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IIpencrasmensbl 3aBUCHMOCTH HAMATHUIEHHOCTH OT BHEITHET0 MArHUTHOTO TIOJIS ¥ TEMITEPATYPHI JJTsi HAHO-
gactur, CozZni—FeaO4 (z =0, 0.1, 0.2, 0.3, 0.4, 0.5), CHHTE3UPOBAHHBIX METOIOM IUTPATHOTO IIPEKYPCOPA.
DeppUMArHATHBIN TOPSI0K B HaHOYACTHUIAX ¢ & > (.2 BO3HWKAJ mpu Temmeparypax 1, MPeBbITAIuX KOM-

HaTHYIO, a B HaHo4gacturax ¢ ¢ = 0 u 0.1 npu T okosio 100 K. Hamaramgenunocts naceimennst, M, ocrarounas

HAMarHUIeHHOCTDb, M, M KOIpIUTHUBHAA CUIa, H., yBeJIMINBAIOTCS C YBEINIEHUEM T W MOHUZKEHUEM TeMITe-

patypsl. M, mocTuryio odens BeICOKOTO 3Hauenusi: M, nanogactur ¢ x = 0.5 pasuo 106.6 ['c - CM3/I‘ mpu 100 K,

a [0 uTepaTypHBIM JaHEBIM M, crexmoMerpudeckoro obbemuoro dgeppura Co pasna 90 I'c - cm® /v upm 4.2 K.

BrIgBieHsl 1 KaueCTBEHHO 00bACHEHBI KOPppEendamnun MeK1y KOHIEHTPAIITUOHHBIMUA 3aBUCUMOCTAMU MarHUTHBIX

¥ 3JIEKTPUYIECKUX CBONCTB.

DOI: 10.31857/S1234567823100087, EDN: cnfluf

Cwmemmannbie deppursl mmuaenn (Co,Zng_,FeaOy)
MIPUBJIEKAIOT DOIBITOE BHUMAHKE OJIaroqapsi CBOUM YHU-
KAJBHBIM CBONCTBAM, TAKUM KAaK BBICOKOE YIETbHOE
9JIEKTPUUECKOE COTPOTUBJICHUE W HU3KHUE TIOTEPU HA
BUXpeBble TOKH [1-5], BbICOKash HAMATHHYEHHOCTHh Ha-
counenus u remneparypa Kiopu [6], repmonunamuye-
CKasi CTabUIHLHOCTH, KOPPO3UOHHAS CTOWKOCTBH, BBICO-
Kasi MEXaHUYECKasi TBEPIOCTh, BBICOKAS AICOPOIMOH-
Hag cniocobrnoctsb. Hanouacruupr (HY) ¢ paszauanoit or-
HOCUTENILHOI KoHIenTpanyeii Co n Zn MMeoT Bredar-
JISTIOIIWH CTIEKTD TPUMEHEHWS: AKTUBHBIE KOMITOHEHTHI
deppomarnurbix (OM) KuaKOCTEl, MOCTOSHHBIE MAT-
HUTBHI, KOMIIOHEHTHI KOMIBIOTEPOB, CHCTEMBI AJIPECHOMN
IIOCTaBKHU JIEKAPCTB, PE30HAHCHAS TOMOrpadus U MHO-
rue apyrue (cM., Hanpumep, [7]). IIpexenbubie diennr —
ZnFe;04 u CoFey04 wmMeoT OIMHAKOBYIO CTPYKTYPY
KPUCTAJIIMYECKON TIMUHEIN MPOCTPAHCTBEHHOW TPyTI-
nbl Fd-3m, HO oTimuarorcs pacmnpeneneHnmeM KaTho-
HOB M€Ky KPUCTAJLIMYeCKUMHU mo3uusymu. ZnFes Oy —
HOpMAJIbHAS TIMUHEIh, B KOTOPO# IBYXBAJEHTHBIE HO-
uel Zn?t 3aHMMaIOT TeTpasmpudecKme MO3UIMH, a TPeX-
BaseHTHBbIe HOHBI Fe3T — okrasnpudeckue. B obparmen-
moit mmurenn CoFeyO4 monosuna nonos FedT zannma-
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€T TeTpa3IpUYIecKue, a APYras MOJOBUHA, — OKTAdIPH-
JecKme IO3WIUH, Torjaa Kak mouel Co?t mpeamounta-
10T OKTayapudeckue mo3urmu. COriacHo 3TUM pacipe-
nemeHusM KaTuoHoB, ZnFe, O, xapakTepusyercs aHTH-
deppOMArHUTHBIM TOPSAIKOM C HH3KOH TeMIeparypoit
Heena, Ty = 10K, a CoFesO4 aBisiercst peppumarte-
THUKOM C BBICOKOIT Temmieparypoit Kiopu, T, = 793K, a
HAMATHUYEHHOCTh HACKIIMIEHUST TIPY KOMHATHON Temrie-
parype M, = 66.3Tc-cm?/r [7]. Oanaxo B ciyaae HYI
9acTO HADJIOJAIOTCA OTKJIOHEHWS OT TOrO WIEATHHO-
rO pacrpeielleHnst n3-3a MaJIoro pa3Mepa YacTHIL, Mo-
BEPXHOCTHBIX 39(PPEKTOB U BHICOKOM KOHIIEHTPAIMH TI0-
BEPXHOCTHBIX JiehekToB [8]. CremeHbp MHBEpCHH MOXK-
HO ipencTaBuTh popmynamu (Zng_sFes) [ZnsFes_s5] Oy,
rjie Kpyriible W KBaJpaTHbIE CKOOKU OTHOCATCS K TET-
pasapudeckoit (A) u okrasapuueckoii (B) mosunmsim,
COOTBETCTBEHHO. PsiT aBTOPOB CHHTE3MPOBAIN YACTHI-
Ho umuaBeptupoBanabsie HY deppura muHKa, deppumar-
HUTHBIE TPU KOMHATHOM TEMIIEPATYPE C HAMATHUIEHHO-
CThIO HACKIIIEHN s, n3MeHnstomeiics ot 10 1o 88 T'c - cm® /T
B 3aBHCUMOCTH OT METOJA CHHTE3a. DBOJbIoe pa3Ho-
obpasue pachpeieneHnii KaTHOHOB MO KPHUCTAJIHYe-
CKUM TIO3UIUSM W MATCHUTHBIX CBOWUCTB HaOJIIOIAIOCH
HECKOJIBKMMU aBTOPAMU [IJIST CIydasi CMENTAHHBIX TITTH-
ueneit Zni_,Co,FesOy (mampumep, [9-13]). Takum 06-
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PA30M, TEXHOJIOTMYECKHUE YCIOBUS OKA3LIBAIU IPE3BbI-
YaHO CUJILHOE BJIMSTHUE HA CBONCTBA CHHTE3WPOBAHHBIX
HY, uro momuepkuBaeT HEOOXOAMMOCTH TINATEIHHOTO
U3YYEHUsT MATHUTHBIX XapaKTEePUCTUK TOTYIEHHBIX 00-
PA3IOB B KAXKJIOM KOHKPETHOM CJIy4ae.

Hemapmo cepus HY Co,Zn;_,FesO4 ¢ x B mma-
nazone ot 0.0 mo 0.5, MPUTOTOBJIEHHAS METOIOM IIWT-
PATHOIO MPEKYPCOpa, MPOAEMOHCTPUPOBAIIA BBIIAOIIE-
ecsi HJIEKTPUIECKOE COMPOTUBIIEHNE U YIIydIlIeHHbIE JTh-
3JIEKTpHIECKHe CBOHCTBA [14]. Bemmania ranrenca yria
JMU3IEKTPUYECKUX MOTEPh BAPbUPOBAIACH B JUAMA30HE
0.003—0.052 ma gacrore 1 MI'm s pa3sTUIHBIX KOH-
nenrpanuit Co, ¥ 00pa3ipl OKA3AJINCH OYEHDH XOPOTIIIH-
My um3ossaTopamu. VccaemoBaHne MarHUTHBIX CBOMCTB
sroit cucrembl HY, npenmpumsitoe B HacTosImeit padbore,
MPEICTABIISETCS BAYKHBIM C TOYKH 3PEHUS B3aUMOCBSI-
30 MEXKJY JEKTPOHHONH W MArHUTHON MOACUCTEMAMU U
npuioxkeransvu HY.

Texuomnorus cunreza HY Co,Zn;_,FesO4 ¢ (z =
=0,0.1,0.2,0.3, 0.4, 0.5) (obpasupt 1-6 cooTBeTCTBEH-
HO) TomapobHO ommcana B [14]. PenrrenocrpykrypHOe
HCCJIEJIOBAHNUE BBISBIJIO KyOHYECKYI0 CTPYKTYPY (a3bl
[IMWHETH TpocTpancTBeHHON rpynnbl Fd-3m. Cpennuit
pa3Mep KPHUCTAJINTOB OOPA3II0B OKA3AJICA B MPEIeax

28 + 36 um. [TocTosinnas pererku ymeHbmatach ¢ 8.443
10 8.403 A ¢ yBeJIMIeHNEM KOHIIEHTPAIUY KODAIbTa, ITO
OBIIO CBA3AHO ¢ MeHbIIM pajmycom mora Co?t (0.72 A)
10 CpPaBHEHMIO ¢ pajurycoM noma Zn2t (0.74 A). 3apmcn-
MOCTHU HAMArHUYEHHOCTU OT BHEITHEr0 MATHUTHOTO ITO-
JIST ¥ TEMIIEPATYPHI U3YUAJIUCh HA BUOPAIIMOHHOM MAar-
uuromerpe Lake Shore 8604 B marauTHOM moJte 10 15 kD
npu Temmeparypax ot 90 mo 350 K.

Kpusse Hamaranansauus (M) obpasnos 1-6 B 3a-
BUCHMOCTH OT TPUJIOKEHHOTO MaruuTHoro mosst (H)
mpu 300 m 100 K mpeacrasnenst Ha puc. la m b, coor-
BercTBenHO. Tonbko obpazer; 1 ¢ x = 0 gemoHCTpUpyET
9UCTO MAPAMATHUTHOE MMOBEJIEHNE TPYU KOMHATHON TeM-
meparype. Jlaxe mist obpasma 2 ¢ x = 0.1 kpuBas Ha-
MarHMYMBAHKUS [IPU KOMHATHOW TeMIIepaType OTKJIOHS-
eTcst OT JUHEHHOI 3aBucuMocTr oT H , XapaKTepHOH ITst
mapaMarHeTnka, a B ciy4dae oopasma 3 ¢ x = 0.2 Xxoporro
BUIHA OYEHBb y3KAas METJISI THCTEPE3UCA.

B 10 ke Bpems ¢ yBesmueHnEeM MArHUTHOTO TOJTS Ha-
MarHM9eHHOCTb 3THX TPeX 00PA3I0B JMHEHHO BO3pac-
TaeT MO MOJIO, CYIIECTBEHHO OTJINYAsCh OT XOIa KPH-
BBIX HAMarHMYMBaHus oOpasios 4-6. MoxHo mpemmo-
J0xkuTh, 9T0 yacth HY B obpasnax 2 u 3 mHaxomurcs B
CyTIepIapaMarHiTHOM COCTOSTHUY TTPW KOMHATHOW TeM-
meparype, TOTIa Kak OOJBIMMHCTBO YACTHUIL B ITHX 00-
pasmax sSBAAIOTCA MapaMarHUTHBIMHU. B ciaydae obpas-
0B 4-6 hopmMa KPUBHIX HAMATHUIMBAHNS YKA3HIBAET HA
cymeprapaMarHuTHOE COCTOgHMe ocHOBHOM vactn HY, a
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Puc. 1. (Igernoit onmaiin) IToseBbre 3aBUCUMOCTH HaMar-
HUYeHHOCTH 00pa3nos 1-6, m3mepennsie mpu 1 = 300 (a)
u 100 K (b). Berasku: (a) — KpuBble HAMArHUYUBaHUS 00-
pasuos 1-3; (b) — aya o6pasmos 1 u 2

HAJIMYMe TUCTEPEe3nCa MOXKET O3HAYaTh, YTO YaCTh Cy-
neprnapaMaranTHbix HY 3a6/10KMpOBaHa MpU KOMHAT-
Hoit remmeparype. [Ipu aToMm HAOTIOZAETCS PE3KHIT POCT
HAMArHUIEHHOCTH TIPHU [ePexoe oT obpasia 3 Kk 0bpas-
my 4, 9TO MOXXHO WHTEPIPETUPOBATH KAaK MEPEXOJ, OT
FeTEePOreHHOT0 MATHUTHOTO COCTOSTHUSI BCETO aHCAMOJIST
HY, B K0TOpPOM COCYITIECTBYIOT MapaMATrHUTHBIE W CYy-
neprnapamarantabie HY, K cynmeprmapamMarHuTHOMY CO-
crostauio GonbimuuacTBO HY. Amajornynast KapTuHa, Ha-
6uronasace B [12,13, 15, 16].

ITpu mouwmkennn temneparypsl 10 100 K B obpas-
e 1, ve cogepxkamem Co, MOSABJISIETCS CymeprapaMar-
HUTHAsT COCTABISIONAA. DTO CJIEIyeT U3 HU3MEHEHUs
bOpPMBI KpUBOI HAMATHUIUBAHWS: BOTM3W HYJIsI TOSTBJIS-
eTCsl XapaKTepHbIH s-00pa3ubIit n3rnb. Ilossaenne mar-
uurHoro momenta B HY ZnFes,O4 mabmomasioch panee
(nanpumep, B [9]), HO He Bcerma. Hanpuwmep, maruur-
HOE yIOpsiIOUYeHne He HAOIAaJ0ch BLIOTh 10 50K
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B HY Zn-mmnuHenw, moaydeHHbIX METOIOM COOCAXKIe-
uust [2, 12]. JIas Bcex OCTATIbHBIX OOPA3IOB HIPH OXJIa-
JKJIEHUN HaOJIOAeTCsT CHIBHBI POCT HaMarHUYeHHO-
cru. Ocrarounass HAMATHUYEHHOCTh M, U KOIPIUTUB-
Hast cusia H, TakyKe yBeJIMIUBAIOTCS TIPU OXJIAXKICHUH,
HO B PA3HOU CTENEeHU.

TemmeparypHble 3aBUCHMOCTH HAMATHHUYEHHOCTH

(puc. 2) o6pasioB 1-5, CHATbIE B MATHUTHOM TIOJIE 5 KD,
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Puc. 2. (IIsernoii onnaiin) (a) — TemmeparypHbie 3aBuCH-
MOCTH HaMarHwdeHHOCTH o6pas3moB 1-5 ¢ x = 0—0.4 co-
OTBETCTBEHHO B MarHWTHOM mojie 5kJ; (b) — To xe s
obpasmos ¢ x = 0—0.2 , kpusbie 1-3

ananornunsl FC-kpupbim gyt HY Co,Zng_,FesOy,
CUHTE3UPOBAHBIX  METOIOM  BBLICOKOTEMTIEPATYPHOTO
cuHTe3a, nokasaHubix B [12]. Heckonbko mexaHu3MoB
OTBETCTBEHHBI 33 yBEIUYeHMe HamaraudeHHoctu HY
¢ moHWXkeHneM Temreparypbl. Cpear HUX yBEIUUICHUE
CcOOCTBEHHOI'O MArHHTHOTO MOMeHTa Kakaoit HY,
noguHsAoIeecs 3akony Kiopu st mapamMarHeTHKOB
WU 3aKOHY JIaHyKeBeHa I MarHUTOYTOPSIOYEHHBIX
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CpeJl, a TaK¥Ke BbIPABHUBAHUE MATHUTHBIX MOMEHTOB B
HAMPABJIEHUN MTPUIOKEHHOTO MATHUTHOTO T0J1st. Popma,
KPUBBIX TEMIEPATYPHON 3aBUCHUMOCTH TOITBEPIKIAELT
C/IEJTAHHBIN [PU MHTEPIPEeTAINH KPUBBIX HAMATHWYHU-
BaHMS BBIBOJ O KOHIEHTpamuoHHOM mepexone HY uz
MPENMYIIECTBEHHO MapaMarHUTHOTO B CyleprapaMar-
HUTHOE COCTOsIHHe MexKAy Kouuenrpamusymu Co x = 0.2
nx=0.3.

WNuTepecHo 0TMETUTh HEKOTOPBIE KOPPETSIUNA MEK-
Iy KOHIEHTPAIMOHHBIMHU 3aBUCAMOCTSMYM MATHUTHBIX
U DJIEKTPUIECKUX CBOWCTB HCCJIEJOBAHHBIX 0OPA3IOB.
Ha pucynke 3 moka3aHbl KOHIEHTPAIMOHHBIE 3aBUCH-
MOCTHU KOIPIUTHUBHOMN CUJIBI U OCTATOYHON HAMATHUYIEH-
HOCTH B CPABHEHUU C KOHIEHTPAIMOHHBIMU 3aBUCHMO-
CTSMH 3TEKTPUIECKOTO TOKA, IMPOTEKAIOIIEr0 Yepe3 00-
paser| npu Hanpsikeauun 3 B, MOTydYeHHBIME U3 BOJBT-
ammepubix xapakrepuctuk. HY deppura Co-Zn mpecco-
BaJM B TADJIETKH JJIsi IPOBEIEHUS UCCICJOBAHUS JJIeK-
TPUYECKUX CBOUCTB.

YBenudenne 3JIEKTPUIECKOTO TOKA C  YBETUYEHU-
em kounenrparuu Co, TOKa3aHHOE HA PUC. 3, O03HAYA-
€T yMEeHBbIIeHNEe YyOeJbHOTO COMpPOTHUBJIEHWS. B cMmecn
ZnFe;O4 u CoFesO4 yMeHbIIeHNE YIEILHOIO COPOTUB-
JIEHUST TIPOUCXOIUT WM3-3a MEHBINEro yAeJbHOrO COMpPO-
tuBnennss CoFe;Oy4 mo cpapuenunio ¢ ZnFes Q4. YUToObBI
MOHSTD, TIOYeMY yAesbHoe conporuienue peppuros Co
MOXKET ObITh MEHBIIIE, MBI MOXKEM DPACCMOTPETH PacCUe-
THI 9JIEKTPOHHON CTPYKTYPHI B PAMKAX TEOPUH (DY HKITH-
anasa mwiornocru (DFT). Takoii pacuer mis CoFeaOy
6ot cenan [17]. B nanHoit pabore npubnmxkenue 0606-
IIEHHOTO TpaanenTa ¢ morenmuaaoM PBE n mompaskoit
Xabb6apaa U ucmosb30Basoch /st pacdeTra SIeKTPOH-
HOI CTPYKTYPBI JJIsi PA3TAIHOr0 HAOOpa OOMEHHBIX Ta-
pamerpos: koudurypaius MS1 ¢ ®M Co-Co u Fe-Fe u
A®M Co-Fe oomenamu, MS2 co scemu ®M obmenammu,
MS3 ¢ A®M s3anmmopeiicreuamu Co-Co u @M Fe-Fe
u MS4 ¢ ®M Co-Co u A®M Fe-Fe. B 1o Bpemsi Kak
mesb B miorHocTH cocrosianit (DOS) Gbuta momydena
st kouduryparmit MS1, MS2 u MS3, cocrosiaue MS4
SIBJISIETCST TIOYTH MPOBOJHUKOM C IMHPUHON 3arperieH-
HO¥ 30HBI, OJIM3KOW K HYJIIO.

B obcyx)maeMbIX B JAHHON CTAThEe HAHOKPUCTAJLIN-
YecKuX 00Opa3siax nmpucyrcreyer cmech karuonos Fe, Co
U Zn B pa3HbIX MOJIPEIIETKAX, KOTOPYIO MOXKHO PACCMAaT-
pUBATH KaK CMECh BCEX 4 BO3MOMKHBIX KOH(DUTYPAIWIA.
Ecmm sra cmech sBasiercs caydaiinoit, To 25 % mporo-
nsmeit pas3bl IPUBEAYT K MAKPOCKOIHIECKOH TTPOBOIH-
MOCTH BCEro 00pasiia B COOTBETCTBUU C UIAESIMU TEOPUU
MEPKOJISINA. B TpeXMepHBIX pemerkax CO CJIydaitHol
CMEChIO M3OJUPYIOMEH U MPoBoaAIei (a3 MaKPOCKO-
MUYecKas MPOBOIUMOCTb BO3BHUKAET BBIIIE TIOPOra, TMep-
Kostsiin x. = 0.16 [18].

9*
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Puc. 3. (Ilsernoii onnaiin) KoHueHTpalOHHbIE 3aBUCHMO-
cru H., M, n 3;1eKTpU<IecKoro ToKa mpu Hampszxkennn 3 B

Kopperamnust MArHATHBIX W 3JIEKTPAYECKAX CBOMCTB
HA pHC. 3, & TAKKe KOHIEHTPAIIMOHHAS 3aBUCUMOCTD CO-
NPOTUBJIEHUS HA MOCTOSHHOM TOKe OT KoHIeHTparyn Co
Ha puc. 12 crarbu [14] MoryT 6bITh 00bsICHEHBI B PAMKAX
TEOPUH TMEPKOIAIAN. MUHUMAIBHOE COMPOTUBIICHUE B

Co,Zny_,FeoOy na puc. 12 crarbu [14] naiizeno upu
= 0.2 u 0.3, 9yTh BBIIIE MTOPOTA MEPKOIIAIIIH.
Asropwt 6marogapar IleHTp KOJIJIEKTUBHOTO TIOIB30-
Banusa Kpacuosipckoro mayuanoro nenrpa CO PAH 3a
[OMOIIb B MPOBEJCHUN MATHUTHBIX U3MEPEHU.
Aproper A.Txakyp u II. Txakyp xoremum Obl OT-
METUTH TMOMJEPKKY, OKA3aHHYI B paAMKaX TPAHTA
DST-FIST # SR/FST/PS-1/2018/48 IIpaBurenbcraa
WMuguu. ABTOpBI Tak:Ke BBIPAXKAIOT MPU3HATETLHOCTH
Gurujal, wHHIMaTHBE paNOHHON  AIMUHUCTPAIUU
Gurugram 3a (UHAHCOBYIO TOMOINb, CM. TPOEKT
#176 Gurujal or 10 cenrabpst 2019r., rpanr Amity
Incubation or MwuHHCTEpCTBA JIEKTPOHUKN W UHEPOP-
MaIMOHHBIX TexHosoruii: (Meity) nporpamMy B pamMkax
Texmomorndaeckoro NHKyOUPOBAHUS W PA3BUTHS IIPEI-
npurnmaresnedi (TIDE 2.0) u crapran Nanolattice X.
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