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UCCJIEJOBAHUE OCOBEHHOCTEM CIIEKTPA CBY-IIOLVIOIEHUS
HAHOKPHUCTAJVIMYECKUX TOHKUX MATHUTHBIX INIEHOK”

Ha ocHoBe MUKpOMAarHMUTHOM MOJEIH, YUUTHIBAIOLIEH CIydaiiHOEe pacnpeieseHne HanpaBiIeHUH OJHOOCHON mar-
HHUTHOH aHM30TPONNH B KPHUCTAUINTAX HAHOKPHCTAIIMYECKOH IUIEHKH, peann3oBaH 3((EeKTUBHBINA METOA pacdera Iu-
HaMUKH HamarandeHHocTH B CBU-mossix. B ompenenenHoit o0macTu pa3MepoB KpUCTAJUIHNTOB, KOTAA SHEPTHs CIydaii-
HOM MarHUTHOM aHM30TPOIIMH CpaBHHMAa ¢ OOMEHHOHN >Hepruel, 0OHapyKeHO 3HAUUTENbEHOe M3MEHEeHue moist deppo-
MarHUTHOTO PE30HAHCA, YIIMPEHHE PE30OHAHCHO JIMHUU U BO3HUKHOBEHHE aCHMMETPUHU (OPMBI PE30HAHCHOW KPUBOM.
Pe3oHaHCHOE T10JI€ € YBEIMYCHHEM Pa3MEpOB KPUCTAJUIMTOB CHAayalla PACTET, 3aTeM OBICTPO YMEHBILIAETCS JIO CBOETO
MHUHHMMYMa, 3aT€M CHOBA PACTET C BBIXOJOM Ha HachliieHue. [Ipu 3ToM KpyTH3HA J€BOT0 CKIIOHA paclIMpsioleiics pe3o-
HAHCHOH KPHMBOH CHauaja yMeHblIaeTcs OblcTpee MpaBoro, Hapyllas CUMMETPHUIO ee (OpMbl, 3aTeM KpUBasi BHOBb CTa-
HOBHUTCSI CHMMETPUYHOM, a 3aT€M KpyTHU3HA JIEBOTO CKJIOHA CTAHOBHUTCS OOJIbIIIE KPYTH3HBI IIPABOTO.

Knrwouessie cnosa: MUKpOMACHUMHOE MOO@]ZMPOBGHM& HAHOKpucmaiiumal, C]Zy"lalZHaﬂ MACHUMHASL AHU30MpPOnusl, qbep—
pOMaZHMmelL? PE3OHAHC, CBEPXBLICOKUE UACNMOMDbL.

BBenenue

MarHuToMATKAe HAHOKPUCTAJUTMYECKUE MaTEpPHAIbl SBISFOTCS OOBEKTOM MOBBIIIEHHOTO MHTEpeca
y uccienoBareneld Ojaronapsi yHUKaJIbHBIM MarHUTHBIM M DJIEKTPUYECKAM CBOWCTBAM, BBITOJHO OTJIH-
YaIOIMIKUX UX OT MOJMKPUCTAIMUECKUX MaTepHalioB M Jake MOHOKpHcTamioB. Kak mpaBuiio, HAaHOKpH-
CTaJUIMYECKUE CIUIaBbl 00MafatoT 0ojee BBHICOKUM YIEIBHBIM JIEKTPUUYECKUM CONPOTUBIIEHUEM, a 3Ha-
YUT, UMEIOT OOJBIIYIO TONIIUHY CKHH-CIIOS Ha BBICOKMX YacToTax. Ho TiiaBHBIE JOCTOWHCTBA HAHOKPH-
CTAJUTMYECKUX CIUIAaBOB — 00Jiee BBHICOKHE 3HAUEHHS HAMAarHMUEHHOCTH HACBIIICHHUS U BBICOKOYACTOTHOM
MarHuTHOW MpoHHLIaeMocTH [1, 2], 9TO MO3BOJIAET UCIIOIB30BaTh X B YCTPOMCTBAX CBEPXBBICOKMX dac-
toT (CBY).

ToHKWE TJIEHKH W MYJIBTHCIOWHBIE CTPYKTYPHI U3 HAHOKPHCTAINTMIECKUX MArHUTHBIX MaTepHalioB
NPEACTaBISIIOT 0COOBI MHTEpeC AJs MPUKIAIHBIX 3aJadu: X MOKHO HCIONIB30BaTh B KAaueCTBE YIpPaB-
nsembix cpen B CBU-ycrpoiicTBax, pa3padaTsiBaeMbIX Ha MPUHIIUIAX WHTETPATBHON IJIaHAPHOW TEXHO-
morud. B gactHOCTH, ToHKME MarHuTHBIC ieHkn (TMII), obOnamaromme oqHOOCHOW MAarHUTHON aHU30-
TPOMHUEH, CIy>aT YyBCTBUTEIBHBIM JJIEMEHTOM B JJaTYMKAX CIAa0ObIX MarHUTHBIX MOJIEH, TOCTPOCHHBIX Ha
PE30HAHCHBIX MHKPOIOJIOCKOBBIX CTPYKTypax [3, 4]. Bo3MokHOCTh BapbUpOBAaTh HAMArHUYEHHOCTh Ha-
CBILLICHUS U BEIMYMHY OJHOOCHON MAarHuTHOU aHuzoTponuu TMII n3mMeHeHrueM cocTaBa U TEXHOJIOTHYE-
CKMX YCJOBUH NpPU HX TOJYYSHHH MO3BOJSET B IIMPOKHUX MpeienaX U3MEHATh BETUYWHY MarHUTHOMN
NPOHMIAEMOCTH U BEPXHIOI0 I'paHHIly pabouero auamazoHa yacToT [5]. COOTHOLIEHHE MEXAY MarHHT-
HOW TIPOHUIIAEMOCTHIO M YacTOTOH (eppomarauTHoro pe3onanca (OMP) ans TOHKHX TUIEHOK, KOTOPOE
HOCHT Ha3BaHWE 3aKoHa Amie [5, 6], MOKa3bIBaeT SIBHOE MPENMYIIECTBO IUTAHAPHBIX MAarHUTHBIX Mare-
pHYajoB IO CPAaBHEHUIO C OOHEMHBIMH.

OmHUM W3 BaXHEWITUX Pe3yJbTaTOB, MOIYYCHHBIX B XOJ€ HMCCIEIOBAHHS HAHOKPHCTAILTUIECKUX
TOHKHX TUICHOK, OBLTO 3KCIIEPHMEHTANIbHOE OOHApYyKEHHE CIOKHOW 3aBHCHMOCTH MAarHUTHOW MHKPO-
CTPYKTYpBI, aHU30TPONHH, KOIPLUUTHUBHONW CHIIBI M MPOHHUIIAEMOCTH MAarHUTHOHN cpeasl oT pasmepa D
Kpuctayunta (3epHa) [7]. Ecam pasmep KpucTauinTa MpeBBILAET Paguyc OOMEHHOH KOPPEISALWH, TO
BEKTOp HAMAarHMYEHHOCTH OPHUEHTHPYETCS BIOJIb JIETKOW OCH aHU3OTPOIHUH COOTBETCTBYIOIIETO KpH-
crauuTa. C yMEHBIIEHHEM pa3MepOB KPUCTAIUTUTOB YHEPTUsi 0OMEHHOTO B3aUMOICHUCTBHS MEXKIY KpH-
CTaJUIMTAMH TIOCTEIIEHHO CTAHOBUTCS OOJbILIE DHEPTHMH aHWU30TPONHH, TOATOMY MarHUTHBIE MOMEHTEHI
COCEITHHX 3€pPEH CTPEMSTCS YCTAaHOBUTHCS MapajlielbHO APYT ApyTy. [Ipu aTOM BO3HUKaeT cBoeoOpa3Has
MarHuTHas CTPYKTypa C TMPOCTPAHCTBEHHBIMH OTKJIOHEHHMSIMH MAarHUTHBIX MOMEHTOB OT HEKOTOPOTO
CPEeIHEero HampaBJeHHs, HaszblBaeMmas B JIHTeparype «psObio» HamarHudeHHocTd. [lpm mambHeimem

* PaGoTa BBIIONHEHA pu noanep)kke Munucrepcrsa odpaszosanus u Hayku PO, npoekt Ne REMEFI60417X0179.
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YMEHBUIEHUM pa3Mepa 3€pHa aMIUIMTYyAa JTHUX OTKJIOHEHUN YMEHBINAETCS, a HAaHOKPHUCTAJUIMYECKAs
IJIEHKAa CTAHOBUTCS OJJHOPOJHO HAMarHW4EeHHOM.

Lenrio HacTOsAMIEH pabOTHI SBISIETCS] UCCIIEIOBAaHNUE BIUSHUS pa3Mepa KpuctammutoB D Ha ®MP B
HAaHOKPHUCTAJUINYECKUX TOHKUX TuleHKaX. s atoro paspaboraHa MUKpOMarHWTHas MOJENb HAaHOKpU-
crammnaeckoid TMIIT u peanuzoBan s dexTuBHBIN MeToa pacyera cektpa ee CBU-nornomenus. [Ipose-
JIEH CHCTEMAaTHYeCKUil YnCIeHHbI aHann3 Moaenu TMII, KoTopblii MO3BONMHIT YCTAHOBHTH PsIi OCOOEH-
HOCTEH, CBSI3aHHBIX C BIMAHHEM [ Ha CYIIECTBEHHOE CMEIICHHE PE30HAHCHOTO TOJs, a TAK)KE Ha YIIH-
penue nuany @MP 1 BOZHUKHOBEHUE ACUMMETPUU PE30OHAHCHOU KPUBOM.

1. Moaenb nHanokpucrananueckoid TMII u MmeToa pacuera TMHAMHKH HAMATHUYEHHOCTH

ﬂﬂﬂ HU3YUCHUA CBONICTB HAaHOKPUCTAJTINIMYCCKUX TOHKHUX MArHuWTHBIX IIJICHOK BOCIIOJB3YEMCH ClIe-
JYIOIIUM BBIpKCHUEM IS cBOOOIHOI SHEPruu F:
A 2 1 K 2
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31ech MepBBIi YWIEH OMUCHIBAET SHEPTUIO BHEITHETO MarHUTHOTO Tojist H (3Hepruto 3eemana), BTOpOi —
SHEPrur0 0OMEHHOTO B3aMMOJCHUCTBUS C KOHCTAHTOM OOMEHHOHN MKECTKOCTH A, TPETUH — IHEPTUIO0 pa3-
MarHu4IuBaromero mois H", 4eTBepThIil — OOIIYyO s BCE TUIEHKH OHOOCHYIO MarHUTHYIO aHH30TpPO-
MU0 C KOHCTaHTOU K, 1 opTOM Jierkoi ocu n. IlocienHuil uineH BhIpaKeHHS ONUCHIBAET SHEPTUIO0 OJHO-
OCHOM MarHUTHOM aHU30Tponuu K cO CaydallHbIM HaIpaBJICHUEM OCEH JIETKOTO HAMAarHUYUBAHUS B KPU-
CTAJUTMTAaX, OMICHIBAEMBIX €IMHUYHEIM BekTopoM / = I(r). PacnipeneneHie HaMarHMueHHOCTH XapaKTepH-
3yercs BeKTopoM M(r), MOIYIIh KOTOPOTO SIBISIETCSI IIOCTOSTHHOW BenmmauHou |M(r)| = M.

[Ipu auckpeTH3aMKu MOJCIIM METOIOM KOHEeuHbIX pasHoctedt TMII pa3ouBaercs Ha N OAMHAKOBBIX
IUCKPETHBIX s4eek B (opme Mapajuienenuiena o0beMoM V), C BeKTOpaMH HaMarHW4eHHOCTH M|,
(i=1,2, .., N), TOCTOSHHBEIMH B TIpefienax Kaxaon saeku. B aTom ciaydae Beipakernwne (1) mms cBoOoa-
HO¥ SHEPrUM MOXKET OBITh 3aMKucaHo B BUE [8]

N 1N
F=-V,> HiM,-+—ZM,-Giij , 2)

i-1 255
rae G; — TeH30p 3%3, ONUCHIBAIOIIUI B3aUMOJEHCTBHA MEXAY i U j NTUCKPETHBIMH 3JeMeHTaMu. TeH-
30p G;; HE 3aBUCHUT OT HalpaBJICHUs HAMArHUYEHHOCTH M; ¥ ONpE/eNAeTCsl TOJbKO BHYTPEHHUMH CBOM-
CTBAMHU MCCIeAyeMOl MarHMTHOW cucteMsl. Tensop G ompenensercs CyMMOH TEH30pOB OOMEHHOIO

B3auMonelcTBus G, MAarHUTOCTATUYECKOTO B3aUMOICICTBUS Gl;." , & TaKXXE€ TEH30pPOB Gg u G2, coort-

iy y>
BCTCTBCHHO OITMCBIBAIOIIMUX 06H_Iy10 JIJIsS. BCEH IUICHKU U Cﬂy‘{aﬁHYIO OAHOOCHYIO MAarHuTHYHKO aHU30TPO-
MUI0. DJEeMEHTHI CUMMCETPHUYIHBIX TCH30pPOB, ONHCHIBAIOMINX o0MeHHOE BSaHMOHeﬁCTBHe U MAarHuTHYIO
AHU3O0TPOITUIO, OIIPEACTIAOTCA KaK

2J 2K . 2K
e __ . o u __ ui a __ 1
Gy =7 E (mns cocemmux i nj), G = ®n;d;, Gj=—71®13,, (3)
S ) )
rae J = A/d*, a d — paccTosiHIE MEKITy COCEIHHMH JAUCKPETHBIMH d1eMeHTaMu; E — eMHNYHAS MaTpHIA

pasmepoM 3x3; 3Hak ® 0003HauaeT TEH30pHOE IMpousBeeHue; O; — cuMBoa Kponekepa. [l Bbluucie-

HUsl KOMIIOHEHT TEH30pa MarHMTOCTATHYECKOrO B3auMozelcTeus G OOBIMHO MONb3yHOTCS MO0 TpH-

OMKEHHEM, OCHOBAHHBIM HA Y4YeTe B3aUMOJCHCTBHS Mapbl TOYSUHBIX MATHUTHBIX Aumoiei [8], mubo
TOYHBIM AHAMTHYCCKAM BBIpAKEHUEM, IMOTyYeHHBIM B padote [9]. Ilpm 3TOM ciemyeT OTMETHTH, UTO

MAaTPUYHBIC DIIEMEHTHI Gi;f’ =G"(r.— F;) 3aBUCAT TOJIbKO OT BEKTOPA Pa3sHOCTU MEX/y LECHTPAMU SMECK i

U j, ¥ JUIA BRIYMCIIEHUS TI0JIS pasMarunanBanust H", Kak IpaBuito, UCIIOIB3YIOT TeopeMy o cBeptke [10].
ba3oBeiM YpaBHCHUEM, OIMUCBHIBAIOIINM JUHAMHUKY MarduTHOM CHUCTEMBI non BOSﬂeﬁCTBHeM BHCII-
HUX MOCTOSIHHBIX U TIEPEMEHHBIX MATHUTHBIX MOJICH, SIBJISCTCS HENWHEHHOe quddepeHInanipHoe ypaBHe-
aue Jlagmay — Jludmmma [11]
oM, o
= —y[ M, xH" | 1M, x| My x H" . 4)
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31ech MepBbIi WIEH MPaBOil YaCTH OMMCHIBAET IMPELECCHUI0 HaMarHW4eHHOCTH i-i S4Yeiiku BOKpYT JIO-

KaJIBHOT'O 3(1)(1)6KTI/IBHOFO MAaArduTHOI'O IIOJIA
1 8F
H™(M,,..M\)=———=H, + G;M; 5
i ( 1 N) VO SM le ( )

BTOpOIT — 3aTyxaHue B cucreme; Y = 1.76-107 (pam/c)/D — rHPOMATrHUTHOE OTHOLICHHE; 0. — IAPAMETP 3a-
TYXaHHS.

Hcnonb3yss MeTO[ MOCIE0BATENIbHbIX NPUOIIKEHUH, pemenue Uiyt B Bune M; =M, +m;(t),
H = HEY + ¥ (1), tne |m, (1) |<<|My; | n | B (1) |<<| HET |, My; — paBHOBecHOE HampaBIeHHE i-rO
MarHUTHOTO MOMEHTa, KOTOPOE B COOTBETCTBHU ¢ [8] ompenenseTcs U3 CUCTEMbI JIMHEHHBIX HEOAHOPO/I-
HBIX YPaBHEHUI C HEONPeIeICHHBIMH MHOKHUTEIIMH Jlarpamka v;:

eff(MmaMoz, Moy)=viMy (i=1,..,N). (6)
[Ipu 3TOM cTaTHUeCKass U TUHAMHUYECKAs: YacTh A3PPEKTUBHOTO TMOJIS ONPEACIISAIOTCS B COOTBETCTBUH C (5)
u (6) Kak
eff eff _ ul rf
ZG iMo; +Hy=v,My, h (t)—zlGl-jmj(t)+h,- : @)
j=
PaccmarpuBast TONBKO JIMHEHHBIE YIEHBl U Y4UTbIBas, uto [M; x H eﬁC] =0, ypaBHEHHE TBUKCHUS
(4) npuaumaer By [12]

a .
" zB m,+ Nk, ®)
61‘ j=1
B KOTOPOM HCHOJB30BAIMCH CICAYIOINE 0003HaYEHHUS
o 2 0 -MyP M
N; =—y| A(My)+—(A(M,))" |, o ol( ,
M a AMy)=| M 0 -M{ | )
By =N;(Gy —vi8;E), -Mg) Mg 0

Panee B pabote [13] ans pemeHust cucteMbl ypaBHEHUH (8) ObLT pacCMOTpPEH MIMPOKO PaclpocTpa-
HEHHBIH B MUKPOMAarHUTHOM MOJEIUPOBAHUN METO], OCHOBAHHBIH Ha IIOMCKE PEIIECHUS B BUJE pa3jIoxKe-
HUS TI0 COOCTBEHHBIM BEKTOpaM HOPMaJbHBIX MarHUTHBIX Mo Kojiebanuii [12—16]. B Hacrosmeit pabote
IUIsl yMEHbIIeHHs TpeOyeMoro oobeMa OnepaTUBHON MaMATH KOMIbIOTEpPa U YMEHBIIEHUSI BpEMEHH pac-
yeTa peanu3oBaH Ooniee 3G (EKTUBHBIM METOA, KOTOPHIN BIEPBBIC OBLI MCHOIB30BAH [UIS UCCIIEIOBAHUS
JIBYMEPHBIX TOHKUX IUICHOK CO CTPaMI-cTpyKTypo# [17], a Takxke OTHENbHBIX 00bEMHBIX (eppOMarHuT-
HBIX YacTHI] Pa3IM4HBIX GopM U pa3mepos [18, 19]
—10),

C noMoIbIo NOACTAHOBKU m; (1) = mye hrf (t) = hye O cpctema muddepeHIMaTbHBIX ypaB-

HEHUH (8) CBOAUTCA K CUCTEMC JIMHEHHBIX HEOAHOPOAHBIX ypaBHeHI/Iﬁ

N
—iom; = ZB,-ijj + N.h, . (10)
J=1
[Tocne 3TOTO pelIeHre TakoW CUCTEMBI MOKHO OCYIIIECTBIIATh YK€ CTAaHAAPTHBIMH YHCICHHBIMH METO/A-
MU JTHHEWHOW anreOphl: HAPUMEp UTEPAMOHHBIM METOJOM CONPSIKEHHBIX TPAJMEHTOB WA METOIOM
MHUHMMAaJILHEIX HEBSI30K.
[Ipu 3TOM cleayeT OTMETUTh, YTO B cumiy orpanmucHus |M;| = M, u3 obOmero uucna 3N ypaBHe-
Huit (10) Tonpko 2N SBIAIOTCS THHEHHO HE3aBUCUMBIMU, YTO ITO3BOJISIET YMEHBIIIUTD YHCIO0 HEU3BECTHBIX
Y 3HAUUTENIbHO COKPAaTUTh BpeMsi pacuera. J[si 3TOro Mbl B KaXKJIOW JUCKPETHOM sueike mepeisemM K
CHCTEME KOOPJIMHAT, OCh Z KOTOPOU COBIIAJIa€T C PABHOBECHBIM HAIPABJICHHEM HAMarHMYEHHOCTH B HEM.
Toraa B HOBOH cHUCTeMe KOOPIWHAT KOMIIOHEHTHI TUHAMHYECKOW HAMAarHMYEHHOCTH U IEPEMEHHOTO TI0-
a5 OyIyT onpenensatTees Kak m; = T;my,; ; hy; = T:hy; , rie MaTpuia npeodpasoBanust 7; UIMEeT B C y4e-
TOM TOTO, YTO a3UMYTaJIbHBII U MOJSAPHBIN YTkl BeKTOpa M); paBHBI COOTBETCTBEHHO ¢; U 0;
cos0,cos@; cosH,;sing, —sinb,

T,=| -—sing; cosQ; 0 |. (11)

1

sin®; cosg; sin0;sing; cosb;
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[Ipu mepexone B HOBOIl cucTeMe KOOPJIMHAT K IBYMEpPHOH 3a/1ade, T.e. OTpaHUYNBAsICh PACCMOTPEHHUEM
TOJIBKO X- U y-KOMITIOHEHT y BEKTOPHBIX U TEH30PHBIX BEJINYNH, UMEEM

’ ’ T o 1 ' n—1 1 a -1
N'=N;=T;N]I; =yM; » L'=(N) "= (12)
-1 a yM(1+a” )1 «
[Tpu aTom ypaBHenue (10) npuodpeTaeT BUI
N
ZIA{,""('J_;' =—hy,, (13)
Jj=

rne A; =G —v;8;E+iod;L". Pemenne (13) ¢ mocnepyromyum nepexoioM B CUCTEMY KOOP/MHAT, CBs-

. . T
3aHHYIO ¢ MOJICTIMPYEMOH IUICHKOW MOCPEACTBOM 0OpaTHOro mpeodpaszoBanus m; =1, m; (31ech mpe-

¢ukc «T» o3Ha4aeT TpaHCIIOHUPOBaHUE), onpeaenser pemenue (10).
ITony4yeHHOe pemieHne, ONUCHIBAIOIIEee TUHAMUKY HAMarHH4eHHOCTH, ITO3BOJISIET, B YACTHOCTH, OII-
PEeAETUTH SHEPTHIO MOTJIOMEHHS BHICOKOYACTOTHOTO M0 HaHOKpucTamnunaeckoit TMIT [20]:

E=oby 3 Im| my b, ] (14)
i=1

2. UccaenoBanue BbICOKOYACTOTHBIX CBOMCTB HAHOKpUcTandeckux TMII

ITo pe3ynbTaTaM MpoBEAEHHOTO pacuyera MUKpoMarHuTHOH Moaenu TMII Obuia HanrcaHa KOMIbBEO-
TEpHas MPoTrpaMmMa, C MOMOIIBI0 KOTOPOH M3ydaanch 0COOEHHOCTH criekTpoB CBY-moriomienns HaHOK-
pUCTAJUIMYECKUX TUICHOK. MccaenoBanus MpOBOIMINCH Ha TJIEHKAX, MPEICTABISIOMNX COO0H MOHOCTION
IJIOTHOYTIAKOBAaHHBIX HaHo4acTwll ¢ ynuciaoMm 1024x1024 co ciy4ailHBIM pacrpeneneHneM oceid aHh30-
Tponuu. PazMep HaHowacTuil D COOTBETCTBOBAN pa3Mepy AUCKPETHBIX SYEEK B MOJIENH M BapbUpOBAJICA
B mpeaenax 12—1000 am. YUToOB HCKITIOYNTH KpaeBbie 3G (HEKTHI, CBA3aHHBIE C HEOTHOPOIHOCTHIO BHYT-
pPEHHEr0 MarHUTHOTO TOJIA BOJNM3M I'paHUI] 00pa3lioB, MPU pacdeTe 3HePruil 0OMEHHOTO ¥ MarHUTOCTa-
THYECKOT'0 B3aUMOACHCTBHI MBI MCIOJB30BaIM ABYMEPHBIE OSCKOHEUHBIE MEPHOANYECKUE TPaHHUUHBIE
ycnoBus [21]. Jlnst onpeneneHHOCTH, MarHUTHBIE TIapaMeTPhl UCCIIEAYEMBIX 00pa3lloB BRIOPAHBI B COOT-
BETCTBHH C XOPOIIIO M3BECTHHIM HAHOKPHUCTAUIMIECKUM CIIaBoM Fes; sCuNbsSijzsBy [7], Hamaranuen-
HOCTb HACHIIIEHHS KoToporo M, = 955 I'c (1.2 Tx), koucranta obmena A = 1-107° spr/em (1-107"" /),
TOJIE JIOKATBbHOW OJTHOOCHOW aHu3oTponuu H, = 2K/M;=171.7 3 (K = 8200 Jhx/v), a rapaMeTp 3aryxa-
aus o = 0.005. IIpu sToM 00mas It BCel TUIGHKW MarHUTHAs aHU30Tponus K, He yUuThIBajach. BHem-
Hee TIOCTOSHHOE MarHWTHOE MOJIe TMPUKIIAJABIBAIIOCH B INIOCKOCTH IJICHKH M BaphHUPOBAIOCH B Mpeaeiax
0-180 3, a nmaHapHOe MEepeMEHHOE MAarHUTHOE MoJie ¢ YacToTol Hakauku f= 3 [T Obu1o HampaBiIeHO
OpPTOTOHAJBHO MOCTOSHHOMY. Ba)KHO OTMETHTB, YTO JUIS BHIYUCIICHUS KOMITOHEHT TEH30pa MarHWTOCTa-
TUYECKOTO B3aWMOJIEHCTBHS MEXAY KPUCTALUTUTAMH HCIIOIB30BAIOCH aHATUTHYIECKOE BhIpakeHue [9].

Ha puc. 1 npeacrasiens! pe3ynsTaTsl pacuera crekTpoB CBU-normnomenrns HaHOKPHCTANTHIECKUX
TMII ns Hexotopbix 3HaueHuit D. KpuBble /—4 Ha puc. 1, a COOTBETCTBYIOT JIMHUSAM PE3OHAHCHOTO I10-
TJIOMICHUS IS TUICHOK ¢ pa3MepaMiu KpuctaumToB D = 12, 42, 56 u 75 HM, a KpuBbIle 4—7 Ha puc. 1, 6 —

100

20 40 60 80 100 120 140 160 H, 3 20 40 60 80 100 120 140 160 H, 3

Puc. 1. Cnexkrp CBU-nornomeHys HAaHOKPUCTAJUINYECKON TOHKOM MarHUTHOW MIIEHKH IS pa3IMYHBIX 3HA-
4yeHUll pa3mepa KpuctauToB D, HMm: kp. [ — 12, kp. 2 — 42, kp. 3 — 56, kp. 4 — 75, kp. 5 — 100, xkp. 6 — 178,
kp. 7—1000
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muausIM OMP mns tenok ¢ D = 75, 100, 178 u 1000 am. Bugno, uro pasmep kpuctamumtoB TMII oxka-
3bIBaCT CHJIBHOE BIUSHHUE HAa OPMY U IOJIOKECHUE PE30HAHCHOW KPUBOH, MPUYEM 3TO BIUSHHE, KaK IO-
Ka3bIBaIOT UCCIIENOBAHUS, OCOOCHHO CHUJIBHOE [UIA IUIEHOK, Y KOTOPBIX Pa3Mep KPUCTAIMTOB IONAlaeT B
HEKOTOPYIO «KPUTHYECKYIO» 00JacTh, HAYMHAIOIIYIOCS ¢ pa3mepa D ~ 35 HM, mMpu KOTOPOM JHEPTHSI
Cly4aifHON MarHuTHOM aHu3otponuu F“ =—VK paBHa sHepruu oomena F = —VJ.
AHanu3 KpUBBIX NOKa3bIBAET, YTO YBEIWYECHUE pa3Mepa KPUCTAIUIUTOB MIPUBOAUT K U3MEHEHUIO I10-
11 OMP, 3HaUNTENPHOMY YIIMPEHHIO JIMHUM PE30HAHCHOTO MOIIOMICHUS, a TaKXKe U BO3HHKHOBEHUIO
acMMMeTpuH (HOPMBI PE30HAHCHON KpUBOW. 3aMETHM, YTO JUIS TJICHKH C MUHHMANBHBIM pa3MepoM Kpu-
crammToB (D = 12 HM) oOMeHHas SHeprus Oojee 4eM B 8 pa3 MpeBbIIaeT SHEPTUIO0 OAHOOCHOH CiTydai-
HOW MarHUTHOW aHWU3OTPOIHH, MPHU 3TOM (GopMa ee Pe30HAHCHOW KPUBOHM OlmM3Ka K CHMMETPHYHOH, a
pe3oHaHcHoe monie Hy u mmpuna nuann OMP AHp mpakTHYecKu COBIAAAIOT C PE30HAHCHBIM IOJIEM
Hy =7 (fly)* /My ~95 3 u mupuroit muann ®MP AH, = 4nafly ~ 10.7 D, HOTyYeHHBIX IS H30TPOIMHOI
omHOpoaHO HamaramdeHHo TMII. OmgHako mys TUIeH-

A ku ¢ D =100 HM, y KOTOpOli OOMEHHasl Heprusi, Ha-
8T a npoTuB, Oojiee YeM B § pa3 MEHbBILE SHEPTHH CITydaii-
6L HOW MarHUTHON aHW30TPOIMH, HAOIIOAAeTCs CMelle-

g HUE PE30HAHCHOTO TOJA Ha BenmwuuHy O0H = Hp — H,
Sy paBHyIO ~—12 DO, a Taxxke ymupenue JuHun OMP Ha
g: BemmunHy OAH = AHyp — AH,, paBHyrwo ~120 D. Ilpu
v.oo2r 3TOM acCHUMMETPHUsS (POPMBI PE30HAHCHOM IuHUU AL,
0 . R ompezensiemMast Kak pa3HOCTb MEXAy JeBord AH_ u mpa-
10 100 1000 Boii AH, «nomymupunamuy nuHun OMP (SAH. =
2015 =AH_— AH.), mia mneaku ¢ D =100 HM cocTaBiser
6 BennuuHy ~ 40 3. Crenyer OTMETUTH, YTO IS BBIYHC-
o 10t nenust 3HaueHud Hy, AHr, AH_ u AH, MBI HUCIIONB30-
g BaJM alIpOKCHUMAIMIO IMOJy4YeHHBIX crnekTpoB CBY-
w0 TIOTJIOMICHUSI C TIOMOIIBED TaK HA3bIBAEMOW acCHMET-
PUYHON pe30HaHCHOM KpuBoH JlopeHla, NmpemyioxeH-

A0F HoO# B padore [22].
20 , L Ha puc. 2, a npeacraBieHa 3aBUCUMOCTb CpeIHe-

10 100 1000 KBaJIPaTUYHOI'O yIJIa OTKJIOHEHHs <(> HEOJHOPOJHOMH
HaMarHM4eHHOCTH HAHOKPUCTAJUIMYECKOW IUICHKH OT
CpEeIHEro HampaBleHHsT HaMarHu4eHHocTd B TMII,
MOCTPOEHHAsA JUIsl PAa3IUYHBIX 3HAYEHUH pa3MepoB
KPUCTaJUNIUTOB. 3HAYEHUS <>, XapaKTEePU3YIOLIUE CO-
CTOSIHAE MarHUTHOW MHKPOCTPYKTYPHI TUICHKH, OBLIH
MOJYYEHbl JJI1 BHEUIHErO0 MOCTOSHHOI'O MarHUTHOI'O
MoJjsi, paBHOTO pe3oHaHCHOMY H = Hp. U3 pucyHka
BUJHO, YTO C POCTOM D B «KpPUTHUYECKON» o001acTu

O0AH, 3

10 100 1000 HaOJIFOTaeTcss MOHOTOHHBIN, MPaKTUYCCKU JTHHEHHBIN
50 pOCT CpPeAHEKBAAPATUYHOIO OTKJIOHCHHUS <> BIUIOTh
o a0} 2 10 D~ 150 am. A npu 3HadeHusx D > 180 M <>
< a0l 0CTaeTcs MPaKTHYECKU NOCTOSHHON BETMYMHOM.
d 2ol B npoTHBOMONIOKHOCTH TakOMy IIOBEIECHUIO
<@>(D), 3aBHCHMOCTH CMEUICHHUS PE30HAHCHOTO OIS
10F 0H(D) (puc. 2, 6), ymmpenus muauun OMP SAH(D)
o (puc. 2, 6) u acuMMeTpur (POPMBI PEe30HAHCHON KpH-
-10 : > Boii OAH.(D) (puc. 2, 2) UMEIOT SPKO BBIPAKEHHBIN
10 100 1000

HEMOHOTOHHBIM xapakTtep. Tak, cMeUIeHHUE Pe30HaHC-
HOro monsi 0H cHauama pacTeT C yBEIHYCHHEM pas-
Pic. 2. 3aBUCHMOCTS CpEHEKBAIPATHHHONO Mepa KpHUCTANIUTOB, JOCTHUTasi CBOETO MaKCHUMyMa
OTKJIOHEHUs yIJla HEOJHOPOJHOI HaMarHU4eH- 0H ~103 npn D ~ 56 uM, 3ateM mpn D ~ 75 HM cMe-
HOCTH OT CPEJHEro Hampamienms  (a), uienue nonst ®MP meHsieT 3HaK Ha OPOTHUBOMIOJIOXK-
PE30HAHCHOTO cMelenus (6), yuupenus (¢) u HPIH,  jocturas — muHmMyma SH~-153  npu
aCUMMETpUU peSOHaHCHOﬁ JIMHUA (2) oT D~ 180 HM, a B JHaI1a30HEC D ~300-1000 um Bean4H-
pasmepa kpucramuiutos TMII Ha CMEUIeHHS BBIXOANT Ha HackimeHune 6H ~—10 3.
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3aBucumocThb ymupeHus auHu OMP (puc. 2, ¢ ) yBenmuuuBaeTcs B «KpUTHYECKOI» 00NacT pas-
MEpOB KPHUCTAILTUTOB, JEMOHCTPUPYS pe3Koe, MOUYTH JHHeWHoe Bo3pacTanue O0AH B nuamazone D ~
~40-90 am u mocturas Makcumyma mpu D ~ 100 am. 3HadeHne mmpuabl JuHIH AHR ~ 130 D B aTOM
TOYKE Ha MOPSAOK Oojbile, 4eM mupuHa JUHUH OMP M30TponmHONW MarHUTHOW MJIEHKH C OJHOPOTHON
cTpykrypoii AH,. Ilpu nanpHEWIeM yBEIMYCHUH pa3Mepa KpUCTALIMTOB OAH HEMHOTO CHUXACTCS U
ipu D > 300 HM pocturaet Hacwimierns OAH ~ 100 3.

WNHTEepecHO TMOBeIeHUE 3aBHCHUMOCTH, XapaKTepuayroleld acuMMmerpuio ¢opmel smaun DOMP
OAH(D) (puc. 2, 2). B nuanazone D ~ 40-90 uM oHa BeneT ceOs aHanoruuHo 3aBucumoctu OAH(D), ne-
MOHCTPHpPYS pe3KOe BO3pacTaHHe, M TAKXKe JIOCTUTAaeT cBoero Makcumyma mipu D ~ 100 am. OgHako 3a-
TeM OBICTPO YMeHbImaeTcs A0 Hyis npu D ~ 200 aM (B 3ToMm citydae nuaust OMP cTaHOBUTCS CHMMET-
pUYHOI), a B JanbHEHIIEeM MeHseT 3HaK M MOHOTOHHO yMeHbIIaercsd. J[pyrumu cloBaMH, MPHU MallbIX
pasmepax kpuctamuiutoB B TMII kpyTu3Ha JIeBOro CKIOHA €€ PE30HAHCHOM KPHUBOW MEHBIIE MPaBoro, a
IpHU OONIBIIAX pa3Mepax KPUCTALTUTOB — HA0OOPOT.

3akiouenune

Taxum 00pa3om, Ui UCCIIEI0BAHUS BBICOKOUYACTOTHBIX CBOMCTB HAHOKPUCTAIIIMUECKUX MArHUTHBIX
IUICHOK pa3paboTaHa MUKPOMarHUTHAs MOZETh, YYUTHIBAIONIAS CIy4allHOE paclpe/ielieHue HarpaBiIeHUH
OJTHOOCHOW MarHUTHOM aHM30TPONHM B KpHUCTaNIUTax. B Mozenu momMumo 3Hepruu 3eemMaHa U dHEPruu
OJHOOCHOW MarHUTHON aHM3O0TPOIIMH YUYTEHBI SHEPrHU OOMEHHOTO M MarHUTOIUIIONBHOTO (MarHUTOCTa-
THUYECKOI'0) B3aMMOJICHCTBUSI MarHUTHBIX MOMEHTOB. Ha ocHOBe Takoil Mojenu peanu3oBaH 3¢QekTus-
HBIM METOJl YHCIIEHHOTO aHaJlM3a JWHAMHMKH HAMAarHUYEHHOCTH HaHOKpHUCTAJUIMYecKuX IieHoKk B CBY-
MOJISIX, MO3BOJIMBLIMK CYIIECTBEHHO YMEHBIINTH 00bEM TpeOyeMOl ONepaTuBHON KOMIBIOTEPHOM MaMsi-
TH, a TAKXKe 3HAYUTEILHO COKPAaTUTh BPEMS pacyeTa.

bnaronaps mpoBeeHHBIM HCCIIEIOBaHUSM OOHAPYKEHBI 0COOEHHOCTH B CIIEKTpax (GeppoMarHuTHO-
rO pe30HaHca, CBA3aHHBIE C BIMSHHEM pa3MepOB KPUCTAIUINTOB D Ha mapaMeTpbl pE30HAHCHON KPHUBOM.
B wactHOCTH, yCTaHOBJIEHO, YTO B ONPENEICHHON «KPUTHUECKOW» 00JacTH pa3MepOB KPUCTAIIIUTOB, KO-
I/1a SHEeprusl cIydyaifHOW MarHUTHOW aHU30TPONMK HAYMHAET MPEBbIIaTh OOMEHHYIO SHEPruio, HabIroaa-
eTcsl 3HAUNTeNbHOE H3MEHEHHE oM (DEpPOMarHUTHOTO pe30HaHCa, MHOTOKPAaTHOE YBEIUYEHHE [IIMPHHBI
PE30HAHCHOW JIMHWU U BO3HUKHOBEHHE aCHMMETPHUH (OPMBI pe30HaHCHOHM KpuBoil. [lokasaHno, 4To pe3o-
HAHCHOE TI0JIE C YBEIIMYEHHEM pPa3MEpOB KPHUCTAUIMTOB CHA4Yala PacTeT, JOCTUras MaKCHUMyMa, 3aTeM
OBICTPO YMEHBILACTCS IO CBOETO MUHUMYMa, 3aT€M CHOBa PACTeT C BBIXOAOM Ha HachillieHue. [Ipu aTom
KpPYTH3HA JIEBOT'O CKJIOHA PACIIUPAIOLICHCS Pe30HaHCHOM KpUBOW CHavyaia yMEHbLIaeTCsl ObICTpee MpaBo-
ro, Hapyliasi CAMMETPHIO ee (JOpMBI, 3aTeM KpHBasi BHOBb CTAHOBUTCS CUMMETPUYHOM, a KPYyTH3HA JIEBO-
T'0 CKJIOHA CTAaHOBUTCS 0OJIbINIE€ KPYTHU3HBI IIPABOTO.

[TpoBeneHHbIE UCCIEIOBaHUS UMEIOT, BO-IIEPBBIX, OOJIBIIOE 3HAYEHUE I (PM3UKH MAaTHUTHBIX SIB-
JICHUH, TaK Kak oOHapy>KeHHe HOBBIX 3(P(EKTOB Bcerga AaeT BO3MOKHOCTD JIydllle IOHITh IPUPOLy Ha-
OmomaeMbIx ocobeHHocTel B criekTpax CBY-mormomieHus: peppoMarHUTHBIX MaTepualioB. Bo-BTOpEIX,
MOJTyYCHHBIE B pPa0OTE pe3ybTaThl MPEACTABISIIOT OOJBIION MHTEPEC AJISl TEXHOIOTOB, paboTaoMMX HaJ
mpo0aeMoil co3laHKus HAHOKPUCTAUTMYECKUX MArHUTHBIX IUIGHOK C 3aJaHHBIMH BBICOKOYACTOTHBIMH
CBOMCTBaMH.
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