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Mpeacraenenbl pesynbTaThl MeccbayspoOBCKOro MCCAELOBAHUS DNEKTPUHECKUX CBEPXTOHKUX B3aUMOAENCTBUI

30H/10BbIX HYKANAO0B °' Fe, 10KaNN30BaHHbIX B CTPYKTYpe «/ABOWHOro» MaHranuta BiMn;O12. smepenus npo-

Boguincek B nHtepsane temnepatyp 101 K < T < 447K, B KOTOpOM [aHHbIA MaHraHuT obnagaeT HeHyseBoii

CMOHTaHHOI 3nekTpuyeckoii nonsipusayueii (Ps), a Takxe Bkatodatowem Temnepatypy T* ~ 240 K ctpykTyp-

Horo cpazosoro nepexoga P1 <+ I'm. [poBeseH feTanbHbI aHaN3 NapamMeTPOB CBEPXTOHKUX B3aUMOZERCTBUT

napunanbHbIX CNekTpoB sifep ° Fe u ux KpUCTannoxuMuyeckas naeHTUUKALNS ONPefeneHHbIM NO3ULMAM
SH-Tenneposckux noHos Mn3" B cTpykType manranuta. B pamkax mogenu «amHamuueckuxs 3apsgos Bop-
Ha NpeAsIoXKeH asropyuTM, NO3BOMSIOWNIA Ha OCHOBE CTPYKTYPHbIX JAaHHbIX COEAUHEHNS 1 SKCMEPUMEHTAbHBIX
3HaYeHWii KBaAPYNONbHbIX paciuennernii A(T) MeccbayspoBCKIX CNEKTPOB 30HA0BLIX aTOMOB ' Fe nocTponTs
TemnepaTypHyto 3aBucumoctb nonsipusauun Ps(7T') kpuctanna. MonydenHble no obe ctopoHbl oT Toukm T
3asucumoctn Ps(T') aHann3uposanucb B paMkax MOAENN CPEeAHEro Nonsi.

DOI: 10.31857,/50044451023050085
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1. BBEAEHUE

CocytiecTBoBaHUE JJISI OJHOTO COEIMHEHIS HAMAT-
HudeHuoct (M) u ssekTpudeckoii moaspusannu (Ps)
SIBJISIETCSI XapPaKTEPHONW OCOOEHHOCTBHIO TaK Ha3bIBae-
MBIX COOCTBEHHBIX MyJIbTH(EppouKoB. Takwme coeju-
HEHNsI MOXKHO Pa3/IeJIUTh Ha MYJbTU(MEPPOUKH IT€PBO-
ro (M u P; upakrudecku He 3aBUCAT JAPYL OT APY-
ra) u BTOporo (cuibHOe B3ammMHOe Biusiiue M u Pj)
posos [1]. TToMUMO «TpPaJUITMOHHBIX» MAKPOCKOIINIE-
CKUX JU(MPAKIMOHHBIX U MArHUTHBIX METOJO0B HCCJIe-
JIOBAHUS 3TUX BAXKHBIX C TOYKH 3PEHUS IPAKTHYIECKO-
I'0 UCIIOJIb30BAaHMUS COE/INHEHNUIT BCe Yallle IPUMEHSIOTCS
JIOKAJILHBIE $IJIEPHO-PE30HAHCHBIE METOJIbI JTHArHOCTHU-
ki: JIMP [2-9], dKP [10, 11], MoooHHas CIIEKTPOCKO-
nust [12-14], creKTpocKonms BO3MYIIEHHBIX YIUIOBBIX
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~—vy-koppessanuit (PAC-cnekrpockonus) [15,16], a rak-
ke MeccbayspoBckas quaraoctuka (LIP) [17-19]. Dke-
[IepUMEHTAJIbHBIE TEMIIEPATYPHbIE 3aBUCUMOCTH CBEPX-
TOHKHUX MATHUTHBIX moseil (Bpf) U IVIABHBIX KOMIIO-
wenr (V;;) TeH30pa rpajueHTa JEKTPUYECKOTO MOJd
(I'STI), mosydveHHBIE ¢ MOMOINIBIO STHX METOJOB, OT-
pakaroT aHAJIOIMYHbIE 3aBUCHMOCTH CIIOHTAHHBIX Ha-
marangenaoctu M (T') u 3J1eKTPUIECKOl [OJIgPU3AIIN
Py(T) coorsercreento. OHAKO, ecyu JJIs HYKJIHJIOB
5TFe, Mn u °3Cr coorHoIeHIE By = aM, xax npa-
BIJIO, UMeeT JIMHEHHBI XapakTep, TO B Ciydae Iapa-
merpoB Terzopa ['III zaBucumoctnu

{Vii}z,y,z = f(Ps)a n:f(Ps);

rje

Vaw = Vyy

VZZ

— mapaMeTp aCHMMETPUN, UMEIOT HeTPUBHUAILHBIN Xa-
pakTep. Jlms mx ycTaHOBIEHUsT HEOOXOANMO YIUTDHI-
BaTh CHENUMUKY 3JEKTPOHHOI'O U KPHUCTAJIMIECKO-
o CTPOeHUsl coejinHeHus. B psijge pabor mcIosb30Ba-

’]’7:
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JIaCh allIPOKCUMAIINS B BUJE KBaIPATUIHBIX (DYHKITHI
Vii = a + bP? un o P2 [20-22]. Onnako 1om06-
HBII I10JIXOJI HOCUT CKOpee (hOpMaJIbHBIN XapakTep U
HE II03BOJISIET BOEJMHO CBA3aTh 3HAYEHUsI IIapAMETPOB
CBEPXTOHKUX B3aUMOJIEACTBUI PE30HAHCHBIX HYKJIUIOB
¢ KpUCTAIOrpaUICCKUMI JIAHHBIMA U (DU3UIECKUMU
XapaKTePUCTUKAME UCCJIelyeMbIX (a3.

B macrosmieit pabore IpeJicTaBIEHBI PE3YIHTATHI
MeccOayIPOBCKOTO  UCCJIEIOBAHUST  JIEKTPUIECKUX
CBEPXTOHKHUX B3aMMOJENCTBUIl 30HJIOBBIX sJep 57Fe,
BBEJECHHBIX B CTPYKTYPY <JIBOHHOIO» II€POBCKUTOIO-
mobmoro mamranuTa BiMn;O1s, KoTopwlit B objacTn
temneparyp 1T < Te ~ 460 K memoncrpupyer coon-
TAHHYIO JEKTPUIECKYIO TOJSIPU3AINIo, a npu OoJiee
Hu3kux Temreparypax 1T° < Thn =~ 59K mepexoaur
B MArHUTOYIOPSJIOYEHHOE COCTOSTHUE, JEMOHCTPUPYS
mysbTudepponabie ceoiicta [23]. Tlo cpasHeHmio ¢
okcuiabiMu  1tepoBeckuTamu ABQs, B UX «JIBOWHBIX»
anasiorax (A'A%)B;O12 karumonnas unozpemierka A
«pacrajiaeTcs» Ha JiBe MOJIPEIeTKH, 0Opa30BAHHBIE
KpynHbIMU KaTuoHamu A’ ¢ BBICOKHM KOOpMHAIIU-
onabiM unciaoMm (KUY = 8-12) u gH-TesIepOBCKUMHE
karmonamu A” Cu®™ u Mn*" ¢ mncesmoksagpar-
HOH KHCJIOPOJHOHN KOOpJAuHaluenl [24]. B cayuae
(BiMn3)MnyO12 97U HOApEIIETKU COCTOAT U3 KATUO-
o A’ = Bi*" u A” = Mn®", upu srom nozpemerka
C MCKAXKEHHBIM OKTa3[PUIECKUM KUCJIOPOIHBIM OKPY-
kerneM (B) Takyke o6pasoBaHa SH-TEJJIEPOBCKUMHE

karnomamu  Mn®T, ¢ KOTOpBIME HEIOCPEICTBEHHO
CBSI3aHBI TPOIECCHI OPOUTAIBHOTO YHOPsI0UeHnst [25].
Cosmecrroe geiicrsue karnomos Mn®*T u Bi*T, mo-
CJIETHWI U3 KOTOPBIX COJIEPIKUT CTEPEOXUMHUIECKU aK-
TUBHYIO HEIOJIEJIEHHYIO 3JIeKTPOHHYIO napy [19,26,27],
uHAymMpyer s Manranuta BiMnyO1o messiii kKackan
CTPYKTYPHBIX (Da30BbIX 1IE€PEXOJ0B [28], 0nMHOMY U3 KO-
TopbiX (P1 <» Im, T* =~ 240 K) nocssiena HacTOAMIAS
pabora.
Coruracuo

pe3ysibTaTaM paHee IIpoBe/ICH-

HBIX nccJIeJ0BaHuit JICTUPOBAHHBIX MaHT'aHUTOB
AMH6V9457F6(),()4012 (A = Ca, SI’, Cd, Pb) [29*31] aTo-
MBI 2KeJie3a JIOKAJIN3YIOTCA B UX CTPYKTYP€ HCKJIIOYU-
TE€JIbHO B (I)OpMaJII)HOIU/I CTeIleHN OKUCJIEHUA <<—|—3>>7
3aMelad KaTHOHBI MapraHila TOJIBKO B OKTaldpHUve-
CKOI TOJIpernieTKe. HpI/I 3TOM OBLIO IIOKa3aHO, B TOM
qucJjie u C IIPUBJICYEHUEM TEOPETUYCCKUX PaCUYeTOB,
YTO YUCJIO ITapIuaJIbHBIX CIICKTPOB AI€PD 57Fe, a TaKzKe
ux IapaMeTpbl aJaeKBaTHO OTpazKaroT CHG‘HI/I(bI/IKy
JIOKAJIbHOM KpI/ICTaJIJIOFpa(l)H‘{eCKOﬁ CTPYKTYPbI MaH-
raanToB. BaxkHo Takxke OTMETUTDH, ITO UCCJICTOBAHUA C
IPUBJICIYCHUEM «MaKPOCKOIIMYICCKUX» METOJ0B AUarHO-
CTUKHN YKa3bIBaIOT JIMIL Ha HE3HAYUTEC/IbHOE BJIUAHUC
30H/IOBBIX aTOMOB Ha IIapaMeTPhl U XapaKTep IIpoTeKa-
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HUsI CTPYKTYPHBIX U MarHUTHBIX (DA30BBIX IIEPEXOJI0B
B 9TuX coeauHeHuAX. lleqpio Hacrosimeil paboTbl
SIBJISIETCs] YCTAHOBJIEHUE KOJIMYECTBEHHOM 3aBUCUMOCTHU
MezKly napamerpamu tersopa ['DI1 meccOayspoBckux
amep °"Fe B wmamrammre BiMnggsFe0sO12 u ero
CIIOHTAHHO 9JIEKTPUIECKOl ToJisipu3anueii B 001acTu
Ty < T < T, BRmodamoomnieir Touky T* cTpyKTypHOTO
nepexoga P1 <> Im [32].

2. 9KCITEPUMEHTAJIBHA{A YACTDb

Cunres manranunta BiMng g4Feq 04012 mpoBoamcs
B almapare BBICOKOTO maBiieHusi «bOenrs-tuma. Cmech
CTEXUOMETPUYECKUX  KOJau4decTB okcuaoB MnyOs,
Biz O3 n °"Feo O3 3ampeccoBbIBaIm B 30JI0TYIO KATICYITy,
KOTOpas mojBseprajach masiennio okoso 6I'1la ¢ mo-
cienyromum Harpesom 10 1323 K B Teuenne 10 MumyT.
Tlocie BbIjep:KUBaHUs 110J] BBICOKMM JIABJIEHUEM B
Teuenne 120 MuH ob6pazerr 3aKaInBaICTd 10 KOMHATHOMN
Temmeparypol. DBojsilee 1OapoOHOe oOnmcaHme MeTo-
JIMKKM CUHTe3a MaHIaHWUTa BUCMyTa MOXKHO HailTu B
pabore [28].

Jammbre TOPOMKOBOiT AU PAKITUN Ha CHHXPOTPOH-
HOM HCTOYHUKE PEeHTreHOBCKoro minydenust (SXRPD)
OBLIV IOJIyYEHBI B TeMIIepaTypHOM Juaras3one ot 100
450K B 6omapmoit kamepe [lebasi—IIleppepa na Ju-
nun BL15XU (SPring-8) B mnrepBase 20 or 3° no
60° ¢ mrarom 0.003°. Mcmosb30Baioch MOHOXPOMATH-
deckoe u3JIyuenue ¢ AmHoi Bosmbl A = 0.65298 A. TTe-
peJl IPOBEeHNEeM U3MEPEHUi 00Pa3Ibl B BUJE TOPOIII-
KOB IIJIOTHO YIIAKOBBIBAJIMCH B CTEKJISTHHBIE KAIIUJLISIPBI
(Lindenmann, suyrpennuii guamerp 0.1 mm). Bo Bpems
HA3KOTEMIIEPATYPHBIX U3MEPEHUIT 30 THEHHbBIE 00pa3-
[aMU KallMJLISIPbl OXJIaXK1aauchk B Toke No . HTep-
nperaryst audGpakTorpaMM U yTOUHEHNE TIapaMeTPOB
KPUCTAJIIMTIECKON PEMETKY ObLITN TPOBEICHBI METOIOM
PurBesibia ¢ ucnosibzoBannem mporpammvbl RIETAN-
2000 aHAJOrMYHO TOMY, KaK OBLIO OIMCAHO B pabo-
Te [28].

Meccbay>poBCcKIe CIEKTPhI U3MEPSJINCh Ha CIIeK-
TPOMETPE JIEKTPOJIMHAMUYIECKOTO THIIA, PAbOTAIONIEM
B pexuMe IOCTOSHHOIO YCKOpeHusi. B Kadecrse
UCTOYHUKA MeCCOayIPOBCKOTO ~Y-U3JIyIEHUs] WCIIOIhb-
sosasica °'Co(Rh). 3Hauenus W30MEpHBIX CIBUTOB
npuBossiTCss oTHOCUTesbHO a-Fe(298 K). Pacmudpos-
K& SKCIIEPUMEHTAJbHBIX MeccOAYIPOBCKUX CIIEKTPOB
OCYIIECTBJISAIACH C HCIOJIH30BAHUEM IIPOrPAMMHO-
ro makera <«SpectrRelax» [33]. Pacuer mapamerpos
terzopa ['DI] mpoBommiIcs ¢ TOMOIIBIO ITPOTPAMMBL
«GradientNCMS», paszpaboramnnoit 8 HIJI amepro-
XUMHUYIECKOTI'0 MaTepHuaJioBeJeHUd XUMUYIECKOI'O Cl)a-
Kysnbrera MIY.
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3. PE3VJIBTATHI 1 OBCY2KJEHUE
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Puc. 1. TemnepatypHble 3aBucumoctn yros (v, (3, y) anemen-
TapHbIX si4eeK CTPYKTYpHbIx mogudmkaumnii P1 (10-290 K)
n Im (250-450 K) manranuta BiMng.gs® Feo.04O012 (a) u
KpUBbIX AunddepeHLnanbHOl CKaHMpyoLLel KaJopumeTpun
(ACK), nonyueHHbIx B pexMMax HarpeBaHusi U OXJaKAae-
Hus (6). BctaBkn pgeMoHcTpupytoT dparmeHTsl andppakTo-
rpaMm, U3MepEHHbIX B TemnepaTypHbix obnactax T > T* n
T<T*

Penrrenosckue udpakrorpaMMbl 0Ly YEHHOTO
obpasrma MoKa3aju OTCYTCTBHE KaKUX-JINOO JIOTOJI-
HUATEJIBHBIX PEMIIEKCOB, OTHOCAIIUXCA K ITPUMECHBIM
dazam. l3mepenust [npu pasHBIX TeMIIEpaTypax
JIEMOHCTPUPYIOT COXPAHEHUE TeX YK€ CaMbIX KPUCTAJI-
JIM9ecKuX MOAUMUKAIII, 9TO W Y HEJETHPOBAHHOTO
JKesle30M  JIBofiHoTOo MaHranuTa BiMn;Opo [28], Ha
YTO yKa3blBaeT pacuieruienne peduiiekca (242) MOHO-
kauHHOl baspl npu oxsaxKiaenuu obpasia (puc. la,
BcraBku). Anasioruuno pabore [28] remmeparypa T*
nepexona Pl < Im, #He dukcupyemas Ha JAHHBIX
TEPMOJIUHAMUIECKAX HUCCIAEIOBAHUN, MOXKET ObITh
OT[CHEHA KaK TOYKA OTKJIOHEHUs MOHOKJUHHBIX yT-
0B « n 7y or sesmaunbl 90° (puc. 1a). Toaydennoe

TaKUM o00pasoM 3Hadenume 1T ~ 240K ana obpasna
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BiMng g4Fe.04O12 3amMeTHO HUXKE COOTBETCTBYIOIIEH
remueparypsl (~ 290K) 1 HeserupoBaHHOTO Ke-
JIe30M MaHraHuTa. V3MepeHue TepMorpaMm ob6pasia
BiMng.94Fe.04012 (puc. 16) nokazaso Haauuue dhazo-
Boro mepexoga B obmactn T ~ 420-440 K, koTopswrii,
COTJIACHO JINTEPATYPHBIM JIAHHBIM, OTBEYAET CTPYK-
TypHOMY mpeBparieruto I'm < 12/m [28]. amepenust
B DpeXNMaxX OXJIAXKJCHUS U HATCDEBAHUS BBISBUIN
rucrepe3uc mmpuHoii okosio 22 K, uro cymecTBeHHO
[IPEBBINIAET AHAJOIUYHBIA TAapaMeTp JJisi HEeJIOIHPO-
BanHOro MmasranuTta BiMn;Opg [28]. Ormerum, dro
paHee WPOBEJICHHBIE AHAJOIMIHBbIE W3MEPEHUs s
HeJIONMPOBaHHOrO MaHrauurta BiMn;Ois mnoxkasaju
HaJIMIne JAHHOTO Iepexoja npumMepHo npu 460 K [28].
Habmromaemoe mpu jermpoBaHuu MaHTaHUTA CMEIIe-
HUE TeMIIepaTyp CTPYKTYPHBIX (a30BbIX IEPEX0/I0B
KOCBEHHO IIOJITBEPXKIAET JIOKAJU3AIUI 30HJOBBIX
KATHOHOB B O0ObEME WCCIEMYEeMO MATPUIIBI, a He
BBIJIEJIEHNE WX B BHUIE COOCTBEHHON MpUMecHO# (has3bl
WK JIOKAJIM3AIUU Ha TIOBEPXHOCTH KPUCTAJLIMTOB.

MeccbayspoBckue saaep ' Fe
BiMng.g4Feg 04012, B TeMIlepaTyp-
oM juanazone T* < T < Tg, upeicrasisior coboii
YIIUPEHHBI cUMMeTpudHbil yGser (puc.2a). Mo-
JleJibHAsl paclin@poOBKa IMOJOOHBIX CIIEKTPOB, KakK

CIIEKTPBI B

U3MepeHHbIC

PABUJIO, HEOJHO3HAYHA W3-3a CUJIBHON KOppeJIsiiyun
IapaMEeTPOB COCTABJIAIONAX WX HAPIHAAJBHBIX KOM-
nonent. [losToMy Ha TIepBOM 3Talle aHAJU3a OBLIO
BOCCTAHOBJIEHO pactipesenerne p(A) KBaJIpynoIbHBIX
pacmerienuit A, JMHERHO KOPPEJIUPYIOMUX € Be-
mmauHaM# m3oMepHoro capura O [33]. Ilosyuennbrit
npu 3ToM JByMoAasbHbI npodwmis p(A) (puc. 2a)
CBUJICTE/ILCTBYET O JIOKAJIM3AIUE 30HI0BEIX saep °' Fe
B JBYX pPAa3HBIX KPHUCTAIOrPAMUICCKUX MOZUIMIX
MAHTaHUTA. DTOT BBIBOJ COTJIACYETCSI C PAHEE MOJIy Y€H-
HBIMU CTPYKTYDPHBIMEU janibivu jig BiMnyOqo [28],
COTJIACHO KOTOPBIM B peIeTKe ¢ cuMMmerpueit Im
siH-Tesuteposckue norbl Mn®t o6pasyior asa Tmma
nozurmit Mnl m Mn2 B mcKasKeHHOM OKTadIPUTIECKOM
KUCIOPOIHOM OKpyzkenun (puc.3a). ITockosbky mno-
JIydeHHOe HaMU cpejHee 3HadeHue (J) 0.35Mm/c
cooTBercTByeT BbicoKoctmHOBoMY (BC)  cocrosimio
Fe®" [34], MOXKHO TDPEANOIOKUTH, HTO 30HIOBEHIE
karnonsl Fe? T uzosasentno 3aMeIaioT Mn3" B 06enx
oKTasIpuUecKuX mosuimax. Clielyer TaksKe OTMETHTD,
(BC) obmagaror cdepnaeckn-
CHUMMETPUYIHON 3JIEKTPOHHOM OOOJIOYKOH, IOITOMY
HaOJ/IIO[aeM0oe B WX CIEKTPaX BBICOKOE 3HAUEHHE
(A) 0.62MM/C CBA3aHO € HH3KOW CHMMeETpHEi
KHUCJIOPOJTHOTO  OKPY?KEHUST 3aMEIIAEMbIX WMHU  sTH-
teseposcknx normos Mn*t [28]. Bee atu pesymbrart

~
~

qro Karmompl Fedt

~
~

JIaX0T OCHOBaHUE IIoJlaraTb, 4YTO, HECMOTpPdA Ha CIIe-
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Fe(2)

vV, MM/C

— —
0.1 0.5 0.9 1.3
A, Mm/c

Puc. 2. XapakTepHbie meccbayspoBckue CnekTpbl sigep 5"Fe B MaHraHuTe BiMnsg.96Feo.04012, namepentsie npu T > T* (a);

npn T < T* (6). Ha npagoii nanenn npusegeHsl pacnpegenenus p(A) u nx npeacrasieHne B BUAE CyneprnosnLnm HOpMabHbIX

pacnpe,qeneHvu?l, oTBeHawwmnx onpeaeneHHblM No3nynam 30HO0BbLIX A4ep 57Fe

nuduKy CcOOCTBEHHOW 3JIEKTPOHHON KOHMUrYypaIun,
sonoBbie  Karmouel Fe®t| samemas B crpykType
MaHraHuTa sH-TeJueposckne kKaruousl Mn', coxpa-
HSIOT OCOOEHHOCTHU UX JIOKAJHBHOTO KPUCTAJIMIECKOTO
OKpYyzKeHust. BO3MOXKHBIM OObSICHEHUEM 3TOI0  MO-
JKET CJIy’KUTh KOOIEPATUBHBIA XapaKTep HCKarXKEeHUs
pelleTKr MaHTaHWTa, B TOM 9YHCJIE€ U TOH ero co-
CTABJIAIONIEH, KOTOpas HEMOCPEJCTBEHHO CBs3aHa C
abderrom Ana—Temepa.

Ha ocHoBanum mpeicTaBIEHHBIX BBIIIE PE3yJbTa-
TOB aHasm3a pacupesesenust p(A) GbuTa peannzoBaHa
MO/IeJTbHAsT PACIIN(DPOBKA BCeil CEpUU CHEKTPOB, H3-
MepeHHBIX B muanazone T* < T < Tg, B BHge cy-
[ePIO3UIMA JIBYX KBaJAPyHosbHbIX jybseros Fe(l) u
Fe(2) ¢ GauskuMu Jpyr K JpYry 3HAUEHUSIMH CJIBU-
roB 01 & 0o (puc.4a). IlockoabKy MexIy napamerpa-
MH JBYX JyOJieTOB HAOJIOMAIOTCS CUJIbHBIE KOPPEJIsi-
11U, HAMU OBbLJIU HAJIOYKEHBI JIONOJIHUTEIbHBIE YCIOBUSI
B BH/JIe IONAPHOrO paBencTsa mupud (I = I3), a Tak-
’Ke uHTeHcuBHOCTEH ([7 =
COJIACHO CTPYKTYPHBIM JAHHBIM 006e mo3uiuun Mnl u
Mn2 B manraaure BiMnz;O1o (up. rp. I'm) umeror oau-

I5) KOMIIOHEHT, TaK Kak

HAKOBYIO 3aCeJIeHHOCTD [28]. OJHIM U3 HEOXKH/AHHBIX
PE3YJIBTATOB SBJIAETCS Pe3Kas I 00OUX HapIUa/Ib-
Hbix crekrpoB Fe(l) m Fe(2) remmeparyprasi 3aBucu-
MOCTb UX KBaJIPYIOJIbHBIX pacuielienuit (puc. 5). Jeii-
CTBUTEILHO, KaK YK€ OBbLIO OTMEYEHO, JJI BBICOKOC-
IMHOBBIX Karnonos Fe' ocHoBHoil BKIaJ B napamer-
pot reasopa '] obycioBsieH pemreTouHbIMI CyMMAMI
(Vié-“t), KOTOPBIE CBA3AHDBI HCKJIIOUUTEHHO ¢ CUMMETPHU-
eil KpUCTAJIMIeCKOl PeNIeTK: U IO3TOMY IPU OTCYT-
CTBHAU KAKUX-JIMOO CTPYKTYPHBIX IPEBPAIIECHUIT HE MO-
I'YT BBI3BIBATH CTOJIb CHJILHOE U3MEHEHUE KBAPYyIOh-
HOI'O pacIIeIieHus ¢ Temreparypoii. Hakoner, us-3a
OJIMHAKOBOIT 3acesieHHOCTH 03Ut Mn(4) ocraercs ot-
KPBITBIM BOIIPOC O COOTBETCTBUYN HAGITIOIA€MBIX TAPITH-
AJIbHBIX CIIeKTPOB Fe (i) ompe/iesieHHbIM O3UIHSIM Map-
ranna. JIjist oTBeTa HA BCE 3TU BONPOCHI ObLIA IPEIPH-
HSTA MONBITKA PACIETA PEIMIETOYHBIX TapaAMEeTPOB TEH-
zopa I'S1I ¢ ucnonb3oBanmeM KpucTaiorpabuIecKux
nmauHbX s BiMnyOqo [28], a Takske MomesnpoBaHmust
HA OCHOBE 9TUX PACYETOB TEMIIEPATYPHBIX 3aBHCUMO-
creii pacerienuit A;(T') 11 napuuaibHBIX CIIEKTPOB

Fe(1) u Fe(2).

6*
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Im

Nlnj-'r (KBaApaTH.)

Mn60,

Puc. 3. MceBpokybuyeckmne si4eiikn MOHOKIMHHON (a) n Tpu-

KANHHOW (6) CTPYKTYpHbIX MOAU(UKALNA « JBOAHOrO» MaH-

ranuta BiMn7O12, BoCnpon3BeaeHHbIX Ha OCHOBE AaHHbIX [28,

32]. Cnmeonamu Mn(i) ykasaHbl HESKBMBAJIEHTHbIE KPUCTasl-

norpacbudeckue nosuumn noroe Mn>+ & nogpewerke ¢ okTa-
3APUYECKO KNCOPOAHOW KOOpAMHaL e

B pamkax monnoro npubsnkenus, T.e. 6e3 ydera
KOBAJICHTHOCTH XUMUYECKUX CBA3EH MEXKILy aHMOHHO
U KATHOHHOI TIOJ[PeIeTKaMi, KOMIIOHEHTBI TEH30pa Pe-
merounoit wactu I'SI1 Ha spax °"Fe mpeacraBisioT
€060l CyMMy MOHOIOIBHOTO V™™ 1 numnonsaoro V 4P
BKJIAJIOB [35]:

Vlat Vmon + VdZ;D .
qr | TikDik
ar ., (1
= (1= 700 Z 8301830] [ + 4 } (1)
e Yoo — dakrop anTudIKpanupoBanus [Irepuxeiive-

pa; qr — >pdeKTuBHbBIN 3apsi k-I0 MOHA B PEIIETKE;

[ Fe(1) — Mnl
B Fe(2) —» Mn2

B Fe(1) — Mn7

[ ] Fe(2) — Mn5 6
.Fe3 5 Mn4
) {Mﬂﬁ 7~101K

Puc. 4. Mpumepbl MogenbHol pacwndposku meccbayspos-

CKMX CrekTpoB Ha sigpax > Fe B BiMng.osFe0.04012, n3me-

PEHHbIX MO Pa3Hble CTOPOHbI OT TOHKU CTPYKTYPHOIO NMepexoaa
Pl ImnpuT >T* (a) unpun T < T* (6)

[T P T [T v T [ T F T [T e R P F #F [7 o T [ mr vt
1.1 é = -..@\ Fe(2) Pl g Im
09 [ s ]
é‘é”“‘-F:c.m \\ i
e e -
£ B : ﬁ"‘" Fe(2) i
= L. = .
i \ e
P S0 ol @ FU ®
0.3‘~ -,r»:*#i_ t-._é
| PR B R B S N S S WO Y ST T O [ Y W WY
100 150 200 250 300 350 400 450

I K

Puc. 5. TemnepaTypHble 3aBUCUMOCTN 3KCMEPUMEHTAbHbBIX

KBagpynosbHbix pacwennennii AP (T) napunanbHbix crek-

Tpos Fe(i) B gnanasoHax TemnepaTyp YCTOWYMBOCTU MOHO-

kaunHoli (Im) n Tpuknunnoli (P1) a3 BiMng.geFeo.04O012

(posoBoii cTpenkoii obosHaveHa TemnepaTypa T*, nonyqeH-
Hasi N3 CTPYKTYPHbIX AaHHbIX)
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Tabnuua 1. CeepxToHkne napameTpbl MeccbayspoBCKUX CrekTpoB sigep ° Fe B manranute BiMng.giFeo 04012 npu
T=101KnT =39%6K

T, K | Mapiuansssiii ciektp | 6, mm/c | AP ym/e | T, mm/e | 1, %
20 Fe(1) — Mnl 0320 | 0470) |00 |50
Fe(2) — Mn2 0.32(1) | 0.68(1) 50(1)

Fe(1) — Mn7 0.49(1) | 0.55(2) 25(1)

101 Fe(2) — Mn5 048(1) | 1.11(2) | 0.27(1) | 25(1)
Fe(3) — (Mn4 + Mn6) | 0.49(1) 0.85(1) 50(1)

Th — DPACCTOSHHE MeXKIy k-bIM HOHOM u sapoM ' Fe;
7k — IPOEKIMs PajuyC-BEKTOPa Iy Ha HAIpaBJIEHUE
1-Olf TIPOEKIUU JIEKTPUIECKOTO JIUITOJIBHOIO MOMEHTa
k-ro wona p;i (rme i = x,y,z). Jomyckanoco, 9410 Be-
JIMIMHBL JIAIOJBHBIX MOMEHTOB HOHOB (Pj) M UX IIPO-
ekl (pi) MOIYT OBITH PACCIMTAHBI B PAMKAX MOJIe-
s Bopua [36]: px = ZxArg wa p = ZpAxy, vie
7y, — 3apsan Bopra k-oro noma, KOTOPBIA B HAIIIAX pac-
gyeTax CUUTAJICAd U30TPOIHON CKaJAPHON BEJUYUHON,
Arg (A x,) — BekTOp cMelnenus k-oro uoHa (4 ero i-as
[IPOEKIIUs ) U3 €ro IEHTPOCUMMETPUIHON no3uiun. Pac-
qer Beanunud Ar; u A x;, TPOBOAUIICS C UCIOIb30Ba-
HUEM KPUCTAJIOrpaUIECKUX JAHHBIX JIJIs MaHIaHU-
ra BiMn;O19, nosyuennpix npu 300 K [28]. s onen-
KU 3apsjioB BopHa HaMHU UCIO0JIb30BaJIaCh IIPOIEILYPa,
CyThb KOTOPOIi COCTOSIIA B TIOC/IEJI0OBATETLHOM BAPBUPO-
BaHum B BBIpayKeHHH (1) 3apsaaoB Zgi, Znn(i); Z0(i) 1
COOTBETCTBYIOIIUX UM JUIOJIBHBIX MOMEHTOB P IIPU
3aJIAHHBIX 3HAYEHUAX cMerneHnii A T;; 10 JOCTUXKEHUsI
HaWJIY4IIero COrJIacusi ¢ SKCIIEPUMEHTAIbHBIMUI KBa/l-
pynosababiMu pacuieiienusavu A; (tabm. 1). Ha uep-
BOI CTaJIUU ITOMH MPOIELYPhl HCKOMbIE DOPHOBCKHE 3a-
PSAbl Zj MOHOB IPUHUMAJIUCH PABHLIMU UX (HPOpMAaIb-
HBIM CTeleHsIM OKucjaeHus B coequnennn BiMn;Oqo. B
pe3yibraTe OBUIN MOJTyYeHbl 3HAYeHus /i = +3.30,
Zninl & e = +3.30 u Zo = —2.20, KoTOpbIe Mora-
JAal0T B AUAlla30H paHee IOJIyYeHHBIX 3aps0B BopHa
JIJISI COOTBETCTBYIOIIUX HOHOB B JIPYIUX IIEPOBCKUTOIIO-
JOGHBIX oKenax [37]. Vlcnonb3yst BeJMIuHbI TIPOEKInil
SJIEKTPUIECKUX JIUIIOJIbHBIX MOMEHTOB Pjk, MOXKHO PAC-
CYNTATH CHOHTAHHYIO ITOJISIPU3AIUI0 MAHIAHNATA,

2
1
PS:V Z ;pik

%

1
2

(2)

Tlosyuennoe wamm npu Ty 300K s3nagenue
Py(To) ~ 9mxKn/em? corsacyercs ¢ panee MOJTy-

JenHoit Bemaunoit nopgaaka 7 MxKi/em? (mpu 300 K)
JJIsi  HEJIETHPOBAHHOTO 57"Fe wmamnranuta BiMn;Ois
(mp. tp. I'm) [28]. Bee 911 pesysbTaThl CBUIETENBCTBY-

IOT O TOM, YTO, HEeCMOTpd Ha CJe/IaHHble HNCXOJ/IHbIE
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JIOMYTIEeHNsI, MPEJJIOKEHHAsT PACIeTHAS] CXeMa HOCHT
BIIOJIHE CAMOCOIVIACOBAHHBIN XapaKTep U Jajiee MOXKET
OBITH pacIpOCTpaHeHa Ha 00JIACTb TeMIEePaTyp, JJIst
KOTOPOIl y?Ke OTCYTCTBYIOT CTPYKTYDHBIE JAHHBIE.

Ilonyaenmbie st TOHOB Bi**, Mn*" u O~ zapsip
Bopna (Z;) MoryT 6bITh conocrasieHsl ¢ 3G OeKTHBHBI-
Mu 3apggamu (S), paccauTaHHBIME 110 MOJIen Bpayna
C WUCITOJIF30BAHUEM JTAHHBIX O KPUCTAJINIECKON CTPYK-
Type HezaMmerneHHoro Manranura BiMnzOq4 [28]:

Szk:skzk:exp< >

rjie T, — PACCTOSHUE METAJLI-KUCIOPO Jyis k-0 ma-
put M3T-0%~ (rme M = Bi,Mn), rp — KOHCTaHTa J/Ist

To — Tk

(3)

naHHOro copra Merawa: ro = 2.09 mis Bi*T-02" u
ro = 1.760 mms Mn*t—0%~, B = 0.37 [38]. C momompsio
BbIpazkeHust (3) Jyist KasKI0i 13 JBYX CTPYKTYPHBIX MO-
mudukannit BiMn;O15 6bputn paccanranbt 3pdeKTuB-
He1e 3apsel S monos Bi* T, Mn®T u 0%~ sammmaorux
HESKBUBAJIEHTHBIE KPUCTALJIOTPA(PUIECKUE [TO3UIIIH.

Tabnuua 2. PaccuntanHble BopHoBCKME 3apagbl Z
cpegtue acbdekTuBHbIE 3apsabl (S) NOHOB B pasnuy-
HbIX CTPYKTYpHbIX Moandmkaumsix BiMnzO12

CrpykrypHast | Arom Z (S)
MOIN(DPUKAITAST
Bi +3.30 | +2.55
Im(T > T%) Mn | 4+3.30 | +3.03
(0] —2.20 | —1.99
Bi +4.50 | +2.45
PI(T < T%) Mn +4.50 | +3.08
(@) —3.00 | —2.00

Vepeanenmble fyist KazKJ0T0 COPTa HOHOB 3HATEHHST
3apsasoB (Spi), (Smn) 1 (So) npeicrasieHsr B TadI. 2.
Kax sToro u ciremoBaso 0KumaTh, MOy I€HHbIE 3HATE-
Hust (S) odeHb 6sM3KH K (DOPMAIbHBIM CTEHEHSAM OKHC-
JICHHUs] COOTBETCTBYIOIINX ATOMOB, HO HMEIOT 60JIee Hi3-
KHe 3HAYCHUs, UeM UX OOPHOBCKHE 3apsijibl. Bbicokue
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3HaYeHUsT 3apsi/10B BopHa, KOTOpBIE J1iy1si OOJILITUHCTBA
[IEPOBCKUTOTIONOOHBIX OKCUJIOB METAJIOB B HECKOJIb-
KO Pa3 MPEBBIA0T (hOPMAJIbHBIE CTEIIEHN OKUCJICHS,
csizaHbl ¢ sedopmanueil (MOISIPU3YeMOCThIO) 3JIeK-
TPOHHON OOOJIOYKU MOHA TPHU €r0 CMEIIEeHUH U3 IeH-
TPOCUMMETPUYIHON 11o3unun Kpucrauia [36]. Oguako B
HAIIIeM CJIyvae pacxoxKieHne 6opHoBekux (Z) n adbdex-
TUBHBIX 3apsiyioB (S) He CTOJb 3HAYNTENBHO (Tabur. 2),
9TO KOCBEHHO MOJITBEPKIAET 0OOCHOBAHHOCTH UCIIOJ b~
3yeMoil B HACTOsAIIEH paboTe HOHHOW MOJIEIH.

=]

A, mm/c

—&— Mnb6

—e— Mn4

Mn5 —e— Mn7

A, mm/c

15
P_, mxKn/em?

Puc. 6. 3aBucumoctn Teopetuyecknx snadennii A;(Ps) ot no-
nspusaunn Ps kpuctanna npn Temnepatype 7' = 300K (a) n
T = 10K (6). NMyHKTUpHbIE NPsiMble COOTBETCTBYIOT SKCMepy-
MeHTanbHbIM 3HadeHnsim AL no gaHHbIM MeccbayspoBCKoii
cnektpockonuu npu TemnepaTypax 300 K (a) n 101K (6). 3a-
LWITPUXOBaHHbIE 0BAACTU COOTBETCTBYIOT OLEHEHHLIM 3HaYe-
HUsM nonsipusauuu Ps, npu koTopbix Teopetudeckue A;(Ps)
1 akcnepumenTanbHble AP BeANYMHBI COrNacyloTcs Hanyy-
wnm obpasom

Vuer TemmepaTypHON — 3aBUCHUMOCTH — BEJIMYUH
JINOJBHBIX MOMEHTOB Pk (7T) 1 CBI3aHHOH € HUMU
cuontanuoii  nosngpusamuu  Py(T), Koropble, 1O-

BAJUAMOMY, ABJSIOTCA OCHOBHONU NPHYMHOI PE3KOro
u3MeHeHHsI ¢ TeMmueparypoit pacmiersenuii Ay (T) u
Ao (T'), 1pOBOIUIICH € OMOIIBIO IIPUOJIUKEHHBIX BbIPa-
wennit pp(T') = & (T) pr(To) u Ps(T') = &(T) Pu(To), B
koTopbix Pk (Ty), Pr(To) — U3BeCTHBIE 3HAUEHUS COOT-
BETCTBYIOIIUX HapaMeTpoB IIpU JaHHOI TeMmIlepaType
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To = 300K. Kak mokaszaJi Hallld IIpeIBapuTe/IbHbIE
pacydeThl, JJId JOCTUKEHUSA COTJIACUA C SKCIIEPUMEHTOM
U YMEHDBIEHUsI YUCJIa BapbUPYEMBIX I1apaMeTPOB
MOXKHO TIPUHSITH OJIMHAKOBBIN JIJISI BCeX WOHOB BH/I

bynxrmit §x (1) = &,(To):
_ pei(T) Py (1)

§(T = =
@ pBi(To0)  Pvn(i)(To)
poiy(To)  Ps(To)
B pPaMKax ClIeJIaHHBIX BBIIIIE HpI/I6JII/I>KeHI/II7I

MOKHO BBIIINCATDL BBIPAYXKEHUE I BEJUUUHBI KBaJI-
PYIIOJIBHOTO PACIIEIIEHIS MecCOayIPOBCKOTO CIIEKTPA
30HJIOBOTO HYKJHWJIA KaK (QYHKIUU 1-bIX IPOEK-

it {Pi}icay.» > Py CHOHTAHHON NOJIAPU3AIMN
k

Py = (P2 + P2 + P,2)3:

A(T) = (1 = 72) 5 x
9% [qu | raPi(T) [ pr(To)
X%a—xf[a ()] @

rae e() — KBaJpYIOJILHBINH MOMEHT sapa °'Fe B 1ep-
BOM BO30y K 1eHHOM cocrosiaut; py(To)/ Ps(To) — oTHO-
IEeHNe UIOJIHHOTO MOMEHTA k-TO MOHA K CHOHTAHHOM
TOJIIPABAIANA KPUCTAJLIA, KOTOPbIE PACCIATHIBAJINACH C
HCIIOJIb30BaHUEM KPUCTAJLIOTPapUIECKIX JTAHHBIX I
BiMn7O15 (1ip. rp. I'm) npu 300 K. Bocnoss3oBapmimch
ypasuerueM (5), Mbl HOCTPOUIM TEOPETUICCKUE 3aBU-
cumoctu Ay (Ps) u Ay(Ps) (puc. 6a), npesmonarast, 4o
somnzoBble Karnonnl 27 Fe*T me BHOCAT B CTpyKTYDY
manraauTa BiMn;O15 cymecrBennnrx nckazkennii. la-
Jiee, uMesl SKCIIePUMEHTAIbLHbIC 3HAUCHUsI KBaAPYIIOh-
HBIX pacmiemsienuii Ay u Ag IpHU ONpeIeJeHHONl TeM-
neparype (puc. 5), Mbl IOCTPOUIM TEMIEPATYPHYIO 3a-
BucuMocTb Ps(T'), yIoBJIETBOPSIONIYIO ¢ YYETOM CTa-
ructnaeckux ommbok yeaosusim Aq(Ps) = A(T) u
Ag(Ps) = Ao(T) (puc. 7).

Onucannast BBINIE TIPONEAYPA IIOCTPOCHUS 3aBU-
cumocreii Py(T) 1o 3KCIepuMeHTAJbHBIM 3HAYEHUSIM
A;(T) 6buia mpuMeHeHa Jajee Jis TPUKJIMHHON da-
3pl Manranura BiMnzOio (up.rp. P1l). g paduoii
CTPYKTYpHOI Mojudukaimu pacupeesnenne p(A) nme-
eT TPeXMOJAJBHBIN Tpoduiab (puc.26), 9T0 MOXKET
CBUJIETEHLCTBOBATD O JIOKAJTM3AIUEA 30HIOBBIX MOHOB
Fe?T | kak MEHIMYM, B TpeX HESKBHBAJIEHTHBIX TO3HIH-
six. CoriacHO CTPYKTYPHBIM JIaHHBIM [32] B TPUK/IMH-
noit dasze xarmonsr Mn®T o6pasyor uwersipe pasmO-
zacesiennble mosunmu Mn4, Mn5, Mn6 u Mn7 ¢ ok-
TA3[PUIECKUM KHUCJIOPOJHBIM OKpyzKeHHeM (puc.36).
ITo-BuauMoMy, KaKme-TO JBe W3 9TUX HOZUIUI nMe-
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Puc. 7. TemnepaTypHble 3aBUCMMOCTU CMOHTAHHOW MONAPU-
sayun Po(T) pns cTpyKTypHbix Moandbnkauuii MaHraHuTa
BiMng.96Feq.04012 (po3oBoii cTpenkoii obosHaveHa Temnepa-

Typa T'*, nony4eHHasi U3 CTPYKTYPHbIX AAHHbBIX)

0T HACTOJIBKO OJIM3KOE 10 CHMMETDHH KPHUCTAJLINYE-
CKOE OKPY?KEHHUE, YTO YK€ He MOIyT ObITh HEpa3Indn-
MBI B MeccOayspOBCKUX ClieKTpax. JlJjist IpOBepKH 9T0-
O TIPE/IIOJIOKEHHsE OBLT TPOBE/ICH PACYET NapaMeTpOB
jucropenn (Ag) mommsapos MnOg:

rje [, — 3HaUYeHUs JJIMHBI N-0i CBsI3U MnfO(n); lmed —
cpejiHee 3HAYEHHUE COOTBETCTBYOMUX cBaszeit B MnOg.
Paccuurannbie ¢ moMomipio BoipaKkenus (4) mapamer-
per Ag(Mn4) = 13.7- 1074, Ay(Mn5) = 32.1- 1074,
A4(Mn6) 32.5 - 107 u Ay(Mn7) 14.3 - 1074
YCJIOBHO MOYKHO OOBLEIUHHTH B JBe OJIM3KHUX IO BeJIH-

9UHAM TPYIIBI, IIPU TOM B OIHOI TPYyIIle OKa3bIBa-
forcs nosurmu Mnb u Mn6, a B japyroit — mosuruun
Mn4 u Mn7. Ilo-Bumumonmy, 3Tu TPyl TO3UIAN J1€-
MOHCTPUPYIOT JIWHAMUKY B3aMMOIIPEBDAIICHUAS C OK-
Ta3[PUIECKUMK TIO3UIMsIMA Maprauna Mn(i) pu 6o-
Jlee BBICOKHX TeMIieparypax: mosurust Mnl «pacraa-
ercsi» mHa mosunmu Mnd u Mn7, B TO ke Bpems mO-
sunuga Mn2 — nma nosunmu Mnb n Mn6. Crour orme-
TUTb, YTO HADJIIONAEMbIe BEJIMYNHBI TaPAMETPOB JINC-
TOPCUU HE MTO3BOJIAIOT O0bsICHUTH HAOJIIOIAEMOTO IPO-
dbus pacupezeieHnusi KBaIPyIOJbHOIO DPACIIEILICHIS
p(A) B 1anHOM TeMnepaTypHOM juanasone. [leficTeu-
TEJIbHO, BCE HAIIHU HOIBITKE 00paboTaTh CIIEKTPHI B BU-
JIe CYIEPIO3UINN YeThIPEX MapPIUaIbHBIX KOMIIOHEHT
[IPUBO/IUIIN K OYEHb HEYCTOINYMBOMY PEIIEHUIO C CHJIb-
HO KODPPEJUPYIONUMHU APYT C JIPYIOM HapaMeTpaMu.
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B To ke Bpemsi anmpoKcHMalusl CIIEKTPOB B BUJE Cy-
MEPIIO3UIAN JIBYX MMAPIUAILHBIX KBAIPYIOJbHBIX JIy0-
JIETOB, COTJIACHO TIOJIyYeHHBIM Pe3yJbTaTaM PacuéToB
[IapaMeTPOB JINCTOPCHUHU, IIPUBOJUT K HEYJIOBJIETBOPH-
TeJIbHBIM pe3ysibTaraM. B pesyibrare, CleKTPbl, n3Me-
pennbie npu Ty < T < T*, GbLIM IPEICTABIEHBI B BU-
JIe CyNepIIO3UIN TPeX HapIuaJbHbIX KBaJIpPyIIOJIbHBIX
ny6aeros Fe(l), Fe(2) u Fe(3), npu 9T0M HHTEHCHB-
noctb Fe(3) poBHO B JiBa pasa IPEBBINAET WHTEHCUB-
HocTh KoMnoueHT Fe(1) u Fe(2) (puc. 46). Vcnonb3yst
M3BECTHBIE CTPYKTYPHbBIE JAHHBIE J1JIsl TPUKJINHHOI da-
361 BiMn7;0O12 upu 10K [32], a Tak:ke upumenss onu-
CAHHBIA BBIIIE AJIFOPUTM pacdeTa pPEerIeTOYHBIX BKJIa-
0B B mapamerpsl I'9II na aupax °"Fe, ms xaxkmoit
M3 YETHIPEX MO3UIUI MapraHiia Mbl MOCTPOUIA TEOPE-
ruaeckne 3apucumoctu A;(Ps) (puc. 6). Kak yxke 06-
CY>KJIAJI0Ch, UCIOJIb30BaHNE TOJO00HBIX 3aBUCUMOCTER
COBMECTHO C 3KCIIEPUMEHTAIBHBIMU 3HAUEHUIME A; B
HCCJIEyEMOM JINANIA30HE TEMIIEPATYP MO3BOJMIO CMO-
Jenuposars sasucuMocts Py (T') (puc. 7).

[Tomumo mrMOpPMAIIAT O CHOHTAHHO TOJISIPU3AIINAN,
Ha OCHOBAHWW PACUYETOB mHapamMeTrpoB Tenzopa ['III
OBLIIO IPOBEJIEHO COOTHECEHME MAPIUAIBHBIX CIIEKTPOB
Fe(i) coorsercrBytomum nosurmusym Mn(i) B okrasapu-
geckoit mozgperrerke. [lokazano, 4To B 0bjacTu TEM-
neparyp T% < T 447K nybaery Fe(l) ¢ nanm-
MeHbITMM 3HaueHneM Ap (puc.4a) cOOTBETCTBYET MO-

~
~

surust Mnl, koropast B HU3KOTeMIIepaTypHOIl obsractu
Ty <T < T* «pacnamaerca» Ha nmosunuu Mn6 m Mn7,
[IPOSIBJISIIONINECS B CHEKTPax B BUJIE HEPA3PEIIEHHOTO
ny6aera Fe(3) n my6sera Fe(1) (puc.46). B To e Bpe-
M, no3urnus Mn2 «paciienssercsas npu HOHUKEHIH
TemirepaTypbl Ha nosunuun Mnd u Mnb, garo mposiBiis-
ercst B MeccOayIpPOBCKOM CIIEKTPE B BHJI€ HEPA3PEITeH-
Horo jiy6iera Fe(3) n aybaera Fe(2) (puc. 46).

HpI/I OIIMCaHUM TIOJTYYE€HHBIX JIJIsl JIBYX MHTEPBaJIOB
remieparyp 3asucumocreii Pg(T) HaMu GbLIa MCIIOIb-
30BaHa MOJEIb cpejaHero sddexkrusaoro mosd [39)].
B pamkax JaHHOrO TOX0/Ia IPEJIIOJATAeTCsI, ITO Ha
KasK/JIblil IOH B KPUCTAJLJIE CETHETORICKTPHUKA JIEHCTBY-
er adpdexTuBHOE dMeKTpUIecKoe moe (Eqp), Bennan-
HA KOTOPOI'O MOYKET OBITH MpEeJCTaB/IeHa B BUJIE Psja

(7)

rie Ey — BHelHee 3/ileKTpUieckoe 1moJie, 3,y u § — Ko-

E.y = Eo+ BPs +yP2 +0P> + ...,

3 UIMMEHTDI B CJIAraeMbIX, OTBEIAIONIUX [IUIIOJIBHOMY,
KBa/IpYHOJIBHOMY M OKTYIIOJIbHOMY B3aHUMOJIEHCTBUAM
COOTBETCTBEHHO. B HAIIIX pacdeTax MPUHUMAJIOCH, ITO
Ey = 0, a Tak:Ke YUATHIBAJINCH TOJIHKO JUMOJbLHBIE 1
KBa/IpYHOJbHBIE B3aNMOJICHCTBHA, IIOCTIE/IHEe U3 KOTO-
pBIX () MO3BOJISIET B pAMKAX €JIMHOIO MOJIX0/Ia OIHCHI-
BaThb (a30BbIe MEPEXO/IbI KAK MIEPBOTO, TaK U BTOPOTO
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pona. CoracHO CTATHCTUYECKOI MEXaHUKe, TeMIepa-
TypHasl 3aBUCHMOCTD HOJIIPU3AINE MOXKET OBITH IIPeJ-
crasieHa B obeM Bue [39]:

E.y PyN~!

P,(T) = Pyth o

(6P5+’)/P3)P0N_1
kT

= Pyth . (8)

rine Py — cuonranHas nosisipusanus Hacelmennsi, N —
YUCJI0 DJIEMEHTAPHBIX JIAIOJIell Ha eIuHUIy o0bema
KpHUCTAJLIA. BOCIIOIB30BABINACH COOTHOIIIEHUEM

BR§

keTe = =

(rme Te — Touka Kropn), a Takzke BBOJIsI 0003HAUEHUSI
HOPMUPOBAHHBIX BEJINIUH

Py

T vP}
P’

TC7 g:Ta

O T

MOZKHO TIOJIYYHUTH YJI00HOE JIjIs aHaJInu3a dKCIIEPUMEH-
TAJIbHBIX JIAHHBIX BBIPAYKEHUE
)

rJie 3Ha"YeHue IapaMeTpa g sABJIFAeTCsd KOJINICeCTBECHHBIM

0s(T) + go(T)

os(T) = th < (9)

T

KpurepueM npupozbl (poia) mepexoia B (heppodsiek-
TpudecKoe cocrostaue kpucraia [39]. O6paborka sKc-
nepuMeHTaIbHBIX 3aBucuMocreil Ps(T) ¢ nenosib3osa-
nueMm Bbipazkenus (9) mpencrasiena na puc. 7. Ilosy-
YeHHOe 3HaueHue mapamerpa g &~ 0.48(3) B obmactu
remreparyp maTepsasia T* < T < T¢ ykasbiBaer
HA 3HAYATEIBHBIA BKJIAJ KBAIPYIOJbHBIX B3ANMOJIEH-
crBuit (7 # 0 B BblpakeHun (8)), 9TO, B CBOIO OYe-
pelib, sIBIIsIETCsI XapaKTepHOl 0cOOEHHOCThIO (pa30BhIX
nepexosos 1epsoro poga [39, 40]. Iomo6uoe nosese-
Hue HAOJIONANIOCH JIJIsT MHOTMX OKCHUJHBIX CHCTEM, B
YaCTHOCTH, HMPOSIBJIAIONINX MyJIbTU(EPPOUIHbIE CBOIi-
crBa [41]. OnpenesnenHast B paMKax JaHHOTO MOJXOJ/IA
k omucanuio Ps(T) Touka nepexona B (eppossiexTpu-
geckoe cocrosinue 1o ~ 437K jaumb He3HaYuTeIbHO
orimvaercst or remieparypbl (T &~ 447 K) crpykryp-
Horo nepexoga I'm <+ 12/m, oupeneseHnoit g 06pas-
na BiMng 94Feq 04012 13 TepMoanHaMuIecKuX JaHHBIX
(puc. 16). Ipu nepexoze xe B obamacrs Ty < T < T*
3aBuCcHMOCTb Ps(T') He TOJBKO IpeTepreBaeT U3/I0M B
rTouke T, HO M OIKCBIBAETCS BbIpaykeHneM (8) ¢ Ia-
paMeTpoM g ~ 0, 9TO NpHU SKCTPAIOJAINMNA K TeMIle-
parype ~ 294K (cm. puc. 7) JOJIKHO COOTBETCTBOBATH
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«IIaBHOMY» (ba30BOMY Iepexojly BTOporo poga [39].
OGcy»k/ieHne TPUPOABI MOJIYIE€HHOIO HAMH HETDHBH-
asbHOro xapakrepa sasucumocreit Py(T') XoTb U BbI-
XOZUT 3a PAMKU Leseil HacrosAmeil paboTsl, HO B JaJlb-
HEJIIeM J0JIPKHO CTHMY/INPOBATD IPUBJIEICHHE JIJIs HC-
CJIeIOBAHUS JAHHOIO HEOOLIMHOIO COEANHEHNS HEe3aBU-
CHMBIX JIOKAJIBHBIX U MAKPOCKOIMYIECKNX IKCIEPUMEH-
TaJIbHBIX METOJOB, & TAKyKe TEOPETHICCKUX IIOIXO0B.

4. BBIBO/JbI

C momormbio MeccOayIPOBCKOIl CIEKTPOCKONNH Ha
SIPAX 30HJIOBBIX aTOMOB °'Fe mccienoBaHa B3amMO-
CB$I3b JIOKAJIBHON KPUCTAJIIMIECKON CTPYKTYPBI U IIPO-
IIECCOB CIIOHTAHHON 3JIEKTPUYECKON MOJIApU3alUN B
manraaure BiMn;O1s. Ilokazano, 9To 30H10BbIE KATHU-
onbl Fe?T crarucrideckn 3aMemaoT H30BaICHTHEIE IM
karnousl Mn®" B mosmrusx ¢ okrasapmueckmM Kic-
JIOPOJHBIM OKpYy2KeHHeM. llapaMerpsr 3/eKTpudecKux
CBEPXTOHKHX B3amMojeiicTeuii sytep °'Fe oTparkaioT
CHMMETPHUIO KPUCTAJINIECKOIO OKPYKEHUs KATHOHOB
Mn®** B s1ux nosuumsx. Pacuers! mapamMerpos TeH3o-
pa I'SII ¢ ygeToM MOHOIIOJIBHBIX U JIUITOJIbHBIX BKJIAI0B
[TO3BOJIMJIN OIEHUTH JIAMIOJIbHBIE MOMEHTDI, BEI3SBAHHBIE
emernenmem nouos Bi*T, Mn®*T, 02~ B momokmmHOI
U TPUKJIMHHON CTPYKTYPHBIX MOIUMDUKAIMAX MaHIa-
Huta BiMng.g4° Fep.04O12. B pamkax momenn Bopra
OBLIN PACCUYUTAHDBI JUHAMUYIECKHUE 3aPs/Ibl HOHOB, 3HA~
JeHUsl KOTOPBIX CBUJIETE]bCTBYIOT O HE3HAYUTE/IbHOMN
[TOJITPU3aIlii BCEX HOHOB ¥ IPeo0JIaJIaHi MOHHOTO
BKJIa/Ia B CIIOHTAHHYIO SJIEKTPUIECKYIO IOJIAPUBAIIIIO
kpucrasia. [lokazano, 9To HabIIOMaeMas pe3Kas 3a-
BUCHMOCTH KBaJIPYNOJIbHBIX pacmieriennit A;(T') map-
IUAaJIbHBIX CIeKTPoB Fe(i) cBazana ¢ remieparypHOii
zaBucHMOCTbIO Ps(T). YcraHOBJICHO, YTO HO pasHBIE
croponbl or Touku 1* =~ 240K daszosoro mepexomia
P1 + Im sasucumoctu Ps(T) mMmeroT cylecTBeHHO
pasublii xapaktep. B obmactn T* < T < Te mouy-
venHast 3apucuMocTh Py(T) cBuieresnscrByer o dhaszo-
BOM IIEPEXO0JIE CEIHETOIIEKTPUK — IIAPAJIEKTPUK I1e€p-
Boro poja. [losyuennas n3 mMeccOayIPOBCKUX TAHHBIX
Temmeparypa Kiopu To &~ 437 K 6u3ka K TemmepaTy-
pe cTpyKTypHOro nepexona Im <+ 12/m. Tlpeayoxen-
HBIIl HAMU aJICOPUTM ITOUCKA B3aNMOCBSI3H SKCIIEPUMEH-
Taibabix 3aBucumocreil A;(T') g 30HIOBBIX HYKJIU-
1o "Fe u nonspusyemoctu Py (T) KpucTasia MoKeT
OBITH MPUMEHEH JIJTsi IPYTUX CUCTEM C CETHETOIICKTPU-
YEeCKUMU UJIN MYJIbTHMOEPPOUIHBIMUA CBOTICTBAM.

DunancupoBanmue. ABTOPBI BbIpaXKaioT 0OJ1aro-
nmaprocth  Poccmiickomy Hayunomy ®@ompy (PH®,
rpanT Ne19-73-1003411) 3a bUHAHCOBYIO MOJIEPIKKY.
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