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OliIIJ;AH XAPAKTEPHCTHKA PAliOThl 

AK'cya.IIbHOCTb TeMbi. 

B COBpeMeHHOll q>H3HKe KOH)].eHCHpOBaHHbIX cpe)]. 60JiblIIOe BHHMaHHe y)].eJI.lleTC.ll 

MarHHTHbIM HaHOCHCTeMaM - o6beKTaM c pa3MepaMH 1+100 HM XOT.ll 6bI B O)1.HOM 

npocrpaHCTBeHHOM HanpaBJieHHH. IIpmttaKaMH TaKHX CHCTeM, IlOMHMO ynOM.llttyTOrO 

Bbrllle reoMeTpHqecKoro orpattn:qeHH.ll ( confinement) .llBMJOTC.ll caMooprattmaull.ll 

(self-organization) H 3q>q>eKTbI 6nmoCTH (proximity effects). CaMoopramf3aUH.ll 

H3BeCTHa )].OCTaToqHo )].aBHO B «eCTeCTBeHHbOO} 6HOJIOrHqecKHX HaHOCHCTeMax, TaKHX 

KaK MOJieKYJia PHK. IIoxO)KHH npHHUHn Hcnonb3yeTc.ll B MarHHTHbIX HaHOCHCTeMax 

npH OCa)K)].eHHH aTOMOB HJIH MOJieKYJI Ha IlO)].JIO)l(KY C IlOCJie)].ylOmHM 

caMoynopMoqeHHeM B pa3JIHqHbie HaHoCTpyJ<TYPbI. 3aqaCTyJO cna6bre o6paTHMbre 

B3aHMO)].eHCTBH.ll Me)l()].y aTOMaMH IlO3BOMIOT non}"iaTb paBHOBeCHbie CTPYKTYPbl 6e3 

KaKorO-JIH60 ueHYpaJIH3OBaHHOrO ynpaBJieHH.ll npoueccoM, npHqeM OIIIH6KH, 

BO3HHKaJOmHe BO BpeM.ll npHrOTOBJieHH.ll CHCTeM, HcnpaBMIOTC.ll aBTOMaTHqecKH. 

Ilo)]. 3q>q>eKTaMH 6JIH30CTH CJie)].yeT IlOHHMaTb IlO.llBJieHHe B HaHOCHCTeMax, 

COCTO.llll.(HX H3 )].Byx HJIH 6onee qla3, q>mHqecKHX CBOHCTB, Bbl3BaHHbIX KOHTaKTOM 

3THX q>a3. TaK, HanpHMep, B 6HCJIOHHbIX CHCTeMax, COCTO.llll.(HX H3 CJIOeB )l(eCTKOro 

(hFM) H M.llrKOro (sFM) MarHeTHKOB, 6naro)].ap.ll o6MeHHOMY B3aHMO)].eHCTBHIO 

BO3MO)l(HO «HaCJie)].OBaHHe» MarHHTHbIX CBOHCTB KaK MHrKOH, TaK H )KeCTKOii: q>a3bl. B 

HTOre 6HCJIOHHa.ll CHCTeMa hFM/sFM o6Jia)].aeT nnoma)].b!O IleTJIH rHCTepe3HCa 

60Jibllleii, qeM y o6en:x OT)].eJibHO B3.l1Tb!X q>a3. IIepcneKTHBHblMH npe)].CTaBMIOTC.ll 

HCCJie)].OBaHH.ll CJIOHCTblX CHCTeM, B KOTOpbIX qieppoMarHHTHblll (FM) CJIOH HaxO)].HTC.ll 

B KOHTaKTe C )].HaMarHHTHblM (DM), CBepxnpOBO)]..llll.(HM (S), aHTHq>eppoMarHHTHblM 

(AFM) HJIH ApyrHMH CJIO.llMH HaHOMeTpOBOii TOJIII.(HHbl. B 3TOM cnyqae TOJIII.(HHbl 

CJIOeB COH3MepHMbl c xapaKTepHblMH Macnna6aMH, HMe!OII.(HMH MeCTO B OilHCaHHbIX 

q>a3ax (AJIHHa CBo6oAHOro npo6era 3JieKYpoHa, pa3Mep cBepxnpoBoA.llmeii: napbr, 

pa3Mepbl )].OMeHHOH rpaHHUbl II T.)]..), qTQ npHBO)].HT K IlO.llBJieHHIO MHO)l(eCTBa HOBbIX 

.llBJieHIIii. HanpHMep, MarHHTHbie CJIOII (Fe, Co, Ni), pa3AeneHHbre )].HaMarHHTHbIMH 

npocnoiiKaMII (Cr, Cu, V) HaHoMeTpOBoii TOJIII.(HHbI, ynop.llAOqlfBaJOTC.ll 



aHrmpeppoMarmrrHo (A<I> - COCTO.HHHe). Ilptt HaJIO)KeHHH BHeurnero noru1 A<I> 

COCTO.HHHe CMeH.HeTC.H q>eppoMarHIITHbIM (<I> - COCTO.HHHe). 3JieICqmqecKoe 

conpOTHBJieHHe B TaKHX CHCTeMax CHJibHO 3aBHCHT OT llX MarHHTHOro COCTO.HHlljj. 3a 

OTKpbITHe 3TOro 3q>q>eKTa, ll3BeCTHOro KaK rttraHrCKOe MarHeTOCOnpOTHBJieHHe, Ilerep 

rp!OH6epr H Anb6ep <l>ep 6bIJIH y,nOCTOeHbl B 2007 ro.ny Ho6eJieBCKOH: npeMHeH: no 

qJH3HKe. linaro,nap.H HaJIHqlllO napbl COCTO.HHHii A<I> H <I>, ynpaBJUleMbIX BHeWHHM 

MarHHTHbIM noJieM, TaKHe CHCTeMbl HaWJIH WHpOKOe npttMeHeHHe B 

HaH03JieKTPOHHKe. ,[q>yrou CHCTeMOH, B03M0)KH0 ,naxe 6onee nepcneKTHBHOH AIDI 

C03,naHlljj 6onee KOMnaKTHbIX HOCHTeJieH: HHq>OpMaQHH .HBIDleTC.H S/FM CJIOHCTM 

C'fPYKTYPa. B KOTOpou cyru:eCTByJOT ,nBa KaHaJia 3anHCH: Ha 3JieKTPHqecKOM 

conpoTHBJieHHH H MarHHTHOM nop.H,nKe. YnpaBJljjJOIQHMH napaMerpaMH B ,naHHOM 

cnyqae .HBJ!jjJOTC.H TeMnepaTYPa H MarHHTHOe none. TaKHM o6pa30M, BH,nHO, ~o 

myqeHHe BJIIU!Hlljj 3q>q>eKTOB 6JIH30CTH Ha MarHHTHOe COCTO.HHHe HaHOCHCTeM 

.HBIDleTC.H Ba)KHOH: 3a,naqeu, KaK C q>yH,naMeHraJibHOH, TaK H C npHKJia,!lHOH: ToqeK 

3peHlljj. IlepcneKTHBHbIM 3KcnepHMeHraJibHbIM MeTO,!lOM HCCJie,noBaHlljj 3TOH: 

npo6neMbl .HBIDleTC.H peq>JieKTOMeTplljj nOrulpll30BaHHbIX HeiiTpoHOB (PIIH). CYTb 

MeTO,na COCTOHT B onpe,neJieHHH npoq>HIDI HaMarnHqeHHOCTH C'fPYKTYPbI ll3 cneKTPOB 

pacce.HHlljj noru1pH30BaHHbIX HeiiTpOHOB. IlpoCTpaHCTBeHHOe pa3peweHHe npH 

onpe,neJieHHH npoq>HIDI HaMarHttqeHHOCTH 3a_naerc.i1 BeJittqHHOH nepe,naHHOro 

HMnyJibCa Q, KOTOpblH npH xapaKTepHbIX AIDI HeiiTpoHHOH: peq>JieKTOMeTpHH yrnax 

CKOJib)KeHlljj 0 - IO Mpa,n tt ,nJIHHe BOJ!Hbl HeiiTpoHa 1.. - I A, COCTaBIDleT BeJittqHHY 

Q - 0.1 A"1, a npocrpaHCTBeHHOe pa3peweHHe ~ - 21t/Q -I HM. Ilpn 3TOM 

MHHHMaJibHa.H H3MepnMa.H HaMarHnqeHHOCTb Ha COBpeMeHHbIX HCTOqHnKax 

COCTaBJUleT COTHH 3pCTe,n. Heo6xo,nnMO OTMeTHTb, ~o PITH .HBIDleTC.H cpaBHHTeJibHO 

MOJIO,!lb!M MeTO,!lOM. C MOMeHra ny6JIHKaQHH nepBbIX pa6oT He npOWJIO n 30 JleT 

[I,2]'. 

• I.l;HTnpyeMM JIHTepaTYPa o6o3Haqaerc.i1 CCbIJIKOH [I], pa60TbI aBTOpa, B KOTOpbIX 

ony6nnKoBaHbI BbIHOCHMbie Ha 3aru:nry Pe3YJibTaTbI - [Al]. 
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O6be,nHHeHHblH HHCTHTYT .i1,nepHbIX HCCJie,noBaHHH .HBIDleTC.H OAHHM H3 

JIH,nepoB B noru1pH3aQHOHHOH HeiiTpOHOrpaq>HH. IlepBbie 3KCnepHMeHraJibHbie pa60Tbl 

no OTPa)l(eHHIO HeH:TPOHOB OT MarHHTHblX cpe.n 6bIJIH npoBe,neHbl B Jia6opaTopHH 

HeH:TPOHHOH q>ll3HKH B Haqane 1980-x ro,noB [2] c nOMOIQblO C03,!laHHOrO B TO BpeM.H 

nepBoro peq>JieKTOMerpa nOID1pH30BaHHblX HeH:TPOHOB Ha 6eJIOM nyqKe HeH:TPOHOB 

CITH-1. B 2003 ro.ny peq>JieKToMerp CITH-1 nperepneJI p.i1,n KOHCTpYKTHBHbIX 

H3MeHeHnu. B HaCTo.i1ru:ee BpeM.H cneKTpOMerp PEMYP (HoBoe Ha3BaHtte CITH-1) 

.HBIDleTC.H 0,!lHHM H3 nyqwHX cneKTPOMeTpOB B MHpe H n03BOIDleT npOBO,!lllTb 

3KcnepHMeHrbl C noru1pH30BaHHblMH HeiiTpoHaMH BblCOKOii noru1ptt3aQHH H 

CBeTOCHJibl B pa3JittqHblX reOMeTpllj!X (peq>JieKTOMeTplljj, MaJioyrnoBoe pacce.HHJile, 

,nnq>paKQlljj) [3]. DOJ!billa.H qaCTb HCCJie,noBaHHH nOJIO)KeHHbIX B OCHOBY AHCCepTaQHH 

BbIIlOJIHeHbI c ttcnoJib30BaHHeM cneKTP0Merpa PEMYP. 

M1mroqttcJieHHb1e nccne,noBaHlljj nOKa3a.iiH, ~o PITH o6na,naer 6oJibWHM 

noTeHQHaJIOM B0:H3yqeHHH MarHeTH3Ma HaHOCHCTeM H 3q>q>eKTOB 6JIH30CTH B HHX. B 

HaCTO.i1ru:ee BpeM.H MeTO,n pa3BHBaeTC.H B HanpaBJieHllj!X ynyqweHlljj 

npocrpaHCTBeHHOrO pa3peweHlljj H qyBCTBHTeJibHOCTH K MarHHTHOMY MOMeHry. 

AoCTttraerc.i1 3TO 3a cqer yBeJittqeHlljj CBeTOCHJibI HeH:TPOHHbIX nCToqHHKOB, 3a cqer 

KOM6HHaQHH C ,npymMH MeTO,naMH (cnHH - 3XO, MaJIOyrnoBoe pacce.HHHe, ,nnqipaKQlljj 

H T.,n.), a TaK)Ke 3a cqer oco6eHHOCTeii B3aHMO,neHCTBlljj HeiiTpoHOB co CJIOHCTbIMH 

HaHOCTpYKTYpaMH (pe)l(llMbl CTO.HqHX H ycHJieHHblX CTO.HqllX BOJIH). 

D;eJib pa60Tbl COCTOHT B HCCJie,noBaHHH BJ!llj!Hlljj 3q>q>eKTOB 6JIH30CTH Ha 

npocrpaHCTBeHHOe pacnpe,neJieHHe HaMarnHqeHHOCTH B CJIOHCTbIX HaHOCHCTeMax 

MeTO,!lOM peq>JieKTOMeTpHH noru1pH30BaHHbIX HeH:TPOHOB. 

AIDI ,nOCTll)KeHlljj noCTaBJieHHOH u:entt Heo6xo,nnMo 6bIJIO pewHTb cne,nyroru:ne 

QCHOBHbie 3anaqu: 

1. IlpoBeCTn 3KCnepHMeHfaJibHOe HCCJie,noBaHne MarHHTHOro ynop.i1,noqeHlljj B 

MarHHTHbIX H CBepxnpoBO,n.HIQHX CJIOHCTbIX CHCTeMax MeTO,!lOM peq>JieKTOMeTpHH 

noru1pH30BaHHbIX HeH:TPOHOB. 
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2. Paspa6oTaTb anropIITMbl II nporpaMMbl paC'Iera K034>4>11u11eHTOB 3epKanbHOro II 

,ll114>4>y:moro OTpIDKeHIDI HeihpOHOB OT CJIOIICTblX CTp}'K1YP C pasn11•moro Tllna 

HeO,llHOpO,llHOCTIIMII. 

3. O6ocHOBaTb Heo6XO,llllMOCTb IICilOJlb30BaHIDI pe)KIIMOB CTOJl'IIIX II ycllJleHHblX 

CTOaqIIX BOJIH ,llJljJ IICCJie,llOBaHIDI MarHIITHOro ynopa,lloqeHIDI II 34>4>eKTOB 6Jill30CTII B 

CJIOI:ICTblX CTpYK1YJ)ax. 

4. O6MCHIITb pOJib 34>4>eKTOB 6Jill30CTII B 4>opMIIpOBaHI:III MarHIITHblX CTp}'K1YP Ha 

OCHOBe npe,llJlmKeHHblX MO,lleJieii: IlOBe,lleHIDI HaMarnuqeHHOCTII. 

Pe1yJILTaTbl, BblHOCHMble ua laIQHTY 

1. BnepBbie MeTO,llOM PilH npoBe,lleHO Cl:ICTeMaTH'lecKoe IICCJie,llOBaHHe 34>4>eKTOB 

6nmoCTH B S/FM cuCTeMax THna «cBepxnpOBo,llHm11ii V/4>eppoMarHIITHbIH Fe + 

nepHO.llHqecKaa CHCTeMa Fe/V». B ,llHanasoHe TeMneparyp T = (1.6 + 30] K B 

MarHIITHblX IlOJijJX H > 1K3 o6Hap}')KeHO 

a) HMttql:le B nepHO)lttqecKOH Cl:ICTeMe aHTH4>eppoMarHIITHOro B rny611tty l:I 

HeO,llHOpO,llHOro B IlJIOCKOCTII MarHIITH0ro COCTOHHIDI. y CTaHOBJieHa 

3aBI:ICI:IMOCTb MarHIITHOro COCTOHHIDI OT TeMnepa-iypbI II MarHIITHOro IlOJijJ. 

6) H3MeHHromeeca B 3aBI:ICIIMOCTII OT TeMneparypbl l:I MarHIITHOro DOM 

MarHIITHOe COCTOHHI:le (HeO,llHOpO,llHOCTH II HeKOJIJIIIHeapHOCTb) rpaHHUbl 

pas,llena «cBepxnpoBO.llHHid4>eppoMarHeTHIO>. 

2. BnepBbie MeTO,llOM PilH npoBe,lleHO HCCJie,ll0BaHlle MarHIITHOro COCTOHHIDI 

cBepxnpoBO,llHHKa 1 po.Ila c YJibTPaMMbIM napaMeT?OM Tmo6ypra - JlaH.llay. 

IIonyqeHa rny6nHa npOHIIKHOBeHIDI MarHIITHOro IlOM B CBepxnpoBO,llHmyIO CIICTeMY 

ln(2MKM)/SiO2 coc-raB11B111aa npn H = 180 3 11 T = 2K BeJiuqney). = 100 ± 10 HM. 

3. BnepBble npoBe,lleHO HCCJie,llOBaHne BJIIDIHIDI YJibTPa3BYKOBOH BOJIHbl Ha MarHHTHOe 

coCTOaHHe aHTn4>eppoMarHIITHo-ynopa,lloqeHHoii nep110,llnqecKoii Fe/Cr CTpYK1YJ>bl. 

IlpH B036}')K.lleHnH crpyKrypbI ynbTPa3ByKoBoii BOJIHoii ycrnHOBJieHo: 

a) B03HHKHOBeHne KOJie6aHI:IH MarHHTHblX MOMeHTOB ,llOMeHOB 

6) YMeHb111em1e pa3Mepa ,llOMeHOB C 2 ,llO 1.4 MKM 

B) B03Hl:IKHOBeHHe .llBYMepHOH pemeTKH, o6pa30BaHHOH 111epoxoBaTOCTIIMI:I 

rpaHHU pa3,lleJia, H 113MeHeHne nepl:10,llOB pemerKH B rny6Htty II B IlJIOCKOCTH 
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CTpYKTYJlbl B 3aBHCI:IMOCTH OT BeJII:lql:IHbl MarHI:ITHOro IlOM l:I aMilJII:l"fY,llbl 

3BYKOBOH BOJIHbl 

4. IIonyqeHbl aHanlffnqeCKHe BblpIDKeHIDI ,llJla 

a) K034>4>HQI:1eHTa 3epKaJibHOro OTPIDKCHIDI Il0MpH3oBaHHblX HCHTPOHOB OT 

MarHHTHO-HCKOJIJII:IHeapHblX crpyKryp C rpaHHUaMH pa3,llCJia, HMeIOII{IIX 

H,llCpHbie l:I MarHI:ITHbie 111epoxoBaTOCTI:1; 

6) ceqeHIDI .zlH<l><l>Y3Horo pacceaHIDI npH HaJIHqHH nonepeqHoii: K rpaHHUaM 

pa3,lleJia KOppeMUI:ll:I ,llOMCHOB B CJIOHX CTpYK1YJ>bl. 

B) paspe111eHIDI cneKTPOMeT?a no nepe,llaHHOMY M0MCHTY npH perncrpaum1 

.zlH<l><l>Y3Horo pacceaHIDI HCHTPOHOB. 

5. C03,llaHa nporpaMMa pacqei'a K03<l><l>HUI:ICHTOB 3CpKanbHOro l:I ,llH<l><l>Y3HOro 

OTPa)KCHI:la HCHTPOHOB OT CJIOI:ICTblX crpyKryp C pa3JII:lqHoro THna 111epoxoBaTOCTHMI:I 

rpaHHU pa3,lleJia npH KOHeqHOM paspe111eHHI:1 CIICKTPOMeT?a. 

6. C IIOMOII{blO MO,lleJibHblX pacqeTOB IlOKa3aHa qyBCTBHTCJlbHOCTb MeTO,lla PilH B 

pe)Kl:IMC reHepaUHI:I YCIIJICHHOH CToaqeii: BOJIHbl K orrpe,llCJICHI:110 3aKOHa IIOBOpOTa 

BCKTOpa HaMarnHqCHH0CTI:I B 6HCJIOHHblX crpyKrypax Tl:lna «MarKIIH 

MarHeTI:IK/)KCCTKI:IH MarHeTI:IK>). 

7. IIpe,llJIO)KCHbl l:I o6ocHOBaHhl HOBbIC CTpYKTYJlbl ,llM H3yqCHIDI MarHIITHOro 

COCTOHHIDI B6JII:13l:I rpaHI:IUbl pa3,llCJia «CBepxnpOBO,llHHKl4>eppoMarHeTI:IK>>, C 

l:ICIIOJib30BaHHCM pe)Kl:IMOB CToaqIIX l:I ycHJieHHblX CToaqIIX HCHTPOHHblX BOJIH. 

Hayquau uosu111a 

1. BnepBbie IIpOBC,llCHO 3KCIICpl:IMCHTMbHOC l:ICCJIC,llOBaHHe BJIIDIHIDI 

CBepxnpOBO,lll:IMOCTI:I Ha MarHIITHOe COCTOHHI:le MeTO,llOM pe4>JieKTOMeT?l:ll:I 

noMpH30BaHHbIX HCHTPOHOB. 

2. BrrepBbie rrpoBe,lleHhl l:ICCJIC,ll0BaHHa 34>4>eKTOB BJII:laHI:la YJibTPa3ByKa Ha MarHIITHOe 

COCTOHHI:le CJIOI:ICTblX aHTI:14>eppoMarHIITHblX Cl:ICTCM. 

3. BnepBhie MeTO.llOM pe4>neKTOMeT?HH noMpmoBaHHbIX HCUTPOHOB npoBe,lleHo 

l:ICCJIC,llOBaHHC MarHIITHOro COCTOHHIDI CBepxnpoBO,llHHKa 1 pO,lla c YJibTPaMaJibIM 

napaMeT?OM rHH36ypra JlaH,llay. HccJie,llOBaHI:IC np0,llCM0HCTpllpOBaJIO 
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B03MO:lKHOCTb ncnOJil>30BaHIDI MeTOl{a AJ1J1 nOHCKll 3cpcpeKTOB HeJIOKllJibHOCTll B 

caepxnpoBOAHUKllX nepBoro po.na. 

IlpaKTH'ICCKaB QCHHOCTb pa60Tbl 

1. IlOJl}"leHHbie AaHHbie no BJiillIHIDO CBepxnpOBOAHMOCTll ll ynblpa3B}'KOBOro noru1 

Ha Mannrruoe COCTOHHHe CilOllCTbIX CllCTeM MOryr 6bITb ncnOJil>30BaHbl B CBH30 C 

OOHCKOM HOBbIX cnoco6oB ynpaaneHHH ManIHTHblMll HOCIITeJIHMll HH<pOpM~H n 

3HeKlpOHHbIX 3IleMeHTOB. 

2. C031{aHHbie nporpaMMbI pacqera COeKlpOB pacce»:HHH noru1pll30BaHHhIX HeirrpoHOB 

003B0IDIIOT nOJl}"laTb ll3 3KCnepnMeirra ueuuyro HH<popMaQmo O npOClpaHC-rneHHOM 

npocpnne BeKTOpa HaManill'JeHHOCTll a Clpyicrype. ~HHaH HH<pOpMaQHH MO)Ker 6brfb 

llCOOnt,30BaHa AJ1J1 Hepa3pywaIOJ:l\ero KOHlpOIDI H OIITiiMll3aQHH MannffHbIX CBOUCTB 

pa3Illl'IHbIX cnonCTbIX CllCTeM . 

JIH'IHLIH BK.mm aBTOpa 

Alrrop yqaCTBOBan BO acex pa6orax, Pe:3YilbTilTbI KOTOpbIX BOllIJlll B 

.nnccepTI1QIDO: npoae.neHnn 3KcnepHMeHTOa, nHTepnperawra pe:3ynbnrroB n 

uanncaum-1 nporpaMM o6pa60TKH .nauHbIX. 

Anpo6aQHH pa60Tb1 

OcHOBHble Pe:3YilbTaTbI ll3IlO)KeHbl a 6 pa6orax, Cl1llCOK KOTOpbIX npUBe,neH B KOHQe 

aBTopecliepa-ra. Pe:3yru,TI1Thl, npe.nc-raaneHHb1e a pa60Te, .n0Kna,.n1,1Bannch Ha 

cne.nyromHX KOHcpepeH.QHHX n ceMHuapax: 

1) International workshop ''Nuclear Methods in Studying Thin Films and 

Heterostructures", Budapest, 14-15 November, 2003 

2) Coaemaune 110 COlpYAffll'leCTBY BeHrepcKoii aKa,neMnn Hayic n OHJIH, liy.naneIIIT, 

5-7 ceHTI16px 2004 ro.na 

3) XVII coaemauue no nc110Jil>3oBaumo pacce»:HIDI HeirrpoHOB B nccne.noBauHHX 

Kou.neHcnpoBaHHOro coCTOHHIDI, r. 3ape'1Hhiii, 12-16 oKTH6px, 2004 

4) INTAS workshop "Hierarchy of scales in magnetic nanostructures", St. Petersburg, 

15-20 June, 2004 
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5) IV workshop on investigations at the IBR-2 pulsed reactor, Dubna, 15-18 June, 2005 

6) HayqHbiii ceMnHap 110 -reMe «Studying of coexistence of superconductivity and 

magnetism by means·ofthe polarized neutrons and synchrotron radiations», B uuc-rmyre 

qaCTHQ n x.nepHoii <pll3HKH qli<l>H, liy.nanemT 5 moru12006 r. 

7) V workshop on investigations at the IBR-2 pulsed reactor, Dubna, 15-18 June, 2006 

8) INTAS workshop "Hierarchy of scales in magnetic nanostructures", N. Novgorod, 9-

12 march 2006 

9) X CnMn03lryM "HauocpH3nKll n Hauo3neKlpOHHKa", H. HoBropo.n, 13-17. Mapn 

2006r. 

10) XIX coaemaHne no ncnonh3oBaHmo pacce»:HHH HeirrpoHoB B nccne.noBaHHHX 

Kou.neucnpoaauuoro coc-ro»:HHH, 06HnHCK, 11-15 ceHTH6px 2006 r. 

11) INTAS meeting, Bochurn, 26-27 Mapn 2007 

12) XI CnMno3IryM "Hauocpll3nKa n HaHo3neKlpOHnKa", H. HoBropo.n 10-14 Mapra 

2007 

06heM u CTPYKTYPa ,nuccepTaQHH 

,ll;nccepraQHH COCTOHT ll3 BBe.neuHH, 4 rnaa n 3aKIDO'JeHHH, ll3IlO)KeHHhIX Ha 119 

ClpaHnQax TeKCTa, BKIDO'laI011tero 5 Ta6m1Q. KpoMe roro, OHa co.nep)I{IIT 44 pncyHKa n 

cnnCOK nHTepa'I)'J)bl ll3 84 HaHMeHOBaunii. 

CO,ll;EP)KAHME P AliOThI 

Bo BBe,neHHH o6ocHOBhIBaeTCH aKTYMbHOCTb TeMbI .nnccepraQHOHHOii 

pa60Tb1, ccpopMYnnpoBaHbI Qenn n 3a.naqn nccne.noBaHHH, a TilK)I{e pe:3ynbTilTbI, 

BhIHOCllMbie Ha 3ammy. ,ll;afucx xapaKTepHCTHKa uayquoii H0Bll3Hbl ll npaKTH'leCKOii 

QeHHOCTll nOJl}"leHHbIX pe:3yru,TaTOB. KpaTKo ll3IlO)KeHa Clpyicrypa II co.nep)Kautte 

.nnccepraQnn. 

Ilepeas rJiaea .nnccepnQnn nocBxw:eua -reopnn pacceHHHH noru1pn3oaaHHbIX 

HeirrpOHOB OT MarHHTHO-HeKOMHHeapHbIX cnOHCThIX CHCTeM. An»: n.neanbHhIX 

nnocKo-cnonCThIX CIICTeM npHBO,wITCH auanHTn'leCKHe Bbipa)KeHHH AJIJl 
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K03q>qm1.u1eHTOB OTpIDKeHWI HeIITpOHOB C yqeTOM B03M0)KHOro nepeBopoTa cmrna 

(cmrn-qimm OTpIDKeHite) peK}'PpeHTHhIM [4] n MaTpWIHblM [5] MeTO,naMH. 

Y CTaHOBJieHO, 'ITO o6a MeTO.D:a .D:aIOT o,nnHaKOBhlll pe3yJihTaT, O,nHaKO MaTpHqHblll 

MeTO.D: HMeeT ,nBa npenM}'mecTBa: a) 6onee 6bICTphiii C'leT .D:Jill nepno,nn'leCKHX 

CTIJYKTYP H B03MO)KH0CTh pacC'IBTaTh BOJIHOBOe none HeUTpOHOB Ha 3a,naHHOU 

rny6nHe. IIonyqeHHhie BblpIDKeHWI Il03BOJilDOT paCC'lllThIBaTb K03q>q>mi:neHThI 

OTpIDKeHWI HeUTpOHOB OT n,neaJibHhIX IlJIOCKOCJIOHCThlX cpe,n C pe3KHMH rpaHmi:aMH. B 

peaJihHhIX )Ke CTpyKrypax, 6naro,napx pa3JIWIHhIM q>ll3nqecKHM. npmi:eccaM o6naCTh 

nepexo,na MO)KeT HMeTh KOHe'IHbiii pa3Mep crs. ,[vu! MarHBTHhIX CTIJYKTYP cymeCTBye-r 

TaK)Ke o6naCTh MarHBTHoro nepexo.na O"M, KOTopax 6naro,napx o6MeHHOMY BJIH 

3JieKTpOMarHUTHOMY B3aHMO,neiiCTBmo MO)KeT OTJIH'laThC.ll OT o6JiaCTH XllMWieCKOro 

nepexo,na. Bo3MO)KHOCTh nonyqaTh ll3 3KcnepnMeHTa napaMeTphI crs n O"M ,nae-r 

uem1yro HHq>OpMaumo O q>ll3HKe B3aHMO,neiiCTBHU B CJIOHCTbIX CHCTeMax. 

COOTBeTCTBj'lOIIJ:Hll anropBTM .D:Jill peK}'PpeHTHoro MeTO.D:a 6hIJI pacCMOTpeH B pa6ore 

[6]. B .D:HCCepTaUHH nonyqeHO aHaJIOrH'IHOe BbipIDKeHIIe .D:Jill MarJ)WIHOro MeTO,na . 

.lJ:aHHOe BbipIDKeHne .llBJI.lleTC.ll o6o6meHHeM TaK Ha3hIBaeMoii MarJ)HUbI 

rnepoxoBaToCTeii (roughness matrix), ncnoJib30BaHHoii B pa6ore [7] .D:Jill 

CHHXpOTpOHHOro ll3JiyqeHWI. 

Ilpn HaJIH'IHH B CJIOHCThIX CHCTeMax Heo,nHopO.D:HOCTeii B IlJIOCKOCTll CJIOeB 

.D:OilOJIHBTeJihHO K 3epKaJibHOMY OTpIDKeHmo B03HHKaeT He3epKaJibHOe (.D:Hq>q>Y3HOe) 

paccexHne. Attanll3 ,nnq>q>Y3Horo paccexHWI no3BOAAeT nonyqBTh HHq>OpMaumo o 

pa3Mepe HeO.D:HOpO,nHOCTeii, me KOppeAAUHH B IlJIOCKOCTH o6pa3ua n 

nepneH.D:HKYAAPHO eii. .lJ:nq>q>Y3Hoe paccexttne B .nncceprnunn paccMaTpnBae-rcx B 

paMKax 6opHOBCKoro npn6Jill)KeHWI HCKIDKeHHhIX BOJIH [8]. IIpe,nCTaBJieHhl KOHe'IHhie 

BblpIDKeHWI .D:AA paC'leTa HHTeHCHBHOCTH .D:Hq>q>Y3HOro pacce.llHWI OT rnepoxoBarocreii 

[9] n MarHBTHhIX .D:OMeHOB [10]. Or,neJihHO paCCMOTpeH BOnpoc o nonepe'IHOU 

KOppeAAQHH HeO.D:HOpO,nHOCTeU. ,[vu! rnepoxoBaTOCTeii TaKoii yqe-r 

q>eHoMeHOJIOrn'leCKH c,neJiaH BBe,neHneM B q>yttKUllIO KOppeAAUHH rnepoXOBaTOcreii 1-

ro H m-ro HHTepqieucoB 3KCilOHeHUllaJihHOro MHO)KBTeJI.ll [11] 
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-lz1-z I/A 
C[,m =CO e m , r,ne Co aBTOKoppeAAUHOHHa.ll q>yttKUWI, Zt(m) KOOp.D:HHaTa 

l(m) nttrepqieuca, A - .D:JIHHa nonepe'IHou KoppeAAum1. B .nncceprnunn npe.D:JIO)KeHo 

0606mett1ie 3TOro no,nxo,na Ha cnyqau MarHHTHhIX .D:OMeHOB [Al] C IlOMOIIJ:bIO 

BBe,neHWI 'AAA .D:OMeHOB KOppeJI.llUIIOHHOU q>yttKIUIH Bn,na 

C/,m =(±if+m C
0

e-lzi-zml/A, r.ne 3HaK·«+» BJIH «-» n03BOAAeT yqeCTh qieppo

BJIH aHTHqieppoMarHBTHyID KOppeAAumo .D:OMeHOB (pnc. 1) 

a) 6) 

/I~ 
Ir------,Ir--.... -. -r--1 -----1 ...... ---,1 l .--, .... -,-.... ~,...--__ ___,,-..,_---w, 

~A 

, .... , .... , .... , ..... , , .... , .... ,._, .... , 
Ci,m = (+ I)l+m C e-lz,-z,,.VA 

0 

'/ m 
C1,m = (-l)l+m C e-lz1-zmVA 

0 

Puc. I. cf>eppoMarHBTHa.ll (a) H aHTHq>eppoMarHBTHa.ll (6) KOppeAAUWI .D:OMeHOB 

BrJIY6h CTpJKTYPbl. 

B nocne,nHeu 'laCTH rnaBhl paCCMOTpeHbl pe)KllMbI CTO.ll'lllX ll ycBJieHHhIX 

CTO.ll'lllX HeUTpOHHhlX BOJIH. IloKa3atta qyBCTBHTeJihHOCTh pe)KllMa CToxqmc BOJIH I( 

onpe.nenettmo noJIO)KeHWI MarHHTHo-HeKOJIHtteapHoro BJin MarHHTHO-Heo.nHopo,nHoro 

CJIO.ll. Pe)KllM ycBJieHHhIX CTO.ll'IHX BOJIH MO)KHO llCilOJib30BaTh 'AAA ycBJieHWI 

MarHHTHOro cnmana, llJIH ero ll3MeHeHIIB. Pe)KllM CToxqnx BOJIH HCilOJlb30BaJIC.ll HaMH 

'AAA ll3yqeHWI MarHeTll3Ma MarHHTHO-CBepxnpOBOMIIJ:IIX CHCTeM [A3, A4]. 

B03M0)KH0CTh HCilOJib30BaHWI pe)KllMa ycBJieHHbIX CTO.ll'lllX BOJIH paCCMOTpeHa HaMn 

'AAA H3}"IeHWI MartteTll3Ma 06MeHHO-CB.ll3aHHbIX CHCTeM nma (()KeCTKBii MarHeTHK / 

M.llrKHU Mamen110> [A2] ll «CBepxnpOBO.D:HHK!q>eppoMameTHIO) (CM. rnaBy .N°!?3). 

BTopaH rJiaBa .nncceprnunn nocBxmeHa MeTO.D:HKe 3KCnep1IMeHTa. 

IlpHBO.D:llTC.ll npnHunn pa60Tb1 BpeMXnpone-rttoro cneKTpOMeTpa Ha npnMepe 
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yCTliHOBKH PEMYP [12] u MeTOAttKa o6pa6oTKH cneicrpOB pacceHHIDI. 06pa6oTKa 

cneicrpOB COCTOIIT B nonyqeHttll 3KCIIepttMeHTallhHbIX K03q>qrn:u;tteHTOB o-rpIDKeHIUI ll 

All!p!pY3HOro pacceHHIUI C }"IeTOM 3q>q>eKTHBHOCTeii IIOllilpll3aTOpa ll aHamoaTOpa ll 

BepOHTHOCTll nepeaopOTa CIIHHa HeirrpoHa B CIIHH-q>nunnepax. Ha cne,nyromeM :rrane 

npOBOAHTCH cpaBHeHtte 3KCIIepttMeHTaJibHbIX K03!p!pllIJ;lleHTOB C Teope-rll'leCKllMll. ,[\IDI 

KOppeKTHOro aHaJill3a Heo6XOAHMO }"IllTbIBaTh Bennquey HeonpeAeneHHOCTll 

nepeAaHHOrO ttMnynbca dQ, B03HllKalOIIJ;yID BCneACTBtte paCXOAHMOCTll II}"IKa d0 ll 

pa3pemeHllll TIO AJIHHe BOnHhl dA. ,[\IDI 3epKaJibHOrO o-rpIDKeHIUI TaKax aenll'lttHa 

npttBOAHTCH a pa6oTe [12]. B AllCCepTaIJ;llll nonyqeHO aHaJIHTttqecKoe Bbipa)KeHtte AJIH 

dQ IIpll pemc-rpau;tttt All!p!pY3HOro pacceHHIUI. ~aHHblll napaMe-rp HCIIOnb30BaJICjl B 

nporpaMMax pacqe-ra TeopeTll'leCKHX K03!p!pllIJ;lleHTOB pacceHHIUI, Ha OCHOBe q>OpMYn, 

OIIHCaHHbIX a 1-oii rnaae. 

TpeTbH rJJaBa IIOCBHIIJ;eHa ll3}"IeHlnO MarHeTll3Ma caepxnpoBO)];HlIJ;llX II 

MarHHTHO-CBepxnpOBOMIUHX c-rpyicryp. B TaKllX CllCTeMax, 6naroAapx 6nll30CTH 

KOHKYJ)ttpyiomux Me)K)];y co6oii CBepxnpOBOAHMOCTll ll MarHeTll3Ma B03HHKaeT 

MHO)KeCTBo HBneHttll, HMelOIIJ;llX KaK qJYH)];aMeHTaJibHbie, TaK ll npttKJia)];Hbie 3HaqeHIUI. 

IlepBbie pa60Th1 B 3TOH o6naCTH CBH3aHbl C ll3}"IeHtteM xapaKrepa 

npOHllKHOBeHIUI MarHHTHOro nollil B CBepxnpOBO)];HIIJ;He C"fPYKrYPbl. B 3aBHCHMOCTll 

OT Tttna caepxnpoBOAHHKa, onpeAellileMoro napaMe-rpoM K r11H36ypra - JlattAay, a 

TaKllX CHCTeMax Ha6nlOAalOTCH 3q>q>eKrbl Meiicttepa (K < 1) 11n11 A6pttKOCOBa (K > 1). 

B nepBOM cnyqae MarHHTHOe none cymec-raye-r n11111b B He6onhIIIOM 

npunoaepXHOCTHOii o6naCTH caepxnpOBOAHHKa c pa3MepoM A - 100 -1000 A. Bo 

BTOpOM cnyqae, MarHIITHOe none cymec-rayer BO BCeM o6beMe a BHAe KBaHTOBaHHbIX 

BHXpeBbIX HIITeii. B q>eHOMettonor11qeCKOll TeopHH JlottAOHOB nOKa3aHO, ~o Alli! 

caepxnpoBOAHHKOB nepaoro poAa MarttIITHOe none 3aTYXaeT arny6h caepxnpoBOAHHKa 

no 3aKOHY exp(--ziAL), rAe AL 3aBHCllT OT IIJIOTHOCTll CBepxnpOBOMIUHX nap. B pa6oTe 

IlttnnapAa [13] IIOKa3atto, ~o peaJihHaH rny611Ha npOHHKHOBeHIUI MarnIITHOro nollil 

MO)KeT 6bITb 6onb111e a HeCKOJibKO pa3 Benll'lllHbl AL, ecnu }"IIIThIBaTb pa3Mepbl 

CBepxnpOBO)];HIIJ;llX nap. TaKHe 3q>q>eKrhl «HenOKaJibHOCTH» AOn)KHbl tta6JIIOAaTbCH Alli! 
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' 

I 

caepxnpoBOAHHKOB nepaoro poAa C caepXMaJibIM napaMeTpOM K. C MOMeHTa BbIXOAa B 

CBeT pa60Tbl IlttnnapAa 6bIJIO npoaeAeHO MHO)KeCTBO 3KcnepHMeHTOB, OAHaKO 

y6eAHTenbHOrO nowaep)K)];eHIDI 3q>q>eKrOB ttenoKaJibHOCTH He nonyqeHO AO CllX nop. 

B 70-x roAax npo111noro BeKa nOHBUJIHCb pa60Tbl, nOCBHIIJ;eHHbie MarHIITHO

caepxnpOBOMIIJ;HM CHCTeMaM (cM. o63opbl [14, 15, 16]). B TaKHX CHCTeMax, 

6naroAapg 3q>q>eKraM 6nll30CTH, npOHCXOAIIT npOHHKHOBeHHe caepxnpOBO)];HIIJ;ero 

napaMe-rpa IIOpMKa B q>eppoMarHHTHblll (FM) cnoii II qieppOMarnHTHoro napaMe-rpa 

nopMKa B caepxnpoBOMIUHii (S) cnoii. linaroAapx HeTpHBHaJihHOMY xapaKTepy 

npOHHKHOBeHIUI, B TaKHX CHCTeMax npeACKa3bIBaeTCH 6onhIIIOe KOnHqeCTBO HBneHHll, 

npHBO)];HlIJ;llX K MOAH!pHKaIJ;Hll KaK caepxnpOBOAHMOCTll, TaK II MarHeTll3Ma. 

lionbIIIHHCTBO 3KCnep11MeHTallhHbIX pa6oT nOCBHIIJ;eHO ll3}"IeHHIO BnIDIHIUI 

MarneTll3Ma Ha CBepXIIpOBOAllMOCTb. IIonyqeHhl HeTpHBHaJibHbie 3aBHCllMOCTH 

TeMnepaTYPhl caepxnpoao)];Hmero nepexoAa Tc OT napaMe-rpoa FM cnoea (ux 

KOn11qec-rao, TOnIIJ;HHa, Ben11q11Ha npHMOro ll KOCBeHHOro B3allMOAeHCTBID1). MeHblllaH 

qaCTb pa6oT nOCBHIIJ;eHa ll3}"IeHHIO BnIDIHIUI CBepxnpOBOAHMOCTH Ha MarHeTll3M. B 

3TllX pa60Tax 11cnonb30BaJillCb MaKpOCKOIIHqecKHe MeTOAbl (3q>q>eKr Keppa, 

qieppoMarHHTHblH pe30HaHc, CKBM,l(-MarHHTOMeTpIDI) AJ1H uccneAOBaHIUI BnIDIHIUI 

caepxnpOBOAHMOCTH Ha HaMarH11qeHHOCTb ll TeMnepaTYPY KiopH. JlHIIIb B nocneAHHe 

rOJ:{bl AJ1H 3KCnepHMeHTaJibHOrO 11ccneAOBaHIU1 CTaJIH HCIIOnb30BaThCH MeTOAhI, 

II03BOJIHIOIIJ;He ll3}"IaTh noKaJibHOe pacnpeAeneHHe HaMarHHqeHHOCTll B S/FM 

c-rpyicrypax: cneicrpOMeTplUI Hll3KO - 3HepreTll'IHbIX MIOOHOB [17] ll pe30HaHCHaH 

CHHXPOTPOHHaH peq>neKrOMeTpIDI [18]. H~o OTMeTIITh, ~o PITH KaK HHCTpyMeHT 

Alli! ll3}"IeHIDI MarHeTll3Ma CBepxnpOBOMIUHX C"fPYKrYP HCIIOnb3yeTCH AOCTaTOqHO 

AaBHO. 3AeCh CTOIIT OTMeTHTb pa60Tbl 3apy6e)KffblX [19] 11 OTeqeCTBeHHbIX [20] 

!pll3HKOB no ll3}"IeHHIO rny6ttHbl npOHHKHOBeHIUI MarHIITHoro nOllil a pa3nttqHbie 

caepxnpOBOAHHKll. qTO KacaeTCH ll3}"IeHIUI MarHeTll3Ma S/FM C"fPYKrYP, TO pa60Thl, 

npoBeAeHHbie B paMKax AaHHOH AllCCePTaUHH, HBIDIIOTCH OAHHMH 113 nepBbIX B Mttpe. 

B TPeTueii rnaae np11BeAeHbI pe3ynhTaThI 11ccneAOBaHIU1 KaK caepxnpoBOMIUHX, TaK u 

MarHHTHO-CBepxnpOBO)];HIIJ;llX CHCTeM. 
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,[(nx IlOllCKOB 3cpq>eKTOB HeJIOKaJibHOCTII 6bm BbI6paH llH.nllll (K = 0.06, AL = 

250A, Tc=3.4K tt Hc(0)=280 3), KaK caepxnpOBO]J.HllK c HattMeHblllllM napaMeTpOM K, 

AOc-rynHblM .l{llil Hlf3KOTeMneparypHblX llCCJie.l{OBaHllll B o6bl'IHOM 4He KpllOCTaTe. 

MarnIITOMeTplflleCKHe ,!{aHHbie ll lf3Mepemrn 3JleKfPOCOilpOTIIBJieHIDI }'Kll3bIBalOT Ha 

TO, 'ITO ,!{aHHblll o6pll3eu HBllileTC.!I ql{CTbIM CBepxnpOBO.l{HllKOM nepBoro po]J.a Ha pnc. 

2a npeACTaBJieHa 3KCnepttMeHTaJibHaH CilllHOBaH aCHMMeTpIDI 

SA(Q)= [R+(Q) - K(Q)]/ [R+(Q) + K(Q)], mMepeHHaH npn T=0.5Tc n H=0.97Hc [A3]. 

AHantt3 3TOH KpllBOll IlOKll3bIBaeT, 'ITO rny6ttHa npOHllKHOBeHIDl MarHHTHOro IlOllil B 

AaHHbitt o6pll3eu cocraBJIHeT Benlfllntty A = 1000 ± 100 A, 'ITO 6onbrne nott.nOHOBCKOii 

rny6HHbl npOHllKHOBeHIDI B HeCKOJibKO pll3. 3TO MO)l(eT 6blTb CBH3aHO KaK c 

3q>q>eKTaMu HeJIOKaJibHOCTH, TaK ll C KaqeCTBOM IlOBepXHOCTII. BbIBO.l{OM 3TOH pa60Tbl 

HBllileTCH TO, 'ITO PIIH MO)l(eT 6bITb llCilOJlb30BaH .l{llil IlOHCKa TaKllX TOHKHX 3q>q>eKTOB 

B cna6oMarHllTHblX CHCTeMax, KaK 3q>q>eKT HeJIOKaJlbHOCTII B CBepxnpoBO.l{HttKax 1 

poAa. 

t 

0.10 

0.05 

E o.oo 
;:;-
::: -0.05 
C 
ci. 
"' -0.10 

a) 

-0.15 

0.00 0.01 

I • experiment I 
--theory 

0.02 0.03 

6) 
0 

-50 

u 
-100 L 

-:.:.· 

" ... 
-150 

-200 
z,A 

1x10• 2x10• 3x104 

Pnc. 2. Pe3yJlbTaTbl llCCJie,!{OBaHIDl rny6ttHbl npOHllKHOBeHIDI MarHHTHOro IlOIDI B 

IlJleHKY lltt.nIDl: a) 3KCnepttMeHTaJibHaH ll reopeTHqecKaH CilllHOBbie aCHMMeTpllll nptt 

T=0.5Tc n H=0.97Hc, 6) npoq>HJib HaMarnlflleHHOCTtt, nonyqeHHbiii 113 o6pa60TKH 

.l{aHHblX. 

Bo BTOpoii qacrn rJiaBbl npttBO]J.HTCH Pe3YJibTaTbl llCCJie.l{OBaHIDI MarHHTHOro 

COCTO.!IHIDI B S/FM CTpyrcTYPax. Hccne,!{OBaHIDI npOBO.l{llJlllCb Ha CTp}'KTYPax 

V{390A)/Fe{32A)/[V{32A)/Fe{32A)]20/MgO 
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(06pa3eu N2l) [A4] ll 

,~~ 

V(365A)/Feo.sVo.s (47A)/[ V(47A)/ Fe(47A)]zo/MgO {o6pll3eU N22) [A5]. TeMneparypbI 

caepxnpoBoMmero nepexo,!{a .l{IDI o6pll3UOB N!?M?l n 2, cocraBIDIIOT Tc = 3.8K n 

Tc = 3.3K COOTBeTCTBeHHO. B KaqeCTBe FM CJIOH B nepBOM n BTOpOM o6pll3ue 

llCil0Jlb30BaJIC.!1 CJIOH qncroro )l(eJie3a ll )l(eJie30-BaHa.l{lleBblll CilJlaB, COOTBeTCTBeHHO. 

IlepttO.l{lflleCKa.si: FeN crpyKfYPa {IlC) ncnonb3oBanacb .l{IDI reHepaunn croaqeii BOJIHbI 

(pnc.3). IlepBOHaqaJibHO npe.l{IlOJiaraJIOCb, 'ITO CBepxnpoBOMIUlle napbl He 

npOHllKalOT qepe3 TOJICTbltt FM CJIOH B IlC, B COOTBeTCTBllll C .l{aHHblMH pa60Tbl [21]_ 

'N' -;:: 

1.5 

1.2 

0.9 

- Q1B 
0.6~1 Q + 6Q 

1B 

300 

Fe 

350 400 
z,A 

Pnc. 3. IlpocrpaHCTBeHHaH 3aBttCllMOCTb IlJIOTHOCTII HeiiTpOHOB B6Jllf3ll S/FM 

llHTepcpeiica B COCTOHHllll C npoeKQtteii CilttHa B.l{OJlb HanpaBJieHIDI MarHHTHoro 

IlOllil 

O.l{HaKo B XO,!{e ll3MepeHllll BbIBCHllJIOCb, 'ITO llHTeHCllBHOCTb 6p3ITOBCKOro 

OTpa)l(eHIDI, 3aBttCHIUaH cymeCTBeHHbIM o6pll30M OT MarHHTHOrO COCTO.!IHIDI IlC, 

lf3MeHHeTC.!I nptt lf3MeHeHllll TeMneparypbI. TaK Ha pnc. 4 npe.l{CTaBJieHbl 

3KCnepnMeHTaJibHbie 3aBttCllMOCTll K03q>!pHUtteHTa OTpa)l(eHIDI HeiiTpOHOB R(Q) .l{IDI 

"+ +", n "- -", CilllHOBblX COCTO.!IHllll nptt Hanpa)l(eHHOCTH MarHHTHOrO IlOIDI H = 1 K3 

n 3HaqeHIDIX reMneparypbI T = 0.5Tc, n T = 2Tc. Ilum npn Q = 0.1, 0.2 n 0.3 A-1 

coOTBeTCTByrOT 6p3rroBCKHM OTpa)l(eHIDIM nopHAKOB n = 1,2 u 3. Ha KpHBoii K "(Q) 

npn T = 0.5 Tc TaK)l(e BttAHbl nnKH B6nmn Q = 0.15 A ·1 n 0.25 A-1
. ,ll;aHHbie nnKH 

13 



mrrepnpernpyroTCH KaK 6p3rrOBCKHe OTpIDKeHHH Il0PMK0B n = 3/2 H 5/2 OT ITC H 

C0OTBeTCTByIOT y,nBoeHmo nepuo,na MarnHTHoii CTpYK1YJ)bI ITC (aIITmpeppoMarnHTHoe 

ynopM0'leHIIe cnoeB ITC). O6pamae-r Ha ce6H BHHMaHHe CHilbHaH TeMnepal)'PHaH 

3aBHCHM0CTh ,naHHblX IlHK0B: nepexo,n B CBepxnp0B0,nHmee C0CTOHHHe Be,ne-r K 

YMeHbIIIeHHIO IlllK0B l{enoro H YBenH'leHmo IlHK0B Hel{enoro nopMKa (BenH'IHHa 

3q>q>eKTa - 20-50%). ITpu 3TOM na,neHne 3epKanbH0ro crrpIDKeHHH B6IlH3H n = I Be,ne-r 

K YBenH'leHHIO ,nnq>q>Y3HOro pacceHHHH B6IlH3H noro IlHKa. TaKoe Il0Be,neHHe roB0plIT 

0 c~eCTB0BaHlrn neo,nHopo,nHoro B Illl0CK0CTII MarHHTH0ro C0CT0HHIDI, 3aBHCHmero 

OT TeMnepal)'PbI. B ,nuccepntl{HH npnBe,lleHbI TeMnepal)'PH0-noneBbie 3aBHCHM0CTII 

IlHK0B n = I u n = 3/2, 5/2 B ,nuana30He TeMIIepal)'P T = [1.7 +30] Kn MarHIITHblX 

noneii H = [O +15] K3. )J;aHHbie 3aBHCHM0CTII Il0Ka3bIBaIOT, 'lT0 aIITHq>eppoMarHHTHOe 

B rny6uey H He0,nHopo,nHoe B Illl0CK0CTH COCT0HHHH 3aBHC.srr CilQ)KffbIM o6pa30M OT 

TeMnepal)'Pbl H MarHHTHoro Il0ilH, C oco6eHHOCTIIMH B6IlH3H Tc (KaK Bbime, TaK H 

HIDKe Hee). 

a) 

tA~ 10·•~1 ~ 10-1 

10~1·mwt 2 
... h:: 10-S - 3 

·oc 

10• 
~":,,.,~i 10-5 

' t 1-•-T=O.ST•I ili'"1,1 
-o-T=2.0Tc 

10·1 ,0-1 
0.1 0.2 0.3 0.1 0.2 0.3 

az'K1 

a,.A"' 

Pnc.4 3KcnepuMeIITallbHbie 3aBHCHM0CTII K03q>q>Hl{HeIITOB OTpIDKeHHH HeiiTpOHOB OT 

nepe,nattHoro B0nH0Boro BeKTopa, H3MepeHHbie npn H=l K3 n T=0.5Tc n T = 2 Tc: 

a) R++, 6) R-(Q). ~q>paMH Il0Ka3aHbl COOTBeTCTByIOI.IlHe n0pMKH 6p3rrOBCKOro 

OTpIDKeHHH Hei'rrpOHOB. 

KaK 6bmo CKa3aHo BbIIIIe, HanH'IHe B cncreMe nepno,nll'lecKoii CTpYKTYPhI 

D03B0nHeT HaM npoB0.zllITb ceneKTHBHbie no rny6nHe nccne.noBaHHH MarHJITHoro 

C0CTOHHIUI B6IlH3H S/FM HIITepcpeiica. Ha pnc. 5 npe,ncraBneH0 Il0ny'leHH0e 

pacnpe,neneHHe MarHJITHOii Heo,nHopo,nH0CTII B6nH3H S/FM HIITepcpeiica Ko(z) .nnH 
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o6pa3l{a N2l npn H=0.7K3, l.5K3 n 4.5K3 n T = 0.8 Tc n 2Tc. lli pHc.6 BH,nH0, 'ITO 

«l{eHTµ TIDKeCTID> Zc 4lY9Kl{HH Kn(z) B Il0ilHX H > 0.7K3 3aBHCIIT CJIQ)KHblM o6pa30M 

OT reMnepal)'PbI n BHemHero nonH. AHanom'IHOe noBe,neHne pacnpe,nenemlll 

MarHIITHOH HeK0illlHHeapH0CTH, npHBe,neHH0e B ,nuccepntl{HH, TaIOKe o6na,naeT 

HeM0H0TOHH0CTbIO npH H3MeHemrn T H H. 

' -1.5 : !-1.a :-1.4 1-•-T=3 ~ L2 
LO ' : -•-T~7: 

s 11 u~ s '" FM 
s I ~;M 

LO FM ... 
~ o.e L.j I I \ i' 0.1 .,. .. .. 

J' 
/; -2.6 ... ~ 0.2 0. .. 

~ H=1.5 IC :::-._ z, G.2 H = 4.5 lt3 -..... z,A ... .. 
-a -IS ·• . . . -20 -10 0 10 -20 -10 0 10 21 

Puc. 5. Pacnpe,neneHne MarnHrHOii Heo,nttopo.IUI0CTII npn H=0.7, 1.5 n 4.5 K3. 

CnnoIIIHblMH H IIITpHX0BaHHblMH CTpenKaMH Il0Ka3aH0 Il0il0)KeHHe l{eHTµa 

TIDKeCTII pacnpe,neneHHii: BhIIIIe H Hlf)Ke Tc. 

TaKHM o6pa30M, BH,!UIO, 'lTO MarHIITH0e COCTOHHHe BCeii Fe/V CTpYK1YJ)hI 

MeHHeTCH npH HIDKHX TeMnepa-rypax. XapaKTep H3MeHeHHH MarHIITH0ro C0CT0HHIDI, a 

HMeHHO oco6eHHOCTII B6IlH3H Tc Il03B0IlHIOT r0B0plITb 0 BilHHHUH 

CBepxnpOBO,nHM0CTH Ha MarHIITH0e COCTOHHHe BCeii CHCTeMbI. BMeCTe C TeM 0craIOTCH 

OTKphITblMU B0ilp0Chl O DpH'IHHe oco6eHHOCTell Bbime Tc H 3aBHCUM0CTH 

Ha6IlIO,naeMoii KaprnHbI OT HanpaBneHHH H3MeHeHHH TeMnepal)'Pbl. ,D;nH np0HCHeHHH 

3TIIX B0ilp0C0B u ,nanbHeiimero uccne,n0BaHHH 3q>q>eKTOB 6nH30CTH B S/FM CUCTeMax 

IlllaHHpyeTQI npoBeCTII 3KCnepHMeHThl Ha ,llpymx o6pa3l{ax H C UCil0Ilh30BaHUeM 

K0MIIIleMeHrapHbIX MeTO,nHK. 

B 3aKilIO'IIITellhHOH 'laCTH rnaBbl npnBe,lleHbI npe,nrro)KeHHH Ha C03,naHHe TaKHX 

CTpYK1YJl. B 11acmoCTH, .nnH HCKilIO'leHHH BDHHHHH nepuo,nH'leCKOii crpyKl)'PbI 

npe,nrraraeTCH uccne,ll0BaTh CTJ)YKIYPY c o.nttnM S/FM nHTepq>eiicoM. ITpu 3TOM 'lT06h1 

YCHnHTh c.na6h1ii MarHIITHbIH curnan OT TOHK0ro FM cnoH, npe,nrraraeTCH 

HCD0Jlh30BaTb pt:)KHM ycuneHHbIX CTOH'IHX B0ilH. PaC'leThI Il0Ka3blBaIOT, 'lTO 
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0IlTIIMll31IpOBaHHaH CTJ>YKTYPa Il03BOJIIIT Ha6mo,naTb MaJible (-1 % ) II3MeHeHIDI 

MarHIITHOro MOMeHT B FM CJIOe. BTopoe npe,nJIO)KeHIIe COCTOIIT B IICTIOJib30BaHIIII 

oco6oro reHepaTopa CTO.llqlfX BOJIH, OCHOBaHHOro Ha MarHJITHOM OTPa)KeHIIII. B TaKOM 

reHepaTope !pa3bl HeirrpOHHblX B0JIH c pa3JIIIqHOll IlOJI.llpH3aQIIeH CJ:(BIIttyTbl Ha rc/2. 

IIcnonb3y.ll TaKoH reHepaTop MO;KHO H3yqaTh pacnpe,neneHIDI MarHHTHOH 

HeOJ:(H0po,nHOCTH II HeKOJIJIIIHeapHOCTII Ha ,nByx rpaHIIQax FM CJIO.ll. 

qeTBepTaH rJ1aBa IlOCB.ll!IleHa IICCJie,noBaHIIIO BJIIDIHIDI YJibTPaJBYKOBOrO 

B036~eHIDI Ha MarHIITHOe COCTO.llHIIe aHTII<peppoMarHJITHOH 

20x[Fe(20A)/Cr(l2A]/MgO HaH0CIICTeMbI. B TaKIIX CIICTeMax aHT1I<peppoMarH1ITHOe 

ynop.ll,noqeHIIe B FM CJIO.llX Bbl3BaHO o6MeHHbIM B3alIMO,nett:CTBIIeM qepe3 3JieKTP0Hbl 

npoBOJ:(IIMOCTII J:(1IaMarH1ITHblX npocnoeK II CIIJlbHO 3aBIICIIT OT llX TOJl!IllIHbl. 

Cne,noBaTeJibHO, J:(JI.ll ynpaBJieHIDI MarHIITHblM COCTO.llHIIeM Ta1'.-UX CIICTeM, IlOMIIMO 

BHeIIrnero MarHIITHOro IlOJI.ll, MO)KHO IICilOJib30BaTb MexaHH3Mbl, H3MeH.ll!Omlie 

TOJI!IllIHY J:(IIaMarHJITHbIX npocnoeK. TaK B pa6oTe [22] J:(JI.ll U3MeHeHIDI TOJI!IllIHbl 

BaHa,nlieBbIX CJIOeB B FeN CIICTeMax IIX HaCbllllaJOT BO,nopo,nOM. B HaCTO.llmett: pa6oTe, 

J:(JI.ll II3MeHeHIDI TOJl!IllIHbl CJIOeB xpOM0B npe.nnaraeTC.ll IICilOJlb30BaTb YJibTPaJBYKOBOe 

,naBJieHIIe. 3ByKOBaH BOJIHa C03,naeT 3aBIIC.ll!IllIH OT BpeMeHII rpa,n1IeHT ,naBJieHIDI, ~o 

nplIBOJ:(IIT K H3~eHeHIIIO TOJI!IllIHbl MarHIITHOro II HeMarHIITHOro CJIOeB. B Pe3YJibTaTe, 

COOTBeTCTBeHHO, H3MeH.lleTC.ll BeJI1Iq1IHa KOCBeHHOrO o6MeHHOro B3alIMOJ:(ett:CTBIDI, 

ynpaBJI.llJOmero aHT1I<peppoMarH1ITHbIM ynop.ll,noqeHIIeM cnoeB )KeJieJa. Hapw c 

nep1IOJ:(1IqecK1IM BO BpeMeHII H3MeHeH1IeM BeJI1Iq1IHbl o6MeHHOro B3alIMOJ:(ett:CTBIDI, 

B03MO;KHO TaK;Ke 1IJMeHeH1Ie ero cpe,nHero BO BpeMeH1I 3HaqeHIDI. IIocne,nHee MO;KeT 

6bITb CB.ll3aHO C HeCIIMMeTPIIqHOCTb!O OTHOCJITeJibHO ttyJI.ll 3HaqeHIDI ,naBJieHIDI, a 

TaK;Ke C HeCIIMMeTPIIqHOCTb!O peaKQIIII MarHIITHOll CIICTeMbl Ha npHJIO)KeHHOe 

,naBJieHIIe. 0rMeTIIM B 3TOH CB.ll31I H3BeCTHOe .llBJieH1Ie KOJie6aHIDI II .npeH<pOBOro 

,nB1I;KeHID1 ,noMeHHOtt rpaHIIQhI (W) no.n ,nett:CTBIIeM 3BYKOBOH BOJIHhI. 

B IICCJie.nyeMOM o6pa3u;e B036~anach npo,nOJibHaH 3BYKOBaH BOJIHa C 

BOJIHOBb!M BeKTopoM, HanpaBJieHHbIM .. nepneH.nlIKYJI.llPHO rpaH1IQaM pa3,nena 

(napaJIJieJibHO nepe,naHHOMY MOMeHTY 3epKaJibHO OTPa;KaeMbIX HeirrpoHOB). 

BoJ6y)KJ:(aeMhie YJihTPaJBYKOBhie BOJIHhI 1IMeJI1I qaCTory 58.5 Mfu: II 175.5 Mfu: 
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(nepBaH II TPeTb.ll rapMOHIIKH KOJie6aHHtt:). B MarHHTHbIX IlOJI.llX Hanp.ll)KeHHOCTbJO 

H - 20 3 6hIJIO Ha6JIJO,neHO H3MeHeHIIe IlOJIO)KeHIIH 6p3ITOBCKIIX MaKCIIMYM0B n = 1/2 

B (+ +) II (- -) KaHaJiax Ha AQz = ± 3.5 10-3 A-1 
COOTBeTCTBeHHO. Taxoe H3MeHeHIIe 

MQ)KeT 6hrrb 06-h.llCHeHO npou;eccaMII Heynpyroro. pacce.llHH.ll Ha MarHJITHbIX 

B036~eHH.llX. C,nBIIr MaKCIIMYMa B ,naHHOM cnyqae CB.ll3bIBaeTC.ll C npou;eccoM 

nomomeHH.ll HJIII 1IcnycKaHID1 HeUTPOHOM KBama MarnUTHoro B036~eHH.ll. 

BKJIJ0qeH1Ie YJibTPa3BYKa TaIOKe Beno K H3MeHeHHJO UHTeHCIIBHOCTH ,n1Iq>q>Y3HOro 

pacce.llHH.ll. Ilp1I BKJIJOqeHIIII YJibTPaJBYKa qaCTOTOii f = 175.5 Mfu: Ha6JIJO,nanocb 

yumpeHHe KplIBOii ,n1Iq>q>Y3HOro pacce.llHH.ll II ee YMeHhweHHe no aMTIJIIIT)'.ne. TaKoe 

noBeJ:(ettlie M0)KeT 6b!Tb o6"h.llCHeHO YMeHhWeHIIeM pa3Mepa J:(OMeH0B c 2MKM .no 

l.5MKM. IlplI YBeJilfqeHIIII MarHHTHOro TIOJI.ll .no 4K3 ,naHHhie 3q>q>eKTbl npona,naJIII. 

BMeCTe C TeM B MarHHTHbIX IlOJI.llX B6JIH31I HaChI!IleHH.ll Hsat "" 10 K3 Ha6JIIOJ:(aJIOCb 

HaJIIIqlfe OCTPbIX IIHKOB B He3epKaJibH0M pacce.ll,HIIII. IloJIO;KeH1Ie IllIKa II ero 

CillIH0B0e COCTO.llHIIe H3MeH.llJI0Cb nplI H3MeHeHIIII MarHHTH0I'O TIOJI.ll II C BKJIJOqeHIIeM 

YJibTPaJByKa. ,!J;aHHbie IllIKH CB.ll3b1Ba!OTC.ll HaMII C B03HHKHOBeHIIeM ,nByMepHOll 

peweTKH, o6pa3oBaHHOll wepoXOBaT0CTIIMII rpaHIIQ pa3,neJia, qblI neplIOJ:(bl 

IlOBTOpeHH.ll 3aBIIC.llT OT MarHIITHOI'O IlOJI.ll II YJibTPa3BYKOBOrO B036~eHH.ll. 

B 33KJIIO'ICHHH C!pOPMYJIIIpOBaHbl OCH0BHbie Bb!BOJ:(bl J:(IICCePTaQIIII. 
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