
0T3biB 
ocpHu,HaJibHOro onnoHeHTa Ha ,ll.HccepTau,HIO lllenyxHHa JleoHH)l.a AH,ll.peeBH'Ia 

« CBepx6biCTpoe Jia3epHO-HH)l.YU,HpOBaHHOe llO)l.aBJieHHe MarHHTHOH aHH30TpOnHH B 

TOHKHX nJieHKaX MeTaJIJIOB H )l.H3JieKTpHKOB» , npe,ll.CTaBJieHHOH Ha COHCKaHHe CTeneHH 

KaH)l.H)l.aTa cpH311KO-MaTeMaTH'IeCKHX HayK 00 cneu,11aJ1bHOCTH 1.3.8 "<l>H3HKa 

KOH)l.eHCHpOBaHHOrO COCT051HI151
11 

B CBH311 c pacTyi..QHMH o6oeMaMH npo113BO)l.HMhiX )l.aHHbiX, Heo6xo)l.HMO pa3pa6aTbiBaTb 6onee 

6biCTpbie 11 3Hepr03cpcpeKTI1BHbie aJibTepHaTHBbi cyi..QeCTBYIOI..QI1M ycTpOHCTBaM nepe,ll.a'IH 11 

o6pa6oTKH 11HcpopMaU1111. B paMKax 3Toif mo6aJibHOH 3a,ll.a'IH cymecTByeT noTpe6HOCTb s 

ynpaBJieHI111 HaMarHH'IeHHOCTbiO B MarHI1THbiX HaHOCTpyKTypax Ha cy6nHKOCeKyH)l.HbiX 

speMeHHbiX Macuna6ax. PaHee y)!(e 6biJm npo,ll.eMoHcTpl1posaHbi 51BJ1eHH51, B03HHKaiOlll,He np11 

B03,ll.eHCTBI111 cpeMTOCeKyH)l.HbiX Jla3epHbiX 11Mny JlbCOB Ha MarHHTOynop51,ll.OL!eHHbie MaTep11a11bi, 

O)l.HaKO, OO)l.aBJ151IOlll,ee 60J1bliiHHCTBO TaKHX 3cpcpeKTOB orpaHH4eHO Tpe6oBaHH51MH K 

3JleKTpOHHOW CTPYKType MarHI1THb1X cpe.u 111160 K ycnoBIUIM Jla3epHoro B036y)!(.ueHI15! . TaKHM 

o6pa3oM, )].11ccepTau,HH lllenyxHHa JleoHH)l.a AH,ll.peeBI1Lia « Csepx6biCTpoe Jia3epHo­

HH,ll.yu,HposaHHoe llO)l.aBJieHHe MarHHTHOH aHH30TpOllHH B TOHKHX llJleHKaX MeTaJlJIOB H 

.UH3neKTp11KOB» HanpasneHa Ha perneHHe atnyaJibHOH 3a)l.aLIH no noHcKy YHHBepcanbHOro 

B03)J,eHCTBI151, MeH51IOIUerO MarHHTHOe COCT051HI1e MaTep11aJ1a, B KaLieCTBe KOTOpOrO B pa6oTe 

paccMaTp11BaeTC51 CBepx6biCTpbiH Jla3epHO-HH,ll.YUHpOBaHHbiH HarpeB, B 4aCTHOCTI1, np11BO)J,51JUI1H 

K H3MeHeHHIO MarHHTHOH aHH30TpOlli1H, B pe3yJibTaTe qero MeWieTCH opueumalJU5l 

HaMarHH4eHHOCTH. 

Bee pe3yJihTaThi, npe)l.cTaBJieHHbie s pa6oTe, nony'leHhi npH KOMHaTHOH TeMnepaType, a 

Ha6mo,ll.aeMbJe npou,eccbi MoryT 6biTb onTHMH3HposaHbi B KOHKpeTHbiX CTPYKTypax. KpoMe Toro, 

paCCMOTpeHHbie 3cpcpeKTbi MOryT 6biTb peam130BaHbl B lii11pOKOM KJiacce MaTep11a110B, ':ITO 

003BOJIHeT nepeHTH OT «i>yu.z:.aMCHTaJibHbiX HCCJie)l.OBaHHH K npHKJia.Z:.HbiM. 

,lJ;HCCepTaU,HOHHaJI pa6oTa COCTOHT 113 BBe,ll.eHHJI, OJITH rJiaB H 3aKJIIO'IeHHH. f10JIHbiH 06oeM 

)J,I1CCepTaUH11 COCTaBJ151eT 126 CTpaHHU, BKJ1 10L!a51 29 p11CYHKOB 11 2 Ta6J111Ubl. 

fnasa 1 co,ll.ep:>KHT no.n;po6HbiH o63op pa6oT no ynpasneHHIO HaMarHH'IeHHOCTbiO B pe3yJlhTaTe 

CBepX6biCTpOrO Jla3epHO-HH11.YU,11pOBaHHOrO H3MeHeHHH MarHHTHOH aHH30TpOnHH, 

BbinOJlHeHHbiX Ha MOMeHT HaOHCaHHR pa60Tbi, a TaK:>Ke CO,ll.ep)!(HT nepeLieHb OTKpbiTbiX BOnpOCOB 

B :HOH 06JiaCTYI. Ha OCHOBaHHH 063opa c<PopMyJIHpOBaHbi 3a)l.a'-IH, Ha perneHHe KOTOpbiX 

HanpasneHa )l.HccepTaUHOHHaJI pa6oTa. 

B fnase 2 H3JlO)!(eHbi npHHUHObi 3KcnepHMeHTaJ1bHbiX MeTO)l.I1K 11 TeopeTH':IeCKHX no,ll.XO)l.OB, 

HCOOJ1b30BaHHbiX B pa6oTe, KOTOpbie OCHOBaHbi Ha )J,eTaJibHOM paCCMOTpeHJ111 napaMeTpOB 

MarHI1THOH npeueCCI111 B 3aBI1CI1MOCTI1 OT YCJ10BI1H B036y)!(.Il,eHH5!, Ha OCHOBaHI1H ':lero MO)!(HO 

)l.aTb OU,eHKY CBepX6biCTporo Jla3epHO-HH)l.YU,HpOBaHHOrO H3MeHeHH51 MarHHTHOH aHH30TpOllHI1. 

fnasa 3 nocBHI..QeHa BJIHHHHIO csepx6hiCTporo Jia3epHO-HH,ll,yu,HposaHHoro Harpesa Ha 

MarHI1TOynpyryiO aHH30TponHIO, .UOMI1HI1PYIOlll,YIO B <PeppoMarHI1THOM cnoe CTPYKTYPbi 

CoFeB/BaTi03. OcHOBHOH npo6neMoif, paccMoTpeHHOH B 3TOH rnase, 6biJ1 cnoco6 ynpasneHHR 

MarHHTOynpyri1M B3ai1MO.Il,eWCTBI1eM np11 OOMOIUH cpeMTOCeKyH.UHbiX Jla3epHbiX 11MOYJ1bCOB. 



fJiaBa 4 CO)J.ep)I(HT pe3yJI1TaT1I no BJIH51Hlll0 CBepX61ICTpOrO Jia3epHO-llH)J.YQHpOBaHHOfO HarpeBa 

Ha 11HTep<l>ei1cHyiO aHI130TponwiO B CTPYKType c TYHHeJihHhiM MarHHTHbiM nepexo)J.OM 

CoFeB/MgO/ CoFeB. B TaKoi1 CTPYKType cocyiiJ,ecTBYIOT )J.Ba KOHKYPHPYIOIIJ,HX BKJia)J.a B 

MarHHTHYIO 3HepmiO: aHH30TponHH <PopMbi H 11HTep<Pei1cHoi1 aHH30TponHH. B 3TOH mase 

nOKa3aHO, KaK B03)J.eHCTBI1e <t>eMTOCeKyH)J.HOfO Jia3epHOfO 11MnyJihCa MeH51eT COOTHOWeHHe 

Me)I()J.y 3TI1MI1 BKJia)J.aMI1. 

B fJiase 5 paccMaTpHsaeTc51 BJII151HI1e csepx6biCTporo Jia3epH0-11H.ll.YU:HposaHHoro Harpesa Ha 

napaMeTpbi pOCTOBOH MafHllTHOH aH:H30TpOnllll B Hll3KOCHMMeTpl1llHOM nJieHKe BllCMyT-

3aMeiiJ,eHHOf0 <t>epp11Ta-rpaHaTa, BblpaiiJ,eHHOH Ha nO)J.JIO)I(Ke ra)J.OJIHHHH faJIJII1eBOfO rpaHaTa C 

opHeHTau:Hei1 (21 0). TaKa51 opHeHTal(H51 no)J.JIO)I(Kll c HH3KOH CHMMeTp:HeM. no3BOJI51eT ou:eHHTb 

BKJia)J.bi OT l13MeHeHH51 pa31IWIHbiX napaMeTpOB pOCTOBOH MarHHTHOH aH:H30TpOnlll1 B 

B036y)I()J.eH:He npel(eCCl1ll HaMafHl1qeHHOCTl1 . 

Cpe)J.H nonyqeHHbiX B pa6oTe HOBhiX pe3yJibTaTOB MO)I(HO OTMeTHTb HaH6onee 3Haq:HMbie: 

1) B cTpyKType KOMTT03HTHoro MYJibTH<l>eppoHKa CoFeB/BaTiOJ B03)J.eticTBHe 

<t>eMTOCeKyH)J.HOfO Jia3epHOf0 l1MllYJihCa npHBO)J.llT K yMeHbllleH:HIO MafHHTOynpyroro napaMeTpa 

B1, no)J.q:HH51IOIIJ,eMyc51 cTeneHHOMY 3aKoHy c n(n + 1)/2 = 3, ycTaHosneHHOMY )J.JIH 

TeMnepaTypHbiX H3MeHeHHH MarH:HToynpyroM. aHH30TponHH, )J.OMHHHpyiOIIJ,eM. B cnoe CoFeB. 

3TOT 3<l><l>eKT Tl03BOJI51eT JIOKaJI1130BaHO B036y)K)J.aTh npeueCCI110 HaMafHl1qeHHOCTI1 l1 

npeu:eccHOHHO ee nepeKJIIOqaTb B OT)J.eJibHOM MafHI1THOM )J.OMeHe CoFeB c 3a)J.aBaeMOH 

nO)J.JIO)I(KOM HanpaBJieHJ-ieM OCH aH:H30TpOnllll. 

2) B cTpyKType c TYHHeJihHhiM MarHHTHbiM nepexo)J.OM CoFeB/MgO/ CoFeB B03)J.ei1cTBI1e 

<t>eMTOCeKyH)J.HhiX Jla3epHhiX l1MllYJihCOB llOJIHOCThiO llO)J;aBJI51eT nepneH)J.HKYJIHPHYIO MafHHTHYIO 

aHH30Tpomno <PeppoMarHHTHbiX 3JieKTPO.ll.OB CoFeB. 3To npHBO.ll.HT K cnHH­

nepeopHeHTaUHOHHOMY nepeXO.ll.Y 11 MO)I(eT 61ITh llCTTOJib30BaHO )J.JI51 Jia3epH0-11H)J.YU:HpOBaHHOfO 

nepeKJliOqeHHH TYHHeJlhHOro MarHHTHoro nepexo)J.a Me)K)J.y cocT051HI151MI1 c napanneJlhHOH 11 

opToroHaJibHOM B3aHMHhiMH opHeHTaU:H51MH HaMamHqeHHOCTetl B 3JieKTpo)J.ax. TaKoi:f rrepexo)J. 

)J.OCTI1faeTC51 np11 yMepeHHOH llJ10THOCTI1 3Hepm11 B036y)K)J.aiOIIJ,ero 11MIIYJlbCa j = 2 M,1J;)K/cM2 

6naro)J.ap51 ywneHHIO no)J.asneHH51 BKJia)J.a HHTep<l>ei1cHoi1 aHH30TponHH npH csepx6hiCTpOM 

pa3MarHHq:HsaHHH 6oJiee 20%. 

3) B nneHKe Bl1CMyT-3aMeiiJ,eHHOfO <PeppHTa-rpaHaTa Ha 

HI13KOCI1MMeTp11'IHOH llO)J.JlO)!(Ke ra)J.OJ111HI1H-faJ1J111eBOf0 rpaHaTa B03)J.eHCTBI1e 

<t>eMTOCeKyH)J.HbiX Jia3epHbiX l1MllYJibCOB npHBO)J.llT K ll3MeHeH:HIO BCeX napaMeTpOB pOCTOBOH 

aHH30TponHH B pe3yJI1TaTe csepx61ICTporo Harpesa H no3BOJI51eT B036y)I()J.aTb npeQeccHIO 

HaMarH:HqeHHOCTH npH npoH3BOJihHOM HanpasneHHH BHewHero MarHHTHOro nOJI51. HaqaJibHa51 

<l>a3a rrpeueCCI111 3aBI1CI1T OT COOTHOllleHI151 Me)K)J.y 113MeHeHI151MI1 pa3JlJ1qHhiX napaMeTpOB 

aHH30TponHH, qTo no3BOJI51eT ycTaHOBHTb ero H3 3KcnepHMeHTaJihHhiX )J.aHHhiX. KpoMe Toro, 

ynpaBJI51Tb HaqaJibHOH <Pa3oi1 npeu:eccHH B npe)J.enax [-rr/2;+rr/2] MO)KHO, MeH5151 HanpasneHHe 

BHelllHero MafHI1THOfO nOJ151. 

0cHOBH1Ie pe3yJI1TaT1I no TeMe )J.HccepTaU:HH H3JIO)I(eHbi B Tpex opHmHaJibHbiX cTaTb51X l1 O.ll.HOtf 

o63opHoi1 crarbe, orry6mtKOBaHHbiX B )I(YPHaJiax Physical Review B, Physical Review Applied, 
)KypHan TeXHHqecKotf <l>H3l1KH, Nanoscale, a TaK)Ke npe)J.cTasneHbi Ha 18 Me)I()J.yHapo)J.HbiX 11 

pocc:HtlcKHX KOH<l>epeHU:H51X. IToJiyqeHHbie B pa6oTe pe3yJI1TaT1I 11 c<t>opMyJIHposaHHbie 

ITOJIO)I(eHl151 51BJI5110TC51 HOBhiMH, )J.OCTOBepHbiMH l1 060CHOBaHHhiMl1. 



Pe3yJihTaThi )l,HccepTaU,HOHHOH pa60Thi 11 pa3BHThie s Hei1 no,ll,XOAhi peKoMeHJJ.OBaHhi K 

HCUOJih30BaHHIO B cpyH)],aMeHTaJibHhiX H npHKJla)l,HbiX HCCJle)l,OBaHlHIX CBepX6biCTpbiX 

npou,eCCOB B HaHOCTpyKTypax, B lJaCTHOCTH MarHOHHKe H CDHHTpOHHKe, npOBO)l,HMbiX B TaKHX 

opraHH3aU,HflX KaK <I>Tl1 HM. A. <I>. 11ocpcpe (r. CaHKT-ITeTep6ypr), PTY Ml1P3A (r. MocKsa), 

CIT61Y (r. CaHKT-I1eTep6ypr), Hl1Y 11TMO (r. CaHKT-ITeTep6ypr), CI16ITY HM. ITeTpa 

BenHKoro (r. CaHKT-ITeTep6ypr), M!Y HM. M. B. JloMoHocosa (r. MocKsa), PoccHHCKOM 

KsaHTOBOM lJ,eHTpe (r. MocKsa) 11 ,ll,p. 

B Ka':leCTBe JaMe'iaHHH no pa6oTe MO)f(HO OTMeTHTb cneAyiOw,ee: 

1. B TpeTbeH rnase, npH o6cy)!()].eHHH MexaHH3Ma na3epHO-HH.ll.YU.HposaHHoro H3MeHeHHfl 

MarHHToynpyroi1 aHH30TponHH B CTPYKType KOMn03HTHoro MYJibTH¢eppoHKa 

CoFeB/BaTi03 He paccMoTpeHbi B03MO)f(Hbie H3MeHeHHR csoi1cTB cemeTo3neKTpH':lecKoi1 

no)l,JIO)f(KH. Xon1 na3epHbie HMnynhChi He B03,ll,eHcTBYIOT Ha nO,ll,JlO)!(KY HanpflMYIO, HeJih3R 

HCKJUO':laTb BJIHRHHR B036y)f(,ll,eHHbiX Jia3epOM ropR':lHX 3JieKTpOHOB CofeB Ha 

npHnosepXHOCTHbiH CJlOH OO)l,JlO)!(KH. 

2. 3KcnepHMeHTaJlbHafl MeTO)],HKa H3y4eHHfl CBepx6biCTpOH MarHHTHOH )l,HHaMHKH B 

CTPYKType c TYHHeJlbHbiM MarHHTHbiM nepexo)l,OM CoFeB/MgO/ CoFeB H3JlO)f(eHa He 

AOCTaTO':lHO nonHo. OcTaeTcR He RCHbiM, KaK asTopy pa6oThi y,ll,anocb AH¢¢epeHu,HposaTh 

B03)l,ei1cTBHe Jla3epHbiX HMnynocos Ha cso60)].HhiH 11 3aKpenneHHhiH cno11 CoFeB. KpoMe 

TOrO, CJie)l,OBaJlO 6onee nO,ll,p06HO OnHCaTb YaCTh, CBH3aHHYIO C 113MepeHHeM CnHHOBOH 

AHHaMHKH OT ABYX cnoes CoFeB, T.K. oTpa)f(eHHbiH 30HAHpyiOw,Hi1 HMnynbc HeceT 

HHcpOpMaU,HIO 0 HaMarHH'IeHHOCTH B 060HX CJlOflX. 

3. ,[(JIR )l,OnOJlHHTeJlbHOfO nO)l,TBep)!(,ll,eHHR pR,ll,a BbiBO)l,OB, C)l,eJlaHHbiX B rJiaBe 4, CJie)l,OBaJIO 

6bi nposecTH aHanorH'IHhiH 3KcnepHMeHT co CTPYKTypoi1, co)l,ep)!(aw,ei1 TOJlhKO O,ll,HH 

cnoi1 CoFeB. 

YKa3aHHbie 3aMe':laHHH He CHH)!(aiOT Hay':!HOH 3Ha':!HMOCTH H o6w,ei1 nOJIO)!(HTeJlhHOH OU,eHKH 

)l,HCCepTaU,HOHHOH pa60Thi. 

3aKJIIO'ICHHC 

CLJHTaiO, ':ITO AHccepTaUHOHHaR pa6oTa lllenyxHHa JleoHHAa AHApeeBH':la «Csepx6hiCTpoe 

Jla3epHO-HHAYU.HpOBaHHOe nO)l,aBJieHHe MafHHTHOH aHH30TpOnHH B TOHKHX nneHKaX MeTaJIJIOB H 

)],113JleKTpHKOB» OTBeYaeT BCeM Tpe6osaHHRM, npe,ll,'bHBJIReMblM K )l,HCCepTaUHHM Ha COHCKaHHe 

yqeHOH CTeneHH KaH)l,H)l,aTa cpH3HKO-MaTeMaTH':leCKHX HayK no cneu,HaJlbHOCTH 1.3.8 "<l>H3HKa 

KOH)l,eHCHpOBaHHOfO COCTORHHH
11 

COrJlaCHO fiOJIO)f(eHHIO 0 npHCY)f(,ll,eHHH y':leHbiX CTeneHeH B 

<l>e)l,epanbHOM rocy ,ll,apCTBeHHOM 610)l,)!(eTHOM y4pe)f()l,eHHH HayKH <l>H3HKO-TeXHH4eCKOM 

HHCTHTyTe HM. A . <1>. 11o¢¢e POCCHHCKOH aKa)l,eMHH HayK, a ee aBTOp llienyXHH JleOHH,ll, 



AHJJ.peeBH'f 3acJiy:>KHBaeT npHCY)KJJ.eHH51 eMy y'feHoii cTeneHH KaHJJ.HJJ.aTa ¢H3HKO-
MaTeMaTH'feCKHX HayK. 
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