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IIposedeno uccredosarnue usMeHeHUs: GEIUYUNBL IOKATbHIX MACHUMHBIX MOMeHmos M| 6
MnAs noo oeticmeuem 0agieHuss ¢ NOMOWBIO IMAUPULECKO20 Memood, NO3BOAIOULE20
0emexmuposams maxue UsMeHeHUs: Nymem aHAIU3A MaZHUmMooovemublx d¢hgpexmos. Ilo-
JIYHEHO, YMO NPU NOHUICEHUU MeMNepamypbl MASHUMOCMPYKMYPHO20 (a306020 nepe-

xo0a 1-eo pooa u3z ¢peppomaznumnozo FM(B8|) 6 napamacnumnoe PM(B31) cocmosnue
craukoobpasznoe ymenbulenue senuyunbl My napacmaem, max 4mo umeem Mecmo niaé-
HOe U3MeHeHUe MASHUMHO20 COCMOsHUL amomog Mn 6 napamacnumuou odracmu ¢aszo-
soti P—T-Ouacpammsr (601usu epanuyst ¢ gazou FM(B8;)) om «svicokocnunosozo» ¢
My = 3.2up npu Tc = 318 K 0o «nuskocnunosozo» ¢ My = 2.2ldg npu Tc = 225 K. Ilpu

oanvHeluleM NOHUNCEHUY MeMnepamypul u nepexooe K 0o1acmu Cywecmeos8anus 06oli-
Houl cnupanvHou cmpykmypul DS(B31) docmuenymoe HuszKocnumogoe coCmosiHue amo-

moe Mn 6bnusu ykasannou epanuysl coxpansiemes (My = 2.1up npu Ty = 10 K). Yeenu-
yeHue oasnenus 8 ¢asze B31 npu Huskux memnepamypax npueooum K nid8HOMY YMeHb-
WeHUI0 BelUYUHbL TOKANbHBIX MASHUMHBIX MOMEHMO8 amomod Mn 8 «HUZKOCNUHOBOM»

cocmosiHuu éniomuv 00 3navenus My = 1.48Up npu P = 38 kbar. Coenano conocmasre-
HUE NOLYUEHHBIX Pe3VIbMamos ¢ UMEIOWUMUCS TUMEPAMYPHLIMU OAHHbIMU.

KiroueBble cI0Ba: METAIUIMYECKHUI CIUIAB, JOKAJBbHBIM MAarHUTHBEIM MOMEHT, MarHUTO-
00beMHBIH 3(h(heKT, MATHUTOCTPYKTYPHBIH MEPeXo

WHTepec Kk MCCIEIOBAaHUIO MAarHUTHOTO MOBEACHUS MnAs 1oja AaBieHHEM B
HacToslee BpeMsi 00yCIIOBIEH OOHAPYKEHHBIM B 3TOM COEAMHEHUHU KOJIOCCalb-
HBIM MarHuTokajgopuueckuM 3¢ dpexrom (MKD), KOTOpBI COMPOBOXKAAET UHAY-
IUPOBAHHBII MAarHUTHBIM T1OJIEM MarHUTOCTPYKTYpPHBIH (ha30BbIil Iepexo/ U3 mna-
pamarautHoro PM(B31) B deppomarautnoe FM(B8;) cocrosiaue [1]. CxaTtue
KPUCTAJTMYECKON PELIeTKH MPUBOIUT K PE3KOMY YBEIHUCHHIO CKauKa SHTPOIIUHU
AS 1ipu TakoM Tepexoje, MpuYeM 3aBUCUMOCTh AS OT mapamMeTpoB, BbI3BIBAIOIINX
C)KaTHe PeleTKH (JaBJIeHMS WINM KOHIEHTPAIUU JIETHPYIOUIUX 3JEeMEHTOB), He-
MOHOTOHHA. OUEBUHO, YTO ISl BHISICHEHUS] MEXaHU3MOB MOJA0OHOTO MOBEACHUS
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U ONTUMU3ALUU (YHKIIMOHATIBHBIX XapaKTEPUCTHK MaTepuana TpedyeTcs 0Obek-
TUBHAs MHPOPMAIUS O BIUSHUNA BHEITHUX BO3JICHCTBUM, B YACTHOCTH JIABJICHWSI,
Ha ero MarHUTHOeE noBeAeHue. IMEHHO Takas 3a/1aya pelianach B HACTOAIIEH pa-
O6ote. B Heil mpoBeneHa OIEHKAa BapHallMd JIOKAJIbHOW CIHWHOBOW IIOTHOCTH
JICID) S = (Sj2>1/2 WIH JIOKQJIbHBIX MarHUTHBIX MOMEHTOB M}, = gugSy, (31ech Sj —
onepatop JICII Ha y35e j) MarHUTOAKTUBHBIX aTOMOB B MnAs Mo TaBJICHHEM C
MOMOIIBIO Pa3BUTOTO paHee IMIUpUIecKkoro meroaa. I[locaeanuii mo3BoIsET je-
TEKTUPOBATh U3MEHEHUS M MyTeM CPaBHUTEIHHOTO aHAIN3a MAarHUTOOOBEMHBIX
3¢ (}eKToB B H3yuaeMOM COEIMHEHHUH U OJM3KOM K HEMY OTIOPHOM Martepuane [2].
Takoil moaxoJ; 0Ka3bIBaeTCsl OCOOEHHO MOJIE3HBIM IPU HCCIEAOBAHUU UHTEpPMeE-
TaNIMYECKUX COSAMHEHUN (B YaCTHOCTH, BapHaluu M; Mpu MarHUTHBIX (Pa3oBBIX
nepexonax 1-ro poxa), Koraa 3aTpyAHEH KOPPEKTHBIM y4eT pa3HbIX BKJIAJ0B B
oOmiee M3MEHEHHE 00beMa KpucTaslia.

AHanu3 nuTepaTyphl OKasal, YTO UMEIoIInuecs Ha cerofus ans MnAs naHHbIe
no Audpakiud HEUTPOHOB TOJ JaBJIICHHEM (MPSIMOMY METOAYy H3MepeHus M)
BEChMa MAJIOYHMCIICHHBI U MpoTuBOpeunBhl [3,4]. B wactHocTH, B [3] mus dassl
BBICOKOTO JaBJICHUS OBUIM ONPEIENICHBI TOJBKO MapamMeTphbl KPUCTALTUYECCKOU
PEIIETKH U BOJHOBOT'O BEKTOpPa CIHPATbHON CTPYKTYPHI IPU HU3KHUX TEMIIEpaTy-
pax. Ilpuyem u3-3a OCOOCHHOCTEH HCIIOJIb3YeMOTO OOOPYIOBaHHS IABJICHUE B
oOpa3ie ObUI0 HEOAHOPOJIHBIM U MPAKTUYECKH HEKOHTPOJIUPYEMBIM, T.€. MOJY-
YEHHBIE pe3yJbTaThl B JIyUIIeM Clydyae Aal0T KayeCTBEHHOE MPEJICTABICHUE O
MarHUTHOM TOBEJICHUU CUCTEMBI IIPU CKATUM penieTku. B [4] Bompocskl co3ganus
U M3MEpEeHUs NaBIeHUS OBbLIM KOPPEKTHO PEIICHBI: MCIOJb30Bajach Kamepa ¢
candupoBbIMI HAKOBAJIbHIMH, B KOTOPOH JaBI€HHE KOHTPOJIUPOBAIOCH IO C/IBH-
Ty JIMHUW JTIOMUHECHEeHIINH pyOnHa. OHAKO BBIBOBI, ITOJIyYCHHBIE B 3TOH pabo-
T€ OTHOCUTENIbHO BEJIMYMHBI JIOKATHHOIO MarHUTHOIO MOMEHTa aToMoB Mn B da-
3e BbIcOKOTO AaBnenus (My = 2.9(1)up npu P = 38 kbar), mpoTuBOpeyaT kKak mar-
HUTOMETPUUYECKUM HuccienoBaHusIM MnAs non naBineHueM [5,6], Tak U 3KcHepH-
MEHTaM 1O Iu(]paKIuu HEUTPOHOB B CIIaBaX Ha OCHOBE MnAsS, B YaCTHOCTH B
MnAs;_P,, B KOTOpbIX aHHOHHOE WJIM KaTHOHHOE 3aMEIIeHUE aTOMOB 0a30BOTO
COCIMHEHUS NMPUBOIUT, KaK U B CIy4yae BHEUIHETO JABJICHUS, K COKATHIO PEIICTKU
[7,8]. Bce 310 muKTyeT HEOOXOIMMOCThH HCIIOIB30BaHUS ATbTCPHATUBHBIX BO3-
MO>XHOCTEW U3y4eHHUs] MArHUTHOTO MOBEJICHUS METAIUTMYECKUX CIUIABOB MO/JT J1aB-
nenreM. OJIHOW U3 TaKUX BO3MOYKHOCTEH U SIBIIAETCS MpejaraeMblii aHAJIU3 Mar-
HUTOOOBEMHBIX A hekToB [2,9].

CornacHo [9] MarauTo00BEMHBIN 3h(dEKT B (peppOMarHUTHBIX METaIax IO
OTHOILIEHUIO K TOJHOCTHI0O HEMATHUTHOMY OCHOBHOMY COCTOSIHUIO MOKHO TpEJ-
CTaBUTH B BUJIE

= wband + (Dillt — CbandM% + Zcint (l, ]) <Mle> , (1)
i,j
rie o=[(V =Vy)/Vy] (Vo — 0bbeM KpHuCTaTa B MOTHOCTBIO HEMArHUTHOM OC-

HOBHOM COCTOSIHUH, 7 O3HAYaeT MarHuTHBIN BKian). [lepBeiii uien B (1) cBsizaH ¢
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TONAPU3ALMEN JIOKANBHBIX CIIMHOBBIX MOJA30H, BTOPOM — € NMPOCTPaHCTBEHHON
Koppesinuei cnuHoB. Onpenesnsisi KOHCTaHThI Py O™ s M3MEPEHUI BBIHY K-
JIEHHONM MAarHUTOCTPUKIIMU U CHJIBHOIIOJIEBOM BOCIPUUMYHUBOCTH TIPU Pa3HBIX
TEeMIEpaTypax, yAaeTcsl pa3aeiuTh 3TH BKIAIbl U TEM CaMbIM HE TOJBKO yCTaHO-
BUTH TOBEACHWE Mj, HO W TOJYYUTh BaXKHBIC BBIBOJBI OTHOCUTEIILHO BEIOOpA
aJICKBATHOTO OIMCAHUSI MAarHUTHBIX CBOWCTB M3y4aeMoro o0bekTa. Takoi aHamus
BBIINIOJIHEH, B YaCTHOCTH, 4711 MnAs [10]. OueBUAHO, YTO 3TOT METOJ MPUTOJIEH
JIUIIb JUTSE MATHUTHBIX (Da3, MAarHUTHBIC CTPYKTYPBI KOTOPBIX CPABHUTEIBLHO JIETKO
HACBIIIAIOTCS B MarHUTHOM TMoJie. B MPOTHBHOM cilydae MOSBISETCS TOTOTHH-
TEBHBIN BKJIA]] B BBIHYKJICHHYIO 00BEMHYI0 MAarHUTOCTPUKIIUIO, YTO 3aTPYIHSICT
uX pazzenieHue U TpedyeT MHBIX MOJIX0J0B K onpeaeneHuto M. Kak ormeueHo B
[2], 9acTO MOXKHO AOCTATOYHO KOPpPeKTHO ouieHuTh nosenenue JICII B marneru-
KaX C MPOU3BOJIBHBIM THUIIOM YIOPSJAOYEHUS, €CIU MPEAINONOKUTh, YTO o™
MPOTIOPITMOHANICH 00IIeMy MarHUTOOObeMHOMY 3 (dexTy ® (0OBIYHO comepika-
IeMy HECKOJIbKO BkIanoB). Korna apyrue BKIagbl Majbl UM B COBOKYIHOCTHU
TOK€ MPOMOPLUUOHAIBHBI (¥, 3TO MPEANOI0KEHHE BBIIOJIHAETCS CTPOTo, Kak, Ha-
npumep, B ciiadbix 30HHBIX MarHeTukax (Cr, MnSi u ap.), B KOTOPBIX ©® = o
[2]. HopmupoBouHy10 KOHCTaHTY C, CBS3BIBAIOILYIO U3MEHEHHE M) ¢ 00IuM u3-
MEHEHHEM 00BeMa, MOKHO ONPEIEIHUTh, COMOCTaBIsii B OCHOBHOM COCTOSIHUU
00BEM DJIEMEHTApHON SYEHKH U BEIUYMHY JIOKAJIbHOTO MAarHUTHOIO MOMEHTa
M3y4aeMOro COEIUHEHHUsSI C COOTBETCTBYIOIIMMH XapaKTEPUCTUKAMU MOIXOJSIIETO
ornopHoro marepuana. [IpaBuiio BeIOOpa Takoro MaTepraia U IpUMEPhI peatn3aliu
JAHHOTO TIOJIXO0/a ISl ONIPECIICHHUs] U3MEHEeHUsI M| TIpU pa3IUYHbIX MarHUTHBIX
¢$a3oBbIX TIepexoaax 1-ro pojga B MHTEPMETAIUIMYECKUX COCAMHEHUSIX JAaHbI B [2].
B wactHOCTH, TaM cienaHa olleHKa Bapuanuu M; B MnAs npu CIOHTaHHOM Mar-
HUTHOM (paszoBoM mepexoxe 1-ro pona uz FM(BS8|)- B PM(B31)-cocTosiHre, KOTO-
paiit mpoucxoaut npu 7¢c = 318 K B nporiecce Harpesa odpasia.

B nacrosmeli paboTe aHamornyHasi OleHKa MPOBOIUTCS I MHIYIIUPOBAHHBIX
naBieHneM nepexonoB FM(B8)-PM(B31) u FM(B8;)-DS(B31), nabmogaemMbIx
IPpU COOTBETCTBYIOIIMX TemmepaTtypax B uHTepBaie 0 < 7T < 318 K. 3mech
DS(B31) — nBoitHas criupaib C BOJTHOBBIM BEKTOPOM BIOJb @-OCH OPTOPOMOMUE-
CKOW KPUCTAJUIMYECKOW CTPYKTYpHI, peasin3yromasica B MnAs npu cxaTuu penierT-
ku. Kpome toro, onieneHo m3meHenne M; mon nedctBueM AasieHus 10 38 kbar B
daze B31 ¢ 1enpo nepenpoBepKy C MOMOIIBIO aTbTEPHATUBHOTO METO1a PE3yIlb-
TaTOB HEUTPOHOTPAPUIECKUX HCCIICIOBAHUMN, TTOJIYYCHHBIX B padote [4].

MarnutHas ¢azoBast P—T-quarpaMma MnAs ¢ rpaHUIlaMU, pean3yIOMIUMUCS
B Mpoliecce Habopa NaBiieHus, Mmoka3aHa Ha puc. 1 (6onee moapodbHas P—T-nua-
rpamMma M ee OT/eJlbHbIe YacTH MpecTaBieHbl B paboTax [5,11]). Kak BunHo, (a-
3a FM(B8), xapakTepu3yemasi BLICOKOCIIMHOBBIM COCTOSIHUEM aToMOB Mn (M} =
= 3.4up B OCHOBHOM COCTOSIHMH), cyliecTByeT npu P < 4.5 kbar. bonee Bbicokue
naBneHuss npu temmeparypax Hibke 500 K cTaOMmu3upyroT KpHCTAITMYECKYIO
CTPYKTYpY B31, ¢ KOTOpPOIi CBSI3aHO CYIIECTBOBAHME MHBIX MArHUTOYIOPSAOYEHHBIX
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COCTOSIHMI: IBOWHOU CHHPAIbHOU CTPYKTYpPBI C BOJIHOBBIM BEKTOPOM BJIIOJIb OCH
a xpuctamumyeckoit pemetku (dasel DS u DS,, pasnuyaromuecs 3HaKOM TeMIIe-
paTypHOI IPOU3BOIHONW KPUTHYECKOTO MarHUTHOI'O MOJII MHAYLUpPOBaHUs «dep-
poMarHUTHOTO» coctosinus [11]) u maruutHeIX cTpykTyp FM| u FM;, obnagaro-
IIMX CTIOHTAHHBIM MArHUTHBIM MOMEHTOM (THII MarHUTHOTO YHOPSAOUYEHUS dTUX
¢a3 HyKJaeTcsl B yTOUHEHUH).

Kak yxe oTmeyanoch, HaMOONBIINI WHTEPEC B HACTOSIIEE BPeMs MPEICTaB-
JSI0T UMHAYLMPOBAHHBIE MAarHUTHBIM mosieM mnepexoabl PM(B31)-FM(B8)) u
DS(B31)-FM(B8;) B cBsa3u ¢ rurantckum MKD, conpoBoxaaronum ux. UToObI
OTIpeNIeIUTh BO3MOXKHOE IPU TaKUX MEepexoiaXx M3MEHEHHE BEIMYUH JIOKAJIbHBIX
MarHUTHbIX MOMEHTOB MarHUTOAKTHUBHBIX aTOMOB (YTO HEMOCPEICTBEHHO CBS3a-
HO ¢ BennuuHO MKD), Bocnonbzyemcs AaHHBIMU paboThl [12], B KOTOpO# HEW-
TPOHOTpaUIECKUM ¥ TEH30METPUYECKHMM METOAAMHU OIpPEIeNIeHO H3MEHEHHE
yIIeIbHOTO 00bEeMa KPUCTAJUIMYECKON PELIETKU MPH aHAJOTMYHBIX (a30BbIX I1e-
pexonax, MHIyHUpoBaHHBIX naBieHueM (puc. 1). CooTBeTCTByIOIIas 3aBUCH-
Mocte AV/V ot temmnepatypsl nepexona Tx (mist FM—-PM-nepexona Tx = T¢)
npejcTaBieHa Ha puc. 2 (kpusas /). 3nech AV — pa3HOCTh 00BEMOB B UCXOTHOM H
KOHEYHOM COCTOSIHUSX MpH (pazoBoM nepexoe, V' — 00beM B UCXOAHOM COCTOSIHUM.
B tepmunax Beipaxkenus (1) AV/V = Ao = o(1) — o(2) u o(i) = [V(i) — Volw/Vo, THE
(1) u (2) 0603HAYAIOT COOTBETCTBEHHO MCXOJIHOE M KOHEYHOEe cocrosiHus. [Ipen-
1ojlarasi IpONOPLUUOHAIBLHOCTh PA3JIMYHbBIX BKJIAJ0B, B YACTHOCTH wband, o0rmei
BEIIMYMHE MArHUTOOOBEeMHOro 3¢ ¢deKkTa mpu paccMaTpuBaeMoM (pa3zoBoM Tmepe-
XO0JIe ¥ YUUTHIBasA, YTO coband, B CBOIO 0Yepelb, NPONOPLHOHANeH M , ToTy4uM

JJIs OLIEHKHW Bapuanuu M; COOTHOILIEHHE, aHAJIOTUYHOE COOTHOILIECHHI0 Mopusi—
103amm [13,2]:

Ao=C[M;(1)-M;(2)]=CAM;. 2)
[nst onpenenennss HOpPMUPOBOYHOW KOHCTaHThI C CTPOUIIA HU3KOTEMIIEpaTyp-

HBIC KOHICHTPAIUOHHBIC 3aBUCUMOCTU o0beMa BHeMeHTapHOfI STUCHKU Y BEITUYUHBI
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Puc. 2. UsmeHeHue ynaenbHO-
ro o0beMa KpUCTALTHUECKOU

2

S
0.12 3+ pemieTku (kpuBas /) U Benu-
g YHHBI JIOKAJTHHOTO MarHHTHO-
E" ro MOMEHTa aTOMOB Mn (Kpu-
A0.08 , © BbIE 2, 3) IpH MarHUTHOM (pa-
N £« 30BOM IMEpexoje U3 COCTOS-
< 0.4 lg Hust FM(B8;) B cocrosHue
0.04 S PM(B31) wm DS(B31) mox
0.2 § JICCTBUEM  NTABJICHUS  TIPHU
%q pasHbIX Temmeparypax. 0T —
0.00 : : : : : : 0.0 MaJloe OTKJIOHEHHE TeMIiepa-

0 100 200 300 TYpPbI OT TOYKH MIepexo/ia ’
T, K

JIOKAJIbHBIX MAarHUTHBIX MOMEHTOB aTOMOB Mn B cuctreme MnAs|_P, mo manasim
[7,8,14]. Pesynbrarel mipeactaBiensl Ha puc. 3. Cucrema MnAs; P, BeiOpana B
KAuecTBE OMOPHOTO MaTepuasa BBUIY OJM30CTH XapaKTepa U3MEHEHHUs TapaMeTpoB
pELLEeTKH MOA ASHCTBUEM JABJICHUS U MPH 3aMELeHUU MbIibsika Gochopom, B TOM
YyCIie TIPH paccMaTpruBaeMbIX (a3oBbIX nepexofax. B cpaBHenuu c [2], rae momo0-
HOE MOCTPOEHHE BHIMIOIHSIIOCH Ul aHAIM3a TemnepaTypHoil 3asucumoctu My (7T) B
HIMPOKOM JHara3oHe TeMIepaTyp, BKJIIoUas NapaMarHUTHYIO 00J1acTh, B HACTOSI-
el paboTe HCroNb3yeTcs OO0JbIIe SKCIEPUMEHTABHBIX JaHHBIX, KaCAIOIMIUXCS
TaKOT0 MOCTPOSHUS, U JIJIsl KOPPEKTHOCTH YUTEHBI HeOobre 3GGeKThl, CBA3aH-
Heie ¢ noBeaeHuem JICII B ¢aze B8 npu BHENTHUX BO3ACUCTBUSAX. B wacTHOCTH,
Y4TEHO BO3MOXKHOE YMEHbIlIeHHEe BenuanuHbl M) B Gaze FM(B8|) npu moBbIIEHUN
TEMIIepaTypbl U JaBleHUs (CKOPOCTh Oapudeckoro msmenenus M; B daze FM(BS)),
paeayto mpumepHo 0.017pp/kbar, onpenensim, HCXOAs U3 JTAHHBIX, UMCFOIIUXCS IS
U30CTPYKTypHOro criaBa MnAs_,Sb, [15]). Kak Buaum u3 puc. 3, ckauky oobema
Ao = 12.9% cootsercTByeT AM, = 7.49p32, Te. C=1.72:107 pB_Z (B [2] momy-

yeno smavenne C = 1.65-10 ugfz).

140 WN3menenne M; mpu paccMarpuBae-
MBIX MarHUTHBIX (ha30BBIX MEpPeXoiax

L 130 B 3aBUCHMOCTH OT TEMIIEPATypbl ITUX
i“ nepexonoB I, OLEHEHHOE B COOTBET-

CTBUU C BBIpaXeHHEM (2), OKa3aHO
Ha puc. 2 (kpuBbie 2, 3).

U3 puc. 1 u 2 caenyer, 4To no-
0.0 _ ' _ HIDKEHHE TeMIlepaTypbl MarHUTO-
CTPYKTYpHOTO mepexoja l-ro ponaa
Puc. 3. 3aBucumocts 06beMa snementaproii  FM(B81)-PM(B31) mnox neiicTBueM
STUEHKH U BEJIMYUHBI JIOKAILHOTO MAarHUTHOTIO JaBJICHUA COHpOBO)KI[aeTCﬂ YBCJ'II/I‘IC-
MOMEHTa aTOMOB MapraHiia OT KOHLEHTPAllMd ~ HUEM CKadka oO0beMa 3JIeMEeHTapHOU
¢docdopa B cucreme MnAs| P, (0 <x<0.3) STYCHKM [TPH TAKOM IIEPEXOIe€ U COOT-

101



®du3nKa U TeEXHHKA BbICOKMX aaBJjennii 2010, Tom 20, Ne 2

BETCTBYIOIIMM YBEITUYCHHEM CKauKa BEIMYUHBI JIOKAIbHBIX MAarHUTHBIX MOMEH-
TOB aToMOB Mn, nipudeM 3aBucumoctu AV/V(Tx) u AM;/M;(Tx — 8T) B unTepBa-
ae ~ 225 K < T <318 K (t.e. nns nepexonoB FM—PM) npaxkTuuecku JTUHEHHBI.
Takum 00pa3oM, UMeeT MECTO IJIABHOE U3MEHEHHE MarHUTHOTO COCTOSIHUSI aTOMOB
Mn B mapamarHuTHO# oOnacT BONMU3M rpaHuibl ¢ dazoit FM(B8) oT BbicOKOCTIH-
HOBOTO ¢ M = 3.2up (Apyrue oLeHKH, BKIIIOYasi TapaMarHUTHOE paccesiHue HeUTpo-
HOB, naroT 3HaueHuss M; = 3.0ug-3.1up [2]) n0 HU3KOCTIMHOBOTO ¢ M) = 2.2up.
JlanbHeliee MOHMKEHNE TEMIIEpaTyphl MEPEX0/ia, COMPOBOXKAAIOIIEECs U3MEHe-
HHEM €ro Xapakrepa OT «IOPSI0K—O0ecTIopsIoKk» 0 «IOPSA0K—TIOPSI0K», cTa0u-
JU3UPYET JOCTUTHYTHIM ypPOBEHb M3MEHEHHS OO0beMa IJIEMEHTApHOW SYCHKH |
BEJIMYMHBI JIOKAIBHBIX MAarHUTHBIX MOMEHTOB aToMOB Mn, Tak 4To B 00JacTH
DS(B31) Bonu3u rpanuisl ¢ dazoii FM(B8|) coxpaHseTcs HU3KOCIHUHOBOE CO-
crostHue aToMoB Mn ¢ M = 2.1up. BeisiBnennsie ocobennoctu noseaenus JICII
IpU paccMaTpuBaeMbIX (a30BBIX Mepexojax CIEIyeT YUHUTHIBaTh MPH MOCTpOe-
HUU aJIEKBATHOTO onucaHusa kosnoccaabHoro MKD B cxxatom MnAs, conpoBox-
JAIONIEr0 MHIYLUPOBAaHHbIE MarHUTHBIM nojieM nepexonasl PM(B31)-FM(BS8)) B
COOTBETCTBYIOIIEH obmacTu (pazoBoro P—T-npoctpanctsa [1].

Kak BuaHO u3 puc. 1, noBbllIeHNE JaBICHNUS B OCHOBHOM COCTOSIHUM apCeHM]1a
MapraHia NpUBOAUT K MOCIEI0BATEIbHOCTH MAarHUTHBIX ()a30BbIX MpPEBpaIICHUN
FM(B81)-DS(B31)-FM;(B31). CornacHo pe3yibTaTaM MarHUTOMETPUYECKUX H
HeliTpoHorpaduueckux uccienoBanuii daza FM; xapakTepusyeTcss HaaudueM
CHIOHTaHHOTO ()EepPOMAarHUTHOTO MOMEHTA, HAIpPABICHHOTO BIOJb OCH b Kpu-
cTaJjmmueckon pemetku [4,7,16]. OgHako KOHKpPETHAass MarHUTHas CTPYKTypa
3TOH (ha3bl OCTaeTCs MOKa MOJ] BOPocoM. B pas3HbIx paboTax mpesiaratorcst pas-
JUYHBIE MOJIEIM MarHUTHOTO YMOpsiiodeHus: ¢peppomarHuTHoro [7], cocymect-
BOBaHUS (Qeppo- U aHTH()EPPOMATHUTHBIX KOMIIOHEHT [4], IBYXITOIPEIIETOYHOTO
yraoBoro ymnopsiaouenus [16]. PasnuyaroTcst Takke OIEHKH BEIWYMHBI JIOKAJb-
HBIX MAarHUTHBIX MOMEHTOB MAarHMTOAKTHBHBIX aTOMOB IIPH JOCTaTOYHO OOIIb-
IOM CKaThH pemeTku: oT 1.46up nius MnAsygrPoig [7] (4T0 mo oObemMHOMY
C)KaTUIO PEIIeTKH COOTBETCTBYET BO3JeicTBUIO maBneHus ~ 26 kbar) mo 2.9up
npu P = 38 kbar [4]. Yka3aHHOE COOTBETCTBUE MEXKIY KOHIeHTpanuei gochopa
W JIaBJICHUEM CJICTyeT U3 OJIM3KOW K JTUHEHHOUN 3aBUCHMOCTH 00beMa dJieMeHTap-
HOM stueiiku V ot x (puc. 3) u 3Hauenus V' = 112.8 A’ U1t MnAs nipu ero cxaTuu
naBieanem P = 38 kbar [4] (3ameTum, 4TO 3Ha4YeHHWEe OOBEMa 3IIEMEHTAPHOU
sueiixu V= 112.8 A> B cucteme MnAs 1Py mocturaercs npu x = 0.26 [14]).

C uenpio mepenpoBEpKU pe3ylbTaTOB HelTpoHorpaduu [4] anbTepHATUBHBIM
METOJIOM B HAcTOsAIIEeH paboTe caenaHa oleHKa N3MEHEHHs BEeTMUMHBI M) B daze
B31 non neiictBuem masnerus 10 38 kbar ¢ mOMOIIBIO pacCCMOTPEHHOTO AMITHPH-
4ecKoro noaxonaa. KoHcTaHTy MarHUTOOOBEMHOM CBSA3H ISl TOTO CIy4as JIETKO
ONpeAeIUTh U3 JaHHBIX, MPEACTAaBIECHHBIX Ha puc. 3. Kak BUIUM, U3MEHEHUIO
obobema Am = 3.4% c poctoM KoHLeHTpamu (ochopa B quanazone ~ 0.03 <x <0.18
COOTBETCTBYET AML2 = 1.7pp", Te. C = 1.98-10_2 uB_z. Y4uThiBas, 4To CKaTHE
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pELIeTKU 1o AeHCTBUEM JABJICHUS U NPH JIETUPOBaHUU (ochopoM UMEET CXOTHbIN
XapakTep, C UCTIONIb30BAHUEM BhIpaxkeHust (2) momyyum st V= 112.8 A3, COOTBETCT-
BYIOIIIETO IPY HU3KKX TemIieparypax nasieHunto 38 kbar [4], snauenne My = 1.48p.

Takum 00pazoM, HU3KOCIIMHOBOE COCTOSIHHE aTOMOB Mn, peanmsyromeecst B (ase
DS(B31) Bomm3u rpanuis! nepexona FM(B81)-DS(B31) (4To 10CTOBEpHO yCTaHOBIIE-
HO Pa3JIMYHbIMU METOJIaMH ), COXPAHSETCS MPU YBEJIMUEHUH JABJICHUs BIUIOTH J10 P =
= 38 kbar. [Ipu 3TOM BeMMYMHA JIOKATBHBIX MOMEHTOB aTOMOB Mn IIaBHO YMEHBIIIA-
€TCsl, YTO COIJIACYeTCs C KIACCHYECKHMMH 30HHBIMU MPEJICTABICHUAMU O JeI0KaIn3a-
MY JIEKTPOHHBIX COCTOSTHUM M YBEJIMYEHUH IIHPHUHBI 30H B METAJUTMIECKHX CIUTaBaxX
IpH CKaThM pereTky. Ha Ha B3riisn, pe3ysbTaTsl paboTsl [4], kacaromyecs omnpese-
JIeHHUs1 BEJIMYMHBI JIOKAJBHBIX MAarHUTHBIX MOMEHTOB B HHM3KOTEMIIEpaTypHOW (haze
BBICOKOT'0 JIaBJICHHS B apCEHU/I€ MapraHiia, Hy>KIaloTcsl B IEPECMOTPE.
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BAPIALIA NOKAJTbHMUX MATHITHUX MOMEHTIB B MnAs
M1 TUCKOM. MATHITOOB'€EMHU AHATI3

IIpoBeneHO MOCTIHKEHHS 3MIHA BEIMYNHHU JIOKATFHUX MarHiTHHX MOMEHTIB M; B MnAs
M €0 THCKY 3a OTIOMOTOI0 €MITIpHYHOTO METOXY, IO JO03BOJIAE ACTCKTYBATH TaKi
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3MIiHH TIUBIXOM aHajli3y MarHiToo0’eMHnX edektiB. OTpuMaHo, 10 MPH 3HIKCHHI TEM-
MepaTypyd MarHiTOCTPYKTYpHOTO (a3oBoro mepexomy 1-ro poay 3 (epoMarHiTHOro

FM(B81) B mapamarnitauii PM(B31) cran ctpubkononiOHe 3MEHINECHHST BeTHYUHH M
HApOCTae, TaK IO Mae MiCIe IJIaBHA 3MiHAa MarHiTHOrO CTaHy aToMiB Mn y mapa-

MarHiTHi# o0macti hazoBoi P—T-nmiarpamu (mo6mu3y rpanuii 3 gazorw FM(BS8)) Bin «Bu-
cokocminoBoro» 3 My = 3.2ug ipu T¢ = 318 K mo «HU3BKOCTIIHOBOTOY 3 M) = 2.218 TIpH

Tc =225 K. Ilpu noganeiiomy 3HIKEHHI TEMIIEPATYPH 1 EPEeXoAi 10 00IacTi icHyBaHHS
nmoJBiiHOI cripanbHOi cTpykTypu DS(B31) mocsarHyTHid HHU3BKOCIIIHOBHI CTaH aTOMIB
Mn nob6mu3y BkazaHoi (azoBoi rpanmmi 36epiraersest (M; = 2.1ug npu Tx = 10 K).
[MixBumenHs THCKy y Mexax ¢a3u B3l mpu HU3BKHX TeMIIepaTypax MPHU3BOIUTH 0
IUTAaBHOTO 3MCHIICHHS BEJIMYMHM JIOKAJHHUX MAarHiTHUX MOMEHTIB aToMiB Mn B «HH3b-

KOCITIHOBOMY» CTaHi ax 1o 3HadeHHs M; = 1.48up mpu P = 38 kbar. [IpoBeneno mo-
PIBHSIHHSI OTPUMAHUX PE3YJbTaTiB 3 HASBHUMU JIITEPATyPHUMH JAHUMH.

KirouoBi ciioBa: mMeTaneBuii CIUIaB, JIOKaJbHUI MarHiTHUH MOMEHT, MarHitoo0’e€MHUI
e(eKT, MarHiTOCTpYKTYpHHI TIepexin

LF. Gribanov

VARIATION OF LOCAL MAGNETIC MOMENTS IN MnAs
UNDER PRESSURE. MAGNETOVOLUME ANALYSIS

Pressure-induced changes in value of local magnetic moments M; in MnAs have been
studied by empirical method enabling the detection of changes through the analysis of

magnetovolume effects. It has been determined that M; value decreases in a jump-like

manner with the decrease in temperature of the 1st-order ferromagnetic FM(B8;)—par-
amagnetic PM(B31) magnetostructural phase transition, and in the paramagnetic region of

the P-T phase diagram (near the FM(B8;) boundary) the magnetic state of atoms
smoothly changes from «high-spin» with M; = 3.2ug for Tc = 318 K to «low-spin» with
My =2.2ug for Tc = 225 K. The attained low-spin state of Mn atoms is preserved near

the mentioned phase boundary (M} = 2.1pp for Tx = 10 K) even at further decrease of the
temperature and during the transition to the region of double spiral structure DS(B31).
Pressure increase in phase B31 at low temperature results in a smooth decrease of the
value of local magnetic moments of Mn atoms in the low-spin state down to M; = 1.48up
for P = 38 kbar. The results are compared with literature data.

Keywords: metallic alloy, local magnetic moment, magnetovolume effect, magne-
tostructural transition

Fig. 1. Simplified P-T phase diagram for MnAs: T¢ and Ty — Curie and Neel tempera-
tures, respectively. Boundaries realized during pressure increase are shown

Fig. 2. Changes in crystal-lattice specific volume (curve /) and in value of local magnetic
volume of Mn atoms (curves 2, 3) under FM(B8)-PM(B31) or DS(B31) phase transition
at different temperatures, 67 — local deviation of the temperature from transition point

Fig. 3. Dependence of unit-cell volume and value of local magnetic moment of manga-
nese atoms on phosphorus concentration in the MnAs; P, (0 <x < 0.3) system
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