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TemnepaTypHble 3aBUCUMOCTI CTPYKTYpPHbIX napameTpos B MoHokpucTtanne HoFes3(BOs)4, nsyuentbie meto-
[OM PEHTTreHOBCKON AMcpPakUnm HUXKE U BbllLE CTPYKTYpHOro casosoro nepexoga npu Ts = 365 K, xopowo
KOppenupyroT C nosefeHnem meccbayspoBCKOrO napameTpa KBaApynosbHOro B3ammogeicteus. OpHako ase
CTPYKTYpHble no3uuyum moHoB xenesa Fel n Fe2, dopmupyrouinecss B ¢pase ¢ npoCTpaHCTBEHHOU rpynnoi
P3:21, BosHukatoweid npu temnepatypax Huxe Ts, HE yOAETCA pasnMynTb METOAOM MeccbayspOBCKOW cnek-
Tpockonum Ha sigpax 7 Fe. DTO BO3MOXHO CAeNaTh TO/ILKO Huxke TemnepaTypel Heenst Tiv. VcTanosneHo, 4To
Huxke Ty MOHbI >xene3a hOPMUPYIOT TPEXMEPHbIA MarHUTHBIA NOPSAOK U3MHIOBCKOrO TUMA C KPUTUHECKUM
napamerpom 3 = 0.283(1) n pasmepHoCTblO napameTtpa nopsgka n = 1. YTO4HEHHOE 3Ha4eHMe TemnepaTypsi
Heensa Tn = 37.42(1) K. Habniogaemas 86nusn temnepatypol T = 4.4 K gunamnka nosepenus meccbaya-
POBCKNX NAaPaMETPOB KBAAPYNOJbHOIO CMEWEHNA € N MArHUTHOIO CBEPXTOHKOIo nons Bhf ANnsA NOHOB >Xenes3a
B8 nosuunax Fel n Fe2 ykasbiBaeT Ha nepeopueHTaumMioO MarHMTHBIX MOMEHTOB >KENE3a. JTO KOPPENMpPYeET CO
CMVH-NEPEOPNEHTaLMOHHBIM nepexoaom ans noHos Fe n Ho, panee nabniogaswumcsa 8 HoFes3(BO3)4 meTogom

HEeTpoHON Andpakuymu.
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1. BBEAEHHUE

Penkosemesnbubie  ¢eppoboparsr  RFe3(BO3)4
(R Y, La, Ce-Er) orHocaTCI K HOBOMY KJac-
cy wmynbrudeppoukos (II rtuna) [1-4], B Koropbix
CETHETORJIEKTPHUYECTBO BO3HHKAET TOJMBKO B Mar-

* .
E-mail: green@crys.ras.ru
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HUTOYIOPSIIOYEHHOM —COCTOSIHUH — [MPEMMYIIIECTBEHHO
[UKJIONJAJIBHONO ¥ TeJMKOuJabHOro Thma [5-10].
Kpucrammer RFe3(BO3)y memMoHCTPHDYIOT DasHOOG-
pasue cBoicTB u (BHa30BBIX MEPEXOIOB B 3aBUCUMOCTH
OT HOHHOrO paauyca R-smementos [11]. B wacrHoCTH,
MarauTodIeKTpudeckuii 3 deKkT obHaApyKEH B COEIU-
nenusx ¢ R = Ho, Gd, Nd, Sm [12-16]. Hanuuue nByx
MArHUTHBIX TOJCHCTEM, WOHOB »Kejle3a W HWOHOB R,
MPUBJIEKAET 0COO0E BHUMAHUE U O3BOJISIET PACCMATPH-
BaTbh peako3eMebHbe (Peppodoparbl KAK HHTEPECHBIE
MOJIEIbHBIE COEIMHEHUS JJI W3YIeHWsS MATHUTHBIX
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B3aMMOJIEHCTBUI U CIIMHOBOH JUHAMUKH B MYJIbTAQED-
poukax II tuna. B GdFe3(BOs3), ofuapyxken kackan
CTPYKTYPHBIX W MArHUTHBIX (PA30BBIX TIEPEXOIOB
[17-19], B TOM umCIe CMOHTAHHAS HU3KOTEMIIEPATYD-
Hasl CIMHOBAsl INEPEOPUEHTANUsl, HANIEHHAS TaKKe
B HoFe3(BOs)s [20,21]. Copa3mepHo-Hecopa3MepHOe
mpeobpa3oBaHue MArHWTHON CTPYKTYPHI MOHOB JKeJIe34,
mmke temueparypbl Heems Ty Obwio obnapy:ke-
HO B GdFeg(B03)4 [22] 141 NdFeg(B03)4 [23, 24:]
Maruurase cpoiictBa HoFe3(BOs), Takke akTHBHO
[12,25-30], OAHAKO IOJHOIO I[IOHHMAa-
B3aUMOCBSI3M  KPHCTAJTMYECKOH  CTPYKTYPBHI,
MATHATHBIX W CETHETOIJEKTPUIECKUX CBOWCTB TMOKa

U3y4arrcd
HUA

HE JIOCTUTHYTO Jla’kK€ B DpPaMKax CIEeNuaJbHONH Teo-
perudeckoit mozenu [31,32]. B macrosiueii pabore
MeTolaMu peHTreHocTpyKrypHoro ananmsa (PCA) u
meccbaysponckoit criekrpockormu (MC) B wHTepBase
temneparyp 1T' = 3.5-500 K wuccienoBanbl guHamuka
CTPYKTYDHBIX M MArHUTHBIX (DA30BBIX MEPEXOIOB, THII
M pPa3MepHOCTh MarHUTHOTO TMOpPSiKa B KPHCTAJLIAX
HOFeg(B03)4.

2. OITICAHNE SKCITEPUMEHTA

dbeppo-
ObLIN  BBIPAIIEHBI

BBICOKOKAYECTBEHHBIE ~ MOHOKPUCTAJLIBI
6opara rombmusi HoFes(BO3)y
u3 pacTBOPa—pPAacIIaBa TPUMOIHOJATA BHCMYTA IO
MeTOJ¥Ke, HOAPOOHO ommcaHHO#l B paborax [33,34].
PCA-uccnenosanust mapaMerpoB PEIIETKH MOHOKPH-
craiioB  HoFes(BOg)s mnpoBomumnucs B uHTEpBase
temmneparyp 1 = 11-500 K ¢ marom 5-20 K. Ilo-
JIy4eHHBbIE Pe3yAbTAThl MOAPOOHO OMUCAHLI B HAIIEH
upepLayeii pabore [35]. I3mepenus 1poBoAuIMCh Ha,
kanase BMO1 cuaxporponnoit crannun SNBL ESRF ¢
ucnoas3oBanueM audpakromerpa PILATUSQSNBL,
OCHAIIIEHHOIO KPUOCTATAMK C OTKPBITHIM JIAMAHAPHBIM
morokom raza Oxford Cryostream 700+ u moauduru-
posanabiM B ESRF Oxford Helijet, n ma maboparopuaom
perrrenoBckoM gudparTomerpe Rigaku Oxford CCD
Xcalibur EOS S2, ocHamieHHOM KPHOCTATOM € OTKPbI-
ThiM JlaMuHApHBIM mOTOKOM ra3a Oxford Cobra Plus.

MC-u3mepenusi TPOBOIUIIHCD
obpa3sie, MPUTOTOBJIEHHOM W3
HoFe3(BO3)s. Meccbaysposckue
meHus Ha g1pax ' Fe I0TydeHbI B MHTEpBAJe TeMIe-
paryp T = 3.5-80 K na cTaHgapTHOM CIEKTPOMETpE
Wessel ¢ resmeBbIM KPHOCTATOM 3aMKHYTOrO IIHKJIA
(C2 Montana Instruments). B nuanazone temneparyp
T = 90-480 K wucnonp30Basicd CTaHAAPTHBIN CIIEKTPO-
verp MC-1104EMm, ocHAIIEHHBIH TIPOTOYHBIM A30THBIM

Ha [OPOIITKOBOM
MOHOKPHUCTAJLIIA,
CTIEKTPHI  MOTJIO-

KPUOCTATOM U BbICOKOTEMIIEPATYPHOU Pe3UCTUBHON
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meupio  MRF-750K. Hcrounuk ramma-usiydeHus
57Co(Rh) Ritverc MCo7.114 [36] maxoauucs mpu KoM-
HATHOH TeMIIepaType. SHAYEHNS W30MEPHBIX CIBHUTOB
MW3MEPSIINCh OTHOCWTEIHLHO 3TAJOHHOTO TOTIOTHTENS
Ritverc MRA.2.6 (dosbra a-Fe rosmunoii 30 Mxwm,
Opu KOMHATHON Temmeparype) [36]. KommbiorepHbrii
aHaIM3 MeccOaydPOBCKUX CIEKTPOB OBLI  BBITIOIHEH
¢ unomouplo mporpammbl  Univem-MS  (Bxomur B
cuekrpomerpa  MC-1104Ewm),
nporpammbl  Recoil [37] m mporpamwmsr SpectrRelax
[38].

KOMILIIEKT IIOCTaBKH

3. PE3VJIBTATBI 1 OBCY2KJIEHNE

3.1. smepenusa meronoMm PCA

Pesynbrarsr geranbuoro PCA-ucciemoBanust mo-
Hokpucranios HoFe3(BOs), npencrasiens! B Hammei
npenpiayeii crarbe [35]. IlokazaHo, 9To BbIIE TeMITe-
paTyphl CTPYKTYpHOTO (a3oBoro nepexona Ts ~ 365 K
kpucramyeckas crpykrypa HoFes(BOs)4 Tpancdop-
MHUPYETCS U3 TPOCTPAHCTBEHHON TPYIIBI CUMMETPUU
P3121 B R32 (puc. 1la). IIpu Temneparypax T > Tg
CJIOM ATOMOB, COCTOSIIHE W3 TPUIOHAJIBHBIX IIPU3M
HoOg u okrasapos FeOg MenbItiero pasmepa, pacmnosa-
raforcs nepreHauKysapHo ocu ¢ (Cs). Arombr 6opa 06-
pasyloT ¢ aToMaMm KHCIopoia rpeyronbauku [BO3)?~
nByx tunos. Tpeyronbuuku nepsoro tuna [B10s] co-
€JIMHEHbl CBOUMHU BEPIIMHAMH TOJBKO C OKTA3IPAMU
FeOg. Ocranbubie Tpeyrombunkn [B203] coemnHeHbt
OIlHOM BepmuHOi ¢ aByms oktadapamu FeOg, a Kax-
Jast U3 JIBYX OPYTUX BEPIIUH COEIUHEHA C OKTAdIPOM
FeOg m mpusmoit HoOg. OxTasapor FeOg coemmnenn
pebpamu u 0Opa3yroT COUPAIbHBIE TEMOYKH, BBITSIHY-
ThIe BIOJb OCH ¢. B mporecce (pa30Boro mepexoma mpu
Ts ~ 365 K mpoucxoauT m3MeHEeHHe MPOCTPAHCTBEH-
HO¥ I'PYyIIIbl CAMMETPUU KPUCTAJIMYECKON CTPYKTYPbI
HoFe3(BO3)4 ¢ R32 na P3121 u BO3HUKAIOT [Ba TH-
na okradapuueckux nosunuit FeOg (FelOg u Fe20g), a
raxzke Tpu Tuna rpynn BOjs (puc. 1b). Bacenennocrn
JBYX KpHCTALIOrpadpuIecKux MO3unmii xkemesa, Fel u
Fe2, naxonsarca B cooTHomennu 1 : 2.

Vceranosieno, OpU  OXJIAXKICHUH
Ts ~ 365 K mapamerp g4efiku ¢ MOHOTOHHO YM€Hb-
maercd. B amanazone temmneparyp ot 150 10 60 K on

qTOo HHZKe

BBIXOJUT HA ILJIATO, OCTABASACH MPAKTHUIECKU TTOCTOSH-
HbIM. 3arem B auamnasone or 60 mo 30 K on Bo3pacraer,
JIEMOHCTPUPYS <«OTPHUIATEILHOE> TElJOBOe PAaCIIIu-
peHme, ¥, HAKOHEIl, CHOBA YMEHBIIAeTCS BILIOTH 0
remneparypsl T = 10 K (puc. 2a). Takoii apdexr mms
napamerpa ¢ B MoHOKpucramie HoFes(BOjz)s Bmep-
Bble HaOJIIOJAJICA METOJOM BLICOKOTOYHOI €MKOCTHOM
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pustaromerpuu [12]. Marnurossiekrpuyeckast CBd3b B
MyIbTH(MEPPOMKAX W MATCHUTOIEKTPUYIECKHX COEIH-
HEHMSX MOYKET OBITh BbI3BAHA MOHHBIMHU CMEICHUSIMH,
KOTOpBIE OOBIMHO TPHUBOIAT K MAKPOCKOMUYECKAM
HUCKaKeHusAM uind  AeOpManusM PEIETKH  BIO0JIb
kpucrajnorpaduaeckux oceit. [losromy BbIsACHEHHE
MpUYUH U 0COOEHHOCTEN 3P dheKTa «OTPUIATETHHOTOS
TEII0BOrO PACHIMPEHNUsI IPEICTAB/ISET OCOObIN HMHTEPEC
[31, 32, 39,40]. Hanpumep, moq06HOe «OTPUIATENIEHOE
pacmuperne B Mysabrudepponkax HoMnOsz [39] u
DyMn,O5 [40] rpakryercst Kak LIPU3HAK CUJIbHBIX
MATHATHBIX KOPPEIANWi M CIHH-PEIIETOYHBIX B3a-
UMOIEHCTBUM, CBA3AHHBIX C OOJIBIITON MAarHUTHON
B peakosemenbabix  deppoboparax
mpu 1T < Ty wmarauTHbii cBepxodmen Fe—O-Fe B
HENOYKaxX BJIOJb OCH ¢ 3HAYATEIHLHO CHJIbHEE JII0OBIX
JIPYTUX CBEPXOOMEHOB B ab-TIJIOCKOCTAX MEKIY MOHAMM

AHUB0TPOIUEH.

JKeJ1e3a 1/ Ui MEeXK/ly HOHAMHU KeJ1e3a U PEeIKO3EMeIb-
HbIX 371eMenToB [41]. Kpome Toro, mokasamo [42], €To
uuskoremneparypubie (mpu T < 150 K) anomannu
YIPYIUX KOHCTAHT MOLYT HabJIIOJAThCS B PEIKO3e-
MeNbHBIX (eppodoparax M JIOMKHBI OBITH CBSI3aHBI
C CUMMeTpueil JIOKAJIbHOIO OKpyKeHusi MOHOB R u ¢
f—d-B3aumopeiicrBrueM MexK/ly IOACACTEMAMU HOHOB
Fe u R.

HemaBuo MbI 0OHAPYXKWIN «OTPULIATEILHOEY TETI-
JIOBOE DpACITUPEHNE TAapaMeTpa ¢ MPU TEeMIepayTpax
ke T ~ 90 K B monokpucramiax GdFes(BO3)y
[43], YFeg(B03)4 [44,45] n NdFeg(B03)4 [46,47] B
monokpucrajnax NdFez(BOs)ys, kKpome Toro, uabiiro-
JIAJIOCh «OTPUIATEIBHOE» TEIJIOBOE PACIIUPEHUE apa-
Merpa sueiiku a npu oxsaxkaeann umxke 1 = 200 K.
Mpu1 o6Cyaun BO3MOXKHOE BJIMSHIE ITOM AHOMAJIMY HA
HapyineHue JIoKaibHo# cuMmmerpun noHoB Nd um Fe,
9TO, B YaCTHOCTH, XOPOIIO JIEMOHCTPHUPYET TeMIepa-
TypHas 3aBUCHMOCTb MeCCOAyIPOBCKOIO CBEPXTOHKOTO
mapameTpa KBajapymnosabaoro pacmerienus A(T).

ITpu oxnaxkaenun HoFes(BOs)y nuxe T = 30 K
HADIIOIAETCST 3aMETHOE yMEHbIIeHHE TTapaMeTpa sJaeii-
Ku ¢ (BcTaBKa Ha puc. 2a). 910 06/aCTh CyMIECTBO-
BaHUS MArHHUTOIJIEKTPUIECKOro 3ddekra, rje BO3HU-
KAeT CIOHTAHHASI CETHETOIIEKTPUYECKAST TOJISIPU3AIUS
P, Benwunna, KOTOPOi YBEJIMYNUBAECTCS C TOHUKEHUEM
remneparypst ot 30 mo 5 K [12].

3.2. Nzmepenua meronoM MC nipu pa3anmyaHbIX
TeMIlepaTypax B apaMarHUTHOM COCTOSHUU

HoFe3(BO3)4

MeccbayspoBcKuit  CIeKTp ampax °"Fe
HoFe3(BO3)4, u3MepeHHBINH TpU KOMHATHONW TeMIie-

Ha

parype, Mpe/CTaBIsgeT COOOH CIerKa aCHMMETPUIHbBIN
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KBaJPYyLOJIbHbIA Jybser (puc. 3), ykasbiBamowuil Ha
NapaMATHATHOE COCTOSHUE HWOHOB Kee3a. Paccuanm-
TAQHHbIE M3 JTOCO CIIEKTPA CBEPXTOHKUE IapaMeTpbl
(m3omepHsbrii casur 0 = 0.3891(3) MM/c, KBAAPYIOIL-
HOe pacuienieHne A 0.3085(5) MM/c u mmpHHA
auHEA Ha nosysbicote I' = 0.258(1) MM/c) mMeroT 3Ha~
YEHUS, XaPAKTEPHBIE JIJIsl BHICOKOCITUHOBOTO COCTOSHUS
nonos xenesa Fe?t (S = 5/2,3d°) B xpucraniorpacu-
YECKUX MO3UNUAX C OKTAAPUYECKAM KHUCIOPOTHBIM
JIOKAQJIHBIM OKDPYKE€HHUEM.

I[Ipu koMHATHOI TeMmepaType KpPUCTALINYECKAs
pewerka HoFe3(BO3)s ouucbiBaercs npocrpaHcrBeH-
Hoit rpymmnoit P3121 m comepKUT ABa THUMA HEIKBU-
BaJIEHTHBIX TTO3unuit moHoB keje3a Fel u Fe2. Panee
MbI [TOKA3aJId, YTO ACHMMETPHUS [TaPAMArHUTHOIO J1y0-
JieTa, 00yCJTOB/IEHA TEKCTYPHBIM 3(PPEKTOM, KOTOPbIi
MOKeT BO3HHUKHYTH MPHU MPUTOTOBJIEHUU MOPOITKOBO-
ro 0Opa3IEa W3 W3MEIbYEHHBIX MOHOKPUCTAJIOB. JTOT
3¢ deKT He CBA3aH C AByMsI HEOKBHUBATEHTHBIMU MTO3H-
mmsamu keje3a Fel u Fe2, mosTomy pasaennTs nx BKIIa-
JIbI B CIIEKTP TPV KOMHATHON TeMIepaType HEBO3MOXK-
HO [35]. Bo Bcem aquanaszone remuneparyp T = 40-480 K
B napamarautHoM coctositnn HoFez(BOs)s MeccOays-
POBCKHE CIEKTPHI AHAJOTMYHBI CIIEKTPY MPU KOMHAT-
HOIl Temueparype (puc. 3) U TaKkKe HE II03BOJISIOT
pazmuunth mo3unuu Fel m Fe2. JIBe HeIKBHBAJIEHT-
HbIE TIO3UIMU WOHOB >KEJIe3d, MPOABJISIOTCS TPUA OXJIa-
JKJICHUH JIMIb B HEKOTOPOM YIIMPEHUU CIEKTPA, [IPU
9TOM HYETKOrO PACHICIIEHUs JTUHUNA He HabJII0JAeTCs.
Takoit ke pe3yabTaT paHee MbI MOJIYYIUIN JJIs COEIU-
uennit GdFe3(BO3)4 u YFe3(BO3), [43, 44]. Ceepxron-
KHe [apaMerpbl, PACCIUTAHHBIE U3 MeCCOAYIPOBCKUX
CIEKTPOB, M3MEPEHHBIX TPU PA3IUIHBIX TEMIIEPATYPaX
B mapamarautaom cocrosuun HoFes(BO3)y, npuseme-
obl B Taba. 1. TemmeparypHoe moBeseHne n30MEPHOIO
casura §(T) xapakrepuo mis sddekra omaepa Bro-
poro nopsizka [35].

B MC mnapamerp A 0YeHb YYBCTBUTEJIEH K W3-
MEHEHUIO0 CUMMETPUHU JIOKAJIBHOIO OKDPYKEHUsI, BKJIIO-
YAOIIEro BCe KOOPAWHAIMOHHBIE C(epbl BOKPYT ATO-
MoB Fe. Temmeparypuas 3aBUCUMOCTH KBAIPYTOJIHHO-
ro pacuemienus A(T) nis HoFe3(BOg)4 umeer ciox-
HBI XapaKTep B IPOIECce CTPYKTYPHOTroO (Gha30BoOro me-
pexona mpu Ts ~ 365 K (puc. 2b), uro koppeaupy-
€T C TIOBEJIEHWEM TEeMIIepATyPHON 3aBUCUMOCTH Tapa-
merpa sgeiiku ¢(T). Ucnons3ys namm ganasie PCA
[35] n HOBBI porpamMubLil mHCTPYMeEHT PolyDis [48],
MbI paccunTanu s nonos Ho, Fel u Fe2 ornocuresnn-
HOE OTKJIOHEHHE OKPYZKAIOIUX WX IIEPBBIX KOODMHA~
[IHOHHBIX KUCTOPOIHBIX TIOTUIIPOB OT UICATHHOU CUM-
MeTpUIHON (DOPMBI, 8 TAK¥KE OTHOCUTEIHHOE CMEIIe-
HUE 9TUX UOHOB OT HOJIOKEHUS <«IEHTPA MACC» UX KUC-
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R32 (a)

P3,21 (b)

Puc. 1. (B ugere onnaiin) Kpucrannnyeckas ctpyktypa HoFes(BOgs)4 npu TemnepaTypax Bbille TeMMEpPaTypbl CTPYKTYPHOro
casoeoro nepexoga (a) ¢ npoctpaHcTeeHHol rpynnoii R32 n Huxe nepexoga (b) ¢ npocTpatcTeerHoii rpynnoi P3121

Tabnuua 1. CeepxTOHKME napameTpbl, PacCHUTaH-
Hole n3 meccbaysposckux cnektpoe HoFes(BOs)q,
U3MEepEeHHbIX B MapamMarHUTHOW obnactu Temnepa-

Typ (§ — wu30oMmepHbli casur, A — KBaApynosibHOe
pacwenneHune)
T,K | 6, mm/c | A, mm/c
440 | 0.296(1) | 0.302(1)
380 | 0.338(1) | 0.306(2)
340 | 0.360(1) | 0.307(1)
295 | 0.389(1) | 0.309(1)
210 | 0.440(1) | 0.308(1)
120 | 0.485(1) | 0.309(1)
90 0.494(1) | 0.309(1)
60 0.501(1) | 0.310(1)
40 0.501(1) | 0.313(1)
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JIOPOJHBIX MOJIM3IPOB TMPY PA3JIUIHBIX TEMIIEPATYPAX
(puc. 4). Xopoiwo Buno, uro mis uonos Ho u Fel oba
mapaMerpa Mpu TeMIIePATyPax BbIMIe TOYKU CTPYKTYP-
Horo ¢pazosBoro mepexona Ts ~ 365 K mpakTndeckn He
u3MeHd0TCd, a non Ho HAXOmuTCA TOYHO B <«IEHTPE
Macc» CBOEro KHCJIOPOaHOTO mosudapa. [Ipu Temnepa-
typax T < Tg kpucramiorpadudeckas MO3UIUS HKe-
JI€3a pa3IeNsieTcs Ha JBe HEIKBUBAJIEHTHBIE TO3UIINH,
Fel u Fe2, u 3nadenus obomx mapamMerpoB, MOKA3AH-
HBIX Ha puc. 4, 3ameTHO pacxonaTcs. Ilpu namrpreiinem
oxsaxaennu ot 360 10 90 K oba mapamerpa 1 HOHOB
Ho, Fel u Fe2 uzmensiorca nesnauntenbuo. Hanbonee
3aMeTHbIE H3MEHEHNUS B ITOM TEMIIEPATYPHOM HHTEPBAa-
Jie TIPOMCXOSAT B OTKJIOHEHWHN nOoHOB Ho oT mostoxkenuns
«LEHTPA MACC» U B UCKAXKeHUU (POPMbI KHCIOPOIHOTO
okTasapa moHoB Fe2. B mapamaruaurHoit obnacTtu au-
HaMUKa u3MeHeHus: (HhOPMbI KHUCIOPOIHBIX OKTAIPOB
MOHOB KeJjIe3a MPU OXJIAYKIEHUU B OCHOBHOM KOPDEJIHU-
PyeT ¢ yBeJIMYeHHeM MapaMerpa KBaIPyHOJIbHOIO Pac-
memtenust A, BoisiBieHubiM u3 MC-usmepennii. Crox-
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Puc. 2. (B usere onnailin) TemnepaTypHbie 3aBUCMMO-

CTN napamMeTpa 3JIEMEHTAPHON si4ellkn ¢ MOHOKpWUCTanna
HoFe3(BO3)4 (a) u meccbayspoeckoro napamerpa KBagapy-
nonsHoro B3aumogeiictaus A (b)

)4

HOFG3(BOg

rel. transmission
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v b b v b b Ly
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V (mm/s)
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Puc. 3. (B usete onnaiin) Meccbayspoeckne cnekTpbi, n3-
MEpPEHHbIE NPU PA3NNHHBIX TEMNEPATypPax B MapaMarHuTHOM
coctositumn HoFe3(BO3)4. KpacHas cnnowHas nmHmus nokasoi-
BaeT pesynbTaT annpOKCUMAL M CAEKTPOB ogHUM aybnetom
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Puc. 4. (B uBete oHnaiiH) TemnepaTypHble 3aBUCAMOCTH

CTpYKTypHbiX napametpos B HoFes3(BOs3)4, cBngetenscrayto-

wue ob OTKIOHEHNM KUCNOPOAHBIX MOMN3LPOB OT MAEANbHOM
cummetpun B dasax P3121 n R32

HOE [OBEJEeHHE ITOr0 apaMerpa yKa3blBaeT Ha HEeOD-
XOJIUMOCTD y4eTa BJIUAHUA BCEro JIOKAJIbHOIO OKPYIKe-
HUs, & He TOJBKO MEPBOH KOOPIUHAIIMOHHON ChEpPHI.

3.3. Uamepenuns merogom MC npu HU3KIX
TeMImepaTrypaX B MarHUTOYIIOPSA10YE€HHOM
cocrossaun HoFe3(BOs3)4

~
~

Huxe T 38 K B meccOHayIpOBCKUX CIIEKTPAX
coequnenusi HoFe3(BO3)s nabirojaercs xapakrepHoe
pACIIeIJIEHne PE30HAHCHBIX JIMHUH, CBUIETE/IHCTBY-
OIee O MArHWUTHOM YIIOPSIOYEHUN HOHOB JKEJIe3a,
(puc. 5). U3 pesynabraroB HeiTpoHHON Judpakuuu,
CKBU/I-MarHuTOMETpUY W U3MEPEHUN TEIT0eMKOCTH
[20,21] w3BeCTHO, YTO HEMOCPEICTBEHHO HUXKE TEMIIe-
parypst Heenst Ty = 37.4 K marauTHble MOMEHTBI 2K€-
Jle3a W TOJIbMUS ODPA3yIOT MACHUTHYIO CTPYKTYPY C
JIETKOH TJI0CKOCTHIO ab. MarHuTHbIE MOMEHTHI B MO/I-
cucremax nonoB Fe2 m Ho nexar B miockocTsax ab
U ymopsigoueHbl (hEPPOMATHUTHO B KAXKJIOW ILJIOCKO-
CTH, HO aHTH(MEPPOMATHUTHO B COCETHUX TIJIOCKOCTSIX.
MaruauTtabrit MOMeHT nOHOB Fel HaKJIOHEH OTHOCHTETH-
HO IUIOCKOCTH ab Tak, 9TO €ro KOMIIOHEHTA B ILJIOC-
KOoCTH (pepPOMATHUTHO CBsS3aHa C MOMeHTamu Fe2, m,
KpPOME TOTO, eCTh HEHYJIeBas KOMIIOHEHTA, BIOJIb OCH C
(puc. 6a). Besmuuna xomnonentsl Mmomenta Fel Brons
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Puc. 5. (B usere onnaiin) HuskotemnepaTtypHbie meccbaya-
POBCKNE CNEKTPbI, N3MEPEHHbIE B MArHUTOYNOPAA0HEHHOM CO-
crosiiun HoFe3(BO3)4. ns cnektpa npu T = 4.7 K nokasaHa
annpoKCMMaumMa ABYMS CEKCTETaMM, COOTBETCTBYOWMMMN Kpi-
crannorpaduyeckum nosuuyusm Fel (cunuii) n Fe2 (3eneHbiii)

OCH ¢ MOHOTOHHO BO3pAacTaeT C TOHUKEHUEM TeMTepa-
TYypPbl BIUIOTH JIO CIIOHTAHHOHN CIIMHOBON IllepeopueHTa-
uuu pu Tsp = 4.7 K. Ilpu remneparypax T° < Tspr
TIOJICUCTEMBI YKejie3a W TOJIbMHUSA YHOPAJOYEHbl aHTH-
¢dbeppOMArHUTHO C MATHUTHBIMU MOMEHTAMU, HATPAB-
JIEHHBIMHU BJOJIb Ocu c. 1Ipu 3TOM MarHuTHBIE MOMEH-
Tbl nOHOB Fel u Fe2 jexxar cTporo Bmob ocu ¢, a MO-
MeHThl HO HECKOIBKO OTKJIOHSAIOTCS OT OCH ¢, 00pas3ys
PacIpPOCTPAHAIONLYIOCA BJOJIb HEE CIUHOBYIO CIUPAJIb

[26] (puc. 6D).

IIpu camoit HHU3KON HKCIMEPUMEHTATHLHON TeM-
meparype T 35 K
HoFe3(BO3)4s XOpOIIO anmpoOKCHMUPYETCsl  TOJIBKO
OIIHUM CEKCTETOM, XOTsI MMeeT HEOOJBITYI0 aCHMMeT-

MeccOayIpPOBCKU  CIIEKTP

PHIO IO BHEIIHUM JIMHUSM, TIE IeCTas CIEeKTPATbHAS
muans cekcrera Ha 0.5-0.8 % wmHTEHCHBHEE TEPBOI.
[Ipu wHeOOJBIIOM TOBBIMIEHNN TEMIEPATypPhl (GOopMa
4.7 K nepsas

CIHEKTPA MEHSeTCs, u yxke nupu 1
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CHeKTpa/lbHasl JIMHUA 3aMETHO WUHTEHCUBHEE II0C/Ie/l-
Hell. JTa aCHMMETDPHsi COXPAHSIETCS 10 TE€MIIEPATYDPBHI
T 25 K w ykasplBaeT Ha TO, YTO [jii WHTEp-
TpeTary  MeccOayIPOBCKUX CIMEKTPOB B MATrHUTHOM

cocrosiuuu Tpu Temmeparypax mexay 4.5 m 25 K
cjlelyer YYUTHIBATH TO KpailHell Mepe Be MO3WIUU
kenesa. Kak Gyzer mokasaHo B pasm. 3.4, m3MeHeHwe
dopwmbl ciekTpa mpu temmeparype 1T &~ 4.4 K xopormo
COTJTACyercs ¢ TeMIepaTypPHBIM JUATA30HOM CIHHOBON
MEePEOPUEHTAIINH.

I[Ipu remmeparypax or 3.5 mo 37 K wmeccbays-
POBCKHUE CIEKTPbI XOPOIIO ANMPOKCUMUPYIOTCS JBYMSI
nceB0¢goirroBckuME cekcreramu S1 u S2 ¢ orHOIIE-
muem miomazneir Al : A2 = 1 : 2. Dro kKoppenupy-
er ¢ orHouleHueM 3acenensocreit (1 : 2) aByx Kpu-
crasmorpadpudeckux mo3uuii keme3a Fel u Fe2, mo-
nayaeHHbIM u3 m3Mepenuit PCA [35]. Boime Temmepa-
Typel T = 37 K cmekTp CTaHOBUTCS CAWUIIKOM TITH-
POKHM, IOITOMY MOJIE/b, OCHOBAHHAs HA JBYX CEK-
creTax, yyKe HENPUMEHHMa, W aJIeKBATHO AIMPOKCH-
MHUPOBATh CIEKTPHI MOYKHO TOJIHLKO METOIOM PAaCIpe-
JIeJIeHNs] CBEPXTOHKUX mapamerpoB. CBepxXToHKHE Ha-
pPaMeTpBhI, MOJTyYeHHbIE U3 HU3KOTEMIIEPATYPHBIX MECC-
0ay>POBCKUX CIEKTPOB, TPEICTABIEHBI B Taba. 2. o-
ubl Fe?t B nosumuax Fel u Fe2 umeror npakrudaecku
OJIMHAKOBBIE U30MEPHBIE CIBUTH ¢, HO HEMHOTO PA3HBIE
3HAYEHUs MaPAMETPOB KBAIPYTIOJIHLHOIO CMEIIEHUS € U
CBEPXTOHKUX MarHUTHBIX noneit Bpri > Bpyro. Panee
AHAJIOTUYHBIA pe3yibTaT ObLI MOJYYeH HAMH JIJIst CO-
ennnennss GdFe3(BOs)y [43], rme BkIag AByX mMo3u-
Ui yKejie3a yIaaoch YUecTh TOJNBKO B MeccOaydpOB-
CKuX crekTpax, monydenabix npu I < Tn. B 1o xe
Bpems 11 coequuenus Y Fes(BO3)4, He comepxxkarie-
ro BTOPON MarHUTHOM TOICUCTEMBI PEIKO3EMETHLHBIX
MOHOB, BKJIAJ] ABYX HO3UIMIL YKeJie3a He yIaJI0Ch pa3/ie-
JIATD JayKe B MArHATOYHOPSJOYEHHOM COCTOSTHAN [45].
9To yKasbIlBaeT Ha pasziudue oOMeHHOro f—d B3ammo-
JeficTBUS PEJIKO3EMEJIbHBIX UOHOB C MOHAME 2KEJIe3a B
HEIKBUBAJECHTHBIX KPUCTAIIOIPAGUICCKUX MO3UIUIX
Fel u Fe2.

Ha pwuc. 7 mokazana temmepaTypHas 3aBHCUMOCTD
CPEJIHErO 3HAYEHUS] MACHUTHOIO CBEPXTOHKOIO IOJIst
(B s) na snpax °"Fe. Panee 661710 06Hapy 2KeHo HeOpUI-
JIIO9HOBCKOE TIOBEIEHNE TEMIIEPATYPHON 3aBUCHMOCTH
MOJIHOTO MArHUTHOTO MoMeHTa keje3a B HoFe;(BO3)y
[20], 4TO OODBACHAIOCH CHIIbHBIM BIMSHUEM I1OJCUCTE-
MBI KeJI€3a HA MArHeTH3M PEIKO3EMEIbHBIX JIEMEH-
TOB. MBI yTOYHUIN TEMTIEPATYPy MarHUTHOTO (Pa30BO-
ro unepexoga Ty B HoFes(BOs)y u oupenesnuiu tun u
PAa3MEPHOCTh MATHUTHOIO YIOPSIIOYEHUS TTOJACHCTEMbI
JKejie3a CrocobOM, paHee WCMOIH30BAHHBIM B HAITHX
paborax [43,45,47]. DkcuepuMenTaIbHAs 3ABUCUMOCTD
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Puc. 6. (B ugerte oHnaiin) Cxema opueHTaLMm MarHuTHbIX MomeHTOB noHos Fel, Fe2 n Ho npm TemnepaTypax Bbiwe (a)
n Hmxe (b) Tsr =4.7K
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Ty =37.42(1) K Puc. 8. (B usere onnaiin) TemnepaTypHbie 3aBUCMMOCTH
| | | | | ] . . KBaApPynoJIbHOrO CMELLeHNs £ B MeccbayIpOBCKMX CReKTpax
00 5 10 15 20 25 30 35 40 ans cekctetoB S1 m S2, COOTBETCTBYIOWNX WOHAM >KEne-

T (K)

Puc. 7. (B ugete oHnaiiH) TemnepaTypHas 3aBUCUMOCTb Cpea-
HEro MarHUTHOrO CBEPXTOHKOro noss (Bhry) Ha sppax >kene-
3a. Ha BcTaBke nokasaHo usmeHeHue Benu4uHbl Byy B 06-
nacTn nepeopneHTaynm MarHMTHbIX MOMEHTOB NOHOB XXeNnesa

Fel n Fe2

By #(T) Bomm3u Ty Oblia anmpOKCHMHIPOBAHA PACIeT-
HOIT KpUBO# (puUc. 7) € UCIOJIB30BAHMEM MOJEIH KPUTH-
weckux koaddummentos B(T) = By(1 — T/Tn)? [49].
Suauenne KodpdunrenTa [ TO3BOJAECT OMPEIETIUTH
pPa3MEpHOCTh d MAPHUTHOM PELIETKH M PA3MEPHOCTD 7

724

3a B HE3KBUBANIEHTHbIX KpMCTannorpadamquKmx no3nymnsax

Fel n Fe2

napamerpa nopgaka (radsu. 3). Suauenue d = 1 coor-
BETCTBYET OJHOMEPHBIM MATHUTHBIM IemoYKamM, d = 2
— CJIONCTON MArHUTHON CTPYKTYpPEe MM TIOBEPXHOCTH,
d = 3 — obbemHOMYy MarmuTHOMY Mmarepuasy. Ilapa-
METP 7 OIpPeJessieTCsl MO/IEJIBIO, ONMCBLIBAIOIIENH Mar-
HUTHYIO cucremy: momenb Msunra (n = 1) gomyckaer
JABYMEPHbIA U TPexXMepHbIA NaJIbHUl NOPAJOK, & HU3-
KopasmepHblit nopsaaok (d = 1 u d = 2) orcyrcrBy-
er B Momenax XY (n = 2) u Teiizenbepra (n = 3).
Jasbauil mOpsiIOK /i BCEX N CYILIECTBYET TOJIBKO
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Tabnuua 2. CeepxToHkMe napameTpsl, paccumTaHHbie n3 meccbaysposcknx cnektpos HoFes(BOs)4, namepentbix npn

Huskux Temnepatypax 7' < 38 K (§ — usomepHbili casur, € — KBagpynoibLHOE CMeljeHune, By — MarHuTHOe CBepx-

ToHKOe none Ha sippax * Fe, (Bhs) — cpefHee MarHUTHOE CBEPXTOHKOE MOJIE, PAaCCHNTAHHOE METOAOM pachpeAeseH s

CBEPXTOHKMX napameTpoB; S1 u S2 — MarHUTHbIE CEKCTETbI, CBSI3aHHbIe C KPUCTA/IOrpachuyecKuMmn no3nymsiMm MOHOB

»enesa cooteetcTeeHHo Fel n Fe2; 3Be3pgoqkoii 0603Ha4eHO CpefjHee 3HaYeHMe, PACCHMTAHHOE METOLOM PACMpeaeneHnst

CBEPXTOHKMX MapameTpoB)

T, K 4, MM/c g, MM/C B¢, Tn (Bhy), T
st | s2 st | s2 st | s2
3.5 | 0.466(2) 0.475(1) | -0.092(1) -0.079(1) | 52.89(2) 51.86(2) | 52.21(2)
41 | 0487(3) 0.499(1) | -0.090(1) -0.092(1) | 52.94(2) 51.83(2) | 52.18(2)
44 | 0.486(2) 0.494(1) | 0.017(1) -0.037(1) | 53.13(2) 51.84(1) | 52.24(2)
47 | 0.497(2) 0.499(1) | 0.066(1) 0.013(1) | 53.04(1) 51.92(1) | 52.30(1)
49 |0.494(2) 0.500(1) | 0.073(1) 0.021(1) | 53.04(1) 51.92(1) | 52.29(1)
54 | 0.496(2) 0.499(1) | 0.073(1)  0.025(1) | 52.99(1) 51.90(1) | 52.25(1)
6.1 | 0.496(2) 0.499(1) | 0.077(1) 0.030(1) | 52.91(1) 51.82(1) | 52.18(1)
71 | 0497(2) 0.500(1) | 0.077(1)  0.032(1) | 52.76(1) 51.72(1) | 52.07(1)
10.1 | 0.495(2) 0.499(1) | 0.081(1)  0.036(1) | 52.14(1) 51.17(1) | 51.50(1)
15.1 | 0.498(2) 0.498(1) | 0.072(1)  0.044(1) | 50.30(1) 49.48(1) | 49.78(1)
20.0 | 0.494(2) 0.499(1) | 0.066(1) 0.044(1) | 47.53(1) 46.72(1) | 47.03(1)
25.0 | 0.498(1) 0.499(1) | 0.056(1) 0.053(1) | 43.66(2) 42.71(1) | 43.13(1)
30.1 | 0.500(1) 0.497(1) | 0.053(1) 0.054(1) | 37.97(2) 36.75(2) | 37.30(2)
35.0 | 0.499(1) 0.498(2) | 0.056(2) 0.060(2) | 27.49(2) 25.62(2) | 26.61(2)
37.1 0.498(2)* 0.062(2)* - - 15.81(2)

Tabnuua 3. 3HaveHnss KpuUTM4HECKOro KoaddunLm-
eHTa [ npu pasnnyHbIX 3HAYEHWUSIX NapameTpos d

n n [51]
3 2
n 1 2 3 1

81 0.31] 033|035 | 0.125

npu d = 3 [50, 51].

B pesynbrare pacueros mist HoFes(BO3), 66111 o-
nydensl 3uadenns Ty = 37.42(1) K u f = 0.283(1)
(n = 1). Buauenue koadbdunuenra S XapakTepHO s
TpexXMepHO Mojenn V3uHra.

3.4. CnuHoBasa mepeopueHTaIus

Ha pwuc. 8 mnpeacTaBieHbl TeMIepaTypHbIE 3a-
BUCHMOCTH KBaJIPYILIOJbHbIX CMEIIEHUH €1 U €3 B
cekcrerax S1 w S2, COOTBETCTBYIOIIUX HEIKBUBA-
JeHTHbIM mo3uruaM keje3a Fel m Fe2 B ctpykType
HoFe3(BO3)s. ®opma u AuHAMMKA HTUX 3aBUCHUMO-

8 2KO9T®, Beim. 5 (11)

creit aHaJOrMYHbl HAOJIIONAEMbIM HAMHU paHee Ipu
UCCJIEIOBAHUY CIMH-TIEPEOPUEHTAITMOHHOIO TIEPEX0/IA
B coennnennn GdFe3(BOs)s [43]. B HoFes(BO3)y
3HAYEHUs] €1 U €9 OTPUIATEJbHBL [IPU TEMIEPATYDPaX
umke T = 4.4 K. Ilpu HEOOTBIIOM IMTOBBLIIIEHAN
temmeparypbl 10 1T = 4.7 K 00e BeauduHbI PE3KO
BO3pPACTAIOT B CTOPOHY TOJOKHUTENHHBIX 3HAMEHMWIA,
opu 3TOM abCONMIOTHOE 3HadeHue |e1| Gosblie, dem
le2| (pme. 8). Kak moka3aHO Ha BCTaBKe K DHC. 7,
MaTrHUTHBIE CBEDXTOHKWE TOJIA By Ha MOHAX Keje3a
B mo3uruax Fel u Fe2 memMouHCTpUpyIOT aHOMAAIO TIpH
Toif ke Temmeparype. Takoe aHOMAJIbHOE MOBEIEHUE
MeccOayIPOBCKOTO MapaMeTpa XOPOINO KOPPEeIupyeT
¢ ODHAPYXKEHHBIM DAHEe CIUH-IEPEOPUEHTAIIMOHHbIM
EPEeXOOM B 00EHX MATHHUTOYIOPSTOYEHHBIX ITO/ICH-
cremax moroB Ho m Fe [20,21,30], mpoucxomsium
OJTHOBPEMEHHO C PE3KUM POCTOM CETHETOIIEKTPH-
weckoit monapusanmum P ot 5 go 90 mxKa/m? [12].
[Ipn manpreitmem HarpeBe 10 Ty = 37.4 K 3navenus
€1 M €2 OCTAIOTCS TOJOKHUTEIHHBIMA W H3MEHSIOTCS
HE3HAYUTEJbHO, [IPU 9TOM €1 > €9 B WHTEPBAJIE TEM-
mepatyp 4.1-25 K. B srom ke unTEepBasie Temmeparyp
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Tabnuua 4. Paccrostust mexay atomamn O NpOTMBOMONOXKHLIMU APYr APYry OTHOCMTENbHO moHa Fe n yrnbl mexay

Bcemu cesizamn O-Fe-O B nonusgpax FelOg u Fe2O¢ B kpuctannuqeckoii ctpyktype HoFe3(BO3s)s npu Temnepatype

T =90K
Monusnp FelOg Monusnp Fe204
IIporuso- d, A Yrnosas Vroua, IIporuso- d, A Yriosas Yrou,
JexKaniasa TpOIKa rpaLyChbl JexKauaa TPOHKa rpaLyCchbl
mapa mapa
O1-Fe-O1’ 87.58(3) 05-Fe-07 89.81(3)
01-Fe-06’ 93.89(3) 05-Fe-02' 96.60(3)
01-Fe-03 85.28(4) 05-Fe-02 75.95(3)
01-Fe-06 77.36(3) 05-Fe-04 94.85(3)
01-03' 3.9791(7) | O1-Fe-03 167.31(4) 05-05’ 4.0093(10) | O5-Fe-0O5’ 166.52(4)
01'-Fe-0¢6’ 77.36(4) O7-Fe-02' 82.00(3)
01'-03 3.9790(11) | O1'-Fe-03 167.31(3) 07-02 3.9616(13) | O7-Fe-02 160.41(2)
O1'-Fe-06 93.89(3) O7-Fe-04 101.05(4)
O1'-Fe-03%' 85.28(3) O7-Fe-0O5 99.88(4)
06'-Fe-03 92.65(4) 02'-Fe-02 86.30(3)
06'-06 3.9811(9) | O6'-Fe-06 167.99(5) 02'-04 4.0051(10) | O2'-Fe-04 168.17(3)
06'-Fe-03' 94.77(3) 02'-Fe-05%' 75.70(3)
03-Fe-06 94.77(3) 02-Fe-04 93.60(4)
03'-Fe-03 103.55(4) 02-Fe-05’ 92.33(4)
03'-Fe-06 92.65(3) 04-Fe-05’ 92.49(3)

06 aA/L‘b

03

o1

(a)

Puc. 9. (B ugere onnaiin) Monuagpel FelOg (a) u Fe20g (b) B cTpykType HoFe3(BOs)4 npu T = 90 K. 3eneHbimu nnHusimu
nokasansl ceasu Fe—O-Fe B rennkongansHbix Lenoukax

OOHAPY?KEHBI CHJILHBIE MATHATOMLE303JIEKTPUICCKHN 1
maruuromiactTudeckuii 3¢ dexrot [29], koTopbie MOryT

[ToBemenne MeccOAyIPOBCKOTO TApaMeTpa KBAIPY-
MMOJILHOTO CMEIEHNsT € OYEBHUIHO OIPEIeseTcs OCO-

BJIUATH Ha KPUCTAJIIMIECKYIO CTPDYKTYDY. OEHHOCTSMHU JIOKAJIBLHOTO OKpYzKeHnd HNOHOB KeJjie3a,
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B TOM YHCJI€ MCKAXKEHUSIMU KHUCJIOPOIHBIX OKTA3POB
FelOg u Fe204 (cxkarue nporus yununenus). Ha puc. 9
MOKA3aHbI (DOPMBI MMOJWIIPOB U TOJIOKEHUS ATOMOB
Keje3a st Kpucrtajmorpaduueckux mosunmii Fel u
Fe2. B tabn. 4 npuBeeHbl PACCTOSHUS MEXK/Iy aTOMAa-
vu O, TPOTHBOMOJIOKHBIMA IPYT APYTY OTHOCHUTEH-
no nona Fe, m yrinr mexay Bcemu cBsizsamu O—Fe-O
s nonudapos FelOg u Fe204 8 HoFes(BOs)y upu
T = 90 K, paccuurannubie no namum PCA-naHubM
[35]. Pe3ysbraThl pacyeToB MOKa3bIBAIOT, YTO MEHee MC-
kakeHHbiit mosmsap FelOg smiib HEMHOrO BBITSHYT
B Hampasinernn O6'-06, Torma Kak 3HAYUTENBHO 6O-
stee nckaxkenubiit mommyap Fe20g 3ameTHO yILIOIIEH B
nanpasjennn O7-02.

IIpu temmneparype T' = 25 K kBamyponababIE CMe-
IIEHNUS €1 U €9 MPAKTUYIECKU BHIPDABHUBAIOTCSA U HE W3-
MEHSIOTCH [PH JAJbHEIIeM HarpesBe 10 TeMIiepary-
pot Heens T. Ormerum, 9T0 B MHTEpPBaje TeMIepa-
Typ 15-20 K obrnapyrkeno n3amenenune 3Haka KOHCTAHTBI
MarHUTOYUPYroro B3aumozueiicrsus [29], a B unrepsasie
T = 20-30 K crmonrannasi cerHeTo3ieKTpudecKas mo-
napusanus P ymensmaercs u ucaedaer [12]. C apyroit
CTOPOHbBI, HEHTPOHOIPADUUECKUE U3MEPEHUST HA MOHO-
kpucrasie HoFes(BOs)y nokasasnu, 4ro npu oxiiaxie-
HAW HUKe TeMneparypbl 1" = 25 K MarauTHbII MOMEHT
noHOB Fe2 HaumHaer OBICTPO OTKJIOHATHCS OT TLJIOCKO-
cti ab K OCH ¢, 9TO B KOHEYHOM HTOre IMPUBOIUT K
CIIOHTAQHHOI CHMHOBOI NEepEeOpUEHTAINN KaK B ZKeJjie3-
HOI, TaK U B TOJbMHUEBOU TOJACUCTEMAX NPU TEMIIEPA-
rype Tsr = 4.7 K [20, 30].

B mammx meccOayIpOBCKUX M3MEPEHUSX, TOMUMO
PE3KOro CKauKa 3HAUEHUI KBAJAPYMOJIbLHBIX CMEICHU
€1 m g9 npu temmeparype T = 4.4 K (cm. pmc. 7),
MBI OOHAPYKUJIU OJHOBPDEMEHHOE YBE/INYEHUE CBEPX-
TOHKOT'O MarHUTHOTO TOJIA DBj ¢ Ha Anpax 57Fe B Kpu-
crasnorpadudeckux mosuiusax Fel m Fe2, kak mo-
Ka3aHO Ha BCTaBke K pwuc. 7. OTmermm, 9TO yBe-
audenue Bpypq 1718 MOHOB Keje3a B mnosunuax Fel
6oJsiee BBIPAXKEHO; OHO HAYMHAETCH IIPU TeMIIepary-
pe T 4 K u 3akamumBaercsa npu 1’ 44 K, a
JIJIT MOHOB 2K€JI€33 B MEHEee CHUMMETPUYHBIX ITO3UIIH-

~
~

~
~

ax Fe2 pocr snadenna Bjpp HauMHAETCA NIPH TEMIe-
parype T =~ 4.4 K u 3akanumBaercd npu 1 ~ 4.7 K.
Pamee ckavok MArHUTHOTO MOMEHTA WOHOB YKEJI€3a B
MTPOIIECCE CITITHOBON TIEPEOPUEHTAIINN TIPU TEMIIEPATY Pe
Tsr = 4.7 K 6bu1 obHapyK€H MeTomaMu HeATPOHOIPa-
dun u CKBU/I-maranTomerpun [20].

4. BAKJIIOYEHUE

Huskoremneparypubie usmepenus wmeromom MC
Ha siapax °'Fe yCcTaHOBWIM, 4YTO MOHbBI JKeje3a B
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HoFe3(BO3)4 cosuator rpexmepHblii MArHUTHBIHA 110Dsi-
JIOK HM3WHTOBCKOTO THIIA, C KPUTHYECKHAM IIapPaAMETPOM
8 0.289(1) u pa3MepHOCTHIO MapaMeTpa MOPsIIKa
n 1. YTounenmnoe 3uauenme temmneparypbl Heems
Ty = 37.54(1) K.

Cornacuo pgauabiv PCA| pu temuneparypax HuxKe
crpykTypHOro ¢azosoro mepexozna, 1" < Tg = 365 K,
kpucrajmaeckas crpykrypa HoFez(BOj3)y usmenser
TIPOCTPAHCTBEHHYIO TPyNy cuMMmerpun R32 na P3421,
B KOTOpOI BO3HUKAIOT JIBE HEIKBUBAJIEHTHBIE CTPYK-
TypHBIE TIO3UIINN WOHOB Keje3a, Fel m Fe2. B 1o xe
BpeMsi MeccOaydIPOBCKUE M3MEPEHUST He PA3INIAIOT HO-
HbI 2Kesie3a B nosuruax Fel m Fe2 nmpu temmneparypax
Boiie Ty (B mapaMarHUTHOM COCTOSIHUM) M3-33 OJIUHA~
KOBBIX CBEPXTOHKHUX MAPAMETPOB, OIHAKO ITU MO3UIHN
MOXKHO pa3auyduTb HuKe Ty .

Hab6momaemas gurHaMuka MeccOAyIPOBCKHUX Tapa-
Merpos KBajapyuosbubix cmetnenuit €1(T) u e2(T),
a TaKKe MAarHHTHBIX CBePXTOHKuX moieit Bpri(T) u
By, r2(T) npu temneparype T ~ 4.4 K xopomo koppe-
JIMPYET CO CIIMH-TIEPEOPUEHTAIIMOHHBIM T1€Pex010M. Bo-
Jlee TOro, HAbJII0JaeMble AHOMAJIMK B TIOBEJIEHUN Mapa-
MeTPOB € U Bpf yKa3bIBAIOT HA IPAMYIO CBA3b MEXK-
NIy MCKAYKEHUSIMU CUMMETPUHU JIOKAJIHLHOTO OKPYYKEHUS
HOHOB 2kese3a B nosunugax Fel u Fe2 u cusioit obmen-
HbIX B3auMmoeiicTeuit Fe—Fe n Fe—Ho. B cBoto ouepens,
9TO MPUBOIUT K (POPMUPOBAHUIO PEJIUKOMIATHHON Mar-
HUTHOH cTpykType nonos Ho.

®dunancupoBanme. Pabora BBITOTHEHA TIPH MOJ-
Jepkke MuHUCTEpCTBA HAYKHU U BBICIIETO O0PA30BAHMUST
Poccuiickoit @enepanuu B pamkax l[ocymapCcTBeHHO-
ro 3aganusg OHUII «Kpucrammorpadus u poroHnKa>
PAH u ¢ npumenenunem obopymosanuu IIKIT «Crpyk-
TypHas auarsocruka marepuanoy OHUIL «Kpucra-
sorpagus u ¢poronnka> PAH.
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