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Wccnepyercs npobnema reHepauuy CNMHOBOIO TOKa U €ro NpeobpasoBaHunsi B 3JEKTPUHECKNE CUTHAbI B TOH-
KOMJIEHOUHbIX 4BYXC/IOMHbBIX CTPYKTypax heppoMarHeTUK — HEMarHUTHbBIA MeTasl. DTO HanpasJieHNe NpesCcTaB-
JIIET 3HAYUTENIbHBIA HAyYHbIA NHTEPEC U MEePCreKTUBHO A/ MPUMEHEHWU B CMUHTPOHuKe. B paHHoi paboTe
SKCMepuMeHTanbHO nccieposana crpyktypa LSMO/Pt, coctosiwas n3 snuTakcnanbHoi niaeHkn ceppomar-
HUTHOro MaHranuTa Lay 351,303, BbIpalieHHol Ha MoHokpucTannnyeckoii nognoxke NdGaOsz u nokpbiToii
NNEHKOW niaTuHbl. [eHepauns CMMHOBOro TOKa OCYLLECTBJISIIACh METOLOM CMMHOBOW Hakaydyku npw Bo30OyKae-
HUK B cnoe cheppoMarHeTrika heppoMarHMTHOrO Pe30HaHCa, ETEKTMPOBAHINE NMPOBOANIIOCH MO 3EKTPUHECKOMY
nanpsokennio U°T | BosHuMKatoLeMy B C/oe HeMarHUTHOro MeTanna 6narogapsi obpaTHomy cnuHosomy schcpekTy
Xonna. Bnarogaps otHocnTensHo Huskoii TemnepaType Kiopu (okono 350 K), ncnonssosarne LSMO nosso-
N0 LEeTanNbHO WCCNefoBaTh BAMUSIHWE HAMarHWYEHHOCTU (PEPPOMArHUTHOrO C/IOSi Ha reHepauuto CrrMHOBOro
Toka B TemnepaTtypHom gmanasone (100-350) K. Mpu 3Tom nocnefoBaTenbHO yHUTBLIBANOCH BAMsiHUE hOPMbI
AUHUM PepPOMarHUTHOIO pe3oHaHca, NpeacTaBastoLel coboli CBEPTKY Of4HOPOAHbIX (JIOPEHLEBbIX) CMNHOBBIX
NakeToB 1 HEOAHOPOAHOro rayccosoro ywuperus (mogens Poiirta). B pesynbtaTte aHanmsa Bcex napameTpos,
onpepensiowmx sennuuny US| nonydena TemnepaTypHasi 3aBUCUMOCTL CMELLIAHHOW CMHOBOW MPOBOAMMO-
CTUN, KOTOpasi OKa3asacb NMPUMEPHO MPOMNOPLMOHANBLHON KBaApaTy HaMarHW4YeHHoOCTH peppoMarHeTuka. DTOT
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PE3YNIbTAT COMNOCTAB/IAETCA C CYyLUECTBYOLWWNMN TEOPETUHECKNMU MOAENAMMN.

1. BBEAEHUE

CHMHOBBIM TOKOM HA3BIBAIOT HAIIPABJIEHHBIN TOTOK
CIIMHOBOTO YTJIOBOTO MOMeHTa. Kak mpaBmiio, CIHHO-
BbI€ TOKHU CO3JAIOTCs, PACIPOCTPAHAIOTCA U IETEKTU-
DPYIOTCS B MAIHUTHBIX HAHOCTPYKTYpax. DTa TeMaTu-
Ka B IOCJI€JIHUE I'OJIbl MHTEHCUBHO PA3BUBAETCS U IIPU-
BJIEKaeT OOJIBIION MHTEPEC KaK € YUCTO HAyJIHOU TOU-
KI 3pEHHs, TaK W B CBSI3U C MHOTOOODA3HBIMHU IPHU-
MEHEHUSIMU, KOTOPBIE IPUHATO 00beIUHATH TEPMUHOM
CIIMHTPOHUKA, CM., HAIIPUMeEp, 0030pbI F]:,-_Z] U IUTH-
poBanHyO TaMm Jmreparypy. Omamm u3 3hderTus-
HBIX METOJIOB TeHEPAINN U H3yUeHWs] CIIHHOBOIO TO-
Ka BJISIeTCH TAaK Ha3blBaeMasl CIMHOBAs HAKAIKa (spin
pumping, SP) B aByxciioitabx cTpyKTypax dheppoMar-
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nernx (®M)-nopmassii metast (HM) [d-8]. B srom
MeTO/Ie CIIMHOBBIN TOK BO3HUKaeT B cjioe PM nipu BO3-
Gy neann dbeppomaranTHOTo pesonanca (PMP) ¢ mo-
MoIIpbio coorBercrBytomieii CBYU-Hakauku u 1epejaer-
cs depe3 rpanuny paszena B cioit HM. Takoit ciimno-
BbBIIl TOK HE CBA3aH C llepejgadeil 93JICKTPpUYeCKOro 3apsd-
JI& U HA3BIBAETCS IUCTBIM.

:

Cormacio pa6oram [, IIOTHOCTE CIMHOBOIO TO-
ka uepe3 rpanuiy @M /HM B ycioBusix cimHOBOW Ha-
KaJ4KN paBHA

(1)

rie h — mocrosinnast [lmanka, m — eIUHUYHBIN Bek-
TOP B HAIIPABJIEHUH [IPEIIECCUPYIOIIETO MAIHUTHOI'O MO-
MenTa (heppPOMArHETHKA, a ¢1¥ — Tak Ha3LIBAEMAas CMe-
[IaHHAsl CIUHOBAsi IIPOBOJIMMOCTD, 3aBUCSIIAsl OT Pas3-
JINUUS B OTParKaTeJIbHON CIIOCOOHOCTH I'PAHUIIBI Pa3ie-
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aa ®M/HM 10 oTHOIIEHUIO K 3JIeKTPOHAM C IIPOTUBO-
[TOJIOYKHBIMU OPUEHTAIMAMY CIITHA.

Kak nokasano B paborax ['_3—5], BBITEKAHUE CIHUHO-
Boro Toka u3 cjaosd PM BeseT K JONOJHUTEIHLHOMY 3a-
TYXaHUIO PE30OHAHCHOI IIpereccu MarHuTHOI'O MOMEH-
Ta, YTO IPOSIBJISIETCS B JOOABOYHOM YIIUPEHUU JITHUU
OMP u ucnosb3yercs st geTeKTupoBaHus dddexra
CIIMHOBOW HAKAYIKM, CM., HAIIPUMED, I'_.G,:Z:] Hpyroit, 60-
Jlee OJIHO3HAYHBINA MeTOJI M3MEPEeHUs] CIIMHOBOI'O TOKa,
OCHOBAH Ha MCIIOJH30BAHUN OOPATHOIO CIIMHOBOTO (-
dexra Xosna (ISHE), 6iarogapst koropomy B cioe HM
PEHEPUPYETCs JJIEKTPUIECKUN TOK C IIJIOTHOCTHIO [’5,2}]

(&

: )

Jisue = + 0su[n x jsl,
rje e — 3JIeMEeHTapHbIi 3apsijl, Ogy — Ge3pasMepHbIil
mapamMeTp, onpeIe/Iaronuit 3 eKTUBHOCTD CITMHOBOTO
addekra Xouta, 1 n — €IUHUYIHBINA BEKTOP B HAIIPAB-
JICHUM DACIPOCTPAHEHMs CIIMHOBOTO TOKa (B JAHHOM
cilydae, HepIeH/MKYISPHO TPaHulle pasjena). B ske-
[IEPUMEHTE OOBITHO U3MEPSIETCsl OCTOSIHHAST COCTABJISA-
omas IeKTprdeckoro mamnpsoxenns UST | cosmasae-
MOT'O TOKOM @) MEKJy KOHTAKTAMW, HAHECEHHBIMU Ha,
csroit HM.

UccnenoBannio CIIMHOBON HAKAYKH ITOCBSIIIEHO 3HA~
quTesbHOe Yncso nyosmkanmit. VI3 Hux ormernm Oa-
30BBIE CTATHU [:_l-(jﬁ'_l-@'], B KOTOPBIX BBIBEJICHBI U IKCIIE-
pPUMEHTAILHO TPOBEPEHBI HamboJIee BaryKHbIE U YI00-
HBIE JIJIsi UCIIOJIb30BAaHNS COOTHOIIEeHUsI. B panHux pa-
60Tax MCIOJIB30BAIICH IIPOBO/ISINNE PEPPOMATHUTHDIE
IJIeHKK (MeTaJUIbl WM TIOJIYTIPOBOHUKN ), OJTHAKO 3a-
TeM OBLJIO TOKa3aHO, 9TO 3(MMEKT CIUHOBON HAKAIKU
YCIIEIIHO PeaU3yeTCs U IIPH UCIIOIb30BAHUN JINIICKT-
PUYIECKOT0 MATHUTHOTO CJIOST — KaK IPABUJIO, YKeJie-
so-urTpHesoro rpanara (ZKUT) — cu., nanpnmvep, [A].
B kagecTse marepuamna ayst cioss HM obbrano Beibupa-
FOTCS TSIZKeJIbIe METAJLIBI, 00JIa1aT0He OOTBITIMI 3HA~
qeHusAMA Ogpy, Jalne BCero IJIaThHa.

B nmammoit pabore mcciemyercss 3aBUCHMOCTD (-
exTa crmmosoit nakaukn (u mapamerpa g't, ompee-
JIAIOIIEr0 BEJIMYMHY CIIMHOBOI'O TOKA) OT PABHOBECHOI
HamMarandeHHocTu My ¢peppOMArHUTHOIO CJIOsI. DTa 3a-
Jlada, uMmeronias GyHJIaMeHTaJIbHOe 3HAYEHHE [Tl 10~
HUMaHUs (GU3UIECKOrO MexaHn3Ma 3(PPeKTa U ero mpu-
MeHEHUi, OCTIOXKHIeTCs TeM, ITo My He BXoauT B Hop-
ayater (i) u () siBrO. Bosiee Toro, Kak nokasamo B pa-
6ore [:_1-2:], JJI Psfia, TUIUYIHBIX (DEPPOMATHUTHBIX Me-
tamnos (Fe, Co, Ni u ux criasos) snadenus g+ maso
PA3JIMIAIOTCS U K TOMY K€ IOYTH HE 3aBUCAT OT TEM-
neparypsl. [logaepkieM, 0JIHAKO, YTO BCE ITH PE3YIlb-
TaThl OJIyUeHbl 1pu TeMieparypax 1’ < To, rne To —
Temreparypa Kiopu. B To ke Bpemst oueBuIHO, UTO C
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npubsmkennem K To crnenndudeckne GpeppoMarunT-
HBIE CBOMCTBA CJIA0EIOT, & C IePEeXOI0OM B IapaMarHuT-
HYI0 00JIACTb UCYE3AI0T BOBCE, YTO HEM30EXKHO JOJIZKHO
MIPUBOIUTH K OCJTA0JIEHUIO U 3aTeM UCIE3HOBEHUIO -
deKTa CIIMHOBOM HaKaIKM.

Paspemtenne 31oro KaxKyIerocs napajiokca JIEKUT
B 3aBucuMocTH ¢+ or My, KOTOpast, K COXKAICHHIO, He
BBISIBJISIETCS B paMKax (OpMan3Ma MaTPHUIBI Paccesi-
HUSl, CIIOJIB30BANHOTO NpH BbiBoje dopmybr (i) [H].
Cy1tmecTByer u ajbTepHATUBHOE PACCMOTPEHUE [:_f{j',:_fzj],
OCHOBAHHOE HA KOHKPETHOM MHUKPOCKOIIMIECKOM aHa-
Jin3e BO3HUKHOBEHUsI CIIMHOBOI'O TOKA HA IPAHUIIE Pa3-
JleJia; B IIPUHIIAIIE, OHO [TO3BOJISET HAWTHU 3aBUCHMOCTD
g™ (Mp). K nacrosmeMy BpeMeHH, OHAKO, STOT TIOJI-
XOJI, PA3BUT TOJIHKO JIJIsl HEITPOBOJIAMIET0 (heppOMarHuT-
HOT'O CJIOS, TOT/Ia KaK HAC Oy/eT WHTepecoBaTh CJIydail
beppoOMarHUTHOTO METAJLIA.

715t 9KCIIEpUMEHTAJILHOTO PEIIeHUs] TTOCTABJIEHHON
3aja49n B KadecTse MaTepuasia OM-cios mesecoobpas-
HO BBIOpaTh (heppOMArHETHK C TPAKTUYECKU JOCTHU-
xKumoit Temrieparypoit Kiopn n ucciemoBars Temiepa-
TYPHYIO 3aBUCUMOCTH CIIMHOBOTO TOKA B JIUAIIA30HE OT
Te 10 IOCTATOYHO HU3KUX TEMIEPaTyp, P KOTOPHIX
paBHOBECHAsI HAMATHUIEHHOCTD JIOCTUTAET CBOErO Ipe-
JIeTBHOTO 3HaYUeHus W OoJiee He yBenmamBaetrcs. Jls
9TON MeJIn XOPOIIO TOJXOIUT JIAHTAH-CTPOHIIAEBBI
MaHTaHHT cocTaBa Lag/3Sri/;sMnOz (LSMO), mwmero-
muit T okoso 350 K. 3amernm, yuro 3ToT MaTe-
puaJi 001a1aeT YHUKAJIHHBIMUA MArHUTOPE3UCTUBHBIMU
cpoiicrBamu (3bdEKT KOJIOCCATBHOIO MArHUTOCOIIPO-
TUBJICHUs) U HEPCIEKTUBEH U1 TeXHUYECKUX [IPHMe-
nermit [15,,16].

[TepBble aKCIIEpUMEHTABHBIE JIAHHBIE TI0 TEMIepa-
TYPHOI 3aBUCUMOCTH CIUHOBOTO TOKA C MPUMEHEHUEM
ciost LSMO onybsimkoBanbl B pabore I:_l-z:] B kauecr-
Be HM wucnosipzoBasicss pyrenar crponius, SrRuOsj
(SRO). Habmopnancsa cymecrsennsii poct UST mpn
moumxkenun 1 or 295 K no 180 K, uro xoppesn-
poBasio ¢ pocrom Hamaramdenroctu LSMO. Opnako
npu JajbHEAIIeM OXJIAXKJIEHUN PEe3yJIbTaThl MCKayKa-
JIich u3-3a rnepexoza ciost SRO B dheppomMaruuTHoe co-
croguaue. Emre Baxkaee T0 00CTOATEIHCTBO, YTO IOJIY-
YEHHbBIE JIAHHDBIC HE 9KBUBAJIEHTHBI KCKOMOI 3aBUCHUMO-
cru g™ (T), nockosbKy u3mepsiemoe nanpsizkenue USF
BKJIIOYAET TEJBI PsiJi JIOMOJHATEBHBIX TEMIIEPATYp-
HO-3aBUCUMBIX (DAKTOPOB, ONPEIE/SIEMbIX YCJIOBUIAMU
9KCIIEPUMEHTa U CBOHCTBaAMU 00PA3IA.

O1u pakTOphl OBLIM II0CJIEI0BATEILHO yITEHBI B
nameii paGore [18], e Temmeparypras 3aBuCHMOCTD
CMEITAHHON CIUHOBOM MTPOBOJIMMOCTH B YCJIOBUAX CITU-
HOBOI HaKa4YKU U3ydasiach Ha JABYXCJOWHON TOHKOILIE-
nounoii crpykrype LSMO/Pt. Bouio nokasano, uro
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sapucumocth ¢ H(T) KauecTBeHHO corylacyercs ¢ Tem-
epaTypHbIM XOJ0M HaMaraumdennoctu cjoss PM, mo
HE COBIAJIAeT C HUM B jeTasisix. [Ipemmosarajgocs, 9To
9TO pa3IuIne 00YCIOBIEHO T€M 0OCTOSITETHCTBOM, ITO
CIIMHOBBII TOK B 10/I00HO# cTpyKType hopMupyercs: B
OYeHb TOHKOM CJIO€, IPUMBIKAIONIEM K TDAHUIE Pas-
nesia @M/HM, rue Besauuuna U remiepaTypHbLi Xoi
HAMArHUYIEHHOCTH MOTYT 3aMETHO OTJIUIATHCS OT 00b-
€MHBIX TapaMeTPOB. YKa3bIBAJIOCh TAKYKe Ha CXOJICTBO
nostydennbrx Kpusbix ¢+ (T) ¢ TemIepaTypHBIM XO-
JIOM CIIUHOBO TOJISIPU3AIMN 3JIEKTPOHOB IIPOBOUMO-
CTH, IPUBEJIEHHBIM B paboTe [:_1-9'] OHaKO OKOHYATE b~
HBIX BBIBOJIOB OTHOCHUTEJIBHO CBSI3U CIIMHOBOIl ITPOBO-
JIMMOCTH ¢ HAMAIHUYEHHOCTBIO U CIIMHOBOMN IIOJISIPU-
3amueii caenarh He yaasaochb. OHOI U3 IJIaBHBIX MPU-
YHH 3TOTO SABUJIOCH cuibHOe yimpenue juaun OMP B
ucnosnb3osarnoil mweake LSMO (mosymmupnaa Ha 10-
JIOBUHE MHTEHCHBHOCTH cocTaBiiser npumepro 100 ),
9TO CBUJIETEIHLCTBYET O HEOJHOPOSHOCTH 00pa3Iia u 3a-
TPY/IHIET KOPPEKTHOE COMOCTABJIEHNE C TEOPETUIECKHU-
MH HOpPMyTaMI.

B macrosimeit pabore 5Tu nccse0BaHus IIPOI0JIZKe-
HBI Ha, By XcJ0iiHO# crpykType LSMO /Pt 6oJiee Bbico-
KO0 Ka9eCTBa U B HECKOJILKO UHOI reomerpun. AHasus
[TOJIy9E€HHBIX PE3Y/IbTATOB U WX COIOCTABJIEHUE C JAH-
HBIMI PADOTHI [:1-8_‘], a TaKKe C paHee Oy OJIMKOBAHHBIMMI
JIAHHBIMU TI0 CHTHOBO¥ HAKaIKe B CTPYKTYPaxX CO CTAH-
HapTHBIME (PEPPOMATHUTHBIMYA METAJLIAMA [:_1-(_}—3-2_;,2-(_]']
[TO3BOJISIET 3HAYUTEILHO MPOJABUHYTHCA B MOHUMAHUU
bU3NIECKOT0 MEXaHU3Ma, JIAHHOTO SIBJIEHUSI.

2. MATEPUAJIBI 1 METO/IbI

WccnenoBaauch  JIBYyXCJIOWHBIE
crpykrypsl LSMO/Pt. Duurakcuansusiii cioit LSMO
TOIHOMN dpps = 20 HM BBIpaIUBaJICS Ha IIOBEPXHOC-

TOHKOIIJIECHOYHBIE

tu (110) momoxpucrammdeckoit nomuoxkkun NdGaOs
(NGO). Kax ussectro [21,29], B 91oM ciyuae mienka
LSMO opuenTupoBana 1o CBOEil ICEBIOKYOUIECKOM
wiockocru (001), B KOTOpOiH mM3-32 MEXAHUYECKUX
HAIPSZKEHUI BO3HUKAET OCeBasl MarHUTHAs aHU30-
Tpouus € JIerKoii ocbio BioJsib Hanpassenus [010].
Kax 6ymer BumHO B JaibHERIEM, 3T0 0OCTOSTEbCT-
BO CYINECTBEHHO JjIsi OOPAOOTKM W WHTEPIIPETAIIIHN
PE3YIILTATOB.

Pocr smnrakcuansnoit mienkn LSMO ocyrmecrs-
JISUICS. METOJIOM MATHETPOHHOrO Hambuienust (ea. [23])
pu Temreparype motokku 820 °C B cmecu ra3os Ar u
02 (3:2) ¢ maBienuem 0.3 mGap upu momuocru BY-re-
meparopa 50 Br. CkopocTh pocra npu yKa3aHHBIX T1a-
pamerpax cocrasisiia 0.33 um/mun. [Tocse nanbuienus
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[JIEHKW HY?KHO TOJIIUHBI B KAMEPY BBOJIUJICS KUCJIO-
pox (1 arm) u Temieparypa IUIABHO CHUXKAJIACH CHA-
gaja 710 500 °C, a 3areMm /10 KOMHATHON TeMIepaTyphl.
3areM B TedeHHe Yaca B CHEMUATLHON [EYH TIPU TEM-
nepatype 820 °C B armocdepe O MpoBOAMIICS TOIOJI-
HUTEIbHBII OTKWT IIJICHKH, 9TO ODECIIeUnBAJIO ee Ha-
CBIINEHNE KUCJOPOJOM U CYIIECTBEHHO YMEHBIIAJO Je-
dexrHOCTH. PUHAMBHON cTajnelt U3rOTOBJICHUS TeTe-
POCTPYKTYPHBI ObLJIO HallbLIeHne oBepx mrenku LSMO
TOHKOTO CJIOSI IUIATHHBI C IIOMOIIBI0 MArHETPOHHOTO
PACIIbIIEHUs] HA TOCTOSTHHOM TOKE.

OcHoBHBIE U3MEPEHUsT TPOBEJIEHBI Ha 06Pa3Iax, Bbl-
[TOJTHEHHBIX B BHJIE Y3KUX IOJIOCOK JyinHON L = 5 MM
u mmpuHOit w = 400 MKM [pU TOJIIWHE MOJJIOKKN
0.5 MM, Tosmune mwirenku LSMO drp = 20 uM 1 TOJI-
muHe cyios maaTuibl dyyy = 10 am. I[Tosockun dpopyu-
POBAJINCh MOHHO-JIyYE€BBIM TPABJIEHUEM C HCIIOJIb30Ba~
HreM Macku u3 doropesucta. g naMepeHus JIeKT-
PUYECKOr0 HAIIPSI?KEHUST Ha, KOHI[AX IIJIATHHOBOM MOJI0C-
KI HAHOCHUJIUCH CEPEOPsIHbIE KOHTAKTHI.

Kpucrayutorpaduaeckasi opueHTanusi 1 KadecTBO
snurakcuaabHoil miienku LSMO KoHTposmmpoBajuch
KaK CTaH/IaPTHBIMU METOIAMU PEHTTEHOBCKOII Tndpak-
mun (nogpobuee M. |:‘_2-2i]), Tak u 10 crekrpam OMP,
KOTOPBIE PEMUCTPUPOBAIUCH € TIOMOIIBIO CIIEKTPOMETPA
Bruker ER 200 (wacrorusiit guanason 9.7 I'T') ¢ Tem-
nepatypnoit npuctaskoit Oxford. B wacraocTu, ananu3
YTJIOBOW 3aBUCHMOCTHU PE30HAHCHOTO 1ojist Hy mipu ero
BPAIEHNH B IUIOCKOCTH TIJIEHKHU TIO3BOJISIET OIIPEJIETUTD
[OJIOZKEHUE OCU BHYTPHUILJIOCKOCTHON aKCUaJILHOI Mar-
HUTHOW aHU30TPONUK N, U OCeil KyOMIeCKO KPUCTAJI-
JiorpaduIecKOil AaHM30TPOITNH N, & TAKIKE OIPEJICTUTD
3HAYEHUsI COOTBETCTBYIONMUX 1MoJjieii anuwsorponun H,,,
H. n nacoimennoit namarandennoctu M [:_fg] B namn-
HOIT paboTe Takue n3MepeHust ObLIN BBITOJIHEHBI B JTHa~
nasone temmeparyp (100-350) K. Ormernm, arto 3Ha-
JeHUsi HAMArHUIEHHOCTH, TI0JIY Y€HHBIE THM CIIOCODOM,
MOTYT OKA3aThCsl HECKOJIBKO 3aHUKEHHBIMI U3-38 C/IBU-
ra jiuanyn @MP 1101 BimsinneM J101I0JIHATEILHOIO BKJIa-
Ja B MACHUTHYIO SHEPrut0, OOyCJIOBJIEHHOTO B3anMO-
neiicreueM cjiog LSMO ¢ mienkoii miaruasl. B Hamem
cJIydae TAKO CJIBUI BO3HUKAJ JIUIIh B HU3KOTEMIIEDa-
TYPHOI YaCTH MCCIEJOBAHHOTO IUAIA30HA U TOJBKO B
nByxcioitabix crpykrypax LSMO /Pt. Bosee aerasin-
HBIM aHaJIu3 3TOH TPOOJIEMbI — TIPEIMET OT/IE/THHO
nybaukarun. B qannoit pabote yKazaHHas HETOUYHOCTD
B ompejesieHnn BenanHbl My KOPPEKTUPOBAJIACH IIy-
TeM CPaBHEHUsI C TEMIIEPATYPHOI 3aBUCUMOCTBIO TLJI0-
maw juann PMP-nornomenust (¢ yaeToMm smmnTud-
HOCTH CIUHOBOII mpereccun B (peppOMariHuTHON TIICH-
ke). Urorosas 3asucumocts My (T') Gyner npusesena B
CJIEJTYIOIIEM pasJiesie.
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Curnan ®MP, orn. ex.; U

Puc. 1. Crnownasi nunns — curvan USY(H), sanucanniii

npu TemnepaTtype 248 K. LLTtpuxoBas nnHus — nofroHka

dyHkumeir dpopmbl Polirta @) c napametpamu dr, = 12.5 9 n

0c = 10.2 3. BHU3Y WTPrXNyHKTNPOM MOKa3aHa Npon3BogHas

nnHun PMP-nornoweHus, 3annucaHHas B Tex xe ycnosusax. Ha
BCTaBKE — reOMEeTpuUs 3KCNepPUMeEHTa

Becpma cymecrBeHHy0 MH(MOPMAIUIO JAIOT U3Me-
penust mupuabl 1 (hopmbel jmann PMP, KoTopbie Tak-
’Ke TIPOBOJIMJINCH B YKA3AHHOM TEMIIEPATYPHOM JIHaria-
3one. BoJtee o1poOHO 3TH JaHHbIE OYIYyT 00CYKIATHCS
HIUZKE, & ceifiaac 3aMeTHM, 9TO TUIINIHbIE 3HAYCHUS 10~
nymupuabl guann GMP-tmorytomnenns Ha MOJIOBUHE UH-
rencusroctn (npu ' = 295 K) cocraBisor B JaHHOI
pabore okojio 12 D, Torja Kak B MPEIAbIIYIINX OMbITAX
[:_1-§'] 9TH 3HAYECHU JJOCTUTAJIU B TeX Ke ycjoBusx 70 .
DTO CBUIETETHLCTBYET O PAJIMKAJIBHOM YIIydIIEHAN Ka-
gecTBa nuTakcuaabnoi mwienkn LSMO, nocrurmyTom
B JAHHOI paboTe OJarogaps COBEPIIEHCTBOBAHNIIO TEX-
HOJIOIUH BBIPAIMBAHUS (B 4aCTHOCTHU, IPOBEJICHUIO 10~
[OJTHUTEJILHOT'O OTKHTA).

OcCHOBHBIE U3MEPEHUS TIPOBOJININCH Ha JIAOOPATOD-
Hoit yeramoske [18]. Teomerpusi SKcrmepuMenTa cxe-
MaTHYEeCKN IMOKa3aHa Ha BCTABKE K PIC. :14' Uccae-
JIyeMbIiT oOpaser] pa3Meniascsd B IMEeHTPAJbHONW ILIOC-
KOCTHU TPSIMOYTOJIBHOTO OOBEMHOIO PEe30HATOpa THIIA
T Fyp2 muanazona 9 I'T'n ¢ marpyxkenHoit 100poTHOC-
10 (Q = 900. Brermuee maruurnoe mosie H moruio Bpa-
MATbCS B TOU K€ IIOCKOCTHU. JITMHHAsT ¢TOpOHA TO-
JIOCKM YCTAHABJIMBAJIACH TAPAJIIEIBHO IMUPOKON CTEH-
Ke pPe30HATOpa, T.€e. BJIOJIb HAIPABJICHUS MATHUTHOTO
CBY-nosst h exp(iwt), 910 MEHUMU3UPOBAJIO UH LY KI[H-
ounsle CBY-rokn B 06pasue. Hanpsoxenne USY m3me-
PSIOCH BJIOJIb TOTO YK€ HAIPABJIEHWUS] B YCJIOBUAX De-
sonamncHoit CBY-naxadku ¢ gacroroit w/2m =9 I'Tn u
MOIITHOCTBIO B Pe30HATOPE 710 75 MBT, 4TO COOTBETCTBY-
er amrutye CBY-mosist B obpasie h =~ 0.5 9. g
yBenmdenus ayBcrBureabuoctn CBY-momnHocTh MOJTY-

JmposaJjach Meaniapom ¢ dacroroit 100 kI'n, a curnan
USP peructpupoBajicst ¢ IIOMOIIBIO CHHXPOHHOIO JIe-
TEeKTUPOBAHUS HA IaCTOTE MOJYJISIIIUU. 3AMUCh CUTHA-
na UST(H) nposojuiach IpH MPOXOKIeHun mosis H
qepe3 juanio PMP ¢ mocnenyromum nakorienuem. B
TUX YCJIOBUAX TyBCTBUTEJIHHOCTD Jlocturana 10 uB.

Kpome curnasioB cnimHOBO#I HaKadKu, B MOI00HBIX
YCJIOBHAX MOT'YT BO3HHUKATH JIOIOJHUTEJIbHBIE JJIEKT-
puYeckue HallpsKeHusi, 00yCJIOBJIEHHbIE, B YaCTHOCTH,
sddekramMun  aHU30TPOIHOTO MarHUTOCOIPOTUBJIEHUST
deppomaraeruka [:_1-(_)', :l-ﬁ] Jlisi uX TOJABJICHUST HAIIN
9KCIIEPUMEHTHI TPOBO/IUIINCH IIPU OPHEHTAIINN MarHUT-
woro nosis H, meprieHinKy isipHO#l HAIPABJIEHUIO U3Me-
pernus USP | xorma nonosHuTeIbHble HAIPSAYKEHHS 06-
parmaoTrcs B HyJsb. [lociieinee mpoBepsiiocs myTem n3-
MepeHus YTJIOBOH 3aBucuMocTu 3dderra. B mammoir
pabore nosocka LSMO/Pt Bbipesajach BIOIb TPYI-
HOH OCH BHYTPHUILJIOCKOCTHOH aKCHAJbHONH aHU30TPO-
mmu, Tak 910 moje H Ob1710 HAIpaB/IeHo BJIOb JIETKOH
ocu n,, (B oryimane OT paboThl [:_1-8_:], TJle UCII0/IH30BAJIACH
opuenranus H L n,).

Cornacuo dpopmynam @:), (3_2), Pa3HOCTD ITOTEHIIHA-
0B USP mensier 3mak mpu oGpaIeHun mo/spr3arim
deppoMaruseTuka, KOTOpasi B HAIMAX YCJIOBUSX OIIPE-
neisiercst HanpasjernueMm mojis H. D1o moareepxia-
JIOCh B 9KCIIEDUMEHTE U HCIOJIH30BAJIOCH I NCKJIIO-
YeHUs MMapa3UTHBIX HAIPAXKEHUH, HEIYyBCTBUTEJHHBIX
K mHBepcuu 1oJisi. Kak v B mpeblIynX SKCIIePUMEH-
Tax TaKoOIr'o poja ﬂ_l-g,z-éj]7 KaXKJi0€ N3MEPEHUe IIPOBOJIH-
JIOCH JIBAXKJIbI, IIPU IIPOTUBOIIOJIOYKHBIX HAIIPABIEHUAX
H, u B xadecrBe pesysbrara MPUHAMAJIACH IIOJIypa3-
HOCTB IIOJIyY€HHBIX CUTHAJIOB.

OxJtaxKieHre HUKe KOMHATHOM TeMIIepATypPhI OCY-
MIECTBJISAIOCH TTapaMU KHJIKOTO a30Ta, HATPEB BBIIIE
T = 295 K — mpoBOJIOYHON 3JIEKTPUUIECKON TeYbI0,
HaMOTAHHO} Ha BOJIHOBOI. Temmeparypa obpasma u3-
MepsJIaCh 10 €ro 3JEKTPUYECKOMY COIPOTHBJIEHNIO R
Ha TeX Ke KOHTAaKTaX, KOTOPbIE MCIOJIH30BAJIACH JIJIs
ocnopHBIX m3Mepenuit U5 (temmeparypnas sasucn-
MOCTH COIIPOTHUBJIEHUs 3apaHee KaaubpoBajach C TOU-
Hocthio +0.5 K). Takum o6pasom, mecsemyembrii 06-
paser;, OJIJHOBPEMEHHO CJIY?KIJI TEPMOMETPOM, UTO I03-
BOJISLJIO YUYUTBIBATH €r0 JOMOJTHUTE/IbHBI HAIPEB U3-38
CBY-nakauku.

3. PE3VYJIBTATBHI 11 OBCY2KJEHUE

Turmansiit curaan UST (H), samicannsrii mpu Tem-
neparype 248 K, nmokazan Ha puc. .'_],' BMeCTe C IIPOu3-
BoHOI JinauM norsomennss PMP, 3anmcanHoil B Tex
ke ycsroBusx. Armpokcnmariusi (popMbl curHasa (hyHK-

6*
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Puc. 2. Amnnutyga (TemHble KBagpaTbl, JieBasi Likana) u

nonywupuHa (CBeT/ible KPyXKW, MpaBasi LiKana) CUrHasoB

USP(H), n3mepsieMmbix B yCNOBUSIX CUHOBOW HAaKadKi Kak
yHKLMM OT TemnepaTypsbl

nwueit Doiirra, moka3aHHas Ha YTOM PUCYHKE, Oy1eT 06-
CyKJIeHa HUZKeE.

Temmeparyprbre zasucuvoctn ammuty sl (U5T) u
TOJTY IUPHHBL (61/2) curmanos UST(H) nokazanbl na
puc. 2.

YT0o0bI W3BIEYDb U3 ITUX JAHHBIX HHTEPECYIOITHe
HaC 3aBUCUMOCTHU CMEILIAHHON CIIMHOBOHI IIPOBOAUMOCTH
g™ oT TemmepaTypbl 1 HAMATHUYEHHOCTH, BOCIO/Ib3Y-
eMCsT HaJIeYKHO allpOOUPOBAHHBIMUA COOTHOIIIEHUSIMY U3
pabor [:_l-(j,:_l-l:], KOTOpBIE YIOOHO MPEJICTABUTEH B BUIE

USP(H) = Aog™ RANOsH x

AN
th
. <2AN

)p5;2fL<H>, (3)

rie Ag = ewh?w/4w; R — 31eKTpUYecKoe colpoTHBIe-
HUE MEXKJLy U3MEPUTETbHBIMU KOHTAKTAMU; Ay — JJIU-
Ha cunHOBOi Juddysun B ciaoe HM (muaruns);

_ w(Ho + 4n My)
P= S @H,y + 4nMy)?

— 06e3pa3MepHbIil PAKTOP, YIUTHIBAIONINI SJITUITHI-
HOCTBb CIIMHOBO#I TIperieccuu B (heppOMATrHUTHON ILI€H-
Ke; 7 — MPOMarHuTHOE OTHOIIECHUE 1

07

H — Hy)?

(4)
— JopentieBa GyHKIms HGOPMbI (€IUHUIHON aMILIATY-
JIbI) € HOJIYIIUPHUHO O,
r
Muoxkurens Ag, Bxojsnmii B popmyry ((_)’), He 3a-
BUCUT OT T€MIIEPATY DI, OJHAKO OCTAJIBHBIE TADAMETPBI
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3aBeJIOMO 3aBUCST OT 1, 1 9TU 3aBUCUMOCTH HEOOXOTH-
MO YYeCThb, YTOOBI BBIJEJUTH U3 IKCIEPUMEHTATHHBIX
JIAHHBIX PUC. :_2 HUCKOMYIO UH(DOPMAIMIO O TEMIIEPATYP-
HOM XOJI¢ CMEIIaHHOU CIIMHOBOII IIPOBOJIMMOCTH.

Pacemorpum atu napamerpsl mo nopsiiaky. Cormpo-
TuBJIeHnE R U3MepsiIOCh HEIOCPEICTBEHHO B XOJE JKC-
[IEPUMEHTa, ero TeMIIepaTypHas 3aBHCUMOCTH MOKA3a-
Ha Ha PHUC. r§."a. Ha Towm ke pucyHke nokasana Temiepa-
TypHas 32aBUCUMOCTE (hbaKTOpa P, JIJIsi BBIYUCICHUs KO-
TOPOr0 UCIOJIB30BAIUCH IKCIIEPUMEHTAbHbIE JAHHBIE
O TeMIIePATYPHOIl 3aBUCUMOCTH HAMarumdeHunoctu My
(puc. ::3’6) JIis1 MOJTHOTHI KAPTUHBI HA PUC. :36 oKa3a-
HbI TaKKe TeMIIEPATYPHbIE 3aBUCUMOCTHU IOJIEH aKCu-
aJIbHON 1 Kybuueckoit annzorpormn mreHku LSMO.

Crnoxuee 06CTOUT 0 C JUIMHONW CIUHOBOM Tud-
dysun Ay u yriom cuumHOBOro 3dderra Xosuia Ogp.
JlurepaTypHBIE JaHHBIE HA 3TOT cUYeT (CM., HAIPUMED,
[:]:]) BeCbMa ITPOTUBOPEIMBLI U JIAIOT Pa3bpoc abCcoIoT-
HBIX 3HaYEeHMIT DoJiee YeM Ha MOPsiJIOK; He JIydIine 00CTo-
UT JIEJIO U C TeMIIePATyPHBIMU 3aBUCHMOCTSIMI ITHUX T1a-
pameTpoB. UToOBI 000#TH 3TH TPYIHOCTH, MBI He Oy/1eM
[BITATHCA YUIeCTh Temieparypubie 3asucumoct Ay (1))
u 0gsp (T) 10 OTAEIBHOCTH, & IIPOBEIEM CPABHEHUE JIAH-
HBIX PUC. '_ ¢ pe3yJibTaTaMi aHAJIOTUYIHBIX HCCJIEI0Ba-
uuii Ha crpykrypax @M /Pt, B KoTOpbIX TeMueparypa
Kiopu dbeppoMaranTHOro €105t TOPA3/10 BhIIe KOMHAT-
HOIi TeMIlepaTyphl, Tak 9T0 3Hadenune My MOXKHO CUu-
TaTh MOCTOSTHHBIM B WHTEPECYIOIMEM HAC TEMIIEePATyp-
HOM JIHAIIA30HE.

Takue nannble aug @M = Fe, Co, FesO4 upen-
CTaBJIEHBI B paboTe [i?_ﬂ, [J1€ TIPOJIEMOHCTPUPOBAHO ITPHU-
6IM3HTEIBHOE MOCTOSHCTBO BeIMUUH ¢ B nnamasone
(100-300) K, oxmako npusejenHast TaM uHMOpMAIUS
HEJIOCTaTOYHO Toapobua. bBosee momaxosdameit mpe-
crassiercs pabora O6crbayma u ap. [20], BbmotHen-
Has HA IBYXCJIOHHON cTpyKType nepmauioil (Py)/Pt B
IIIIPOKOM TeMIIepaTypPHOM jnarasone. Vcnoib3ys gaH-
HbIe, IPUBEJICHHDBIC B 9TOW paboTe, U CpaBHUBAs UX C
dopmyioit (';_3), MOYKHO BBIYUCJIUTH BEJTUIUHY

)

(B pabore [20] mpemmonaraercs, uto Besmamaa gl B
crpykrype Py/Pt me 3aBucur or TeMueparypbl U Co-

AN
2N

kpi(T) = AnOsp th ( (5)

crapaser 3- 10 m~2). OTMeTnM, 9TO B HEKOTOPBIX pa-
60Tax MCIOJIB3YIOTCs OoJiee C/IOXKHBIE (DOPMYJIBI, yIU-
TBHIBAIOIINE, B YACTHOCTH, COOTHOIIIEHNE BPEMEH Pejlak-
CAINN C COXPAHEHUEM W C MEPEBOPOTOM CIIMHA, A TaK-
JKe JIpyTrre 0COOEHHOCTH ITPOTEKAHUsI CIIMHOBOI'O TOKA B
cnoe HM, cm., manpumep, [:_1-1:,:_1-'4’] B mo6owm ciyuae, og-
HAKO, TTapaMeTp kpy, B3ATBIH HEITOCPEJICTBEHHO U3 KC-
[epuMeHTa 10 CHMHOBOM Hakauke B crpykrype (Py)/Pt
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Puc. 3. DkcneprmeHTanbHO M3MepeHHbIe TEMNEPaTypPHbIE 3aBUCMMOCTY HEKOTOPbIX NapaMeTpoB nccieqoBaHHoro obpasua. a) Co-

npotuenenne R Ha ydacTke usmepenns USY (cnnownas nununs, nesas wkana) u dakTop snnuntuuHoctyn p (TeMmble KBagpaTsl,

npaBas wWkana); 6) HamarHmyeHHocTs Mo (TeMHble KBagpaTbl), NoNe aKCUaNLHON BHYTPUMIOCKOCTHON anusoTponun H, (cset-
Nble KPYXKKM) 1 none kybuueckoii anusotponun H. (TpeyronbHukn). Kpuebie nposefeHbl MO 3KCNEPUMEHTaNbHBIM TOYKaM

kpy, 1M ky
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Puc. 4. JleBasi wkana: TeMHble KBagpaTbl — napameTp kpi,

onpefensitownii BANSIHUE CNOS MIATUHbLI HA TEMMEPATYPHYLO

3aBUCUMOCTL CMIMHOBOTO TOKa (PaccHMTaH Ha OCHOBE AAHHBIX

paboTbl L2(_)']) CMJIOLWIHAS JINHUSI — JIMHERHAs annpoKCuMaLms.

[MpaBasi wkana, cBeTNble KPYXKKU — napaMeTp ki, XapakTepu-

3YIOLMIA COOTHOLLEHNE OAHOPOLHOIO MU HEOLHOPOAHOTO YL~
petusi PMP B mogenn Poiirta

[20], ncuepubiBaomIM 06pasoM XapaKTepH3yeT BKJIaJ
CJIOS TJTATHHBL B TEMIIEPATYPHYIO 3aBUCHMOCTH CIIMHO-
BOTO TOKA U TIO9TOMY MOYKET OBITH HEMOCPEICTBEHHO
IpUMEHeH K aHAIM3y HAIMX Janabix (puc. @). Ipn
3TOM MOTPEOOBAIACEH UL HEDOIBINAS KOPPEKITNsT U3~
3a HE3HAYUTEIHLHOTO PA3INIUs B BeJTMIHHAX d )y Y HAC
(10 um) u B padore [20] (12 ). Temneparyprast 3aBu-
cumocTb napamerpa kpy (1) nokasana Ha puc. '(_1:
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Teneps paccmoTpum H0J1e€ IeTATBHO BOIIPOC O POP-
Me u mupuHe Juand. [Ipu BeiBoje hopmyibl (g) pe;i-
110J1araJI0Ch F.:J*ﬂ'fl,:_l-(j,:_l-l:], uro juansg PMP oxnoposHO
YIINPEHA 3a CYeT PeJaKCAIMOHHBIX MIPOIECCOB, 9TO W
OTPayKEeHO B ee JIOPEHIEBOil (popme ('-gf) Omnaxo, Kak
BUJIHO HA PUC. :2:, B OOJIBINEHl YACTU UCCIIEIOBAHHOTO
TEMIIEPATYPHOIO JIHAITA30HA, KCIIEPUMEHTAJIBHO M3Me-
PeHHBIC 3HAYEHUsI TOJIYNTUPUHbI JIMHUE J1/p CYTIECT-
BEHHO IIPEBBIMAIOT BeauduHy OKojo 10 D, xapakx-
TEPHYIO JJIs THJILOEPTOBCKOTO 3aTyXaHUsl B ILJIEHKAX
LSMO @_5] Ewme Gosiee 3naunrespuoe ymupenue (10
120 9) mabronaocs B padore [L8], re GbLI0 BbICKa3a-
HO TIPE/IIIOJIOYKEHNE O HEOTHOPO/IHOM YIITUPEHUH JITHIH
OMP 3a cuer pazbpoca MEXaHUICCKUX HAMPIKEHUH
B snuTakcuaabioii crpykrype LSMO/NGO. B noubssy
3TOI MOJIE/TM TOBOPHUT U KOPPEJIATUA MEXKJLy 01 /2 ¥ TeM-
[epaTypHONl 3aBUCHMOCTHIO AKCUAJIBHON BHYTPHUILIOC-
KOCTHOI AaHU30TPOTIHHU, CP. PHUC. -'_2 u {}'6. fcwo, aro HeOn-
HOPOJTHOE YIITUPEHNE, BBIBOJIAIIEE JacCTh obbema dep-
POMArHUTHON IIIeHKU 13 pe3oHanca ¢ CBY-nakaukoii,
JIOJIZKHO HPHUBOJIUTH K OCJIA0JIEHUIO CIUHOBOTO TOKa U
ymensrennto USE.

JLjisi KOJIMYECTBEHHOIO ydeTa HeOHOPOJHOrO YIlu-
pennsi mpencrasum curman UST(H) (kax m amamo
OMP-norsionennst) B Bujie HABOPa OJTHOPOHBIX «CITA-
HOBBIX TIAKeTOB» JTopentieBoii (opmbi (4), ammmryia
KOTOPBIX PACIIPEJIE/ICHA B 3aBUCUMOCTH OT PACCTPONKN
OTHOCUTEJIHHO [EHTPA JIMHUK 10 TayCCOBOMY 3aKOHY C
oIy IUPUHOH d. OTMETHM, ITO 9Ta MOJIEJb TPUMEHsI-
€TCsl B CHEKTPOCKOIUH 3JIEKTPOHHOTO [APAMATHUTHOTO
pesonanca (DIIP) [26]. Mrorosast cBeprka Ha3bBACTCS
smmmeit Poiirra n onpezessercs bopayioit [21]
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fuH) = ﬁ_/ P @ op

dx,

e
orvIn2 (H — Hyp)VIn2
ébe da '
IIpuMmep ycrenHoil amIpoKCUMAIMN SKCIePUMEHTA b

b:

v =

noro curnasna UST(H) dopmoit summn @oitrra npu-
Besen Ha puc. . Meros HAMIydmed HOArOHKH MO3-
BoJIMJI € JocTaTodHoi rTouHoctbio (+£10%) oupeme-
JINTH 3HaYeHusi 05, U O B TeMIepaTypPHOM JUAlla30He
(130-320) K. Oxazasoch, 410 Beqnm4nHa 0, B yKa3aH-
HOIl 06j1acTu TeMIepaTyp IPAKTUYECKU IIOCTOSHHA U
cocrasiisier (12.5 &+ 1.5) 9, uro cornacyercs ¢ jurepa-
TypHbIME JlanHbivu [25]. B asibhedimes Mbr npesio-
JIATAeM, 9TO 9TO 3HAYCHUE COXPAHIETCHA BO BCEM HCCJIe-
nosanHoM auanasone Temieparyp (100-350) K, skio-
yasg 00a Kpas, IJe CHJIbLHOE HEOJQHOPOHOE YIIHpPEHue
3aTPYAHAET TOYHOE OIPEIEJICHUE I, .

Taxkum obpazom, dopmyiia (3) JIOJTZKHA OBITH MOJIU-
dunmposana ¢ ygerom ¢dopmbl jgunnu Poirta, B pe-
3yJIbTATE 9E€r0 AMILUIUTY/A CUIHAJIA CIHHOBONH HAKAIKN
[OJIy9aeT JIONOJIHUTE/IbHbIA MHOKUTEIIb

e 2
fv(Ho) 9 e”
= [ g
— 00

ky (7)

~ fo(Ho)

OTpazKaIoNIuit 0c/IabIeHIe CUTHAJIA, 38, CIET HEOTHOPO/I-
Horo ymupenus. B urore nomydaem

Us¥ = Agg™ Rkpipd; 2ky .

(8)
Ormerum, uTo B ogaOpogHOM Ipegese (b > 1) MuoKu-
Tesb ky CTPEMUTCS K €JIMHATIE, TOT/IA KAK [IPU CUJILHOM
HeoiHOpOHOM yrupernn (b < 1) BesmamHa ky an—
6mmzKaeTcs x b, uTo BefeT K cootnomennio UG o 61 /2

TlogcraBasis sKcrepuMeHTaIbHbIC 3HAYCHUS 07, U
0g B dopmyry (:_7.), [IOJIy4aeM TEMIIEPATYPHYIO 3aBH-
cumoctb ky (T'), MOKa3aHHYIO HA DPHUC. :4 Bugmo, gro
B auanasone temneparyp (250-310) K kosddunuent
Doiirra 6sm30K K eunuIe (OIXHOPOIHBII IPee), To-
IJla KakK BBINIE U HUXKE 110 TeMIIEPAType PACTET BKJIAL
HEOIHOPOAHOTO yinmupenust. OTMETHM, UTO NMPSIMOE CO-
nocrasienne snadennii Uy | nm3mepennbIx na o6pasiax
LSMO/Pt pasnoro kadectsa (¢ pasIMIHON MIUPUHON
suanr @MP), Xopolmo coryiacyercs ¢ JaHHON MOJIEIbIO,
TIOITBEPIK Iast IPUMEHUMOCTE (DOPMYJIBI (B) BO BCEM HC-
CJIe/IOBAHHOM JIMAlla30He TeMIIepaTyp [2@:]

Haxomer, ncrnos3ys cooTHomenue (&), mosydaenm
dopMyITy T MCKOMO# TeMIIepaTypHOil 3aBHCUMOCTH
CMEIIaHHON CIMHOBON IIPOBOJIMMOCTH:

Us”

N .
A() Rkptp5£2kv

g 9)
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Puc. 5. CmewaHHas cnuHoBasi MpoOBOAMMOCTb CTPYKTYpbl
LSMO/Pt kak dyHkuns TemnepaTypbl (TemHble KBagpaTbl,
fleBasi WKana) 1 TemnepaTypHasi 3aBUCMMOCTb KBaApaTa Ha-
MarHu4eHHoCTU (heppoOMarHUTHOrO Ciosi (CBETNbIE KPYXXKH,
coeAnHeHHble NUHMel, npaBas LKana)

TemueparypHble 3aBUCHMOCTH BCEX BEJUYUH, BXO/Isi-
mmx B 9Ty GOpMyJ1y, IPUBEIEHBI BBIIIE, CM. PUC. 5_2, 3,
4. Uroropas sasucumocts g™ (T'), mosyuennas moacra-
HOBKOI1 B (g BCEX BXOJSIIUX B HEe MapaMerpoB, IO-
Ka3aHa Ha PHC. 5 OHA IIPEJICTABJILAET CODOM TJIABHBIN
pe3yabTar JaHHO#W pabOTHI.

Kak BumaO Ha pucyHke, TeMmiepaTypHas 3aBU-
CUMOCTBH CMEIIaHHOIl CIMHOBOII IIPOBOJAMMOCTH Kade-
CTBEHHO HAIIOMHHAET TEMIIEPATYPHBII X0 PaBHOBEC-
uoii mamaramuennoct Mo(T), em. puc. d6. Onuako,
KaK yke ObLIO OTMeYeHO B pabore [‘1&'] XOPOIIEro KO-
JINYECTBEHHOTI'O COTJIACHs He Habsogaercd. Pazmnyns
MOI'YT OBITH OTHECEHBI 38 CYET HEKOTOPOT'O TIOHUZKEHUSI
TeMmireparypbl Kiopu B Tonkom cioe @M, mpuMbIKaio-
IeM K ITIOBEPXHOCTHU pa3jiesia Ll-S_SL HO BO3MOYKHA U JIPY-
rasg WHTepIIpeTalus, OCHOBAaHHAS Ha aHaJN3e MHKDPO-
CKOIMYECKON KapPTUHBI T€HEPAINH U PACIIPOCTPAHEHUSI
CIIMHOBOTO TOKa, 1epe3 mHTepdeiic deppoMarneTnk—
HeMarHuTHbI MeTasT. CoOTBETCTBYIOIIEE PACCMOTDE-
HU€e IPOBEIEHO B padoTax [:_ffi, :_l-é_i], OJJHAKO JIUIIL JIJIsI
citydasi, Korja (heppoOMarHuTHBIN CJI0H He SBJISIeTCS Me-
TAJUIOM (KOHKDETHO, 9TO KeJe30-UTTPHEBbIN I'DAHAT,
ZKUT). Tem He MeHee, 5TOT MOJIXO/] MOXKeT OBbITh HOJIe-
3€H U JIJIsI METAJUIMIECKOT0 (hepPOMArHUTHOTO CJIOs, €C-
JIN TIPOHUKHOBEHUE 3JIEKTPOHOB MpoBoiuMocTu 13 OM
B HM mpoucxoaut ¢ morepeit (pa3pl ciuHOBOI Tperec-
cun (nudHy3uOHHBIN MEXaHU3M, B OTJIMIKE OT GAJLIHC-
Tuaeckoro). IMeHHO 3ToT coyuaiil canraercs Hanbosee
peasmeTIIecKnM |5,

JI1s1 BLIBOJA COOTHOIIEHHS MeXKIy ¢V u KOHK-
peTHbIME (DU3UIECKUMHU IIapaMeTPaMU CTPYKTYPbI
deppoMaraeTHK-HOPMAJIBHBII  MeTaJLI

B CTATbhbAX
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BnunsiHue HamarHnyeHHOCTU Ha 3PPEKTUBHOCTL CMNHOBON HAaKaYKW. . .

ﬂ_l-i_{, :_1-4] WCIIOJIb30BAH MEXaHU3M OOMEHHOI'O B3aMMO-
JeiicTBUsT MEXKIy JoKajm3oBaHHbIMEU criimHamMu PM u
slekTpoHamu npoojgumoctu HM ma rpanune pasie-
Jla, — TaK Ha3bIBAEMBIN S—d-00MEH, KOTOPBI CIUTACTCS
KJIFOYEBBIM (DAKTOPOM, O0OECIIEUNBAIONIUM HHYKEKITHIIO
crimaoBOro Toka B cjioit HM. B pesymbrare, B pexku-
Me yMepeHHO#H 3(PHEKTUBHOCTU CIUHOBON HAaKAYKM,
aBTOPBI PabOTHI [:;l-i_*}'] [IPUXO/IAT K COOTHOIIEHUIO

gN X (JerMO)Qa (10)

rie Jep — BeamduHa OOMEHHOrO B3amMouelcTBuda (B
6e3pasMepHBIX eJMHHIAX).

st cpaBHEHNs HAIINX KCIIEPUMEHTAJIbHBIX JIAH-
ubix ¢ dopmyitoii (10) Ha Tom ke puc. & (paBasi mKa-
J1a) MOKa3aH TeMIepaTypHblil xo/1 Bejuaunbl M3 . Buj-
Ho, uto kpuebie ¢ H(T) uw MZ(T) B 1MelOM HEIIoX0
COIJIACYIOTCSI, XOTsI ¥ HAOJII0/IaeTCsl HEKOTOPOEe Pa3J/Iu-
que B Hu3KOoTeMmieparypHoii obsactu. [lociennee 06-
CTOSTEJILCTBO MOYKHO OTHYACTH OTHECTH Ha CUYET HeJo-
CTATOYHO TOYHOI'O OIIPE/IeJIeHUsI 11apaMeTpPoB (hOPMbI
quann Qoiirra. Bosee npuHIMNIUAIBLHON MTPOOIEMOit
IIPEJICTABIISICTCS HECOBEPIIEHCTBO TEOPETHYECKOW MO-
JIeJTH, He YIUTBIBAIONIEN MeTAITNIEeCKOM TPUPOILI (hep-
POMArHATHOTO CJIOS.

Takum obpaszom, B JaHHONH paboOTe MOJYIEHBI U
MTPOAHATN3UPOBAHBI  SKCIIEPUMEHTATBHBIE CBHUJIETE b
CTBa BJIMSAHUS HAMATHUIEHHOCTH (DepPOMArHUTHOTO
cyios Ha 3POEKTUBHOCTH CIIMHOBOW HAKAYKU B TOH-
KOILIGHOUYHOM  aByxcioiinoit  crpykrype OM/HM.
Bnarogapss BbIOOPY (hEeppOMATHUTHOTO MAaTEpHUATA
(LSMO), 1eMOHCTPUDPYIOIIETO 3HAYUTEIBHBIE H3Me-
HeHWsI HamarHmdeHHoctn B umHTepBajde (100-350) K,
U TI0CJIEIOBATEILHOMY yYeTy BKJaja HEOJHOPO/I-
Horo ymmmpenuss OMP  (momens Poiirra), ymamoch
CONOCTABUTh TeMieparTypHble 3asucuvoct  Mo(T)
u g™ (T) u nokasarh, 9TO TOC/EIHSSA TPUOIHAKEHHO
onmchIBaeTCs 3aKOHOM ME, COOTBETCTBYIONUM OJIHOIM
3 TeopeTmIecKnx Mogmeseit. MoXKHO HaJesThCs, ITO
9TU Pe3yabTaThl OYIYT CHOCOOCTBOBATH JaJIbHEHIIEMY
Pa3BUTHUIO TEOPUH CIIMHOBOW HAKAYKH.

BaaromapnaocTu. ABTODBI 61aroIapaT
®. C. JIxenaposa u I. A. OpcsauuukoBa 3a IeH-
Hble obcyxkienust u A. B. IIlajgpuna — 3a momoinb B
M3TOTOBJICHUN 00PA3IIOB.

®dunancupoBanue. Pabora
JaCTUIHON (PUHAHCOBOI  IOJJIEPIKKE
dorma  pyHIAMEHTATHHBIX

Ne17-02-00145).

BBIIIOJITHEHAQ HpI/I
Poccuniickoro

ucciefoBanuit - (rpasT

279

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

JINTEPATYPA

. J. Sinova, S. O. Valenzuela, J. Wunderlich et al., Rev.
Mod. Phys. 87, 1213 (2015).

A. V. Chumak, V. I. Vasyuchka, A. A. Serga et al.,
Nat. Phys. 11, 453 (2015).

A. Brataas, Y. Tserkovnyak, G. E. W. Bauer et al.,
Phys. Rev. B 66, 060404 (2002).

. Y. Tserkovnyak, A. Brataas, and G. E. W. Bauer,
Phys. Rev. B 66, 224403 (2002).

Y. Tserkovnyak, A. Brataas, G. E. W. Bauer et al.,
Rev. Mod. Phys. 77, 1375 (2005).

H. L. Wang, C. H. Du, Y. Pu et al., Phys. Rev. Lett.
112, 197201 (2014).

S. Emori, U. S. Alaan, M. T. Gray et al., Phys. Rev.
B 94, 224423 (2016).

E. Saitoh, M. Ueda, H. Miyajima et al., Appl. Phys.
Lett. 88, 182509 (2006).

H. Y. Inoue, K. Harii, K. Ando et al., J. Appl. Phys.
102, 083915 (2007).

O. Mosendz, V. Vlaminck, J. E. Pearson et al., Phys.
Rev. B 82, 214403 (2010).

A. Azevedo, L. H. Vilela-Leao, R. L. Rodriguez-Sua-
rez et al., Phys. Rev. B 83, 144402 (2011).

F. D. Czeschka, L. Dreher, M. S. Brandt et al., Phys.
Rev. Lett. 107, 046601 (2011).

Y. Kajiwara, S. Takahashi, J. Ohe et al., Nature (Lon-
don) 464, 262, Supplementary information (2010).

S. M. Rezende, R. L. Rodriguez-Sudrez, and A. Aze-
vedo, Phys. Rev. B 88, 014404 (2013).

M. B. Salamon and M. Jaime, Rev. Mod. Phys. 73,
583 (2001).

A.-M. Haghiri-Gosnet and J.-P. Renard, J. Phys. D:
Appl. Phys. 36, R127 (2003).

M. Wahler, N. Homonnay, T. Richter et al., Sci. Rep.
6, 28727 (2016).

V. A. Atsarkin, I. V. Borisenko, V. V. Demidov et
al., J. Phys. D: Appl. Phys 51, 245002 (2018).

V. Garcia, M. Bibes, A. Barthelemy et al., Phys. Rev.
B 69, 052403 (2004).

M. Obstbaum, M. Hartinger, H. G. Bauer et al., Phys.
Rev. B 89, 060407 (2014).



B. A

Ayapkun, B. B. Hemugos, T. A. LLlaiixynos

MITP, Tom 157, BbII. 2, 2020

21.

22.

23.

24.

H. Boschker, M. Mathews, E. P. Houwman et al.,
Phys. Rev. B 79, 214425 (2009).

B. B. [demunos, 1. B. Bopucenko, A. A. Kiumos n
ap., ZKDTD 139, 943 (2011).

1. B. Bopucenko, M. A. Kapmnos, I. A. OBcssHHUKOB,
Iucema B 2KTO 39, 1 (2013).

V. A. Atsarkin, B. V. Sorokin, I. V. Borisenko et al.,
J. Phys. D: Appl. Phys. 49, 125003 (2016).

280

25

26

27

28

. Q. Qin, S. He, W. Song et al., Appl. Phys. Lett. 110,
112401 (2017).

. A. M. Portis, Phys. Rev. 91, 1070 (1953).

. Y. ILyn, Texnuxa SI1P-cnexmpockonuu, Mup, Mock-
Ba (1970), I 12.

. V. A. Atsarkin, V. V. Demidov, T. A. Shaikhulov et
al., Magn. Res. Sol. 21, 19302 (2019).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


