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Oqm:u;HaJibHoro onnoHeHTa Ha .D:HccepTau;mo OcoKHHa Cepre51 AneKcaH.n:poBHqa 

«PacnpOCTpaHeHHe CnHHOBbiX BOJIH B )l;HCKpeTHbiX orpaHHqeHHbiX 

<l_)eppoMarHHTHhiX CTPYKTypax», npe.n:cTaBJieHHyro Ha coHcKaHHe yqeHoH cTeneHH 

KaH)l;H)l;aTa <l_}H3HKO-MaTeMaTHqeCKHX HayK no cneiJ;HaJibHOCTH 01.04.07- «<l>H3HKa 

KOH)l;eHCHpOBaHHOfO COCT051HH51». 

AKTyaJihHOCTh 

Pa6oTa C. A. OcoKHHa nocB51:W:eHa Hccne.n:oBaHHIO pe3oHaHCHhiX H KpaeBhiX 

3<l_}Q:>eKTOB npH pacnpOCTpaHeHHH CnHHOBbiX BOJIH B orpaHHqeHHbiX 

cpeppoMarHHTHbiX CTPYKTypax, o6pa3oBaHHhiX .D:HCKpeTHhiMH BKJIIOqeHH51MH B 

cpeppoMarHHTHOH nJieHKe H Q:>eppoMarHHTHbiMH MHKpoqacTHIJ;aMH B CB060)l;HOM 

npOCTpaHCTBe. CTpyKTypbi TaKOrO THna MOryT 6hiTb HCnOJib30BaHbl npH C03)l;aHHH 

HOBbiX ycTPOHCTB o6pa6oTKH, nepe.n:aqH H xpaHeHH51 HH<lJopMaQHH HcnoJih3Y51 

CnHHOBbie BOJIHbl B KaqecTBe HOCHTeJI51 HHcpOpMaiJ;HH. I1cnOJib30BaHHe nO)l;XO)l;OB 

H3 06JiaCTH MarHOHHKH, a TaiOKe yqeT 3cpcpeKTOB, B03HHKaiO:W:HX Ha rpaHHIJ;aX TaKHX 

CTPYKTYP npe.n:cTaBJI5IeT 6e3ycnoBHbiH HHTepec .n:mr MarHOHHKH. ,[(aHHa51 pa6oTa 

nOCB51:W:eHa TeOpeTHqeCKOMY H3yqeHHIO pacnpOCTPaHeHH51 CnHHOBbiX BOJIH B 

<!JeppoMarHHTHhiX CTPYKTYpax KOHeqHoro pa3Mepa, o6pa3oBaHHbiX .D:HCKpeTHbiMH 

cpeppoMarHHTHbiMH 3JieMeHTaMH. TeMa, no KOTopoii 6biJIH c.n:enaHbi Hccne.n:oBaHH51, 

aKTYaJihHa H OTHOCHTC51 K aKTHBHO pa3BHBaiO:W:HMC51 HanpaBJieHH51M cpH3HKH 

KOH)l;eHCHpOBaHHOrO COCT051HH51 - MarHOHHKe H CnHHTPOHHKe. 

CTpyKTypa u co~ep~auue ~uccepTau.uu 

,[(HCCepTaiJ;H51 COCTOHT H3 BBe)l;eHH51, qeTbipex rJiaB H 3aKJIIOqeHH51. IloJIHbiH 06beM 

)l;HccepTaU:HH cocTaBJI5IeT 1 08 CTpaHHU:, BKJIIOqa5J: 3 5 pHCYHKOB. CnHcKH 

IJ;HTHpyeMOH JIHTepaTyphi, ny6JIHKaiJ;HH aBTOpa If pRCYHKOB npRBO)l;51TC51 B KOHIJ;e 

.n:RccepTaQHR. CnRCOK JIRTepaTypbi co.n:ep)KRT 119 HaRMeHoBaHRH. 

XapaKTepncTnKa co~ep~aHHH ~uccepTau.uouuoii: pa6oThi 

Bo BBe.n:eHRR If B rnaBe 1 npRBO.lJ:HTC51 o63op aKTYaJihHhiX pa6oT no TeMe 

)l;lfCCepTaiJ;lflf If OnlfCbiBaiOTC51 OCHOBHbie TepMRHbl If MeTO)l;bl perneHH51 3a)l;aq lf3 

06JiaCTlf MarHOHHKlf. rnaBa 2 nOCB5IIIJ;eHa lfCCJie)l;OBaHRIO CBOHCTB CnlfHOBbiX BOJIH 

B orpaHlfqeHHhiX MarHOHHhiX cTpyKrypax. B KaqecTBe cpe.D:hi .D:JI5I 

pacnpOCTpaHeHlf51 CnlfHOBbiX BOJIH paCCMaTpRBaJilfCb cpeppoMarHlfTHbie nJieHKlf C 

orpaHlfqeHHbiM MaCClfBOM Q:>eppoMarHHTHbiX IJ;lfJIHH.D:pRqecKRX BKJIIOqeHRH C 

OTJilfqaiOru;eHC51 HaMarHlfqeHHOCTbiO HaCbi:W:eHH51, B3aHMO)l;eHCTBlfe Me)K)l;y 



KOTOpbiMII Y"l!IITbiBaJIOCb c rroMOIQbiO Mero.n:a MHoroKparHoro pacce~mmr. B 

"llaCTHOCTII, IICClle)l;OBaJIIICb "llaCTOTHbie xapaKTepiiCTIIKII CITIIHOBbiX BOllH, 

pacrrpocrpaH51IOIQIIXC51 B lliiHeHHbiX I(erroqKaX I(IIlliiH)l;pii"l!eCKIIX BKlliO"l!eHIIH B 

cpeppoMarHIITHOH rrneHKe. IloKa:3aHO, qro MaCCIIB )l;IICKpeTHbiX pacceiiBaiOIQHX 

3lleMeHTOB 51Bll51eTC51 BOllHOBO)l;OM )l;ll51 CITIIHOBbiX BOllH C C06CTBeHHbiMII "llaCTOTaMH 

)l;ll51 MO)l;, pacrrpocrpaH5IIOIQHXC51 B)l;Ollb I(eiTO"l!KH C MaJibiMII 3aryxaHII51MII Ha 

pacce51HIIe. rnaBa 3 6bma ITOCB51IQeHa perneHIIIO 3a)l;a"l!II orrpe,n:eneHH51 C06CTBeHHbiX 

"l!aCTOT CITIIHOBbiX BOllH B I(eiTO"l!Ke cpeppoMarHIITHbiX CTOll6IIKOB B CB060)l;HOM 

rrpocrpaHCTBe. BbiBO,n:IInacb MaTeMaTII"l!eCKa51 Mo,n:enb B3aiiMo,n:eiicTBII51 KOHe"l!HOii 

CIICTeMbi I(eiTO"l!KH cpeppoMarHIITHbiX CTOll6IIKOB, CB513aHHbiX )l;IIITOllb-)l;IIITOllbHbiM 

B3aiiMO)l;eHCTBIIeM. ,[(M 06'beMHbiX II KpaeBbiX MO)l; KOne6aHIIH HaMarHII"lleHHOCTII 

qiicneHHbiMII MeTO)l;aMII 6binii BbiBe,n:eHbi aHaJIIITIIqecKIIe <i_)opMYllbi )l;ll51 

pe30HaHCHbiX qaCTOT. rnaBa 4 ITOCB51IQeHa IICCne,n:oBaHIIIO Bllii51HH51 3cpcpeKTOB 

cpopMbi )l;ll51 OT)l;ellbHbiX CTOll6IIKOB II KpaeBbiX 3cp<i_}eKTOB B I(erroqKe CTOll6IIKOB Ha 

qacTOTHblll CITeKTp KOne6aHIIH HaMarHII"l!eHHOCTII. lJIIClleHHblll 3KCrrepiiMeHT 

rrpOBO)l;IIllC51 )l;ll51 cny"l!a51 B036y)l(,n:eHII51 CITIIHOBbiX BOllH IIMrryllbCOM CITIIH­

ITOll51pii30BaHHOrO TOKa, pacrrpOCTpaH51IOIQerOC51 B)l;Ollb OCII CTOll6IIKOB, II 

IIMrryllbCOM BHeiiiHero rrepeMeHHOrO MarHIITHOrO ITOll51. 

HayquaH u npa~cruqecKaH 3naquMoCTb 

Bee rrony-qeHHbie B ,n:IIcceprau:IIII pe3ynbTaTbi 51Bll5IIOTC51 HOBbiMII. Cpe,n:II 

ITOny"lleHHbiX pe3yllbTaTOB Haii6onee Ba)I(HbiMII 51Bll5IIOTC51 cne,n:yiOIQIIe: 

- Pa3pa6oraHa MaTeMaTII"l!eCKa51 Mo,n:enb, orriiCbiBaiOru;a51 pacrrpocrpaHeHIIe 

rrp51MbiX 06'beMHbiX MarHIITOCTaTII"lleCKIIX CITIIHOBbiX BOllH B orpaHII"lleHHbiX 

MaCCIIBaX cpeppoMarHIITHbiX BKniO"l!eHIIH B <i_)eppoMarHIITHOH rrneHKe, Ha OCHOBe 

KOTOpOH 6blll0 ITOKa3aHO, "liTO O)l;HOMepHbie rrepiiO)l;II"lleCKIIe MaCCIIBbi MOryr 

BbiiTOllH51Tb ponb BOnHOBO)l;OB )l;ll51 CITIIHOBbiX BOllH. 

- C ITOMOID;biO pa3pa6oTaHHOH MaTeMaTII"lleCKOH MO,n:enii, OITIICbiBaiOru;eii 

pacrrpOCTpaHeHIIe CITIIHOBbiX BOllH B orpaHII"l!eHHbiX MaCCIIBaX cpeppoMarHIITHbiX 

·cron6IIKOB, OITIICaHbi CBOHCTBa KpaeBbiX MO)l;bl CITIIHOBbiX BOllH, pe30HaHCHOH 

"llaCTOTOH OTllii"l!HOH OT "l!aCTOTbi OCTaJibHbiX MO)l; CITIIHOBbiX BOllH II 

llOKaJIII30BaHHbiX Ha rpaHIII(aX MaCCIIBa. 

- C ITOMOIIJ;biO MeTO)l;OB "l!HClleHHOrO MO,n:eniipOBaHH51 6binO ITOKa3aHO, qro )l;ll51 

MaCCIIBOB CTOn6IIKOB KOHe"l!HOH BbiCOTbi cyru;eCTByeT HeCKOllbKO pe30HaHCHbiX 

"l!aCTOT )l;ll51 MO)l; KOne6aHIIH HaMarHII"l!eHHOCTII, O)l;Ha II3 KOTOpbiX 51Bll51eTC51 



pe30HaHCHOH )l;JUI KpaeBbiX COCT051HHH C aMIIJIHT)')l;OH KOJie6aHHH, JIOKaJIH30BaHHOH 

Ha KpaiO MaCCHBa. 

)1,wccepTa:u;H5I OcomHa C.A. xoporno ocpopMJieHa, co.n:ep)I(HT .n:ocTaTOl!HOe 

KOJIHl!eCTBO HJIJIIOCTpa:o;Hif H )l;OCTaTOl!HO IIO)l;KperrJieHa CCbiJIKaMH Ha 

cooTBeTCTByiOr:u;He rry6JIHKa:U:HH. B .n:wccepTa:U:HH l!eTKO ccpopMyJIHpoBaHhi :u;eJIH 

HCCJie)l;OBaHH51 H XOpOIIIO OIIHCaHbl HCIIOJib30BaHHbie aHaJIHTHl!eCKHe H l!HCJieHHbie 

MeTO)l;bl. 

3aMeqauuu 

1. B fJiaBe 2 rrpH IIOCTaHOBKe 3a)l;al!H He pacKpbiTa CTeiieHb BJIH51HH51 

o6MeHHOro B3aHMO)l;eHCTBH51 Ha HaMarHHl!eHHOCTb BKJIIOlleHHH B IIJieHKe. 

0TCYTCTBHe YlJeTa )l;aHHOro B3aHMO)l;eHCTBH51 MO)I(eT IIpHBeCTH K 

pe3yJibTaTaM, KOTOpbie MoryT He COOTBeTCTBOBaTb peaJibHbiM 

3KCIIepHMeHTaJibHbiM )l;aHHbiM. 

2. IlpH MO)l;eJIHpOBaHHH pe3yJibTaTOB Ha pHC. 2.3, 2.6, 2.7 He IIpHBe)l;eHbl 

3Hal!eHH51 HCIIOJib30BaHHbiX reoMeTpHlleCKHX H MarHHTHbiX rrapaMeTpoB R, 
R 12, d, M1, Mo. 

3. IJo Bee if BH)l;HMOCTH, B IIO)l;IIHCH Ha pH C. 3 .1 (b) OIIel!aTKa, IIOCKOJibKY 

yTBep)l(.n:aeTC51, :U:HJIHH.lJ:PHllecme MarHHTHhie cToJI6HKH pacrroJIO)I(eHbi 

rrepHO)l;Hl!eCKH B)l;OJib OCH Z. 

4. B fJiaBe 3 rrpHBO.lJ:HTC51 o:u;eHKa MarHHTHoro MOMeHTa cpeppoMarHHTHoro 

CTOJI6HKa IIpH BbiBO)l;e CB513aHHOH CHCTeMbl JIHHeHHbiX ypaBHeHHH, HO IIpH 

3TOM )l;aHHOe IIpH6JIH)I(eHHe He cpaBHHBaeTC51 C y)l(e HMeiOr:u;HMHC51 

aHaJIHTHl!eCKHMH perneHH51MH )l;JUI MarHHTHOrO IIOJUI HOpMaJibHO 

HaMarHHl!eHHOrO :U:HJIHH)l;pa. 

5. B fJiaBe 4, B pa3)l;eJie 4.2 H3YlJeHbl CBOHCTBa CIIHHOBbiX BOJIH B :o;eiiOl!Ke 

<PeppOMarHHTHbiX CTOJI6HKOB. IlpH 3TOM rrpe)l;IIOJiaraeTC51, liTO CIIHHOBbiH 

BOJIHbl B036y)l()l;aiOTC51 BHeiiiHHM rrepeMeHHbiM MarHHTHbiM IIOJieM, 

rrpHJIO)I(eHHOM TOJibKO K O)l;HOMY H3 CTOJI6HKOB. IJOCKOJibKY rrpH IIpOBe)l;eHHH 

3KcrrepwMeHTa CJIO)I(HO co3.n:aTb CBll MarHHTHOe rroJie B JIOKaJibHOH o6JiaCTH, 

TO HMeJIO CMbiCJI TaK)I(e paCCMOTpeTb CJIYlJaH, KOr)l;a B03)l;eHCTBHe 

ocyr:u;eCTBJUieTC51 Cpa3y Ha HeCKOJibKO CTOJI6HKOB C pa3JIHl!HOH aMIIJIHTY.lJ:OH 

IIOJUI. 

6. B fJiaBe 4 He paccMoTpeHo BJIH5IHHe KpaeBbiX 3cp<PeKTOB H 3cpcpeKTOB cpopMbi 

Ha MO)l;OBbiH COCTaB CIIHHOBbiX BOJIH )l;JUI KOJibQeBOrO MaCCHBa CTOJI6HKOB, 



l.JT06oi rrpoBecni 6onee rronHoe cpaBHeHHe co CTPYKTypaMH, 

paCCMOTpeHHbiMlf B rnaBe 2. 

~aHHbie 3aMeqaHlf51 He Blllf51IOT Ha 06111yro IIOllO)KlfTenoHyiO OU:eHKY pa60Tbl, 

KOTOpa51 BbiiiOJIHeHa Ha BbiCOKOM HayqHOM ypOBHe. HayqHoie IIOJIO)I(eHlf51 If 

pe3yJioTaTbi .n:HccepTaU:HH xoporno apryMeHTHpoBaHbi If o6ocHoBaHbi. OcHOBHI>Ie 

HayqHoie pe3ynoTaTbi 6omlf orry6nHKOBaHbi B 14 HayqHoiX pa6oTax, cpe.n:H KOTopoiX 

6 pa60T, orry6JIHKOBaHHbiX B OTeqeCTBeHHbiX If 3apy6e)I(HbiX )l(ypHanax, 

peKoMeH.[(OBaHHbiX BAK H BXO.IJ:51111HX B Me)l(.n:yHapo.n:Hoie 6a3oi .n:aHHbiX B ClfCTeMbi 

U:HTHpoBaHH51 Scopus If Web of Science. CTOHT Bol.[(enHTb pa6oToi, 

orry6nHKOBaHHbie B )l(ypHanax Physical Review B, Journal of Magnetism and 
Magnetic Materials, a TaK)I(e B IlHCbMax B )l{3T<l>. 

Pe3yJioTaTbi .[(HccepTa.r..J;Hlf MoryT 6oiTb peKoMeH.[(OBaHoi K HCIIOJib30BaHHIO B 

pa6oTax KaK <PYH.IJ:aMeHTaJII>Horo, TaK H rrpHKJia.n:Horo xapaKTepa. ABTope<PepaT 
IIOJIHOCTbiO OTpa)l(aeT CO.[(ep)l(aHHe .[(lfCCepTaU:lflf. 

~HccepTaU:H51 OcoKHHa C.A. y.n:oBJieTBOp51eT Tpe6oBaHH51M, rrpe.[(b51Bn51eMbiM K 

KaH.[(H.[(aTCKHM .n:HccepTaU:H51 cornacHo TPe6oBaHH51M "IloJIO)I(eHH51 o rrpHCY)I(.IJ:eHHH 

yqeHbiX cTerreHeii". (yTBep)l(.n:eHo rrocTaHoBneHH51M IlpaBHTenoCTBa PoccHiicKoii 

<l>e.n:epaU:HH NQ 84 2 oT 24 ceHT516p51 20 13 r. ), a ee aBTop 3acny)I(HBaeT rrpHcy)l(.n:eHlf51 

eMy yqeHOH CTeiieHlf KaH.[(lf.[(aTa 4_)H3lfKO-MaTeMaTlfqecKHX HaYK ITO CIIeU:lfaJibHOCTlf 
01.04.07- 4_)H3lfKa KOH.[(eHCHpOBaHHOfO COCT051Hlf51. 
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