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CunresupoBanbl HanodacTuibl Co1—; Mg, FeaO4 ¢ z, paBubim 0, 0.2, 0.4, 0.6, 0.8 u 1.0. I[Ipu Bcex 3unaue-

HUSX T OHU SIBJIAIOTCS HAHOKPUCTAJIJIAMHU CO CTPYKTYPOit (beppruTa KOOATHTA U CPEIHUM JIMHEHHBIM PA3MEePOM

(56+3) um. Ha ocnose ananusa ciekTpos addexta Mecchayspa yCTaHOBIEHO, 9TO HOHDBI Co?* sarmmaor ToIb-

KO OKTadJpuveCcKue Iosunuu 1pmu BCeX 3HaYCHUAX I . HonyquHaH IKCIIEpUMEHTAJIbHO 3aBUCUMOCTH HaMal'HU-

YEHHOCTH HAHOYACTHI] OT T COOTBETCTBYET 3aBHCHMOCTH, DACCIMTAHHON ¢ momouibio 3ddekra Meccbayspa,

KpoMme obpasna ¢ r = 1.0. DddexkTrBHAsS KOHCTAHTa KPUCTAIMIECKON MarHUTHON AHU30TPOINUU, OI€HEHHAST

st 0 K m3 amanmsa TeMueparypHBIX 3aBHCHMOCTEH
=0 1o 1.29 x 10% spr/cm®, npu = = 0.8 HeckoIBKO
4 x 10* spr/cm® mpu = = 1.0.
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@eppuThbl CO CTPYKTYPOI IIIHMHEJA OTHOCHATCS K
KJIACCY MAaTePHUAJIOB, IMUPOKO BOCTPEOOBAHHBIX B TEX-
HUKE, W, B TO K€ BPeMsl, BaXKHBIX I|JIs Pa3BUTHs (DU-
3MKM MarHeru3Ma. BO3MOXKHOCTH 3aMelarh OJHH Ka-
THOHBI JIPYTUMHU B IIUPOKOM JIMATIA30HE KOHICHTPAIUIT
U TE€M CAMBIM PaJINKAJILHO U3MEHSATH CBOWCTBa (heppu-
Ta — OJIHA M3 3aMEUYATEJIbHBIX OCOOEHHOCTEN IIITHHE b
HO# cTpyKTypbl. CeMeiicTBO 3aMeIneHHbIX (DEPPUTOB C
obmmeit dpopmysoit Coy_,Mg,FesO4 npencrasisier co-
0oit STpKuUit TpUMep U3MEHEHUH CBOUCTB MaTepuaJa Ipu
m3Mmenennu r. Kpaiinne wiensr storo psima CoFesOy
(x = 0) u MgFe2O4 (z = 1) sBastioTcst o6parnieHHbI-
MU IIIAHEJISIMA, B KOTOPBIX JIBYXBaJEHTHBIE KATUOHBI
(Co?* wm Mg?™) pacnosiozkens! B okTasapudeckux (B)
HO3HUIMAX, a TPeXBaJeHTHLIE HOHLI Fe3t pacmpemenenss
Mexkiy rerpadapudeckumu (A) u B mosunusamvu. Cru-
Hbl MOHOB B A m B mosunusix ymopsiioueHsl aHTHdEDP-
POMATHUTHO, W PE3YJIbTUPYIONMi MATHUTHBI MOMEHT
deppura onpemensierca corsacuo mogenn Heens [1] pas-
HOCTBIO CYyMMAapHBIX MOMEHTOB IHOJperieTok. KobaJib-
TOBBII (beppuT siBJisieT coboil mpuMep ujeabHON 00-

De-mail: osi@iph.krasn.ru
2)A. Thakur, P. Thakur.
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KOSPIUTUBHOI CHIIBI, yMeHbImaercss or 5.27 x 10° mpn
OBICTpee, YeM II0 JTMHEHHOMY 3aKOHY, U PE3KO IajaeT J0

palleHHOIl IIIMHEeIN, MArHUTHBII MOMEHT KOTOPOii 00y-
ciosyen nonamu Co?T B oKTamputecKoii mogpemerke. B
10 ke BpeMsi MgFeo Q4 mosnkeH ObLI ObI UMETH HYJIEBOM
CyMMApPHBIH MOMEHT, IOCKOJIbKY MArHUTHBIe HOHBI Fe3T
JIOJIZKHBI OBITH PaCIpEeesIeHbl TOPOBHY Mexkiay A u B
nojipenteTkaMu. B KauecTBe OCHOBHBIX MPHYIUH MOSBJIE-
HUsSI MarHuTHOro MomenTta y MgFe,O4 paccmarpusaior-
sl OTKJIOHeHus B pacipesesenun nonos Fe*t B nomssy
OKTapIpuyecKux nosunmii [2,3|, a Takke OTKIOHEHUS
OPHMEHTAINH CIMHOB OT aHTHUIApaJIeabHoro [4], momo6-
HO remMaTuTy. IIepBbIil OTHOCUTCA K MAarHUTO-YKECTKOMY
[6—7], a Bropoit — K MATHUTO-MSITKOMY THUIIAM MarHeTH-
koB [8-10].

Ko6abToBblii (heppuT OTIIMYAETCs OJHOM U3 CaMBIX
GOIBIINX BEJIMYUH MAUHUTHOH AHU30TPOIMHU, HEPBAsT
KoHcTanTa amnzoTpormn ~ 10 spr/cm® npu kommaTHO#M
Temieparype, Torja kak g MgFesO4 sra Besmuuna
coctaisier ~ 103spr/cm® [2|. Takoe cuibHoe paziu-
IMe MArHUTHBIX X4PAKTEPHCTUK BBI3BIBAET BCE BO3PAC-
TAIOIMI UHTEPEC K CHHTE3Y M UCCJIEJI0BAHUIO CMEIaH-
ubix dpeppuros Co;_, Mg, Fes0,4, ocobenno Hanodeppu-
ToB [11-13]. Mopdoiiorus u coiicrsa nanouactur (HY)
9TOr0 KJIACCa HAHOMATEPHAJIOB HYPE3BBIYAIHO CHIIBHO
3aBUCAT OT METOJOB CHHTE3a, 9TO, ¢ OJHON CTOPOHBI,
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TpedyeT MPOBeIeHNs HOBBIX UCCJIEIOBAHUIN I PA3INd-
HBIX TEXHOJIOTHII CHHTE3a, a, C JIPYI0il CTOPOHBI, OTKPbI-
BaeT BO3MOXKHOCTH YIIPABJIEHUsI CBOMCTBAMU CHHTE3U-
poBamubix HY.

Ilempro macrosiieit pabOTHI sIBJIETCS U3YUEHUE
MO IM(DUKAIIAN CBOICTB
jgoB Coi_,Mg,FesO, tpu usmenennmu z or 0 mo 1

n YCTaHOBJICHUE

MaIl'HUTHBIX HaHOKpHUCTa.JI-

3aKOHOMEPHOCTEH, CBSI3bIBAIOIINX
pacIpe/ieJIeHue HOHOB 0 KPUCTAJIIMIECKAM TOZUIHAAM,
TeMIepaTypHble ¥ KOHIEHTPAIMOHHBLIC 3aBUCHMOCTHU
KO3PIUTUBHOM CHJIBI CO CTEIICHBIO 3aMEINeHUs KobaabTa
MarHHEM.

HY Coi_,Mg,FesO4 ¢ z = 0, 0.2, 04, 0.6, 0.8 u
1.0 (o6pasier 1-6, COOTBETCTBEHHO) OBIIM CHHTE3UPOBA-
HBI METOJOM CAMOBO3TOPAHUS C UCIOJIH30BAHHEM HUT-
patos rekcaruapatoB marans (Mg(NOs)a-6H20) u xo-
6anbra (Co(NO3)2-6H20 n murpara HOHArumpara Ke-
se3a (Fe(NO3)3-9H50), cMenmaHHbIX ¢ IBAXK (Bl MOHU3H-
POBAHHOI BOJIOI B KOJIMIECTBAX, TPEOYEMbIX JJId TOJIYy-
YeHHsl yKa3aHHBIX COOTHOIIEHHMH KaTHOHOB. B pacTBop
JO00ABJISLICS UTPATHLINA IPEKYypCOp — JUMOHHAA KHUC-
sora (CgHgOr), meficrByroinas Kak KaTaau3arop, 3a-
IMYCKAIOMHMH TEpMHYECKYIO peakiuio. MoJsgpHoe COOT-

HOIIIEHWE HUTPATOB W JIMMOHHOW KHMCJIOTHI ObLIo 1 + 1.
PacrBop BoIAepxkuBasics npu 80 £ 5 °C mo mosHOrO HC-
[APEHNs BOJMBI U TOJIyYeHUs KOPUIHEBOI'O TeJisl, IIOCJIe
Yero BO3HUKAET PEAKINsT CAMOBO3TOPAHUsS ¢ BHIOPOCOM
KPaCHO-KOPUYHEBOTO T'a3a JUOKCUIA a30Ta, B PE3YJIbTa-
Te KOTOPOi#l 00pa3yeTcs CJMIIIANCS MOPOIIOK IEPHOTO
I[BETA, KOTOPBI U3MEJIBIAIN BPYIHYIO C ITOMOIIBIO TIe-
CTHKA B araToBoii cTy1Ke. V3Me IbueHHbII ITOPOIIOK Ha-
rpesaJics 710 700 °C B mydenbHoOi revn B Tedenue 3 4, a
3aTeM OXJIaXK/IAJICs €CTECTBEHHBIM Iy TEM JI0 KOMHATHOM
TEMIIEPATYPhI U CHOBA PA3MAJIbIBAJICS. B aHIJIOSA3BITHON
JINTEPATYPE STOT METOJ YACTO HA3BIBAIOT IIUTPATHBIM
METOOM.
Kpucraummaeckast cTpyKTypa CHHTE3UPOBAHHBIX
HY omnpenensiiace 1Mo JaHHBIM —MOPOIIKOBOM -
dpakun Tpu KOMHATHOW TeMIIEpAType C IMOMOIIBIO
mopotnkoBoro nudpakromerpa Bruker D8 ADVANCE
(Cu-K,-u3nyuenue) u smneitroro nerekropa VANTEC.
Pasmep mara 20 cocrasasr 0.02°, Bpemst cuera — 2 ¢
Ha mrar. Bce numkm ObLIM TPOUMHIEKCUPOBAHBI KyOmte-
ckoii siaeiikoit (Fd-3m) ¢ mapamerpamu, GimskuMu K
MgFesOy. ITosToMy 9Ta cTpyKTypa Oblia IPUHSITA B Ka-
9eCTBe CTAPTOBOU MOJENN Ijisd yTOYHeHus PuTBennia,
KOTOpOE OBbLIO BBIITOJIHEHO ¢ ucnosb3oBanuem TOPAS
4.2 [14]. Mecra nonos Mg u Fe Gbuin 3aHsTH HOHAME
Mg/Co/Fe u yTO4YHEHO HX COOTHOIIEHHE. YTOYHEHUS
ObLIM CTAOMJIBHBIME U JIaBaju Hu3Kne R-daKkTopsr.
CuekTpor adbdexra Meccbayspa mucciemyeMbx 00-
pasmosB noJydensl Ha ciiekrpomerpe MC-1104Ewm B reo-

METPHUH IPOILYCKAHUS C PAIUOAKTUBHBIM HUCTOIHHKOM
Co®"(Rh) mpu 300K. Amnajimus crekTpos GbLT BHITOJ-
HEH B J(Ba 3Talla. Ha 1mepBoM Talle ompee/isiinch Bo3-
MOXKHbIE HEIKBUBAJIEHTHBIE MMO3UIAN 2K€Je3a B 00pa3-
IIaX C IMOMOIIBIO pacyeTa PacIpesesIeHIil BepOaTHOCTe!
CBEPXTOHKUX I10Jieii. B cooTBeTcTBUU € IOJIyYE€HHBIMU
pesyabraTamMu (POPMUPOBAJICS IIPEIBAPUTEBHBIIT MO-
JeqbHBI cmekTp. Ha ciemyromem srarte MOIETbHBIH
CIIEKTD IOJIOHSJICS K 9KCIIEPUMEHTAJbHOMY 1P BapbU-
POBaHMM BCEro HabOpa CBEPXTOHKHUX IIAPAMETDPOB Me-
TOJOM HAWMEHBINNX KBaJIPATOB B JIMHEHHOM IpUOJIH-
KeHuu. 3apucuMocTu Hamarawdennoctu HY or BHerm-
HEro MarHUTHOI'O II0Jisi OBLIM ITOJIyYEHBI C IIOMOIIBIO
subpanmonnoro marauromerpa VSM 8604 (LakeShore
Cryotronics Westerville, OH, USA) B marauraOM 110J1€
J10 15 k9 u unreppajie Temmeparyp or 300 mo 80 K.
Pentrenosckune mudpakTorpaMMbl BCeX 00pasmoB
onHoTunHbl. Ha pucynke la, mpuseieHa audpakTo-

@ (Co,, Mg)FeQ, x = 0.6
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Puc. 1. (IIsernoit onnaiin) (a) — dudpaxrorpamma o6pas-
ua 4 (x = 0.6), ¢ pesyabrarom o6paborku mo Pursesnbiy.
(b) — IlocTosinHAs pENIETKA @ B 3aBUCUMOCTH OT KOHIIEH-
Tpanuu Mg
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rpamma i obpasma 4, KOoTopas CBHUIETEIHCTBYET O
ToM, uro HY aBjsroTcss HaHOKpHCTAJJIAMUA IPOCTPAaH-
crBennoit rpymnbl Fd-3m. Ilosoxkenust pediiekcoB co-
orBercrByior CoFesO4 (JCPDS kapra # 22-1086) u
MgFe2O4 (JCPDS xapra # 73-2410). Cpeznnuii pazmep
KPHUCTAJITUTOB OJIM30K JIJIsT BCEX COCTABOB M COCTABJISICT
(56 £ 3) um. Bo Beex obpasnax ecTb oueHb ciaabbie (Ipu-
MECHBIE) KK, KOTOPbIE HE OLUCHIBAIOTCS OCHOBHO (ha~
30it. [locTosinHAsT peIeTKN ¢ U3MEHSETCS OT 8.3905 A
s peppuTa KobasbTa 10 8.3866 A g deppura mar-
HUsl. 3aBUCAMOCTH BEJIMYUHBI ¢ OT KOHIEHTparuun Mg
(puc. 1b) ynosiersopsier npasuiy Berappa, 4ro moj-
TBEPXK/IAET 3aMelleHne KoOaJIbTa MArHUHeM B peIIeTKe
deppuTa u MOATBEPKIAET OJIMIOCTD XUMUIECKIX COCTA~
BOB K peajibHbIM. HeKoHTposmpyemMble mpuMecu, KOTO-
pble nafoT caabbie pedJIeKChl He BIUSIOT HA MATHUTHDIE
CBOIiCTBa 00PA3IOB, KaK OyIeT MOKA3aHO HUXKE.

Cuekrpol 3dderra Meccbayspa, 3amnucanHbie TpH
T = 300K nnsa Bcex oOpasnoB, IPUBEIEHBI HA DPHC. 2.
Xummuecknit capur (IS) xapakrepusyer Buj JIOKaJb-
HOTO OKDYKeHUsl (TeTpasjIpudecKoe WM OKTadIApHude-
CKOe), & TaKKe 3apsiIOBOe COCTOsiHUE Keje3a. B rer-
PA3IPUIECKOM OKDPYKEHUU BeJUYHHA IS MeHbIe, qem
B OKTa3/IpPUYECKOM IIPU OJIMHAKOBOM 3aPsIJ0BOM COCTOSI-
HAN 13-32 OOJIbIIEil 9JIEKTPOHHON IIJIOTHOCTH HA A/Ipax
JKejte3a. ITO OTJIMIHUE MMO3BOJISIET 10 MeccOayIPOBCKUM
CIIEKTPaM Pa3JIMYUTh COCTOSHUSA YKeJle3a B TeTpa- U OK-
TAdAPUIECKUAX y3/IaX KPUCTAJUIMIECKON PEIeTKHU M-
wen. CHOeKTphI, XapaKTepHbIE JJIsi MACHUTOYIOPSIO-
YEHHOI'0 COCTOSHUS, AIlIIPOKCIMIPOBAHBI TPEMSI CEKCTe-
tamu. OTHOCHTE/IbHAS WHTEHCUBHOCTH MAPIAAIHHBIX
CEKCTETOB ONpPEIsIach ¢ ToIHOCTHIO 4 %. JIBa uaTen-
CUBHBIX CEKCTeTa MMEIOT ITapaMeTPhl, XapaKTePHBIE JIJIs
nonos Fe3t B A n B nosunusx B IIIUHEILHOI CTPYKTY-
pe, TpeTuil CeKCTeT MaJIOl MHTEHCUBHOCTU XapaKTepeH
Ul reMaTHTa, re uonsl Fe?t zammmaror Toabko oKTa-
9/IpUYecKre MO3UIUH. BoJIbIie BCero Takux NOHOB B 00-
pastax ¢ £ =0 (~15%) ¢ mocyeayomuM MOCTEIEeHHBIM
yMmeHbImenueM 110 ~ 5 % B obpasne ¢ z=1. [Ipn 3ame-
IEHNN KODAJIbTa MarHUeM IIPOMCXOJUT Iepepaciipejie-
JIEHTE KeJjie3a MKy OKTa- U TeTPadIPUIECKIMU TO3U-
musavu. KaTnoHbl KOOAJIBTA MOJTHOCTHIO 3aHUMAIOT OK-
TavpUYECKUe [TO3UINH, B TO BpeMs KaK MarHUil MOXKeT
HAXOIUThCS W B TeTpasjpuueckux ysuaax [15]. Ha oc-
HOBaHUU TI0JIy YCHHBIX PE3YJIbTATOB, YIUTHIBAS PASHUILY
BepositHOCTH 3 dexkra Meccbayspa st IByX MO3UIUI
JKeJIe3a B pereTke 1mmuHesu [16], MoxKHO 3anucars Kpu-
crajuroxummudeckre GopmyJibl 06pasuos (Kpyrible CKoo-
KU COOTBETCTBYIOT OKTa3IPUIECKUM A TIO3UIHAM, KBA/I-
paTHBIE — TETPAdAPUIECKUM B 1mo3umsim):

x=0.0 (Fel,o)[Fe1,0001,0]O4

x=0.2 (Fel,o)[Fel,oMgo,QCOO,g]O4
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Absorption (arb. units)

Puc. 2. (IIsernoit onnaitn) Crekrpol adhdexra Meccbays-
pa obpasnos 1-6, 3amucannsie tpu T° = 300 K. Cekcre-
TBI, OKpAIIIEHHBIE 3€JIeHbIM, OTHOCHTCs ¢ Fe*t B merpas-
pax, rojiybbIM — B OKTa3/paX B IINUHEJH, PO3OBLIM — B
OKTa3/Ipax B reMaTuTe. TOYKU — SKCIEPUMEHT, CILJIOIITHAS
KpacHasl JINHUsSI — MOJIeJIbHast orubaromasi. st Kazkioro
obpasIa yKasaH mapaMeTp X2, BeamdnHa 3 deKTa IoKa-
3aHa CTPEJIKOil clpaBa

r =04 (Fep.osMgo.04)[Fe1.04Mgo.36C00.6]O4
z=0.6 (Fep.9aMgo.o6)[Fe1.06Mgo.54C00.4]O4
x =0.8 (Feg.93Mgo.o7)[Fe1.07Mgo.73C00.2]O4
r=1.0 (Feg.gsMgo.05)[Fe1.0sMgo.05|04.
CpaBHHBas IOJIyYCHHBIC PACHPEACICHASA HOHOB IO
KPUCTAJIINIECKAM HO3UIIUSAM, CJIE/IyeT OTMETHTh, ITO B
GOJIBIIIHCTBE PabOT, OCBAIMIEHHBIX (hepPUTAM KOOAIb-
Ta KaK CTeXHOMETPHIECKOTO COCTABA, TAK I 3aMEIIEHHO-
ro, HaboaI0ch 3acenenne nonamu Co?t o6oux Tuos
nosunwmii. Hanpumep, 8 HY Co;_, Mg, Fe;Oy4, cunresu-
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POBAHHBIX 30JIb-T€JIb METOHOM, dacTh noHoB Co ObLia
JIOKAJIN30BaHa B TeTPasIpax IIPHU BCEX UCIIOJIb30BAHHBIX
snavenusx x [11]. B [17] nokasano, uro nonsr Co ua-
CTUYHO PACIIOJIATAIOTCH B TETPAIPUIECKUX MTOZUIUAX
B HY CoFey0y4, cHHTE3MPOBAHHBIX MIPU TEMIIEPATYPAX
crekanusi Huke 600 °C, U, IpaKTUIECKH, TOJIBKO B OK-
Ta3IPUIECKUX TMO3UIUSX IIpHU 00Jiee BBICOKUX TEMIIepa-
Typax cuekaHus. Pacupesesienre KaTHOHOB 10 KPUCTAJI-
JIMYECKUM TTO3UIUSM, IIOKA3aHHOE B BBINIEIIPUBEIEHHBIX
dbopmymnax, Hambosiee GJIM3KO K JAHHBIM padors [18],
rje nmokasano, uro npu cuarese HY CoFesOy4 murpar-
HBIM METOJIOM C HHM3KOI TeMIIepaTypoil OTKUIra HOHBI
Co?*t 3ammMalor 06a TUIIA MO3UIMI, U 11O Mepe BO3pac-
TaHUS TEMIEPATYPbl OT2KUTa IMPOUCXOIUT UX Iepepac-
IpeJieieHre B MOJIb3Y OKTadApuieckux mosuruit. B To
2Ke BpeMsl IIPU CUHTE3€e II0 METO/y COOCAXKJIEHUsI OKOJIO
25 % monos Co?t 3aHmMalOT TeTpasIpHdIecKue TO3HUIIH
pu J000# TeMiiepaType oTkura. B ncmosb30BaHHOM B
HACTOsIIIeH paboTe MUTPATHON TEXHOJOTUN, CHHTES IIPO-
Boguicsa npu 700 °C B TeueHne 3 9, 9TO MOTIJIO CIIOCOO-
CTBOBaTH JIOKaym3armu Bcex noHoB Co B OKTasapude-
CKHUX mo3unusx. B o6pasmax ¢ 2 =0.4-1.0, nonsr Fedt
pacipeiesieHbl Mexk iy A u B mosumusiMu modTu mopos-
HYy C HE3HAYUTEJLHBIM IIPEBBIIIEHNEM KOJTUIECTBA ITUX
noHoB B B nosunusx (~ 0.1), 910 TakkKe COOTBETCTBY-
er nanHbM [18]. Takum o6pa3oM, HUTpPATHAS] TEXHOJIO-
TUs C UCIOJIb30BAHUEM BBICOKUX TEMIEPATYP 0becredn-
BaeT (POPMUPOBAHUE TIOJHOCTHIO OOPAIIEHHO IITUHE N
Co1_Mg,FesO4 npu s1106b1x KOHIIEHTpaIusx Co u Mg.

Ilernun rucrepesuca, 3amucamasie mpu 300 K s
Bcex 00OpAa3IoB, MOKA3aHbI Ha pUC. 3a. BuaHo, 9TO Xa-
pPakTepHbIe IIapaMeTPhI IeTe/lb — HAMAarHUYeHHOCTh Ha-
coimennst Mg, KOTOpasi ONpeessiach, KaK HaMarHU-
YE€HHOCTH, M3MEPEHHAas B MAKCHMAJBHOM Iojie 15K,
OCTATOYHAS HAMAIHUYEHHOCTb, M., W KOIPIUTUBHAS
cuna H. (BcraBka Ha pHC.3a) CHIBHO YMEHBIIAMOT-
ca mo Mepe 3amernenus noHoB Co momamm Mg, ToO
€CTb, HADJIIOJIAETCS IIEPEXOJl OT MArHUTO-?KECTKOI'O K
MarHuTO-MsTKOMY MaTepuaJy. B mHTepBaJje m3MeHeHUs!
z or 0.0 mo 0.8 sKrcnepmMeHTaJbHAS 3aBUCUMOCTDb M
or kounenrpanuun Mg (kpusas I puc.3b) coBuajaer
C XOJIOM 3aBUCHMOCTH, PACCUUTAHHON B COOTBETCTBUU
¢ manabivu ddderra Meccbayspa 1o pacupenesleHuio
HoHOB B nozpenierkax (kpusas 2 puc.3b). Hna HY
¢ x = (0 HaMarHMYEeHHOCTb B moJie 15 KD cocraBiis-
er 75 'c x cM? /1, 4TO COOTBETCTBYET JAHHBIM GOJIBIINH-
CTBa aBTOPOB MCCJIEIOBABIINX (HepPUT KOOAJIbTA KaK B
maccusHoM (80 T'c x em? /v ipu 300K [2], Tak u B Hano-
pasxmeproM (77.6 Tc x em? /1 [11], 72.6 Tc x em3 /1 [12])
cocrosHusgX. B ciaydae £ =1 9KCIepUMEHTAIHLHO U3Me-
pennas Hamaranuennocts (26.4 e x em® /1) Basoe mpe-
BBINIAET HAMATHUYeHHOCTH (12.3 T'c x cv® /1, mepecun-

75
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Mg concentration, x

Puc. 3. (IIsernoii ounaiin) (a) — Ilewn rucrepesuca mjist
obpasnos 1-6 (z =0.0-1.0, cOOTBETCTBEHHO), HA BCTAB-
ke 3asucuMoctb H(x); (b) — KOHUEHTPAIMOHHBIE 3aBU-
cumoctu M, obpasnos 1-6 B MaraHuTHOM mOJIe 15 KD mpu
T = 300K (kpusasi 1) u MarHUTHBIH MOMeHT Ha oOp-
MYJIBHYIO €JIMHUILY, PACCUMTAHHBIA B COOTBETCTBUU C PaC-
IpeJie/IeHeM WOHOB TI0 TO3UIUAM 110 JaHHBLIM 3ddeKrTa
Meccbayapa (kpusast 2)

TaHHYIO U3 MAIHUTHOI'O MOMEHTa (POPMYJIBHOMN €IMHUIIBI
0.3544p5), OLUEHEHHYIO, MCXOJd M3 PACIpPEIEJeHUs MAar-
HUTHBIX WOHOB 1O mojperierkam. OHako, oHa OJm3-
Ka K HAMAlHUYEHHOCTH MaCCUBHBIX 00pa3ioB deppura
maraug [2]. Bosmoxkno, B ciydae sroro deppura Ha-
MATrHUYEHHOCTH OOYCJIOBJIEHA HE TOJBKO U He CTOJIBKO
Pa3HOCTBIO KOJIMYECTBA MATHUTHBIX MOHOB B IIPOTUBO-
[IOJIOYKHO HaMATrHUYEHHBIX IIOJIPEIIeTKAX, KaK 3TO 00-
CYZKJIAJIOCh BO BBEJICHUH.

IIpu nonmkenun temeparypbl M, KOIPIUTUBHAS
cuia H. m cremneHb mpsiMOyroJIbHOCTH TETEb TUCTEPe-
3uca Bcex 00pasios, kpoMe obpasia ¢ x = 1.0, Bo3pac-
TAIOT B HECKOJIBKO Pa3, 0COOEHHO CHJIBHO YBEJIUIHBAET-
csa H. (puc.4,5a). Ilpu srom xapakrep usmenenus H,.
onuHAKOB 1t 1-5 06pasnos. B obpasme ¢ x = 1.0 yBesu-
JeHue IapaMeTpOB IETIU He3HAYUTEJbHO u H,. JjuHeii-
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Puc. 4. (Uernoit onnaitn) Iletsin rucrepesuca mpu pas-
JINIHBIX TeMmIepaTypax Jis obpasna 4 (z =0.6)

HO 10 Temmeparype (BcraBka Ha puc. 5a). CuiibHOEe BO3-
pacranue H. IPUBOIMUT K TOMY, 9TO B MCHOJIb30BAHHBIX
HOJISIX IIPU MOHMKEHUH TeMIIePaTyPbl OCTAIOTCS TOJIb-
KO 4YacTHble nukJbl (Ha puc. 4 mig obpasna ¢ z = 0.6),
¥ B 00pa3nax 1-4 MarHUTHOE HACBHIIEHNE TPU TTOHUKe-
HUM TeMIIepaTypbl He JOCTUTAaeTCs. DTO 00YCIOBINBACT
KaxKyIleecsl yMeHbIIeHne HaMarHU9eHHOCTH P ITOHU-
JKeHuU Temeparypsl (puc. 5b, kpusag 2). Takum o6pa-
30M, KCIepUMeHTaJbHOe opejeaenue M, Ipu HU3KUX
TeMIepaTypax CTaHOBUTCH HEBO3MOXKHBIM s 00pas-
1noB 1-4. Ouenkn Besmuunbl M upu 0K (Myo) noury-
YeHBI C TIOMOINBIO 3aKOHA Bioxa, aHagornaHo [19]

Ms = MsO(l - BTB/Q)ﬂ (1)

rame B — mapamerp martepuasia. I3 pucynka 5b Bua-

Ho, yro Jisa obpasma 6 (MgFesOy4) 3aBucumoctn M
OT TeMIIEPATYPhI OIUCHIBAETCS 3aKOHOM BJjioxa BO BCeM
UCIIOJIb30BAHHOM WHTEpBaJie TeMieparyp (Kpusas 1).
Suagenne Mgy OBLIO MOIYYEHO IKCTPAMOIANAEH TOMN
zapucuMmoct K 0 K. Ilomobuas mporeaypa OblLia mpo-
BeJleHa JJIsi OCTAJIbHBIX O0pa3loB C HCIIOJIb30BAHUEM
TOrO y4acTKa dKCcIepuMenTainbaoii kpusoit My (T'), Ko-
TOPBIN YIOBJIETBOPSET 3aKOHY bBJjoxa, Kak 39TO IOKa-
3aHO KpuBoili 2 Ha puc.bb. SHadyenusi My, orpee-
JIEHHBIE TAKUM CIIOCOOOM TMpUBEIEeHBI B Ta0J. 1, OTKy1a
BUIHO, 9TO JjIsi 06pas3noB 1 u 6 3T 3HavMeHus OJm3-
KU K JIAHHBIM J[JIsi MACCUBHBIX 0Opa310B KOOAJIBTOBOTO
(90 T'c x cm? /1) m maramnesoro (31 Tc x em® /1) dbeppuros
(rabi. 12, c. 206 B [2]).

Kospuurusnast cuna HY  deppuros mmnmHesei
3aBUCUT OT MHOIUX (PaKTOPOB, TAKMX KAaK MalHUTO-
KPUCTAJIIMIECKAs aHU30TPOIUs, pPa3Mepbl YaCTHII,
ycaoBus cuHTe3a U T.11. 1locKoJIbKY Bce 00pas3ipl ObLIM
CUHTE3UPOBAHBI IIPU OJMHAKOBBIX YCJIOBUSX, 8 CPEIHUE

IIucbma B 2KOTP Tom 119 BRm.1-2 2024
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Puc. 5. (IlperHoit onnaiin) (a) — TemueparypHble 3aBUCH-
moctn H. miust Bcex obpasuos, Ha Berake: Ho(T) mis
obpasma 6 B yBeJMYEHHOM MAacCIITabe MO OCH OPJIMHAT;
(b) — zaBucumoctu M (T) nns obpasuos MgFeoO4 n
Coo.4Mgp.6Fe204 (kpuBble 1, 2, COOTBETCTBEHHO), TOUKH —
9KCIIEPUMEHT, IITPUXOBbIE JMHAU 3aKOH BJoxa; (¢) — KoH-
cranTa aanzorporuu npu 0 K B 3aBuCMMOCTH OT KOHIIEH-
Tpamuu Mg

pa3Mepbl KPUCTAJUIMTOB II0 JIAHHBIM PEHTTEHOBCKOMN
muPAKIUA OJMHAKOBBI, HA MEPBBIA ILIAH BBIXOIUT
KOTOpad

MarouToO- KpHUCTaJIJINYECKad aHU30TPOIINAd,

ObLIA paccduTaHa B paMKaX I10JIX0/la, UCIIOJIb30BaAHHOI'O

8*
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Ta6auna 1. Suavenus Ms u M, /Ms npu T = 300K B none H = 153, Mso, Hy u Keg, npu T = 0K, u K npu 300K

x 0 0.2 0.4 0.6 0.8 1
M (Tc x em3 /1) 74.4 62.6 49.5 41.3 31.8 26.4
M, /M 0.43 0.43 0.43 0.43 0.37 0.21
Mso(Te x em3 /1) 88.5 78.6 61.4 54.42 41.4 36.6
Hy (x9) 11.5 11.45 11.2 9.57 6.67 0.2
Keg (spr/cm®) 5.27 x 106 4.57 x 106 3.40 x 106 2.51 x 108 1.29 x 108 4% 10%
K (spr/cm?) 1.79 x 109 1.5 x 10° 1.14 x 106 0.87 x 10°
B [20] auist ancam6sist HY npu remmeparypax, MEHBIIHAX M(H) = M,(1 - i( Keg )2) o\ H. (3)
TeMIeparypbl OJOKUpOBKUA 1B, MOCKOJBKY [JIsI BCEX ’ 15" M.H

UCCJIeOBAHHBIX 00PA3II0B II0JIEBBIE 3aBUCUMOCTU Ha-
MarHM9eHHOCTH JIEMOHCTPUPYIOT THCTEPE3UC BO BCEM
WHTEpBAJIE WCIOJIb30BaHHBIX Temueparyp. CorsacHo
mozesmn Cronepa—Boabdapra 11 HEB3aUMOIEHCTBY-
IOIUX  OJTHOJOMEHHBIX wvactuil [21], KospruTuBHAsI
cuna npu 0K cBs3sama ¢ mojeM MArHuTHON AaHM3O0-
tporuun Hj mpoctbiM cootnomennem H, = 0.48Hy, a
Hy = 2K.5/Ms, tne Keg — sddexTusHas KOHCTAHTA
arm3oTponuu. Hy U ee TeMIlepaTypHYIO 3aBUCHMOCTH
MO2KHO OIIPEJIEJINTh Ha OCHOBAaHWHM u3MepeHHOU H, ¢
noMoIbo hopmyser [22]

kT )\ 24
H,=048H, [1— [ =B (™ (2
g (Keffvc n<7'0>) ( )

e kp — mocrostHHAasA Bonbivana, V., — o0beM Maramr-
HOIl YacTUIpl, 7,, — BpeMs u3MepeHus (BeCbMa HeOoIpe-
JIeJIEHHAs] BeJINYMHA, Ha MHOI'O IOPSIKOB ITPEBOCXO/IsI-
masi 7o B MAUHATOCTATHYECKOM JKCIEPHMEHTE), To
BpeMs MarHHTHO# pemakcarmuu mopanka 107 %c. Ilpm
0XKMIaeMoli cj1aboil 3aBUCUMOCTH Ko OT TEMIIEPATYPBI
B oOstacTu HU3KUX Temeparyp H. Oyuer, npakTH9IecKu,
numeitno mo T3/ 4, U 9KCTPANOIANNA 3TO! 3aBUCAMOCTHA
K 0 K nmacr 3navenue Hy, u 3atem Kqg.

Paccunrannbie TakuM 006pa3soM 3HaYEHHs] KOHCTAH-
o1 3 dekTuBHON anuzorpormu Keg npu 0K mpuse-
JIeHbl Ha pHUC. bc JJIsd BecexX 3HadeHuit r. st oOpasiion
1-5 Kef MOHOTOHHO yMEHBIAJIOCH OT 5.27 X 106 1o
1.29 x 10 3pr/cm®, HeckoabKO GBICTPEe, YeM 1o JTHHed-
HOMY 3aKOHY, HO JazKe I HAMMEHbIIEeH MCIIOIb30BaH-
HOIt KoHIeHTpamuu Kobasubra (1 —x = 0.2) ocraBasocs
OYEeHDb OOJIBITINM, TPAKTHICCKH, HA 2 MTOPSIIKA BEJTMINHDI
npesbiman Keg — 4 x 10*apr/em® obpasna 6, me comep-
2Karero kobaJgibra. [Ipegcrasiennbie B TabJ1. 1 3HaYeHMS
Kg 6ombire, gem nomyuero B [11] ayst HA CoFeoOy u
Co1_.Mg,FesO4, cuHTE3MPOBAHHBIX 10 COJIL-TEJIb TEX-
nostornu (4.3 u 3.07 x 10%spr/em® g 2 =0.0 u 0.3,
COOTBETCTBEHHO).

Paccanrars koncranty ammsorponunm mpm 300 K,
MOYKHO, UCIIOJIb3YS 3aKOH MPUOIMKEHUS K HACBIIIECHUIO
[20, 23, 24]

IlepBBIil WieH B NMpaBoOil YacTW STOrO BbIPAsKEHUS
CBSI3aH C AHU30TPOMHEN YACTHIL B COOTBETCTBUM C 3aKO-
HoM Akynosa—Kupenckoro [25], a Bropoii Moxer GbITh
00yCJIOBJIEH KaK IIAPAIIPOIECCOM B CAMHUX YACTHUIAX, TaK
U BO3MOYKHBIM CylIepIapaMarHUTHBIM COCTOSTHUEM HEKO-
TOpOro KojmdecTBa dacTuil. OTHOCUTETbHBIE BKJIAJIHI
9THX JIByX YWIEHOB B HAMATHUYEHHOCTH (3) Ompejens-
0T BO3MOYKHOCTDH &JIEKBATHON OIEHKY KOHCTAHTHI AHU-
3orpomuu 1o Kpusoit M (H) B BbIcOKHX moJIsAX. B coor-
BercTBUM ¢ MOJIenbio Cronepa—Bonbdapra [21] B cucte-
Mé HeB3aMMOJENCTBYIONUX YACTHI] C ITOJIOKUTEJBHOM
KyOuueckoil anuzorpornueii oruomenue M, /M, = 0.83.
Kaxk sugso B Tabu. 1, M, /M, He mocTuraer 310l Besn-
YUHBI HUA [PU OJHOM 3HAYEHUU T W 3aMETHO YMEHbIIa-
ercs Mo Mepe ero yBejmdeHus. [losTomy OIeHKa KOH-
cTaHThl 3P HEKTUBHON aHU30TPOIINU ITPOBEIEHA TOJTHKO
Jutst 06pasnos ¢ x > 0.6 (tabu. 1). Yro kacaercs reMme-
parypHoii 3aBucuMocT Kog, TO ee MoJydueHue 3aTpy/i-
HEHO OBICTPBIM BO3pAaCTaHUEM KOIPIUTUBHOM CUJIBI IPH
HOHN2KEHUN TeMIepaTypbl (cM. puc.4), mepexogoM or
[IOJTHOW TETJIM TUCTEPE3UCa K YaCTHBIM IUKJIAM U WC-
YE3HOBEHUEM yJacTKa MPUOJIMKEHNsT HAMATHUIEHHOCTH
K HACBINIEHUIO B HMCIOJHb30BAHHBIX MATHUTHBIX IOJIAX.
B pab6ore [26] uccienoBaHbl TeMIepaTypbl GIOKAPOB-
KN HAMATHUYEHHOCTH W CIEKTPHI 3ddexkra MeccbHaya-
pa npu pasubix rTemieparypax it HY CoFeyO4 co
CPEJIHUM Pa3MepoM 7.5 HM, CUHTE3UPOBAHHBIX METOJIOM
coocaxjienus. Ha OocHOBaHWM 3THX U3MEpEHUil MOJIy-
JeHbl TeMIIepaTypHble 3aBucuMoct K. Temmepatyp-
Hble 3aBucuMocTr H., oKa3aHHbIE HA PUC. Ha, UIEHTHY-
HbIE JJIs BCeX OOPA3IOB, COJEPKAIIMX KOOAJIbT, OJIn3-
KU K TeMIepaTypHbIM 3aBucuMoctaM Keg u3 [26], uro
[IO3BOJISIET YTBEPXKIAThH O coorBercrBun H, Temiepa-
TypabIM 3aBucuMocTsM Keg st HY Cop_, Mg, FesOy,
Kpome obpasma ¢ x=1. Takum obOpa3oM, MArHUTHBIE
cBoficTBa cunTesnpoBanubix HY ompeessiores nonamu
Co?* 110 caMoit HU3KO HCIIOIb30BAHHON IX KOHIIEHTPAa-
man (1 —x = 0.2). B 3akirodeHre 0OTMETHM OCHOBHBIE
pe3ysbTaThl pabOThl: UCIOJBL30BAHHBIN METOJI CHHTE3a
no3posimit nojryunTh cucremy HY Cop_ Mg, FesOy, B
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koTopeix moHEl Co?t 3ammMaroT TOILKO OKTasmpute-
CKU€ TIO3UIUH; TI0JIYYEHBI TEMIIEPATYPHBIE 3aBUCUMOCTH
MarHATHBIX TTapamerpoB My, M., H. njas Bcex mccie-
JIOBAaHHBIX COCTABOB; ITOKA3aHO, 9TO TEMIIEPATYPHBIE 3a-
BucuMocTr H, MAEHTUYHBI JI BCEX COCTABOB, KPOMeE
cocrapa ¢ £ = 1, u BeauunHa H . nponopnuoHaIbHa KOH-
[EHTPAINN HOHOB KODAJIBTA; OIIPEIe/IeHA KOHIIEHTPAIH-
OHHASI 3aBUCUMOCTH KOHCTAHTBHI I(PPEKTUBHON AHU30-
TPOIIUH.

Apropsl baronapat IleHTp KOJIEKTUBHOTO I10JIb30-
Banusa Kpacuosipckoro mayanoro rearpa CO PAH za
[IOMOIIb B IPOBEJIEHUU MArHUTHBIX H3MepeHuii. ABTO-
PbI Takke npusHaTebHbI J1.¢.-M.H Komoropresy C.B.
3a IIOJIE3HBIE JIUCKYCCUM.

®dunaHcupoBaHnue paboTwl. VcciaemoBanue BbI-
IIOJTHEHO 38 CUeT CPeJCTB I'paHTa Poccmiickoro HaydHO-
ro donga # 23-22-10025, https:/ /rscf.ru/project /23-22-
10025/, Kpacuosipckoro kpaesoro (poHia HayKu.
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