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Oli~AJI XAP AKTEPIICTIIKA PAliOTbl 

AK1YaJihHOCTb TeMbl 

B noCJie,!J;HHe ro,!J;hl np0HCX0,!J;HT 6ypHhlH nporpecc a q>H31IKe II TeXHHKe 

co3,zi;aHH.II YJihTpaT0HKIIX CJIOeB II MHOroCJIOHHhlX CTpYKTYP· IlO.!iBIIJIHCh B03M0)KH0CTII 

MaHHIIYJIIIp0BaHII.11 HeynopimoqeHHhlMII II KpHCTaJIJIIIqecKHMII CJI0.IIMII II opraHH3aUHII 

Ha HX 0CH0Be npHHUIIIlliaJihH0 H0BhlX HaH0CTpYKTYP C q>II3HKO-Mexam1qeCKHMII 

CBOHCTBaMH, He peanmyeMhlX B KpHCTaJIJiax. 

HoBhie CTpYKTYPhl Haxo.n;.IIT nplIMeHeHHe B yCTpoiicrnax MarHHTHoii 3a11HcH H 

XpaHeHH.11 HHq>OpMaUHH, pa3JIHqm~ro THlla ,n;ayqHKax II :meKTp0HHhlX 11p1I6opax. OHM 

aKTHBH0 HaqHHaIOT ~e HCII0Jlh30BaThC.II B np0MhllllJieHH0CTII, 6hITY H B q>IIJHqecKOM 

3KCnepHMeHTe, B qaCTH0CTII, npH cneKTp0MeTpHH CBepXMaJihlX nepe,n;aq M0MeHTa H 

C03,n;aHHH HOBOH TeXHHKH H llpHHUHIIHaJihH0 H0BhlX ClleKTp0MeTp0B HeiiTpOHOB. 

KoHCTpYffpOBaHIIe npHHUHIIHaJihH0 H0BhlX MaTepHaJI0B H CHCTeM Tpe6yeT 

pa3BHTH.II H 11p1IHUHilHaJihH0 H0BhlX MeT0,IJ;0B II3MepeHHH H aHaJIH3a. 1-faBeCTHO, qyo 

110.IIBJieHHe HHTeHCHBHhlX HCT0qHHK0B CHHXp0Tp0HHoro HJJiyqeHH.11 1103B0JIHJI0 

CYllleCTBeHH0 pa3BHTh peHreH0BCKHe MeT0,IJ;hl HCCJie.n;oBaHHH Ha 0CH0Be 

IICII0Jlh30BaHH.II 6onee M0H0Xp0MaTHqHoro H Y3K0K0JIJIHMHp0BaHH0rO peHTreH0BCK0ro 

HJJiyqeHH.11 B nmp0K0M cneKTpaJihH0M ,n;HallaJ0He. 

B 3TOH CB.113H, aKzyaJihHhIMII TaK)Ke CTaJIH II0HCK H pa3pa60TKa H0BhlX MeT0,D;0B 

HCII0Jlh30BaHH.II HeHTpOHHOro H3JlyqeHH.II. 3HaqHTeJihHO MeHee IIHTeHCIIBH0e 110 

cpaaHeHHIO c peHTreH0BCKHM, HO cna6o nornomaeMoe aemeCTB0M HeHTp0HHOe 

H3JlyqeHHe, Hax0,n;HT 11pHMeHeH1Ie npH HCCJie.n;oBaHHII MarHHTHhIX MarepHaJI0B B 

cpaBHHTeJihH0 T0JICThIX IIJleHoqHhIX CHCTeMax. Heil:TpOHhl C ycnexoM npHMeH.IIIOTC.11 

npH H30T0IIHqecK0M K0HTpaCTIIp0BaHHH. Oco6eHHO nmpoK0 3TO Haxo.n;HT 11p1IMeHeHHe 

B HCCJie,n;0BaHH.IIX 6HOJIOrnqecKHX o6'heKTOB, B K0T0phIX Bo,n;opo,n; 3aMelllaIOT 

.n;eiiTep1IeM. 
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HeirrpoHhl, KaK ll peHTreH0BCK0e ll3nyqeHtte, rrptt yrnax CK0llb)KeHIUI MeHbIIIe 

KPllTllqecKoro llCIIbITbIBaIOT II0nH0e 0Tpa)KeHtte. 3To o6ycnaBnttBaeT o6pa30BaHlle Ha;:i: 

OTpa)KaJOLUHMll rrosepxHocnIMtt HeirrpoHHhIX CT0Jlqttx sonH (HCB). HCB M0ryT 6b1Tb 
,;. 

llCII0llb30BaHbl )UIJI orrpe,[(eneHllJI B HaH0CTpyKType rrp0CTPaHCTBeHH0r0 II0ll0)KeHllJI 

rrpttMeCH0ro cn0JI aTOM0B He6onbIIIOll K0HI.{eHTPal.{ttll. 

CBOllCTBO HeiiTpOHOB cna6o rrornoiuaThC.JI M0)KeT 6hITh llCII0llh30BaH0 )UI.JI 

ysenttqeHllJI speMeHll B3allMO,[(eHCTBllJI HeiiTpOHOB C llCCne,[(yeMbIM 061,eKTOM ll 

II0BbIIIIeHllJI, TaKllM o6pa30M, qyBCTBHTenhH0CTll K ll3MepeHlllO Bep0JITH0CTll 

B3allMO,[(eUCTBllJI. ,[lJrn :noro, B HaH0CTPYKType q>OpMttpyeTCJI II0TeHI.{llMbHaJI )UI.JI 

HeiiTpOHOB JIMa. B IIOTeHI.{llMbHOll JIMe o6pa3yeTC.JI HeiiTPOHHaJI yettneHHaJI CT0JlqaJI 

B0nHa (HYCB), B KOTOpoii IIn0TH0CTh HeHTPOHOB M0)KeT 6b1Tb II0BbIIIIeHa s TblCJ1qy

Mllllllll0H pa3. 11crronh30BaHtte HYCB rrpttB0,[(llT K ysenmeHttIO rrornoiueHttJI 

HeihpoHOB ll BbIX0,[(a BT0pttqHbJX mnyqeHllll. Crreuttq>ttqeCKllM. BT0pttqHbIM 

ll3nyqeHtteM JIBllJIIOTCJI HeiiTP0Hbl, llCIIbITaBIIIlle rrepeX0,[( C 0,[(H0ro rrepB0HaqanbH0 

3aceneHH0f0 CIIllH0B0ro C0CT0JIHllJI BO BT0poe. B pe3ynhTaTe, C II0M0LUbIO 

rronllpll30BaHHblX HefiTpOHOB CTaH0BllTC.JI s'o3M0)l(HblM IIp0B0,[(llTb 

BblC0K0qyBCTBITTenbHhie ttccne,[(0BaHllJI cna6oMafHllTHblX cnoeB BeiuecTBa aToMapHoii 

T0lllUllHbl. 

TaKllM o6pa30M, llCII0llb30BaHtte pe)KttMa HeiiTpOHHhlX CTQ.Jlqllx B0nH 

u u ' C0BMeCTH0 C perttcTpauttell BT0pllqHbIX ttwyqeHllll 0TKpbIBaeT H0Bble B03M0)KH0CTll 

ttccne,[(OBaHllll C Bb!COKOH qyBCTBITTenbH0CTblO HaH0CTPYKTYP, ll3f0T0BneHHblX ll3 

ll30T0II0B Jl,[(ep ll MarHllTHbIX aT0M0B. 

OcHOBHoii l.{eJILIO pa6oTLI J1BnJ1nocb ocyiuecTBneHtte B HaH0CTPYKTYPax 

rrpe,[(CKa3aHH0r0 ll aBT0p0M o6oCHOBaHHOro TeopeTttqecKll ll 3KCIIepttMeHTMbH0 

JIBneHllJI llHTepq>epeHI.{llll BCTpeqHo pacrrpoCTpaHJIIOLUllXCJI Hei1TPOHHblX B0nH, 

rrpllB0,[(JILUee K q>OpMttpOBaHlllO HeiiTPOHHblX CT0Jlqllx ll ycttneHHbIX CTQJlqttx B0nH. 

QeJILIO pa60TLI TaIOKe HBJIHJI0CL: 

o6Hapy)KeHlle tt pemcTpal.{llJI CT0Jlqllx tt ycttneHHblX CT0Jlqllx B0llH pa3nttqHb!Mll 

crroco6aMtt; 
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rrpttMeHeHtte pe)KllM0B CTQJlqllX B0nH )UIJI ttccne,[(OBaHlli1 .JIBlleHtti1 MarHeTll3Ma ll 

CBepxrrp0B0,[(llM0CTll B HaH0CTpYKTypax; 

ttccne,[(0BaHlle JIBlleHllJI paciuerrneHllJI rryqKa HeiiTpOHOB, llCII0llb30BaHH0ro, B 

qacTH0CTll, )UIJI 3cpq>eKTHBHOi1 perttCTPal.{lltt HeirrpoHHbIX CTQJlqllx B0nH; 

rrpttMeHeHtte pe)KttMa CT0JlqllX B0llH )UIJI pa3pa6oTKll MeT0,[(0B crreKTp0MeTpllll 

HeiiTPOHOB ll qiopMttpoBaHllJI KOnnllMllpOBaHHOro ll M0H0Xp0MarnqHoro rryqKa 

rron.llpll30BaHHhIX HeHTPOHOB. 

Pa6oTa BKJIIO'laJia: 

pa3BllTlle q>ll3llqecKttX rrpe,[(CTaBneHttii 06 llHTepqiepeHI.{llOHHbIX rrpoueccax rrptt 

rrpoxo)K,[(eHllll HeiiTPOHOB qepe3 cn0llCTble cpe,[(hl 

rrpoBe,[(eHtte HeHTpOHHblX 3KCIIepttMeHT0B Ha M0,[(enhHbIX CTpyicrypax C uenbIO 

II0,[(TBep)K,[(eHll.JI pa3pa60TaHHbIX rrpe,[(CTaBneHllll 

BbIII0nHeHtte HefiTpOHHblX ttccne,[(OBaHttii CBOHCTB MarHllTHbIX ll 

csepxrrpoB0,[(JILUllX HaH0CTPYKTYP 

pa3BllTlle MeT0,[(0B HeiiTpOHHOH crreKTp0MeTpllll ll q>OpMttpoBaHllJI rryqKa 

rronllpll30BaHHbIX HefiTPOHOB 

,lv!JI ,[(0CTll)KeHllJI II0CTaBneHHblX ueneii He06XO,[(llMO 6bmo peIIIttTh cne,[(y10iutte 

0CH0BHLie 38,[(a'lu: 

I. Pa3pa6oTaTh ll Te0peTttqecKll o6ocHOBaTh peantt3al.{lll0 rrpe,[(CKa3aHHoro 

JIBneHllJI ttHTepqiepeHI.{llll B HaH0CTPYKTypax BCTPeqHo pacrrpocTpaHlllOlUllXCJI 

HeiiTpOHHbIX B0nH. 

2. Pa3pa60TaTh cxeMhl Hei1TpOHHbIX ttHTepqiepeHI.{llOHHbIX 3KCIIepttMeHT0B B 

CKOllb3JILUeii reoMeTpllll C O,[(HOBpeMeHHOH pemCTpauttei1 paJnttqHblX BT0pttqHblX 

mnyqeHttii: llCIIb!TaBIIlllX rrepesopoT CIIllHa HeHTPOHOB, KaHanttp0BaHHblX HeiiTpOHOB, 

raMMa-KBaHT0B, 3apJ1)KeHHbIX qacTlll.{. 

3. Orrpo6oBaTh MeT0,[(llKY 3KCIIepttMeHTa B pe)KllMe CT0Jlqllx Hei1TpOHHbIX B0nH Ha 

K0HTP0llbHbIX CttnhH0II0rn0LUaIOLUllX ll rrepeBopaqttBaIOLUllX CIIllH HeiiTPOHa 06pa3uax. 

4. IIposeCTll 3KCIIepttMeHTanbHhie ttccne,[(0BaHllJI MarHllTHhlX ll 

csepxrrp0B0MLUllX HaHoCTpyKTyp C llCII0llb30BaHtteM HeiiTpOHHblX CTQJlqllX, 
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Ka.HaJUipOBamrn HeihpOHOB, 3cpcpeKra pacmeilJleHIUI ny11Ka HeHTpOHOB, B036y)l()].eHIUI 

HaHOCTJ)YICT)'P YJihTJ)a3BYKOM II pa.nIIa!IIIOHHOro B03.l(eiicTBml pa3HOro_,_ TIIna 

II3JiyqeHIIeM. 

5. 3KcnepIIMeHTaJihHO Ha6mo,!(aTh II IICCJie,!(OBaTh 3cpcpeKT pacmenneHIIH nyqKa 

HeiiTpoHOB npII ero npeJIOMJieHIIll B cpe.l(e nocne npOXO)l()].eHHH 0.l(HOH rpaHHW,I 

pa3.l(eJia ll nJieHKll. Ilpo.l(eMOHCTJ)HpOBaTh B03MO)KH0CTH npIIMeHeHHH 3cpcpeKTa 

pacmenneHHH, B TOM qIIcJie MH perIICTJ)allIIll CTOHqnx HeiiTpOHHhIX BOJIH, ll 

Bh!IlOJIHIITh 3KcnepIIMeHTaJihHhle llCCJie.!(OBaHHH HaHOCTPYKTYP· 

6. TeopeTnqeCKll o60CHOBaTh ll 3KcnepnMeHTaJihHO llCCJie.l(OBaTh B03MO)KHOCTII 

pe30HaTOpHOH HaHOCTJ>YKTYPhI MH llCil0Jlh30BaHHH ee B KaqeCTBe CilllH-npeueccopa B 

CilIIH-3XO cneKTpOMeTpe. 

7. Pa3pa6oTaTh MeTO.l( ll3MepeHHH MaJihIX nepe,!(aq MOMeHTa B CJIOe 

HaHOCTpy!CT)'pbI, OCHOBIDIHhlli Ha llCilOJih30BaHHll nornomawmero 

cpnIInnIIpywmero cnoH. 

8. Pa3BllTh HOBYIO HeHTpOH-IlOJIHpll3al{IIOHHYIO TeXHHKy. 

Pe3yJJLT3TLI, BhIHOCHMbJe ua lamuTY: 

ll CilllH-

I) YcTIDIOBJieHO, '-ITO npn OTpa)KeHHll IlOJIHpll30BaHHhlX HeiiTpOHOB Ha.I\ 

IlOBepxHOCThIO MarHIITHOH CJIOIICTOH HaHOCTJ>YKTYPhl peanll3yeTCH HHTepcpepeHl{llH 

BCTpeqHO pacnpOCTpaHHIOIUHXCH HeHTpOHHhIX BOJIH, npOHBJIHIOIUaHCH B ycTaHOBJieHHll 

pe)KIIMa CTOH~X BOJIH IlOJIHpH30BaHHhIX HeiiTpoHOB. 

2) YCTaHOBJieHO, '-ITO npn OTpa)KeHIIII IlOJIHpII30BaHHhIX HeiiTpoHOB OT 

TpexcnoiiHoi1: HaHOCTJ>YICT)'PhI BHYTJ>II CTJ>YKTYPhI ocymeCTBJIHeTCH IIHTepcpepeHUIIH 

BCTpeqHO pacnpOCTJ)aHHIOIUIIXCH HeiiTpOHHI,IX BOJIH, o6pa30BaHHhIX B CBOIO oqepe.l(h B 

pe3yJlhTaTe IIHTepcpepeHI.{IIII BOJIH pa3JIIIqHoii KpaTHOCTII OTpa)KeHHH, npOHBJIHIOIUaHCH 

B YCTaHOBJieHIIII pe)KUMa ycllJleHHhIX CTOHqnx BOJIH IlOJIHpll30BaHHhIX HeHTpOHOB. 

IlonyqeHO peKOp.l(HOe 

Ha.HOCTJ>YICT)'Pe. 

230 KpaTHOe yseJIIIqeHIIe IlJIOTHOCTll HeHTpOHOB s 
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3) PemcTpaUHH CTOH'-IIIX II ycIIJieHHhIX CTOH'-IIIX BOJIH, BhIIlOJIHeHHaH: a) c 

IlOMOIUbIO perHCTpal{llII llHTeHCIIBHOCTII IICilhITaBIIIIIX CilIIHOBhIH nepexo.l( 

IlOJIJipII30BaHHhIX HeiiTpOHOB, C UCilOJlh30BaHIIeM If 3cpcpeKra pacmeilJleHHH nyqKa 

HeiiTpOHOB, II cynep3epKaJihHOro aHanll3aTopa IlOJIHpII3al{nII; 6) C IlOMOIUhIO 

pernCTpal{IIII 3apH)KeHHhIX '-!aCTHU; B) C IlOMOIUhIO pemcTpal{IIII UHTeHCUBHOCTII 

raMMa-ll3nyqeHIIH, IIcnycKaeMoro H.!(paMII ra.noimHIIH nocne 3axsaTa HeiiTpoHoB; r) c 

IlOMOIUhIO pemCTpal{IIII nornomeHHhIX B cnoe TIITaHa HeiiTpOHOB; .!() C IlOMOIUhIO 

pemcTpallIIII KaHaJIIIpyeMhIX HeHTpOHOB. 

4) O6Hapy)KeHO BJIUHHIIe csepxnpoBO.l(IIMOCTII Ha MarHIITHOe COCTOJIHIIe 

cocrnsHoii HaHOCTPYKTYPhI 20x[Fe(3HM)N(3HM)]Fe(3HM)N(38HM), noMemeHHoii B 

MarHIITHOe none. IlOKa3aHO C IICilOJih30Ba.HIIeM pe)KIIMa CTOH'-IIIX BOJIH HeiiTpOHOB, 

'-ITO nepeXO.l( CJIOH Ba.Ha,n;HH V(38HM) s CBepxnpOBO.l(JIIUee COCTOHHIIe npIIBO.l(UT K 

YCTaHOBJieHIIIO IlOJill.l(OMeHHOro COCTOJIHIIH If CIIMMeTpU3al{IIU MarHIITHOro npO!pIIJIJI 

OTHOCIITeJibHO rpaHUI.{hI pa3.l(eJia. Ilpu 3TOM OT.l(eJihHhie CJIOU nepIIO.l(II'-!eCKOH 

CTPYKTYPhI 20x[Fe(3HM)N(3HM)] ynopMOqIIBaIOTCH aHTncpeppoMarHIITHO. 

5) O6Hapy)KeHO C IICilOJih30BaHIIeM pe)KIIMa ycllJleHHhIX CTOH'-IIIX BOJIH 

HeiiTpOHOB, '-ITO B 6IICJIOe II3 cpeppoMarHIITHhIX CJIOeB )KeJie3a II fa,nOJIIIHIIJI 6naro,!(apll: 

3cpipeKTy 6Jill30CTll npII TeMnepaType 287 K, KOTOpaH Ha 6 K Hll)Ke TOqKII KIOpu 

ra,!(OJIIIHHH, ycrnHaBJIIIBaeTCH MarHIITHO-HeKOJIJIIIHeapHoe COCTOJIHIIe. IlpII 3TOM, 

IlO.l(TBep)K)],eHO HaJIII'-!IIe BTOporo MIIHIIMYMa Ha KpIIBOH H(T) !pa30B01i .l(IIarpaMMbI 

6IICJIOJI Fe( x = 3, 6, 12 HM )/Gd(3 HM), OT);(eJIHIOIUeii opneHTIIpoBaHHhie MarHIITHhie 

COCTOJIHIIJI OT MarHIITHO-HeKOJIJIUHeapHoro. 3KcnepIIMeHTaJihHO Il0Ka3aHo, qTo 3TOT 

MIIHIIMYM o6yCJIOBJieH BJIHHHIIeM rpattUI.{bl pa3.l(eJia CJIOH )KeJie3a co CJIOeM 

ra.n;OJIUHIIeM. 

6) y CTaHOBJieHO C UCilOJih30BaHIIeM pe)KIIMa CTOHqIIx BOJIH, '-ITO B 

B036y)l()].aeMoii 3BYKOM pe3oHaTOpHoii HaHOCTJ>YKTYpe ocymecTBJIHeTCH pe)KIIM 

MHOroKBaHTOBOH nepe.l(a'-!II 3HepmII Me)K.l(y 3BYKOBOH BOJIHOH II HeHTpOHOM. ,[{JIH 

IICCJie,!(OBIDIUH C He6oJihllIUMII nepe.l(aqaMII MOMeHTa pa3pa6oTaHhI MeTO.l(hI II3MepeHHH 

csepxMaJihIX nepe.l(aq 10·5_10·3 A·1 
BOJIHOBoro BeKTOpa. Ilepshiii MeTO.l( ocHoBaH Ha 
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C~BHre rryqHOCTH CTOHqeii BOJIHhl OTHOCHTeJibHO IIOrJIOIIJaJOIIJero HJIH MarHHTHO

HeKOJIJIHHeapHoro CJIOH. BTopofi MeTO~ OCHOBaH Ha pemCTP~HH nepexo~OB HJ O~HOH 

MO~bl KaHaJIHpOBaHHH HeiiTpOHOB B ~pyryIO. 

7 ) OcymecTBJieHo KaHannpoaaHHe HettTpOHOB B CTPyKType Cu/Ti/Cu, KOTopoe 

HMeeT MeCTO B CTPyKType TOJihKO rrpn peanHJaQHH pe)KHMa ycHJieHHblX CToHqHX BOJIH. 

,[(JIH MHHhI KaHannpoBaHHH rronyqeHo JHaqeHne 3 CM. IIonyqeHo TaK)Ke, qro npn 

BOJ6y~eHHH peJoHaTOpHhIX CTPYKTYP ynhTpaJBYKOM qacTOTOH 90 Mf11 rrepe~aqa 

MOMeHTa HeiiTpoHy cocTaBJIHeT l.5xl04 
A·' rrpn OCYTCTBHH pe)KHMa KaHannpoBaHHH n 

2x10-3 
A·' - c pe)KHMOM KaHannpoBaHHH. IIoKaJaHo, qro 3cpcpeKT KaHannpoaaHHH 

MO)KeT 6hITh HCilOJibJOBaH ~JIH: COJ~aHHH MOHoxpoMaTnqecKoro rryqKa HeHTpOHOB, 

Bh!COKOqyBCTBHTeJibHhlX nccne~oBaHHH rpaHHI.1 pa3~ena H HJMepeHHH rrepe~aHHOro 

HeiiTpOHOM MOMeHTa. 

8) y CTaHOBJieHO C HCIIOJihJOBaHHeM pexmMa ycHJieHHh!X CTOHqnx BOJIH, qro 

npH MaJihIX ~oJax o6nyqeHHH HaHoCTPYKTYP Tnrra Cu/Ti HOHaMH xpoMa n aJih<pa

qacTnI.1aMn a cnoe THTaHa o6paJyIOTCH HaHOIIOJIOCTH pa3MepOM MeHbUie IO HM. 

9) PaJpa60TaH H 3KcnepnMeHTaJihHO peaJIHJOBaH MeTO~ CIIHH-npe11ecCHOHHOH 

cneKTpOMeTPHH HeiiTpOHOB OCHOBaHHh!H Ha peaJIHJal.lllH pe)KHMa ycnneHHh!X 

HeHTpDHHhIX CTOHqnx BOJIH. IIpn 3TOM, 3KcnepnMeHTaJihHO IIOKaJaHa !paJOBM 

qyacTBHTeJibHOCTh peJoHaTopHoro cnnH-rrpe11eccopa K rreprreH~HKYJIHPHQH 

KOMIIOHeHTe BOJIHOBOro BeKTopa HeHTpOHa. ],fonhITaHa MO~eJib CIIHH-3XO 

crreKTPOMeTPa Ha OCHOBe CJIOHCToro MarHHTHOrO CIIHH-rrpe11eccopa H IlOKaJaHa 

BOJMO)KHOCTh ero peanHJaQHH ~JIH HCCJie~oBaHHH HeO~HOpO~HOCTeH H ~HHaMHKH 

HaHocTpyKryp Ha HMIIYJibCHOM ncToqHHKe HettTpoHoB. 

I 0) O6Hapy)KeH H HCCJie~oBaH 3cpcpeKT pacmenneHHH HeTIOJIHpH3oBaHHOro 

rryqKa HeHTpOHOB, HCilOJihJOBaBUIHHCH, B qacTHOCTH, ~JIH pemcTPaQHH pe)KHMa 

ycHJieHHh!X CTOHqnx BOJIH HeHTpOHOB. IIoKaJaHO, qro rrpn rrpeJIOMJieHHH Hel!TpOHOB 

Ha rpaHHQe pa3~ena ~BYX MarHHTHhlX cpe~ HeIIOJIHpH30BaHHblH rryqoK pacmerrJIHeTCH 

Ha qeTbipe rryqKa, a rrpn rrpenOMJieHHH Ha rpaHn11e paJ~ena MarHHTHOH rrneHKH co 

cpe~ofi - Ha Tpn nyqKa. IIoKaJaHo, qTo MH HeKoToporo ').., > ').., •P"T' o6ycnoaneHHoro 
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BeJIHqHHOH HanpH)KeHHOCTH BHeUIHero MarHHTHoro IIOJIH, cymecTByeT JanpeT Ha 

peaJIHJaQHIO rrepexo~a HeHTpOHOB HJ COCTOHHHH "-" B COCTOHHHe "+". IIOKaJaHO, 

qTQ B !pHKCHpOBaHHOH reoMerpHH 3cp<peKT rrpOHBJIHeTCH qepeJ HJMeHeHne cpe~Hero 

JHaqeHHH MHHhI BOJIHhI HeHTPOHOB. B 6ncnoe Gd(S0A)/Fe(IO00A) MeTo~oM 

pacmenneHHH rryqKa o6Hap~eHa He60JibllI~ KOHQeHrp~HH ~OMeHOB C MarHHTHh!M 

MOMeHTOM, HarrpaBJieHHh!M rreprre~nKyJIHpHo rpaHHl.laM pa3~ena. O6ocHOBaHbl H 

3KCrrepHMeHTaJihHO peaJIHJOBaHbl cnoco6 HJMepeHHH MepHoro OIITnqecKoro 

IIOTeHQHaJia rryTeM CKaHnpOBaHHH BennqHHhl BHeUIHero MarHHTHOro IIOJIH, MeTO~ 

PaJ~eJibHOro HCCJie~OBaHHH rpaHHI.1 MarHHTHOH TIJieHKH C IIOMOIIJh!O npeJIOMJieHHH 

Hel!TpOHOB H ~BOHHOH IlOJIHpHJaQHOHHh!H aHaJIH3 MarHHTHO-HeKOJIJIHHeapHb!X 

CTPYKTYP· 

11) PaJpa6ornH aeepHhltt aHaJIHJaTOp rronHpnJa11nn HettTpoHoB, 

npe~HaJHaqeHHhIH MH pemcTPa11nn ~ncpcpyJHOro pacceHHHH HettTPOHOB. 

12) IIpeMO)KeH HCT0qHHK MOHOxpoMaTH'IHblX n KOJIJIHMHpOBaHHb!X rry~oB 

IIOJIHpHJOBaHHhIX HeHTpOHOB, OCHOBaHHh!H Ha peanHJaQHH pe)KHMa CTOHqnx BOJIH H 

3cpcpeKTa pacmeTIJieHHH nyqKa HeHTPOHOB. 

HayquaH HOBHJHa: 

IIpe~CTaBJieHHM pa6orn HBJIHeTCH rrepBOH, B KOTOpOH rrpoBe~eHhl 

CHCTeMaTHqeCKHe HCCJie~OBaHHH HaqHHM OT pa3pa6oTKH qJHJHqecKHX rrpe~cTaBJieHHH, 

Jie)KaIIJHX B OCHOBe MeTO~OB HeiiTpOHHh!X CTOHqHx BOJIH H ycnneHHH npoHJBO~HOH 

!paJhl aMTIJIHry~hl OTPa)KeHHH HeiiTpOHOB B MarHHTHhIX CJIOHCThlX CTPYKTYPax, 

0Tpa60TKH 3KCIIepnMeHTaJibHOH MeTO~HKH, ~o rrpoBe~eHHH 3KcrrepnMeHTOB Ha 

MO~eJihHblX n peanhHh!X !pHJHqecKHX o6'beKTax, CTaBHIIJHX QeJib!O HJyqeHne 

CTPYKTYPhI n rrapaMerpoB YJihTPaTOHKHX rrneHoK n HaHOCTPYKTYP n pa3pa60TKH HOBhIX 

HeHTpOHHO-CTieKrpOMerpHqecKHX MeTO~OB H MeTO~OB cpopMnpoBaHHH rryqKa 

IlOJIHpHJOBaHHh!X Hel!TpOHOB. 
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B pa6oTe anepB1,1e: 

1. CqiopMHpOBaHbI H .n;e-reKTHpOBaHbI CTO.!I'!He BOJIHbI IIOJIHpH30BaHHbIX HeiiTpOHOB na.n; 

IIOBepXHOCTb!O CJIOHCTOll. naHOCTpYKTypbI H ycHJieHnble CTO.!I'!He BOJIHbI 

IIOJI.!IpH30BaHHbIX Heil.TpOHOB B CJIOHCTOll. HaHoCTpyKType. IlpH 3TOM, .n;e-reKTHpOBanHe 

ocymecTBJieno: 

a) C IIOMOIIIb!O perHCTPlUIHH HHTeHCHBHOCTH HCIIbITaBIIIHX CIIHHOBblll. rrepexo.n. 

IIOJI.!IpH30BaHHbIX neil.TponoB, C HCIIOJib30BaHHeM H 3q>q>eKTa pacUieIIJieHH.!I rryqKa 

HCll.TPOHOB, H cyrrep3epKaJibHOro aHaJIH3aTOpa IIOJI.!IpH31UIHH; 

6) C IIOMOUib!O pemCTpal(HH 3ap.!I)KeHHbIX qaCTHU:; 

B) C IIOMOUib!O perHCTPaU:HH raMMa KBaHTOB; 

r) C IIOMOIIIb!O perHCTPaU:HH IIOrJIOUieHH.!I neil.TpOHOB B CJIOe THTana; 

.n:) C IIOMOUib!O pemcTPaU:HH KaHaJIHpyeMbIX Heil.TpoHOB. 

2. IloJiyqeHO peKop.n;Hoe 230 KpaTHOe YBeJIH'ICHHe IIJIOTHOCTH HCll.TpOHOB B 

HaHOCTpyKcype. 

3. O6Hapy)KeHo BJIH.!IHHe ycTaHOBJICHH.!I CBepxrrpoBO.!l;HMOCTH na MarHHTHOe COCTO.!IHHe 

OT,n;eJibHOro CJIO.!I H rrepHO.ll.H'!ecKoil. CTpYK'fYPhl B HaHOCTPYKTYPe • 

4. ITo;J,TBep)K.D;CHO cyUICCTBOBaHHe BTOporo MHHHMyMa Ha KpHBOll. H(T) q>a30B0ll. 

,ll.HarpaMMbI 6HCJIO.!I Fe(x= 3, 6, 12 HM)/Gd(3 HM), OT.D;eJIHIOIIICll. OpHeHTHpOBaHHbie 

MarnHTHbie COCTO.!IHH.!I OT MarHHTHO-HCKOJIJIHHeapnoro. 3KcrrepHMCHTaJibHO IIOKaJano; 

'!TO HaJIH'!He 3TOro MHHHMJMa o6ycrroBJieno BJIH.!IHHCM rpaHHl(bI pa3,D.erra CJIO.!I )KCJIC3a 

co CJIOCM ra,n;oJIHHHeM. 

5. B peJonaTOpHoil. HaHOCTPYKTYPC ycTaHoBJieno ocyUieCTBJieHHe pe)KHMa 

MHOrOKBaHTOBOH rrepe.n;a'IH 3nepmH Me)K.!l;y 3BYKOBOH BOJIHOH H Heil.TpOHOM. 

Pa3pa6oTaHbI Me'I'O.!l;bl H3MepeHHH CBepXMaJibIX rrepe,n;aq 10·5-10·3 A-1 
BOJIHOBOro,, 

BeKTopa Heil.TpoHa. 

6. O6Hapy)KeH 3q>q>eKT pacUieIIJieHHH nerroJIHpH30BaHnoro rry'!Ka neil.TponoB rrpH 

rrperroMJICHHH HeHTPOHOB na rpaHHU:C pa3,n;eJia .ll.BYX MarHHTHbIX cpe.n; Ha 'le'fblpe rryqKa 

H na rpaHHl(e pa3,n;eJia MarHHTHOH IIJieHKH co cpe.n.oil. Ha TPH rry'IKa, o6ycJIOBJieHHblli 

rrepeXO.ll.OM HCll.TpOHOB c o.nnoro CIIHHOBOro COCTO.!IHH.!I B .npyroe. 3KcrrepHMeHTaJibHO 
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IIOKa3aHO, '!TO AA.II HeKOTOporo A. > A. KpHT, o6ycrroBrrennoro BeJIH'IHHOH 

HaIIp.!I)KeHHOCTH BHCIIIHero MarnHTHOro IIOJI.!I, CYIIICCTBye-r Janpe-r na peaJIH31UIHIO 

rrepexo.n.a HCll.TpOHOB H3 COCTO.!IHH.!I "-" B COCTO.!IHHe "+". IloKaJaHo, '!TO B 

qJHKCHpoBannoil. reOMCTPHH 3q>q>eKT rrpO.!IBJI.!Ie'I'C.!I qepe3 H3MCHeHHe cpe.nHero 

JnaqeHH.!I MHHbI BOJIHbI Heil.TponoB. B 6HcJioe Gd(S0A)/Fe(IO00A) Me-ro.noM 

paCUICIIJieHH.!I rryqKa o6Hapy)KCHbI H HCCJie.l{OBaHbl .l{OMCHbI c MarHHTHbIM MOMCHTOM, 

narrpaBJICHHbIM rreprreH.l{HKYJIHPHO rpaHHU:aM paJ.nerra. O6ocnoBaHbI H 

3KCrrepHMeHTaJibHO peaJIHJOBaHbI crroco6 H3MepeHH.!I .!I.ll.CpHoro OIITH'ICCKoro 

IIOTCHl(HaJia IIYTeM CKaHHpOBaHH.!I BeJIH'IHHbl BHCIIIHero MarHHTHOro IIOJI.!I, Me'I'O.ll. 

pa3.l{CJibHOro HCCJIC.l{OBaHH.!I rpaHHU: MarHHTHOH IIJieHKH C IIOMOUiblO rrpeJIOMJICHH.!I 

neil.TpOHOB H .ll.BOHHOH IIOJI.!IpH31IIIHOHHbIH aHaJIH3 MarHHTHO-HeKOJIJIHHeapnbIX 

CTPYKTYP• 

7. IToJiyqeno, '!TO rrpH B036y)K.D;eHHH pe3onaTOpHbIX CTpYK'IYP yrrhTPaJBYKOM qacToToil. 

90 Mfu: rrepe.naqa MoMeHTa HCHTPOHY cocTaBJI.!Ie'f l.5xl0·
4 
A·

1 
rrpH OCJTCTBHH pe)KHMa 

KaHarrHpoBaHHH H 2x 10·3 
A· 1 - c pe)KHMOM KaHarrHpOBaHH.!I. IloKaJano, '!TO 3q>q>eKT 

KaHarrHpOBaHH.!I MO)Ke'f 6b!Tb HCIIOJib30BaH ,!{JI.II: C03.l{aHH.!I MOHOXpOMaTH'leCKOro rryqKa 

neil.TpOHOB, BbICOKOqyBCTBHTCJibHbIX HCCJIC.l{OBaHHH rpaHHU: pa3.nerra H H3MepeHHH 

rrepe.naHHOro HCHTpOHOM MOMCHTa. 

8. Teope'I'H'!eCKH o6ocHOBaH H 3KCIIepHMeHTaJibHO peaJIH30BaH Me'I'O.ll. CIIHH

rrpeu:eccHOHHOH CIICKTPOMCTPHH, OCHOBaHHbIH Ha pearrHJal(HH pe)KHMa ycHJieHHbIX 

CTO.!I'IHX BOJIH. _ITOKaJana qla30Ba.!I qyBCTBHTCJibHOCTb pe30HaTOpHoro CIIHH-rrpeu:eccopa 

K rreprreH.l{HKYJIHpnoil. KOMIIOHCHTe BOJIHOBOro BeKTopa HCHTPOHa. HCIIhITaHbI MO.l{eJIH 

CIIHH-3XO cneKTPOMCTPOB Ha OCHOBe CJIOHCTOro MarnHTHOro CIIHH-rrpeu:eccopa H 

IIOKaJaHa B03MO)KHOCTb HX pearrHJal(HH M.!I HCCJIC.ll.OBaHHH neO.l{HOpO.ll.HOCTeil. H H 

.ll.HHaMHKH HaHOCTpYK'IYP na HMITYJibCHOM HCTO'IHHKe HCHTPOHOB. 

9. Pa3pa6oTaH BeepHbIH aHaJIH3aTOp IIOJIHpH31UIHH Heil.TponoB . 

10. Ilpe.l{JIO)KCH HCTO'IHHK MOnoxpoMaTH'IHbIX H KOJIJIHMHpOBaHHbIX IIY'IKOB 

IIOJIHpH30BaHHbIX neil.TpoHOB. 
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IlpaKTH'lecKaH ue11110CTh pa60Thl 

Me-ro.n CTO.!l'IHX Heil:TpOHHbIX BOJIH B YCJIOBIDIX IIOJIHoro OTpa)!(eHirn II03B0Jllle'f 

rrpOBO.l{HTb CTPYK'I)'PHbie H3MepeHIDI ITO orrpe.neJieHHIO rrpocTpaHCTBt?,HHOrO 

rroJio)l(eHHll rrornoma10mero Heil:TpOHbI cnol! c pa3peweHHeM rropH.nKa I ooA. B CBll3H c 

3THM OH 3<p<peKTHBHO MO)l(e'f 6bITb HCIIOJib30BaH B CTPYK'I)'pax C 60JibllIOH TOJIII..\HHOH 

CJIOeB, xapaKTepHbIX .l{Jlll 6HOJIOm1IeCKOH H IIOJIHMepHOH HaYK. 

Me-ro.n CTOll1IHX BOJIH B ycJIOBmIX 6p3ITOBCKOro OTPa)!(eHIDI OT rrepHO.l{H1IeCKHX 

cTpyKTyp B HaCToHmee speMl! HMeeT pa3peweHHe rropH.nKa I 0A H y)l(e J<peKTHBHO 

MO)l(e'f HCIIOJib30BaTbCll .l{JIH HCCJie.l{OBaHHH, HarrpHMep, 3<p<peKTOB o6MeHHOro 

B3aHMo.neil:cTBHll, peaJIH3YIOII..\HXCll Ha paccTOHHIDIX I-30A. 

Me-ro.n ycHJieHHbIX CTOll1IHX BOJIH B HaCTOllll\ee BpeMl! II03B0JIHe'f rrpOBO.l{HTb 

HCCJie.l{OBaHHll c qyBCTBHTeJibHOCTb!O B I 00- I 000 pa3 rrpeBOCXO.l{llll\eH 06bI1IHbie 

pe<pJieKTOMe'I'pH1IeCKHe H3MepeHHll. B :noil: CBll3H . .l{OCTYIIHbIMH CTaHOBl!TbCH 

H3MepeHHll co CBepXMaJIOH TOJIII..\HHOH CJIOeB <peppoMarHe'fHKa c10·2-10·1
A ) HJIH 

CBepXMaJIOH HaMarHH1IeHHOCTb!O ( 10·3 
- 104 

MarHe'fOHa Eopa .l{Jlll CJIOll aTOMapHOH 

TOJIII..\HHbI). 

Me-ro.n yseJIH1IeHHOH rrpOH3B0.l{HOH <pa3bl aMIIJIHTY.l{bI OTpa)!(eHHH Heil:TpOHOB OT 

pe30HaTOpHOH CTPYK1YPbI II03B0JilleT peaJIH30BaTb BbICOK01IYBCTBHTeJibHbie CIIHH

rrpeu:eccopbl .l{JIH CIIHH-3XO CIIeKTPOMe-rpoB. TaKHM o6pa30M, MOryT 6bITb pa3pa60TaHbl 

rrpHHU:HIIHaJibHO HOBble Heil:TpOHHbie HHCTPYMeHTbI, rrpe.l{Ha3Ha1IeHHbie KaK .l{Jlll 

HCCJie.l{OBaHHH HH3K01IaCTOTHOH .l{HHaMHKH, TaK H CTeIIeHH HeO.l{HOpO.l{HOCTH semecTB. 

Me-ro.n pacmeIIJieHHH rry1IKa, BbI3BaHHblil: rrpou:eccoM rrepesopoTa crrHHa, 

3<p<peKTHBHO MO)l(e'f fihITb HCIIOJib30BaH .l{Jlll HCCJie.l{OBaHHH MarHHTH0-

11eKOJIJIHHeapHbIX CTPYKTYP· Ba)!(HOCTb rrpHMeHeHHll pa3pa60TaHHbIX Me'fO.l{OB Tpy.n110 

rrepeou:eHHTb, IIOCKOJibKY cefiqac Hl!Tel!CHBHO pa3pa6aTbIBaIOTCll pa3JIH1IHO po.na 

MarHHTHbie HeKOJIJIHHeapHbie CTpyKTypbI, .neMOHCTPHPYIOII..\He IIOBbie 3JieKTPOHHO

TPaHCIIOpTHble CBOHCTBa. 
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JIH'lllhlll BK.fl~ aBTOpa 

Asrop yqacTBOBaJI B pa3pa6oTKe IIOBbIX HeHTPOHHbIX Me'fO.l{OB HCCJie.l{OBaHHH, 

<pOPMYJIHpOBKe u:eneil: H 3ll,Il;a1I HCCJie.l{OBaHHH KOH.l{eHCHpOBaHl!bIX cpe.n, npoBe.l{eHHH 

H3MepeHHH C 11eil:TPOHaMH, o6pa60TKe .naHHbIX H3MepeHHH H <pOpMyJIHpOBKe BbIBO.l{OB. 

Anpo6au1rn pa6oTLI 

OcHOBHbie pe3yJibTaTbI H3JIO)l(eHbI B 44 pa6oTax, cnHCOK KOTOpbIX npHBe.l{eH B 

KOHU:e asrope<pepaTa. Pe3yJibTaTbI, npe.l{CTaBJieHHble B pa6oTe, .l{OKJill,Il;b!BaJIHCb Ha 34 

KOH<pepeHU:HllX: 

- Me)l(.l{yHapo.l{HbIH ceMHHap no CTPYKTYPHbIM Hccne.noBattHHM 11a HMnyJibCHbIX 

HCT01IHHKax 11eil:TpOHOB, )zy611a;PoccHl!, (1-4).09. 1992 r. 

- " 1-al! Me)l(.l{y11apo.l{Hal! KO<pepeHI_\Hll no npHMeHeHHIO nOJIHpH30BaHHbIX Heil:TpOHOB 

B HCCJie.l{OBaHHHX KOH.l{eHCHpOBaHHbIX cpe.n", )zy611a, PoCCHH, 18-20.09.1996 r. 

" 2-al! Me)l(.l{yHapo.nHal! KO<pepeHUIDI no npHMeHeHHIO nOJil!pH30BaHHbIX 

HeHTPOHOB B HCCJie.l{OBaHHl!X KOH.l{eHCHpOBaHHbIX cpe.n", rpeH06Jib, <l>paHUHll, 21-

23.09. I 998 r. 

" 3-bll Me)l(.l{yHapO.l{Hal! KO<pepeHUHll no npHMeHeHHIO nOJIHpH30BaHHbIX 

HeHTPOHOB B HCCJie.l{OBaHIDIX KOH.l{eHcHpOBaHHbIX cpe.n", raT1IHHa, PoCCIDI, 20-

25.07.2000 r. 

" 4-al! Me)l(.l{yHapO.l{Hal! KO<pepeHu:m1 no npHMeHeHH!O nOJIHpH30BaHHbIX 

HeHTPOHOB B HCCJie.l{OBaHHl!X KOH.l{eHCHpOBaHHbIX cpe.n", IOJIHX, repMaHHH, 16-

19.07.2002 r. 

" 5-al! Me)l(.l{yHapo.nHal! KO<pepeHU:IDI no npHMeHeHHIO nOJIHpH30BaHHbIX 

HeHTPOHOB B HCCJie.l{OBaHHHX KOH.l{eHcHpOBaHHbIX cpe.n"' BaIIIHHITOH, ClliA, I -

4.06.2004 r. 

"I-al! Esponeil:CKal! KOH<pepeHU:HH no 11eil:TpOHHOMy paccel!HHIO ", 11HTepnaKeH, 

lliseil:u:apHll, 8-11.09, 1996 r. 

"2-al! EsponeHCKal! KOH<pepeHUHH no HefiTP0HHOMY pacceHHHIO ", Ey.narreIIIT, 

BeHrpHll, 1-4.09, 1999 r. 
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3-hJI EBponeiiCKaJI KOHq>epeHIJJIJI no Heii:TpOHHOMY pacceJIHJUO ", MoHTneJihe, 

<l>paHiurn, 3-6.09, 2003 r. 

Me)KJ{yHapO.l(HaJI KOHq>epeHIJJIJI no Heii:T))OHHOMY pacceJIHIUO, M.IOHxeH, repMaHHJI, 

9-13 ceHTJI6pJI 2001r. 

XVI CoBemaHHe no HcnoJih30BaHHIO pacceJIHHJI Heii:TpoHoB B Hccne.noBattHJIX 

KOH,l(eHCHpOBaHHoro COCTOJIHHJI, 06HHHCK, PocCHJI, 13-17. 09, 1999 r. 

XIX CoBemaHHe no HCnOJih30BaHHIO pacceJIHHJI Heii:TpoHOB B HCCJie.l(OBaHHJIX 

KOH.l(eHCHpOBaHHoro COCTOJIHHJI, 06HHHCK, PocCHJI, 12-15.09, 2006 r. 

II CoBemaHHe no Hccne.noBaHHJIM Ha peaKTope 11EP-2, ,lzy6Ha, PoccHJI, 17-19.08, 

2002r. 

V CoBemaHHe no Hccne.noBaHHJIM Ha peaKTope 11EP-2, ,lfy6Ha, PoccHJI, 14-17.08, 

2006 r. 

X CHMn03HYM no HaHoq>H3HKe 11 HaHo:meKT))OHHKe, Hm1moii: HoBropo.n, PoccHJI, 

13-17 Mapm 2006 r. 

XI C11Mn03HYM no HaHoq>mHKe H HaHo:meKT))OHHKe, HIDKHoii HoBropo.n, PoccHJI, 

10-14 Mapm 2007 r. 

Me)KJ(yHapO.l(HaJI KOHq>epeHI_\HJI no npHMeHeHHIO nonJipH30BaHHhIX Heii:TpOHOB H 

CHHXpOTpOHHOrO H3JI)"feHHJI .l(JIJI HCCJie.l(OBaHHll MarHeTH3Ma, BeHeUHJI, 11TaJIHJI, 4-

6.08, 2003 r. 

Me)KJ{yHapO.l(HaJI KOHq>epeHI_\HJI no MarHeTH3MY, PHM, 11TaJIHJI, 27.07-01.08, 2003 r. 

- IlepBaJI HaUHOHaJihHaJI KOHq>epeHUHJI no npHMeHeHHIO peHTreHOBCKoro, 

CHHXpOT))OHHOro H3JiyqeHHll, Heii:TpoHOB H 3JieKT))OHOB .l(JIJI HCCJie.l(OBaHHJI 

Marep11an0B, MocKBa-,lfy6Ha, PoccHJI, 25-29 MaJI 1997r. 

- BTOpaJI HaUHOHaJihHaJI KOHq>epeHUHJI no npHMeHeHHIO peHTreHOBCKoro, 

CHHXpOTpOHHOro H3JiyqeHHll, HellT))OHOB H 3JieKT))OHOB .l(JIJI HCCJie.l(OBaHHJI 

Marep11an0B, MocKBa, Pocc11J1, 13-27 MaJI 1999r. 

C11Mno3HYM no Heii:TpoHHOMY pacceJIHHID, fpeHo6nh, <I>paHUHJI, 6-7 anpenJI 2001r. 

Me)KJ{yHapO.l(HaJI KOHq>epeHUHJI no CnHH-3XO cneKT))OMeT))HH, EepJIHH, fepMaHHJI, 

16-17 0KTJI6pJI 2000 r. 
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- Me)KJ{yHapo.nHhiii ceMHHap no MarnHTHhIM MYJihTHCT))YKTYPaM, Ey.narreIIIT, 

BeHrpHJI, 6-9 .neKa6pJI 2001r. 

13Th meeting of the International Collaboration on Advanced Neutron Sources, 

Villigen, Switzerland, 11-14 October 1995 r. 

- JINR-Romanian Workshop "Advanced materials and their characterization", Dubna, 

Russia, March 18-22, 2002. 

- ECNS 2003, Montpellier, France, 3-6 September 2003 

CMMP04, (04-11).04.2004, Warwirk, England 

- EASTMAG, (23-27).08.2004, Krasnoyarsk, Russia 

- RNIKS-2004, ZarechnY.i, Ekaterinburg, October 12-16, 2004. 

- CoBemaHHe, "Magnetic Multilayers As Seen by Photons and Neutrons", Budapest, 

Hungary, December 6-9.2001. 

- C0Bematt11e "Tunability of exchange coupling with hydrogen", Bochum, Germany, 

May, 16-17. 2003. 

- CoBemaHHe "Tunability of exchange coupling with hydrogen", St. Petersburg, 

Russia, June, 16-20, 2004. 

- CoBemaHHe "Hierarchy of scales in magnetic nanostructures", Upsala, Sweden, 

May, 23 -26, 2005. 

- C0Bematt11e " Hierarchy of scales in magnetic nanostructures ", Bochum, Germany, 

April, 26-29, 2007. 

061.i!M u crpyKTypa .i.uccepTa._uu 

,[{11ccepTaI-1HJ1 COCTOHT 113 BBe,l(eHHJI, IlJITH rJiaB H 3aKJ110qeHHJI, H3JIO)I(eHHhIX Ha 

294 CT))aHHUax TeKCTa, BKJIIOqa10mero 11 Ta6JIHU. KpoMe TOro, OHa C0,1tep)I(HT 109 

pHCYHKOB 11 CnHCOK JIHTeparyphl m 241 HaHMeHOBaHHll. 

OCHOBHOE CO,[{EP)KAHl1E P AEOTbI 

~,meneHHH ,!{atta o6mrui: xapaKTepHCTHKa pa60Thl, o6oCHOBhIBaeTCJI 

aKryaJihHOCTh Bhl6paHHOro HarrpaBneHHJI, Cq>OpMyJIHpOBaHa uenh pa60ThI. BhI,!{eJieHhl 
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3a,D.a'lll, KOTOphie rrpe,D;CTO.HJIO peIIIHTh, H rrpHBO,ll;.HTC.H 3HaqHTeJihHhie HOBhie pe3yhTaThI. 

TipHBO,ll;.HTC.H IIOJIO)l(eHH.H, BhIHOCHMhie Ha 3amttTY, a TaK)l(e o6c)')l(.naeTC.H HayqHM H 

rrpaKTnqecKM 3HaqnMOCTh IIOJiyqeHHhIX pe3yJihTaTOB. 

B rrepaoii rnaae paccMOTPeHhI aorrpochI, Kacaromnec.H cymecTB)'!Olll.ero cefiqac 

crnryca MeTO,D;a peqmeKTOMeTpHH IIOJI.HpH30BaHHhIX HeiiTpOHOB Ha HMIIYJihCHhIX 

HCTOqHHKax HeHTPOHOB H, a qaCTHOCTH, Ha peaKTope 116P-2. HeiiTPOHHM 

peqmeKTOMeTpH.H, KaK MeTO,ll; HCCJie,noBaHHH IIOBepXHOCTH KOH,D;eHCHpOBaHHOH cpe,D;hl, 

3apo,nHJiaCh B HaqaJie BOChMH,D;eC.HThIX. BHaqaJie HefiTPOHhI HCIIOJih30BaJIHCh B 

OCHOBHOM B pe)l(HMe IIOJIHOro OTpa)l(eHH.H. B cepe,nnHe ,neB.HHOCThIX IIOJiyqHJIH 

pa3BHTHe HCCJie,D;OBaHH.H TOHKHX IIJieHOK. Ha py6e)l(e 20-ro n 21-ro BeKOB 

aKryaJihHhIMH CTaJIH nccJie,noaaHH.H pawnqHoro Tttrra rrepno,nnqecKHX CTPYKTYP {ITC). 

B HaCTo.Hmee BpeM.H HCCJie,D;)'IOTC.H CJIO)l(Hhie COCTaBHhie CTPYKTYPhI, COCTO.Hlll.He 

ll3 HeCKOJihKHX (MHHHMaJihHO H3 ,nayx) pa3JIHqHhIX IIO CBOHCTBaM CTPYKTYP· 3a,n.aqefi B 

3TOM CJiyqae .HBJI.HeTC.H CHHTe3 CBOHCTB OT,D;eJihHhIX CTPYKTYP H IIOJiyqeHHe HOBhIX 

CBOHCTB COCTaBHOH CTPYKTYPhI. TaK, HaIIpHMep, H3yqa.JOTC.H COCTaBHhie CTpyKTyphI, 

cocTo.Hmne H3 caepxrrpOBOMmero cJio.H (TOJIIll.HHa 300 - 30000 A) H ITC c 

orrpe,neJieHHOrO THIIa MarHHTHhIM yrrop.H,noqeHHeM COCTaBJI.HIOmttX ee CJIOeB (TOJIIll.HHa 

6HCJIO.H B TIC cocTaBJI.HeT 30 - 100 A). ,ll;pyrnM rrpnMepoM .HBJI.HeTC.H cocrnBHM 

CTPYKTYPa, coCTO.Hlll.M H3 CTPYKTYP c pa3JIHqHhIM MarHHTHhIM yrrop.H,D;oqeHHeM 

(HarrpHMep, q>eppoMarHHTHhIM H aHTHq>eppoMarHHTHhIM), ,ll;JI.H KOTOpoii xapaKTepHa He 

CHMM~HqHa.H IIeTJI.H rHCTepe3HCa. 

Cpe,nn rrpoqnx ,npyrnx, Ba)l(HhIMH 3a,n.aqaMH q>H3HKH CJIOHCThIX HaHOCTPYKTYP 

.HBJI.HIOTC.H CJie,D;)'!Olll.He ,D;Be 3a,naqn, B orrpe,neJieHHOH CTerreHH rrpOTHBOIIOJIO)l(Hhie. 

Tiepaoii 3a,n.aqefi .HBJI.HeTC.H co3,naHne n,neaJihHoii CTPYKTYPhI, B KOTOpoii rpaHHUhI 

pa3,neJia rrpe,ncTaBJI.HIOT co6oii IIJIOCKOCTH. B n,neaJihHOii CTPYKTYpe OTCYTCTBYIOT 

rnepoxoaaTOCTH rpaHHU pa3,neJia. Tipoxo)l(,ll;eHne HefiTPoHOB qepe3 n,neaJihHhie 

CTPYKTYPhI OIIHChIBaeTC.H O,ll;HOMepHhIM ypaBHeHHeM lllpe,nHHrepa. ITpH 3TOM peIIIeHHe 

MO)KeT 6hITh IIOJiyqeHO peKyppeHTHhIM HJIH TaK-Ha3hIBaeMhIM MaTPHqHhIM crroco6aMH. 
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Ba)l(HOH 3a,n.aqefi .HBJI.HeTC.H TaK)l(e HCIIOJlh30BaHHe HeO,D;HOpO,D;HOCTeii 

CTPYKTYPhI ,D;JI.H rroJiyqeHH.H CJIOHCThIX CTPYKTYP c HOBhIMH caoiiCTBaMH. TaK, 

HarrpttMep, o6JiaCTh a6JIH3H rpaHHUhI pa3,neJia q>eppoMarHHTHoro aemecTBa co 

CBepxrrpOBO,ll;.Hlll.HM H3-3a B3aHMHOro rrpOHHKHOBeHH.H KOHTaKTHP)'!Olll.HX aemecTB 

xapaKTepH3yeTC.H yMeHhIIIeHHeM IIO cpaaHeHHIO C q>eppOMarHeTHKOM BeJIHqHHhI 

o6MeHHOro B3aHMO,neiicTBH.H. 3To crroco6cTByeT B03HHKHOBeHHIO B 3TOH o6JiaCTH 

HOBhIX CBepxrrpOBOMlllHX CBOHCTB. 

TipH pacrrpOCTPaHeHHH HefiTPoHOB B CJIOHCTOH CTpyKrype OHH pacceHBa.JOTC.H 

Ha pa3JIHqHoro THIIa HeO,D;HOpO,ll;HOCT.HX. EcJIH HeO,D;HOpO,D;HOCTH CTPYKTYPHO 

Heyrrop.H,noqeHhI, TO rrpOHCXO,ll;HT ,ll;Hq>paKUH.H HefiTPoHOB Ha OT,D;eJihHhIX 

HeO,D;HOpO,D;HOCT.HX IIJIOTHOCTH pacce.HHH.H HefiTPOHOB, xapaKTepH3YIOill.HXC.H ,ll;JIHHOH 

KoppeJI.HUHH. B peq>JieKTOM~HH 3TOT THII pacce.HHH.H Ha3hIBa.JOT ,ll;Hq>q>y3HhIM. KaK 

rrpaaHJio, MHHa KoppeJI.HUHH Haxo,nHTC.H B rrpe,neJiax 1 OOA - 10MKM, ~o orrpe,neJI.HeT a 

cJiyqae TeIIJIOBhIX IiefiTPoHOB He6oJihIIIHe yrJihI pacce.HHH.H OT 20MKpa,n ,no 20Mpa,n. B 

CB.H3H C 3THM, 3TOT THII pacce.HHH.H Ha3hIBaIOT eme MaJioyrnOBhIM. PacrrpOCTPaHeHHe 

HeHTPOHOB a 3TOM ceyqae OIIHChIBaeTC.H a rrpH6JIH)l(eHHH HCKa)l(eHHhIX BOJIH. EcJIH 

HeO,D;HOpO,D;HOCTH yrrop.H,noqeHHhI B IIPOCTPaHCTBe, TO IIpOHCXO,ll;HT HHTepq>epeHUH.H 

BOJIH, q>a3a KOTOphIX orrpe,neJI.HeTC.H pacCTO.HHHeM Me)l(,ll;y OT,D;eJihHhIMH 

HeO,D;HOpO,D;HOCT.HMH. 3TOT THII KorepeHTHOro pacce.HHH.H 06hlqHo Ha3hIBaIOT 

,ll;Hq>paKuneii HefiTPoHOB. EcJIH yrrop.H,noqeHHhie HeO,D;HOpO,D;HOCTH pacrrpe,neJieHhI B 

IIJIOCKOCTH CJIOHCTOH CTPYKTYPhI, TO TaKM .nnq>paKUH.H Ha3hIBaeTc.H MaJioyrnoaoii. Bee 

3TH THIIhI pacce.HHH.H HefiTPOHOB Ha6JIIO,ll;a.JOTC.H B peaJihHhIX CJIOHCThIX CTpYKTYpax. B 

3TOH CB.H3H MeTO,ll; peq>JieKTOM~HH IIOCTO.HHHO ycJIO)l(H.HeTC.H H, rrpe)l(,ll;e Bcero, IIYTeM 

peaJIH3auHH MHOroo6pa3HhIX B03MO)KHOCTell pernCTPauHH pa3JIHqHhIX THIIOB 

pacce.HHH.H HeiiTPOHOB. 

Oco6oe MeCTo cpe.nn acero MHoroo6pa3H.H HaHOCTPYKTYP 3aHHMa.JOT 

MllrHHTHhie CTPYKTYPhI, B COCTaBe KOTOphlx HMeIOTC.H q>eppoMarHHTHhle HJIH 

CBepxrrpOBOMmtte CJIOH. ,ll;aHHhie CTPYKTYPhI xapaKTepH3yIOTC.H He TOJlhKO .H,nepHhIM 

rrpoq>HJieM (KOOp,D;HHaTHM 3aBHCHMOCTh IIJIOTHOCTH aMIIJIHTY,ll;hI pacce.HHH.H 
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HeihpoHOB, CBJ!3aHHru! C J!,D;epHbIM B3aIIMO,n;eii:CTBHeM Heii:T{JOHOB) HO H MarnHTHblM 

ITpoqmJieM (KOOp,D;HHaTHru! JaBHCHMOCTb IIJIOTHOCTH aMIIJIHT)',ll;bl pacceJ!HHJ! 

Heii:T{JOHOB, CBJ!JaHHru! C MarnHTHblM B3aHMO,n;eii:CTBHeM Heii:T{JOHOB; liJIH -

KOOp,D;HHaTHru! JaBHCHMOCTb BeKTopa HaMarnHqeHHOCTH). ,lv!J! HCCJie,n;oBaHHii: 

MarHHTHbIX CTIJYK1YP HCITOJib3YIOrCJ! ITOJil!pH30BaHHbie Heii:TIJOHbl. 

B HaCToJ!mee BpeMJ! y)Ke CJIO)KHJICJ! CTaH.n;apTHbIH MCTO,D; 

peq)JleKTOMCTpHqecKHX H3MepeHHii: Ha MarnHTHblX CJIOHCTbIX CT{JyKTypax, KOTOpb!H 

HCTOpHqecKH HaJbIBaeTCJ! ITOJIHbIM ITOJil!IJH3a.I.(HOHHbIM aHaJIH30M (TITIA). 

HeOTbeMJieMblMH 3JieMeHTaMH cxeMbl nnA J!BJIJ!IOfCJ! ITOJIJ!pH3aTop HeHT{JOHOB, CITHH

q>JIHITITepbl ITepe.n; HCCJie.n;yeMbIM o6pa3[(0M H ITOCJie Hero, aHaJIH3aTop ITOJil!pH3a[(HH 

Heii:TpOHHOfO ITyqKa H IT03H[(HOHHO-qyBCTBHTeJibHblH ,D;CTeKTOp (TI~. OfaJqHo, Ha 

peq>JieKTOMerpe ITepeKpbIBaCTCJ! ,D;HaITaJOH ITepe.n;aHHblX MOMeHTOB B HaITpaBJieHHH 

ITepITeH.n;HKYJil!pHo ITyqKy 10·3 
- 10·1 A·', ~o ITOJBOJIJ!er HJMepl!Tb J!,n;epHbiii: H 

BeKTopHblii: MarHHTHblH ITpOq>HJIH c ITIJOCT{JaHCTBeHHbIM pa3perueHHeM B my6b 

CTIJYK'I)'Pbl 10 - 103
. A. 

Pa3pa6oTKa HOBOro 6onee COBeprueHHOro CITeKT{JOMeT{Ja ITOJil!pH30BaHHbIX 

Heii:T{JOHOB ITOTpe6oBaJIO 6onee lIIHIJOKOro OCMblCJieHHJ! MCTO)];OB Heii:T{JOHHOii: 

CITeKT{JOMeT{JHH H ITOJil!pH3a.I.(HOHHOii: TeXHHKH. ,lviH CITeKT{JOMeTIJOB yrrpyroro 

pacceJ!HHJ! (pecpneKTOMeTIJ, cITeKTIJOMeT{J . ManoymoBoro pacceHHHJ!, ,n;Hq>paKTOMeTIJ ). 

6bma ITpe,n;JIO)KeHa cxeMa C 3aBHCJ!IUHMH OT BpeMeHH KOJIJIHMa.I.(Heii: H ceqeHHeM 

ITa.n;ruomero Ha HCCJie,n;yeMblli o6pa3e[( rryqKa Heii:T{JOHOB. B 3TOii: cxeMe, HCXO,D;J! H3 

H3Mepl!eMoro JaKOHa pacceJ!HHJ!, BbI6HpaercJ! OITpe,n;eJieHHblii: BpeMeHHOii: JaKOH 

H3MeHeHHJ! ITapaMeT{JOB ITy~a Heii:TIJOHOB. 8 pe3yJibTaTe, B 3a,D;aHHOM HHTepBaJie MHH 

BOJIH HeHT{JOHOB ,D;OCTHraercJ! 6onee c6anaHCHpOBaHHru! CBJ!3b Me)K,D;y pa3perueHHeM H 

CBCTOCHJIOii: H3MepeHHii:. 

Co3,D;aHHe Heii:TpOHHbIX cyrrep3epKaJI IT03BOJIHJIO B CBOe BpeMJ! cymecTBeHHO 

pacruHpHTb pa6oqHii: HHTepBaJI HJMeHeHHJ! BOJIHOBoro BeKTopa HeHT{JOHOB. 3ro 

ITIJHBeJIO B HTOre K C03,D;aHHIO 6onee lIIHIJOKOITOJIOCHblX HeHT{JOHOBO,D;OB, 

pacmeITHTeJieii: H OT{Ja)KaTeJieii: Heii:T{JOHHoro rry~a, ITOJIJ!pmaTopoB H aHaJIHJaTopoB 
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ITOJIHpH3a[(HH Heii:T{JOHOB. O,n;HaKO, 3TOro OKaJaJIOCb He.n;oCTaToqHbIM B cnyqae 

HMrryJibCHblX HCTOqHHKOB C He60JiblIIOii: qaCTOTOii: CJie,D;OBaHHJ! HMrryJibCOB MOl[(HOCTH, 

KaKHM J!BJIJ!CTCJ! 116P-2. B 3TOii: CBJ!3H, aK'I)'aJibHbIM CTaJIO C03,D;aHHe lIIHpOKOITOJIOCHbIX 

ITOJil!pH3aropoB Heii:TIJOHOB, ITepeKpbIBaIOIUHX l 0-20 KpaTHOe H3MeHeHHe MHHbl 

BOJIHbl HeHTIJOHOB. ,lv!H peanHJa[(HH Ha 116P-2 6bmH ITpe,n;JIO)KeHbl H o6oCHOBaHbl 

pa3JIHqHble cxeMbI, B KOTOpbIX BblCOKru! ITOJIHpmy10mrui CITOC06HOCTb 3epKaJibHOro 

ITOJil!pH3aropa Heii:TpOHOB 06ecITeqHBaJiaCb H3MeHeHHeM yma HaKJioHa 3epKaJia B 

3aBHCHMOCTH OT BpeMeHH C Haqana HMITYJibCa Heii:T{JOHOB. 

KaK y)Ke OTMeqanocb, Ba)KHbJM B 3KCITepHMeHTaJibHbIX HCCJie,n;oBaHHJ!X 

J!BJIJ!CTCJ!. pemcTpa.I.(Hl! H aHaJIH3 ITOJil!pH3a[(HH ,D;Hq>q>y3HO pacceJ!HHblX Heii:T{JOHOB. 

CymeCTBOBaBlIIHe cxeMbl aHaJIH~aropa ITOJIJ!PH3a[(HH ITpe,n;cTaBJIJ!JIH CTOITKY 3epKaJI, 

ITapaMeT{Jbl KOTOpoii ITO ymOBOH aITITepzype 3axBaTa ITyqKa Heii:T{JOHOB He 6b!JIH 

OIITHMH3HpOBaHbl, ~o B ,n;eCJ!TKH pa3 yMeHblIIaJIO CBCTOCHJiy. B 3TOii: CBJ!3H 6bIJI 

pa3pa6omH H HCITOJibJyercJ! B HacroHmee BpeMJ! Ha cITeKTpOMeT{Je PEMYP (Pttc. I) 

BeepHblii: aHaJIH3arop ITOJIHpH3a[(HH (Pttc. 2), B KOTOpOM 3epKaJia Cq>OKYCHpOBaHbl Ha 

TO'IKY paCITOJIO)KeHHJ! HCCJie.n;yeMoro o6pa3[(a tt pacITOJIO)KeHbl comacOBaHO c HHM ITO 

BeJIHqHHe JaxBaTbIBaeMoro renecHoro yrna rryqKa. 

8 ,D;HccepTa[(HH paCCMOT{JeHbl pa3JIITTHble cxeMbl pe30HaHCHOro rpa.n;HeHTHOro 

CITHH-q>JIHITITepa Heii:T{JoHOB, OTJIHqruomHeCJ! KOop.n;HHaTHblMH 3aBHCHMOCTJ!MH 

HaITpH)KeHHOCTeii: ITOCTOJ!HHOro H ITepeMeHHOro MaHHTHblX ITOJieii:. TpH THITa 

ITpe,n;JIO)KeHHblX 3aBHCHMOCTeii: IT03B0JIJ!IOf peaJIHJOBaTb cpaBHHMbie xapaKTepHCTHKH 

CITHH-q>JIHITITepa. B pe3yJibTaTe 6b1Jla Bb16paHa JierKo peanmyeMrui KOCHHYCHO

CHHYCHru! 3aBHCHMOCTb MarnHTHbIX ITOJieii:. Ha CITeKTIJOMeT{Je PEMYP HCITOJibJYIOrCJ! 

)];Ba TaKHX CITHH-q>JIHITITepa, OTJIHqaJOl[(HXCJ! 60JiblIIHM ITpoITyCKHblM ceqeHHeM H 

BbICOKOii: 3q>q>eKTHBHOCTbIO CITHH-q>JIHITITHpOBaHHJ! B HHTepBaJie MHH BOJIH 60Jibllle 

IA. 

HoBbiii: ClleKTIJOMeTIJ PEMYP pa3MemeH Ha BOCbMOM KaHane peaKTOpa 116P2, 

r.n;e ITOTOK HeHT{JOHOB B BO)];J!HOM 3aMe,n;JIHTeJie B TeJieCHbIH yroJI 27t COCTaBJIJ!eT 
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HettTpOHOB c pacXO.l(llMOCThlO B BePTHKfillhHOH IillOCKOCTll 20y = 2.5 MPM tt TaKOH )Ke 

paCXO.l(llMOCThlO B roptt30HTaJ!hHOH IillOCKOCTll 20. = 2.5 Mpa.l( pasHa 2 X I 06 
Hie~ /ceK. 

CneKTP HettTpOHOB ttMee-r MaKcBem10BcKy10 cpopMy c TeMneparypou 300 K. P.it601mu 

.l(ttaIIa30H MHH BonH HettTpoHOB Ha cneKTpOM~e coCTaBmieT I - IO A. flptt qaCTOTe 

5 ru: cne,l(OBaHH}l HMIIYllhCOB MomHOCTH peaKTopa HEP-2 H3MepeHHH npOBO.l(HTCH B 

nocne.z:10BaTenhHO cneAYJOmttx Apyr 3a .l(pyroM HHTepBaJiax BpeMeHH ,nnttTenhHOCThIO 

200 MCeK. 

,[(JIHHa BOllHhl perHCTpttpyeMhIX HettTpOHOB onpe.l(ellileTC}l TIO speMeHtt nponeTa 

paccTOHHll}l OT HCTOqHttKa (BO,l(}IHOH 3aMe,nJIHTenh, pacIIOllO)l(eHHhlll B6llH3H aKTHBHOH 

30Hhl peaKTopa) .1(0 .[leTeKTopa. flpH nponeTHOM pacCTOHHHH 34 M cpe.l(HeKBMpaTHqHoe 

OTKJIOHemie ,nJIHHhl BOllHhl HettTpOHOB, o6ycnoBneHHOe KOHeqHOH ,nnttTellhHOCThlO 

llMIIYllhCa TeIIllOBhIX HettTpOHOB B 3aMe,nJIHTene 0.32 MCeK, COCTaBllHeT = I.9xl0-
2 A BO 

BCeM pa6oqeM .l(llaIIa30He MllH BOllH. B CBH3H C 3THM, OIITHMH3llpOBaHOe 

MllHHMfillhHOe OTHOCHTellhHOe cpe,LIHeKBMparnqHoe OTKnOHeHHe nepe.l(aHHOro 

MOMeHTa, HanpHMep Ha ,nJIHHe BOllHhl HettTpOHOB 6 A, ,l(OCTHraeT 4.2 X 10-3_ C TaKHM 

pa3pemeHHeM y)l(e CTaHOBHTC}l .l(OCTYIIHhIMH HCClle.[IOBaHHH CTQHqeu HettTpOHHOH 

BOllHhl C ycttneHtteM nopH.l(Ka 1000. YcTpOHCTBa IIOllHpman:ltH H aHaJIH3a II0llHpH3aU:HH 

HettTpOHOB Ha cIIeKTPOMeTpe II03BOllHIOT npOBO.[lllTh ttccne,l(OBaHH}l MarHHTHhIX 

CllOllCThIX CTPYKTYP· CneKTpOM~ CO.l(ep)l(llT IIOllHpH3aTop HeHTPOHOB, CllCTeMy 

,l(ttacpparMHpOBaHHH, pMttoqaCTOTHhie rpa.l(tteHTHhie CIIllH-!pllllIIIIephl nepe.l( o6pa3U:OM 

ll nocne, BeepHhlll aHaJIH3aTop nonHpll3aU:Hll H II03HU:llOHHO-qyscTBHTellhHhIH 

.[leTeKTOp. B KaqeCTBe IIOllHpH3aTOpa MO)l(eT 6bITh HCIIOllh30BaHa CTOIIKa npHMhIX 

cynep3epKaJI, O.l(HO cynep3epKaJIO HnH ,!(Ba cynep3epKaJia. Hatt60llhillaH HHTeHCllBHOCTh 

nyqKa HettTpOHOB .l(OCTllraeTCH C nonHptt3aTopoM BBH.l(e CTOIIKH 3epKaJI. Hatt60nhIIIaH 

IIOllHpll3an;ttH ny~a, 6naro.l(apH HCIIOllh30BaHlllO .l(ByxKpaTHOrO OTPa)l(eHHH 

HeHTpOHOB, .[IOCTHraeTC}l C IIOnHpH3aTOpOM BBH.l(e .[IByx cynep3epKaJI. 0THOIIIeHHe 

CKopocTett cqeTa HeHTPOHOB H cpoHa, perttcTpttpyeMhIX. rrq,[{, MaKCllMfillhHO B 

HHTepBaJie 2 - 4 A tt cocTaBllHeT 10
5

• 
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Bo BTopou rnaBe paccMOTPeH 3cpcpeKT yrnoBoro pacmerrneHttH npenoMneHHoro 

nyqKa HefiTPOHOB. Xopomo H3BeCTHO, ~o IIpH npenoMneHHH IIyqKa HefiTPOHOB Ha 

rpaHHU:e .l(BYX cpe.z:1, xapaKTepH3YJOmHXC}l }l,l(epHhIM IIOTeHU:HaJIOM B3aHMO,l(ettCTBHH, 

npottCXO.l(HT H3MeHeHHe HarrpaBneHHH nyqKa. EcnH, HarrpHMep, HeHTPOH nepeXO,LIHT H3 

BaKyyMa B cpe.l(y C IIOllO)l(HTelll,HhIM noTeHU:HaJIOM, TO B cpe,l(e nepneH.[IHKYnHPHaH 

KOMIIOHeHTa CKOpOCTH YMeHbIIIaeTC}l H nyqoK OTKnOHHeTC}l B CTopoHy rpaHHU:hI 

pa3.l(ena. EcnH noTeHU:HaJI OTPHU:aTellhHhIH (3TO HMeeT MeCTO, HarrpHMep, ,nJ1}l THTaHa, 

MapraHn:a, BaHMHH), TO B cpe.l(e nepneH,l(HKYnHPHaH KOMIIOHeHTa CKOpOCTH B03paCTaeT 

H nyqoK OTKnOHHeTCH B CTOpoHy OT rpaHHU:hl pa:3.l(ena. B cnyqae, ecnH cpe.l(a 

MarHHTHaH H BeKTop HaMarHHqeHHOCTH KOMHHeapeH BeKTopy HarrpH)l(eHHOCTH 

BHeIIIHero MarHHTHoro IIOllH, TO KpoMe }l,l(epHoro, cymecrByeT noTeHU:HaJI MarHHTHOro 

B3aHMO.l(eHCTBHH HeHTPOHa co cpe.l(OH. floTeHU:HaJI MarHHTHOro B3aHMO,l(ettCTBH}l 

IIOllO)l(HTeneH ,nJl}l HeiiTpOHOB C IIOllO)l(HTenhHOH npoeKn:Heii cnHHa Ha HarrpasneHHe 

MarHHTHOfO IIOll}l H OTPHU:aTeneH - ,nJ1}l HefiTPpHOB C OTpHn:aTenhHOH npoeKU:Hett. 

CooTBeTCTBeHHO 3TOMy, MarHHTHhIH noTeHU:HaJI 6y.l(eT npHBO.l(HTh K npenoMneHHIO 

HeiiTPOHOB C IIOllO)l(HTenhHOH H OTPHU:aTenhHOH npoeKU:HHMH cnHHa aHanorHqHo TOMY 

KaK 3TO npOHCXO.[IHT C HenonHpH30BaHHhIMH HefiTPOHaMH COOTBeTCTBeHHO npH 

nonO)l(HTellLHOM H OTPHU:aTenLHOM }l,l(epHOM nOTeHn:ttane. 

.[{pyraJI KaPTHHa npenoMneHHH HefiTPoHOB 6y.ne-r B cnyqae, ecnH ueKTop 

HaMarnttqeHHOCTH cpe.l(hl 6y.l(eT HeKOMHHeapeH BeKTopy HarrpH)l(t:HHOCTH MarHHTHOfO 

IIOll}l. l13MeHeHHe HarrpasneHH}l BeKTopa MarHHTHOH HH.l(yKUHH Ha rpaHHU:e pa:3.l(ena 

cpe.l( npHBO.l(HT K nepeXO.l(y HefiTPoHa H3 nepBOHaqanbHOro CnHHOBOro COCTOHHHH BO 

BTOpoe, HMe10mee npOTHBOnonO)l(HhIH 3HaK npoeKn:ttH cnHHa. flpH cnHHOBOM 

nepexo,l(e HefiTPOH H3MeHHeT CBOIO nOTeHU:HMhHylO 3Hepmro B MarHHTHOM none. A 

TaK KaK nonHaH 3HepmH HefiTPOHa COXpaHHeTCH, TO npH nepexo,l(e H3MeHHeTC}l 

KHHeTHqeCKM 3HeprHH, CBH3aHHM C ,l(BH)l(eHHeM HeHTPOHa B HarrpauneHttll 

nepneH.l(HeynHpHO rpaHHU:e pa:3.l(ena. 113MeHeHHe noTeHU:HMLHOH 3HepmH cpaBHHMO 

no uennqttHe c HaqanLHOii KHHeTttqecKoii 3Heprneii HefiTPoHa. · B pe3ynLTaTe, yron 

CKOllb)l(eHHH OTPa)l(eHHOro nyqKa cymeCTBeHHO H3MeHHeTCH, B03paCTaH B cnyqae 
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rrepexo,na "+-" H )'MeHI,IIJaHCh rrpH rrepexo,ne "-+". Ha pHC. 3 IIOKa3aHhl peJyJihTaThl 

HJMepeHHtt c rrneHKoii Co(700 A), HaHeceHHoii Ha rro,nno)KKY JIJ cTeKJia. QeJihIO 

3KCrrepJIMeHTa 6hIJIO IIOKa3aTh, KaK CBHJaHhl rrpouecchl pacll(eIIJieHHH MH cnyqaeB 

rrpeJIOMJieHHH JI OTpa)KeHHH HettTpOHOB ll KaK OHH 3aBHCHT OT BeJIHqllHhl 

HanpH)KeHHOCTJI MarHJITHOro IIOJIH JI ,nJIJIHhl BOJIHhl HellTPOHOB. BJI,AHO, ~o C pOCTOM 

,nJIHHhl BOJIHhl JI HarrpH)Ki::HHOCTJI MarHJITHOro IIOJIH 3<p<peKT OTKJIOHeHHH ny~oB IIO 

OTHOIIJeHHIO K HettTpoHaM C HyJieBOll ,nJIHHOll BOJIHhl B03pacTaeT. OTHOCHTeJihHO 

IIJIOCKOCTH o6pa3Ua (HyJieBOll yron CKOJlh)KeHJIH) rrpeJIOMJieHHhlll H OTPa)Ki::HHhlll 

rryqKH c orrpe,neneHHhIM THDOM rrepexo,na ("+-" HJIH "-+") pacrroJIO)KeHhI 

cHMMeTPHqHo. B cnyqae npenoMJieHHOro ny~a "+-" cymecTBYeT JHaqeHHe 

MarHJITHOro IIOJIH 7.9 ± 0.2 K3, COOTBeTCTBYIOII.(ee H,nepHOMY IIOTeHUHaJIY CTeKJIHHHOll 

IlO,nJIO)KKll, rrpH KOTOpOM II)'HOK pacrrpocTpaHHeTCH B HarrpaBJieHJIH rrpHMOro rryqKa. 

TaKJIM o6pa30M, 6hm onpe,neneH noTeHUJiaJI creKJia, cocTaBHBIIIJitt 95.3±2.4 mB. 

Ha cne,nyIOII.(eM pHc. 4 rrpHBe,neHhI peJyJlhTan1 HJMepeHJitt co CTPYKTYpoii 

FeAISi(20 MKM)/Cr(500A)/CaTiO3(1MM). Enaro,napH TOMY, ~o CJioii FeAISi 

,AOCTaTQqHo TOJICThlll, 6hIJIH Ha6JIIO,neHO rrpeJIOMJICHHe HettTpOHOB Ha rpaHJIUax 

BaKyyM/ FeAISi JI FeAISi I CaTiO3• I1J-Ja rnro, ~o Ha rrepBoii rpaHHUe HJMeHeHHe 

H,AepHoro IlOTCHUHaJia IIOJIO)KJITCJihHOe, a Ha BTopoii-oTpJIUaTeJihHOe, rry~JI 

pacrronaraIOTCH no pa3Hh!C CTOpOHhl OT rrpHMOro rryqKa. Bil.AHO, qTO rryqKJI MH nepBOll 

rpaHHUhl pacnonaraIOTCH B CTOpony HyneBoro yrna CKOJih)KCHHH B 

nocne,noBaTCJihHOCTH "-+", "++", "--" ll "+-". ~rn BTopoii rpaHHUhl H3-3a 

3KCnepHMCHTaJihHhIX · CJIO)KHOCTett Ha6JIIO,neHHH nyqoK "-+" He perncTpllpOBaJICH, HO 

nocne,noBaTeJihHOCTh II)'HKOB TaKaH )KC KaK B cnyqae rrepBOll rpaHHUhl. 3TO OTpa)KaeT 

MarHJITHYIO rrpHpo,ny 3<p<peKTa. Ba)KHO, ~o II)'HKH MH rrepexo,AOB "++" ll "--" He 

coBna,naIOT. 3TO CBH3aHO C HeHyJieBhlM JHaqeHHeM pa3HOCTH HH.AYKUHH ll 

HarrpH)KeHHOCTH IIOJIH B-H. TaKHM o6pa30M, eCJIH rrpH rrpeJIOMJieHHH C npOXO)KJ];eHHCM 

HettTPOHOB qepe3 IIJieHKY Ha6nIO,naercH TPH rry~a HettTPOHOB, TO rrpH rrpenoMJieHHH 

Ha rpauHue pa3,nena Me)KJ];y .ABYMH cpe,naMH - HX qeThipe. Ha pnc. 5 rroKaJaHa KapTHHa 

pacmerrJieHHH rry~a HCllTPOHOB, KOTOpaH 6hma ycraHOBJieHa 3KcnepHMCHTaJihHO. 
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B T0eThett rnaBe paccMOTPCHhl CTOHqHe H ycHJieHHhIC CTOHqHe HCllTPOHHhle 

BOJIHhl B CJIOHCThIX CHCTeMax. B Haqane rnaBhl paCCMOTpeHa TeOpJIH pacrrpocrpaHeHHH 

Heil.TpOHHh!X BOJIH B pa3JIHqHhJX pe)KHMax BOJIHOBoro IlOJIH. PacceJIHHIO HCllTPOHOB B 

CJIOHCTOll CTPYKTYpe (Pnc. 6) COOTBeTCTByeT YCTaHOBJICHHe HeiiTpOHHOll BOJIHhl \Jfd 

6erymeii B rny6h CTPYKTYPhI (rrpHMoe HarrpaBJieHHe pacrrpocTpaueHHH) H BOJIHhI \Jib 

6erymeii m rny6HHhl K IlOBepXHOCTH (o6paTHOe HarrpaBJieHHe). CoOTHOIIICHHe 

aMIIJIJITy,n rrpHMOll n o6paTHOll BOJIH (cnoii, OTpa)KaJOII.(llll IIpHMYIO BOJIHY 6y,neM 

Ha3hIBaTh OTPa)KaJOII.(HM) orrpe,neJIHeT BOJIHOBoii pe)KHM HettTPOHOB B CTPYKType 

(cnoii, B KOTOpOM Mhl paccMaTPHBaeM BOJIHOBOll pe)KHM, 6y,neM Ha3hIBaTh 

<pa30C,ABHraIOll(HM). ~rn onpe,neJieHHOCTH, pe)KHM C aMIIJIHTy,AOll o6paTHOll BOJIHhl Ab 

COCTaBJIHIOII.(ett 1/10 OT aMIIJIHTy)!-hl rrpHMOll ~ (y = AJ~ = 0.1) orrpe,neJIHM KaK 

pe)KHM 6erymeii BOJIHhl. ~ pe)KHMa 6eryll(ett BOJIHhl rrapaMCTP KOHTpaCTHOCTll x(kz), 

orrpe,neJIHCMhlll KaK OTHOIIJCHHe MaKCHMaJihHOro 3HaqeHHJI IIJIOTHOCTH HCHTPOHOB B 

CJIOe CTPYKTyphl K MHHHMaJihHOMy, COCTaBJIHeT X < 1.49. Pe)KHM rrpH 0.1 < y < I (x > 

1.49) 6y,neM Ha3h!BaTh pe)KHMOM CTOJiqllx BOJIH. B pe)KHMe CToHqeii BOJIHhl aMIIJIHTY.Ahl 

.ABYX BOJIH rrpaKTnqecKH paBHhI, ~o COOTBeTCTBYeT MaKCHMaJihHOMY 3HaqeHHIO 

IIJIOTHOCTH HCUTPOHOB B CTpyKType B qeThipe pa3a rrpeBhllllaIOII.(eMy IIJIOTHOCTh B 

HaJieTaIOII.(ett BOJIHe. TaKHM o6pa30M, B pe)KHMe CTOHqeii BOJIHhl rrpH orrpe,neneHHhIX 

KOOp,AHHaTax B rny6h CJIOH CTpyKTyphI H COOTBeTCTBYIOII.(HX HM 3HaqeHHHX BOJIHOBOro 

BeKTopa kz cymecTByeT ycHJieHHe IIJIOTHOCTH HCHTPOHOB. Ilo JHaqeHHIO BOJIHOBOro 

BeKTopa kz = km, npn KOTopoM npouecChl norJIOII.(CHHH HettTpOHOB MaKCHMaJihHhl, 

MO)KHO orrpe,neJIJITh IlOJIO)KCHHe IIOrJIOII.(aIOII.(ero HettTPOHhl CJIOH B CTpyKType. ECJIH 

o6paTHO pacrrpOCTPaHHIOII.(aHCH HCHTPOHHaH BOJIHa TaK)Ke OTPa)KaeTCH OT BXO,AHOro 

CJIOH (3TOT CJIOll 6y,neM Ha3hIBaTh YCHJIHBaIOII.(HM, a crpyKTypy C YCHJIHBaIOII.(HM CJIOeM 

- peJoHaTopHoii), TO rrpn orrpe,neneHHhIX JHaqeHHJIX BOJIHOBOro BeKTopa k,es 

rrpOHCXO,AJIT ycHJieHHe aMIIJIHTy,Ahl peJyJlhTHpYJOII.(Cll BOJIHhl (ycHJieHHe IIJIOTHOCTH). 

YcHJieHHe YBCJill'IHBaeTCH rrpH CTPCMJICHHH JHaqeHHll K03<pq>HUHCHTOB OTPa)KCHHH 
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npl!MOH II o6paTHOH BOJIH K e.!{HHHL\e. B pe)KHMe ycHJieHHll o no3Hl\lflf nornoll(aIOII(ero 

CJIOll cy.!{l!T no BepOHTHOCTH nornoll(eHHH HettTpOHOB npH kres• 

TaKHM o6pa30M, K03cpcpm-1HeHT ycHneHHH HeHTpOHHOH nnOTHOCTH K B 

cpa30C.!{BlffaIOII(eM cnoe pe30HaTOpHOH CTPYK'I)'phl onpe.!{eJIHeTCH npoH3Be.!{eHlfeM 

K03qJlfl\lfeHTa ycuJieHHll CTOHqefi BOJIHhl Ksw, o6yCJIOBJieHHOro HHTepcpepeHL(lfeH 

npl!MOH If o6paTHOH BOJIH, H K03qJqJHl\lfeHTa Kesw, o6ycnoBJieHHhIM HHTepcpepeHL(lfeH 

BOJIH pmnuqHoH KpaTHOCTlf OTPa)KeHHH. 

MaKClfMaJihHOe 3HaqeHHe Kesw orpaHifqeHO norJIOII(eHHeM HeHTpOHOB B 

ycHJIHBaIOII(eM, qJa30C.!{BlfraIOII(eM H OTpa)KaIQII(eM CJIOHX. Cpe.!{lf cna6onornoll(aIOII(lfX 

MaTepHanoB cne.!{yeT yKmaTh Al, Bi, Pb, C, Si, Be. J,fa HHX nepBhie nHTh 3JieMeHTOB 

HMeIOT Hlf3KlfH noTeHL(lfaJI B3aHMO.!{eHCTBHll H npttro.!{Hhl .!{JIH lfCnOJih3OBaHHH B 

KaqeCTBe qJa30C.!{BlfraIOII(ero CJIOll. EepHJIJilfH, HHKeJih H Me.!{h lf3-3a Bh!COKOro 

3HaqeHlfll noTeHL(IfaJia nO.!{XO.!{l!T .!{JIH ncnOJih3OBaHHH B KaqecTBe ycnJIHBaIOII(ero ll 

OTpa)KaIOII(ero cnoeB. Ilptt cpaBHHMhlX ceqeHHllX nornoll(eHHll HeHTpOHOB 

qJa30C.!{BHraIOII(HH CJIOH Han6onee CHJihHO nornoll(aeT HeHTpOHhl, qTo HBJilleTCH, B 

qaCTHOCTH, OTpa)KeHneM cpaKTa YBeJIHqeHHll nJIOTHOCTH HeHTpOHOB B 3TOM cnoe. B 

cnyqae, ecnn cpa30C.!{BHraIOII(HH CJIOH l!BJil!eTCll BaKyyMHhIM npoMe)KyTKOM Me)K.!{y 

ycttJIHBaIOII(HM ll OTpa)KaIOII(HM 

npe.!{eJihHOro 3HaqeHHll llesw,max 

CJIOHMH, K03qJqJlll\HeHT. ycnneHHH 

= (MA(l+MR/2MA)2r
1
, r.!{e MA ' 

.!{OCTHraeT 

ll MR -;-

K03qJqJlll\HeHThl nornoll(eHHll HeHTpOHOB B ycHJIHBaIOII(eM H OTPa)KaIOII(eM CJIOllX, 

COOTBeTCTBeHHO. Ilpn 3TOM, COOTBeTCTBYIOII(ee T]esw,max OIITHMaJihHOe nponycKaHne 

ycnJIHBaIOII(ero CJIOll TA = MA+2MR, peantt3yeTCll npn onpe.!{eJieHHhlX 3HaqeHHllX 

BOJIHOBoro BeKTopa II TOJIII(HHe ycnnttBaIOII(ero cnoll. Ilpn nMeIOII(HX MeCTo MR= I o-6 

= MA/2, HanpnMep .!{Jlll CJIOeB ll3 6epHJIJillll ll BllCMYTa, nonyqaeM Kesw,max "" 3xl0
5

• •, 

Ilpe.!{eJihHOMY 3HaqeHHIO K03qJqJHL(HeHTa ycHJieHHll COOTBeTCTBYeT H.!{eaJihHaH 

CTpyKTypa C O.!{HOpO.!{Hh!Mll CJIOl!Mll. B .!{eHCTBHTeJihHOCTH, npn COBpeMeHHOH 

TeXHOJIOfHH ll3fOTOBJieHHll HaHOCTPYKTYP, rpaHHqHalJ o6naCTh Me)K.!{y CJIOHMH 

HeO.!{HOpO.!{Ha ll 3TO npHBO.!{HT K .!{OnOJIHHTeJihHOMY pacceHHHIO HeHTpOHOB, TO-eCTh 
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nornoll(eHHIO HefiTPoHOB H3 KaHana 3epKaJihHOrO OTpa)KeHHH, H, KaK CJie.!{CTBHe, 

yMeHhllleHHIO K03qJqllll\HeHTa ycHJieHHll IIJIOTHOCTH HefiTPoHOB. 

YcHJieHne pe)KHMa BOJIHOBOro noJIH npOHCXO.!{llT B HeKOTOpOM HHTepBane 

3HaqeHHH BOJIHOro BeKTopa (IIInpnHa pe30HaHca). C yBennqeHHeM K03<pqJHl\HeHTa 

ycnneHHll IIIHpHHa pe3OHaHca yMeHhIIIaeTCH ll 3TO YMeHhlllaeT nOTOK HeHTPOHOB B 

pe3OHaHce. B CBll3ll C 3THM, BO3HHKaeT BO~poc O COOTHOIIIeHHH qyBCTBHTeJihHOCTH 

H3MepeHHH napaM~OB HaHOCTpyKTyphl (6y.!{eM paccMaTPHBaTh MarHHTHO

HeKOJIJIHHeapHyIO CTPYKTYPY) n CTaTHCTHqecKOH OIIIH6KH H3MepeHHH cqcra HeHTpOHOB 

B 3aBHCHMOCTH OT BeJIHqllHhI K03<pqJlll\HeHTa ycuneHHH. 

IlOKa3aHO, qTo npn pmnnqHhIX 3KCnepnMeHTaJihHhIX ycnoBHHX pe)KHM 

ycuneHHH l!BJIHeTCH npe.!{nO"tfrHTeJihHhIM He TOJihKO B nnaHe nOBhlllleHHH 

qYBCTBHTeJihHOCTll ll3MepeHHH, HO B pH.!{e cnyqaeB H B IIJiaHe CTaTHCTHqecKOH 

o6ecneqeHHOCTll perncTpal(Hll HeHTpOHOB. 

Ba)KHhIM HBJIHeTCH Bonpoc O peanmal(HH pe)KHMa ycuneHHH Ha HMnyJihCHOM 

HCTOqHnKe HeHTpOHOB. y CHJieHHhie CToHqne BOJIHhl HBJIHIOTCH CTal(HOHapHh!M 

COCTOl!HHeM HeHTpoHa B noTeHL(HaJihHOH l!Me, BpeMH )KH3Hll KOTOporo 't onpe.!{eJIHeTCH 

IIIllpHHOH pe3OHaHCa. ,[(n:11 o6pa30BaHllll 3TOro COCTOHHHH .!{JIHTeJihHOCTh HMnyJihCa 

HettTpOHHOro nyqKa .!{OJI)KHa 6h!Th cpaBHHMa C BpeMeHeM o6pmoBaHttll 

CTal(HOHapHOro COCTOl!HHH. 

L(anee onncaHhl 3KcnepHMeHTaJihHh!e HCCJie.!{OBaHHH no Ha6JIIO.!{eHHIO pe)KHMOB 

CTOllqux ll ycHJieHHhIX CTO11qux HeHTPOHHhIX BOJIH. Pe)KHM CTO11qnx BOJIH peaJIH3OBaH 

co CTpyKrypoii Gd(5HM)/Fe(lOOHM) HaHeceHHoii Ha CTeKJIHHHyIO no.!{JIO)KKy. 

HefiTPOHHhlM 3epKaJIOM CJIY)KHJia nneHKa )KeJie3a, a nJIOTHOCTh BOJIHOBOH cpyHKl\llll 

nonl!pH3oBaHHhlX HeiiTpOHOB y ero noBepXHOCTH H3Mep11naCh no Bh!XO.!{Y y nyqen npn 

3axBaTe Hett'rpOHOB B TOHKOM cnoe ra.!{OJIHHllll. Ha Puc. 7. noKa3aHhl MO.!{eJihHhie 

pacqeThl .!{llHHOBOJIHOBh!X 3aBHCHMOCTeH IIJIOTHOCTH HeHTPOHOB B cnoe fa.!{OJIHHHll MH 

"+" H "-" COCTOHHHH (BepxHHe KpHBhle) ll K03!pqJHl\HeHTOB OTpa)KeHHll HeHTpOHOB 

(Hll)KHHe KpHBhie). B 3KcnepnMeHTe ll3Mepl!JIOCh OTHOIIIeHne g(t.) Bh!XO.!{a raMMa -

KBaHTOB npn non11pn3al(Hll HeHTPOHOB B.!{OJih nOJill K Bh!XO.!{y raMMa - KBaHTOB nptt 
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rrponrnorronmKHOH rrom1pH3al.(HH. OTHOIIIeHHe g(A.), KaK .11.omKH0 6hITb B CITY'Iae 

o6pa:mBaHHJI CTQJlqHx B0nH, 0Ka3an0Cb 6onbIIIe e.11.HHHl.(bl rrpH E.1 > lf tt MeHbIIIe 

e.11.HHHl.(bl rrpH E.1 < u- (PHC. 8), r.11.e E.1 - qacTh :meprnH HeiiTpOHOB CBJl3aHHaJI C 
·'· 

rreprreH.D.HKynllpHbIM .11.BH)l(eHHeM, u- - II0TeHIIHanbHaJI :rneprHJI B3aHMO.D.eHCTBHJI 

HeHTPOHOB C rrneHKOH )l(ene3a B MHHYC0B0M CITHH0B0M C0CT0JIHHH. 

y CHneHHbie CTQJlqHe B0ITHbI 3aperHCTpHpoBaHbI pa3nHqHbIMH crroco6aMH. TaK, 

B CTpyKType Cu(3 OHM )/fi(200HM )/Cu( l 00HM) Ha6n10.11.anHCb pe30HaHChI, 

o6ycnoaneHHbie rrorn0IIIeHHeM HeiiTpOHOB a cnoe THTaHa (Puc. 9). MaKCHManbHOe 

3HaqeHHe K03<p<pHIIHeHTa ycttneHHJI HeiiTpOHHOH rrn0TH0CTH, ycpe.11.HeHH0e 110 

T0ITIIIHHe CIT0JI THTaHa, C0CTaBHn0 peK0p.D.HYIO BenuquHy TJ = 115. 

Oco6hIM pe)l(HM0M ycttneHHbIX CTQJlqHx B0nH JIBnJieTCJI pe)l(HM KaHanHp0BaHHJI 

HeiiTpOHHOH B0ITHbI. 8 3T0M pe)l(HMe C03.D.aIOTCJI ycnoBHJI Bxo.11.a HeiiTpOHOB B 

<pa30C.!J.BHraIOIIIHH cnoii, a 3aTeM <pllllbTPaIIHH B0ITH 110 BenuquHe KpaTH0CTH 

0Tpa)l(eHHJI (puc. 10). Ha puc. 11 6-r BH.!J.Hbl l\faKCHMYMhI, C00TBeTCTByIOIIIHe M0.D.aM 

ycttneHHbIX B0nH KaHanupyeMbIX HeiiTpOHOB. 

PerncTpa11HJ1 CTQJiqeii B0ITHbI C II0M0IIIbIO peaKIIHH 3axBaTa HeiiTpOHOB C 

HCIIYCKaHHeM 3apJ1)1(eHHbIX qacTHII HMeeT CB0H oco6eHHOCTH. ITpe)l(.11.e BCero, caMa 

peaKIIHJI MeHee pacrrp0CTPaHeHa 110 cpaBHeHHIO C peaKIIHeii 3axBaTa HeiiTpOHOB C 

HCIIYCKaHHeM raMMa-KBaHT0B. TaK rrpH ceqeHHH 6onbIIIe 0.1 6apH qHcno ll30T0II0B .!J.ITJI 

peaKUHH (n, p) cocrnanJieT T0nhK0 6 (H30TOIThI 
3
He, 

7
Be, 

14
N, 

35
Cl, 

4
°K, 

76
Br), a .!J.Illl 

peaKIIHH (n,a) - 14 (H30TOllhI 
6
Li, 

10
B, N, 

17
0, 

21
Ne, 

33
S, 

4
°K, 

5
9Ni, 

143
Nd, 

149
Sm, 

152
Gd, 

153
Gd,1

62
Er, 

203
Tl). Ha11poTHB, .11.Illl peaKIIHH .11.eneHHJI JI.II.Pa c BhmeT~M HeiiTpoHoB H 

3apJI)l(eHHbIX 0CK0ITK0B, qucno H30T0II0B 3HaqHTenbH0. TaK, 11pH cpaBHHTenhH0 

6onhIIIHX 3HaqeHHJIX ceqeHHJI peaKIIHH 6onbIIIe 30 6apH, qucno H30T0II0B paBH0 18 

(coOTBeTCTBYIOIIIHe 3THM H30T011aM 3neMeHThI ecTb Ra, Th, U, Np, Pu, Am, Cm, Cf). 

CyIIIeCTBeHHO pa3nHqaIOTCJI ll ycn0BHJI perncTPaIIHH 3apJ1)1(eHHbIX qacTHII H raMMa

KBaHT0B. CBJI3aHO 3T0 C TeM, ~o 3apJI)l(eHHaJI qacTHIIa H0HH3HpyeT cpe.11.y. 8 CBJl3ll C 

3THM, rrpo6er 3apJI)l(eHHbIX qaCTHII HeBenHK ( B B03.!J.YXe .11.onH MHnnHM~a, a B 

TBep.11.oM Tene - MHKpOMeTPbI). 3To 011pe.11.enJ1eT 3KC11epHMeHTanbHyIO yCTaH0BKY, B 
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K0TOpoii Hccne.11.yeMblli o6pa3eII II0MeIIIaeTCJI Herrocpe.D.CTBeHH0 BHYTPH .11.eTeKT0pa 

3apJI)l(eHHbIX qaCTHII (puc. 12). B pe3ynhTaTe, TeneCHbIH yron pernCTpaIIHH 

3apJI)l(eHHbIX qaCTHII C0CTaBnJleT 21t. l13-3a He6onbIIIOro 11po6era 3apJ1)1(eHHblX qacTHII, 

qJOHOBbIH II0T0K 3apJI)l(eHHbIX qacTHI.( He .!J.0CTHraeT .D.eTeKTopa, ~o 011pe.11.enJ1eT TaK)l(e 

He6onbIIIOH ypoBeHh <pOHOBOro cqern. 

Ha puc. 13 II0Ka3aHbl KpHBhie .!J.IlHHH0BOITHOBOH 3aBHCHM0CTH cqern 

OTpa)l(eHHbIX OT CTPYKTYPhI 
6
LiF(20HM)/fi(200 HM)/Cu(lO0 HM) HeiiTpOHOB H cqern 

3apJI)l(eHHbIX qaCTHI.(, BbI3BaHHbIX 3axBaTOM HeHTPOHOB ll.D.paMH ll30T0lla 
6
Li. KpHBbie 

HMeIOT pe3oHaHCHblH xapaKTep H CK0ppennHp0BaHbl Me)l(.!J.y co6oii. KoppenJil.(HJI 

C0CT0HT B TOM, ~o yMeHbIIIeHHe CK0p0CTH cqeTa 0Tpa)l(eHHbIX HeiiTp0H0B 

C00TBeTCTBYeT yaennqeHHIO CK0p0CTH cqeTa 3apJI)l(eHHbIX qacTHII. '.:ho .!J.0Ka3bJBaeT TO, 

~o MHHHMYMhl B K03<p<pHIIHeHTe 0Tpa)l(eHHJI HeiiTPOHOB o6ycnoaneHhI HX 

11orno1IIeHHeM, a pe3ynhTaT0M 11orno1IIeHHJ1 HeHTPOHOB JIBITJleTCJI po)l(.!J.eHHe anb<pa

qacTHI.( H TPHT0H0B. QqeBH.!J.HO, qTo pe30HaHCHblH xapaKTep KpHBbIX CBJl3aH qaCTHqHo 

C p0CT0M IIIT0TH0CTH HeiiTpOHOB npu "pe3oHaHCHbIX" 3HaqeHHJIX .!J.IlllHbl B0ITHbl, a 

qacTHqHo co CTeneHbIO 6ntt30CTH nyqff0CTH CTQJ!qeii B0ITHbl K cnoIO nHTHJI. 113 

no.11.roHKH pacqeTa K 3KCnepHMeHTanbHbIM .11.aHHbIM cne.11.yeT, ~o B TpeTbeM pe30HaHce 

(A. = 6 A) ycttneHHe ITnOTH0CTH no 0TH0IIIeHHIO K nnoTH0CTH a na.D.aIOIIIeM nyqKe 

C0CTaBITJleT TJ = 35. 3To ycttneime o6'hJICHJleTCJI TeM, ~o cnoii 
6
LiF He T0ilbK0 

nornoIIIaeT, HO u 0Tpa)l(aeT HeiiTpOHbI, a TOM qHcne u 6naro.11.apJ1 MHHMOH qaCTH 

onTuqecKoro IT0TeHIIHana B3aHMO.!J.eHCTBHJI. 

I1onJipH30BaHHbie HeiiTpOHbl n03B0IlJIIOT ocyIIIeCTBHTb rrpHHIIHnHanbH0 HHOH 

cnoco6 .D.eTeKTHp0BaHHJI CTQJ!qeii B0ITHbl nonJipH30BaHHbIX HeiiTpOHOB. PerncTPaIIHJI 

CTQJ!qeii B0ITHbl 0CYIIIeCTBnlleTCJI C noM0IIIbIO T0HK0ro MarHHTH0ro cnoJI, 

HaMarnnqeHH0CTb K0Toporo HeK0MHHeapHa BHeIIIHeMy nonIO. TaKOH cnoii npHB0.!J.HT 

K orrp0KH.!J.b!BaHHIO cnHHa 11pH 0TPa)l(eHHH H nponycKaHHH, ll no HHTeHCHBH0CTH 

0TPa)l(eHHJI HRH nporrycKaHHJI C nepeaop0T0M CIIHHa M0)l(HQ CY.!J.HTb 0 nnoTH0CTH 

HeHTPOHOB B TQqKax pacrrono)l(eHHJI MarHHTH0ro cnoJI. 
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Ha pnc. 14 npnae,n:eHbl JaBHCHMOCTH OT ,!UIHHbl BOnHhl K03<p<pHl.{HeHTOB 

OTpIDKeHID! HeiiTpOHOB R++, R+- n R-+ ,!UI.SI CTpYK'fYphI 

Cu(! OHM )/fi( 5 OHM )/Fe( 12HM )/fi( 15 0HM)/Cu(I 00HM) npn paJnHtJHhIX JHatJeHn.Six yrna 

(0, IO, 25 n 80 rpa.nycoa) Me>K.Lzy HanpaaneHHeM Hanp.SI)KeHH0CTH BHeurnero 

MarHHTHOro non.SI Bo= 4.5 KOe n nnOCK0CThlO o6paJua. Bn,n:HO, tJTO JaBHCHMOCTH 

R++ n R+- aHTHKoppennpyIOT no.n:o6Ho JaBHCHM0CT.SIM, C00TBeTCTBYIOil.{HM 

perncTpal.{HH nYtJK0B OTpIDKeHHhIX HeiiTpOHOB II anhcpa-tJaCTHI.{. TTonO)KeHHe 

MaKCHMYM0B II MHHHMYM0B COOTBeTCTByeT C O.D:HOll CT0pOHbl nona.naHHIO YJnOB II 

ny1rnocreii Ha cnoii )KeneJa, a C .n:pyroii CT0p0Hbl - C B03HJIKH0BeHHeM pe)KJIMa 

ycnneHn.SI. 

B tJeTBCQTOll_ rmme onJICaHbl 3KCnepnMeHTanbHbie Jiccne,n:oBaHIDI 

HaHOCTpYKlYP, Bb!Il0nHeHbie C Jicnonh30BaHJieM CT0.SltJJIX HeiiTpOHHhlX B0nH. 

HaHOCTpyKTypbl Hax0.D:.SIT npnMeHeHJie B ,n:aT'mKax TeMneparypw, .n:aaneHH.SI, 

MarHHTHOro non.SI JI TaK .n:anee, a TaK)Ke Pa.IJ.Jial.{H0HH0ro JIJnytJeHH.SI. ~.SI ,n:JiarH0CTJIKH 

C0CT0.SIHH.SI aKTHBHOll 30Hhl peaKTopa, 0Kp~aIOil.{JIX 3aMe,n:meneii HeiiTpOHOB JI CHCTeM 

oxnIDK,n:eHJI.SI JI TaK .n:anee, ,n:aTtJJIKH paJMell.{aIOT Henocpe,n:CTBeHH0 B6nJI3JI HCT0tJHJIKa 

pa.n:noaKTJIBH0fO JIJnytJeHID!. B 3T0ll CB.Sl3H a!CT)'anbHhlM .SIBn.SieTC.SI B0npoc 06 yp0BHe 

HJnytJeHH.SI, KOTOpblll pa3pyrnaeT HaH0CTpyKrypbl II .n:enaeT HenpJiro,n:HhIM JIX 

JICnOnhJ0BaHJie. BhmOnHeHhie Jiccne.n:oaaHJI.SI n0KaJanJI, tJT0 pe)KJIM CT0.SltJJIX BOnH' B 

cnoe TJITaHa .SIBn.SleTC.SI tJyacTBJITenhHhlM K ,n:03e o6nytJeHID! 2xl011 CM
02 

JI0HaMJI xpoMa 

c 3Heprneli 245 M3B JI ,n:oJe o6nYtJeHH.SI 1010 cM·2 anbcpa-tJaCTJIUaMJI c 3Heprneli 5 

M3B, tJT0 Ha .n:aa-TpJI nop.SI,n:Ka MeHbllle Tex .D:03 o6nytJeHJI.SI, KOT0pbie npJIB0.D:.SIT K 

aMopcpJIJal.{JIJI MaTepnana, BJI.D:JIMOll B .n:ncppaKl.{HOHHhIX 3KCnepJIMeHTaX. XapaKTep 

HJMeHeHH.SI B0nH0Boro non.SI HeiiTpOHOB YKaJhIBaeT Ha n0.SIBneHJie B cnoe THTaHa 

KnaCTepoB c nnHeiiHhIM paJMepoM nop.SI,n:Ka 10 HM. 

MarnmHoe coCTo.SIHJie 6Jicno.SI Fe/Gd xapaKTepJIJyeTc.SI TeM, tJT0 

HaMarHntJeHH0CTH cnoeB B 6Jicnoe B 3aBJICJIM0CTJI OT T0nll.{JIHhl cnoea, TeMneparyphI JI 

BenHtJHHbl BHernHero MarHHTH0r0 non.SI MOryT HMeTb pa3Hbie HanpaBneHJI.SI no 
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0THOllleHHIO .n:pyr K .n:pyry n K HanpaaneHIII0 MarHHTH0ro non.SI. 3KcnepJIMeHTanbHhie 

,n:aHHhJe OTCYTCBYIOT ,!UI.SI K0MHaTHOll TeMneparyphl, HJMepeHH.SI npn KOTOpoli cnO)KHbl 

HJ-3a Manoii BenntJHHbl o6MeHHOro BJaHMO,n:eiiCTBH.SI aT0M0B ra.nonJIHH.SI. B 3TOH CB.SIJH 

HaMJI 6hmH npnroToBneHhI o6paJUhI, npnro,n:Hhie ,!UI.SI nccne,n:oaaHnii B pe)KHMe 

CTO.SltJHX B0nH. EbmH npose.n:eHbl H3MepeHH.SI npn K0MHaTHOll TeMnepaType B 

MarHHTHOM none 360 3 n 4.5 K3 ,!UI.SI CTPYK1YP Fe(120 A), Fe(120 A)/Gd(30 A), Fe(60 

A)/Gd(30 A) n Fe(30 A)/Gd(30 A), B K0TOphIX HJMeH.Sinacb TonmnHa cno.SI )KeneJa. 

TTonytJeHHbie peJynhTaThI no.n:rnep)K.D:aIOT paHee nonytJeHHhie ,n:aHHhie o 

cymecTB0BaHJIH a 6ncnoe MarHHTH0-HeKonnnHeapHoro C0CTO.SIHH.SI npn KOMHaTHOll 

TeMnepaTYPe. Bn.n:Ho, tJT0 CTeneHb HeK0MHHeapH0CTH B03pacTaeT .n:o T0nll.{HHbl cnol! 

)KeneJa, K0T0pa.SI cpaBHHMa · co cpe,n:HeKBa,n:paTHtJHblM 3HatJeHHeM al\mnHTY.Llhl 

rnepoxonaTOCTeii Ha rpaHJil.{e paJ.n:ena. I1o3ToMy, c.n:enaH Bhrno.n:, tJT0 ,n:aHHoe 

MarHJITHO-HeKOMJIHeapHoe C0CT0.SIHHe CB.SIJaHO C Heo,n:Hopo,n:HOCT.SIMH C0CTaBa 

Bell.{eCTBa B IIn0CK0CTH. 

PerneHJie npo6neMhI cocymecTBoBaHH.SI cpeppoMarHeTHJMa II 

CBepxnpoBO.LIHMOCTJI B cnoncTOii CTpYKfYpe BO MHOfOM CBJl3aHo C Ja,n:aqeii 

onpe.n:eneHHll HJMeHeHnli MarHHTHOH CTPYKTYPhI B6nnJJI rpaHHUhl paJ.n:ena npn 

ycraH0BneHHH caepxnp0B0.D:HMOCTH B O.LIH0M HJ ee cnoen. B 3T0ll CB.SIJH 

ncnonh30BaHJie pe)KHMa CTO.SltJHX BOnH .SIBn.SleTC.SI aKTYanbHbIM B CBll3H C 

BOJMQ)KHQCThlO CKaHHp0BaHJI.SI nnoTH0CTblO HeiiTpOHOB B 0KpeCTH0CTH rpaHHl.{hI 

paJ,n:ena. )];n.SI nccne,n:oBaHnli npo6neMhI cocymecrnoBaHH.SI cpeppoMarneTmMa n 

CBepxnp0BO.D:HM0CTJI 6bma BbI6paHa HaH0CTpyKrypa V(39 HM)/Fe(3 HM)/20x[V(3 

HM)/Fe(3 HM)], a KOTOpoii csepxnp0BO.D:HHK V(39 HM) Haxo.n:nncll a K0HTaKTe c 

cpeppoMarHeTHKOM Fe(3 HM). 3.n:ecb CTpYKTYpa 20x[V(3HM)/ Fe(3HM)] nrpana ponh 

reHeparnpa CTOlltJHX B0nH. TTepno.n: CT0.SltJHX B0nH B cnoe V(39 HM) cocrnBnn 60 A, a 

aMrrnHTy,n:a CTO.SitJeii B0nHhl HJMeH.SlnaCh no rny6nHe a 6 pa3. 

Ha pnc. 15 npnse,n:eHa JaBJICJIM0CTb 0TH0llleHHll K03<p<pHl.{HeHTOB OTpIDKeHHll 

Mll nnIOc II MHHYC cnHH0Bh!X COCTO.SIHHll HeiiTpOHa OT senHtJHHhI nepe,n:aHH0ro 

MOMeHTa npn TeMnepaTypax 3 JI 7K JI JHatJeHH.SIX Hanp.SI)KCHH0CTH MarHHTHOro non.SI 
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200, 700, 1500 H 4500 3. IlpH Q < 0.1 A-1 BH~HbI OCUHilllilI..(HH, orrpe~en.ireMbie 

TOillUHHOH BCeH rrepHO~HqecKOH CTpyrcrypbI, a BepHee HHTepqiepeHJ.(HeH ~BYX KpaHHHX 

rpaHHU rrepuo~uqecKott CTPYK"IYPbI. Ilpu Q = 0.1 A-1 Ha6mo~aeTc.ir 6pJrroBCKHH 

MaKCHMYM OTpa)!(eHH.H HettTpOHOB OT rrepuo~uqecKOH CTPYKrypbI. BH~HO, ~o C 

ysenuqeHHeM non.ii aMrrnHTy~a OCl.(HilAAUHH H 6pJrrOBCKHH MaKCHMYM B03paCTaIOT, 

~o OTpa)!(aeT qiaKT rro~MarnuqusaHH.H CTPYKTYPbI. Ilpu JTOM, rrpu H = 200 H 700 3 

rrpaKTuqeCKH HeT pa3HHUbI Me)K)zy KpHBbIMH, COOTBeTCTBYIOIUHMH 3 u 7 K. IlpH H= 

1500 H 4500 3 KpHBa.H ~ml 3K rrpoxo~HT HH)Ke Kpirnoii M.H 7K. HcKnroqeHHeM 3~ecb, 

O~HaKO, .HBil.HeTC.H 6p3ffOBCKHH MaKCHMyM. 3To rosopHT O TOM, ~o Ha rpaHHUe cno.ir 

)Kene3a C TOilCTbIM cnoeM BaHMWI IIpOHCXO~HT o6pa30BaHJi:e ~OMeHHOH CTPYKTYPbI. 

Ha Puc. 16 IIpHBe~eHa 3aBHCHMOCTb ceqeHH.H Mq>q>Y3Horo pacce.irmrn 

HeiiTpOHOB OT paCCTO.HHH.H ~o rpaHHUbI pa3~ena, rronyqeHHa.H 6naro~ap.ir C03~aHHIO 

pe)KHMa CTo.irqux HeiiTpOHHbIX BOilH. BH~HO, ~o rrpH TeMrreparype 3K rrpoHCXO~HT 

CHMM~H3al.(H.H 3aBHCHMOCTH. IlpH 3TOM, Bee KpHBbie rrpH 3K II0~06HbI ~pyr ~pyry. 

3TO TaK)Ke YKa3bIBaeT Ha o6pa30BaHHe IIO o6e CTOpOHbI ·rpattHUbI pa3~ena ~OMeHOB. 

TaKHM o6pa30M, BIIepBbie JKCIIepHMeHTanbHO Ha6nro~eHo, ~o rrepexo~ TOilCTOro cno.ir 

BaHMH.H B csepxrrpOBOMIUee COCTO.HHHe rrpHBO~HT K o6pa30BaHHIO B OKpeCTHOCTH 

rpaHHUbI pa3~ena ~OMeHHOH CTPyKTypbI. 

Bo36y~ettue HaHOCTPYKTYPbI 3BYKOBoii sonttoii MO)KeT .HBHTbc.H crroco6oM 

orrpe~eneHH.H ee xapaKTepHCTHK rro crreKTPY Kone6attuii seruecrna CTPYKTypbr B cno.irx 

H Ha rpaHHUax pa3~ena. H3MepeHHe BenuqHHbI rrepe~aHHoro MOMeHTa OT 3BYKOBOH 

BOilHbI HeiiTpotty B cnoe CTPYKTYPbI 6brno BblIIOilHeHo C II.OMOIUbIO pe30HaTOpHoii 

cTpyKTypbr. CTpyrcrypa B036y~anacb npo~onhHbIM 3B YKOM co crnpoHbI · noMO)KKH. 

Pe30HaTOpHa.H CTpyrcrypa C nornoruaroIUHM cnoeM B q>a30C~BHraTeilbHOM cnoe HMeeT 

MHHHMYMbI B 3aBHCHMOCTH KOJq>q>HJ.(HeHTa OTpa)!(eHH.H OT MHHbI BOilHbI, 

COOTBeTCTByroruue nonMaHHIO npu ~aHHbIX MHHax BOilH MaKCHMyMa CTo.irqefi BOilHbI 

Ha rrornoruaroruuii cnoii. IlpH so36y~eHHH CTPYK"IYPbI 3BYKOM HeifTPoH nonyqaeT OT 

3BYKOBOH BOilHbI HMnyfilc. 8 pe3yfilTaTe, II.pH npoxo~eHHH HeiiTpOHOM 

q>aJOC~BHraroruero cno.ir ero q>aJa HJMeH.HeTC.H, ~o npHBO~HT K H3MeHeHHIO 
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KOJq>q>HUHeHTa OTpa)!(eHH.H. IlOCKOilbKY MOMeHT 3BYKOBOH BOilHbl ~OCTaTOqHo MMblH 

(10-5 A-1) no cpaBHeHHIO C neprreH~HKyAApHOH KOMII.OHeHTOH MOMeHTa HeiiTpoHa (10-
2 

A-1
), HettTpOHbI 6y~yT KBaJHyrrpyro pacceHBaTbC.H Ha 3BYKOBbIX Kone6a1rn.irx. H JTO 

6y~eT npO.HBn.HTbC.H B yMeHbIIIeHHH KOJq>q>HUHeHTa OTpa)!(eHH.H HeHTPOHOB B ero 

MaKCHMyMax, H B ysenuqeHHH - B MHHHMyMax. IlonyqeHHble JKcnepuMeHTMbHbie 

~aHHbie YKa3bIBaIOT Ha MHOrQKBaHTOBbIH xapaKTep rrepe~aqH MOMeHTa. 

B rnase 5 paccMaTPHBaIOTC.H nepcneKTHBbI HCIIOilb30BaHH.H pe)KHMa CTo.irqux 

HeHTPOHHblX BOilH. IlepcrreKTHBbI HCII.0Ilb30BaHH.H CTO.HqHX H ycuneHHbIX CTo.irqux 

HeHTPOHHblX BOilH ~AA rrpHMeHeHH.H HX B uccne~oBaHH.HX HaHOCTpyKTyp CB.H3aHbl 

npe~e scero c ysenHqeHHeM HX npocTpaHCTBeHHOro pa3perneHH.H. 3TO ~OCTHraeTC.H 

HCII.0Ilb30BaHHeM B KaqeCTBe ycHnHBaIOIUero H OTPa)!(aIOIUero cnoeB nepHO~uqecKOH 

CTpyrcrypbI, OTpa)!(aIOIUeii HeiiTPOHbI npH 6pJrrOBCKOM 3HaqeHHH BOilHOBOro BeKTopa 

k8 = n/d, me d - TonruuHa 6ucno.ir B ITC, npeshrrnarorueM KpHTHqecKoe 3HaqeHue 

sonHosoro seKTopa (~ 10-2 A-1
). Ha puc. 17 noKaJaHO pacnpe~eneHHe nnornocrn 

HeHTPOHOB B rrepHO~HqecKoii CTpyKrype, o6ycnoBneHHOe o6pa30BaHHeM CTo.irqefi 

BOilHbI. BH~HO, ~o KOHTPaCT B CTo.irqeii BOnHe (paJHHJ.(a Me)Ky MaKCHMMbHbIM H 

MHHHMMbHbIM 3HaqeHH.HMH IIIlOTHOCTH) UMaeT B rny6b CTpyKTypbI. IlpH JTOM, 

MaKCHMMbHOe 3HaqeHHe nnOTHOCTH B03pacTaeT C ysenHqeHHeM TOilIUHHbI CTpyKTypbI, 

HO He MO)KeT 6bITb 6onbIIIe qeTbipex. 

CosceM ~pyra.ir curyauHH peanmyeTC.ir B pe3oHaTOpHoii CTPYKTYPe. Ha puc. 18 

npuse~eHa 3aBHCHMOCTb IInOTHOCTH M.H pe30HaTOpHott CTpyKTypbI 

2500x[Be(l 5A)/Bi(15A)]/Bi(60A)/ 2500x[Be(I5A)/Bi(I 5A)] B oKpecTHOCTH ee 

ueHTpanbHoro cno.ir Bi(60A). B~IIo, ~o B pe3oHaTOpHoii CTPYKTYPe cyruecrnyeT 

ycuneHHe He TOilbKO B q>a30C~BHrarorueM cnoe, HO H B ycunHBarorueM H OTPa)!(aJOfUeM 

cno.irx. CyMMapHoe ycHJieHHe BO Bceii CTPyKType MO)KeT B HeCKOilbKO pa3 rrpeBbIIIIaTb 

ycuneHHe B qia3oc~surarorueM cnoe Bi(60A). TaKHM o6pa30M, TaKa.ir pe30HaTOpHa.H 

CTPYKTypa KpOMe·noBbIIIIeHH.H qyBCTBHTenbHOCTH H npocTpaHCTBeHHOro pa3perneHH.H K 

o6oeKTaM (nornoruaroruuii HnH MarHHTHOHeKonnHHeapHbrii cnoii), .irsnneTcn 6onee 
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q)'BCTBUTenbHOH u K onpe.z:teneHUIO napaMeTJ)OB wepoxoaaTOCTeii Ha rpaHUQax 

pa:3.z:tena CaMUX nepuo.z:tuqeCKUX CTpyicryp. 

Pe:lKUM ycuneHHblX CTOHqux HeihpoHHbIX BOnH MO:lKeT HaHTU npuMeHeHue .wrn 

pa3pa60TKU MOHOXpOMaTopoB, KOnnUMaTopoB, nonHpll3aTOpoB (aHanll3aTOpOB 

nonHpll3auuu) u UCTOqHUKOB nyqKOB HeirrpOHOB C MUKpOHHblMU nuHeiiHblMU 

pa3MepaMU. Ilpe.z:tenbHbie 3HaqeHUH KonnuMauuu U MOHOXpOMaTU3al(UU onpe.z:tenHeTCH 

npe.z:tenbHO ,[{OCTU:lKUMblM q>aKTopoM ycuneHUH nnoTHOCTll ll qiopMynupywTCH KaK 

OTHOCUTenbHOe OTKnOHeHne nopH.[{Ka 10·5 
,[{RH yrnoB CKOllb)KeHUH 1-3 Mpa.z:t u ,[{RUH 

aonH HeiiTPOHOB I-SA. 

IlpUHUUIIUanbHO UHbIM U HOBblM HBnHeTCH llCIIOllb3OBaHUe pe3OHaTOpHblX 

CTPYKTYP B cneKTPOMe-rpun HeiiTPOHOB .[{nH ll3MepeHHH caepXManblx nepe.z:taq 

UMIIynbca. 3TO COOTBeTCTBYeT MH KOH,[{eHcnpOBaHHOro COCTOHHHH o6naCTH 

Hll3KoqacTOTHblX Kone6aHuii (IKru - trrQ) n KpynHoMaCllITa6HblX HeO,[{HOpO.[{HOCTeii 

(0.1 - 1OOMKM). <l)tt3nqecKaH oco6eHHOCTb UCIIOllb3OBaHHH pe3OHaTOpHb!X CTpyK'I)'p 

COCTOHT B TOM, ~o nepe.z:taHHblH llMIIYRbC KO.[{llpyeTCH B. pa3HOCTU q>a3 "+" ll "-" 

aMnnHTy.[{ OTPa:lKeHUH HeirrpOHOB OT MarHHTHOH CTpYK'I)'Pbl (HaHO-CIIllH-npeQeccop 

(HCIT), Puc. l 9a,6), KOTOpaH 6naro.z:tapH ycuneHuIO uMeeT 6onbrnyIO npou3BO.z:tHyIO no 

nepneH,[{UKynHpHOH KOMIIOHeHTe BORHOBoro BeKTopa (Pnc. 19B), C npaKTuqecKOH 

TOqKu 3peHUH HCIT 6onee KOMnaKTHbl qeM MaKpOCKonnqecKne CIIHH-npeueccopbl ll He 

Tpe6yIOT 6onbllIOH MOUUIOCTH ,[{RH IlO.[{.[{ep:lKaHHH nx a HaMarHnqeHHOM COCTOHHUU. 

Hccne.z:toBaHUH HCIT, BblDOnHeHHbIX BBH.z:te CTpyK'I)'p Fe/Si/Cu, nOKaJann nx 

npuro,[{HOCTb ,[{RH o6'bHBneHHbIX Qeneii. liblna nonyqeHa KpYTlf3Ha, no3BOnHIOIQaH nx 

UCilOllb3OBaTb B qaCTOTHOM ,[{llaIIa3OHe 10-100 KrQ. Ilo pe3yJ'IbTaTaM 3TUX 

uccne,[{OBaHllH BblDOnHeHo qlll3HqecKoe o6oCHOBaHUe CIIHH-3XO cneKTPOMeTJ)a M~ 

peaKTopa HliP-2, IlO3BOnHIOIQero ll3MepHTb cneKTPbI KOne6aHUH C BOnHOBblMU 

BeKTopaMH, HanpaaneHHb!Mll KaK B,[{Ollb, TaK u nonepeK ny~a HeirrpoHOB. 
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Puc. 1. <l>yHKUUOHanbHaH cxeMa cneKTpoMe-rpa PEMYP: AZ. - aKTUBHaH 3OHa 

peaKTopa; WM -Bo,wrnoii 3aMe.z:tnuTenb; DCh-.z:tayx,n:ucKOBbiii npepbIBaTenb; Cl, C2, 

C3 - KonnuMaTOpb1; NG - KOHuqecKuii tteiiTpoHoao.z:t; PLl, PL2 - ynpaBnHeMb1e 

nnaTq>opMbI N~ 1 u N~2; CRl, CR2 -KonnuMaTOpbl peqineKTOMe-rpuqecKoii MO.z:tbI; PR -

nonHpll3aTOp peqineKTOMeTpnqecKOH MO,[{bI; PM - nonHpll3aTOp ManoyrnoBOH MO,[{bI; 

CM - KonnuMaTOp Manoyrnoaoii MO.D:bl; Dl, D2 - ynpaBnHeMbie .n:uaqiparMbI; SFl, SF2 

- cnutt-qinunnepb1;S - 06pa3eu; APF - cq>oKycupoaaHHbiii attanll3aTOp; PSD -

no3uuuoHHo-qyBCTBUTenbHbIH ,n:eTeKTop; MCD - MHorocqi!TquKOBbIH ,n:eTeKTop 

ManoyrnoBOH MO,[{bl. 
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a) y 
" 

A0A.v<<A05,v, A0A.Z» A0s,z 

eZmax = eZmln + A0A,Z 

ef = (0Zmax + eZmin)/2 

b) 
V .y 

ty ...A'z 
"'7 V 

A0s,v~AeA,Y• A0A.Z~A0s.z 

PHc. 2 a, b. CxeMa B3aHMHoro pacrronoJKeHIDI o6proua, aHanmaTOpa rrom1pmauHH H 
,ge'feKTopa HeH-rpOHOB: a) reoMe-rpIDI rreprreH,gHKym,pHoro paCII0JI0)KeHIDI IIJI0CK0CTM 
o6proua M 3epKan aHaJIM3aTOpa rrom1pmauH11; b) reoMe-rpM.!i rrapaJIJieJibHoro • 
pacII0JI0)KeHH.!I. 
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1-• ceernbie "'"'" npenoMneHHe 
+- TeMHble TOYKl,1 
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"A,A 

Pwc. 3. 3aBHCMMOCTb yrna CK0Jib)KeHIDI rrpeJIOMJieHHoro II OTpaJKeHH0ro II)"IKOB OT 
MHHbl B0JIHbl HefiTpOH0B M.!1 o6proua Co(70 HM)/creKJIO rrpH pa3JIHqHhIX 3HaqeHIDIX 

HfilIPMJKettHOCTM MarHHTHoro rroJIM a K3. 
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Pttc. 4a. CxeMa 3KCnepttMeHTa no npeJIOMJieHHIO HeiiTpOHOB Ha OJIHOH rpaHHI~e Pll3JleJia. 

8.0 +-

i 6.0 

a. 
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PHC. 46. Yron CKOJlh)KeHHH npeJIOMJieHHblX fl)"IKOB B 38BHCHMOCTH OT ,l\JIHHhl BOJ!Hhl 
HeihpOHOB: I - npenoMJieHHe Ha nepsoif rpaHHl..le; 2 - npeJIOMJieHHe Ha BTOpoif 

rpaHHl..le pro,llena. 
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I E=T Hexi=O I 

PHc. 5. CxeMa peq>paKTo-peqineKToMe-rpHqecKoro 3KcnepHMeHTa c pacmenneHHeM 
nyqKOB, Bhl3BaHHOM CflHHOBhlMH nepexo,!(aMH B MarHHTHOM none. 

\lfct

\l'b-

~------·-

U1 

1 
1>,.Z 

2 0+1>,.Z 
. L 
◄-·- ··- -··-··::'2.. 

z 

PHc. 6. CxeMa cnoHCTOH cTpyK'I)'pb1: 1- q>a30CJIBHrruomHif cnoif, 2 - oTpa,KaIOII..IHH 

cnoif, 3 - ycHJIHBaIOII..IHH cnoii, \I'd - BOJIHOBM q>YffK'-IHH HeifTpoHa a HanpasneHHH 

erny6h CTpYK'I)'PhI (B npHMOM HanpaeneHHH), \Vb - BOJIHOBM 4JYHK'-IHH a o6paTHOM 

HanpaeneHHH. 
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Fe 1 000 A on glass 
Gd 50 A 
standing wave at the boundary vacuum-Gd 
grazing angle= 3 mrad 

+ spin up 
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PHC. 7. 3aBHCHMOCTH ITnOTHOCTH HeirrpoHOB H K03<p<}muHeHTa OTJ)IDKeHHH HeirrpoHOB 

MH cTp}'KTYphl Gd(S HM)/Fe(IOO HM)/cTeKJio OT MHHhl BOJIHbI tteirrpottoB rrpH 

ITnlOCOBOll H MHHYCOBOll rrom1pmauHHX 

g .... 
.... 
1.20 

1.1>0 

0.80 

.... 
1.00 .... Z.00 .... .... ... . 

0 

')..,A 

PHc. 8. 3aBHCHMOCTh IIOJIHpH3auHOHHOro OTHOIIIeHHH g cqeTa y-KBaHTOB 

OT MHHI,J BOJIHI,I HeirrpOHOB. 
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PHC. 9. 3aBHCHMOCTI, K03!plpHUHeHTa OTpaiKeHHH HettTJ)OHOB R(J.,/0) 
,nnx CTPYKTYPhICu(30HM)ITi(I 50ttM)/Cu(l OOHM) /cTeKno. 
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:~ 1 d:~Jf~ C. 
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PHc. IO (cneBa). CxeMa OTpaiKeHHH Heii.-rpOHOB OT pe30HaTOpHOH. CTJ)YKT)'Phl: a. - 6e3 

nornOTHTeJIH tteii.-rpoHoB; b. - C nornoTHTeJieM HettTJ)OHOB (cxeMa KaHanHpOBattm1). 

PHC. I I (crrpaBa). ,l{JIHHHOBOJIHOBaH 3aBHCHMOCTl, K03<p<pHUHeHTa o-rpaiKeHml R(')..10) (c.) H 

Bb!XO,na KaHanHpyeMblX HettTJ)OHOB (d. e. f. ) rrpH pa3JIHqHOM ycpe,nHeHHH no qHcny 

epeMeHHhIX KattanoB: d - 4 Kattana; e - 2 Kattana ; f - I Kattan. 
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n .p 

KaTOA 06pa3e4 

Pttc. 12. 110HH3al{HOHHM KaMepa 
6
LiF(20HM )/Ti(200HM )/Cu( I 00HM)/c-reKJJO, 

aJih<pa-qacTHI.{ ll TpllTOHOB, ncnycKaeMhlX 

OTpa_)KaeMh!X OT CTpyICTyphl HeiiTpOHOB. 

R , .. 
•.. 
•.. 
•.. 

• 
··~ ·{!ti 

I ' 

c llCCJie.l(yeMhIM o6pa3l{OM 

HCilOJlh30BaBlIIMCJI MJI pernCTpal{ttll 

CJIOeM JI.l(ep ll30TOIIa 
6
Li IIOCJie 3axBaTa 

2 

'· 

Pttc. 13. ,[vIHHHOBOJIHOBhie 3aBHCHMOCTll KOJ!p!plll{lleHTa Orpa_)KeHHJI HeirrpoHOB ROT 

CTPYicryphI 
6
LiF(20HM)/fi(200HM)/Cu(I00HM)ICTeKJJo n BhIXO.l(a 3ap»)KeHHhlx qaCTttl{ I, 

Bhl3BaHHh!X 3axBaTOM Heii:TpOHOB JI.l(paMH ll30TOIIa 
6
Li. 
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t. 

1.2 

R(++ 
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0.0 
R(+-) 
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0.0 
R(-+) I \ \ I c) ! 
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Pnc. 14. ,[vittHHOBOJIHOBM 3aBHCHMOCTh KOJ!p!plll{HeHTa Orpa)KeHHJI Heii:TpOHOB OT 

crpyKTyphI Cu(! 0HM)ITi(50HM)IFe(l 2HM)!Ti( I 50HM)/Cu(l 00HM)lcTeKJJo(5MM) rrptt 

3HaqeHHll BHelIIHero MarHHTHoro IIOJIJI 4.5 KOe, HarrpaBJieHHOM ITO.I( yrnaMtt /J = 0, I 0, 

25 n 80 rpa.l(ycoB K IIJIOCKocm 06pa3l{a: a) R++, b) R+- tt c) R-+. PaJJilfqHhIM 

3HaqeHHJIM /J COOTBeTCTByIDT orrpe,l(eJieHHhie CllMBOJihl, KaK YKa3aHO CJieBa BBepxy 

Ha pttc. a). 
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Pnc. 15. 3aBHCHMOCTL OTHOUieHml HHTeHCHBHOCTeH OTpa)KeHHJI HeHTpOHOB c 
IIOJIJipH3al.{HeH ITO H rrpoTHB HarrpaaneHHJI MarHHTHO.ro rronJI OT rrepe,QaHHOro 
aonHoaoro aeKTopa HeHTpoHoB .QnJI CTPYKTYPLI 20x[Fe(3 
HM)IV(3HM)]Fe(3HM)IV(38HM) rrpH TeMrrepaTypax 3 H 7K H 3Ha'IeHHJIX MarHHTHOfO 
rronJI 200, 700, 1500 H 4500 3. 

~
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Pnc. 16. TipoCTpaHCTBeHHaJI 3aBHCHMOCTL HOpMHpoBaHHOro 3Ha'IeHHJI Ce'IeHHJI 
,Qmp<pY3HOro pacceJIHHJI HeltrpOHOB. Z = 0 COOTBeTCTBYeT rpaHHl.{e pa3,Qena Fe/V. 
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Pttc. 17. Pacrrpe.QeneHHe ITnOTHOCTH HeHTpOHOB a rrepHO,QH'IeCKOH CTpyK'I)'pe 
50x[Be(l.5 HM)/Bi( l.5 HM)]. 
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Pnc. 18. Pacrrpe,QeneHHe ITnOTHOCTH HeirrpOHOB a pe3oHaTOpHOH CTpyK'I)'pe 2500x 
[Be(l.5 HM)/Bi(l.5 HM)]/Bi(6 HM)/2500x[Be(l.5 HM)/Bi( l.5 HM)). 
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PHc. 19. CxeMa BOJIHOBOro pe30HaTOpa (a, 6) BHe pe30HaHCa (a) H B peJOHaHce (6) H 
JaBHCHMOCTh pa3HOCTll tpaJ aMIIJIIITy.l( OTPaJKeHIDI .l(Byx CIIHHOBhlX COCTOHHIDIX 
HeihpoHa (B) OT qacTH KUHeTHqecKoii 3HepmH, CBH3aHHOH C .l(BH)KeHHeM 
rreprreH.l(HKyJI»pHo rpattm:.{aM paJ.l(ena, M» cTpyKTyphI Fe(20 HM)/Bi(200 HM)/Cu(3000 
HM)/Si. 
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