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NCCJIEQOBAHUE MPOUECCOB HAMATHNHYNBAHWA

AHTUNPEPPOMAIHNTHBLIX HAHOYACTWLU B CNJIbHbIX

MMNOYNbCHBIX NONAX (MUHNOB30P)
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Jan kpaTkuli 0ob3op unccnepoBaHuii n aHanusa Kpuebix Hamarhuumsanus M (H) aHTudeppoMarHuTHbIX
Hanodactuy NiO un deppurngputa Bo BHewHux nonsix go 250 k3. [115 KOppeKTHOW MHTEPNpeTaLnm MarHUTHBLIX
CBOWCTB CMUCTEM aHTU(PEPPOMArHUTHBIX HAHOYACTUL, BaXkeH yqeT Bbicokononesoro (bonee 100k3J) yuvactka
3asucumocteii M (H). AHanusupyloTcsi 3aKOHOMEPHOCTU B DOPMUPOBAHUN [OMOJHUTENbHBIX MarHUTHBIX
NoOACUCTEM B aHTUPEPPOMArHUTHO YMOPSIAOYEHHBIX HAHOYACTMLAX M3-33 BAMSHAS Pa3MepHbiX 3deKkToB.
MpoBeaeHbl KONMMYECTBEHHbBIE OLEHKMN YKa3aHHbIX OMOJHUTENbHBIX NOACUCTEM — DeppOMarHUTHON Mnogcu-
cTembl (HECKOMMEHCUPOBaHHbIN MarHWTHbLI MOMEHT) W MOACUCTEMbI MOBEPXHOCTHBIX CBOBOAHBLIX CMVHOB.
MokasaHo, 4To Npu pasmepe 5HM aHTUEPPOMArHUTHbIE HAHOHACTULLI NPMOBPETatOT CBONCTBA «HaHOMArHU-
TOB», He YCTYNaoLLe TaKOBbIM AJ151 XKeNE300KCUAHbBIX (hEPPUMArHUTHBIX HAHOYACTHUL, TOFO XKe pasMepa.

Cmamwsa npedcmasaena 6 pamkar nybiukayuy mamepuaros VIII Eepoasuamckozo cumnoduyma
«Tendenyuu 6 maznemusmes (EASTMAG-2022), Kazanos, aseycm 2022 e.

© 2023

DOI: 10.31857,/50044451023010145
EDN: NOLGID

1. BBEAEHUE

VBesmauBaronuiicss ”HTepec K MAarHUTHBIM HAHOYA~
CTHUIIAM BBI3BAH KaK pacHIUpeHneM o0JjacTeil nx BO3-
MOYKHBIX TPUMEHEHU, TaK U C TOYKH 3PEHUs yCTa-
HOBJIEHUsI (DYHIAMEHTAJBHBIX MEXAHU3MOB, OIIPEIe Isi-
IOMUX TTOBEPXHOCTHBIE W pa3MepHbe 3DMEKTH B Tac-
THUIAX YKCTPEMAJIBHO MAJIbIX Pa3MepoB. B ¢Bs3u ¢ 31mM
n3ydyeHre MArHUTHBIX CBOWCTB MATEPHAJIOB HA OCHOBE
MArHUTHBIX HAHOYACTHUIL SIBJISIETCS HEOTHEMJIEMOIl CO-
craBJIsifoIeil ux xapakrepusanuu. Kpome Toro, nuMeH-
HO B MArHUTHBIX CBONCTBAX MPOSBJISIOTCS U BJIASIHUAE
OOJIBITION IO/ TTOBEPXHOCTHBIX ATOMOB, U 3(PDEKTHI
KOHEYHOI'O pa3Mepa JacTull.

Cpejin MHOro0Opa3ust Pa3IMIHBIX COCJIUHEHU, 00-
JIAJAONIUX MATHUTHBIM ITOPSIIKOM, MOXKHO OTJIEJBHO
BBIJIEJINTH HAHOYACTHUIIBI MATEPHUAJOB, KOTOPBIE IIPO-
apsiior anTudeppomarautrHoe (ADM) yropsiiouenue.
ADM-maTepuiibl B 06bEMHOM BUJIE MPOSIBJISIIOT JTOCTA~

* E-mail: dabalaev@iph.krasn.ru

TOYHO CJIAOBI OTKJIMK Ha BHEIIHEe MATHUTHOE TI0-
Jle, OJlHaKO B HaHopasMepHbix A®PM-uacrumax ¢op-
mupyercs deppomarautaas (PM) mojcucrema, B pe-
3YJBTATE YEr0 «HAHOAHTU(DEPPOMATHETHK > YIKE MOK-
HO cYuTaTh «HaHoMmarunToms. [losgsrerne @M-cpoiicTB
y A®M-nanouactur, 6buto mpenckasaHo Heemem |[1]
Ha OCHOBAHUU CTATUCTUYECKUX COOOPAYKEHWIl IOsiBJIe-
Hust J1eEKTOB CTPYKTYPBI M YACTHYHON JEKOMITEHCA~
i OM-yTIopsiTI0IeHHDBIX TTOIPEITEeTOK.

Hasmmare HeCKOMIEHCHPOBAHHOIO MATHUTHOTO MO-
menTa ADM-HAHOYACTHIL JeIaeT ITH MaTepUaIbl KOH-
KyPEHTOCIIOCOOHBIMEU (heppo-(hepPUMATHUTHBIM HAHO-
qacTuraM. BaxXHO, 9TO BCsl WUIEOJOTHS MATHUTHO-
IO TOBEJIEHNsT — CylleplapaMariiTHOEe COCTOSTHUE, 3a-
O6JIOKUPOBAHHOE COCTOsTHME, — mpuMeHsiemasi Kk DM-
HaHOJYACTHUIAM, pacupocTpansiercd u #Ha ADM-nano-
qacrunsl [1-4].

Hecmorpsi Ha Hemajioe KOJUYECTBO IKCIEPUMEH-
TaJbHBIX METOJUK, MO3BOJISIONINX OIMPEJIEIsTh TaKue
BasKHbIE C TOYKU 3PeHus (PU3MIECKOIO MaTepUAIOBe-
JIEHUs TIapaMEeTPbI, KaK BeJIMINHA MAIHUTHOI'O MOMEH-
Ta [ip, IPUXOIAINIErOCH Ha YacTHIly, U dPdeKTuBHAA
(aBucsamas or pasmepa d JaCTHUIBI) KOHCTAHTA Mar-
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HUTHOW aHm3oTponuu K g, MArHUTOMETDHUS SIBJISET-
€S OJTHUM U3 OCHOBHBIX TIPSIMBIX METOJIOB UCCJIEI0BA~
HUsI MAarHuTHBIX CBOMCTB. OHAKO JIAJIEKO HE BCETJIA
CTAHJIAPTU3UPOBAHHBIE YCTAHOBKH MO3BOJIAIOT IOJIY-
9aTh MOJHYIO HHMOPMAIHIIO 00 UCCIEIYEMbBIX CHCTEMAX
HAHOYACTHUI[. ITO CBI3aHO C TEM, UYTO B OOJIHIITMHCTBE
CYMIECTBYIOMNX MATHUTOMETPOB IIPH WCCJIEIOBAHUSIX
KPUBBIX HAMATHUYUBAHUSI MAKCAMAJBHO BO3MOXKHOE
nogie coctapisger 50-90 KD, u 3TOro aAranasoHa MOKeT
OBITH HEJOCTATOTHO JIJIsl KOPPEKTHOTO OIIPEICJICHIST Be-
JIMIUHBL [ip ¥ BKJIAJA JAPYTUX MATHUTHBIX [TOJICUCTEM,
dOopMUPYIOIUXCS B HAHOYACTUIAX. JTO, B IEPBYIO OUe-
pelb, orHocuTcs K cucreMam ADM-HaHO9aCTHIl, B KO-
TOPBIX, [PU XUMHUYIECKOH OHOMAZHOCTH YACTHUIL, TPHU-
CyTCTBYET HECKOJIbKO MArHUTHBIX (a3.

Wcnonb30oBanne UMITYJIBCHBIX TOJIEil, TPU KOTO-
PBIX BBIJEJIEHIE MOIHOCTH OTPAHUYIHUBAETCS OJIMHOY-
HBIM IIUKJIOM U3MEHEHUsI BHEIIHETO II0JIsl, SIBJISEeTCSI
AJIBTEPHATUBON CTAHIAPTHBIM METO/AaM UCCJIeI0BAHUS
KPUBBIX HaMarumduBanus. [lpu wmcciaegoBanusx 00b-
€MHBIX MaTepHasoB UMITYJIbLCHBIE OJIsT TPUMEHSIIOTCS
JIJIsT OIIPEIeJIeHNsT BBICOKOIIOJIEBBIX MATHUTHBIX IIEPEX0-
108 [5]. Tlpn nccaenoBaHnsaX MATHUTHBIX HAHOYACTHI]
GOJIBIIIE 3HAYEHUST MAKCUMAJIBHOTO MTPUJIOXKEHHOTO 110~
Jig (COTHU KHJIOAPCTEI) MO3BOJIAIOT KOPPEKTHO BbILJIE-
JINTH BKJIAJIBl PA3/IMIHBIX MATHUTHBIX (ba3 U3 KPUBOI
HamarauauBaans [6-12]. Kpome Toro, BO3MOKHOCTDH
WHBEPCUU TI0JIsI [IPU UMILYJIbCE JIaeT BO3MOXKHOCTD U3Y-
YUTH JIMHAMUYECKOE IepeMarHnInBaHue BBICOKOKOIP-
OUTUBHBIX MaTepuasaos [13-15].

Hammas pabora sIBISeTCS KpaTKUM 0030pOM HC-
cienoBannii HamarananBauus APM-waHo9acTUIL B UM-
IyJIbCHBIX MATHUTHBIX 10Jstx [9-13,16]. Bymer noka-
3aHO, YTO MMEHHO Jmamnal3oH mojeit 6omee 100k saB-
JISIETCSI «KJIFOUEBBIM» J[JIsi KOPPEKTHOI'O aHAJIM3a KPU-
BbIX HAMArHUYWBAHUS U TOJIyYeHUs WHMOOPMAIUU O
MATHUTHBIX TOJICUCTEMAX, (POPMHUPYIOMIUXCS B HAHO-
pasmepabix ADM-vacturiax. OCHOBHOE BHUMAHUE 10~
CBAIIEHO cepuu 00pa3IoB HAHOPA3MEPHOT'O OKCHJIA HU-
KeJig C Pa3jIMIHbIM pa3MepoM dactull (pasm.3), Tak-
JKe AHAJIM3UPYIOTCST PE3YIIBTATHI, TOJIY YeHHbIe JIJTsI Ha-
HOpasmepHoro deppuruapura (pasma.4) B cpaBHeHHH
(pasm.5) ¢ moBCeMeCcTHO u3ydaeMbIMU (DepPUMArHUT-
HBIMHU HAHOYACTUIAMU MATHETHTA U MATTEMUTA.

2. 9KCIIEPUMEHT

2.1. YcraHOBKa, TeHepUpPYIOMIasa CUJIbHBIE
UMIYJIbCHBIE II0JISI, © U3MepeHne N30TePM
HaMarHuY4uBaHUS

OpurunajbHasi yCTAHOBKA CHUJIBHBIX — HMILYJIBC-
HBIX ToJselt, paboratomas B HWuacTHTyTe Du3NKN
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uMm. JI. B. Kupeackoro CO PAH, KpacHosipck, wc-
IOJIb3yeT CTAHJAPTHBIA METOJI Ppa3paiKu Oarapen
KOHJIEHCATOPOB ~ 1uepe3  coseHony,  (amasmor LCR-
KOHTypa). Barapes konmencatopos K-75-88 (emxocTb
1.2 M@, 64 mir.) uMeeT BO3MOXKHOCTL KOMMYTAIUH HA
Pa3/IMIHYO0 BEJIMUUHY MOJHOW €MKOCTH U HAIPSXKEHUE
dapaaku o 2.5kB. Wcmoab3yorcsa camojenbHbIe
conernonibl ¢ HamoTKO#l m3 Cu-Nb-kommosura, wuan
6epuLIoBOit OpoH3LI. IIpu paboTe coeHON T HAXOTUTCS
B cpesie Kuakoro asora [17]. st msMepenust Hamar-
HUYEHHOCTH HCIOJIb3YeTC WHIYKIIMOHHBIN JTATIHUK,
[IPEJICTABJISIONUI  co00it  cucTeMy  KOAKCHAJBHBIX
CKOMIIEHCHPOBAHHBIX KATYIIEK, B KOTOPYIO MOMEIAJICS
obpagzer. UnaynupyeMblii B KATYIIKAX CATHA yCUJIU-
BAeTCsl U 3alUCHhIBAETCs IU(MPOBBIM 3aIIOMUHAIOIIIM
ocrimtorpacpom.  V3Mepennsi HaMArHUIEHHOCTH B
UMILYJICHBIX IIOJISIX COLOCTABJSIOTC (HOPMUDYIOTCS
110 abCOJIFOTHOI BEJINUUHE) ¢ JAHHBIMU BUOPAIMOHHOIO
MarHUTOMETPA.

YcraHOBKa MOXKET PabOTATh B PEKUMAX «OJIHOI 110-
JIYBOJIHBI» U <«JIBYX NOJyBOJH» [15]. st mccienosa-
HUsl KPUBBIX HAMATHUYUBAHUS UCIOJIB3YeTCsl TEePBBIil
DPEXKUM, B KOTOPOM KOJIEDATETHLHBI TPOTECC OCTaHAB-
JINBAETCsI TUPUCTOPOM TI0CJIE TIEPBOi 110JTyBOTHBI. J1 st
9TOTO peKnMa OBbLIO TOJYyYeHO MAaKCHMAJbHOE II0JIe
400-450 kD (mpm TaKMX BEIMIMHAX KOJINYIECTBO HMM-
MyJIbCOB OTPAHMYEHO TPOIECCAMU MEXaHUIECKOTO pas-
pyutenns cosenouzna) [17], a Ipu 3HAYEHHAX MAKCH-
masabaoro moJist 250-300 kD costenony paboTaer cra-
GuibHO (TaK Ha3bIBaeMblil Ge3omacHbli pekum). 13-
MeHsisl HAIIPsizKeHIe 3apsiJIKi KOHJIEHCATOPOB M MX €M-
KOCTb, BO3MOYKHO MOJIYYIaTh PA3JIUIHBIE JJINTEILHOCTH
UMILYJIbCA (JJIATEILHOCTH OJIYBOJIHbI ), KOTOPbIE 00BIY-
HO BapbUPYIOTCs B mpejiesiax or 4 u 32 mc. Mamepenust,
IPOMJIJIIOCTPUPOBAHHBIE B JIAHHO paboTe, IPOBEIEHEI
[IPY JITATETHHOCTHA UMITYJIbca 16 Mc.

2.2. O6pasiibt

[TockosbKy manHasi pabora sBJsieTCs O0O30pHOI,
OI'PAHUYMMCA YaCTUYHON XapaKTepusalueil ucciempye-
MbIX cucTeM HanodacTutl. Cepust 06pa3OB HAHOYACTHI],
OKCHJIA HUKEJIsI UMeJIa XapaKTePHbIE CPEJIHIE PA3MEPbI
4.5, 8.5 u 23 um (zasnee obpasipl 6yayT 0603HAUECHBI B
COOTBETCTBUU ¢ UX cpejHuMHu pasmepamu (d)) [9-12],
PUCTOIPAMMBI PACIPEIEJIEHNUS [0 pa3MepaM MpejicTaB-
stenbl Ha puc. 1. O6pasupt NiO xumudecku omaodas-
HBI, U 3HAUEHUs (d) XOPOIIO COBIAJAIN C BEIMINHAMK
00J1aCTH KOT'€PEHTHOT'O PACCEsIHUSI, ONPEJICTIEHHBIMI U3
YIIUDEHUST PEHTTEHOBCKUX JUMPAKIIUOHHBIX TTHKOB.

Temmeparypa Timez, TPU KOTOPOI 3aBUCUMOCTH
M(H) B HeGoabmom mose (1003 mocse oxJazkieHns
B HYJIEBOM BHEIIHEM I10JI€) JEMOHCTPUPYET MAKCHMYM
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Puc. 1. (B ugerte onnaiin) PacnpegeneHue no pasmepam vac-
Tny cepun obpasuos NiO

(06BIYHO CBSA3BIBAEMBIH € TeMIEpaTypoil GJOKMPOBKY
cyleprapaMarHuTHOrO cocTosnus) cocrasmia 10, 160,
250 K juist obpasnos NiO ¢ pasmepamu 4.5, 8.5, 23 HM,
cooTBeTcTBeHHO. B KauecTBe «obbemuoro» NiO (bulk)
6611 B3gaT peaktus OCY (0cobo uncThlit) ¢ CyOMUKDPOH-
HBIMU Pa3MepaMy TPaHyJI.

Qeppuruapur (HoMuUHAIbHAS

dopmyta
FeyO3-nHs) 6bL1 Oy I€H B pe3yJIbTaTe KyJIbTHBAPOBa-
HU¢ U BBIJIEJIEHUS U3 PE3YJIHTATOB KU3HEJAEATETbHOCTU
6axrepuit Klebsiella oxitoca [18,19]. Cpexnuuii pazmep
qacTHI] TaKuX 00pasioB cocrtasiser 2.5-3.1HM, a B
pesysbTare HU3KOTeMIIepaTypHoro orzxkura npu 150 °C
B Tedenme 24-24049 cpemHUIl pasMep YBEIUIHBACTCS
1o 5uM [20-22]. TTo nanabM MuUKpoaudpaKIUT 9TO —
TaK Ha3bIBAEMBIH JIBYXJIUHEHIATHIN (DEePPUTHIPHUT
(mBa IUMPAKIMOHHBIX KOJbIA UK IUDPAKIMOHHBIX
nuka) [23]. Xapakrepuzammsi ¢ TOMOIIBIO MeccHay-
POBCKOII CIIEKTPOCKOIINN ITOATBEP/INJIa OJHOMDAZHOCTD
ob6pasios [20-23].

3. PASMEPHBIE 1 IIOBEPXHOCTHDIE
OPPEKTBI B HAHOYACTHUIIAX NiO

Ha puc. 2 npuBenensl n30TepMbl HaMATHUIUBAHUS
M (H) cepun nanouacruiy 1 oobemuoro NiO mpu pas-
JINYHBIX TeMIeparypax. BugHa obmas TeHIeHIusT TPU
YMEHBIIICHUN pPa3MepOB YaCTHIl: BeJIWYNHA HaMarHu-
YEeHHOCTH PAaCTeT, & XapaKTep KPUBbIX HaMarHn4YnBa-
HUsT U3MEHSIETCSI OT JIMHEITHOM! 110 ToJt0 (DYHKINH K 60-
Jiee CJI0YKHOM (DYHKITMOHAIBHOM 3aBUCHMOCTH, KOTOPAast
JIeMOHCTPUPYET JUHEHHBII POCT TOJIBKO B JOCTATOYHO
OOJIBIINAX TIOJIAX.
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Puc. 2. (B ugete onnaiin) 3asucumoctn M (H) gns cepum
obpasyos HaHouvactuy (NPs) NiO paznuunbix pasmepos npw
yKasaHHbIX B lereHze TemnepaTypax. CniowwHble InHUM — pe-
3ynbTaThl nogrodkm; ans obpasuya NiO 4.5 HM noaroHka Bbi-
nosHexa no 3asucumocTtn (1) ¢ ydeTom pacrnpegenenusi no
pasmepam u Bbipaxkenii (2), (3) (Benuunna pp un 3aBucu-
moctb pp(T)); ans obpasuos NiO 8.5 n 23 HM BbinonHeHa
annpokcnmayusi Beicokonosiesoro (6onee 100 k) yyacTka nu-
HeliHoli byHKLMeld (BTopoe cnaraemoe BbipaxkeHust (2))

OOBIYHO KpUBYI0 HAMATHUYUBAHUS — aHCAMOJIA

ADM-nano9acTHI] MOZKHO OIHUCATH BLIPAZKEHHEM

M(H) = Mpp(H) + Xtor H, (1)

B koropoMm byHukimst Mgy (H) orpaxkaer mporec-
Chl OPHEHTAIMA MATHUTHBIX MOMEHTOB YACTHUI[ BJIOJIb
BHerHero nosst (©M-noicncrema), a auHeiHAsST JacTh
XtotH (Xtot — CyMMapHasl MArHUTHAs BOCIPUUMYU-
BOCTH) ONNCHIBAET JPYTUe BKJIAJBL. B 3a0/I0KHpOBaH-
HOM cocTogHuu onucanue 3aucumoctu Mgy (H) 3a-
TPYAHUTEIBHO, HO JJjis O0Pa3IoB C padMepamu 8.5 u
23uM (I HUX TeMIilepaTypa GJOKHDOBKH Iapamar-
HHUTHOIO cocTosiHust cocrapisger 160 u 250K) [9, 11]
B juanazone Bbime 100k 3asucumoctu M (H) nme-
IOT BBIPDAXKEHHBIN JIMHEHHBIA y4acTOK, 4TO IIO3BOJIACT
otpeiesuTh Besnanny Hacoienus M ey (H ). OueBni-
HO, YTO 9TO 3HAYEHUE — TOUYKA MEPECEUCHUS PIMOIL,
ONUCBHIBAIOLICH JIUHEHHDBIA y4aCTOK, U OCU OPAUHAT, CM.
puc. 2.

B pas6mokuposammom
Mgy (H) mopenupyercs  dynkuumeii  Jlamxkesena ¢

COCTOAHUN 3aBHUCUMOCTDH

YUIeTOM pacIpejie/ieHnsi JacTull 1o pasmepam. s
obpasma NiO 4.5HM Opajach peajibHasg (QyHKIUS
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pacrpee/ieHusa U3 JAHHBIX IIPOCBEYUBAIONICH 3JIeK-
TPOHHOI MHKpOcKomuu (cM.puc. 1), a MarHUTHbIH
MOMEHT, TPUXOJAINAICA Ha TACTHUILY, ITOJAraJCa 3a-
BACUMBIM OT KoJsmmdecTBa N,y aromoB Ni B Hell 10
CJIeTyTOIEMYy COOTHOIIEHMUIO:

b
P ~ pNilNgyy-

(2)

Bripakenue (2) U3BECTHO KAK «CTATUCTUIECKAS IHIIO-
te3a Heessi» GOpMUPOBAHUST HECKOMIIEHCUPOBAHHOTO
momenTa ADOM-unanouactur [1], B KoTopoii mokazaresnb
creneHr b TPUHWMAET pPa3JIndHble 3HAYEHUS B 3aBU-
CUMOCTH OT THIA JePEKTOB, MPUBOJIANMX K JIEKOM-
nencanuu. g medekros ma mosepxuocru b = 1/3,
I 1epeKTOB KaK Ha MMOBEPXHOCTH, TaK U B Oo0beMe
gacrunbl b = 1/2, a B cilydae HEYETHOIO KOJIMYECTBA
DOM-ynopsaI09eHHbIX IIOCKOCTeH B wactune b = 2/3
[1]. TmarensHas o6paboTka naHHBIX j1iIs obpasna NiO
4.5um [12] nokaszana, uro Beipaxenue (1) ¢ dbyaxI]-
eit Jlanxkepena ot napamerpa ppH /KT (k — mocrosts-
Hast Bosbivana) B kadectse Mgy (H) moxer mocra-
TOYHO XOPOIIO ONUCATH HKCIEPUMEHTAJBHBIE KPUBbIE
mamaranaunBanust upu b = 0.54 + 0.2 u, cooTBeTCTBEH-
HO, OIPEJeaUTh Besnauny Mp), «B HACHIIEHUW», Ia-
Jiee oboznagaemyio Kak Mg . Tomyuennoe 3mate-
aue b = 0.54 st obpasna NiO 4.5 HM CBUAETEIBCTBY-
€T O TOM, YTO He TOJIbKO JIeheKThl Ha MOBEPXHOCTH,
HO u JiebeKThl B 00beMe (BHYTPH) YACTUIBI IPUBOJISAT
K (bOpMUPOBAHUIO HECKOMIIEHCHPOBAHHOTO MArHUTHOTO
MomenTa JacTurl NiQ akcTpeMaabHO MaJIOro pasMepa.
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Puc. 3. (B ugete oHnaiin) TemnepatypHasi sBontouusi Benu-
dubl Ms pu (CuMBONBI), MonydeHHas U3 pesynbTaTos 0b-
pabotku 3asucumocteii M(H) (puc.2) pns cepumn obpasuyos
NiO. JluHum noctpoenbl no BbipaxkeHuto (3) npu a = 1.75
ma = 1.5 pna obpasuyos NiO 4.5 u 8.5HM, cooTBeTCTBEH-
HO; «3Be3Abl» Ha ocn abCuUMCC COOTBETCTBYIOT TemnepaTypam,
Npu KOTOPbIX 3Ha4eHNs BbipaxkeHust (3) ans sennunn Ms pu
obpasuos NiO 4.5 n 8.5 HM CTaHOBATCA paBHBLIMUN HYJIIO; TaKXKe
obosHayeHa TemnepaTtypa Heens Ty pur obbemuoro NiO
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Temmeparypuas 3aBucumMocts Mg ppf JUIsT cepuu
obpasnos NiO npuBenena Ha puc. 3. BI/ITILHO, 9TO yMEHb-
IIEHNe pa3Mepa YaCTHI] IPUBOAUT K (HDOPMUPOBAHUIO
«(eppoMarHuTHON»
HECKOMITEHCUPOBAHHBIM MAarHUTHBIM MOMeHTOM. [Ipu
YMEHBITIEHN pa3mepa oT 23 10 4.5 HM BeJImIuHa

COCTABJIATONIEH, O00YCIOBIEHHOI

Mg rp Bospactaer moutu B 50 pa3. Temmeparyproe
u3Mmenenne Mg pp; XOPOIIO ClIeIyeT 3aBUCUMOCTHU

MS_FM(T) = MS_FM(T = O)(l - OzTa), (3)

IJie @ U @ — KOHCTAHTHI. Bblparkenue (3) ommchiBaer
9KCIIepUMeHTaJIbHbIe JaHHble Jjist 00pas3nosB NiO 4.5 u
8.5um ipu a = 1.75 u a = 1.5, coorBercTBerHO. KoO-
3 durmenT « onpeessieT TeMIepaTypy, 10 KOTOPO
cymectByeT @M-mtosicucrema, u 3HaYEHUsT ITOM TeMIIe-
patypsl cocraisior 440 u 510 K myrst o6pasmos NiO 4.5
u 8.5 HM. YMEHBIIIEHUE TeMIIEePATYPbl MArHUTHOT'O YIIO-
panodenus (s oobemuoro NiO remueparypa Heess
cocrasiisier 523 K) ¢ ymeHbleHueM pa3MepoB YaCTHIL
U3BeCTHO [24,25], 1 B JAHHOM CJIyuae 9T0 HabJII0IaeTCst
Ha OCHOBAHWU IOBEJEHNS HECKOMIIEHCUPDOBAHHOI'O MO-
MmenTa Hanogactur NiO (cum. puc. 3).

[Tepeiiem K aHa/M3y mapamMeTpa Xio¢ B BbIpaXKe-
uun (1). Kak BujHO Ha prc. 2, HAKJIOH (BEJIMYINHA X¢ot )
3aBHCUAT OT pa3Mepa YaCTUIl U yMEHBIIAeTCsl C POC-
ToM TemIiieparypbl. Ha puc. 4 mokazaHbl 3HAYCHUS X tot
st cepun 0bpasios Hanodactur; NiO B 3aBucuMocTn
OT TEeMIIEPATYPBI, & TaK¥XKe 3aBUCUMOCTH X pyuik(1). Tla-
DPAMETD Xtot MOXKET OBITH CyHEepPIIO3UIneil HECKOIbKUX
BKJIAJIOB, W OJJHUM U3 HUX SBJIFAETCS CKOC MOJIPEIIETOK
ADM-«siipay gacTuIl, KOTOPBIH OMUCHIBAETCS (DYHKIU-
et XpukH (Xpue — APM-BOCHIPUUIMYINBOCTD 0GBEMHO-
ro MarepuaJja Co CAydaiHol opueHTamueil KpucraJio-
rpadudeckux oceii). OgeBumno, 9To s upeHTU)U-
KaIlMU MArHUTHBIX [TOJICUCTEM, JIAIONUX BKJIA B Xtot,
HEOOXOJIMMO BBIYECTb U3 IMOCJETHEH 3HAYCHUS X pylk-
C Jipyroil CTOPOHBI, YMEHDBIEHUE Xio; C POCTOM TEM-
[epaTypbl CBHJETEJLCTBYET O BO3MOXKHOM I1apamar-
HUTHOM TIOBEJIEHUH JacTu cruutoB. [loaTomy 1esrecoob-
PA3HO Pa3e/IUTh 3aBUCUMOCTD Xi1ot(1) Ha TpU BKJIA-
ma: 1) xpui(T); 2) «napamarauraeiii> sriaan X puy (1),
upuaem, x pa(T) o< 1/T (3aBucumocts M (H) nost na-
pamarauTHOro Ni?T mpaKTHUECKH JIUHeHHA IPH TeMIIe-
parypax Boiie 80 K B nosax g0 250k9); 3) uzbbirod-
HBII BKJIAJ, 0003HAUEHHBIN jajiee Kak Yz (7). B pe-
3yJBTATE TOJIydaeM

Xtot = Xbulk + XPM + Xex- (4)
Kak oxazajioch, TemiieparypHasi SBOJIONUS X tor JJIS
obpasnos NiO 8.5 u 23 HM XOPOIIO OMUCHIBACTCS €D~
BLIME JBYMs cjaraeMbiMu Boipazkenust (4) (Xer = 0).
Crutomable JINHUU Ha PUC. 4 ONMUCHIBAIOT apaMarHuT-
Hoe mosenenne, xpy(T) o< 1/T. Has obpasua NiO
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Puc. 4. (B ugete oHnalin) TemnepaTypHasi asontouusi Benu-
YUH Xtot, NONYYEHHAS U3 pe3ynbTaToB 0bpaboTky 3aBUCUMO-
creii M(H) (pwuc.2) sbipaxernem (1) gns cepun obpasyos
NiO ¢ paznu4yHbiMU cpegHuMu pasmepamu: a — 23 HM; b —
8.5HM; ¢ — 4.5 HMm. Takxe npuBegeHbl BENNYMHBI CllaraeMbixX
npasoli YacTu BblpaxkeHus (4): Xpu (MarHuTHas Bocnpunm-
ynsoctb obbvemHoro NiO), xpu U Xez. CnnowHble nuHun —
pacyeTHbIE A5 NAPaMarHNTHOro noeeaexnst atomos NiZ™

4.5 HM TaKKe MOYKHO BBIJICJUTDH MApAMATHUTHYIO O/I-
cucremy (puc.4c), OJHAKO 3/16Ch TOSIBJISETCS <U30BI-
TOYHAsT» BOCIPUUMYUBOCTD X ez. Hajaudue JOMOJHU-
TEJILHOTO BKJIAJIA X ¢ H MOXKET OBITH IPOSIBIICHIEM €IT[e
onroro addexra, npeackazannoro Heemenm [26, 27|, a
umenno, cynepanrudeppomarauthoii (SAF) Bocupn-
UMYUBOCTH.

Cytb sddexra SAF zakirodgaercs B TOM, YTO B
ADM-gacrunax ¢ yeTHbIM uncaoM PM-mockocTeii mmo-
BEPXHOCTHBIE CIUHBI IOJT JIEHCTBUEM MPUIOKEHHOTO
nosig (upu Hanpassenuu 1ojst H nepreHaukyispao
OCH JIEPKOI'O HAMAIHUYMBAHUS) «IIOJABOPAYMBAIOTCS> B
GOJIbINel CTENeHN, YeM CIUHBI «BHYTPEHHUX ILJIOCKO-
creiiy. DTO MOXKET NMPUBECTU K IOSIBJIEHUIO «U30BITOY-
HOI» BOCHPUUMYUBOCTH JJIsI YACTHUI], UMEIOIINUX B JHa-
MeTpe He OoJsiee HECKOMbKUX ecaTkoB PM-ymopsiio-

YeHHBIX IIOCKOCTel (6, 8, 26, 27]. B wactune cpesmme-
ro pasmepa obpasma NiO 4.5uMm KommdectBo N Ta-
KHUX IJIOCKOCTE MOXKeT cocTaBadaTh 14-16, m ecin
BHEIITHEE TI0JIe HE IPEBBINAET XapaKTePHON BeJndn-
wel h = Hp/N (Hg — obmennoe mone, mias NiO
Hp ~ 9700k [28]) [6,8], To SAF-BocnpnuManBoCcTh
He 3aBUCHUT OT BHEIITHETrO TIOJIs.

JLoCcTaTOIHO PE3KOE YMEHBIIEHUE X ¢y ¢ POCTOM TEM-
mepaTrypbl MOXKET OBITH CBSI3AHO C TE€M, 9TO 3PMEKT
SAF mposiBIsieTcst B CaMbIX MAJIbIX YaCTHIAX, B KOTO-
PBIX MarHUTHOE YHOPSJIOYEHNEe Pa3pPYIIaeTcss PaHBIIe
(cM. puc. 3) um TeMmieparypa yIopsI0YeHus B Kpaii-
HUX IJIOCKOCTSIX MEHBINe, 9eM B ILIOCKOCTSIX BHYT-
pu uacruipl. Tor dakr, dyro mis obpasmos NiO c
OOIBITUME Pa3MepaMU YACTUIL BJIUSTHUS X ¢p HE 3aMe-
Y€HO, MO3BOJISIET TOBOPUTH O BO3MOYKHOM ITPOSIBJIEHUH
s dexra SAF B Hanouactunax NiO co cpegnum pasme-
pom 4.5 uM. Ormernnm, uTo B padore [6] Hab0gaIaCH
n30BITOYHAS BOCIPUUMYMBOCTE Ha 00pas3mnax heppuTu-
Ha (ADM-ynopsiouennslii hbeppurupur B GeJIKOBOI
ob6ostouke) B moJigx 1o 500 k.

Ilonydennbie Bemmunnbl Hacklmenus Mg gy W ma-
pPAMarHUTHON BOCIHPUUMYIUBOCTH X pjs MTO3BOJISIOT CJIe-
JIaTh ONEHKH KoJimdecTBa citHOB Npas 1 Npys, dopmu-
PYIOIIUX HECKOMIIEHCUPOBAHHBIA MATHUTHBIA MOMEHT,
U, COOTBETCTBEHHO, IIOJICUCTEMY ITaPAMATHUTHBIX CITH-
HoB B dacturie. Benuunna Npps oOlpenesisercs Wn
HEIOCPE/ICTBEHHO U3 Mojronku (pyuknueit Jlankesena
(apryment xoropoit up H/KT),

Nry = pp [ pNiz+
niau u3 3uavenus Mg gy,
Nry = NiotMs  pu /Msnio,

rae MgNio — HAMarHMYeHHOCTb HACBIIEHUS ITOJIHO-
crbio nosisipuzoBanaoro NiO. Hucino mapamMarHUTHBIX
criuuOB, Npjs, MOYXKHO TOJIYIUTH W3 BEJUYIUHBL X pif
(cm. puc. 4). IpuseieHHbIe HA PUC. 5 OIEHKN CJIEJIAHBI B
HPUOIIKEHIN 9acTHI, Kyomdaeckoit popMbr, Ny o< d°,
u tenecoobpas3no cpaBHUTL Npys u Nppy € KOJIHde-
CTBOM IIOBEPXHOCTHBIX aTOMOB Ng U C IIPeICKa3aHUIMU
runoresbl Heestst (Boipazkerne (2)).

Ha puc. 5 mpuBeiensr Kak paciueTHbIE 3aBUCUMOCTHU
Niot, Ng, Nfot, Tak 1 BeJauduH Npys u Npys B 3aBUCH-
MOCTH OT paszmepa uactur d. Kak BHIHO, KOJTHIECTBO
CIIMHOB HA TMOBEPXHOCTH, [N g, 3HAYNTETHHO IPEBBIIIACT
Nppy n Nppy, 9TO CBUJIETEIBCTBYET O TOM, 9TO JIAJIEKO
He BCe IIOBEPXHOCTHBIE CIIMHBI OIPEIENIAI0T «HeOObIU-
HBIl MArHeTW3M» HAHOPA3MEpHBIX dacTull. Kosmae-
CTBO HECKOMITEHCUPOBAHHBIX CIIUHOB N fpy XOPOIIIO CO-
racyercs ¢ runoresoit Heems, npudem, Kak BUIHO Ha
puc. 5, aus «Goabmmx» (23 Hm) wactun, (Npy &~ 180,
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Puc. 5. (B ugete oHnaiit) Konnyectso aToMOB Hukens B Ya-
ctuuye NiO cpegHero pasmepa ans PM-noagcuctembl Npy v
napamMarHuTHoil noacuctemsl Npys B 3aBUCUMOCTW OT pas-
mepa wactuy, ans cepuu obpasuyos NiO (cumsosnbl). Jlunum
VSIIIOCTPUPYIOT PacyeTHbIE 3aBUCUMOCTY KOJIMYECTBA aTOMOB
Hukenst B 4actuue Niot, Ha ee nosepxHocTn Ng, Ha peb-
pax 4acTuupsl Kybudeckoii Ngqge(cube) n foaekasapuHeckoii
Ngage(dod) dopmbi, a Takxe no runotese Heens (Bbipaxke-
Hue (2)) npnb=1/2unb=1/3

b =~ 0.43) umeeT MECTO IPOMEXKYTOUHOE 3HAUCHIE MeXK-
ny caydasyu jgedextos Ha nosepxHocTr (b= 1/3) u B
obbeme (b =1/2) gacrumn. ITpn ymeHbIIeHHN PA3MeEPOB
qactutl BeananHa N pyy TpPUOINKAETCsI K BeJIMINHE, CO-
OTBeTCTBYIONIEH cirydaio 1edeKTOB U Ha MOBEPXHOCTH,
u B obbeme gactui: Npy = 90, b ~ 0.45 1y obpasia
NiO 8.5um; Ny ~ 80, b~ 0.54 gisa NiO 4.5 am.

Takum 06pa3oM, ¢ YMEHBIIIEHHEM pa3Mepa YacTHIl
OOJIBITYIO POJIb B (POPMUPOBAHUE HECKOMIIEHCHPOBAH-
HOMO MOMEHTa WI'DAIOT HE TOJHKO MOBEPXHOCTHBIE JIe-
dexTbl, HO U edeKThl B 00beMe YacTUIl. ITO IO/
TBEPXKIAETCs TeM, UTo i obpasia NiO 4.5 HM B ciry-
qae TOJbKO JePEKTOB Ha MMOBEPXHOCTH rurore3a Heesrs
(Bbipazkenue (2) mpu b = 1/3) npejcka3biBaeT 3Hade-
une Npy = 16, 970 B HECKOJIBKO pa3 MEHbITE SKCIEPH-
MeHTaJIbHON Besmauabl Npys = 80.

Yro kacaercs nmapaMarHUTHON ITOJICUCTEMbI, TO Ha
puc. 5 BUIHO, ITO KOJIUIECTBO CBOOOTHBIX cTHHOB N pjs
TaKKe 3HAYUTEHbHO MEHBIIE KOJUIECTBA MOBEPXHOCT-
ubix atoMoB Ng, mputdeM Npys > Npy. Ha puc. 5 Mbr
contoctaBusit Npjys ¢ KOJTUIECTBOM aTOMOB Ha pebpax
HIEATIBHBIX TaCcTHI] KyOmdeckoit popMbl Ngqge (cube) n
Ha pebpax momexkasnpa Npgqge (dod) (monexasap ssiser-
Csl OJTHUM U3 TaOUTYCOB KPUCTAJIOB KyOUIeCKON CHH-
rouun). Bujna Herioxas KOppeJsiusa MexKly U3MeHe-
nueM Npyr 1 Nggge U1 PA3IMYHBIX Pa3MePOB YacTHII.
Brimeckazannoe yka3biBaeT Ha TO, YTO ITapaMarHUT-
Hasl mojcucTeMa (hOPMUPYETCsT U3 CBOOO/IHBIX CITMHOB,
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HAXOJISIIIUXCST HA BBILYKJIBIX (OCTPBIX) YACTSAX MOBEPX-
HOCTU JACTHII,

B zaksrouyenne JanHOTO pa3jessa OTMETUM, YTO €CJIH
JUIST aHAJIM3a KPUBBIX HAMATHUYIUBAHUS HCIIOJIb30BAThH
Juana3on noJiei Tosibko 10 60-90 kD (kaxk B cranmapT-
HBbIX U3MEPEHUAX HAMATHUYECHHOCTH), TO HOJIyYeHHbIE
BenuInHbl NEnr, Xtots XPM, Xexr PA3THYIATIUCH ObI B
2-3 pa3za, 9TO MpUBEJO ObI K HEKOPPEKTHOMY OIIPE/Ie-
sternto BesimauH N gy 1 Nppy, GOPMUADPYIONTIUX MArHUT-
HbIE [OJICHCTEMbI B HaHOpa3MepHbIX dacturax NiO.

4. OCOBEHHOCTU HAMATHNUYMBAHNUA
PEPPUTMOPUTA

T'unpookcny xeme3a (EPPUTHIAPUT SABJIIETCSI CO-
CTaBHOI YaCTBhIO KW3HEHHO BayKHOTO OOBEKTa KU-
BBIX OPraHu3MOB — (DepPUTHUHA, KOTOPBIil BBIITOIHSIET
GbyHKIINIO XpaHeHus kKeje3a B opranusme. Oeppurui-
PUT CyIIECTBYET TOJBKO B BHJIE HAHOPA3ZMEPHBIX YaC-
THI] ¥ MOXKET OBITH ITOJIy9eH XUMUIECKIM METOIOM UJTH
BBIJIeJIEH U3 [IPO/LYKTOB KU3HE/EATETbHOCTA MUKPOOD-
rapn3MoB. OOBIYHO CpeHN pa3sMep IacTHI] COCTABJIsI-
er 2-4HM, U JIOCTATOYHO CJIOYKHO IOJIYIUTDH TaCTHIIHI
CYIIECTBEHHO DOJIBIIErO pa3Mepa.

3a mocienHre JiBa € JIUINHAM JIECATHJIETHST Obl-
JIO IIPOBEJIEHO HEMAaJIO WCCAe0BaHUN (eppuTuHa u
deppurnipura, B TOM 9YHCJIE H3YYAJIUCH UX MarHUT-
Hble cpoiictsa [20-23,29-39]. OrmernM OCHOBHBIE Xa-
paKTepHbIE YepThl KPUBLIX HAMATHUIMBAHUS ITUX CHU-

).

rme L — dyuxiusa JlamxkeBeHa, HEIJIOXO OIMUCHIBAET
9KCIIEPUMEHTAJIbHBIE JAHHBIE B ODJIACTH TEMIIEPATYD

creM. Boipaxkenue (1) npu

upH

Mpy(H) = MoL ( -

cyleprapaMaruuTHoro cocroanusd. g onpeesnenus
[lp HEOOXOIUMO HMeTh B BHJY, YTO BEJMYUHBI [Lp T
My ABISIOTCS CBS3aHHBIME (He SABJISAIOTCH CBOOOJIHBI-
MH IOJ'OHOYHBIME TIapaMeTpaMu), a 06ojiee KOPPEKT-
HBbIe Pe3yJILTATHI IIOIydaloTcd P ydeTe paclpeselie-
HUS TI0 MATHUTHBIM MOMeHTaM dactut [32]. B srom ciy-
qae

Mpy(H) ZNP/L<#)JC(#P)#PCWP, (5)

rie f(pp) — GYHKIUS pacupenesenust 0 MArHUTHBIM
MOMEHTaM 4acTuil, Np — 9UCJI0 YaCTHIL B €INHUTIE MAaC-
cbl oOpasia. OmHaKO moJIydaeMasi P OMUCAHUN 3aBU-
cumocreit M (H) deppurnna u deppurnapura Temie-
parypuag ssojionus AOM-socupunmausoctu X ot (1)
uMeerT HexapakTepubil st AOM Bujg — ybbiBaer c
pocrom Temmeparypol [29-39]. Takoe nosejeHue M
He 00CYKJIaJI0Ch, WJIM IPUIUCHIBAIOCH 3ddekty SAF
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(cM. pasz. 3); oTMeTuM TakKe, 9To [ (DeppUruIpUTa
Besimanta ADM-BOCIPUUMYUBOCTU X by, HEM3BECTHA.
IIponrocTpupyenM HuzKe, KaK PaCIIMPEHUE JIUAA30-
Ha mnosefi [16] mo3BosIsIeT OOBSICHUTD BBIIEONCAHHOE

OPOTUBOPEYHE.
FHYD 5 nm
T T L T &
10 F o VSM(110, 140, 180,210,240 K) .~ Pl
o pulse field (110, 240 K) - - s
— — fits (0-60 kOe range) 7
§ | fits (0250 kOe range)”__

M, emu/g

H, kOe

Puc. 6. (B ugete onnaiin) Msotepmbl HamarHmumeatms ob-
pasua ceppurupuTa Co CpeAHUM pa3MepoM 4HacTuy 5Hm.
DkcnepumeHT — cumBosnbl, go 60k — paHHbie VSM (Bub-
PauMoHHbIi MarHuTomeTp), Ao 250k — umnynbcHas Me-
Toguka. JluHum — nogrorka no sbipaxkeHuto (1) ¢ yyetom
pacnpegenenus f(up) no sbipaxkeHuto (5); wTpuxosble nu-
HUM — obpaboTtka gaHHbix VSM po 60k3, cniowHbie nu-
HUM — obpaboTka faHHbiX Ao 250 KD C y4ETOM MOACUCTEMbI
MaJibIX MarHUTHbIX MOMeHTOB. BcTaBka: TemnepaTypHasi ago-
ntounst {(up)(T) (cnnowHast nuHus — sbipaxkedne (3) npw
a = 1.8) u Xiwt(T'), a TakKe pasHOCTN BOCMPUMMHUBOCTEN
Xarm (T) = Xiot(T) — xpum(T), nonyyeHHOR € y4eTom noa-
CUCTEMBI MaNbiX MarHUTHBIX MOMEHTOB

Ha puc. 6 upusenenst 3apucumocru M (H) mist 06-
pasna deppuruapura (FHYD) 5um. Ecaun o6pabars-
Barh gannbie 10 60D (VSM — BubpanuoHHblii Mar-
HUTOMETD ), TO PE3yJIbTUPYIOIIAsl 3aBUCUMOCTD X tot (1)
yOBIBaeT ¢ pocToM TemiepaTypsl [16,22], cMm. BeTaBKy K
puc. 6 (Ha Heil Tak:Ke npuse/ieHa 3aBucuMocTb (p(T),
HOJIyYeHHAasi ¢ HCIOoJb30BaHueM Bbipaxkenus (5)). Ec-
JI TIepBOe cJaraemoe Bbipaykenusi (1) cooTseTcTByeT
COCTOSTHUIO, OJTM3KOMY K HACBHIIIEHHUIO, TO HAKJIOH 3aBH-
cumoctn M (H) B CHJIBHBIX TIOJISIX ONPEJIETIACTCS Clla-
raeMbIM Xtot H . OJIHAKO ec/in PacCMOTPETH 3HAUNTE b~
HO OOJBININI JUaNa30H BHEIIHUX IoJiei, 10 250k,
¢M. puc.6, TO BUJIHO, 9TO SKCIEPUMEHTAJbHBIE JaH-
HbIE UMEIOT 3HAYUTEJLHO MEHDBINUI HAKJIOH, IeM pe-
3yJIbTAThI TIOJINOHKH, OIMCBHIBAIOIINE IKCIEPUMEHT [0
60 k9. OcHOBbBIBasiCb Ha pe3yJabTraraxX pasi. 3, MO¥K-
HO IIPEJIOJIOKUTH, 9TO B HaHOYacTUIAX (DeppUrui-
puta (HPOPMUPYETCsT JOMOTHUTETBHAS TAPAMATHUTHAST
oJIcucTeMa CBOOOHBIX CIIMHOB. TINATEIbHBIA aHAINS3
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KPUBBIX HAMAarHUYMBAHUA JJIA JaHHBIX 710 250 KD 10-
kazaJ [16], uro 1) B pamMkax o/iHOI QYHKIMN pacipeie-
nenust f(up) (JTOrHOPMABHOE PACTIPE/IETIEHNE C BAPbU-
PYEeMbIMU CPEJIHUM Pa3MePOM U JUCIepCHeii) 1o0uThest
corjiacus He YIaercsd; 2) HOJACHCTeMa, KOTOpas BeIeT
cebst TOMOOHO TapaMarHeTuKy, 00pa3oBaHa HE OIIMHOY-
HBIME CBOGOIHBIMI criimHaMu Fe3T | a MarHmTHBIMI MO-
MmeHTamu (20-40)pp (B 3aBHCHMOCTH OT CPEJIHEro pas-
Mepa YaCTull).
PesynsTupyiomue 3aBUCUMOCTH
M(H), mojydeHHBIE € Y4Y€TOM MAJbIX MATrHUTHBIX
MOMEHTOB, TOKa3aHbl Ha puc.6. BcraBka k puc. 6
wutoctpupyer nosejenue pp(T) (sra 3aBHCHMOCTH
OCTaJIaCh TaKOW »Ke, KaK WM IIPpU aHajn3e JaHHDBIX

IIOArOHOYHBIC

mo0 60kD) m momyuaemoit APM-BocupunMUNBOCTH
XArM (T) = Xtot (T) — xpam (T). Uro kacaerca addek-
ta SAF, 1o mya ero mabiogenust Ha (heppUrugpuTe
HeoOxoxuMBbl erte Gosbure 1odst (10 500 KD); pesyib-
TaThl /st GepPUTHHA IPUBENIEHB B paborax (6,8, 36].

Takum obpazom, aHaan3 KPUBBIX HAMATHUIUBAHUS
HAHOYACTUI] (PEPPUTHJIPUTA B JIOCTATOIHO OOJIBITUX TI0-
agx (mo 250 kD) nozBosiger u3beKaTh IPOTUBOPEUHUS,
3aKJIIOYAIoNerocd B HeTunnmdnoM uosenennn ADM-
BOCIIPUUMYUBOCTH: TIPU yIETE MAJBIX MATHUTHBIX MO-
MenToB Y Aarym (1) — cinabo Bozpacraiomasg ¢ pPoCTOM
Temieparypbl OYHKIMS, H000Has 1moBegeHno ADM-
BOCIIPUAMYUBOCTH aHTU(hEPPOMATHETHKA CO CJIydaii-
HBIMU HAIPABJIEHUSIME KPUCTAJIONPADUIECKUX OCEii.
Hanuane noscncreMbl MaJIbIX MArHUTHBIX MOMEHTOB B
deppurnipuTe MOKET OBITH CBSI3aHO C HEOIHOPOIHO-
CTBIO €ro IUIOTHOCTH (IIOBEPXHOCTH YACTHI OOEeIHEeHA
xKese3oM) [23].

5. CPABHEHUE BEJIMYNH
HAMATHNYEHHOCTUA ®M-IIOJCUCTEMBI
B APM-HAHOYACTUIIAX C
HAMATHNYEHHOCTBIO HACBIIIIEHN A
2KEJIESBOOKCUAHBIX ®PEPPUIMATHNTHBIX
HAHOYACTUI],

PaccmorpuM Takyo MarHuTHYIO XapaKTEPHUCTUKY
ADM-nanovacTurl, KaKk HAMArHUIEHHOCTh HACHITIEHUS
Mg ppr. D10, DAKTHIECKH, MAKCHMAJBHBIA OTKJIHK
DM-nosicucremMbl WK cBa3andas ¢ Mg gy Besudn-
Ha — HECKOMIIEHCHDOBAHHBI MArHUTHBIH MOMEHT [ip;
oueuno, Mg gy = pp/V. Ha puc. 7 upusesennl Be-
smanabl Mg F_M i nanogacrun, NiO (ykaszanabie B
pas. 3 nannbie) u dbeppuruapura (CM. pas. 4; TakKe
B3ATHI PE3YJIbTATHI TeX PabOT, TJie ABTOPHI MPUHIMA-
Jin BO BHUMaHUE (DYHKIIUIO PACIPEIE/IeHUs 110 Pa3Me-
paM UM MArHUTHBIM MOMEHTaM YaCTHI] 110 BbIPAXKEeH!-
siv (1), (5)). Buzaa o61mast TeHIEHINST, 3aKII0UAIOIIA-
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" - NiO[9,11,12]

F -v- FHYD[13]
=1 P ) -0~ FHYD [33]
g i — — FHYD[37]
s " A Fe,0,[40]
Zm‘ 1 —@— Fe,0,[41] g

v-Fe,0, [42]

0.1

(=]

30

<d>, nm

Puc. 7. (B ugete onnaiit) Bennunna HamarHmueHHocT Hackl-
wenust Ms ry npu 4 K B 33aBUCUMOCTY OT cpefHero pasmepa
vactuy (d) pns obpasyos APM-nanouactuy NiO un deppu-
rugpuTa, a Takxke deppumariuTHoix marvetuta FezOy, mar-
remuta 7-FeaO3 no gaHHbIM ykasaHHbIX B nereHge pabot

¢l B 3HAYNTEJbHOM yBesmaeHuu Mg pps ¢ yMEHBITIEHU-
eM pazmepa ADM-nanouacrur Kax Jiyist NiO, Tak u s
deppurnapura fcuo, aro Mg = 0 jgada cyOMUKpPOH-
ueix ADOM-uyactun. Béombmme snavenua Mg gy U4
deppuruipuTa Npu MPUMEPHO OJIMHAKOBBIX Pa3Mepax
qactur deppuruapura u NiO o0bsacHsIOTCsST OOJIbIITei
BEJIMYUHON MArHUTHOIO MOMEHTa aToMma keje3a. Tak-
’Ke Ha puc. 7 IpuBeJleHbl 3uadenus Mg gy 771 MAPO-
KO HCCIIeLyeMbIx (peppUMATHATHBIX HAHOYACTHUI, MAI-
verura FesO4 u marremura v-FeoOg, B3siThle U3 n3-
BECTHBIX JINTEPATYPHBIX MCTOUYHUKOB [40-42] (cm. Jste-
reuy Ha puc. 7). Besmaunsr Mg gy Jyist cyOMUKpPOH-
ubix 4dactull FesOy4 u v-FeoO3 cocrapisior npuMepHO
93 u 703.M.€./T, COOTBETCTBEHHO. Y MEHbIIICHIE HaMar-
HUYEHHOCTU HACBIIEHUS /115t (PePPUMATHUTHBIX OKCH/I-
HBIX HAHOYACTUIL TP yMEHBIIIEHUU UX PA3MEPOB CBs3a-
HO ¢ GOPMHUPOBAHUEM TOBEPXHOCTHOI'O CJIOST, B KOTOPOM
maranToaxkTusable atoMel (Fe?) me mpmrmvaior yua-
crust B GOPMUPOBAHUN MATHUTHOTO MOMEHTa YACTHUIHI
n3-3a pasynopsaodeHus u gedekToB. MaruuTube Mo-
MEHTBI 3TUX OBEPXHOCTHBIX ATOMOB BEIyT celOs Kak
rmapaMarHUTHAs WM, TPU HU3KUX TeMIepaTypax, Kak
CIIMH-CTeKONIbHAs TToficucTeMa [43]. Dsomonmsa Mg ray
C yMeHbIIIeHneM pa3mepa d OOBITHO XOPOIO CJIeIyeT
3aBUCUMOCTH

Mg gy = Mg pur(1 — 2la/d)?, (6)

rine Mg pur — HAMATHHYEHHOCTH HACBHIIEHUS 00bHEM-
HOI'O Marepuaja, lg — TOJIIUHA PA3yNopsI0UeHHOTO
«MarHnToMepTBOroy» cios [40-42|. Besmunua lg nme-
er nopanok 1um [40-42], u 970 HPUBOAUT K TOMY, YTO
yMmenbinenune Mg ppr st FesOy4 u v-Feo O3 cranoBut-
Csl KpUTUYECKHUM IIpU pa3Mepax dacTuil Meree 10 HM.
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Kak BujiHO Ha puc. 7, sHadenus Mg gy uist AOM-
wanodacTur u Jiuis OM-HaHOIACTHUIL CTAHOBSATCS TPAK-
THUYECKH COBIIA/IAIOIINME IPU pa3Mepe d OKOJIO b HM, a
[IpU MeHbIMX pas3mepax dactuil Mg ppr myiss ADM-
HAHOYACTHUI[ MOYKET WMETb Jaxke OOoJIbIliee 3HAYEHUE,
qeMm g1 OM-namogacTuir. DT0, OUEBUIHO, CBI3AHO C
pas3muaHON pPOSbIo 1edPeKTOB B (HOPMUPOBAHUN Mar-
HUTHBIX CBOTCTB Hanopa3zMepHbix ADM- u GM-uacrur
Ipu yMeHbIennu nxX pa3mMeposn. lna OM-uacrtur me-
dexTbl (IPenMyIIECTBEHHO HA IIOBEPXHOCTH) JECTPYK-
THUBHO CKa3bIBAIOTCs HA BeJMYMHE HAMATIHUYEHHOCTHU
HACBIIIEHUST, COrIacHO Bbipazkenuto (6). Tus ADM-
qacTHIl J1e(PeKThI, HATPOTUB, TPUBOJIAT K OOJIbIIEH e~
komuercaruu ADM-ynopsiIoueHHbIX I0PEIIETOK H,
COOTBETCTBEHHO, OOJIBIIEl BeJININHE HAMATHIIEHHOCTH
naceimenns (Mg par). IIpu 9TOM ¢ yMeHbIIEHEEM Pa3-
Mepa ADM-yacTui NMposiBIsSeTCs POCT BJIUSTHHUS I10-
BEPXHOCTHBIX TePEKTOB, a TaKkKe Ie(eKTOB B 00beMe
JACTUIL.

6. SAKJIFOUYNTEJIbHBIE SAMEYAHN A

C ymenbimenneMm pazmepoB AOM-uacruil B HUX Ha-
anaaeT dopmupoBarbess OM-mojcucrema, BKIAT KO-
TOPO#l CTAHOBUTCS 3HAYMMBIM U JOMUHUPYIOUUM DU
pasmepe gactuil menee 10 am. KostmaecTBeHHO, 3Ta TIOJI-
CHCTEMa COCTOUT U3 HECKOJIBKUX JIECATKOB UJIU OIHOM-
aByX coreH @PM-yopsiIoOYeHHBIX CIIMHOB. DTHU BeJIM-
YUHBI HEIIOXO COIVIACYIOTCS CO CTaTUCTHUIECKOW I'd-
nore3oit Heejtst, mogpasymesarorieir obpazosanue OM-
[IOJICUCTEMbBI U3-3a J1e(PEKTOB CTPYKTYPBHI Ha IIOBEPX-
HOCTHU U B oObeMme dactull. Ilpu 9ToM ¢ ymMeHbIIeHneM
pa3mMepa JacTHUll, IOMUMO OYEBUIHOTO BKJIAJA TOBEPX-
HOCTHBIX J16(DEKTOB, OOJIBIIYIO POJIb HATMHAIOT UTI'PATDH
nedexTs B 00beMe gacTuil. TeMmepaTypHast 9BOJIIOIHIS
OM-noacucTeMbl YKa3bIBaeT Ha TO, YTO OHA CYIIECTBY-
eT BMecTe ¢ ocHoBHOIT AD®M-noncucreMoit.

I[Tomumo A®M- u @M-nojcucreM, MOXKHO TaKiKe
BBIJIEJINTH €Ie OJIMH «COPT» IMOBEPXHOCTHBIX CIIUHOB,
KOTOPBI€, HAXO/ISICh MPEUMYIIECTBEHHO HA BBILYKJIBIX
U OCTPBIX T'PAHAX YaCTUIl, OOMEHHO HE CBSI3aHBI C
ADM-«siipom» u He BxouaT B PM-nojcucremy. Briiar
9TOI MOJCHCTEMBI, BeJyleil cebsi Kak apaMarHeTuK
[P OCTATOYHO BLICOKUX TEMIIEpATypax, He MaJ, KO-
JINYECTBO TAKUX CIIMHOB HAa IOPSJIOK IIPEBBIIIAET KO-
JimgectBo ciimHOB @M-11osicucrembr. KoppekTHbIe O1ieH-
KI KOJINYECTBA CIIUHOB, POPMUPYIOIINX «HOBBIES I10/I-
cucrembl (momumo ocaoBaol ADM-nozcucremsr), Bo3-
MOXKHO MOJIYUUTHh U3 aHAJN3a KPUBBIX HaAMATHUIUBa-
HUAsL TOJBKO B MOJIAX, 3HAYUTEHHO ITPEBBIAIONIAX
craHgapTHbIi auamazon 60-90 k.
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VlCCJ'IeAOBaHVIe npoueccoB HaMarHM4nBaHuA . ..

OrMeTuM 0JHO 06CTOATENLCTBO, aeatonee ADM-
HAHOYACTHUIHI KOHKYPEHTOCTIOCOOHBIMU HAHOYACTUTIAM
OKCHJIOB Kesie3a (MarHeTUTy M MAITeMHUTy) B Tex
[IPaKTUYIECKUX [PUJIOYKEHUSIX, B KOTOPBIX BasKHbBI Ma-
JIOCTb Pa3MEPOB U 3HAUYMTEIbLHAS BEININHA MATHATHO-
ro MoMeHTa JacTuilbl. s gacTui pasmMepoM 5 HM Ha-
MaramdeHHocTb Hacblmenna PM-noncucremsr ADM-
HAHOYACTHUI[ CTAHOBHUTCS TAKON »Ke, KaK W JJIsT [ac-
THUIT MATHETUTA U MAarTeMUTa TOTO YKe pasMepa. ITO, C
YYETOM HEKOTOPBIX IIPEUMYINECTB KOHKpeTHbIx A®DM-
MarepuasoB (Haupumep, (GEeppUruApPUT HETOKCHYEH
JIJI YKUBBIX OPraHU3MOB, BKJIIOYAd 9EJIOBEKA), YKA3bI-
BaeT Ha IEPCIEKTUBHOCTb UX IPAKTUIECKUX [IPUMEHe-
HUN B MEIUIUHCKUX IPUIOKEHUSIX ¥ OMOTEXHOJIOTHAX.
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