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Susraro-naareMarl4qecKl4x HayK rro cnerlr{€urbHocrr{ 01.04.11 - SzsuKa MarHrrrHbrx
ssreHHfi

.{nccepraqroHHar pa6ora fpuqenro K.A. nocB.srleHa r.r3yqeHnro

MexaHI43MoB QopnarapoBaHvrfl MarHr,rrHbrx csoficrB ToHKorrneHoqHbrx o6ruenno-

cBf,3aHHbIX CTpyKTyp Ha OCHOBe BbTCOKO- 14 Hr{3KOHLrKeJreBOfO rrepMaJrnoeB.

O6rerru AaHHoro rvrna AeMoHcrplrpyro nrrpaxeunrrfi e$Serr o6ueunoro

cMeIIIeHI{t, trplaBneKalou1llfi BHuMaHLre KaK c rorrKlr 3penlrr perxeHr

Qyn4avreHTuuIbHbIX BotlpocoB Bar{MoAeitcrsus B rereporeHHbrx cr4creMax, TaK H B

rIJIaHe Bo3Mo)I{HbIX rlpaKTuqecKl4x rrprrMeHeHuit. Tax, HanplrMep, r4ccJreAoBaHrde

MHorocJloftuux ynbrparoHKl{x crpyKTyp flBrrflercfl nepcrreKT}rBHbrM Anfl

cnI4HTpoHvIKvr n, nogToMy, ocraercs oAHofi rr3 aKTyanrsefiruzx reM coBpeMeHHoro

3ralla pa3BLrrufl MarHerla3Ma. B pa6ore fpuqeHro K.A. AeralrbHo paccMorpeHbr

Bonpocbr BnvrflHufl crpyKrypbr u ruopsolornn zurepsefica Ha lpaHHrle

QeppolaarneruK-aHrzSeppouarHerrlK, pa3Mepa anruseppoMarHLrrHoro cJro.fl pr

nocneAoBaTeJlbHocTrl efo oca)KAeHur Ha npoqeccbl nepeMafH?rY'uBalg'ufl

ToHKoTIJIeHoTIHrIX crpyKTyp Ha ocHoBe nepM€rJrnox. llporpecc B co3laHur{ HoBbrx

MaTepLIaJIOB 3aBLICIdT oT ypOBHt TIOHI{MaHI4fl IIpoqeCCOB, ne)KaIIII4X B OcHoBe

$opvupoBanrrfl rofi krJrkr uuofi crpyKTypbr. B cBfl3r4 c 3Tr4M, aKTyaJrbnocrb

nrt6pauuofi reiuu He Bbr3brBaer coMHeHkrs..

C$opnaynnpoBaHHble Ilenb u 3a1a..rr4 Ar{ccepraquoHnofi pa6orrr orBerraror

Kpurep[qM HoBr.r3ubr. HoelrNrra f,BJrf,K)Tc{ u [oryr{eHHbre rtpr,r Lrx pelreHnr4

ocHoBHbre pe3ynbTaTbr.

O6ocHoeaHnocrb HayqHbrx no.noxennfi v BbrBoAoB Ancceprar\uu

o6ecue.I[Baercg coBoKynHocrbro arrecroBaHHbrx MeroAI4K co34ia:nvrfl. vr

froAfoToBKr{ oobeKToB r{ccJreAoBaHvrfl., KOMIJTeKCOM COBpeMeHHbrX

BaI,IMOAOIOJIH.fiIOqITX 3KCrIepr,rMeHT€UrbHhrx MeToAoB LrccneAoBaHl|rs. MarHr4THbrx



MaTepr.I€uroB vr KoppeKTHofi prHTepnpeTarlr4efi AaHHbrx. onucauuro MeToAoB

[onyqeHl{s AByx- v rpexcrofinrrx o6pa:qon vr MeroAaM r4x r4ccJreAoBaHnfl,

nocBrrrleHa BTopas nraBa Ar4ccepra:qlr.r4. ,{eramHoe paccMorpeHr{e graloB

rloAroroBKrl o6pa:qon, u o6ocHoeaHlre au6opa kr3MepureJrbHbrx MeroAr4K

IIO3BOJIfleT IIOH'Tb OCOOeHHOCTLI nOnyqeHLI.[ 3KCIIepI{MeHT€uIbHbIX pe3ynbTaToB I{

ux aHaln43a: 'Bce 
Bbrrrrerr3JloxeHHoe yKa3brBaer Ha AocroBepHocrb AaHHbrx,

rIpeAcraBneHHbIX B Ar{cceprarlr4r{ fpuqeHro K.A. O6ocnonaHHocrb HayqHbrx

uoloNeuzft v BbIBoAoB r4ccneAoBanurs. rroATBepxAaercr colocraBJreHkreM

c o6 crn enHbrx p e3yJrbraro B c AaHHbrM vr nvr epartypbr.

flparcru.recKafl 3HaqlrMocrr, pe3yJrbraroB guccepraquu cBr3aHa c

pe3yJIbTaTaMI4 I{CCJIeAOBaHI4fl. rrpOqeCCOB nepeMafH[skrBAHr4s. AByX

QeppovrarHI4THbIX cJroeB, pasAeneHHbrx cJroeM aHrraSeppoMarHerrlKa. B

.{Hccepral{I{I{ onpeAeneHHbl TeHAeHrdr{r{ r{3MeHenlrfl, ux MarHr4THbrx cgoficre e

3aBucl4Mocrl{ or ToJIIIITIHsI aHruQeppoMarHraTHoro cJror. lloHuuanvre Blwrfl:nvrs.

sTHX oco6ennocrefi na o$Serr o6ueusoro cMerrleHrr.a n o6NaeHHo-cBr3aHHbrx

crpyKrypax c AByMt nnrepoeficaMl{ Iro3Bonrar nrr6uparr cocraB nepMaJrnor Lr

aHrHSeppoMarHerr,rKa Anfl IIporHo3LIpoBaHI{f, u

KOTOpbre oTrr4qaroTc.f, AntMarHr{THbIX csoficrp.

o[Tr{M€rJrbHyro TonrqHHy

,IIOCTI{}KCHLI-'I OIITI4MAJIbHbIX

p a3nI4qHbIX npuno)K elr^uit., Iacrr o Jrb3yarqux s S S err o 6uesuof o cM elleHr4s.

llpe4cranJleHHafl Allccepraql{{ cocrokrr u3 BBeAeHr,rr, Tpex rJraB, 3aKJrroqeHLrfl

u anr4cKa IIrrrIrpoBaHHbIX rlcroqHlrKoB H3 198 Haurueuonanufi, oHa r43JroxeHa Ha

143 crpanr4rlax u coAepxur 52 pr4cyHKa ra 3 ra6nuqu.

Bo nneAeHrILI AaHo o6qee orrncaHne pa6orrr, o6ocHosaHbr ee aKTy€LnbHocrb,

HayrlHaf, HoBH3Ha U IIpaKTr4qeCKar 3HaqUMOCTb non)nreHHbrx pe3ynbTaToB,

rIpeAcTaBJIeHbI OCHOBHbIe HayqHbre nOJrOXeHr4r, BhIHOCI{Mbre Ha 3arrdr{Ty.

B nepnofi rJraBe, xuxrouleficx irnreparypHbrM o6aopou ro reMe

Al{Coeprarllrv, I43JIO}KeHbr coBpeMeHHbre 3Kc[epuMeHTirirbHbre AaHHbIe u

Teoperl4rlecKue Mo.qenu orrrcbrBarcrrlr{e e$Sercr o6uennoro cMeqeHlr.rr B

MHorocJlofiHrrx roHKoIrJIeHoqHbIX cTpyKTypax, BKna.q pa3rntrHbrx SarropoB B

[p o q e c c br rr ep e M arHkrl{r4B,aHlIfl M aTep I4 an oB 3T o f o Tr4 II a.



Bo nropofi rJraBe Aer€LnbHo OTILICbIBAIOTC' OCHOBHbIC METO.III{KI4

rz3roroBJreHkrfl. o6pasqon, a raKxe gKcrrepI4MeHTuLJIbHbIe MeroAbI IrccneAoBaHut

o0p€BrIoB: peHTfeHoBcKat guSpartoMerpl4.x peQnerroMerpLIt,

npocBeqr4Baroluat SJIeKTpoHHa{ MHKpocKonI{g, aToMHo-cvlroBas, MI{KpocKonI4t,

MarHr{THo-curroBafl. MlrKpocKorrr4.f,, MeroA nu6paquoHHoro MarHuroMerpa.

Onzcanu uerbAuxra rrricJreHHoro Mo.{enupoBaHvrfl. c rloMolrlbro Comsol

Multiphysics n MATLAB.

B rperrefi rltase coAepxarcr pe3ynbrarbr HccJreAoBaHufl. ToHKoIrJIeHoqHbIX

o6uenuo-cB{3aHHbrx crpyKryp NiFe/IrMn, IrMnA{iFe, NiFe/IrMn/NiFe. B srovr

pa3.4eJre npeAcTaBJreHbr sKcnepr4MeHT€urbHbre AaHHbIe cTpyKTypHbIX

r{ccJreAoBanuft kr MarHktrHbrx usuepeuufi, Lr ilpr{BeAeH vx rovrulercnrrfi

p a3 BepHy rsrfi, a:r'atruz.

B sarcrroqenrru [pe.qcraBJreHbr BbrBoAbr, o6o6utaroull4e pe3ynbrarbl pa6oru,

a3 KOTOpbTX CneAyeT ycneuHoe AocTr4xeHlre qenu v 3aI.aT{ AI4ccepTaIII4oHHbIX

[ccne.rloBarruil

Anrope$epar Aocraror{Ho ror{Ho r4 rroJrHo orpaxaer ocHoBHoe coAepxaHue

trucaepTarJvrr4.

Cpe4ra HafrHbrx pe3ynbraroB, r4Merorr1vx npuKJraAHoe n HayqHoe 3HaqeHLIe,

xoreJrocb 6rr orueu,rrb cJreAyroqr4e :

noKa3aHo, rrro MarHlrrgbre csoficrsa Anyxcrofinrrx crpyKTyp NiFe-IrMn

3aBLrCflT OT COCTaBa nepM€urJIO{, TOJrrrIr4Hbr

nocireAoBaTeJrbHocTlr oca)KAellvfl. cJroeB;

- o6uapyxeuo, rrro r{3MeHeHr4e BeJrr4qprHbl I{

aHruQeppoMarHrlTHoro cJIo{ vr

lpaArreHTa BHerrrHefo MafHr{THofo

rroJrf,, rlpl4noxeHHofo npu ocax.qeHl{tl oopa3lloB, BITLIfleT KaK Ha BenuqLIHy

o6rueHsoro cMerrlelavrfl, TaK vr Ha MexaHH3M nepeMarHtlr'uBannfl. guyxcnofiuoft

roHKorrJreHo.rHofi crpyKrypbr NiFe/IrMn; upe.4noxeHa QeuovreHonoruqecKat

Mo.qeJrb, orllrcbrBarorqaq HafiAeHHbre oco6ennocrvr Lr olpeAeJleHbr orrrrlManbHble

IIapaMeTpbI lpaAI,IeHTHOfO MaTHLITHOTO nOJI.f,, tIpUnOXeHHOTO npz I{3TOTOBJIeHI{II

o6pa:qon, neo6xo4uMbre AJrfl r.rcnoJrb3oBaHr{{ crpyKryprr NiFe/IrMn s KaqecrBe

naccl,IBHofi uaruurnofi uerru.



B ro xe BpeM{ Ar{cceprarduoHHafl pa6ora fpuqeHro K.A. He JrlrrueHa

He.qocTaTKoB:

1. Tercr Al4cceprarlrlu colepxlrr oflerrarKu

Haupral,rep, H€l crp.l2 yrroMLrHaerc.fl (yroir

rge H - (HaBeAeHHoe MarHr{THoe rroJre)).

SeppovrarHerl,IKa). Pe.ru r,rAer o6 yrne MexAy HarpaBneHrreM H u oclr JrerKoro

HAMAfHLI qI1IBAHI,'.fl,

corryTcTByrorrlHx

(a He KoHcraHTbr

r4nnacrpaqnfi r reKcry.

MrlKpocKorrkru (MCM).

Ha KOTOpbTX aBTOp

u cTlrnvcTlrqecKl4e rlorpellrHocTLr.

Me)KAy HarrpaBJreHr4flMkr H u Kp>,

a (Kr - KoHcTaHTa aHI43OTpOrrnLr

aHrl3orponuw),

14r.n.

BLIAHO

2. B 3 mane [peAcraBJIeHbI pe3ynbrarbr r4ccneAoBaHur rroBepxHocru o6pa":qon

MarH14 THo-cznonofi

MCM-nso6paNenux

Halru.rne Aouenuofi crpyKTypbl 14 coo6ulaer, rrro <o6napyxeHo pa3nuvtve

AoMeHHoft crpyrrypbl Ha rloBepxnocrrx o6pa3rloB c pa3nLrqHbrM rroptrAKoM

ocax.qeHl4x Seppo- u aHru$eppoMarHl4THoro crodn.>> OAnarco B AnJrbHefiruevr

o6cyx4eur4rr orcyrcrByer anurn3

rI ep eM arH krv:aBannfl 4nyx cl o fi nux

3.B pa6ore rrpoBoAr4Jracb

Brrr4flHkrfl, AoMeHHofi crpyrrypbr Ha flpoqeccbr

crpyKryp.

oIIeHKa rxepoxoBaTocTLr rroBepxHocTrr

SeppouarHl,ITHoro Ir auru$eppoMarHnTHoro cJroeB MeroAoM aroMHo-czrosofi

Mr{KpocKorrktr{. lloly.renrr pe3yJrbrarbr, B Koropbrx ilnfl cJro.fl NiFe

uepoxoBarocrb cocraBr4Jra 2 HM, Anfl cJro{ IrMn 1 nNa. OAsaxo B

rIpI,IBeAeHnrrx ACM-uso6paxeHl{sx (puc.3.1) pasuepbr rrHKoB Aocrrrraror 10-

200 nu kr vrx rlJlorHocrr n o6pa":qe NiFe AocraroqHo BbrcoKa. flpu oroM aBrop

ynoMl4Haer, rrro <<Eellre uvrKvr na zso6paxeHnr4 - 9To apreQaxrbr, Koropbre He

fII4TbIBaIorct npl4 aHalrklse rroBepxHocrefi nleHoK.) B pa6ore He Aocraer

O\VaaHufl MeTOAI4KI4 OIIeHKLI mepOXOBaTOCTI4 noBepXHOCTLI 14 yTOTIHeHLI'

xarofi r{MeHHo rrapaMerp rxepoxoBarocrra [pkrBeAeH.

OrMe.IeHHrre He.{ocrarKl{ He tBJr.rrrorcr [pIlHrIr4nH€uIbHbrMV 1.nfl ee o6qefi

rroiloxl,ITelblrofi OIIeHKTI kr He cHHlKaror o6qero ypoBH-rr lpeAcraBleHnofi

.{ucceprauuonnofi pa6oru.

MeTOAaMLT

[prlBe.4eHbr

Ha puc.3.Il,3.I2

z4enruQurlHpyer






