-
PAa3I0B OIPeNeIaj i PeHTTeHOrpa)uUeCKUM METOIOM Ha Ju(PaKTOMET-
pe IIPOH-1.5 B usnyuenuu NiK, u MoguUIITPOBAHHOM IU(PAKTOMET-
pe IIPOH-2 B pe:xume Habopa nudopmariuu mo Toukam B CuK, — usmiy-
YeH!H Ha IOPOoINKax. Bpemsa Habopa mHPOPMAIINU B TOUKE COCTABJIIAIO
AT = 3 ceKyHIBI, IIIAT cCKaHupoBaHua mo yray A20 = 0,03°. IIpu HeoOxo-
OUMOCTH TIOJYUYeHNs 0ojee UETKHX Ipoduiiein pedIeKCOB IPUMEHEH
peXuM cheMKHU: AT =5 cexkyHa, A20 =0,01°. IIpu 06paboTKe peHTreHo-
rpaMM HCIIOJIb30BAH METOJ IIOJHOIPOGHUILHOIO aHAIN3a BCeX Au(pPaK-
IIUOHHLIX PedJIEKCOB UCCIeAYEeMOro Aruala3oHa yrios 20.

AJIeKTpuUecKoe COIIPOTURJIEHNE 00PAa3Il0B U3MEPAIN UeThIPEeX30HI0-
BBIM MeTOAOM B TeMmmeparypHoMm uHTepBaie 77—-350 K. Cepebpsubie
KOHTAKTBI HAHOCHJIA METOLOM MArHETPOHHOI'0 HaIlblIeHus. Marmero-
conporuByieHue (MR) naMepaan B MarHUTHBIX HOJIAX ¢ MHAYKIIHEH 10
1,5 T u Beruucasanu mo popmyae: MR=(R,— Rgz)/R,100%, roe R, —
DJIEKTPUYECKOE COIPOTHUBJIEHNE B HYJIE€BOM IIoJie, a Ry — B MOJie C UH-
oykimen B.

151 mosIy4eHns Pe3OHAHCHBIX CIIEKTPOB MCIIOJIb30BAIH CIIEKTPOMETP
DJIEKTPOHHOI0 IIapaMarHuTHoro pesoHamca ELEXSYS E500 (Bruker
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BioSpin GmbH, Germany) ¢ paGoueit uactoroii v = 9,44 I'T't;. O6pasiisl
ILJIsT PE30OHAHCHBIX MCCJIeNOBAHUI OBLIN BhIPE3aHbl B (hpopMe ILJIACTHH CO
croporamu 0,8x3,5x4,6 Mm®. CIeKTpHI 3JIeKTPOHHOTO CIIMHOBOTO Pe30-
Hauca (9CP) Onlnu mcciemoBaHBI B TeMIlepaTypHOM wuHTepBasie 90—
300 K g1sa Bcex o00pasIiioB, CHHTE3MPOBAHHLIX B JaHHOII padote. Mccie-
AJOBAHUA BBINMOJIHAIN OJIA IBYX OpI/IeHTa]_II/Iﬁ BHEIITHETO MariHmuTHOTI'O II0-
as: (1) BHelllHee IIOJie MPUJIOMKEHO MAapaJlieIbHO HamOOJbINel TrpaHu
IJIaCTUHBI (HapaJIebHBIN cayuail) u (2) BHeIlHee II0J€ ITPUJIOMKEHO
MePIeHINKYIIPHO el (MepIeHIuKyJISpPHBIH cayuaii).

3. PESYJIBTATDBI OKCIIEPUMEHTA U OBCY/JKAEHHUE
3.1. PeHTreHOCTPYKTYPHBIE HCCIETOBAHUA

PeHTreHOCTPYKTYpHBIE MCCJAEIOBAHUA ITOKAa3aJlil, UYTO BCe 00PA3IILI AB-
JISIOTCS CTPYKTYPHO OJHOMDASHLIMU U XapaKTepu3yIoTCsa CTPYKTYPOIi ae-
(hopMUPOBAHHOTO IIEPOBCKUTA; IIPUMECHBIX (hpas oOHAPY:KeHO He OBLIO.
OmHaxo pe3yabTaThl PEHTTEeHOBCKOM AuGPAKIUU JOMYCKAIOT IBOIKYIO
MHTEPIIPETAIINIO0 OTHOCUTEIHLHO CUMMETPUY U TapaMeTPOB KPHUCTaLInye-
cKoii peméTku. Huxe OyayT 13JI0:KeHEI 00a BapUaHTa MHTEPIPETAII].

Ananmns JaHHBIX, TO0JYUYeHHBIX B NiK ,-M3/IyueHn, IIOKA3LIBAET, UTO
00pasIbl UMEIOT KPUCTAJINUECKYI0 CTPYKTYPY IIePOBCKUTA ¢ POMOO3I-
puueckuMu uckakenuamu (S.G.: R3m ), 4To COOTBETCTBYET pe3yJabTa-
Tam pabor [5, 8]. C usmenenuem comep:kanusa sucmyTa X ot 0,1 mo 0,2
CTeIleHb POMOOSAPUUECKUX HCKaKeHN yMeHbInaeTcsa. O0pasibl C
x=0,4 u 0,6 UMeIOT IICEBIOKYOMUECKYI0 KPUCTALINIYECKYIO CTPYKTYPY
mepoBcKUTa. Kpucramaorpadpuueckrue mapaMeTphl, HOJYUYEeHHELIE B pe-
3yJIbTaTe 00pabOTKM 3TUX NAHHLIX, IIPHUBEIEHBI B Ta0I. 1.

Coryacao peuTreHorpaduueckuM wucciaemosanusasMm B CukK,-msayue-
HuUM, cocraBbl cucrtembl La; . Bi,MnO;,s B mHTepBajse KOHIEHTPAIIMI
0<x<0,6 o61amaOT OPTOPOMOMUECKON SJIEeMEHTAPHOM KPMCTAJLINUE-
CKOI SUeHMKOM mPOoCTpaHCTBeHHOU Ipymibl Pnma (62), uTo coryacyercs
¢ pesyJbTaTaMu HeHTPOHOAM(PPAKIIMOHHLIX HccaemoBanuii [9] Ha pu-
cyHKe 1, a, 6 mpuBeIeHbl PEHTTeHOTpaMMBbI AJis cocTaBoB ¢ x =0 u 0,4.

TABJINAIIA 1. Kpucranigorpaduueckue napamerpsl o6pasmos La, ,Bi, MnOs;,s,
IIOJIyYeHHbIe B pe3yJjbTaTe 00pabOTKY HAHHBIX PEHTTEHOBCKON AU(MPAKIUU B
NiK ,-msnyueHuu.

Cocras Bug cTpykTypBI a, HM o, Tpaf. | V, am®
LaMnOg,; pombospuueckasn 0,5447 60, 54 0,2313
Lay ¢Biy ,MnO;,5 pombGosapudeckas 0,5480 60, 37 0,2346
Lay¢Bi; 4,MnO;,; mnceBmoxybmueckaa  0,3908 90 0,2387

La, BiysMnO;z,s mceBgorkybuueckas  0,3926 90 0,2421
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CmelleHmre YIJIOBBIX IIOJOMKEHUH ONpeneéHHBIX PedIeKCOB B CTOPOHY
MEeHBIIUX YIJIOB IIpu 3aMelrieHnu noHoB La nonamu Bi ykassiBaer Ha TO,
YTO pasMephbl JJIEeMEHTApPHON OPTOPOMOMUECKON SAYeHKH IIPOCTpaH-
CTBeHHOM rpynnsl Pnma (62) mo rpauam a, b, u ¢ yeeaunuuBaiorcsa. Pas-
Mephl dJIeMeHTapHbBIX Aueek cocraBoB LaMnOj;, La,¢Biy,MnO;s;s u
La, 4Biy ¢MnOs,; npencrasieHs! B Ta0JI. 2.

W3 manHbBIX TaOI. 2 caegyeT, UTO IIPU 3aMeIleHnu NoHOB La nmoHamMu
Bi B KosmuectrBe n0 40% mHamboabllne M3MEeHEHHA B SJIEMEHTAPHOM
sA4yeliKe HCCIeqyeMbIX COCTABOB B CTOPOHY YBEJWUEHUSA MPOUCXOIAT II0
rpagsam a u b. B niesiom, yBesmuenue comeps:kanusa Bi 1o 60% mpu same-
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Puc. 1. Peurrenosckue audpakrorpaMmbl s cocraBos La;_ Bi, MnO,,5¢c x=0
(a), 0,4 (6), 0,6 (8) B CuK,-m3ayueHunn.

TABJIAIIA 2. Kpucraniaorpadpuyeckue napamerpsl 0o6pasnos La;_ Bi MnO;,;,
MOJIyYeHHbIE B pesyjbTarTe 00pabOTKM JAHHBIX PEHTTeHOBCKON Au(PpPaKIuy B
CuK ,-u31yJyeHunn.

Cocras a, HM | b, HM ¢, HM | a=B=y | Vv, am®
LaMnOg.; 0,5468 0,7784 0,5539 90° 0,2357
LagBi,,MnO;,;  0,5499  0,7796  0,5495 90° 0,2356

La, ,BiyMnO,,;  0,5509 0,7804  0,5511 90° 0,2369
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IeHUY JIAHTAHA IIPUBOAUT K YBEJIMUYEHUIO 00 bEMA dJIeMeHTaAPHON sTUeli-
ku. ITonaonpoduabHbIN aHaIM3 peHTreHOrpaMM II0Kas3all, YTO YBeJIU-
yeHNe CoAep:;KaHMsa BHCMYyTa B cocTaBax cucteMsbl La; Bi MnO,, s mpu-
BOOUT K CHSATHUIO KPHUCTAJJINUYECKUX MHNCKAKEHUH OPTOPOMOMUECKOM
cTpyKTyphl. CorysiacHO pesyJabTaTaM TOJHOUPOGUJILHOTO aHaImn3a,
HaWUJIyyIllee COBIIaJIeHME SKCIIEPUMEHTAJbHBIX M PACUETHBIX TaHHBIX
noJryueHo a4 cocrasa La, 4Biy ¢MnO;,s (puc. 1, 8).

3.2. dIeKTpuUecKoe COMPOTUBJIEHHEe I MAarHeTOCOIIPOTHBICHNE

Ha pucynke 2, a mokasaHa 3aBUCUMOCTbH YJIEJIbHOTO COIIPOTUBIIEHUS P
oT TemMnepaTypbl T IJis MCXOAHOTO oOpaslia, He comep Kallero BUCMyTa
(x =0). C moHM:KeHUEM TeMIepaTyphl COIPOTUBJIEHNE YBEJINUNBAETCS,
mocturaer makcumyma npu T, = 105 K, mocie uero xapaxkrep 3aBUCHU-
MOCTH U3MEHAETCA Ha IIPOTUBOIIOJJIOMKHEIH.

Hannuwe nuka ga 3aBucumoctu p(7T') nyid He3aMeIIEHHOTO MaHTaHUTA
JIaHTaHa CBUAETEILCTBYET O TOM, YTO 00pPas3Ilbl HECTEXHMOMETPUUHBI II0
Kucaopony [4, 10]. Kak m3BecTHO, CTeXMOMETPHUUECKOE COeIUHEHUe
LaMnO; aBaserca anTudeppOMariuTHBIM AudjeKTpukom [4]. OpoOu-
TAJIbHOE YIIOPAJOUEeHNe MOHOB MapraHIla, HaXOASAIUXCS B MOHU3AIM-
OHHOM COCTOSTHUU 3+, 3aTPYIHAET IepeHOoC 3apAa MeKAY COCeTHUMU
y3JaMU KPUCTAJLINUYECKON PEMIETKH, II09TOMY 3aMeTHAasA IPOBOANMOCTD
axtuBanuonuoro tuna (dp/dT < 0) mosaBaseTcss TOIBKO B 00JIaCTH BEI-
cokux temnepartyp [4, 10]. IIpu oTKIOHEHUU COoAepP KaHUA KUCI0POIa
OT CTeXMOMETPHUUeCKOT0 3HAUeHNA YacTh MoHOB Mn®" KoHBepTHpPYyeTCA B
Mn*". Tax HassIBaeMbIil ABOIHON 00MeH [11] MeKIy TPEXKPATHO U Ue-
THIPEXKPATHO NOHU3UPOBAHHBIMIY MOHAMK MapraHIiia JeJIaeT SHePreTH-

1204 g

= T-130 K
S 2000 ._././.
o
80+ ‘. S o ]
0,0 0,3 0,6
404 x 1
x=0 ]

4000+ 6 O

p, OM-M

2000

100 200 300

Puc. 2. 3aBUCHUMOCTb YIEJILHOTO CONPOTUBJIEHUA [MIJsI O0OPA3I[0OB CHUCTEMBI
La, ,Bi . MnOj,5 ¢ x =0 (a) u 0,6 (6). Ha BcTaBKe m300pa’keHa KOHIEHTPAIINOH-
Has 3aBUCUMOCTD yIeJIbHOT0 COIIPOTUBJIeHN A, nsMmepentas npu T = 130 K.
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YeCKHU BBITOAHBIM (hopMuUpoBaHue (eppoMarHuTHON (pasbl, XapaKTepu-
gymollelica MeTadnudeckoi nposogumoctsbio (dp/dT > 0). Cuenyer ot-
METHUTH, YTO B 3aMENIEHHBIX MAHTAHUTAX METAJJINYECKHH XapaKTep
IPOBOAMMOCTU MMeEET TOJbKO JeppoMarHuTHadA ¢asa, KoTopasa opMu-
pyeTcsa B pe3yJabTaTe OOMEHHBIX B3aMMOIEHCTBUHA MeK Iy Pa3HOBAJIEHT-
HBIMU moHaMu Maprauia [4, 10]. Takum o6pasom, OABICHNE METAJLIIH-
yecKoro xapakrepa npoBogumoctu B LaMnOg. 5 (cM. puc. 2, a) KOCBEHHO
CBUETEJILCTBYET O (QOPMUPOBaHUY (hepPOMArHUTHOM (has3hl.

VYBenuuenue cofep:KaHUAg BUCMYTa IIPUBOAUT K POCTY abCOJTIOTHOTO
3HAUEHUs COIPOTUBJEHUA U yMeHbImeunuio T,,. B o6pasie ¢ x =0,6 co-
MPOTUBJIEHNE B 00JIACTHM HU3KUX TEMIIEPATyp CTAHOBUTCSA HACTOJBKO
0OJIBIIINM, UTO BBIXOJHUT 34 IPeIesibl N3MepPeHUa NMeloleiicsa yCTaHOB-
Ku (puc. 2, 0). IIpeacraBieHue o xapakTepe U3MeHEHUs YAEIBLHOTO CO-
MIPOTUBJIEHUS C YBEJIUYEHUEM KOHIIEHTPAIIMY BUCMYTa JA€T BCTABKa K
puc. 2, Ha KOTOPOU IIOKasaHa 3aBUCHUMOCTH P(x) Ipum (pUKCUPOBAHHON
remneparype (T = 130 K).

IIpu amanuse TeMIepaTypHO# 3aBUCUMOCTH 9JIEKTPUYECKOT0 COIPO-
TUBJIEHUA MAaHTaHUTOB BBIIIIE TeMIepaTypbl MakcuMmyma 1T, paccMaTpu-
BAIOT HECKOJILKO BO3MOKHBIX MEXaHM3MOB IIPOBOANMOCTH (CM., HAIPH-
Mep, 0030opHYIo padoty [12]). IlepBuIii MexaHU3M IIpeAIIoJaraeT HaJIM-
yue IMCeBIOIe NI Ha ypoBHE PepMu, B pes3yIbTaTe uero yAeJbHOe COIIPo-
THUBJIEHIE ONUCHLIBAETCA IPOCTHIM aKTUBAIIMOHHBIM 3aKOHOM:

P, = const-exp(eo/ksT), (1)

TIe £, — IIUPUHA ITIeJu, ky — mocTosaHHada Boabiimana [13]. Bropoit me-
XaHMU3M 0asupyeTcs Ha IPeLIIOoJIOKEeHNN, YTO IIEPEHOC 3apALa OCYIIeCTB-
JISIeTCs MOJIAPOHAMY MAaJIOro paguyca, CYI[eCTBeHHYIO POJIb B 00pasoBa-
HUM KOTOPBIX HIPAIOT JIOKAJbHBbIE HCKAMKEHUA KPHUCTAJINYECKOUN pe-
IIETKY, BbI3BAHHBIE, B YACTHOCTHU, 3ddekTom dma—Temnmepa [12, 14]. B
9TOM cJyuae B aanadaTHUYecKOM IPUOINKeHNN TeMIIePaTyPHAS 3aBUCH-
MOCTbB 3JIEKTPUYECKOI'0 COIIPOTHBJICHUS OIUCHIBAETCA (POPMYJIOLi:

Ppol = const-Texp(ey/kpT), (2)

TIe €, — dHeprud akTuBanuu moJyasapona [14]. Tperuit MexaHU3M TIpe/I-
ImojiaraeT CyIlleCTBeHHOe BINAHNE MAarHUTHOTO OecmopAaKa Ha JOKAJH-
3aIlMI0 HOCHUTeJ el 3apAa, UTO IPUBOAUT K IIPBIXKKOBOM IPOBOAMMOCTH
¢ TIepeMeHHOM AJMnHOMN mpblixkKa [12, 15]. B mocienunem cayuae moseze-
HUe 9JIEKTPUUECKOTr0 COITPOTUBJIEH!A ONIMChIBaeTcAa 3aKoHoM MorTTa:

P = const-exp(Ty/T)", (3)

rae T,, 3aBUCUT OT Paagnyca JIOKAJIN30BAHHOTO COCTOSIHUA U IJIOTHOCTH
cocTosHUI HA ypoBHE Pepmu [15].
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Hamu GbLT coeiaH aHAJIW3 IIOBEAEHUA DJIEKTPHUIECKOr0 COIIPOTUBIIE-
HUs B 00acTu Beicokux Temnepatyp (T >> T,,). Kak cienyet us pesyiib-
TATOB aHaIU3a, 3aBucuMocThb P(7T) HaumaydImuM o0pa3oM ONMCHIBAETCH
3aKOHOM IIPOBOOMMOCTH, BBI3BAHHOH IIPBIXKKaMMU MAJIbIX IIOJIAPOHOB
(popmyma (2)). C pocTom x sHeprusa aktuBanuu Bospactaer ¢ 0,09 sB
(x=0)100,125B (x =0,6).

Bo Bcex obpasmax, nccaeqoBaHHBIX B JaHHOI paboTe, MATHUTHOE II0-
Jie CUJIbHO U3MEHSET dJIeKTPUUYEeCKOe COIIPOTUBIIEHE KaK HUMKe, TaK U
Beime 7T',,. Ha pucymke 2 mokasaHBI TeMIepaTypHBIE 3aBUCUMOCTH
VAEJBbHOT'O COIIPOTUBJICHNA, U3MEPEHHBIE B HYJIEBOM MAriHnuTHOM IIOJI€ 1
B moJie ¢ uaaykiuei 1,5 T. Temmeparypa, HIKe KOTOPOIi abCOJIIOTHOE
sHaueHue MR cTaHOBUTCSA 3aBEJIOMO BBIIIE TOYHOCTH M3MEPEHUs Mar-
HuToconpoTusaenus (3% ), 6bL1a o6ozHavena TVE. C yBelnmdeHneM X OT
mHyaa 1o 0,6 saauenue TVF ymensmaercs ot 200 K go 130 K. O6pamiaer
Ha ce651 BHIIMaHNEe TO, YTO 3aMETHO€ BJIUAHNE MarmmTHOTO IIOJA Ha
DJIEKTPUYECKOE COIIPOTHUBJICHNE IIOSABISIETCA IPU TeMIIepaTypax, cylie-
CTBEHHO IpeBwIIanIinux T,.

Isa o6pasia ¢ x = 0 MAarauTOCOIPOTUBIIEHNE JOCTUTAET MaKCHUMAaJb-
Horo sHauveHnusa BOmusu T, (MR(T,)=25%). C pocToM comep:KaHUSI
sucmyra MR(T,) Boapacrtaer mo =~ 40% (B obpasie ¢ x =0,2), a 3aTeM
yMenbInaercs 10 = 15% (g cocrasac x =0,4).

3.3. ONeKTPOHHBIN CIIUHOBBIM PE30HAHC

AJIeKTPOHHBIN CIMHOBLIA PE30HAHC ABJAETCI MHMOPMATHUBHBIM METO-
IOM WCCJEMOBaHMWS MATHUTHOTO (ha30BOTO COCTaBa MAaTepPUAJIOB CO
CIOKHBIMI BUJAaMI MarHUTHOTO YIIOPAJOUYEHsI, 0COOEHHO B 00JIaCTAX,
XapaKTepusyIIUXCsa COCYIIeCTBOBAHNEM ABYX WM HECKOJBLKUX pas-
JUYHBIX MATHUTHEIX Gas [3, 4, 16].

Hna mapaMarHUTHOI a3kl 3aMeEIéHHBIX MAaHTaHWUTOB WHTEHCUB-
HOCTH morJioineHus I Kak (pyHKIUS BHENIHEr0 MarHUTHOTO mojsa H
mpeacTaBiaAgeT co00il ONMHOUYHYIO CUMMETPUUYHYI0 JuHUIo [4, 16]. Peso-
HaHcHOe moae H, aBiderca (yHKIMEH 4YacTOTHl 3JEKTPOMarHUTHOMU
BOJIHEBI V 1 9(pPeKTUBHOTO g-paKkTopa Loist

Hy=hv/(8e:Ms), 4)

rae h — nocroanHada Ilnanka, a [l — maraetod Bopa [17]. B samemnén-
HBIX MAHTAHUTAaX Z.;; OOBIYHO IPUHUMAET 3HAUeHU I, OJTN3KUE K TBOIKe,
T.e. K g-paKTopy cBOOGOIHOTO syeKTpoHa [3, 16, 18, 19]. PesomancHoe
[oJIe IPaKTUYEeCKU He 3aBUCHUT OT TeMIePaTyphl U HAIIPABJIEHUI BHEIII-
Hero MarauTHoOro moJd [18, 19]. C moHMKeHneM TeMnepaTypbl MHTEH-
CHUBHOCTh PE30HAHCHOIO IIOTJIOINeHus Bodpacraer. Illupuua aunum us-
MeHsIeTCS HeMOHOTOHHO, OOHAPYKHBasg MUHHMYM IIPH TeMIIepaType,
HECKOJIbKO IIPEBLIMIAOINEH TeMIIepaTypy lIepexoa n3 IapaMariuTHOTO
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B heppomaruuTHoe cocrosguue T-[3, 16, 18].

B deppomMarauTHOM COCTOAHUYU PE30HAHCHOE II0JIe OpeeasaeTc a¢h-
(eKTUBHON HaMarHMYEeHHOCTBhIO, KOTOpPas 3aBHCUT OT CIOHTAHHON
HaMarHUYeHHOCTH U aHusoTponuu. IlociaenHsas BKJIOUYaeT B cebs mar-
HUTOKPUCTAJJINYECKYIO W MAarHuTOCTPUKIIMOHHYIO AaHHW30TPOIINM, a
Takske anmsoTrpornuio ¢opmbl [16—19]. Kaxk pesyiabraT, pe3oHaHCHOE
moJjie (heppoOMaruuTHOM (ha3bl 3aBUCUT OT (YOPMBI 00pasiia 1 OT ero Opu-
€HTall!1 110 OTHOIIIEHNIO K BHEIITHEMY MarHuTHOMY IIOJIIO.

Cuextpel 9CP ObLIM MKCCIENOBAHBLI OJA BCEX OOPA3IOB CHCTEMbI
La,; ,Bi,MnO;,;, cuHTEe3MpOBAaHHLIX B JaHHOU pabore. XapakTep TeMIle-
PATYPHOI 3BOJIIOIUY CIEKTPOB JOCTATOUHO OJIM30K BO BCEX MCCJIEIOBAH-
HBIX 00pasIax, OCHOBHOE OTJ/IMYIE COCTOUT JIWINL B 3HAUYEHUAX XapakK-
TEPHBIX TEMIIEPATYP U IIapaMeTPOB JIMHWI PEe30HAHCHOI'O IIOTJIOIIeHMS.
IIpencrasiaenue 06 OCHOBHEIX UePTaxX TEMIEPATYPHOTO M3MEHEH!S CIIEK-
TPOB MOJKET OBITH MOJYUYEHO M3 PUCYHKOB 3 1 4, Ha KOTOPBIX ITOKa3aHbI
pe30HaHCHBIE CIIEKTPHI AJIA 06pasios ¢ x = 0,2 1 0,6, cOoOTBeTCTBEHHO.

Kak Bugno u3 puc. 3, B ob6aactu BbeicOKuUX Temmepartyp (7 > 160 K)
nuddepeHuadbubie crneKTpsl dI/dB=f(B) (3mecbk B — WuUHAYKIUSA
BHEIITHEr0 MarHuTHOTO II0JIsT) It oopasiia ¢ x = 0,2 mpeacTaBIAIOT CO00T
ONMHOYHYIO JIMHHUIO PE30HAHCHOTO morjolneHusa. IlosokeHue JIUHUT
IIPAKTHYECKHM He 3aBHCHUT OT HAIIPABJIEHNA BHEIITHEI'0O MAariHnMTHOT'O II0JIA.
3HaueHre PE30HAHCHOI'O II0JISI COOTBETCTBYET Z. =~ 2, UTO XapaKTEpPHO

dI/dB, yca. en.

0 300 600
B, mT

Puc. 3. CnexTpsr ICP gia obpasmna La,_ Bi,MnO;, 5 c x = 0,2 npu napaJiiesbHON
( I ) ¥ IepIEeHIUKYJIAPHOH (L) oprmeHTanIAX MArHUTHOTO II0JIA.
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dIl/dB, ycu. en.

Puc. 4. Cuexrps: ICP nia obpasna La, ,Bi, MnO,,; ¢ x = 0,6 npu nmapasinesbHON
( I ) U IepIEeHAUKYJIAPHOH (L) oprmeHTanaX MArHUTHOTO II0JIA.

IS MapaMarHuTHOM (hasbl 3aMeNIEéHHBIX MaHTauuToB [3, 16, 18, 19]. C
MOHMKEeHNEM TeMIIepaTypPbl MHTEHCUBHOCTD ITOTJIOINEHUA YBEeJIUYNBAET-
ca. [llupura TuHUYM TPU 9TOM cHavasia yMeHbIaeTca (AB = 62 mT mpu
300 K u = 400 mT mpu 180 K), mocturaer muaumyma npu 1T = 180 K, mmo-
cJie Uero HaumHaeT Bo3pacrarh. IIpu T = 165 K nunusa pacmemniaaercs,
YTO CBUJETEJILCTBYET O MOABJIEHUU BTOPON MarHuTHOU (asbl. PesonaHc-
HOe T0Jie BTOPO# (pas3hl 3aBUCUT OT HAIIPABJIEHUS BHEITHEr0 MATHUTHOTO
MIOJISA, UYTO XapaKTepHO AJA eppoMarauTHoro cocrosuus [17, 18]. C mo-
HUKEHUEM TeMIIepaTypbl JuHUuA (GeppoOMAarHUTHOTO pe3oHaHca OTAAJIA-
eTCcs OT JIMHUU ITIapaMarHUTHOT'O Pe30HaHCca, UTO SIBJSIETCA Pe3yabTaToM
BO3paCTaHUA HaMarHUYeHHOCTH (eppoMarHuTHOH (aswl [17]. Caenyer
OTMETHUTD, UTO BILJIOTH /IO CAMBIX HUBKUX TEMIIEPaTyp, UCCIETOBAHHLIX B
mauHoi# pabote (90 K), pesoHaHCHBI CUTHAJ OT ITapaMarHUTHOM (has3bl He
ncues3aeT. ITO CBUAETEILCTBYET O TOM, UTO B OIpPeAeJIEHHOMN 00JIaCTH TeM-
nepatyp (B maHHOM caydae HmKe T = 165 K) mapamarauruasa u geppo-
MAarHUTHAs (asbl COCYINIECTBYIOT, IPUUYEM, TeMIePaTYPHLIA MHTEpPBAJ
CYIIIECTBOBAHMSA TAKOTO CMEIIIAHHOT'0 COCTOAHUS JOCTATOYHO IITUPOK.
s 6oJee meTaIbLHOTO aHAJIN3a CIeKTPOB HaMHU ObIJIN TOCTPOEHEI UH-
TerpupoBaHHLIe KpuBkie I(B) U clejaHa MOMBITKA Pas3JioKeHUA WX Ha
HECKOJbKO JIMHUI IOTJIONIeHA. B KauecTBe mpuMepa Ha pUC. H IpuBe-
IeHO HeCKOJIbKO KpuBBIX I(B) mns obpasia ¢ x =0,2 (mapaainenbHBIH
cayuaii). IIpu T > 165 K uHTerpupoBanHasa KpuBas XOPOIIIO OIIMCHIBA-
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Puc. 5. Paznoxxenue KpuBbix I(B), IOIyUeHHBIX IIPYU PA3JINYHBIX TeMIIEpaTypax,
Ha cocrtasisioniue (x = 0,2, mapajieabHasd OpueHTAIIN MAaTHUTHOTO TTOJIA).

800 —e— B (®M) |
—o— By(IIM) _|_ 1
e 0 e —o— B[\ |
e ]
e —=— B(®M) |
0,
< 400 00ty Ny . ]
q M i
o-g-877
>
2004 et ]
0 T
100 150 200 250

Puc. 6. 3aBucuMOCTL PE30HAHCHBLIX IIOJEH OT TeMIepaTypbl AJsa obpasia ¢
x=0,2.

eTcs JIOPEHIIMAaHOM, KaK 9TO Ha0JfaeTcsa W B APYTUX CJAyYasdX HpU
OMMMCAaHUU JUHUI ITapaMarHUTHOTro pe3oHaHca [16, 19]. B o6imactu cme-
IIIaHHOTO MATrHUTHOTO COCTOAHUA WHTErpaibHAs KPUBaAA JIyUIlle BCETO
ONMCBLIBAETCS CYIlepIosuIlmell JiopeHIIuaHa (mapamMarHuTHas (asa) u
rayccuaHa (peppomaruauTHada dasa). PucyHok 5 gaér npexncrasieHnue oo
OCHOBHBIX UEPTaX 9BOJIIOIMYU MarHUTHOTO (hasdoBOro cocraBa obpasiia: ¢
MOHMKEHUEeM TeMIIepaTypbl OTHOCUTEJIbHAd WHTEHCUBHOCTH CHUTHAJA
(heppoMarHUTHOrO pPe30HAHCA YBEJIWUMBAETCS, a MIapaMarHUTHOTO —
ymenbInaercsa. TakuM obpasom, (asoBBIN HepPexo] Me:KJay mapaMmar-
HUTHOM U (heppPOMarHUTHOM (hasaMM OCYIIECTBISIETCS IIyTEM IIJIABHOTO
mepepacrpeeeHnus o0BEMOB Iapa- u ()ePPOMArHUTHBIX obJjacTreil B
IIIUPOKOM MHTEPBAJIE TEMIIEPATYP.

Ha pucyuke 6 mokasaHa 3aBUCHMMOCTH PE30HAHCHBIX ITOJIEl mapamar-
HUTHOH U (heppoMaruuTHoii das A odpasma ¢ x =0,2. ITogobubIit xa-
paKTep MMEIOT 3aBUCUMOCTH PE30HAHCHBIX IOJIEH U AJIS APYTUX COCTa-
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BoB. IloBesmeHne pe3soOHAHCHBIX II0JIEH (hepPOMarHUTHOU (Pa3bl XapaKTep-
HO OJId q)eppOMaI‘HI/ITHI)IX TOHKHUX ILIEHOK U ILJIACTUH: C IOHUKEHIEM
TeMIIepaTyphl Pe30HAHCHOE II0Jie YBEJINYUBAETCA B HMEPIEHANKYIIPHOM
cayJae U yMeHbIIaeTca B nmapasaeabHoM [17]. HeckoabKo HEOOBIYHBIM
€CTh TO, UTO B CMEIIIaHHOM COCTOSHUY PE30HAHCHOE IT0JIe TapaMarHUTHOM
(hasbl TaKk:Ke OKa3LIBAETCS 3aBUCUMBIM OT OPHEHTAIINY BHEIITHETO MOJIA.
910 ABJIEHUE JeTaILHO aHAJINU3UPOBAJIoch B paborax [3, 19]. Kak ciaexyer
U3 pe3yJbTATOB 3TUX PabOoT, MOJA pPacCedHUsI, MHAYIIHUpPyeMble (eppo-
MarHUTHOU (pasoii, HaKJaJbIBAIOTCSA Ha BHEIITHee MAarHUTHOE I10JIe, U3Me-
HsA TEM CaMbIM Pe30HAHCHEIE YCJIOBUA AJI ITapaMarHUTHOM (hasbl.

Ha pucyuke 7 nmzobpaskeHa KOHIIeHTPAIMOHHASA 3aBUCHMOCTEL TeMIIe-
patypbl Kiopu T'¢, KOTOPYIO OIIPeAesAlIn KaK TeMIIepaTypy, IIpU KOTOPOIi
3aposkgaercsa HoBas (asza. M3 pucyHKa BUIHO, UTO C MOBBIIIIEHEM KOH-
IeHTpaIllu BHUCMYyTa TeMmOepaTypa (PasoBOro mepexofia ITOHUIKAeTCH.
CpaBHeHMe JAaHHBIX PE3yJbTATOB C pe3yJabTaTaMu padboTwl [5] mo3Bossaer
3aKJIIOUNTh, UTO B obpasmax La; ,Bi,MnOs,;s, cciieqoBaHHBIX B JaHHOM
pabore, cTeneHL KUCIOPOSHON HECTeXNOMETPUHA O IPUOIU3UTEILHO OfY-
HakoBa u Oamuskak 0,07.

PesynbraTsl Hareil paboThl He TOTHLKO OZHO3HAYHO CBUAETEIbCTBYIOT
0 I1Byx(asHOM COCTOSHUU CUCTEMbI HUKe T, HO 1 MO3BOJISAIOT CHeJIaTh
KOJIMYEeCTBEHHbLIE OIleHKU, XapaKTepU3YIOIne TeMIIEPATYPHYIO 9BOJIIO-
U0 MarHUTHOTO (ha30BOT0 COCTABA CHICTEMHEI.

Ha BcTaBKe puc. 7 mokasaHa KOHIIEHTPAIIMOHHAA 3aBUCUMOCTE OTHO-
CUTEJIbHOU MHTEHCUBHOCTY PE30HAHCHOTO CUTHAJIa OT (DEPPOMarHuTHOMN
(asbl, paccunTanHaa AJd Kaxkgoro cocraBa npu T =0,75T .. Kax Bunmo
13 PUCYHKAa, YBeJn4YeHNe KOHIEHTPAIlu BUCMYyTa IIPUBOJUT K YMEHb-
MIeHUIO A0Jau (hepPOMArHUTHON (hasdbl, UTO CBUAETEJIBCTBYET O TOM, UTO

La, Bi MnO,_ 80 T =0,75T
1-x x 3+3 ’ c
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Puc. 7. KoHIleHTpaIninoHHaa 3aBUCUMOCTDL TeMIIepaTyphl 3apoKkaeHusa ¢deppo-
marsuTHo# ¢daswl T.. Ha BcTaBKe IoOKasaHa KOHIIEHTPAIOHHAA 3aBUCHUMOCTD
OTHOCHUTEJbHON MHTEHCUBHOCTHU PE30HAHCHOTO cUTHANA Agy OT (heppoMarHuT-
HO¥ (hasbl, paccunTaHHAaA AJIA Kakaoro coctaBa mpu T'=0,75T.
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00JacTh cocylllecTBOBaHMA ABYX (ha3, paccumTaHHass B exgmuuiax 1,
pacIIupsaeTcsa ¢ POocToM X. BO3MOKHON NIPUUYMHOM 3TOTO SIBJISIETCS yBe-
JUYEeHVEe JOKAJIbHBIX NCKAKEeHNN KPUCTAJINUYECKON PEINETKY, CBA3aH-
HOe ¢ TeHJeHIell N30JUPOBAHHOM Haps! 6s*-amekTpoHoB Bi*" K rubpu-
IU3aIuu ¢ 2p-opburanamu Kucjaoponaa [5—-9].

CpaBHUBadA JaHHBIE PUC. ( C Pe3yIbTATAMU MCCJIETOBAHMISI MATHUTO-
PE3UCTUBHBIX CBOMUCTB, JIETKO YBUAETH, YTO 3aMETHOE MarHUTOCOIIPO-
TUBJIEHE IOABJIAETCA TOJBKO IIOCJE IIepexoma oO0pasIoB M3 mapamar-
HUTHOTO B CMeIllaHHOe cocToAHue. Takike cieqyeT OTMETUTD, UTO MUK
Ha 3aBucumoctu p(7T) mHabiiofaercsa Ipy TeMIlepaTypax, KOTODbIe 3Ha-
UUTEeJIbHO HUXKEe TC’ YTO ABJIAETCA XapaKTEePHBbIM OJIAd MAarHUTHOHEOJHO-
poxubix cucteM [10]. B Takux cucreMax mHTerpajabHas IPOBOAUMOCTD
nMeeT MeTaJJINUeCKN XapaKTep TOJbKO TOTHa, KOrga o0beéMHAasd J0Js
(heppoMarHuTHOM (Pasbl JOCTUTAET BEJIUUUHBI, TOCTATOUHOM s obpa-
30BaHUs 0ECKOHEUHOT'0 IPOoBOAAIIero Kaacrtepa [10].

B zaksiouenme orMeTuM, UTO GaKT yBEJIUUEHUSI 00bEMA dJIeMeHTap-
HOHU AYEHKHU C yBEeJIUUEHUEM COAePKaHuA BUCMYTA JOTUUECKU 00 bICHS-
eT KaK yMeHbIIleHre TeMIepaTypsl Kiopu (13-3a ocaabieHnsas 0OMeHHBIX
B3aMMOJIeIICTBUIT), TaK U yBeJIUUYeHUEe YAEJbHOTO 3JeKTPOCOIIPOTUBIIE-
HUS (13-3a YMEHbBIITEHUA IIePeKPBITUA 9JIEKTPOHHBIX 000JI0UEK ).

4. SARJIIOYEHUE

OmpeneeHa KPUCTAJINYECKAs CTPYKTYypa, M3yUeHLI dJIEKTpHUUECcKUe,
MaromuTOpe3nCTHUBHBIEC 1 PE30HAHCHBIE CBOMCTBA MAHTaHUTOB JJaHTaHa,
3aMEeNIEHHBIX BUCMYTOM.

YcraHoBIeHO, UTO 3aMellleHMe JaHTaHa Ha BUCMYT B CHUCTEME
La, .Bi,MnO,,; TpUBOAUT K YBEeJIUUEHUIO PA3MePOB 3JIEMEHTAPHOMN KPU-
CTAJIINYECKON SYelKU, ITOBBINIEHUIO YAEJIBHOTO 3JIEKTPUUECKOTr0 CO-
IPOTUBJIEHUA 1 CHUKEHUIO TeMIepaTypsl Kiopu.

OcHOBBIBasiCh Ha pe3yJbTaTaX WHCCJEJOBAHUS JJEKTPOHHOT'O CIIMHO-
BOT'0 pe30HaHCa, MOKa3aHo, UTO (pa30BhIH IIEPEX0o] MeK Iy IIapaMarHuT-
HOHI 1 (heppPOMATrHUTHON (hasaMM OCYIIECTBJISIETCSI NYTEM IJIABHOTO IIe-
pepacupegesieHnsa 00LEMOB mapa- U (peppPOMATrHUTHBIX 00JIacTeil B IIIM-
POKOM MHTepBaJe TeMIepaTyp.

OnpegesieHa 00JIaCTh CYIIECTBOBAHUS CMEIIAHHBIX COCTOSIHUM B 3a-
BHCUMOCTH OT KOHITeHTpanuu BucMmyTa. IlokasaHo, 4To TeMnepaTypHbIH
I1aral3oH COCYIecTBOBaHUA ABYX (pas, paccuuTaHHBIN B efuHUNAX T,
pacIIupsaeTcs ¢ POCTOM X.

CresiaH BBIBOJ, UTO IIPUUNHON YKa3aHHbBIX BbIIIE 3(h(PEKTOB IBIAETCA
yBeJInueHe 00bEMA 3JIeMeHTAPHOM AUYeKY 1 YCUJIeHNe JIOKAJIbHBIX HC-
KaKeHUH KPUCTAJLIMYECKON PEMIETKY C POCTOM COAePKaHUA BUCMYTa.

Pa6ora moggep:xana I'ocymapcTBeHHBIM (GOHIOM (PyHIAMEHTAJbHBIX
ucciaenoBauuii Yxpauusl (mpoexktT Ne ©41.1/020) u ®PU Pecnybiuxu
Benapycs (mpoekT Ne @11K-054).
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