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<I4gcrl,rryr flAepHbrx npo6lerw> EelopyccKoro rocyAapcrBeHHoro yHl'IBepcurera

..MarH,,rH'n;ffi:t;Hffi l;3::ffi il#:;ff;xT:"rlL"b*aroMHbrx
crpyKTypp( BaH-Aep-BaarrbcoBcKoro rura I,I TBepAbrx pacrBopax ZnO c

nepexoAHbrMr,I gJreMeHTaurvr", npeAcraBJleHHofi na coHcKaHI{e ) reHofi cteueHl{

KaHAr{Aara QusprKo-MareMaruqecKltx HayK ro cnequalrbHocru 05.16.08 -

Hau OteXH OJI Or vu u HaH OMaTepI,I aJIbI (uO OrpaCnrn'r)

Orcueprr.r3a Ar,rcceprawu upoBoAvJracb B coorBercrBr4u c rpe6onailIdfll[r

<flonox e;g{:?Is, o npucylKAeHlrH yqeHbrx cre[eH efi u nplrcBo eilvtu yrleHbrx snanufi>>,

yrBepxAeHHoro yrhsbrvr flpesrrAeHra Pecny6JrIiIKH Eenapycb or 17.II.2004 Ne 560 (n

pro. yrcasa flpesu4eHra Pecrry6Jrr,rKlr Eenapycb or 02.06.2022}lb 190), u <floloxeHHt

o coBere no 3arrlrrre Aucceprauufi>, yrBepxAeHHoro ilocraHoBJIeHHeM Bucuefi

arrecrauraonnofi KoMlrccr{r,r Pecny6JILIKI,I Belapycr or 22.02.2005 Ns 19 (n Pe,q.

nocraHoBrleHltq BAK or 19.08.2022 Ne 2)'

,{uccepr aq;g1fl Eapauosofi Mapuu CepreeBHbl BbIroJIHeHa B yrIpexAeHHvI

]R2HI {q<<Ber roovcc ru f i rocyAapc rne r rHr r f i yHHBepcHTeTuHQop laaTVKI4o6pason anr4fl, <Eenopyccrrafi rocyAapcrnenHrrfi yHHBepCHTer

v palivoeneKTpoHl{KH)) roA HayIIHbIM pyKoBOAcTBoMKaHAHAaTa TexHI,IqecKax HayK'

AOUeHTa creurrurlKoro Burcropa PouanoBllqa.

OAsuvr r43 saxHefiru[x BorrpocoB coBpeMeHHoro SusrauecKoro

Marepr.r€IJroBeA e;g1r4fl. flBilflercfl. co3AaHI'Ie MarHI{THbtX [ony[poBoAHHKOB. floa

MaTHHTH6TM rroJry[poBoAHr,rKoM [oApa3yMeBaerct MarepLIaJI' o6laAarorrr4fl KaK

[oJrylpoBoAHgKoBbrMr,r, TaK Lr MarHrITHbrMI{ csoficrBaMl{ npu KoMHaruofi

TeMleparype. Tanne MarepHaJrbr MOryT rrplrMeHflTbcfl Nrfl, co3AaHLIt sneKTpoHHbrx

KoMroHeHT, raKr,rx KaK naMrrrb STT-RAM (Spin Torque Transfer RAM), cuuuoBble

TpaH3qcropbr, JrorfiqecKr,re cxeMbr, o6raAatolrlue 6onee BbrcoKlrtrvr 6ucrpoAeficrBl'IeM

vr HH3KtrM TefrJroBbrAeneHlreM IIo cpaBHeHHIO C COBpeMeHHbIMH 14 MeHee

rroABepxeHHbre sosAeficrBr4ro r,roHr{3upyroqux H3JlrreHutrr. fIpe4craBJIeHH€uI Ha

paccMorpeHrle Ar,rccepra\vfl, M.C. Eapanosofi "MarHI'IrHufi ropflAoK 14' o6uesHoe
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B3auMoAeficrsue B gByMepHbrx aroMHbD( crpyl(Typil( Barr-Aep-BaaJrbcoBcKoro rI,I[a H

TBeplbrx pacrBopax ZnO c nepexo,u{blMn gJIeMeHTaMI{" rrocBrrrleHa HccJIeAoBaHIatM

B yKa3arrnofi Bbrrue saxHofi o6lacru coBpeMeunofi HayKH H TexHoJlorufi.

Teua Ar{cceprarluu coorBercrByer rIprIopHTerHbIM Ha[paBJIeHIrtM HaflHbrx

rrprdopr{TerHbrx HarrpaB tenufr, uayrnofi,
AefreJIbHocrLI na 202I-2025 n.

OCHOBAHHbIE

TexHoJIOfHI{,

I. Coomgemcmgue
ompacru HayKu;

HccJreAosannfi Pecrry6JrraKrir Eerapycr, B tlacrHo cru rryHKTaM l. "IluQpoBbre
ra n Q oprvr arIH o H H o - Ko MIvfyI{ HKaIIU OHHbI e u Mex(AlrcqunJrl,IHapHble rexHoJIorHH,

"MalunHocrpoeHne, MarrrlrHocrporrreJrbHbre
IdHHoBaIInoHHbre Marepuarbl" nepetlHfl

HafrHo-TexHlttlecxofi n HHHoBaquouuofi

Ha HIfrX IIpOI,I3BOACTBa" 14 4.

npu6opocrpoeHl{e H

codepcrcaHttf duccepmaquu saflGreHuoil cne4uaJrbHocmu u

,{uccepraUuoHHafl pa6ora rrocBtlrleHa ycrarroBJleHulo v reoperlrqecKoMy

o6ocnoBaHprro Bo3HtrKHoBeHaf, MarHr{THoro [optAKa B Hu3Kop€t3MepHbrx MarHIiITHbx

cr{creMax, B AByMepHbIX aroMHbtx crpyKTypax MAX, (M - Cr; A - Ge, Si; X - S, Se,

Te), a raruKe B ZnO, qro coorBercrByer [yHKTaM "Csofictsa HaHocrpyKTyp H

HaHocrpyKTypr{poBaHHbrx Marepl,IaroB" I,I "MeroAbI aHaJILI3a crpyKTypbl I,I cgoficrn

HaHocrpyKTyp H HaHocrpyKTypr{poBaHHbD( Marepl,IaroB" [acnopra crequaJlbHocrl,I

05.16.08 HanorexHoJrorrrn u HaHoMarepuarlbl (no orpacJrtM) Qusnro-
MaTeM aTI{qeCKH e H a)fKIiI.

2. Hayuuait er<nad coucKamenfl 6 peuteHue uayvuoil sadaqu c oqeurcoil ezo

3HA\\UMOCmU 
t

OcHonnofi qenbro AlrcceprarlnoHHoro nccJreAoBaHl{fl tBJIrIIacb paspa6orKa

HoBbrx MeroAoB MoAeJrr,rpoBarrufl, Nrfl, o[ucaHl,If, QyHAaMeHT€uIbHbrx I{ npI{KJraAHbD(

xapaKTepl{crr.rK Hlr3Kopa3MepHbrx MaTHHTHbTX CI{CTeM, B TIaCTHOCTI,I UC[IOJIb3OBaTIUe

MHOrOypoBHeBoro noAXoAa Nffi, aldla[ru3a cTpyKTypHbrx, gJIeKTpOHHbTX I{ MarH}ITHhrX

csoficte cLIcreMbI Ha ocHoBe MAXI n ZnO.

flpe4craBJreHHbre B Ar,rccepra\uvr p$yJlbrarbr flBJlf,rorcfl HoBbIMH vt HaxoAflTct

B pycne coBpeMeHHbrx MnpoBbrx reHAeHuHfi B HccJreAoBaHHH Hn3Kopa3MepHbrx

MarHr{THbIx MarepHaJIoB.

HayrHar H nparcuqecKutfl 3Harrr,IMocrb p$yJrbraroB ALIccepraIII{oHHofi pa6oru

onpeAeJr flercfl, rrepcneKTlrBHocrbK) r{x ucloJlb3oBaHilfl, npv paspa6orKe Marepl{€InoB

I:;gcngHrpoHHbrx ycrpoficrB co crlilHoBofi nolrpu3alluefi,6tusrofi r 100 %.

fly6lura\Hu aBTopa Ar,rcceprarlkru I,I coAepll(aHue AI,IccepraIIHoHHofi padorbl

AeMoHcrpqpyror, rrro M.C. EapanoBa BHecJra 3Haql{naufi HayqHblfi nrutaA B ycneuHoe

perrreHr{e [ocraBJreunofi HaylHoft ga4aqv H noJryrrnJla pe3yJlbrarbl, Ba)KHbIe rJrfl'

noHnMaHufl HCCJIeAyeMbrx npoqeccoB vr nepcneKTLIBHbIe AJ1.fl' BO3MOIKHOTO

npaKTl{tlecKoro I{ c[oJIb3OBaHIlf, .

3-. KourcpemHue HayuHue pnynbmambt, 3o Komopue coucKamenp J]hoc\cem 6atmu

npucycrc d eH a yq eH an c m eneH a xau dud ama Qrcurco -M ameMamuve c Kux H ayK
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ConcrareJrro Moxer 6urr nprcyxAeHa yqeHafl creneHb KaHAvAara Qurnro-
MaTeMaTrarrecKHX HayK 3a noJryqeHHe cJleryrcIllrx HoBbrx HarIHbIx p$yJIbTaToB:

l. llcnolr3oBaHue MHorocryremlaroro noAXoAa K pacqery xapalcreprlcruK

AByMepHbrx ctrcreM Ha ocHoBe MAXI u ZnO c npHMeHeHHeM KBaHToBo-

MexaHr.rqecKofo MeToAa MoAeJIHpOBaHI{f, U }nIeTOM I,IHTerpaJIa O6UesHOrO
B3al,rMoAeficrgns. c HcrroJrb3oBaHr{eM MoAeJIbHoro raMLIJIbroHI{aHa fefiseH6epra, tITo

B[epBbre [o3BoJrr{Jro olpeAeJrr{Tb He ToJIbKo napaMeTpbl perueTKu H sJIeKTpoHHbIe
csoficrna coeAuHeHnfi TuraMAXr, Ho raKll(e I{HTerpal o6naeHHoro B3aHMogeficrBu'.,
e$SerruBHocrb cnuHosofi roJlflpl{3allun LI reMneparypy Krcpu.

2. BrrrsneHne AoMr,rHr{poBaHr{r cyflepo6naeHHoro B3al{MoAefictnu-s MexAy p-

op6uranrrwr pasnofi crrMMerpuu Qt-op6urann xaJlbKoreHa (Te, S, Se) n MAXI kr p-
op6uratu KncJropoAa n ZnO) n QopvrupoBaHI,II{ B HrD( QepporvrarHl{THoro nopturta, a

TaKlKe $opwrpoBaHue aHu$eppoMarrrl,ITHoro ropflAKa 3a ctler rptMoro

anruQeppoMarHlrrHoro o6vreHnoro B3tuMoAefictsux Me)K,e/ d-op6urarflMr4 o.uroft

CI'IMMSTPI{U.

3. MoAenbHoe rpeAcKasalane $optrnapoBaHl,It Qepponaanrurnrui troptAKa B

coeAuHeHr{D( CrGeSe:, CrGeTel, CrSiSer Ia CrSiT€r H aHmQeppoMarHlarnoi'o ropflAKa

B coe.UaHeHlrfi CrGeSl u CrSiS3, trPH coxp€lHeHilkr IIoJryIIpoBoAHI,IKoBbIx csoficrn' rITo

yrpoqaer nu6op rr4rra coe,U{Het*fii g;-l^fl, peaJII{3aIIwn c\uHTpoHHbrx ycrpofictn Ha I{x

ocHoBe.

4 . P ercou en d aquu no np aKmutecKoJvty ucnorb3 o I aHup psynbmamo I duc cepmaryuu

Pesynrrarbl , Anccepralluonnofi pa6oru MoryT r{MeTb npaKTl{qecKoe
upo6nena coBpeMeunofinpr,rMeHeHI,Ie npl4 peIueHHI,I prya $ytA^neHTaJIbHbIx

gJr eKTp oH H KI{ IIp H c o3AaH r4vl crrvtHTpo HH blx ycTpO fi crs .

5. 3aneqaHun u npednoJtceHun no duccepmaquu

1. B Ar,rccepTalll{oHuofi pa6ore npucytcTByeT PsA oneqaToK.

2. B rJraBe 3 npeAcraBJreHbr pe3yJlbrarbl MoAeJIHpoBaHI{fl CrGeTer rIPId

paiilrurrHbrx rapaMerpax Xa66ap\a Nrfl aroMoB xpoMa (Uc), a raruI(e cpaBHeHI'Ie

noJrrreHHbfx p$ynbraroB c gKcrreprirMeHTaJrbHbrMH: rIpeACTaBJItercf, HHTepecHbIM

6olee AeraJrbHoe uccJreAoBaHI,Ie B I,IHTepBaJIe (/cr or 0 sB lo 1 eB, TaK KaK B sToM

Ar4AilA3OHe MO)KHO O)Kr,rAaTb xopouee coBnaAeHHe pacctIrITaHHbIX H

gKcrr epI{MeHT€trI bHbrx 3HatleHufi oIIeHI,IB aeMbrx rr apaMerpoB.

3. florryueHHbre B HraBe 3 rrapaMerpbl Nrfl, CrGeTe3 HcrloJlb3yrorcfl rplr

MoAeJrnpoBaHr,ru tutlpoKoro pma MAXI crpyKTyp, B To)Ke BpeMfl orcyrcrByer

cpaBHeHHe c sKCnepuMeHT€rJrbHbrMH AaHHbIMH lj'lflApyrHx cocTaBoB MAXI.

4. BHsoAH I u 4 no csoefi cyrr{ flBJlrrorcf, rocraHosrofi 3allav;il vt He

o6sgareJrbHbl g;;rfl, BKJrrorIeHHfl. B 3aKJIrolIeHHe K AHccepraIILtH.

YrasanHble 3aMetlaHa[ He

AucceprallnoHnofi pa6otu
BJIHflIOT HA KAIIECTBO T4 3HAIIIAMOCTb



6. Coomnemcmnue nayvnoil rceatuQuKaquu coucKamern yueuoit cmeneHu, Ha

Komopyrc oH npemeudyem

flpurraeHeHlre coBpeMeHHbx MeroAoB I,IccJreAoBaHHfl,, Bblcotanfi Hayrnufi

ypoBeHb AracceprauuoHuofi pa6oru, KaqecrBeHHoe ee oQoprrnneHlle B IToJIHoM

coorBercrBlrr{ c rpe6onanrlflMn BAK, HoBI,I3Ha rroJlfreHHbrx p$yJlbraroB,

ny6nuxapr B perleH3rrpyeMbrx )KypHaJrax, TeoperruecKafl u npalcTlrrlecKafl
3HATI}IMOCTb NOJTTIEHHbTX P$YJIbTATOB AAIOT OCHOBAHI{E YTBCP)KAATb O COOTBCTCTBI{I{

uayrHofi rnanuQr{Karlru BapaHonofi M.C. yrenofi creneHr KaHlprAara Susuro-
MareMarr{qecKrirx HayK rro cnequaJlbHocru 05.16.08 HanotexnoJloruu vr
HaHoMarepI,I€IJIbr (uo otpacnrna).

[nccepralluoHlaar pa6ora M.C. Eapanonofi npeAcraBJlter co6ofi

CAMOCTO'TEJIbHO BbIIOJIHCHHOE 3AKOHTIEHHOE HA}^IHOE HCCJICAOBAHHC U

coorBercrByer BceM rpe6onaHl,IflM Bucurefi arrecralluoHnofi KoMLtccI,IH'

rrpe4bflBJr.f,eMbrM K Aucceprarlr{flM Ha coHcKaHHe ) reHofi creneHll KarrAHAara HaY](, a

ee aBTop, BapaHoBa Mapux CepreeBnt, 3acJryIKI{Baer rpucBoenvrfl, yteuofi creneHu

KaHAHAara Snsurco-MareMbflr.recrnx HayK no creqnilrbHocrlr 05.16.08

HaHorexHoJror uv vr HaHoMarepl{tulbl (no orpaclru).
OrsHs cocraBJreH Ha ocHoBaHuH 3aKJIroqeHI,It gKcnepra - XapueHro An4per

An4pe e Bvr\a, KaHAlIAara Q uslrKo- MareMaruqecKax HayK, AoIIeHTa.
OrsHe o6cyxgeH rocJre 3acJryrnnBaleru AoKJIaAa corlcKareJrfl Ha pactunpeHHoM

3acep1alur Y.reHoro coBera I*Wl ilI Efy, rpoBeAeHHoro B coorBercrBllr c

npr{K43oM AHpeKTopa or 02.11.2022 J\b 34fl, }r yrBep)KAeH orKpbITbIM roJrocoBtull{eM
(npucyrcrBoBrrJro n rreJroBeK, B ToM qucre 10 AoKTopoB vr 9 KaHAHAaToB nayr).

flporoxoJr 3ace Aanvn Y.reHoro ConeraIilfuI ilIEfy }lb 07 or 10 nor6ps'2022 r.

Pesynrrarbl roJroco Banvfl:
3a
flporun
Bos4eplraJrl{cb

- t9,
0,
0.

3auecrl4TeJlb [peAceAareJlfl Y'IeHoro coBera'

AoKTop Sns.-rraar. HayK, AoIIeHT

Srcuepr onroHupyroqefi
opraHI,I3aIIUH,
KaHAHAat Qus.-Mar. HayK, AoII

Cerperapr VueHoro coBera'
KaHAHAaT Qus.-Mar. HayK

44J

JIo6ro

A.A. Xapuenxo

B.fI. Kyranutlloc

Coner tro 3aqnre
Arccepraqnf, npn EfyHP
<;ff,_; troQ,h?9. zo-U*r.Dq,urt0*tt;i{1 /€- /f- 4OZ?
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