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O(DILIIHOTO OMMOHEHTA, JOKTOPA (I)IBHKO-MaTeMaTH‘IHIfIX HayK, npdf
3aBiyBay Kacbenpn 3arajJibHo1 (D13UKH e
KuiBChKOro HalioHaJIbHOIO YHIBEpCUTETY iMeH1 Tapaca IHCB"-IeHKa

Boposoro Mukomu OnekcasapoBHdya ol 5* f i
: Ha ucepraniio bypnakosa Bikropa Onexcanaposuua Ha Temy o0 ,
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[IOJJaHy 10 3aXUCTy y clieniani3oBaHy B4eHy paay AP 26.168.002

IactuTyTy Metasiodi3uku M. I'. B. KyparomoBa HAH YKpalHH S

Ha 37100YTTs HAYKOBOIO CTyIeHs J0KTOpa (inocodii 3a Cl'IeI.llaJIBHICTIO f*
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pPO3pPOOKH HOBHMX CTPYKTYPHHMX €JI€MEHTIB IaM’sTi, SIK1 O 3a0e3rnevyBaii CYTTEBE

3POCTAHHS IIBUJIKOCTI in)OpMaHiﬁHOFO 06MiHy, [IUIBHOCT1 3aIlucy, 3MeHI_[IeHHH
* r..,-;;} 3'1"&
AL

HaOUIBII  TNEPCHEKTHMBHUX  BUIVISIAAE  MPOEKTYBAHHS MRAM HaM
(magnetoresistive random-access memory), ska 0a3yeTbcs Ha eJIeMeHTax
Mar"HiTHUM TYHEJIbHUM IiepexoqoM. CyTTeBa IepeBara TakMX CHCTEM
CTBOPEHHI CIIIH- nonﬂpmaumﬂoro TPAaHCIIOPTY IIPH IIPOXOKEHHI chyMy g

IH)KEKTOPHIN KOMIpIl, SKa € reTepocrpyK'ryporo «(bepOMarHeTHK-,meJIe
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[IPHBEPTAIOTh 3HAYHY yBary. TOMy TeMa ,uncepr; %*lggﬁl TH bypJiak

NPUCBSYEHA BU3HAYEHHIO (hi3HUHHUX BaKOHOMlpH.;  ener

TpHUIIapoBUX HaHoOrerepocTpykrypax @-J[-® Ha OCHQBI K@ rg,_:,_,:ﬂ.
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Fe/MgO/(Fe+C), Fe/MgO/Ni ta Fe/MgO/Co e, 663, a/

[IPEACTAaBICHUM  MaTepiall HAyKOBHUX  JIOCHIIKEHb 3M1010B%
y aﬁﬂr %*

crewmianeHocTi 105 «[Ipuxnanna ¢13uKa Ta HaHOMaTeplaJIH» ,IHcepzra:EI
bypnakosa B.O. Buxounana B paMKax IUIaHy HayKOBO-JOCJI]I

MPOBOJSATECSA B IHCTHUTYTI MeTanocbismcH M. B Kyp,quMOBa

[TOBEPXHAX PO3MEXKXYBAHHS METaJI1YHUX MaTeplaJllB IIl,Z[

HaBaHTaXXEHHAMM» No 050/17 3a 6r0mxeTHOIO porpamoro #01 12U002229
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Huceprauist bypnaxoa B.O. «Enektpodi3nuni BIacTHBOCT TOHKOHJIIBK®B
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CTPYKTYP «(1)epomarHeTHK——meJIeKTpHK—-(bepOMaFHe_THK» 3a S Ml ts s-:i,;};_

3arajlbHUX  BHUCHOBKIB, II€peNiKy BHUKOPUCTAHHX JUKEpeN, IO MiCTHTH 1

HaliMeHyBaHb. Po6oTta npencrasiena Ha 130 CTOpPIHKaX, MICTUTh 57 PHUCYHKIB, 11
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Y BCTymi OHMCEpTaHTOM OGIPYHTOBAHO aKTyaJbHICTh TEMH POOOTH, MeTy

3aBJAHHA  JI0CII/DKeHb, BH3HAYeHa HayKoBa HOBH3HA Ta MNpPaKTHYHA mHch
OTPHMAHHX pE3YJbTaTIB. BH3HAYEHO O0’€KT i MpEeAMET NOCHiIKEHHS Ta BKa3aHO

TaKOXX TEXHOJIOT1] CTBOPEHHS €JIEeMEHTIB HOBITHIX KOMIPOK I1aM’sITi Ha ocHo
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Y apyromy po3aiji BKa3aHO Ta 0OIPYHTOBaHO Kpm:epn ;&B;Q , )y MaTepiallis
CTBOpeHHs @-J-®  reTepoCTpyKTYyp, eJIeICIpO(l)lanHL i+

JIOCIIDKyBaicss y po6oTi. JleTanpHO ONHCaHa METOAWKA BHIOT

3aJTyqaliics Ul XapaKTepu3alii OTpUMaHKMX 3pas3KiB. 30KpeMa, BKa3aHi p K1

MUY R A 5
SIKUMU BUKOHYBaBCsl PEHTT€HOCTPYKTYPHHUI aHalli3 HAaIlWIEHOTo 3aJli3a, CKaHyBaJlbHa

€JIEKTPOHHA MIKPOCKOIIISl [IOBEPXOHb KOMIIO3UTIB, iX eJIEMEHTHHH aHai3. ,I[eTaJIB @ '
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OnMcaHa METOJHKa peecTpalil BOJbT-aMIEpPHHX XapakTepucTuk (BAX) 3p KiB

Ji., :* 5
YOTUPU30HJIOBHM Ta JOBO30HAOBHM METOAAaMHU. Y ILLJIOMY HayKOBHI«I,leB 33 ;3

MaTepially, HaBEJEHOIo 3a METOAMKOK MHOCHiIKEHb, CBIAYHTH PO pHc@ y
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Y Tperbomy poO3iai  NPEACTaBIEHO Ppe3yNbTaTH EKCHEPUMEHTAIHLHOrO

BcTaHOBIIEHO, 1110 BUKOPUCTAaHHS PI3HOTUIIHUX (hepOMarHeTHKIB SIK BEPXHBOIO,
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HIKHBOTO apiB y @-J[-® cucTeMax 103BoJsE OTpUMaTH obnacTs 3 HIO Ha BAX.,
3anporoHoBaHO MexaHi3M yTBopeHHs HJIO 3 BUKOPHUCTAHHSM MOJENi JOKAJbHUX

obnacTel MPOBIHOCTI Majiol oy (MpoBiAHOCTI B /D, OD-cTpyKTypax). HaB
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BHECCOK B Tp&HCIIOpTHl [IPOLCCH 34 YMOB eKCIIepHMeHTy SYMOBJICHHH ens@ tiﬂ V “*‘c' W*"

[1i/] [I€I0 eJIEeKTPOHHOTO BITPY, Ha OCHOBI SIKMX 3pO0JI€HO BHCHOBOK, IO Qc
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3’ SIBJISETHCS ACHUMETPHUYHICTD BAX.

NOCIIDKEHHSI CUCTEMH «MeTaJI-HamBnpOBw;HHK» ,quI anﬂaqe : g H; E;J v_g M __J
S T

Ha IapaMeTpH 30HHOI CTPYKTYpH 3ai3a 3a BiITTOBIIHIX yMOB ne .
IR AP

0 KOHTAKTYBaHHS HAHOIUIIBKM 3ami3a (Ta 3ai3a, JIel"OBaHOI‘G
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Oap’epa, Ta, BIIAMOBIIHO, pOOOTY BHXOLY eJIEKTPOHIB 1 eHepmo erMsl ,,5 um

"E'

HAHOIUIIBKM 3aJi3a, JIeroBaHol ByIJeleM. 3po0JIEeHO BHUCHOBOK, mo JIe*-,.*-:-.-.'ZB HHS
B8 -, L-hr

ByrJielleM CIIPHYMHSE 3MiHM 30HHHX XapaKTEpUCTHK 3aii3a, 3aB,u51KH SIKMM 1T
| "‘*1 H.NT \ .'l:n.

nocnimkeni MJIM cuctemu Fe/MgO/(Fe+C) crocrepira€rbcsi obnacte 3 HA

BAX.

Heo6XiqHO BiI3HAYWTH, L0 B JAWCepTaliiHii poboTi bypiakoBa 'B.O'

mas miona Illorrki. 3a BAX Takoro KOHTaKTy BU3HA49€HO BHCOTy l'IOTeH

[MoEJHAHO TEeXHOJIOTTYHUM I1IUKJI, SKUW BKJIIOYAE Hl)ll"OTOBKy, BHl"OTOBJ’IeHHH Ta

o & 7
aTecTallllo 3pas3KiB, 3 IOJAJbIIMMH EKCIIEpUMEHTAIbHUMHU HOCHIH}KGHHﬂMHtIi "“é
1 SN
CTPYKTYPH, €IEMEHTHOrO CKJIady Ta [IPOLIECIB €JIEKTPO- Ta MACOIEPEHO Cija"w
KOMILIEKCHHII XapakKTep JOCIIDKEHHs JI03BOJIMB  aBTOPY nnaHyBa:;rlil iy
koHTpooBaTy BractuBocTi O-J1-P Ta «MeTaJI-HaIl BIPOBIHUK» KOMIPOK ﬁ'a efran X ,
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pO3pOOKH Ta BUTOTOBIIEHHS], 8 TAKOXK KOPEryBaTH X XapaKTepPUCTUKU Bl,zinom,uuo ,n 3
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OTPHUMAaHHX eKCIIEpUMEHTAJIbHUX JAHUX.

3acTOCYBaHHS B3a€MOJIOTIOBHIOKOYMX €KCIIEPHMEHTaIbHUX Me'romB ,uocg_ JOKeHHsT

(4OTMPU30HAOBUH  Ta  JIBO3OHIOBHH  METOMH Banme . .
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PEHTreHOCTPYKTYpPHHH aHall3, eJIeKTPOHHO-30H10BHH HOKaJILHHH Mll(p@ f;; 1i3),
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sa3HaueHe BUILE IiJiecrpsIMOBaHe KOperyBaHHs BIIAaCTHBOCTEH eKcnepnM
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aHaJll3y  OTPUMAHHUX EeKCIIEpUMEHTaJIbHHX  Pe3yJIbTATIB 3Ha‘IHQE _

JITCPpAaTypHUX  JNAHUX  IHIIMX  aBTOpIB,  KPUTHYHHM  aHal3  BJIACHHUX
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eKCIIEPUMEHTAIBHUX ~ pe3ysbTaTiB 3  ypaxyBaHHSAM  JDKEpel  MOXJIUBHX
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CHCTEMAaTHMYHUX Ta BUIAJKOBUX ITOXHOOK J03BOJISE€ BBOXKATH OTpUMaHl bypiiakoBUM
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B.O. excnepumeHTanbHi pe3ynbTaTH J0CTOBipHHMH, a 3po0JieHi Ha iX OCHOBI
BHCHOBKH JIOCTaTHBO OOrpyHTOBAaHHMMH. B OCHOBHMX TBEp/UKEHHSX Ta BHCHOBKax '
JUCePTalll YHUKHYTO TPOTHPIY Ta HEY3rOHKEHOCTI, pe3y/IbTaTH OKPEMHX pPO3iJIiB
pOOOTH B3aEMHO JONIOBHIOIOTH OIHMH OIHOTO.

Y pesynbTaTi BHKOHAHHS KOMIUIEKCY €KCIIEpUMEHTAJIBHUX AOCIHiIKEHb
CJIIEKTPO(MI3UYHUX MapaMeTpiB rerepocTpykryp O-JI-®, «MeTai-HamiBIPOBIAHUK» Ta
IX KOMIUIEKCHOI iHTeprpertauii Bypnakosum B.O. oTpHMaHO psii HOBHX HayYKOBHX
pe3y/IbTaTIB, CepeJl IKMX, Ha Miif OIS, HalOiNbII BATOMUMHM € HACTYIIHi:
—  BICpuI€  CKCIIEPUMEHTAJIbHO  BCTAHOBJIEHO  ICHyBaHHS  HEraTHBHOIO

NU(epeHITIaIbHOIO OTI0pY Ha BOJIbT-aMIIEPHHUX XapaKTEepUCTUKAX
TOHKOIUTIBKOBHX CHCTEM  «(epoMarHeTHK—/lieIeKTpPUK—(DepOMarHeTuK» 3a
BIATIOBIZHOTO BHOOpY MarepialliB, IO BHKOPHUCTOBYIOTBCS SK BEpXHIN Ta
HUDKHIN MeTaJl, IIPHU HasIBHOCTI BiAMiIHHOCTEH B I'YCTHHI 1X €JIEKTPOHHHX CTaHiB;
—  ITI0Ka3aHo, WO JUI1 BUHUKHEHHS BIAMIHHOCTEH Y 30HHIM CTPYKTypi MeTalliB
CUCTEMH  «(epOMarHeTUK—/ieIeKTPUK—()EepPOMarHeTHK», HEOOXiMHUX Ui
(popMyBaHHs 001acTi 3 HEraTUBHUM JH(EPEeHIIaIbHAM onopOM,' e(DEKTUBHUM €
JIETYBaHHS OIHOIO 3 TAaKUX MeTaliB (a caMe, JIEryBaHHS 3alli3a BYTJICLIEM ),

HaBITh 32 YMOBH, 1110 METAJIU € OAHOTUIIHUMHU:;

—  GKCIIEpMMEHTaJIbHO BHU3HAY€HO 3MIHY POOOTH BHXOAY B KOHTAKTax «3aliz0-
HaIIBIPOBIJHUK p- Ta #-THIYy» 3a YMOBH JIETYBaHHS 3aji3a BYTJICLIEM.
BuABICHO, 110 HAa HAMIBIPOBIJHUKOBIN MiAKIaAUi #-TUMy (KpeMHil, JTeroBaHuii
(pocopoM) JIeryBaHHS TPHU3BOJUTH JAO 3MiHH IPOBITHOCTI i3 OMIYHOI,
XapaKTepHO! JAJsl KOHTaKTy YHCTOrO 3ajli3a, Ha TaKy, L0 € XapaKTEepHOIO J1JIs1

BUIIPSMJISAIOYOI0 KOHTAKTY METaJl—HaIliBIIPOBI IHUK.
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PO3IIUPSIOTH 1 JONOBHIOKOTH (l)ynnaMeTa.nb ’“a*“@ HHSI TIPO T,

rerepocTpykTyp @-/I-® Ta «Me'raJI-HamB OB THIK». LD'["W KTHY
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OTPUMaHHMX pe3yJbTaTiB Ta nepcnelcmamc'm BHK@H' HUX JIC

MOXJIMBOCTSIMH ~ 1X  BHUKODHCTaHHS  JUI HGKP& | HA
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XapaKTepHCTUK KoMipok MRAM mam’siTi Ha OCHOBI BHKopHcTaHm :m;, 2TePOCTPYKTYP.

30erMa BCTAHOBJIEHMI B po0OTI e(peKT 3MiHH 30HHOI ch HCTEMH

OJHOTUITHOCTI MeETaJliB MOXKe OyTH 3acCTOCOBaHHH A IIYKY
MO>UIMBUX CHCTEM 3 ONTMMalbHUMM BiIacTHBOCTAMU D-/I-@ KOMIpOK ﬁ 4; m‘fcr:r*'

XapaKTepPHOIO € HAsBHICTh 061acTell 3 HeraTUBHUM AU(epeHIialbHIM onopa
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OnHak, 3a 3MicTom jauceprauiiisoi po6otu bBypnakosa B. O H
BHCJIOBUTH PsIJ] 3ayBaKEHb:
1. VY nucepraniiiHiif po6OTi BCTAHOBIIEHO, IO €lEKTPOMIrpais BerIequ

npomapky 3amiza @-J[-O KoMipkM NPU3BOAUTH [0 IIOCTYIIOBOrO 3HHKH§ HH
o0J1acTl HHO Ha BAX. OpHak, HaBeJeHE KUIbKICHE I[OCJII)E[)KeHHH TMI -.
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CHJIM CTPYMY Yepe3 KOMIpKy Bl 4Yacy, 3a SKOI BH3HA4a€ThCA e(beK'I?=?_ TI

koedimieHT audys3li. 3BaXKaO4Yd Ha Ba)KJIMBICTh JaHUX IIpPO nepe%‘li

nerpaaaliiHux MPOLIECIB MPH IIPOXO/DKEHHS CTPyMYy H€pes JIel"OBaHHH ma* 5
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saiza, BapTo Oysno 6 BH3HauuTH 3MiHA BAX mpu [IUKJTyBaHHI nanJIa);];e‘
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HATIPYTH, 3a]eXxHicTs nmapameTpiB BAX Bix KOHILIEHTpALIll JIEryI4ol ,qu_1 KA
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MesKi CTIHMKOCTI Ta JOBFOBIYHOCTI BIATIOBIAHUX I€TEPOCTPYKTYP.
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2.  BaxJIuBHUM pe3yJbTaToM POOOTH € 3alpOIOHOBaHAa MOZECIb enelcrpon é}; 31

BYTJIELIO, 32 SIKOKO €(EeKTHBHA Mmirparisi aToMiB BYIJIELIO B Hanopomemm *“ﬁ,
i r‘:*-.r. R
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3ai3a Bu:[6yBaeTbcsi yepe3 JIOKaJIbHI 00MacTi B MiCIsX 3 nonI(e 010

TOBILMHOIO Ji€JeKTpHKa, IO J03BOJISE PO3MIIANATH CHCTEMY SIK lgm
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CTPYKTYPY. ABTOp OI.[IHIOG rnepenajgyd TOBIIMHU IIapy IlleJIeKTpHRa MC)IC k 2
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30H0BO1 MIKPOCKOIIIT — TyHeJIBHOI qH a'I‘@M 1 o-@ LJIOBOI.
3. Jlns Bu3HaueHHS  (a30BOro 'cTaHy
HAIIOPOIIIEHOTO  Iapy  3aJisa BHKOHyBaJIac;I

audpakTorpaM  CUCTEMHU

iHTepdepeHLii MakcuMymMa B 00NacTi  KyTIB 26 = 4"3,5§ +,U7,

OTOTOXXHIOETBCA 3 (PA3010 3aii3a B KPHCTAJIYHOMY CTaH1? 2) 110 TTIAKIIA,

KPEMHIIO MOHOKpHCTaHqua 1 Ha 11 cpiammy [IOBEPXHIO BnBengtEa s g,r;_g.._,w"l

iiiiii

4. Jlns BumiptoBaHHs BAX y cucTeMax «MeTal — HaIIBIPOBIAHUK — :.;f
TOMIIIIKaM» BHKOPMCTOBYBaBCsS JBO3OHJAOBUM MeToA. Bapto 6le

OOIPYHTYBAaTH IOLUIBHICTH MOr0 3aCTOCYBaHHs Ul TaKUX CHCTEM, 3Ba)1c
Frr :.i '
Ha MOJKJIMBI MOJsApH3alliliHi eeKTH B MEXaHIYHUX KOHTaKTaX MpH npoxomxe n I

[IOCTIMHOI'O CTPyMY.

CYMHIB CIIpaBe/UIMBICTh OCHOBHUX pe3yJIbTaTiB Ta BHCHOBKIB POOOTH, a 6131510

#t,f

-,:-
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MipOI0 MalOTh XapakTep MobGaXaHb NpM IUIaHYBaHHI | BHKOHAHHI nonangéf
NOCHiKEeHb B 1IbOMY HAyKOBOMY HaIpsIMI. {

3a pesynbTaTaMd JOCIiIKEHb, NPOBENCHUX NpPH BHKOHAHHI Hﬂcepjg;; ,,
po6OTH, aBTOPOM OMYOJIiKOBAHO 3 CTAaTTi y (aXOBMX PEHTHHIOBHX Ml)KHa X

KypHalax, ABl 3 SKUX y XypHaui, mo BigHeceno no 1lI xBapruino, a y
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