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""puttnootoft 
o6nacm cleKrpa I'I Ap' Manronu

pacflpocrpa'tlorct Ha i^"t"""""o 6onrurue paccrot'Llt rIeM crInHoBaJI

[oJIflpI,I3aqI4'gneKTpoIIoBBMeT€uIJIaxI,UIII[ony[poBoAH}IKax,nplrqeMBA}IgJIeKTpIIKax

ccyuIecrBeHHOMeIrbIur',IMI',tloTeptMLI'AauBOJIIIOBaJIflpllpoAaMauIoHOBOTKpbrBaeT

HoBbIe[epc[eKTLIBbIBllcoJIb3oBaIInLII4xHeJllrHefirrrrxcnoficts.IlhfelffioIIogToMy
pa3BIITueMaIHoIII4KLIoTMeIIaJIocbKaKIIp[opIrTeTIIoeHanpaBJlerrueo[opoxuoftrapte

MaruerlnMa2014u2017t'Brvrupe(oton'I'rncrenePoccru)'cyqecrByerIrecKoJIbKo
Haytrubx IuKoJI, 3alrtlMaloult*t" pu"pu6otrofi u BHeApeIr]IeM B TexHoJlorurl npu6opon'

cnoco6srtx reuep[poBarb' flepeAaBarb lI KolrrpoJlllpoBarb [oBeAeHI'Ie KaK

MarHfiTocrarrltrrecKllrx, TaK n o6uennrrx cII]IHoBbIx eorH. EcrII AJrt oAHopoAHbD(

Sepporuameruron cneKTpbl MarHoIroB' llx pacupocrpaueul'Ie' orpoKellue v

[peJIoMJIeH[e"o""ou"o*noEgTbI,tog6oleecJIoxIIbIxcJlyqajrxTeopu,IHaxoAIITc{
-ToJrbKo B rrepBorraqaJ*noft craAur.r. B curry gToro reMa Al{cceprallrur floftr'ranoaa B''{'

aKTyaJIbHa'a[oqB[eHI,Iepa6o.r,rraKoTopblxocHoBaHaeroALIccepTaI$'6ruosecrl4a
BaxIrbIM 11 cBoeBpeMeIIHbIM'

,Ilucceptaum cKoMrIoHoBaHa rpaAuIIlIoHIro ll cocro]IT LI3 BBeAeHItt I{ Tpex

IaB, BKJIIoqas nllTeparyPubrft o6sop' B roruIe raxAofi firaBbl lr pa6otu B qeJIoM

coAepxarc, o6aro"ran"rre BbrBoAbr. [nccepra{nonuaa pa6ota Il3JIoxeHa na 116

crpauuqax fleqaruoro TeKcra' coAepxLIT 26 pr'rcymon' 4 ra6nnqrr r 2 npuroxeHllt Ha

7 crpanlrqax. Ilpountrporano 109 wrteparypnblx [crorIIrIIKoB' qro cBll'qereJlbcrByer

oxopoueM."u*o*.'""onccepTaHTacrrayrrrofinepto4uroftIIoTeMe[ccJIeAoBaIILI''
Ilepsar HraBa coAep)KI{T JILITeparypIrbIfi o6oop' roropufi Aocrarotluo rtorHo

cyMMIIpyeTLI3BecTHbrepe3ynbTaTbllIBHeMAaH6Ipa3ILIqHbIe4p}IMepblupocTefiurra<

MarHOHHbrx y"rpofta""' -' "a"r"oafi, 
Qaroepauate lrelt u Ap., BBeAeIIO [oEf,TIIe

MarHoHHoro[oKa3aTeJlf,IIpeJIoMJIeHI{,Ir.rrrorarrrrrofqacToTEIseppouarrruuroro



pe3oHaHca. o6sop xanzcaH [oApo6Ho vI uc:Fro, xopoulllM JILITepaTypHEIM 
'3EIKOM' 

LI

npone4ennrrft rpraruvecrufi aHaJrr{3 rro3BoJrlrJr aBTopy HaMernrb rryr}r peaJI}I3aII[r{

IOCTABJIEHHbIX 3ATAq.

Bropar lr Tperb{ fJIaBbI coAepx(ar oplln{Htulrnrrft uarepnal. Honnsxy pa6otrr

orrpeAeJrrer coBoKylHOCTb [oJrfreHHbrx AaHHbIx O pAc}e'I:,divrvr O6uennrx ClI4IIoBbrx

gorH nrocxoft rpanr,Iuefi [pI,I HaJlnquu o6uexnoro nsaurrlo4eficrnrx ,{sxnouruncroro-
Mopux. llpe4noxen cuoco6 reueparlr{r{ o6uennrrx c[[HoBbrx BoJIH ]rHTepQeficou upn

ros6yx4eHuu oAHopoAHbIM [oJIeM HaKaqKI4, [poBeAeH aHaJII43 3{ryxauufi B

cso6oAHol,r lr [LIHuHroBaHHoM cJlotx crrltuoBofo BeHTLIJII npu o6uennofi. cssgu MexAy

HIIMII.

,{nr peruenu fi ga1av'vr o pacce{Hlrlr o6uennr,rx cnl{IroBbrx BoJIH rrJlocKoft

rpanzqei pa3AeJra aBTopoM ro eropofi rJraBe BbIBeAeHbI rpauuqHbre ycnoBut AJrfi

KoMIIoHeHT Al{HaMriqecKofi uauarnnqeuHocrll, Koropble 1nlnrblB€uor llaJlwlLl.e

HeoAuopoAHoro o6uena ,{sxlouruxcroro rr rloBepxuocru)ilo aHI,BorporMIo. 3ateu,

peru€u ypaBHenue Jlangay-Jlu(frunqa, 6rtnn nafiAeubl KaK roqHo, raK IiI B paMKru(

Teop[lr Bo3Myrrleur,ri rro [apaMerpy gJrJr]rrrrr{rruocrr,I qacrorHble 3aBlrctlMocru

HeoAuopoAHbrx Ir o6lerr,rnux soru.
B rperuefi rJraBe AuccepraIILII{ rIpeAJIoxeH u reoperuqecKu our.rcan nosHfi

Mexauri3M reHepaqfiI{ c[I{HoBEIx BoJIH oAHopoAHbIM rIoJIeM HaKaqKI'I. floAo6no

I,r3BecrgoMy MexaH[3My TIIrg[4aH4, IlcrloJrb3yroqeMy reoMerpl{qecKfie I{ MarHIITIrbIe

HeoAHopoAuocrr,r B rrJIeHKe, B I4x KatlecrBe paccMarpLt Baerct rpaHuqa (rnrepQefic)

MexAy AByMr MaIHI,ITHrIMrI Marepl{tul€lMtl upu HEUIuqltII o6Ivrexxofi cBt3I4 Mex,4y

ulrrr,rr.r. feuepupyeMble BoJIHII TparTylorct Kax perueurlf, oAnopoAuoro ypaBueHl'rt

JIan.qay-JI[QuIrIIa c HeoAHopoAHbIMI{ TpaHFIHrIMI{ ycJIoB}rtMIa, B npaBylo tlacrb

Koropbrx BxoAtT Bocllpl,IfiMrlllBocr]r, xapaKTepn3yloull4e oTKJII{K C}IcreMBI HA

oAHopoAuoe none. CneAoBareJIrHo, e(f(ferrnrnocrb renepaq[u oupeAertercs Ee

roJrLKo eeru.ruuoft o6uennofi uexcnoinoft KoHcrarITbI, Ho I,I pasuocrblo

Boclpvr,rMru4 Bocrefi. AvutlrryAa rcHepfipyeMblx upra gToM BoJIH ofpaHnqeua roJIrKo

rrapaMerpaMll 3airyxanus, Marepua a, a rLr:aa - tonrqrnoft r,rnrep(feftca rroptAKa

noctorsuoft peurerrl{. Taxuu o6pa:ou, paccMorpeHHbli uetoA rlo3BoJlter

reHepfipoBarb orHocI{TeJIbHo KoporKl{e cfll,ruoBble BoJIHrI. llpr.r etou, ecrlt qacrora

uorrf, HaKaqKu 6nzsKa K pe3oHaHcHofi Ans oAnoft lrr cPeA' s6rLIgLI lpaullqhl llrx

aMrrJu4TyAa s erofi cpeAe [paKT[rIecKI,I paBHa I{yJIIo, rITo coorBercrByer cJlfrarc

A[HaMI,IqeCKOrO II{HHLIHra.

,{a;ree paccuorpeua reHepaqr4r crrlluoBbrx BoJIH MafIrrrrHBIM cJIoeM roneqnofi

roJrrqr,rHbl. flpone4en cpaBgureJlbHblfr. asurug e(ltfertuanoctu renepaqlg cJIoeM I'I

u3oJrr{poB€lHHrlru ranrep$eftcoIvr. B gasucuMocTl{ oT qaCTOTBI HaI€IIKI,I rurtepQeperqua

BoJrH, orpul)KeHHbIX or AByx rpaH[II, Moxer 6rttr xax KoHcrpyKT[BHofi, tax n
AecrpyKTr4Buofi. B nepnou cJrfrae 9To rro3BoJrrer reHeplrrpoBarb BoJIHrI c aM[JII{TyAofi,



6onee .reNr B ABa pa3a upeBbrruaroqeft avuwrry,qy IIpn reHepaqun r43oJll{poB€urlrbrM

HHrep$eficovt.

Aanee s etofi xe rperrefi DraBe Bbr[oJrHerr AoBoJrbrro TpyAoeMKr,rfi pacvet

BrrLrflHUfl ueXclofitrOrO O6lrennOrO sga[N4OAefiCtS[rI, UyCTb AZDKe Cla6OrO, n

crrr4HoBoM Belrrr,ue Ha [apaMerpbl 3uryxalvfr cno6oAnoro E rInHI,IHroBaHnoro cnos. B

paMKax reopul{ cBr3aHHErx MoA rronfleHo, tITo 9To BJILITHI{e cylqecrBeHHo s o6racrtl

flOnf, [epeKIIOIIeHI,IrI, qTO He TOJIIKO IO3BOJIIeT O6gSCHEtr IEUerOqnftCX gKClepuMeI{T,

Ho.r4 [o3BoJrter orIpeAeJII{Tb BenI{rI[Hy eroro o6Irlennoro B3tMMoAeirctsfir.

He nlvreq Bo3MoxHocTI,r B or3brBe ocTturoB}lTbc.s Ha Bcex HoBbIx I{ [oJle3Hbrx

p*yJIbTaTaX, [OJIfIeHHbIx O pa6Ore, BrIAeJIIO TOnEKO HeKOTOpbIe VI3 laI411, LIM9IOUTIS'

tto MHeH[Io oflIIoHeHTa, nau6onrruee 3HaqeHLIe:

l. Bueprue B KoHTI,IHytuIrnonr npn6ru,rxeHl{I{ BbIBeAeHbI rpaHLItIEbIe ycJIoBIIt AJlf,

HaMarHI,IqeHHocrI{ c fleroM Konequoro uexcnoftnoro o6ueua, arrrl4cl{MMerplltllrolo

o6uena ,{sanorur.rncroio-Mopzr Lr :erururrttrt rloBepxHocruofi uarnnnroft aH[3orpo[I{LI.

2. Pacc'ruranu roe$$nqueHTbr pacaerHr,Ls o6Nrenqrrx c[tIHoBbIx BoJIH AJIS rpafl[Ilbl

pa3AeJra AByocHhIx QeppOuametuKoB u HeoAHopoAHbIx KlIpaJIbHbrx MaTHLITH6IX

cTpyKTyp, Bo3HI,IKaIouII4x npl{ HaflI{qul4 aHTucI,IMMeTpLIqHorO o6MeHa ,{sraomnncrorO-
Mopr,1r. flpu cnnare 11aA€Iloqrax I{ pacCetHgblx BOJIH Ha rpaH}IIIe cTaHoBI{Tct

cyIqecTBeHHbIMy.IeTHeoAHopoAHbrxc[IIHoBBIxBoJIII-9Kc[oHeHq}IaIIbHo
'3aryxarculr{x peuenufi ypaonenraft Jlan4ay-Jluouruga. Ha]ffuiil{ne HeoAHopoAHED(

c[r4HoBErx BOJIH OKa3bIBaeT cylqecTBeHHoe 3HaqeHI4e Ha xapaKTep papcefiIllrfl"

OTpa)KeHvtr I{ [pOXOxAeHIlt CrrI,rHOBLIx BOIH qepe3 rpaHnqy, B SaBITCTMOCTaI Or

cooTHoIIIeHI{t qacToT oAHOpoAHoro OMP s corrpllKacapgllrxcr QeppOuameT]IKax,
qacrorgar 3aB[criMocr6 roe{Qnqnenra orpaxeHl,It uoxet 6rrtr MoHoroIIHoft LIJIU xe

llMerb MIIHLIMyM.

3. flpe4noxeH MeToA reHepaqu[ clI4HoBbIx BSJIH B IUIeHK9 [pOcTpaHcTBeIIEo

OAHSpOAH6TM 11OIeM HaKaqK11 [pII 1g1aJgtrqvrvr O6UennOfi CBt3n MexAy CJIOTMI{ AJI{

n3oJrllpoBaHHoro ilHTep(beftca. florarauo, rrro e(p(lerrrnnoub reHepaq[Ll

oflpeAenrercr pa3JrrulleM B MarH]IrHbrx Bocqp]r]IMTIUBOCT-gX rpaHl{Saql{x cpeA.

flonyreunue pe3yJIbTaTbI IO3BOJIIJII{ O6trcnutr Ha KaqeCTBeHIIOM ypoBge Tpu

He3aBI,IctIMbIx gKclepLIMeHTa, B Koropbrx c[I,IH-BoJIHoBtuI gMucclltt Ha6moAaracb or

fpaHurl pa3AeJIa B MaTHI4THrD( cTpyKTypax, r,r orKPbIBaIoT IIyTE K reHepaqru.t o6MeHHED(

cnr,rHoBbx BoJrH c yJlbTp€rMaJoft ATLIHOft BOJIHEI.

4. Sror xe MeroA reHepaqwr IIpu HulJrIIq]III AByx nHrep(bercoB, 3a cller

KoHCTpyKTtTBHOfi UnrcpsepeHrlr{tr MoxeT AaTb ABy4paTHOe ycuJreH[e cI4fiIaJIa

5. Paccqurano yuvpeulre JlrlHr,rfi rrornoqeuwr AJIII cJIoeB crruuoBoro Kllarraxa s6rusu

nOJIt [epeKJIIOrIeHLIt CBO6OAHOTO CnOx. lIOnyreHO' IITO B MaTHI4THOM CIIIIHOBOM

KJrarraxe Ilpeqeccwl CBO6oAHoro cJlot LIMeeT yI\[eHEIU9HIIyIO €lMIIlI[ITyAy u

yBeJr[qeHHyIo penaKcaqmo. Koy1;textuaurti xaparrep 11peqeccl{OHgofi A1ffiaMl6u,



cBt3aHHblfi C ([epeMeruuBaHLr eM)) rrapaMeTpoB cBoooAHoro r{ 3aKperrner{Horo cJroeB,

Bo3HIrKaer A€D(e rrprl cJra6oi o6uennofi cBr3lr MexAy gTlrMu croqM[.

[ocronepHocrb HafrHbrx pe3yJrbraroB Arrccepraur.roHnofi pa6oru
o6ecuequsaerct [pI,IMeHeHI,IeM xopouo anpo6upoaannrD( MeroAoB reoperrt recrofi
(fusr,rxu. B npegelrnrrx qacrHbrx cJrfralrx pe3yJrbrarbr coB[aA€uor c JrlrreparypurrMt4

.IIAHHbIMI,I.

O4nar<o, Alrcceprarlrlr floftMaHosa B.,{. ne cro6o4na or HeAocrarKoB:

l. IIpu BbrBoAe lpaHr{rrnbrx ycnoauft cq[Taercr, yro o6venHas cBr3b Mex,qy

cJro.rMr,r ocyrqecTBJlreTct TonEKo MelcAy AB)rMrI cJlotMlr, xoTt oqeBLIAHo, rrTo

3ro peAKo pearusytorqrficr. ctryie;it. Xenarenrso 6ulo 6rr o6cy4nrr, rar
9To npu6nnxenrae xoporro4eicrnr.rr Mo)K T floBJrr{fiTb Ha xaparcrep

pacflpocTpaHeHr.rr clllrHoBbrx BoJrH.

2. flpe4roxennufi uerog reHepaqwr c[[rroBbrx BoJIH rrepcneKTr.rneu. Ho aorop

Ar,rcceprarln[ ne o6cyx4aer ero qper{MyrqectBa rrepeA cranAaprubrM
MeroAoM lllneuaxa, xorga 4eQenr nMeer ror xe pa3Mep, uto n unrep(fefic.
Tarxe ne AaHo oqenoK npegelrxoft Har,rMeHb eft Alrnrr cnrnonoft nolrrrr
r.r coorBercrByloqeft aMnJrr,rryAEr. Becur,ra 3aMaHrrr{Bo, KaK rrpeAJraraer

aBTOp, rcHep[poBaTb ctII{HoBbIe BoJIHEI He BEICOKOIIaCTOTHbIM MaTHnTHbIM

IIOJTeM, a 9JIeKTpI{qeCK[M, Vurvr Jra3epHbIMI,I ]IMIryJIbCaIMr4, HO 9TI,I

rrpeAJro)KeHwr He KoHKpeTr43r{poBaHbr.

3. B rpetrefi rJIaBe orlucaH gKcnepr{MeHT rro Ar,rHaMnKe cflrruoBoro KJra[aHa,

[o-Br4Ar4MOMy, AJI' I,IJrJrrOCTpaqfi]r, TaK KaK 9TOT 9KCrrepZMeHT BbTUOJIHeH He

cor,rcKareJleM, I,I oH Ha Hero He lpereHlyer. Ho gro outncanl4e

(pparnrenrapno, An)Ke He yKa3aHhr r,rcloJrb3yeMEre Mareptr€lJrbr (n zcxogxoft
crarbe r{3Jroxeur{e uo4po6no), rrogToMy Aocrarotrno 6ruo [pocro
cocJraTbcr Ha cooTBeTcTByIou{yIo cTaTbro,

4. Pa6ota xopouro oSopunexa, Ho coAepxlrr MHoro HecraHlaprnrrx
corpaulenufi (nanprarr,rep, CC urru 3C). B JrrrreparypHoM o6aope ne
pacuru(fponano 3Harreur,re repMr,rHa (<MeroA spin-torque> n ne o6cyx4arorcr
AOCTOT4HCTBa lI HeAOCTaTKTi 9TOIO MeTOAa.

Kar cre.qyer r43 caMofo xapaKTepa aAeJrttrrHErx sauevaur.rfi, our{ H}r r roefi uepe
He 3ar?ar[Baror BbrBoAEr pa6orrr, a Hocrr cKopee xapaKT p noxelannfi.

Pa6ora BbrrroJrHeua Ha BbrcoxoM HafrHoM ypoBne, r uefi nonyren qelrrfi px4
HoBbIX ll [oJre3ubrx pe3ynbraroB, HMerox{r4x 6onrruoe HafIHoe lt [paKTr4rlecKoe

3Haqeuue. Pesynrtatrr pa6oru Mox(Ho peKoMeHAoBarb AJII o3HaKoMJreHvr Bo Bcex

oprauu3arlurx, 3aH[M€uoulrrxcr Sr.rer,rxoi Manr]rrHErx lnnennfi, z oco6enno
uarnonrrofi, a raKxe BeAylqnx paspa6omz gJreMeHToB c[]IHTpoH]IK]I I{ MarHoH}IKLI,

KaK HarrpuMep, MfY urrr. M.B. Jlouonocona, Camr-Ierep6yprcxrft yHr4Bepcrrer,

Capatoacruft rocyHuBepcr{rer, M?IP3A, ZP3, ZOM YpO PAH n 4p. Paccuorpennrre




